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MISCELLANEOUS PAPERS
]\. V. !.-•.<•. V. P. I'. I. -KM.

I. I'lli: Wll/r DISl'ASE OFTOHACCO AN'I) ITS COXTKOI.."

\\\ K. K. H. .M< Kknnkv, /'lnfniologli<t, VajeAaJiU' Pathological and /'hfmjlof/iral

Investigations.

THE DISEASE.

The wilt type of di.sea.se is a well-known one, alfectinj^ cotton, water-

melon, oowpea, tomato, and other crops. Until the present there ha.s

l)een no publication bearinof on tobacco wilt, although the writer has

been acquainted with the di.sease for a lumiber of years and .some of

the North Carolina growers have been troubled by it for at least ten

Fu;. 1.—Field of bright tobacco in Granville County, N. C, affected with wilt disea.se.

years. Accordingly, l)efore considering the control of the wilt it will

be necessary to give a brief description of the disease and its cause.

"During the pant few years specimens of tobacco suffering from what appeared to

be a true wilt disease have been received by the Department from a number of

tol)acco <listricts. During the past summer, however, in a certain section of North

Carolina the disease was found so destructive that it is deemed necessary to make
th'xii jn-eHmiiian^ .statement concerning the; disease and its control.

A. F. Woods, Pathologist and Physiologist.

Office of Ve(4ETablk pATnoLociicAL and Physiological Ixvestic4ations,

Washington, D. C, September 12, 1903.
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So far as kiioun tlu* wilt disease docs not make its appcaraiMM- until

the tohaceo has attained ahout a thiid of its oiowth. The lir-<t e\ 1-

denoe the i^rowei" has of the disease is the siuUleii wiltiiit^, or dioopini^,

of one or more of the leaves. I'his wiltint^ is not a teinpoiaiv one

caused hy intense snnlii^ht and excessive heat, hut a permanent (jne,

followed by withering- of the wilted leaves. In some cases oidy a few

of the leaves are killed. As a rule, thoui^h, the wiltini^of a few leaves

is followed hy wiltin^;- and the subsequent withering of all the leaves

of the plant. (Fij^'. 1.) Later the })ase of the stem blackens and rots.

An examination of the roots at this sta^e of the disease shows them

likewise to be blackened, and usually soft and mushy. As a rule, the

tirst diseased plants are found in the washes and lower ])arts of the

field. In the sections where it is just making its appearance the disease

may be contined to a few plants in the field. At times nearly the entire

field will go down with the disease during the first year. In almost all

cases the second crop })huited on such infected fields is sure to be prac-

tically a complete loss.

CAUSE OF THE DISEASE.

Although the disease has not been studied to the same extent as the

wilts of cotton, watermelon, and cowpea, still the history of the wilt

in the field and the microscopic examination of diseased plants show
this disease to be of the same t3'pe as the wilts of cotton, watermelon,

and cowp(n\ already worked out by Dr. E. F. Smith and Mr. W. A.

Orton, of the Department of Agriculture. Microscopic examination of

wilted tobacco always reveals the presence of a fungus belonging to the

genus Fusm'ium {Neocosmospoixi). This is found in the woody parts

of roots and stem. The black lines running up through the wood of

the stem readily reveal to the naked eye when cut or broken across the

passage of the fungus up the stem.

As shown by the work on other wilt diseases, the Fusarhiyn. is a soil

fungus, and gains entrance to the plants through i\\G: Ji))e roots. It

rapidly spreads into the larger roots and up into the stem. The path

of the fungus is through the woody vessels which conduct the sap

upward. In many cases the growth of the fungus is so great that the

woody vessels are almost, if !iot completely, plugged up. The flow of

crude sap up to the leaves is either very nuich decreased or entirely

stopped. Since there is no supph^ of water from the roots to replace

that evaj)orated from the surface of the leaf, the leaf wilts and dies.

CONTROL OF THE DISEASE.

Once a plant becomes afi'ected by the disease there is no hope of its

recovery, and when the larger part of the field is affected the crop is a

total loss to the grower. Sudden droughts ha^e been said to arrest the

progress of the disease, but they do not save the crop. The treatment
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of tho wilt must Ix' one of picN (Mitioii that is, the sprcMidinjj^ of tho

disease iiiiist Uv j)n>\('ii((Ml, and an cll'oit made to rid the infected fields

of it. In tn^alment of the disc^ase, it is of the j^featcst inij)ortan('e that

tlie h)no*-li\(Hl (•h:ii'aet«'r of the nioldlike threads of th(» fiin<4"us in the

soil and its manner of reproduction, or, more ])()pularly speaking', of

s(MHlinii' itself, he l)oi-iic in mind.

The l^'usarium has hccn known to live in the soil for a numhcr- of

years and still he ahle to produce the dis(^ase. This is particularly true

in districts with mild wint(Ms. It is there foi'e useless to ])lant tohacco

on infect(^d ti(dds until thev have heen rested for a period of from five

to eiiiht years, (U^pendinj^* u])on the amount of disease [)resent. During

this restint^' period soi'ghum, corn, wheat, oats, or any other crop of the

o-rass family may he planted with safety, since these are not suhject

to this disease. Sorohum and corn are particularly recommended.

Tomato and eooplant also sutler from a wilt disease. That the

tohacco wilt is the same as that affectin<^' these plants has not yet heen

proved, hut the relations of the tomato and eogplant to to))acco make
it not improhable that all three may sutler from the same disease.

In order to eradicate the disease, it is necessary that all source of

infection of new fields be destroyed. All diseased plants should there-

fore be huTiied on thefield where they were groim. The burning of the

plants does not mean any loss to the grower, because the chief fertiliz-

ing value of the tobacco stems lies in the amount of potash which the}^

contain. In the burning the potash is not lost, but is retained in the

ash, and has full}^ as much value as before burning. If the diseased

plants are not l)urned, they are scattered about and serve to inoculate

new fields. Plows and other tools used on the infected lands should

be cleaned where used. Since the growth is favored by acid substances

and hindered by alkaline substances, washing the tools with soap and

water is advised, since the slight alkalinity of the soap acts injuriously

on the fungus. None of the diseased tobacco should be mixed with

manure or compost heaps, since the fungus spreads rapidl}^ through

the manure, and when that is placed on the land, of course the land

becomes infected with the disease. Manure barns in which diseased

tobacco has been placed should be burned and barns erected on new
land. A number of cases are known where the disease has lived in

the manure sheds for years.

As an additional means of getting rid of the fungus it is advised

that the tobacco stubble be plowed up in the autumn and burned on

the lield. The reason for this is twofold. In the first place, this

stub})le is a good })reeding place for the fungus during the winter;

secondly, of the three kinds of fruiting or seedlike ))odies formed ])y

the Fusarium the one most dithcult of destruction is produced on the

roots during the autumn and winter. By turning up the stub])le in

autumn and burning it these seedlike bodies are either prevented

15476—No. 51—05 2
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from foriiuiij^ or are hiri^ely destroyed, if already formed. Tobacco

sutferiii^ from wilt will rarely set seed, but should such ha[)i)eM the

seed should not be used, because it would be poorly formed and yielcl

oidy w^eak seedliniJ^s.

The most successful method of combatiui*- wilt diseases has been

found to be the selection and breeding of resistant varieties. For the

cowpea and cotton this has been accomplislicd })y Mr. W. A. Orton of

this Department. The writei- has selection experiments under way

which may yield a variety of tobacco resistant to the disease. Tntil

such a resistant variety is obtained, however, it is essential that the

precautions just advised be taken. If they are not taken the ravages

of the disease will become greater, whereas if they are followed the

disease may be prevented from spreading to new fields and probal)ly

to a larae measure mav be eradicated from old fields.

As an additional precaution it is recommended that no fertilizers

containing kainit or muriate of potash l)e used. These are not only

believed to make conditions favorable for the continuance of the dis-

ease, but they also give the leaf poor texture and bad burning ((uality.

In soils deficient in lime an application of 50 bushels to the acre may
prove advantageous. Care must be taken, however, not to use too

much lime, since that also causes the leaf to burn poorly.

Observations and experiments on this disease will be continued, and

it is hoped that a surer method of control may be obtained in the near

future.
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II.-THH WORK Ol' Tin; COMMUNITY DI-MOXSTRATIOX 1-AKM

AT Ti;kKIT.I.,TI-:XAS."

liy Ska.m AN A. IvNAlM', tSpici((/ A(j<iil ill < 'li(ir(/i' of Farmers^ ('oojx'rdlint Colton Dcnion-

xtrat'itni Work.

INTRODUCTION.

Tho work of the Porter Deinoiistratioii Farm at Terrell, Tex., for

VMVrt havino- been eoniph^ted, I take pleasure in siif)iiiittin<^ a detaiUni

report of its operations and results.

Aetino' upon instructions, 1 visited Terrell and organized the farm

upon a practical ])asis.

A committee of business men and farmers was appointed to carry

out the plans agreed upon. This conmiittee was composed of W. E.

Flower (president), B. T. Childress, J. B. Porter, Walter C. Porter,

J. N. Stallings, F. B. McKa}^ (secretary), W. E. Henderson, and C. T.

McGinnis. Great credit is due these gentlemen for their judicious

management and intelligent services.

« In connection with the work of the United States Department of Ajjrricnlture in

Texas and Lonisiana in demonstrating the possil)iHty of growing diversifie<l crops

with greater profit than results from confining attention to a single farm product,

and also in showing the value of better cultural methods, it seemed desirable to

make special demonstrations in certain communities of the benefits which would be

derived from the rotation of crops, thorough cultivation, the intelligent use of ferti-

lizers, etc.

The citizens of Terrell, Tex., offering to pay the expenses of such a demonstration,

Dr. Seaman A. Knapp, Special Agent in Charge of Farmers' Cooperative Cotton

Demonstration Work, was sent to that city and organized a farm on the general basis

outlined in this report-

It is believed that, though only simple tests were made, results of sufficient value

to justify calling special attention to them have been obtained. The statement of the

season's work is not presented as a contribution to the science of agriculture, l)ut

merely as a record of what was done by one farmer acting under the directions of a

representative of the United States Department of Agriculture, together w-ith that

farmer's testimony that he found decided financial benefit resulting from follow-

ing those directions.

Every good farmer can do work of this sort, and every wide-awake community
can organize a demonstration farm to show tiie people in its section that marked
financial advantages will accrue if better methods of soil culture, etc., are followed.

B. T. Calloway, Chief of Bureau.

United States DEPAin.MENT of AcKiciLTrKE,

Bureau of Plant Industry,

Washington, D. C, January 29, 1904.
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Thi' (loiiioiistnition.^ wurc iiiuler the uimiLHliulc iiiaim^emont of Mr.

Walter C. i*orter, one of the most eapiihk' fanners in north Texas,

whik^ the general control of the experiments was placed in my hands.

The object of all such demonstrations is to test or prove some

important fact bearing upon agricuUural conditions. If these demon-

strations are conducted in such a way that few persons see the result

or learn about it, little is accomplished. The plan adopted by the

coniinittee at Terrell involved keeping in touch with the work on the

part of the large number of business men and farmers who had sub-

scribed to the guara!itee furul, and who accordingly made fretjuent

inspections of the farm in order to see how the work was progressing,

a personal interest being taken in learning for themselves that the;

methods followed were in accordance with the best agricultural

practices.

RESULTS ACCOMPLISHED.

Upon the final settlement for the operations of the Demonstration

Farm for the season, Walter C. Porter, the farm manager, announced

that he had cleared ^700 more than would have been made under the

ordinary methods of farming employed in that section, and he stated

that in 1904 he should work his entire farm, about 800 acres, upon

the basis of the same cultural methods which had been followed on the

experimental plats. Many of the owners of large farms-in that section

of the State made similar announcements.

Hon. K. H. K. Green, of Terrell, Tex., became greatly interested

in observing the results accomplished on this Demonstration Farm,

and his interest took a practical direction when, in November, 1908, he

purchased -tlO acres of land lying adjacent to the city of Terrell and

at once invested a large amount of money in improvements, with the

intention of establishing one of the most complete demonstration

farms in the United States.

METHODS EMPLOYED.

The methods employed by the citizens of Terrell in establishing this

Demonstration Farm may be simnnarized as follows:

(1) Plight practical men were selected to act as an executive and

advisory committee, with full authority.

(:2) The citizens subscribed a sum of money sutiicient to guarantee

that any contract made by the committee would ))e carried out.

(3) One of the best farmers in the section was chosen to conduct the

demonstrations upon his own farm. He was to follow strictly all

instructions given by the representative of the Department of Agri-

culture, and if the result showed financial losses owing to changes

from the methods formerly emplo\'ed he was to be full}^ reimbursed

out of the fund subscribed ])v the citizens.

It was the intention the tirst season merely to test varieties and to

investigate the effect of fertilizers, methods of cultivation and plant-
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in<4". clc, l('M\in«4aii\ special clloil (<) |)i<><lii((' lai i^c ciops I'oi- siil)s('(jU('rit

\cars after (he soil coiidilioiis had hccii accuialciv dclciiiiiiicd. Il was

coiisidcicd wise lo I'csl i-ici llic Icsls to the ofdinaiy larm ci'ops of the

S(M't ion.

DESCRIPTION OF THE FARM.

Tlu^ ([(Miioiist rations wrrc. made on a 1 1'act of about, To aci'cs of mod-

erately rollin*;-, li^l»t, sandy loam upland, undei-laid with clay at a

dopth of about 2^ feet.

This land had Ihhmi ])lant(Hl to cotton or coi-n every season for t ucnty-

eioht years without the us(^ of a commercial fei'tilizc^r and without

employing- any ren()\atiii<»- (^rops, except u[)()n Plat No. '2, which wjis

planttnl in corn and cowpeas the precedino- year. Nearly all the

humus had been remov^'d from the .soil of tiiis farm by successive

croppiuo' until ))oth the corn and cotton grown upon it indicated an

impoverished condition of the soil.

The entire tract had been plowed in »fanuary^ about 4^ inches deep

with an ordinary turning plow. This was prior to the establishment

of the Demonstration Farm.

FERTILIZERS USED.

The basis of all fertilizers used was the following compound:

Available phosphoric acid, 10 to 12.

Total phosphoric acid, 12 to 15.

Bone phosphate of lime, 26 to 82.

Potash sulphate, 8 to 12.

Potash KG,, 4 to 6.

To this compound was added one-third of its weight of cotton-seed

meal, the resulting fertilizer being known as mixture No. 2. On
Plats 1, 4, 6, and 8, 200 pounds of this mixture were sown broadcast

upon the land after planting. On Plats 3, 5, 7, and 9, no fertilizer

was used. On Plat 2, 200 pounds of mixture No. 2 were used per

acre, dropping it equally on each side of the rows of cotton at the

time of the first plowing. Plat 2, as stated, had been planted in corn

and cowpeas the preceding yenv. The method of applying the f(U'ti-

lizer to this field was precisely like the others.

The following table shows the yield of cotton per acre on the ferti-

lized and unfertilized plats:

No.
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Two liiuulnHl pounds of this fertilizer ihc amount used \h'v m-vo—
(•ost$l.r)4. With cotton at l:i ctMits per pound, the icsult of usinjr

the fertilizer is shown heh)W. The lirst eohunn of ti*^ur«*s shows the

uain in poiuuls of seed cotton by the use of fertilizers; the se<'ond

column shows the value of this increased product; the third colinnn,

the cost of the fertilizer per acre, while tlie fourth column shows the

net profit per acre.

Variety of cuttttri plmitrd.

Rowden, Plat 1 .

Howdeii, I'iat 1 .

(JibSDH
KussL'U Big-Bull.
Stormproof

Ciain in
]K)llII(ls of

sei'tl cotton
\)rV tww.

190
729. k;
19-2

79
48

(Jam in
vahit'

per at-n-.

S«.ll
31.05
7.71
2.66
1.81

Cost c>f

fertilizer

per acre.

$1.54
l,f>4

1.54
1.54
1.54

Net K'lJii

per acre.

«;. 57
29. 51

6.17
1.12

If all the gain in Plat 2, 729.16 pounds of seed cotton, was credited

to the fertilizer, this would show a value of ^31.05 per acre, at a cost

of $1.54. It is evident, however, that some allowance must he made

in this case for the crop of cowpeas orown during the previous year

and for the consequent better cultural condition of the plat on which

this cotton was produced.

COTTON.

Some 37 acres in all were planted in cotton, divided into nine plats

or fields.

Just before planting, the land was disked, cross-disked, and har-

rowed. The cotton seed was })lanted 1 inch deep in rows 3^ feet apart,

the i^anting drill ))eing followed by a roller which pressed the soil

after the seed was covered. The cotton came up in live or six days

after planting. From May 1 to May 3 the fields were harrowed, and

in about twelve days they were side harrowed and cultivated. From

May 15 to May 18 the soil was chopped to 18 inches and then plowed,

it being plowed thereafter once every twelve days until August 1. All

plats received the same cultivation.

The boUworm in great numbers attacked the entire crop of cotton

and reduced the yield at least one-half.

On the east of the Porter farm is an adjoining field of precisely

similar soil and drainage, except that it had produced but three crops

from a virgin state. This tract has been designated as Field A. It

was in excellent condition, and was planted to Row^den cotton and well

cultivated in the ordinary way w^ithout the use of fertilizers. The yield

on this 30-acre tract was 10 bales of 500 pounds each, or 166^ pounds

of lint cotton per acre, as against 326.0 pounds per acre on Plat 1 and

414.1: pounds on Plat 2 of the Demonstration Farm, showing a gain of

160 pounds per acre, worth $19.20, on Plat 1, and of 249.74 pounds,

worth $29.86, on Plat 2, due to better cultivation and the moderate use

of fertilizers. These amounts per acre would stand to the credit of the
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(hMiionstnition liclds without modilicatioii. provided llic soils \v(M"(' of

(Mjiial rcrtility; l)iil, as stated, the adjacent lield was (^onipai'ativel}'

new and rich in humus and far better than eithei' I'lal 1 or IMat 'J.

On the northwest of the Demonstration r'aiin is another tract of

hmd, a rich sandy h)am, whicii had been in cidti\'ation onl}' al)()ut four

years, (lesio-natod in the foliowin*;- table as Field 1). It was planted to

Rowd(Mi cotton and i^iNen o()o(| common culti Nation, but no fertilizers

were used. The product was 21 bales from iu) Jicres, or 1()1.54 pounds

of lint cotton per jicre, sh()win<»" a ^ain in favor of Plat 1 of 1(>5.12

])ounds pel* acre, worth $19. (Si, and in favor of Plat '2 of 252.81 pounds,

worth $30.84, due to intense cultivation and the use of some fertilizer.

A comparison of the results obtained on the Demonstration Plats

and on Fields A and B further shows the proportion of this gain due

to cultural methods and to fertilizers. The total gain in Plat 1 over

Field A was 119.20 and over Field B $19.81 per acre. It has been

shown that the amount to l)e credited to fertilizer on Plat 1 is $8.11

per acre. Deducting this, it leaves $11.09 credited to Plat 1 as com-

pared with Field A, and $11.71 credited to Plat 1 as compared with

Field B on account of better tillage. The culture values as compared

with Plat 2 can not be made, because the eli'ects of culture and fertilizer

on Plat 2 were not separately tested.

The results for the Rowden cotton may be tabulated as follows:

Plat
or

field.
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The corn caiue up on A|)ril 12. On tliis djitr tlicrt' wiis n liravy

hailstorm, wlucli (lainai»*tHl it ha(ll\ . Culti\ation couiincnccd (jm May 1.

The corn was thinned to a stand of 18 inches in the lovv , and cultiva-

tion was repeated once every ten days till »June 15. At this date the

stalks averat«-ed 4^ feet hit»h, when a severe wind blew fully r*o per

cent of them tlat across the rows, preventing; all further cultivation.

Most of the stalks blown down did not recover and were a total loss,

besides preventino- any further test of cultural methods.

Three hundred pounds of fertilizer p(»r acre were applied to a por-

tion of the farm. This fertilizer was composed of etpial j)arts of

cotton-seed meal and of the compound before mentioned. It was

applied at three diti'erent periods—100 pounds at the time of plant-

ino- (drilled in with the seed); 100 pounds at the time of the first cul-

tivation (on the sides of the rows); and loO pounds al)out June 1 (in

the middle of the rows).

The results in the case of corn are not considered of great value

because of the heavy loss entaihnl by the flune windstorm and the

impossibility of continuing cultivation after that time. Further, the

instructions to plant cowpeas between the rows could not be carried

out except to a limited extent, on account of the prostrate corn.

A summary of the principal results obtained in the experiments

with corn will be found in the following table:

Variety of corn.
When

planted.

Native Texas .. Apr. 4 to 8
Native Texas do
White Wonder do
White Wonder., do

.do5. Reed's Yellow
Dent.

6. Reed's Yellow
Dent.

7. White Pearl do
8. White Pearl do

When up,

Apr. 12
....do...
....do...
....do...
....do...

.do .do

.do

.do

Date of
tirst cul-
tivation.

Mav 1

...do...

...do...

...do...

...do..

.do..

.do.,

.do..

Date of
roasting

ears.

Auf>r. 1

Aug. 10

Julv 12
July 22
Aug. 1

Date of
maturity.

Aug. 15
Aug. 25
July 27
Aug. 7

Aug. 15

Aug. 10 Aug. 25

Yield per
acre.

Bush. lbs.

41 9
30
32
23
22

18

23
19

18

15
18

Fertilized or not.

Fertilized.
Not fertilized.

Fertilized.
Not fertilized.

Fertilized.

I Not fertilized.

10
16

Fertilized.
Not fertilized.

The fertilized corn was of considerably better quality than that

grown without fertilizer. The results ()l)tained by fertilizing woidd,

of course, have been much greater had it not ))een for the storm

referred to. All the corn in the field was gathered from October 1 to

October 10.

It should be noted that the White Wonder corn was earlier than the

other varieties tested. An acre of White Wonder corn was planted

in rows 3^ feet apart and thinned to 28 inches in the row. The
product under the same cultural treatment was 3^^ bushels per acre

less than w here the rows were 5 feet apart.



H. r. I.—08. V. I'. 1'. I.— 11 J.

III.-FRUIT TRl'i;S I'KOZI'N IN 1!»04."

By INI. li. Waitk, PitthoUxjist in ('li((r(/r of Iiircstigations of Diseases of Orchard Fruits,

Vegetable Pathological, and Physiological Investigations.

INTRODUCTION.

Tho sovoro cold weather of the pant winter, especially the intense

cold of January 4 and 5, resulted in very serious damage by freezing

to orchards in New York and New P^ngland, especially in the Hudson
and Connecticut valleys. The damage was found to be mainly to

peach, Japanese plum, and pear trees, and the most serious harm was

largely confined to the lower levels and pockets. The writer recently

visited the orchards around Marlboro and Milton on the Hudson River,

and also those located at South Glastonbur}', Conn. In conversation

with the growers, it was found that, as a rule, they overestimated the

damage. In several cases orchards were already cut down which would

probably have recovered if given proper treatment.

DAMAGE TO BEARING PEACH ORCHARDS.

In the bearing peach orchards the trees most injured by freezing

show the bark entireh^ blackened and dead, more or less separated

from the truidv, and the wood turned a very dark brown color. The
injur}' extends far up onto the limbs, although the ])ark usually has not

separated on the branches. Such trees are dead be3^ond all question and

should be treated accordingly. Scarcely 10 per cent of the orchards

visited were found to be in this completely frozen condition. Even
on these, the bark on the branches and small limbs still retained its

vittdity. Such trees were largely contined to cold, low, flat places, or

to pockets at very moderate elevations. Sometimes a rise of 10 or 15

feet resulted in the trees being less seriously injured.

« In the hope of being of some service to the fruit growers of New York and New
England whoi^e orchards have been severely damaged by the extreme cold of the

past winter, it has been thought desirable to publish from the Department a brief

explanation of the damajrc done, with advice as to how to treat the injured orchards.

A. F. Woods, Pathologid and PJujxiologiM.

OfFICK OK \'E(;ETAHLE 1*ATH0L0G1CAL and riIVSIOL<M.I( A'. IxVEHTKiATIOXS,

]\ashingUj)i, D. C, March JcS, IUO4,
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With many peach trees, however, the bark is lightly separated fniin

tlie wood, whii-h is of a dark walnut color next the cainhiuni and

hrow n throughout. Thoui^li still alive, the bark is somewhat biowned

and discolored, the yt)un«4('st or outer layer of wood has been frozen

until it is now of a chirk walmit color, and the wood of the trunk is

blackened throuj^hout. Many of these trees are of (juestionabhi vitality,

and will probably succund). Others have enough vitality to enable

them to pull throuoh. Where the bark is adherin*^ or ofdy partially

separated from the trunk, the chances for recovery are good. The

toi)s of such trees are usually found in fair condition, the wood

browiush, but the white cand)ium layer uninjured, though lying inune-

diately in contact with the brown, dead wood. The twigs, especially

the one-year wood, sometimes have been frozen so badly that they

will not be able to push the leaf buds. In severe cases the leaf buds

themselves are killed, but, as a rule, they are still alive. Of course on

all such trees the fruit buds are killed. The most injured part is the

trunk just above the snow line. About one-half of the orchards

examined wen* in this condition.

A third class, which may be described as the moderately frozen trees,

in which the wood above the snow line is })lackened but the bark not

separated from the wood and with the cami)ium still apparently alive,

although water-soakeci and injured, frequently has minute brown

streaks in the bark immediately in contact with the cand)ium. Such

trees will almost invarial)ly recover. Where orchards are in this con-

dition, oidy the trees in the low^ situations, where there was an excess

of moisture and drainage nitrogen and which also afforded basins in

which the cold air was caught, may be expected to die. All such mod-

erately frozen trees, even though the wood is blackened throughout,

may be expected to yield abundant croi)s for several years in the future.

Nearly every tree in the entire Michigan fruit belt was frozen in

February, 1899, so that the wood was blackened and dead clear to the

bark. A new layer of live, white wood formed inward from the live

l)ark, the trees made a fairly good growth, having no fruit crop to

carry, and bore the year following a record fruit crop. Moderate

pruning back, say from one-third to not over one-half the tops, gave

the best results on trees of this character. No pruning at all gave nnich

better results than too severe cutting back. Many trees were cut back

to the large branches, or * 'dehorned," and failed to push out. Similar

trees moderately pruned pulled through and made a line growth.

On the higher levels aud ridges in both the Connecticut Valley and

the Hudson Valle}-^ there are orchards in which some of the fruit buds

have survived and in which the trees were only moderately frozen.

The fruit buds apparently are more hardy than the youngest, tender

sapwood. In fact, the most hardy portions of the tree are the cam})ium

layer—an extremely thin tiliu of very vital tissue between the bark
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5i?ul t\\v wood suhI {\h\ leaf hiids. 'I'lial j)()ili()ii of (he, ti'ce having- the

most life or protoplasm in it, rortunatclv, is the most, resistant, "^'ount^"

tnuvs in orchards I'l-om one to tlirce yoars ohl were injured h'ss than

older bearino- tn^'s. Nursery troess, on the eonti'ai'v, vv(M*e frozi^n dead

to the snow lin(\ 'rh(\s<' areentii'ely one-year wood, ot" course, and arc

of ;i ralhci- forced, tcMuhM', sappy nature.

*
IU)W TO TKK.A'r Till-: IMOACII ()I{("MA1M)S.

'V\w orchardist sliouhl he cautious ahout })ullin^ out damaj^cd trees.

Unhvss for some other reason than the ])r(\s(Mit injury from frost he is

willino" todis])ense with the orchard, he should <;ive thetrecisan opi)or-

tunity to show what they will do hefoi'c condemning- them. Almost

all the trees in which the hark is stuck tight at the critical point — a})out

two feet from the ground— may be expected to pull through, and many
which have the bark partially loosened may recover. Moderate pruning

back, followed by good cultivation and, unless the land is in very good

condition, with a moderate amount of fertilizing, will be the best course

to pursue. If the ])uds can push out in the tops, growth will extend

downward, resulting in many cases in a complete covering of new, sound,

white wood, even over the most injured part on the trunk. The frozen

dead wood can conduct the crude sap as long as it remains moist. If

the bark remains alive it will carry the elaborated sap downward from

the leaves. This shell of new wood will be sufficient to maintain the

tree in profitable bearing and will, of course, be added to annually.

Nearly all the peach trees in Michigan, notwithstanding the fact that

the}^ have a dead, black heart, as well as many of those similarly

affected in Missouri, Maryland, and Georgia, have been bearing good

crops of fruit.

The aim should be, with good cultivation and fertilization, to grow
the tree out of the injury. Stable manure will probably answer the

requirement in some cases. Nitrate of soda at the rate of 2(H> pounds

per acre may be preferable in other cases. The choice of the writer

would be a complete fertilizer, consisting of nitrate of soda, acid phos-

phate or bone meal, and muriate of potash. Such a fertilizer applied

just at the time growth is starting would result in the best possible

benefit from the nitrate.

INJURY TO PLUM TREES.

The eJapanese plums have behaved essentially the same as the peach

trees. The young w^ood is discolored in the same manner, w hile the

bark remains alive on very man}- of the badly injured trees. Their

treatment should be essentially the same as that of the peaches. The
Pomestica plums are very little hurt, being almost as hardy, in fact, as
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the a|)[)les. Some injury was noted on the o^iiipes. Two yeai' vines

whirli I'eaehed above the snow line wcic apparently killed in some

eases, hut no special study was made of the injuiy to th(^ jifrapevinen.

INJURY TO NURSERY TREES.

In the luirseries, peach trees weie frozen down to th(^ snow line so

as to make that portion ahove the line without \alue. However, they

ai"e entirely unharmed below the snow line and should be treated as

though they had been cut ot!" at that point. Those who prefer a hioh

liead may o))ject to phintin«:^" such trees. The choice of the writer,

however, is in t'a\'or of a low headed tree, and such tnu's will i»ive

excellent results even thout»h they may not have more than six or

ei^ht inches of sound wood above the bud. The writer would not

hesitate to plant them. Where the trees have less than six inches of

wood, probal)ly as oooda way as any would be to allow only one sprout

to orow and to train up a new tree from this sprout after planting in

the orchard. Whcic* the nursery trees are not dug and sold, the}' may
))e cut oti" an inch or so above the bud and a single sprout trained into

a tree according to the usual methods of nurserymen. It will, of

course, be desirable to withhold part of the cultivation on such trees

to avoid their growing too large.

The Japanese plum, as stated, has behaved essentially like the peach

tree and should be treated in the same way. The apple is hardier than

either of these fruits, and of the apple trees examined in the nursery only

a few varieties seemed to be hurt sufiiciently to cause their rejection.

These frozen trees might be treated in the same way as the frozen

peach trees—by cutting them oti" and allowing a new tree to grow from

a bud.

DAMAGE TO PEAR TREES.

In the Hudson Valley the pear trees are very severely damaged.

In many cases the pear orchards whm'c ])laced, as is customary, on the

lower, richer ground, which is naturally from its location more subject

to intense cold. As far as a hasty examination went, the pear orchards

seemed to be more severely hurt than the peach trees. At any rate,

they were injured to about the same extent, and they have not by any

means the same ability as the peach trees to outgrow the injury.

Another factor which has entered into the prol)lem in the case of

pears is a severe attack of P,^yUa. A very unusual attack of tliis pest

last season had greatly weakened the vitality of the trees. Most of

the pear orchards examined were still crusted \\\t\\ the black fungus

which grows on the honevdew secreted by the PsyJhi. These P^ylla-

infested and weakened pear trees were in poor condition to resist the

severe freeze.
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Many liiiiulsonM' spccimcMs ti") (o '>< yrnrs old ol" Iiiirllcit, Scckcl, jukI

otlicr choice \ jiiiclics w cic I'lo/cn on I liyhl. ScNcral line orcliai'ds of S

(>i- lo acres in cxlcnl wliicli (lie wii I cr examined wci'e completely killed

or practically so. I lei'c a^ain,as wit li t he peaches, t he dillclcnce of a few

f'oet in eli^vjition ri-e(jnently made the dill'erence of life oi- death to the.

tree.*"!. 'I'he yonn^- peai' trees are rather less hnrtthan the older trees,

as in the case oi" the peach, hnt it shonld he noted in this connection

that youno- p(»ar tre(\s having- the wood hlackc^ned, although they

will push out their leaves and make a stai't, are very apt to decline or

else maintain tluur life in a very feeble manner as a result of the d(;ad

wood at the heart. They have not the ability to recover })y d(;pos-

itint»' a thrift}' layer of sapwood. Pear trees under 3 or 4 years of age

which are badly frozen and which show blackened or dis(;olor(*d wood,

even thoueh the bsirk may h)ok normal from the outside and may
appcnir to be alixe and quite fresh when cut into, should be (-ut off

below the snow line and allowed to sprout. All the sprouts that start

may be permitted to grow the first year, and, if a tall head is preferred,

they may be pinched back, except the one which is to form the new
stem, when they have grown a foot or so. The foliage from these

pinched shoots will help contribute to the life and vigor of the tree. In

case of badly frozen bearing trees, where the tree is dead and the bark

is discolored, of course they should be dug out, but where there is any

vitality left in the bark it may be well to allow^ the trees to remain at

least the first season until it can be determined to what extent they are

injured. It takes several years to bring a pear tree into bearing—at

lef st two or three times as long as a peach tree—and one should there-

fore be correspondingly' cautious in cutting down pear trees. Unfor-

tunately, the writer can not hold out the same chances for recovery in

the case of the pear orchards that are possible with the peach trees, but

still moderately frozen pear trees have recovered in Michigan, and

afterwards, b}' pruning out the weakened limbs, pretty fair bearing-

tops of vigorous young wood have been secured. No severe pruning,

however, should be jittempted this season.
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IV. -Tin; ciii;ri\ATi()x or tiiI'; austkaija.x wattij;."

liv I)a\ii» (i. l'\\iK('im,i), A<jricii/hirn/ ICxplori'v, Sri'd mid /'hint /iitrodnrfion and

nistrihiilioii.

The hjirk of the Austnilian hhu^k wjitth'. tree {Acdcia rrutlii'i.nma

Willd.) lias lono- been in use for tanning- purposes. It does not give

the Unither as rine a bloom as the bark of the American oaks or the

acorn cups of the valonia oak, })ut it tans more quickly and is in good

demand for the common grades of leather.

Formerly the supply of this tan })ark came from the forests of Aus-

tralia, but within the last live or six years the plantations of Natal

have begun to supply a large proportion of the bark, and the writer

was informed by residents of that colony that wattle growing is the

most profitable plant industry in the country.

A short stay in the region was not enough to put the writer in pos-

session of all the ins and outs of this new culture, but the facts gath-

ered during a visit to one of the largest and best managed estates in

Natal ma\^ be of interest to Americans in Hawaii and elsewhere.

Hon. G. M. Sutton, a member of the legislative council of the

colony, is given the credit of first agitating the question of wattle

growing, and as early as 1892 he wrote urging planters to sow the seed

of this Australian tree and start forests of it for its tan bark.

«This brief presentation of the culture of the wattle tree and the harvesting of the

bark for tanning purposes will, it is hoped, again call the attention of American

tanners to this possible source of tanning material. As Mr. Fairchild points out,

considerable of this bark is already being produced in Soutb Africa, and, although it

is probable that few parts of the United States proper are sufhciently free from frost

to make the culture of the wattle tree profitable, it is successfully grown in the

Hawaiian Islands, where it is regarded as a promising industry. A tract of 5 acres

of thirteen-year-old trees at the Hawaii Experiment Station has been under experi-

ment for a number of years, and a bulletin describing the growth of the trees and

the market value of the products is now in preparation.

We are indebted to Mr. Barbour Lathrop for this paper, as the observations it con-

tains, which were kindly placed at the disposal of the Department, were made by

Mr. Fairchild during the last of Mr. Lathroi)'s expeditions in search of valuable

seeds and plants.

A. J, PiETERs, Botanist Id < 'harge.

Office of Seed and Plant Introduction and Distribution,

Washington, D. C, June 25, 1904.
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It liiid iK'tMi (It'iuonstnittMl prt'V itmsly tlisit the wjitth^ ^row iimi^iially

wt'll n\Hm tilt' liillsiclt's in rcitjiin pints ol" [\iv roiiriti v, so tliat \v1um»

tlie price of wattU> hark rose to the unusual tiourt^ of t'lT >teiliiit»;

per ton ($82.7*.>), which rise is attrihuted to successive had harvests of

the \alonia oak (Qnrrctts itgllops L.) in (ireece and Asia Minor, it was

not dithcult to convince people that the experiment of its culture was

worth making.

The Town Hill t)lantation, which covers 2,400 acres of the hilly

uplands near Pietermaritzhuro" (PI. I, tij>'. 1), is one of the largest

estates in the colony. It lies about 2,700 feet above sea levcd, and the

dark oreen ettect of its foliage on the landscape is almost as bejiutiful

as that produced by the cryj)tomeria forests of »Japan,

The wAttle-growing districts of Natal are scattered through the cen-

tral part of the colony, especially along the railroad from Pietermar-

itzburg to Greytown, and one of the most important shipping centers

is Dalton.

xVccording to information given the writer l)v the assistant manager

of the estate, the rirst plantings were made in iS92, and in tlie begin-

ning i)rotits were looked for only from the sale of the tan bark and

tirewood; but the poles which are left after the bark has been peeled

from them ha\c proved to be more desirable for mining props than

those made from eucalyptus timl)er, and their sale adds very materi-

ally to the net receipts of the culture.

The starting of a forest of black wattles is a simple enough business

operation. The virgin grass land of the rolling countr}' is broken up
about Christmas time and thoroughly harrowed. In February, rows

12 feet apart are laid out and the seed is planted 6 feet apart in the

rows and lightly covered with soil, when it is left to take care of itself.

Indian corn, which is called '" mealies" in Natal, is sometimes sown in

the 12-foot spaces between the rows of young wattle plants, and the

constant stirring of the ground in cultivation is said to be of benefit to

the 3'oung seedlings.

No nursery seed beds are used and no laborious planting is neces-

sary. The following March, which is autiunn in Natal, the soil between

the rows is plowed for the benefit of the roots of the young trees and

to guard against ''grass tires," or prairie tires, as they are called in

America, which are conuuon in the grassy uplands.

In ten years from seed sowing the w^attle trees are in their prime, but

by the seventh year many individuals are large enough to be barked.

At ten years of age on the Town Hill plantation, trees attain a

diameter of 10 inches, but the rate of growth is largely influenced by

the character of the soil and probably also b}^ individual variations in

the seed.

The soil on which the Town Hill plantation is situated is a light red,

friable loam, rich in iron, but considered poor in quality for cropping
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purposes. A layer of oriiAcl and sand oxciTics a clay suhsoil twolo
(luce {'(M't below (he smrace, and, (lioiioh supplied with plenty of

!noistui-e. (h(^ situation is a well-diained one. 'IMie wattle lools are

surl'ace feeders, and (lie soil in wliieh the inoistui'e li(»s very deep, it is

said, is not sui(al)le for wattle eultui'e.

WluMi an area of forc^st is old en()u<»h the luirvestin^- of the bark is

beo^un. 'I'his work can be e}irri{^d on at all (iinesof th(» year in Natal,

for the bark peels easily in any season. Sixty indentunul Indian coolicis

do nil the manual labor on the Town Hill estate and are skillful enough

to peel, dry, and eut the bark and to pack it in bags for export.

It is interesting to watch the process of stripping off the })ark, and

one is surprised at the rapidity with which it is done. With a shoit-

handled ax the coolie clears away the dc^ad twill's and leaves at the base

of the tree, cuts through the bark as close to the ground as possible,

lifts a broad strip of it high enough to get hold of it with his hands,

and, with a series of strong jerks, peels off a broad strip as long as the

height from the ground to the first branches of the tree (PI. II, fig.«2).

Strip after strip is pulled from the trunk in this way until it stands as

bare as a telegraph pole, save the tuft of branches at the top. The tree

is then felled and the work of stripping completed on such parts as,

lying between the branches, could not be peeled when it was standing.

The fresh bark is thrown over poles to dry (PI. Ill, tig. 3), and the

tree trunks are cut into 6 or 12 foot lengths for mining timber.

A portable tramway, which is laid through the plantation (PI. II,

fig. 3) to such places as are being stripped, carries the bark to the

drying sheds (PI. Ill, figs. 1 and 2), which are simple but ingenious

galvanized-iron affairs, so arranged that each can shelter 6 tons of the

fresh bark. The long strips of bark are hung over long poles, nuich

as the macaroni makers of Italy hang their freshly made paste out to

dry, and the ends of these poles are put through rings in two heavy

chains that hang from two parallel elevated bars. A series of these

poles loaded with bark is fitted to the rings a foot or two apart in the

chains, and one by one they are put across the parallel bars with tlieir

ends resting upon them.

In fair weather these poles, with their tan bark over them, remain

hanging on the long bars, like miniature elevated railways, which

extend from the sheds up the slope of the hillside. On the approach

of rain a 3'oke of oxen is attached to the chain of poles by a wire rope,

and, like shutting up the bellows of an accordion, these poles are

drawn close together down the parallel bars into the shelter of the

corrugated-iron roof. With the return of sunny weather the oxen
again spread out the chain of poles.

The value of the bark depends largely upon its color, and it is said

that the sun-dried product is best.
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( )iir(» (Irit'cl, the hark is ilioppt'd into slioit clilps, pjukcd into sjK.'kM,

juul is tluMj ready tor <'X})ort.

From Jill acrt' ot" In yearold wattles f) or ; tons of hark can be

taken, and at the present market piiees in Natal, t'O I2s. r>d. {i(>yr2.'jHt)

a ton, the oross I'eeeipts would he Ironi ^HW.iiO to $11^-5.58 per acre.

The cost of stripping, dryini^-, and i)ackino- the hark amounts to i'l lOs.

($7.30) per ton. To arrive at the net earnings, to this cost of harvest-

int>", etc., must be added the cost of ten years of care, with interest on

the price of the viroin land, which was valued by the assistant mana*^*er

of the estate at i-'l os. to X'l 10s. per acre.

To the proceeds from the sale of the bark must be added the levenue

from the mining timbers, and, although the figures given can not be

vouched for and will be no guide to anyone wishing to grow wattles in

a country where only high-priced labor is obtainable, they support the

opinion that the wattle industry pays handsomely in Natal and explain

w hy new plantations are being put in.

A wattle forest replants itself. If one walks through the shady

avenues between the rows of fully grown trees in February (PI. II,

fig. 1) the thousands of seed pods that are scattered over the carpet of

dead leaves crackle under his feet, and he is prepared to understand

the rapidity with which an area once cleared of trees grows up again.

On a field which had been cleared of wattles two and one-half

months before, countless seedlings were springing up and some of

them w ere already more than a foot and a half high. These naturally

sown seedlings are allowed to grow until thev form a thick mass

covering the field, when thev are thinned out most severely, and only

rows 12 feet apart are left standing.

Although there may be some reproduction by sprouts from the

stumps of the felled trees, the writer was informed that these sprouts

were not counted on as important in the re-formation of the forest.

In fifteen months these somewhat irregular rows of trees are IS feet

high and present an appearance such as is shown in Plate I, figure 2.

In four 3^ears from the time that the old forest is cut dow n, these rows

of seedlings will have grown to such a height that they will require

thinning out, and among the trees cut out in this process there are

many w hich yield a fair quantity of bark.

Although at first thought this habit of natural seeding might seem

a great advantage, it is said, on the contrary, that the cost of thinning

out the seedlings is greater than the expense of planting a fresh

plantation.

The greatest eneni}^ of the wattle grower is the ''grass fire.'' From
the surrounding prairie such fires spread into the plantations and

destroy them. To prevent this, nearly 50 miles of fire breaks made

by plowing broad strips of prairie have been constructed about the
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Fig. I.-View of the Grassy Uplands of Natal where Wattles are Grown.

Fig. 2.—Young Wattle Plantation, Self-sown, Fifteen Months Old.
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Fig. 1. The Drying Shed, with its Runways for the Poles.

Fig. 2.—The Runways, with their Chains and Poles.
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forosfs. 5111(1 \\\o (»xp(Mis(' of lliis m(1(1s m;il«'iM:illy to llir orii^inal cost of

t's(:il)li>liino- n wattle cstatr.

'l\vo insect. ciuMnics of the wattle ai"e a l)a<»'\voini, which destroys

oieat (juaiitities of foliage and checks the trrowth of the ti<'es, and t-h(^

inoi-e dest met i\(' locust, whi<'h has retarded for over a y^-Ji'' t'li<^ ^I'ovvth

of the trees on the Town Hill plardiition. The former insects are col-

I(M't(Ml and hui'ned, and the plague of locusts is prevent(Ml by spreadinj^

al)()ut their hreedino- places poisoned molasses for the young to feed

upon. A special locust expert is employed })y the Natal j(ovcrnm(;nt,

and with his corps of laborers he poisons all the principal breeding

places of the pest.

An industry wliich pays so well in the new country of Natal, and

does not re([uire a large amount of hand labor, sixty men being suffi-

cient for ii,40() acres, is worthy of the attention of American cultivatoi's.

The climatic conditions seem favorable in Hawaii, })ut whether they

are as favorable as they are in Natal, where it is claimed that the spe-

cies grows more luxuriantly than in its native land, may be a question.
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V.-l.liCAl, AND CUSTOMARY WTJCHTS I'I'K lUiSlll'l.

OF SI'l'DS"

By KixiAK Brown, BoianiM in ('h(ir(/c of Seed Laboratory, Botanical [nvestigatioivi and

Experiments.

INTRODUCTION.

While the selling of seeds by the measured bushel has largely dis-

appeared in the trade, the weight per bushel still has an important

value in determining grade, especiall}' in grass seeds, which vary greatly

in (jualitv. Redtop seed w^eighing 10 pounds per bushel is composed

largely of chatf and contains a verv small percentage of good seed,

while fancy seed, containing from 85 to 95 per cent of pure seed,

weighs from 35 to 40 pounds per })ushel. Similar variations in weight

exist in connection w^ith the handling of other common grass seeds,

such as })luegrass, orchard grass, brome-grass, rye-grass, and the

fescues. The weights per bushel of grains do not vary as nuich as do

those of grass seeds, ))ut nevertheless the weight per bushel is an

important factor to be considered in grading.

LEGAL WEIGHTS PER BUSHEL.

The weights per bushel for all seeds for which weights per bushel

have been established by law are given in Table I. These have been

taken from the latest statutes and have been verified by the secretary

of state of each State. In several instances the legal weights are

()l)viously misleading and should be changed. There is evidently an

error in the Louisiana statute which gives the weight for both barley

^'The varying use in weights of our common field and garden seeds in different

States must necessarily lead to confusion. It is hoped that a more widely dis-

seminated knowledge of this varied usage, such as is pointed out in this paper, will

tend to lessen the confusion and bring about greater uniformity. Furthermore, by
caUing attention to the present unsatisfactory conditions it may aid in preparing the

way for the general introduction of the metric system now used in nearly all other

civilized countries.

I^vsTER H. Dewey, Acting Botanist.

Office of Botanical Imve8TI(;ati()\h and Experiments,

WashuKjton, 1). C, September 7, 1904,
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and rve as 32 |U)iiikIs. riic u flights for l>iU'kwlR'at vary from 40 to r>2

poiinds in ditterent SUites. 'VUv le^al vvoij^hts for oats should Ju^ made

more nearly uniform. In Pennsylvania and West Virginia the lej^al

weitjfht is 82 pounds; in Virginia 'M^ pounds, and in Maryland 2*)

pounds. The le^al wei^^ht for Kentucky blueurass and rcdtop in all

States where a lethal weijjht has been established is 14 pounds. This

weight was established before the present methods of cleaning eanie

into general use and while the seed was sold in the chaH". Cleaned

seed of good grade weighs from two to three times as much, jis

recorded in detail in Table I, and the legal weights should be changed

accordingly.

CUSTOMARY WEIGHTS PER BUSHEL.

In luunerous instances the customary weights })er bushel of seeds

used by the trade are not the same as the legal weights. The boards

of trade and chambers of commerce in the principal cities have

reported the customary weights used by them, and where these differ

from the leoal weights thev are given in the footnotes to Table I.

Seedsmen handle a large num})er of grass and forage plant as well

as other seeds, for few of which legal weights per bushel have been

established. Table II shows the customary weights per bushel used

for these seeds by representative seedsmen in the different States. In

most instances two weights are given, indicating the differences in

(juality recognized in the trade. Well-cleaned seed of good quality

will weigh approximately as much as the higher weight given.
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Taule 1.— Legal, wiiyhls per bushel 0/ needs.
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Table I.—Leyul ueUjhh in-r fnixhel of needx—CVintimuMl.
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Tvitl.K 1. - Lt(/il/ irii(/lils jn'r hi(slii/ of !<rt(ls ( "( >licl IK led.
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1 Jif Denver Chamber of Commeret' and Boanl uf Trade uwew the legal weights per hubhel fur the

Slate i.t loll. ratio, eXeept tor hiukwheat. It alwi iiseN the following weights per hunhel for tlie eoni

luoditie^i named below:
I'oundri.

Meadow fesene ( Englisli bliiegra.s.s) 24

Millet W
Urehard grass 14

Peas 60

Kedtop 14

Redtop, fancy 32

Sweet eorn •'W

I'onnds.

Alfalfa iM

Aaiber eane 50

Broom I'orn 46

Buck wheat 50

Flax 5ti

Hungarian millet (Hungarian grass) 4H

J»)huson grass 25

Katir eorn 5*>

t'The Columbus Board of Trade uses the legal weights per bushel for the 8tate of Georgia.

•The Chieagi> Board of Trade uses the legal weights per bushel for the State of Illinois.

/The I'eoria Board of Trade uses the legal weights per bushel for the State of Illin(»is.

yThe Intlianaixdis Board of Trade uses the legal weights per bushel for the State of In<liana. It

also uses fit; poumls as the weight per bushel for shelled pop corn.

AThe Louisville Board of Trade use> the legal weights jut bushel for the State of Kentucky, except

for barley, for which it uses the weight per bushel of 4H pounds.

iThe Sew Orleans Board of Trade uses the legal weights i)er bushel for the State of Louisiana for

wheat, shelled eorn, and oats. It also uses the following weights per bushel for the commodities

named below:
Pounds.

Alfalfa 60

Barley 48

Beans GO

Broom eorn 415

Buckw heat 4H

Bur clover S

Canary seed GO

Castor beans 4G

Clover:
Alsike 60

Crimson 00

Red 00

White 00

Corn:
In ear 70

Shelled, Adams 50

Cowpeas 00

Flax 5(>

Hemp 44

Hungarian grass 48

Japan clover 25

Johnson grass 25

Kentucky bluegrass 14

Meadow fescue ( Knglish bluegra.ss) 15

JThe Baltimore Chamber of Commerce uses the following weights per bushel for the commodities
named below:

Pounds.

Meadow oat-grass 14

Millet:
( Jerman 50
Italian 50

Mustanl 58
Orchard grass 14

Osage orange 33
Pi'as, Knglish:

Smooth 60

Wrinkled ' 56

Radish 50

Rape 50

Rescue grass 14

Rye 56

Rye-grass:
Knglish 20

I talian 20

Sorghum 50

Sunflower, Russian 24

Teosinte 59

Timothy 45

Turnip 38

Vetch 60

Pounds.

Barley 48

Beans 62

Beans (State) t>0

Bluegrass 14

Buckwheat 48

Clover 60

Corn:
On cob 70

Shelled 56

Flax 56

Hemp 44

Hungarian grass 48

Millet:
American 50

German 50

Pounds.

Oats 32

Oats (State) 26

Orchard grass 14

I'eanuts:
A frican 32

Virginia 22
Wilmnigton 28

Peas 60
Peas (State) 56

Redtop:
Chaff 14

Fancv 32

Rve : 56

Tiraoth V 45

Wheat . 60

fcThe Boston Chamber of Commerce uses the legal weights per bushel for the State of Massa-

chusetts.

iThe Duluth Board of Trade uses the legal weights per bushel for the State of Minnesota. It also

uses the following weights per bushel for the ccmimodities named below:

Pounds. Pounds.

Flax 56 Macaroni (durum) wheat 60

mThe Minneapolis Chamber of Commerce uses the legal weights per bushel for the State of Minne-
sota, except for barley, for which it uses the weight per bushel of 50 pounds.

»iThe Meridian Board of Trade u.ses 38^ pounds as the weight per bushel for cotton seed.

oThe Merchants' Exchange of St. Louis uses the legal weights per bushel for the State of Missouri

and also uses the following weights per bushel for the i-ommodities named bi'low:

Pounds. Pounds.

Hickory nuts 50 1
Walnuts 50'

Peanuts, dry southern 22 |
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/'The Omaha HonnI of 'I'rndc uses (he loffal weights per l)U.sli('l for Uw Smtc <if Nchmskii, ••xfM-pt for

.Morf,'lium, for whicli it iisos tin' wiM^ht per hiishcl of [y{) |»oun(ls.

</'riH' HiilTtilo Merclumts' Kxchaiif^i' uses the U'pil weights jter hiishcl for the Stnlc of New N'urk.

»'riu'N\'\v York Produce Kxchiiiij,'!' uses (he lej,Mil \vei>,'lits per hushcl for the Slute of New ^'ork*

exeei)t for thix. It iilso uses tlie followiiif^ weijj^hls per husliel for Ihv couiiiiodities uniiied hclow:

I'oJiuds.

Hluef,'rnss 14

Kill X r)(;

Pounds.

()r(!hnrd K'liss 14
Kedtop 14

buslu'l for tlu' State of Ohio, exeept for HiniKarian f^rass, for which it uses the weight per hushel of
I per
el of

x'Vhr ('iueinua(i Chainher of (Jommeree and Merelumts' ExcliauKO uses the U^gal weipfhts per
nslu'l foi

l.s pound!-

' The Cleveland Chamber of ('ommerce uses the le^al weights per bushel for lh<- State of Ohio,
exct'jit for pop corn, in ear, for wliich it uses the weight per bushel of KJ pounds.

" 'I'lie Columbus Itoard of Trade uses the legal weiglits per bushel for the State of Ohio. It also
uses the following weights jx'r bushel for tlu' commodities mimed below:

I'oiinds.

Bluegrass It
Hroom corn 40
Canary seed GO
Cane ". 50
Castor beans 4G
Japan clover 20
Kafir corti 50
Meadow foxtail 25
Orchard grass 14

Pounds.

O.sage orange 33
Peanuts 24
Pearl millet 56
Peas, wrinkled 50
Redtop 14
Sorghum 50
Sweet vernal grass 10
Tall meadow oat-grass 12
Wood meadow grass 14

I'The Philadelphia Produce Exchange uses the legal weights per bushel for the State of Pennsyl-
vania, except for f)arley, for which it uses the weight per bushel of 48 pounds.

»<• The Columbia Chamber of Commerce uses the weight per bushel of 45 pounds for Sea Island
cotton seed.

J" The Galveston Cotton Exchange uses the legal weights per bushel for the State of Texas.

j/The Fort Worth Board of Trade uses the legal weights per bushel for the State of Texas.

2 The Richmond Grain and Cotton Exchange u.ses the weight per bushel of 32 pounds for oats.

aa The Seattle Chamber of C(mimerce uses the legal weights per bushel for the State of Wash-
ington.

W^The Milwaukee Chamber of Commerce uses the legal weights per bushel for the State of Wis-
consin. For corn, on cob, it also uses the weight per bushel of 75 pounds from harve.st to January 1

and 70 pounds after January 1.

cc No legal weights.

dd " From harvest until December 1, 70 pounds; after December 1, 08 pounds."
ee " From November 1 to May 1, 70 pounds; from May 1 to November 1, 68 pounds."

// "Small wliite beans, 60 pounds; other beans, 55 pounds."

gg " White beans."

iih "German, Tennessee, and Missouri millet."
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Table 11.

—

Sfeilmnen^ h cuHUnituni ireujhltf pfr hnghel oj Heexh.

Kind uf seed.
PoundH

per bushel.

Alfalfa
AiuIkt i-aue
Beat Kfass:

Creeping
Rhode Island .

Bermuda gra.s.s

Binl'.s-feH)ti-lover..

Bitter veteh
Bluegra.ss:

Canada
Kentucky
Texas

Broad l>ean
Bronie, awnless . ..

Broom corn
Bur elover:

Hulled
I'nhuUed
Spl)tttHl

Castor bean
Clover:

Alsike
Crimson
Egyptian
Mammoth
Red
White

Covvpea
Crested dog's-tail .

Feseue:
Hard
Meadow
Red
Sheep's
Tall
Various leaved

Flat pea
Flax
Hemp
Japan elover:

Hulled
I'nhulled

Johnson grass
Katir corn
Lentil
Lupine, white
Mertdow foxtail . .

.

Meadow grass:
Fowl
Rough-stalked

60
45-tiO

10-20
10-15
•24-36

60
60

14-20
14-30

14
50-60
10-14
45-60

60
8-10
60

46-60

60
60
60
60
60
60

56-60
14-30

12-16
14-24
12-15
12-16
14-24
14-18
50-60
48-56
40-60

60
18-25
14-28
50-60
60

50-60
7-14

11-14
14-20

Kind of Need.

Meadow grass—continued.
Wood

Millet:
Barnyard
BrcKMU corn
Common
(Jerman
Golden Wonder
Hungarian
Pearl

Milo maize
Oat-gra.ss:

Tall
Yellow

Orange cane
Orchard grass
Pea:

Field
Garden, smooth
Garden, wrinkled

Peaiuit
Rape, winter
Redtop:

Chaff
Fancy

Rescue grass
Rice
Rye-grass:

English
Italian

Sainfoin
Serradella
Sov bean
Spelt
Suntlovver
Sweet clover:

Hulled
Unhulled

Sweet corn (according to variety)
Sweet vernal, perennial
Teosinte
Timothy
Velvet bean
Vetch:

Hairy
Spring

Water grass, large
Wild rice
Yellow trefoil

I'ouikIh

per bustiel.

14-24

30-60
45-60
48-50
48-50
48-50
48-50
48-56
.50-60

10-14
7-14
45-60
10-18

<M
60
56

20-30
50-60

10-14
25-40
12-28
43-45

10-30
14-25
14-32
28-36
58-60
40-60
24-50

60
33

36-66
6-15
40-«)
45
60

60-60
60
14

15-28
60
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VI.-GOI.DF.N SHAL.''

l>v Ai-Kic IIknkioi-, Asslstdiil, iiikUi. I<'ki:i) KiA'r,\i, Scientific A ssuitant, I>ru<i (tnd Medic-

inal P/dut Iiircsti(/(ifioiis, Bdldiiicdl, Iiircstigations and Experiments.

HISTORY.

As in the case of maii}^ other native medicinal plants, the early

settlers learned of the virtues of golden seal through the American
Indians, who used the root as a medicine and the yellow juice as a

stain for their faces and a dye for their clothing.

The Indians regarded golden seal as a specific for sore and inflamed

eyes, and it was a very popular remedy with the pioneers of Ohio and

Kentucky for this aflfection and also for sore mouth, the root being

chewed for the relief of the last-named trouble. In the herbarium

collected by Captains Lew^is and Clark on their expedition to the

source of the Missouri and across the country to the Pacific coast, a

specimen of golden seal collected May 24, 1804, bears some notes in

the handwriting of Captain Lewis concerning the use of this plant in

"Kentucky and many other parts of the western country." Restates

that it is said to be a sovereign remedy for sore e3^es, describing the

nature of this disorder and giving also the method of preparing and

applying this remedy. He states, further, that it makes an " excellent

mouth water."

«The increasing use of golden seal in medicine has resulted in a wide demand for

information al)0ut the plant, its identification, geograj^hical di.<tril)ution, tlie condi-

tions under which it grows, methods of collecting and preparing the rhizomes,

relations of supply and demand, and the possibilities of its cultivation. This paper,

with the exception of the part relating to cultivation, was prepared (under the

direction of Dr. Rodney H. True, Physiologist in Charge of Drug and ^Medicinal

Plant Investigations) by Miss Alice Henkel, Assistant in Drug and Medicinal Plant

Investigations; and Mr. G. Fred Klugh, Scientific Assistant in the same ofltice, in

charge of cultural experiments in the Testing ( Jardens, furnished the part treating

of the cultivation of this plant. In the preparation of this paper, which was under-

taken to meet the demand for information relative to golden seal, now fast disap-

pearing from our forests, many facts have been obtained from Lloyds' Drugs and
Medicines of North America.

LvsTKu II. Dewey, Actiinj Bolanist,

Office of Botanical Investkiations and Experiments,

Washington, D. C, September!, 1904-
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Barton, in His ''Collections for an Essay towards a Materia Medica

of the I'nited States," 1H04, speaks of the use of a spixituous infusion

of the root of u;olden seal as a tonic bitters in the western part (jf l*enn-

sylvania, and of the employment of an infusion of the root in cold

water as a wash for intlammation of the eyes.

Accordino- to Dr. C. S. Katinesciue, in his Medical Flora in 1828,

the Indians also employed the juice or infusion for many '^ external

complaints, as a topical tonic-,'' and that "some Indians employ it as a

diuretic, stimulant, and escharotic, usino* the powder for l)listering

and the infusion for the dropsy." He states further that ''internally

it is used as a hitter tonic, in infusion or tincture, in disorders of the

stomach, the liver," etc.

It was not until a demand was created for o^oldon seal })y the eclectic

school of practitioners, about 1847, that it ])ecame an article of com-

merce, and in 1860 the root was made official in the Pharmacopceia of

the United States, which place it has held to the present day.

HABITAT AND RANGE.

Golden seal occurs in patches in high open woods where there is

plenty of leaf mold, and usually on hillsides or blutl's att'ording- natural

drainage, but it is not found in very moist or swampy situations, in

prairie land, or in sterile soil. It is native from southern New York

to Minnesota and western Ontario, south to (xeorgia atid Missouri,

ascending to an altitude of 2,500 feet in Virginia. It is now becoming

scarce throughout its range. Not all of this region, however, pro-

duced golden seal in abundance. Ohio, Indiana, Kentucky, and West
Virginia have been the greatest golden-seal })r()ducing States, while

in some localities in southern Illinois, southern Missouri, northern

Arkansas, and central and western Tennessee the plant, though com-

mon, could not be said to be suflSciently plentiful to furnish an}' large

amount of the root. In other portions of its range it is sparingly

distributed.

COMMON NAMES.

Many common names have been applied to this plant in different

localities, most of them bearing some reference to the characteristic

yellow color of the root, such as yellowroot, yellow puccoon, orange-

root, yellow paint, yellow Indian paint, Indian paint, golden root,

Indian dye, curcuma, wild curcuma, Ohio curcuma, wild turmeric,

Indian turmeric, jaundice root, and 3'ellow eye; other names are eye-

balm, eyeroot, and ground raspberry. Yellowroot, a popular name
for it, is misleading, as it has been applied to other plants also, namely,

to goldthread, false bittersweet, twinleaf, and the yellowwood. The
name golden seal, derived from its yellow color and the seal-like scars

on the root, has been, however, generally adopted.
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DESCRIPTION OF THE PLANT.

(loldon seal {Ili/dnisffs c<(ii<i(lriisfs L.) Ix^loiij^s to the same family as

tlio l)utt(Mviii), namely, the crowfool family (Hamniculacea»). It is a

poiviuiial plant, and the thick yellow rootstocU sends up an erect,

hairy st(Mn about a foot in height, around the hasci of which are two

or threi^ y(^llowish scales. The stems as they emer^(i from the i^i'ound

are bent over, f he tops still remaining under ground, and sometimes

the stems show sonu^ distance above the surface before the tops are

brought out from tlu^ soil. The vellow color of the roots and scales

extends ])artly up the stem so far as it is covered by soil, while the

portion of the stem above around has a purplish color. Golden seal

has only two leaves (rarely three), the stem bearing" these seeming to

fork at the top, one branch supporting a large leaf and the other a

smaller one and a fiower. Occasionally there is a third leaf, much
smaller than the other two and stemless. The leaves are prominently

veined on the lower surface, and are pahnately 5 to 9 lobed, the lobes

broad, acute, sharply and unequally toothed. The leaves are only

partiallv developed at flowering time and are very much wrinkled,

but they continue to expand until they are from 6 to 8 inches in

diameter, becoming thinner in texture and smoother. The upper leaf

subtends or incloses the flower bud. (PI. IV, tig. 1.)

Earl}^ in spring, about April or May, the flower appears, but few

ever see it, as it lasts only Ave or six days. It is greenish-white,

less than half an inch in diameter, and has no petals, but instead three

small petal-like sepals, which fall away as soon as the flower expands,

leaving onl}^ the stamens—as many as 40 or 50—in the center of

which are about a dozen pistils, which Anally develop into around,

fleshy, berry-like head. The fruit ripens in July or August, turning

a bright red and resembling a large raspberry, whence the common
name ground rasplMrry is derived. Each fruit contains from 10 to 20

small, black, shining, hard seeds. (PL IV, flg. 2.)

If the season has been moist, the plant sometimes persists to the

beginning of winter, but if it has been a dry season it dies down soon

after the fruit is ripe, so that by the end of September no trace of the

plant remains above ground. In a patch of golden seal there are

always man}^ sterile stems, simple and erect, bearing a solitary leaf at

the apex, but no flower.

Mr. Homer Bowers,^' of New Ross, Ind., who propagated golden

seal from the seed for the purpose of stud3nng its germination and

growth, states that the plant grown from naturally sown seed often

escapes observ^ation during the first year of its existence owing to the

fact that in this entire period nothing but two round seed leaves are

« A Contribution to the Life History of Hydrastis Canadensis, Bot. Gaz., 16:73-82,

1891.
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prodiu-tHl (ti^. *i), and at this stiii^e tlic })hint dtx's not look niiitcrially

ditlereiit from other youn^ seedHn^s. Duriiii^- its second year from

seed one basal leaf is sent up (tif^. 8), followed in the third year by

another smaller leaf and the flower.

DESCRIPTION OF THE RHIZOME, OR ROOTSTOCK.

The rhizome (rootstock) and rootlets of ij^olden seal, or hydrastis, as

it is also known in the drno- trade, are the parts em|)loyed in medicine.

The full-grown rhizome, when fresh, is of a brioht yellow color both

internally and externally, about U to 2^ inches in length and from

one-fourth to three-fourths of an inch in thickness. Fibrous yellow

FiiJ.2.—Irultli'iisoal

seedling at the end

of the first season's

growth.

Fi(i. ;s.—Golden seal, second

year from the seed.

Fig. 4.—Rhizomi-, or

stocli, of golden seal.

rt)ot-

rootlets are produced from the sides of the rhizome. (Fig. 4.) The

fresh rhizome contains a large amount of yellow juice, and gives oil'

a rank, nauseating odor. When dr\^ the rhizome measures from 1

to 2 inches in length and from one-eighth to one-third of an inch in

diameter. It is crooked, knotty, wrinkled, of a dull brown color out-

side, and breaks with a clean, short, resinous fracture, showing a

lemon-yellow color if the root is not old. If the dried root is kept for

a long time it will be greenish yellow or brown internally, and becomes

inferior in quality. On the upper surface of the rhizome are several

depressions, left by former annual stems, which resemble the imprint

of a seal; hence the name golden seal. The fibrous rootlets become

very wiry and brittle in drying, breaking off readily and leaving only



(;')IJ)1';n skal. 89

small prodilxTanco. so (liat llic lool as roiiiul in coininercc' is sonic-

(iiiics almost hai'c. TluMlricd iliizomr also has a pcciiliur, somewliat

naifotic, (lisa^iTcrahlc odor, hut not so j)roM()unc(Hl}is in the, fresh inat(»-

lial; an cxcciMliiiiily hitter taste; and a persistent acridity whicli causes

an !il)undant How of saliva when the rhi/ouH* is chewed. 'I'he most

important constituents of the rhi/ome arc; the three alkaloids hydras-

tin. herlxM'in, and canadin. It contains also starch, albuminous mat-

ter, resin, suoar, tatty mattcM". and inoi'o^anic salts.

Hydrastis acts chieHy upon the nuicous membranes and glandular

system, and to some extent upon the nerv^ous system. It is a valuable

drui>- in disordercnl conditions of the digestive organs and in (catarrhal

ati'ections of any of tlu^ nuicous membranes when unaccompanied with

acute inflammation. In the various diseases of tlie nuicous membranes

it Is administered both internalh' and locally. Hydrastis imparts its

properties to water, glycerin, or alcohol.

COLLECTION AND PREPARATION OF THE ROOT.

The root should be collected in autumn after the plants have matured

seed. Spring-dug root shrinks far more in drying and always com-

mands a lower price than the fall-dug root. After the roots are

removed from the earth they should be carefully freed from soil and

all foreign particles. They should then be sorted, and small, unde-

veloped roots and broken pieces ma^^ be laid aside for replanting.

After the roots have been cleaned and sorted they are ready to be dried

or cured. Great care and judgment are necessary in dr3dng the roots.

It is absolutely necessary that they should be perfecth' dry before

packing and storing, as the presence of moisture induces the develop-

ment of molds and mildews, and of course renders them worthless.

The roots are dried by exposure to the air, being spread out in thin

layers on drying frames or upon a large, clean, dry floor. Thev
should be turned several times during the day, repeating this da}' after

dav until the roots are thorougfhlv dried. If dried out of dooi's thev

should be placed under cover upon indication of rain and at night, so

that they may not be injured by dew. After the roots are thoroughh'

dried they may be packed as tightly as possible in dry sacks or barrels,

and they are then ready for shipment.

DIMINUTION OF SUPPLY.

Although, perhaps, in some secluded localities golden seal may still

be found rather abundantly, the supply is rapidly diminishing, and

there is a growing scarcity of the plant throughout its range. With
the advance of civilization and increase in population came a growing

demand for man}- of our native medicinal plants and a corresponding-

decrease in the sources of supply. As the rich forest lands of the
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Ohio Vallov and olst^wlioro wt>n' n'tjuiit'cl for the iict'ds of tin- imiIv

>ottU'rs tlu'V wtMt' rloartnl of tiiiiluT ami tultivatnl, and iUv i^nUWu

M'al, (l«'privt'(l of iho sholtor and pn»tr(tioM iHHi'»ai\ to its i'.\istoiu*\

tj;nuluallv (lisap^HMirod, as it will iu>t tliri\«' on l:uul that is cultivati'd.

WluMV it was not destrovod in this inanncr tiic root diiriroi's, dili^^tMitly

nlviuf thi'ir vocation, did thoir shart' tt)ward fXttMHiinatini,^ this iist'ful

little plant, which thov rollrrtctl, ivoardloss of the soason, (Mthcr lud'orc

tho plants had made mmh i^rowth in sprin*,^ or hefoiv the seeds had ma

tared and been disseminated, thus destroy ini^; all means of propaiiation.

The demand for the root appears to he inereasini:-. and the time seems

to he not far distant when this plant will havt* heeonu^ praetieally

exterminated, so far as the druo- supply is eoneernod. The cultivation

oi iioKlen seal seems now to have become a necessity in order to nun»t

the demand and save the plant from extinction. Prior to HMio there

seemed to be no one, so far as the l)ei)artnjent of Auriculture t'ould

asceitain, who had mer atttMupted the cultivation of ijolden seal for

tin' market. From tliat time on, many iiupiiries were ilirectinl to the

department 1)V persons who were (piick to note the upward tendency

oi prices for o-oUlen seal, and tluMt' an^ now several growers in ilitl'erent

parts of the country who ha\e undiMtakiMi the cultivation of Li-olden

>eal on a t'ommercial scale.

CULTIVATION.

The I'nited States Department o^ Ai:riculture has been carrying;' on

experiments in the cultivation of o:olden seal on a small scale at \N a>h

iuii-ton. IX C\, since the spriuii" oi IS5»1>. in the hope that methods

mi^iht be worked out according:- to which this valuable wild druii' i)lant

could be i»"rown on a commercial scale. In these experiments the aim

has })een to imitate the natural conditions of o-rowth as closely a^

possible. The results that have thus far been obtained, while not as

complete in some resjvcts as would be desirable, sctMU to justify the

t'onclusion that i»olden si^al can be successfully cultivated. The meth-

ods of operation described apply to the conditions at Washinu'ton.

and the treatment may need to be somewhat nu>ditied under other con-

ditions oi soil and climate.

NECKSSAin S(MI. rONHlTlONS.

The soil conditions should imitate as closely as possible those seen

in thrifty deciduous forests. The soil should contain an ami)le supply

of hunuis, well worked into the ground, to secure the liohtness and

moisture-retaininiT property of forest soils. The best form of hunuis

is probably leaf mold, but irood results may be obtained by nndchino-

in the autumn or early winter with leaves, stn\w, stable manure, or

similar materials. After the soil has been prepared and planted, it is
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Avoll to ;i(l(l a mulch in the fall a> a partial ])r()t('cti()ii to the roots diirinw-

the winter, and the decay of thi>- iiiateiial adds to the value of the soil

by tlu» time the ])lants appear in the spiiucr. The forest conditions

ai'O thus imitatcnl hy the animal addition of vej^etahle matter to the

soil, which hy its i^^radual decay accumulates an increasin<r depth of a

soil rich in materials adapted to the feedint^ of the plants and to the

preservation of proper physical conditions. The g-rowth of weeds is

also hindered to a considerable extent. If sutiicient attention is g-iven

to the presence of this mulch, the nature of the underlyinj^ soil is of

less importance than otherwise. In the case of clay the thorouj^h

incorporati(^n of a lartje amount of decayed vegetable matter tends to

give lightness to the otherwise heavy soil, facilitating aeration and

drainage. Since the roots of the golden seal do not grow well in a

wet soil, thorough drainage is necessary. A lighter, sandy soil is

improved by the addition of humus, since its capacity to hold moisture

is thereby increased and the degree of fertilit}' is improved. The
looser the soil, the easier it is to remove the roots in ditrsfino- without

breaking or injuring them. Before planting, the soil should be thor-

oughly prepared to a depth of at least 6 or 8 inches, so as to secure

good aeration and drainage. The good tilth thus secured will be in a

degree preserved bv the continued addition of a mulch. A further

advantage of a careful preparation is seen in a decrease in the amount
of cultivation required later.

FERTILIZERS.

The fertilizers that may be used with protit in the growing of

golden seal have not yet been determined, but it is probable that pot-

ash and phosphates would increase the yield, especially if the soil is

light. So far as is known, no preference can be given to any particu-

lar compounds of either potash or phosphoric acid. Two hundred

pounds of kainit. or 50 pounds of muriate of potash and from 200 to

300 pounds of superphosphate per acre would in all probability prove

useful. The nitrogen is supplied by the hunuis and need not be added

in concentrated form.

ARTIFICIAL SHADE.

Since the golden seal grows naturally in the woods, it must be pro-

tected from the full light of the sun bv artificial shade. That used in

connection with the experiments of the Department was made of ordi-

nary pine plastering lath nailed to a suitable frame elevated on posts.

The posts were of cedar 8^ feet long, set "2^ feet in the ground in rows

11 feet apart, and 1() feet distant from each other in the rows. Sup-

ports 2 by 4-inches were set on cedar blocks 2 feet long sunk below

the soil surface in the middle of the 16-foot spaces. Pine pieces 2 b\^



42 MISCELLANEOUS PAPERS.

4 inches wore nailed edti^ewise to the lops of the po>t^ and supports.

The posts were notched to receive tlie 2 hy 4 inch sticks. IMeces 2

hy 4 inches were naiU'd across these at intervals of 4 feet. Tiie laths

were nailed to these, leaving' spaces about uii inch w i(h'.

This shade has been found to be satisfactory, as it is hi^h enouj^ii

above the ground to allow such work as is necessary in preparinj^ and

cultivatini^" the land. If the hithino- is extended 2 or »^ feet beyond the

posts on the sunny sides, injury froni the sun's I'ays at the edocs of

the area will be j)revented. Tlie sides may be piotected by portable

board walls about 2 feet high set around the edgfes. Protection tioui

injury by winds when the tops are large may be thus secured. Too

nnich dampness should be guarded against in tlie use of the board

sides, since conditions might be devel()i)ed favorable to tlie dami)ing-

oti' fungus and to aphides during the hot rainy periods.

The cost of lath shade over a tenth of tin acre, at \\'ashington, was

probably considei'ably greater than will be necessary in districts where

lumber is cheaper. The lumber will probal)ly cost from $500 to $700

per acre, and the labor of the farm can be utilized at times when other

work is not pressing.

USE OF TREES AS SHADE.

Trees may be used for sha(l(\ but this is in some ways to be regarded

as unsatisfactory. When the shade produced is of the right density,

the use of the moisture and raw food materials of the soil b}' the trees

is an undesirable feature.

ATTENTION KEQUIRED.

The cultivation of golden seal is simple. Having secured a deep,

loose soil, rich in hunuis renewed annually by the application of anew
mulch, the removal of weeds is the chief care. The soil, if properly

prepared, will tend to maintain itself in good condition. The manner

of treatment is very similar to that required by ginseng, which is also

a plant of the moist woods. If the ground is thoroughly prepared,

beds are not absolutely necessary. The plants may be grown in rows

1 foot apart and (5 inches apart in the rows. Beds may be thought by
some to be more convenient, enabling the grower to remove the weeds

and collect the seed more readily. If beds are used, they may be

made from 4 to 8 feet wide, running the entire length of the shade,

with walks from 18 inches to 2 feet wide between. Boards 6 or 8

inches wide are set iip around the sides of the beds, being held in place

by stakes driven on each side of the boards in the center and at the

ends. These beds are tilled with prepared soil, and the plants are set

8 inches apart each way.



GOLDKN SKAL. 43

MF/niODS Ol' IMIOI'ACATION.

'Vhvvv lire thnn^ possil)lo ways of i)r()i)a<ratiii<,^ {\w plant: (1) By seed;

(iM 1)\ (li\ isioM of iUv rlii/oiiics; {?>) I>y iiiraiis of small plants formed

on the stron*r*'>' liin'ous roots (Hj(. 5). Thus far no success has hccn

attaincnl in o-rowinjr o-ohhMi seal from the seed. The second and third

methods ha\'e i»iv(Mi hi^tter results.

^

KM'KitiMKN'i's w rrn skkds.

Se(Mls just after ripen ino- were plantinl

in sandy soil mixed with well-rotted

stable manure and iuuIcIkhI li^li^ly with

maiuire. Other lots wer(^ kept over win-

ter in a d/y condition and planted in the

spring in potting soil in a greenhouse.

No seedlings have appeared, but a long-

rest period may be demanded and the

seed may yet germinate.

EXPERIMENTS WITH DIVIDED RHIZOMES.

In the spring of 1902, 40 plants were

secured and planted under a shade of a

temporar}' character, but the season was

too far advanced to permit of much
growth during that year. In 1903, proper

shade was supplied, all other conditions

were better, and the plants made a good

growth. The crop was dug about the

middle of November, 1903; the roots

were weighed and divided. They were

again planted, and in May, 190-1, there

were found to be 150 strong plants and a

few smaller ones as a result of this divi-

sion, an increase of 275 per cent. This method of propagation seems

to be the most impoilant and the other two of secondary importance.

T'he processes are simple and no skill is needed. The plant dies down
in late summer and the stem decays, leaving a scar in its place on the

rhizome. Two or more buds ai'e formed on the sides of the rhizome

'ind these accumulate energy for growth the following spring. If the

root is cut into as many pieces as there are buds, giving each plant a

])ortion of the rhizome, some fibrous roots, and one or more buds, the

lunnber of the plants can be doubled. The roots are planted and

mulched and the process is complete. The rains pack the soil around

the roots and they are read}- to grow when spring comes. The proc-

ess may be repeated every year and the number of roots increased

indetinitelv.

Fig. 5.—Plant lurnied from bud on

fibrous root of golden seal.
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EXPEKIMENTH \N I I'H I'LANTS KUOM FlHKnl S KooTK.

rin' stiDiij^tT tibrou^ loots of the larger plants duj^ in the autumn of

li»03 were found to contain l)uds, which were formed from a few inches

to a foot from the rliizouie. (PI. V.) Some were about half an inch

loiio-, but the majority of them were smaller. The larger ones need no

special treatment and may be planted with the main crop. The smaller

ones should l)e planted in lK)xes or beds of well-prepared soil at a dis-

tance of about 4 inches apart, mulched with a thin coatinj^of leaf mold,

or similar material, and j^rown in shade until lar^e enouoh to transplant

to the shelter with the laruer plants. They will i)robably re((uire at

least three years to reach their full development. If they could be

left undisturbed in the beds where they are formed they would receive

nourishment from the older rhizomes and perhaps orow faster, l)ut

it is probably best to divide the older roots every year where propaga-

tion alone is desired, plantin^^ the smaller roots and the plants made

by division of the rhizomes. The larger roots are marketed to more

advantage than the smaller ones, so it is })est to have the surplus con-

sist of the larger roots. The frequent working of the soil allowed by

this treatment will keep it in better condition than if left undisturbed

for a long(*r period.

YIELD OF ROOTS.

The yield from the small plat grown by the Department was 4

pounds of green roots to an eighth of a square rod of soil, or 5,120

pounds per acre. This, when dried, would give about 1,500 pounds

of marketable roots. The conditions were not ver}' good, the shade

being too close to the plants, and the plants being set too far apart.

The \'ield w ill prol)ably be larger with the shade now in use. The 150

roots obtained by dividing the above crop now occupy less than one-

fourth of a square rod, and are set in rows 1 foot apart and 6 inches

apart in the rows.

TIME NECESSARY TO MATURE CROP.

The num))er of years necessary to produce the largest crop has not

been definitely determined, but the roots begin to deca}^ after the

fourth year, and the central and largest part of the root decays at the

oldest scar, leaving two or more plants in place of the old one. No
advantage can be gained by growing the plants more than three \ears,

and probably very little by growing them more than two years. For

propagation alone one year will give good results, while for maintain-

ing a constant area and producing a crop, two or three years, depending

upon the growth made, will give a good crop of large, marketable

roots.
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MARKET CONDITIONS.

( lolciiMi s(»al is a root tlu' price of which lias lluctiiatod w idcly, })Ocause

of the aIt(M-iiatc ovcrsu])])ly and scai'city, maiiipuhitioii of {\w, market,

lack of (IcMiand, or other inllueiices. llij^h [)rices will cause the di^-

j^-ers to gather the root in abiiiidaiic(\ thus overstock iri<^ the market,

which the next season results in lower pric(»s, at which (li<f'(^ers refuse

to collect the root, thus a^fain causin<^' a shortage in t}iesuppl3\ Lack
of demand usually brinos about a shrinkage in price, even though the

supply is light, while an active demand will cause prices to advance in

spite of a plentiful supply. The arri\ al of spring-dug root has a

weakening eti'ect on the market, although the fall-dug root is alwa3's

preferred. For the past few years, however, high prices have been

steadily maintained, and there appears to be but one cause for this,

and that is, as alread}' pointed out, that the forests no longer yield

uidimited (piantities of this valual)le root, as in former years, and the

scanty supply that can be had is inadequate to meet the constantly

increasing demand.

HIGHEST AND LOWEST PRICES.

The following table, taken from files of the Oil, Paint, and Drug
Reporter, shows the highest and lowest prices quoted for golden seal

in. the New York market each month during the past ten years, and

also the highest and lowest points touched each 3 ear from 1894 to

1908, inclusive. The figures are based on the closing quotations of

each successive week:

1894. 1895. 1896.

Muiitli.

H. L. H. i L. H. L.

January
February
March
April
May
June
July
August

j

September
j

October '

November i

December I

Whole vear

.

23
23
22
22
21
21

19
I9J
19i

19
19
18i

23

1897.

H. L.

23 18J

22 18
22 ; 18
21 181

21
'

17i

18 22i

18 22i
17i 22

17i 22
17i 21

19
19

17i
174

19 17
19 18i

18ii 20
18i: 22
18i; 23
18i| 23

20
20
20

:

19i

18
j

24
20 ' 29
22i; 28
17

I
29

22i

22
22
21
20
20
20
19i

19i
21
24
27
19A

27
27
30
27
27
26J

25
25
27
62J

50
45
62J

25
25
26
27
26

1898.

H. L

40
45

42i
45
50

25
[

48
25 40
24 I 50
24

I

45
35

j

50
45 52
40
24

471

50

38
40
38
40
45
40
35
38
45
45

47i
45
35

1899.

H. L

43
70
70
70
75
60
53
f2
52
58
60
62i

75

43
43
62i

1900. 1901. 1902.

H. L. H

68 54
60

I
54

55
49
fO
50
56
58
to

H.

57
56
55
52
49

50
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and it was stated that tlu- local supplies were beinj^- held hy a small

miniber oi dealers, altliouoh it was believed that toj^ether they lield

not more than I, (Mid pounds. About .June 1 the arrival of sprin^-duj^

root eaused the market to sa^-, prices ranj»in^ from ^l.lO to ^1.18

duriui*; that month, and in ,Iuly from IM) cents to $1.10. In Auj^-ust

the lowest })rice was ^1.15 and the hij^hest 55>1.50, no discrimination

being made between the fall dug" and the spring-dug roots. From
September 1 to October 15 the price of golden seal varied but little,

$1.35 being the lowest and $1.40 the highest (juotation. No sup[)lies

worth mentioning can be obtained in the West; the stock in Kew
York is short, and the demand, especially for export, is increasing.

It is impossible to ascertain the exact annual consumption of golden

seal root, but the estimates furnished ))y reliable dealers place these

figures at from 200,000 to 300,000 pounds annually, about one-tenth

of which is probjibly used for export.

It will be observed that the price of this article is very sensitive to

market conditions, and it seems pi'obable that the point of over-

production would be easily reached if a large num))er of golden seal

growers were to meet with success in growing large areas of this drug.

o
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Golden Seal, Showing Bud on Fibrous Root.

{Natural size.)
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Washington, D. C, Octoher 8, 1903,

Sir: I have the honor to transmit herewith a paper entitled

'' Wither-Tip and Other Diseases of Citrous Trees and Fruits Caused

by Colletotrichum Gloeosporioides," and respectfully recommend that

it ])e published as Bulletin No. 52 of the series of this Bureau.

This paper was prepared b}^ Mr. P. H. Rolfs, Pathologist in Charge

of the Subtropical Laljoratory of this Bureau, under the direction of

the Pathologist and Physiologist, b}^ whom the paper was submitted

with a view to publication. The accompanying six plates, three of

which are colored, are believed to be necessary for a complete under-

standing of the subject-matter under discussion.

Respectfully,
B. T. Galloway,

C/i icf of Bureau.
Hon. James Wilson,

Secretary of Agriculture.
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Th(^ diseases of citrous fruits descri))ed in this report have caused

\vithiii the ])ast four or live 3^ears considerable loss to the cultivatoi's

of these fruits, especially in the more humid regions. A fungus (6W-

letotriclmm glccosporiaides Penzig) has long been known as the cause

of a disease on orange, pomelo, and lemon twigs, commonh^ called

'Svither-tip," and the same fungus causes a serious disease of the

leaves, known as 'Meaf-spot," on these and other citrous trees. Mr.

Rolfs has now demonstrated that anthracnose of lime blossoms and

young fruits and of lime and lemon twigs, "spot" of ripe lemons, and

"canker" of limes are all caused l\v this same fungus. A knowledge

of this fact should be of great value to citrus growers in combating

these diseases.

By proper pruning and fungicidal treatment, as recommended in

this report, all of these troubles ma}^ be easil}^ prevented or conti'olled.

Thanks are due to Mr. F. D. Waite, general manager of the Mana-

tee Lemon Company, for many courtesies shown during the progress

of these investigations.

Albert F. Woods,
Pathologist and PJiysiologist.

Office of Vegetable Pathological
AND Physiological Investigations,

Washington^ D. C.^ October 3^ 1903.
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WITIIEII-TIP AND ()TIII';i! DISEASES OF CITROIS TREES Ai\D FliLITS

CAl'SED 111 COLLETOTHICliyJI (iieSPORIOIDES.

INTRODUCTION.

Tho o'l-oup of (lisojisos discu.sscd. in this ))ullctiii was unknown in

Florida until a coniparatively recent time. At first recorded as of

merely passing* interest, the attacks of the funous CoUetotrichwn

gla'osj)orloldes liave since increased in severity until they are now
assuming serious proportions in various citrous crops. The amount of

damage done by lemon-spot is often sufficient to eliminate the profits

of the shipments in which the disease occurs. As wither-tip it repeat-

edl}^ kills back the new growth of young trees until their vitalit}^ is

exhausted. On large trees the small twigs are cut ofi', thus prevent-

ing the tree from producing the bloom necessary to set a heavy crop.

As anthracnose and canker of lime it has caused an almost total destruc-

tion of the crop where the disease has gained a foothold.

The fact that the attack of this fungus manifests itself in various

diseases has greatl}^ complicated the work and added immensely to the

labor of demonstrating its identit}^ The results of the miscroscopic

work indicated that these various diseases—w4ther-tip, leaf-spot, lemon-

spot, canker, and anthracnose—were produced b}^ one species of fungus.

It remained for cross inoculation with pure cultures to confirm this

supposition. In most cases these cross inoculations took readih^ while

in others it was difficult to induce the fungus to make an attack.

This was especiall}^ the case in attempting to produce lemon-spot.

Infection at the stigma of lime blossoms is one of the inoculations

most easily accomplished.

Leaf-spot is easily produced artificially on foliage infested with

purple mites. To produce such an infection a leaf must be washed

carefully to free it from danger of natural infection, and then spores

from a pure culture should be applied to the epidermis, after which

a moist atmosphere is necessarv.

DISTRIBUTION OF THE DISEASES.

The diseases known as wither-tip, anthracnose, leaf-spot, and canker

extend through a large portion of Florida, the West Indies, South

America, Australia, and Malta, and it seems probable that thc}^ occur

9
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ill all parts of the world wliore the orang-e is cultivated, osp<'oially in

the more hiuiiid rt'^ions. Tlie drier rej^ioiis arc more cxcinpt from

leaf and Ijraiich iidiahitiii*^' fiiii^i.

In Florida the diseases seem to be increasin*^- in severity. Prof.

L. M. Underwood" wrote, in 181U:

This disease [wither-tip] was found at only one point in Lake County. l)r. Martin

found it in 1886 at Cireen Cove Si)rin}ir. It does not seem to be \videsprea<l nor at

present of nuich importance, but is recorded here that attention may l>e calle<l to it,

so that its nature may be known and its progress watched.

Professor Hume* has collected specimens of the disease in several

places in Florida. He also mentions that some pomelo seedlings lost

nearly all of their leaves as a result of the attack of the fungus in

question.

Miss Stoneman'' found that this fungus attacked orange trees in

conservatories.

Penzig'' mentions this fungus as being destructive to citrous plants,

attacking the foliage mainly.

McAlpine*^ found this fungus on the orange near Melbourne, xVus-

tralia, in 1892, and in 1898 it was found by Troyon to be destructive

to lemon leaves in Queensland.

In Brazil it seems to be (^uite generally distributed. Noack-^ found

it especially severe at Sao Paulo, where it was recognized not only on

the leaves, but also on the smaller twigs. The latter were killed as

far as the fungus penetrated, showing a veiy decided demarcation

between the sound and the diseased areas.

GENERAL METHOD OF ATTACK.

The initial lesion is usually at the tip (see PL V, tig. 1) or an edge

of a leaf. More rarely is a leaf attacked at the midrib or some other

interior portion. The part attacked becomes light green, then turns

brown. Then the acervuli form; at first light brown, then dark

brown or nearly black. They may develop on either surface and in

various arrangements.

EXTENT OF INJURY.

All sizes of trees, from those located in the nursery (even seedlings

in the seedling beds) to the oldest trees in a grove, are subject to attack.

Budded trees less than a year old are rarely attacked except in the

leaves. Where such infections are allowed to remain on the trees the

diseased area extends into the growing twigs and causes the t3^pical

"Jour. Myc, VII: 35, 1891.

6 Bui. Fk. Agr. Exp. Sta., 53: 172, 1900.

cBot. Gaz.,XXVI: 87, 1898.

f' Funghi Agrumicoli, p. 66. Padova, 1882.

^McAlpine, D. Fungus Diseases of Citrus Trees in Australia, 102, 1899.

/Noack, Fritz. Zeitschrift f. Ptlanzenkrank., X: 329, 1900.



DESCIMI'I'ION AND VARIKTIKS. H
(( witluM'-iip." (Sec ri. \'. lio-. '2.) Ill siicli cases t 1m' ( i|» dies hack for a

distance, or lli(> disease may ljo as far as (lie Iniiik and then sloj). A
l)iid below (lu' diseased j)orlioii (lien pushes forward. hn( unless pre-

V(Mi(i\(' measures are used (he second s[)i'on( widiers hack like the

first. In (his way (h(> disease may pi'event (he ( I'ee fi-oni makino- any

^'rowdi, and even kill i( in four or ii\'e yeai's. (See IM. VI.)

The ini(ial atta(dv in oldei- (rcM'sisthe same as in tr(M»s in the nur-

s(M\ lows. The fnneiis oains entrance to the tissues of the. leaf and
from (his Lir()ws down into the fruitino- twi^-s. This cuts off nnich of

th(> yount^-er o-rowth in severe cases and tlius prevents bloomincr to a

laro(» exti^nt. Sucli cases are frequently mistaken for blio-ht, })ut a

more common error is to attribute the injury to die-})ack. Jt may be

readily distinguished from blight by the fact that only small twigs die

off, and these do so without anv wiltino' of heaves. Even the knives

that are so badly diseased that the}^ fall do not wilt, while in the case

of blight the leaves wilt with no visible sign of injury. It may be

distinguished from die-back by the absence of multiple buds, of gum
pockets, or of dark excrescences. One or morc^. of these characters

alwa} s accompan}^ die-back. Die-back twigs may be attacked ])y this

fungus, but in such cases wither-tip must be regarded as the secondary

disease. This disease may be also present in a blighted tree. Any
agency that lowers the vitalitv of a tree, whether fertilizer, weather,

or condition of soil, predisposes it to an attack of w^ither-tip, but trees

that are in the most healtln^ condition possible are also attacked when
exposed to infection. The damage caused by this disease is very

largely overlooked from the fact that it occurs upon the smaller twigs

and is often attributed to other diseases, as previously stated. Where-
ever pruning is practiced the infected branches are usualh^ cut off

before the nature of the disease becomes fulh' apparent.

VARIETIES ATTACKED.

All varieties and species of citrous trees and fruits cultivated in

Florida are more or less subject to attack. Since the parts attacked

and the parts most greatly damaged differ considerably, the measures

adopted for relief must be varied according to the different diseased

conditions.

lilME.

ANTHRACNOSE.

The lime is the most severely attacked of the citrous species. It

sustains its greatest loss during the time of most rapid growth, which
is usually during the spring and early summer. The effect of the

fungus in the 3'oung growing shoots is somewhat peculiar, as it

resembles the result of an attack from biting insects, and b}^ many
persons it is attributed to this cause. (See PI. I, fig. 1/)
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The infection usiuilly takes place at the axil of a leaf or some other

place where the spore may tind lodoinent, and the fungus then cuts off

the stem, causino- the upper part to fall over and hano- lifeless beside

the other portion, or it may fall away; in this manner sinndatino; the

eti'ects of insect depredations. In such cases gum quickly forms at

the wound and prevents the fungus from forcing its way down the

twig.

Besides the young growing twigs and leaves, the blossoms, the

unopened buds, and the young fruit are attacked. When the fungus

attacks an unopened bud the latter fails to develop and the entire

outer portion becomes covered with spores. In the opened blossom

the most common point of attack is the stigmatic surface of the pistil.

(PI. 11, tig. 1.) The fungus grows in the stigma and finally destroys

the entire fruit; this, however, usually falls oti' before the fungus has

time to penetrate below the calyx. By attacking the l)lossoms the

fungus may render the whole tree entirely fruitless, the cal3'xes

remaining until the normal time of ripening, giving the branch a very

peculiar appearance. (See Fl. II, tig. 1, representing various stages

in the development of the disease.)

In addition to attacking the open bud, the spores frequently find a

phice for infection in the nectaries. The development of the fungus

here^*auses the fruit to fall, and the resulting appearance is much the

same as when the infection took place in the stigma.

WITIIER-TIP.

When the fungus gains entrance from the terminal bud or from leaf

infection the formation of the gum previouslv mentioned does not take

place, and the disease may extend down th^ twig, resulting in a case of

w^ither-tip similar to that encountered in other species of citrus. (See

PI. I, tig. 2.)

FRUIT CANKER.

If the bloom escapes, the young fruit may be attacked at almost any

subsequent period. (PL II, tigs. 2, 3, and -i.) The attack on the young
fruit frequently causes a portion to ))e taken out as though bitten by a

grasshopper or some other gnawing insect. This causes a large per-

centaoe of the vouno* fruit to fall. Fruits after thev are about half

developed are not usually attacked. When the fruit has reached con-

siderable size (about that shown in PL II, fig. -I) before it has been

attacked, corky tissues form and a development takes place resembling

scab or verrucosis. (See PL IV.)

LEMON.

LEAF-SPOT AND W^ITHER-TIP.

Lemon leaves are attacked in the typical way, causing leaf-spot, and

from these the disease extends into the twigs, causing the wither-tip.

For a description of the characteristics of this attack see page 10.
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LK.MON-SI'OT.

The (lis(Mis(' causos tho most scM-ious daiiia^^o to tho mature fruit.

'Vhv lini*4us linds (Mitrauci' tlirouoh some sli<4lit l)ruise or ahi-asioii of

the skin, or it uiay })v that infection takes place through the uninjured

skin undiM- conditions not known at i)resent. Attempts at artilicijil

inoculation through the uninjured skin of the lemon failed uniforndy.

Kven so slio;ht an abrasion as rubbing the fruit together in a packing

crate or handling it roughly gives suflicient opening for the fungus

to enter. The results of applying spores from pure cultures to the

epidermis contirmod this conclusion. When the fungus has on(;e found

its ^vay into the e])idermis a dark spot is produced. (See PI. JI, fig. 5.)

This continues to enlarge until a definite brown spot is made. (See Fl.

Ill, fig. 1.) The development then continues until the entire rind of

the lemon is browned. Ordinarily the diseased skin hardens, so that

the actual usefulness of the lemon has not been materially impaired

by the attack, but since it is not salable its value has been destroyed.

The injmy from this disease is the greater because of the fact that

infection to a large extent occurs during the handling of the fruit,

especially during the coloring period, so that the fruit is sent ofi* to

market bfefore the disease is visible. The diseased spots continue

to enlarge, and when the fruit arrives in the market the}^ may be the

size represented hj the figures of Plate III. This of course makes the

fruit unsalable, and it becomes necessary for the merchant to repack,

discarding all fruit that shows infection. Spores are rarel}^ produced

on such lemons, except when the fruit is kept in a moist place, in which

case they are produced in great profusion, as illustrated b}^ figure 2 of

Plate III.

The peculiar wa}" in which lemons have to be handled for market

makes them especiall}^ liable to attack. The fruit is picked from the

tree when still green. The growers allow^ the lemons to mature suffi-

cientl}^ to develop in them a certain amount of citric acid. When
they have attained the proper size (and this must be learned by experi-

ence) so that they will shrink in the course of curing to the size

demanded by the market, they are picked and placed in a coloring

house, or they mav be placed in a large heap, which is then covered

with ha}' or similar material to keep out the light and to keep them at

a uniform temperature. It therefore happens that the lemon groves

nuist be picked over several times during the ripening season, the

largest and most fully developed specimens being taken off usually in

August or September, according as experience dictates. In handling

these it is almost impossible to keep them from being bruised or

slightly scratched or even pricked by thorns. Such abrasions in the

epidermis, tiowever slight, are sufficient to permit the entrance of the

fungus.
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THE COI.OllTNC; IIOI'SE.

The oolorino; houses for the knnons are small structures, usually

about 1'2 feet wide })y 14 feet loni*" and 10 or 12 feet hii^h. They are

double walled and built with a steel roof. The sun shining on this

roof causes the temperature of the buildinj^' to rise. By means of

ventilation at the bottom and top the cool air is allowed to enter at

the floor and the hot air to pass out at the ridge of the roof. By
means of these ventilators the temperature is kept from reaching too

high a degree. At night the openings which permit the cold air to

enter are closed, and if the outdoor temperature liai)pens to be quite

cool the ventilators in the roof are also closed. In this way the

temperature of the coloring house causes a very rapid ripening of the

lemons, the fruit turning yellow in a few da3's. The evapoiation from

the lemons causes the air to become humid, creating a most admirable

condition for germinating any Colletotrichwn spores that may be

adhering to the fruit. Spores that happen to be near an abrased place

in the epidermis of the lemon will find an entrance and produce the

disease in the fruit. The drying of the fruit which occurs at the latter

end of the coloring period causes tho afl'ected portions to become

depressed brown areas when the disease has progressed sufficiently.

When the lemons have been permitted to mature rather fully the

process in the curing house is of short duration. No matter how
short it is, however, it is always sufficiently long to permit fungus

infection. When the period l)etween infection and removal of the

fruit from the coloring house is of short duration, the spots have not

had time to collapse and become brown, making it impossible to detect

the disease when the fruit is being graded and put into crates; conse-

quently a considerable percentage of lemons infected with Colleto-

trichinn, is packed and shipped to the markets and the diseased spots

develop in transit.

Experiments with infected lemons show that the fungus continues

to develop, even if they are placed in the di-y atmosphere of a living

room, and that a spot is produced, as shown in Plate III, figure 1.

These spots when examined under a microscope showed no fungus

spores, and only a few mj^celia wei'e found in the tissues of the

lemon rind adjoining the blackened area. On lemons under normal

conditions, such as those in a crate on the wa}^ to market or in

a storeroom, these spots develop ver}^ rapidly. Freight cars or the

holds of vessels are usually superheated, bringing the temperature

up to that needed for the most rapid development of the fungus.

Crates of lemons that were started out from the packing house during

August, 1902, without the slightest visible speck, were found to have

from 5 to 25 per cent of specked fruit when they arrived in the Boston

market. Specimens taken to the laboratory and kept under conditions



LEMON, ORANGE, AND POMELO. 15

.similar lothosiM)!' Kmiioiis packed in a ci'atc (le\('l()[)('(l s[)()ts \ai"yin^" in

size up to thivo-foiirtlis of an inch in diainetcu'. Kvery Iciuon thus

spotted is riMuh'TiMl wortliloss I'or conuncrcial })urposes; noi* is tti(i

entire loss represented l)y the percentage of specked lemons, since a

crate of lemons containin*;- even a small i)erceiita<>e of spcicked fruit

can not l)e sold i^xcept at a lilx^'al discount or aft(^r the additional

expense of ri^packino*.

When specked Umuous are placed in a moist chamlxM" the fungus

develops very rapidly and produces a great quantity of spores, as shown

in Plate II, figure 2. The lemons under these conditions give out a

peculiar moldy citric odor. It not infrequently happens that sufficient

moisture is produced in transit to market to permit a very full develop-

ment of spores. In storage especially this is true.

THE COLORING BED.

The very considerable loss sustained as the result of curing lemons

in a house caused it to be suspected that the curing house was at fault

in this matter. Curing beds were therefore prepared. These are made
by selecting a position that is high and dry, clearing off the land, and

smoothing the surface. This is then covered with hay or some other

soft material. The picked lemons are placed upon this bed to a depth

of a foot or more, and are covered with ha}^ or similar material to a

sufficient depth to keep out the light. In this bed the lemons go

through a curing process very similar to that of the curing house.

The temperature being much lower and the possibility of regulating

it being removed, the process is much less certain and less satisfactory

than in the curing house, the lemons not curing uniformly. In these

curing beds the spotting of the lemons goes on in very much the same
way as in the curing house. The time elapsing between placing the

lemons in the curing bed and removing them from it is considerabl}'

longer than in the curing house; conseq,uently a greater percentage of

the lemons infected with CoUetotriclmm show spots, and the fungus

has time to develop larger spots, which makes it less difficult to detect

the diseased lemons. As a consequence, fewer lemons infected with

the fungus pass the graders and packers, and a smaller percentage is

lost after being shipped.

ORANGE AND POMELO.

LEAF-SPOT.

The first point of attack is in the leaf. The development of the

fungus takes various peculiar forms. At times the acervuli are dis-

tributed in a more or less regular wa}^ from a center, resembling

"fair}^ rings." At other times the infection takes place in the tip of

the leaf, which gradually withers back to the stem. Small trees may be

defoliated and the fungus continue to develop in the twigs (see PI. V).
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WITIIER-TIP.

The smaller twigs of the sweet orange and pomelo are very fre-

quently and severely attacked. In a great many cases the death of

twigs from an attack of wither-tip is supposed to be the result of die-

back. This may, however, be easily distinguished from die-back, as

indicated on page 11. It not infrequently happens that die-))ack and

wither-tip occur on the same twig. Any material weakening of the

health of the tree is very likely to induce an infection; this, however,

is not a necessary antecedent to infection. The fruit of these two

varieties appears to be exempt from attack.

DESCRIPTION OF THE FUNGUS.

Acervuli located on the surface of the leaf, twig, or fruit; 90-270/i

in diameter, erumpent, superficial. Shape various, not uniform, occur-

ring on either surface of citrous leaves; disposed irregularly or in more

or less concentric lines; pale to dark colored. On tender lime twigs,

tender lemon twigs, lemon fruits, and lime fruits, pale colored, dull

red in masses (see PI. V), conHuent. Epidermis breaks irregularly.

Fig. 1.—Section of acervulus. (Drawn by L. H. McCiillongh.)

Set» fuliginous, ranging in length from (50 to 1(30/^, frequently once

or twice septate, disposed at margin of acervuli. Frequentl}' absent,

and on tender lime twigs, tender lemon twigs, lemon fruits, and lime

fruits usually absent.

Conidia broadly oval or oblong, 10-16/< by 5-TyM, hyaline; size vari-

able in same acervulus, usually with one or two oil drops. Developing

from a well-detined stroma; basidia, 8-18/^ In moist chamber the

conidia stream from the break in the epidermis.

Intra-basidial sette, variable 8-30/^ by 3-6/^, cylindrical or sometimes

enlarged at distal end; hyaline.

SYNONYMY.

CoUetotriclium glcvoaporioidcs Penzig.

VcDiiicularia gkcosporioidi's Penzig. Funghi Agrumicoli, No. 90, p. 66, fig. 1188,

Padova, 1882.

Phi/llostida adusta, E. c<: M. Jour. Myc, II, p. 130, November, 1886.

Colletotrichum ghrosporioidex Penzig. Botanici Agrnmi e sulle piante affini. Ann.

d' Agria, p. 384, Plate XXXVIII, figs. 3 and 4, 1887.

Colletotrichum adustum, Ell., Jour. Myc, VII, \k 35, May, 1891.
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PREVENTIVE AND REMEDIAL MEASURES.

TKHAI'MKNT TO 1MM:\ MN'l' LK.MON-SI'C )'!'.

Th(» loss from s|)()(t'm<i' of lemons may ho orcMilly reduced, il" not

oiitiirly priniMitcMl, l)y spi-iiyiiiLi' willi rini^icidcs, siicli as potjissinm

sul])hid. ammoniacal solution of copper carbonate, and Hoi-d(»aux

mixtuie.

TIk^ ])articulai- I'uno-icidi^ to be usod will de[)en(l on the specific form

in which the disease manifests itself. For lemon-spot sulphur spray ^*

may \)v used aft(M' the liMUons have been picked.

The spraying may be done by. first placino- a layer of lemons one or

two deep on the eurino* bed, then spray this thorouo-hly. place upon

these another layer of lemons one or two d(»ep and again spray, con-

tinuing the placing of lemons and spraying until the amount of fruit

needed to fill the bed has been supplied. After this the lemons should

be allowed to dry thoroughly before the cover is placed upon tin; })ed.

It is (piite probable that the sulphur spray or the potassium sulphid*

will also be helpful in the process of coloring the lemons. Sulphur

spray and potassium sulphid being mild fungicides, there is no danger

of producing rot by their use.

Anunoniacal solution of copper carbonate^ may also be used to prevent

spotting, but the solution should be applied to the fruit a week or ten

days before picking. The spra3dng should be done thoroughly and

care should be exercised to get the mixture on the fruit. The amount,

if at all apparent, will be so small that it will not interfere with its

ft Preparation of sulphur spray.—Place 30 pounds of flowers of sulphur in a wooden
tub large enough to hold 25 gallons. Wet the sulphur with 3 gallons of water; stir

it to form a paste. Then add 20 pounds of 98 per cent caustic soda (28 pounds should

be used if the caustic soda is 70 per cent) and mix it with the sulphur paste. In a

few minutes it becomes very hot, turns brown, and becomes a liquid. Stir thoroughly

and add enough water to make 20 gallons. Pour off from the sediment and keep the

liquid as a stock solution in a tight barrel or keg. Of this solution use 4 quarts to 50

gallons of water.

^ Use 1 ounce of potassium sulphid to 2 gallons of water.

c To prepare ammoniacal solution of copper carbonate

.

—Put 3 gallons of water in a

wooden or an earthen vessel, pour 3 pints of ammonia (26° B. ) in this, and stir it to mix

the two evenly. Take 8 ounces of copper carbonate and shake it into the ammonia
water, stirring the liquid for a while. If a considerable part of the copper (•ar])onate

remains undissolved, the liquid may be left to settle; if, however, all or nearly all of

the copper car})onate is dissolved, more of it should be added in the manner previ-

ously described until a considerable amount remains undissolved; then it is set aside

as stated before. After the precipitate has settled, use the clear blue liquid. The

undissolved copper carbonate may then be treated with more annnonia and water,

fresh copper carbonate being added whenever the residue becomes less than an

ounce. The solution should not be kept for more than a day or two, and when
used 1 gallon should be diluted with 15 or 20 gallons of water.

9329—No. 52— ()•! 2
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st'lliiii^' (jiuility. Bordeaux mixture can not he used to ^oo<l adNaiitaj^'O

on lemons, because it adheres very tenaciously to the t'niit, and so

reduces its sellino- \ ahie.

THEATMEXT OF LIME TREES.

During: the past year experiments performed by ^Ir. M. S. Hur-

bank, of Cocoanut Grove, Fla., at the Red Mill fruit farm, with a

view to protectini^" lime trees from the attacks of this fundus, bi()u*»ht

out some interesting" results. One tree under observation had been

producing- limes for a number of years in a most prolific manner, but

during' the three years preceding- 1902 the crop had been a total fail-

ure, owing to the attacks of Colletotriclnun glaosporwideti. Spraying"

with Bordeaux mixture'* was begun in Septem))er, 1902, and was con-

tinued at intervals as thought advisal)le, and in less than a year the

disease had been almost entirely subdued and the tree bore a heavy

crop of fruit. Other trees were also treated, as well as trees in other

groves, with good results.

THE EFFECT OF TRUNING.

In a small orchard, or in the case of an isolated tree, especiallv in a

young orchard, nuich good can be done by cutting out diseased twigs

and picking oti" the diseased leaves. Where this is practiced with

thoroughness the disease can be reduced to a point wlierc it does only

a small amount of damage, or it may be eradicated; but pruning and

picking nuist be done at frecpient intervals and very thoroughly.

This would proba})ly be an eti'ective method of keeping the fungus

under control in the case of small orange and pomelo orchards.

Where pruning is practiced the weak limbs are taken out. The
spurs that have dropped their leaves are also cut out, and in this way
much of the hold-over wither-tip is removed. All wood that has

withered is also taken away. This pi'uning reduces in a large measure

the number of spores left in the grove and hence greatlv diminishes

the extent of the infection.

« Bordeaux mixture may be prepared by dissolving 6 pounds of copper sulphate

(blue stone) in 25 gallons of water. If the i)0\vdered copper sulphate be used, it

may be dissolved in an hour or so by suspending it in a feed sack just under the

surface of the water. In another vessel, slake 4 or 5 i)Ounds of lime in a small quan-

tity of water. When slaked, dilute to 25 gallons. Strain through coarse sacking

into a 50-gallon barrel, to remove all the matter that might clog the nozzle of the

spraying machine. Pour the copper-sulphate solution into the lime solution, stirring

the mixture vigorously during the process and for two or three minutes afterward.

During the stirring the paddle should be made to go back and forth. Use the mix-

ture at once.
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(ll/I'lN ATION AM) rKliriM/AIlON.

ThorouLi-h cultivation iiiul fortilization am anion*,^ the. cd'octivc ways

of k(M'piiin' the t'iin<ius from IxM'oinino- ('stal)lisli('(l in an orchard. A
proporlv ciiKivalcd and W(dl-fcr(iliz(Hl tvoo will produce new jjfi'owth

so ra])idlv and in such (|uantity that the amount of wood tiial is killed

l>v the funmis and the numher of leaves destroved will form ordv a

small pereenta<,^e of the total mnid)er of leaves and twigs present.

The same numl)er of leaves and tlie same (juantity of twigs destroyed

on a tree of only inditl'erent growth would foi'm a imich larg(M" pc^r-

centage and, consecpienth', weaken the constitution of the tree to such

an extent that it would actually die before the atmospheric conditions

would become adverse to the disease. Seedlings and nursery trees not

carefully attended are frequently killed in this manner. (See PL VI.)

It is thus possible for a tree that has been properly fertilized and culti-

vated to withstand an attack thai: would prove fatal to one not in the ))est

physical condition. While it does not seem possible to render a tree

proof against attack excepting by the use of fungicides, the proba-

bility^ of infection and the damage to the tree can be greatly reduced

by putting it in the most healthy condition possible.

FERTILIZERS.

In choosing fertilizers to aid in warding off these diseases a large per-

centage of potash should be used in the compound. The source of

potash does not seem to be important, but sulphate of potash has

proved a general favorite among growers of citrous fruits.

Sulphate of ammonia is somewhat slower in acting than nitrate of

soda, but gives a firmer leaf. Nitrate of soda will produce a very

quick growth and a large leaf, but it is especially subject to attack

from the fungus unless well balanced by a generous supply of potash.

Organic ammonia in the form of dried blood, cotton-seed meal, and

bone meal should not be used in combating this trouble, as it is very

likely to produce die-back in addition to the softening of the wood,

and so la}^ the tree doubly open to attack.

SUMMARY.

(1) Wither-tip was not known to exist in Florida until 1886. In 1891

it was recorded as only of passing interest, but it is now present in every

citrus-growing region of the State, as well as in many citrus-growing

countries. Such is the severity of the disease that many requests for

advice as to remedies have come to the Department of Agriculture

from extensive growers.
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(•J) The diseases caused by the t'lint^iis CoUetotrlchuiu {/IftOHporloideH

IViiz. inaiiitVst themselves as wither-tip on onuij^e, pomelo, and h'mon

twi^i"^; as U'at'-spot on knives of various citrous species; as anthracnose

on lime blossoms, recently set limes, lime twigs, and lemon twigs; as

lemon-spot on ripe lemons, and as canker of limes.

(3) On the orange and pomelo the fungus causes the most severe dam-

age by defoliating young twigs and causing these to die, tlius reducing

the amount of wood that may i)r()duce bloom in the bearing trees and

cutting back seriously the growth of young trees. In lemon groves the

most severe damage is done to matured fiiiit, while in lime groves the

greatest loss occurs during the blooming season, the disease often

causintr all the bloom to fall. Trees less sev^erelv attacked often have

over 80 per cent of the fruit cankered, and consequenth' its market

value is nuich reduced.

(4) Remedial measures are effective, but these must be varied to suit

particular manifestations of the fungus. Wither-tip and leaf-spot are

best controlled by pruning out diseased twigs and then by spraying

with Bordeaux mixture. The spotting of lemon may be controlled by

spraying the fruit before picking with ammoniacal solution of copper

carbonate and with sulphur spray while in the coloring bed or color-

ing house. Canker of limes may l)e prevented b}^ cutting out wither-

tip before tlu' blooming period and then by spraying with Bordeaux

mixture.
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DESCRIPTION OF PLATES.

1'i.ateI. Frontispiece. Fig. 1.—Aiithracnos?e of rapidly growing lime, infected at

the angle of a leaf. The further progress of the (U.^ea^e has heen arrested by the

fortuation of gum. (Natural aize. ) Fig. 2.— Wither-ti]> <jf lime twig, infected

at termmal bud, the fungus continuing to grow down the twig to the larger

branches.

Plate II. Fig. 1.—Anthracnose of young lime fruits, infection occurring in the

stigma. The disease has been arrested by the shedding of young fruits before

the fungus had extended below the calyx, the calyx continuing to remain on the

fruiting bran«*h. ( Natural size.) Figs. 2, 3, and 4 show various stages of develop-

ment. Fig. 2.—A newly set lime infected on the side. (Natural size. ) Fig. 3.

—

Further developiuent, lime infected on the side. (Natural size.) Fig. 4.—Lime
several weeks old, infected on the side. (Natural size. ) Fig. 5.—Lemon-spot as

it ap))ears in most advanced cases coming from a coloring house or a coloring

l)ed, usually showing only one point of infection. (Natural size.)

Plate IIL Fig. 1.—Lemon-spot well developed but without spores. (Natural size.

)

A lemon affected with this disease for ten days or perhaps a week usually arrives

in the market in the condition illustrated. Fig. 2. —Lemon-spot with spores

fully developed under a bell jar. (Natural size.)

Plate IV. Limes affected with cankers. The two fruits in the middle at the left,

with small cankers, are ripe, while the other limes are green. The upper lime

at the right shows attacks in three places. (Natural size.)

Plate V. Fig. 1.—Leaf-spot on orange leaf infected at tij), with the disease grad-

ually extending to the petiole. Acervuli have formed near the tip, but no

acervuli are present in the more recent extension of the browned area. (Natural

size.) Fig. 2.—Wither-tip on an orange twig infected through a diseased leaf.

Three tips of recent growth are dead; acervuli have formed; the earlier growth
is still green but infected. (Natural size.

)

Plate \l. Orange seedling 4 years old repeatedly killed back by wither-tip, mak-
ing its fourth and last effort. Last growth 13 inches. (Negative by L. H.
McCullough.

)
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Bui. 52, BuiLMU of Plant Indust.y, U. S. Dcpt. of Agriculturu. Plate IV.

Limes Affected with Cankers. Natural Size.





Jul, 52, Buroau of Plant Industry, U. S. D.pt. of Ag..culture.
Plate V.

Fig. 1.—Leaf-spot on Orange.

Natural Size.

Fig. 2.—Wither-tip on

Orange Twig.





Bui. 52, Bureau of Plant l.uiuitry, U. S. Dept. of Agriculture. Plate VI.

Seedling Orange Four Years Old, Repeatedly Killed Back by Wither-tip.
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Bui. 53, Bufeau of Plant Irdustry, U. S. Dept. of Agriculture. Plate

Old Date Palms at Hermosillo, Northern Mexico.
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Sir: I have the honor to transmit herewitli a paper entitled "The
Date Pahn and its Utilization in the Southwestern States," and recom-

mend that it be published as Bulletin No. 53 of the series of this

Bureau.

This paper was prepared by Mr. Walter T. Swingle, in charge of the

plant life histor}^ work in the Office of Vegeta})le Pathological and

PliA'siological Investigations, and was submitted by the Pathologist

and Ph3^siologist with a view to publication.

This Bulletin is the first of a series of life history studies of crop

plants, treating the crop from every possible standpoint and bringing

together all useful information regarding successful cultivation. The
importance of such thorough study and complete treatment of the sub-

ject will be at once apparent. The illustrations, which comprise

twenty-two full-page plates and ten text figures, are considered neces-

sary to a full understanding of the text.

Respectfully,

B. T. Galloway,

Chief of Bureau,
Hon. James Wilson,

Secretary ofAgriculture,
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The followiiio- ])ulletin l)y Mr. Walter T. Swingle on tlio date palm

cmlKKlies the results of an investigation of the climatic, soil, and cul-

tural needs of this fruit tree, which he has had the opportunity to

study both in the Sahara Desert and in our own Southwest.

It is shown that no heat is too great and no air too dry for this

remarkable plant, which is actually favored by a rainless climate and

by hot desert winds. It is also shown that the date palm can Avithstand

great quantities of alkali in the soil—more than any other useful plant.

This demonstration is of special interest now that water has been

brought into the Salton Basin, or Colorado Desert, in southeastern

California, rendering it possible to irrigate some hundreds of square

miles of very rich land where the climate is probably even more
favorable for the culture of the choicest sorts of dates than in the

Sahara. Recent researches of the Bureau of Soils have shown that

a large proportion—over half—of the soils in the irrigable part of the

Salton Basin is too alkaline to support any ordinary crop. It is shown
in this bulletin that the date palm can be grown without difficult}^ on

four-fifths of the irrigable lands of this basin, and that on full}' one-

quarter of the area it is probably the oidy profitable crop plant that

can succeed permanently. It will take considerable time, however, to

bring the industry to a paying basis.

The date palm will be of prime importance in many other irrigated

desert areas in the Southwest, where the alkalinity of the soil is too

great to permit the culture of other crop plants. It is, moreover,

confidently believed that date culture, far from being a last resort for

lands unfit for anything else, is one of the most profitable fruit indus-

tries, and that it will pa}' to plant date palms on the best lands and give

them the most careful attention.

The conditions for the proper utilization of the date palm in this

country have been determined by means of a very careful study into

its life history requirements. This bulletin will show clearly the

importance of life history investigations, of which Mr. Swingle is in

charge. Such investigations are being extended to other important

crop plants.
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THE DATE PALM AND ITS UTILIZATION IN THE SOUTH-

WESTERN STATES.

INTRODUCTION.

The purpose of this l)ullctin is to call attention to the peculiar

suitability of the date pahn for cultivation in the hottest and most arid

regions in the Southwestern States and to its remarka})le ability

to withstand large amounts of alkali in the soil. The most intense

heat, the most excessive dryness of the air, the absence of all rain-

fall for months at a time during the growing season, and even the

hot, dr}^ winds that blow in desert regions are not drawbacks, as in

almost all other cultures, but positive advantages to the date palm,

enabling it to mature fruit of the highest excellence.

The growing of the best sorts of dates where the climate is favora-

ble promises to be more profitable than any other fruit culture pos-

sible in such regions, and this industr}^ would long ago have been

carried on extensively had the climatic and soil requirements of this

plant been better known, and had there not been general ignorance as

to the methods of propagation, as well as a lack of the best sorts to

propagate.

The date palm has the unusual power of resisting large amounts of

alkali, the most dangerous foe to agriculture in the arid regions, both

in the soil and in the irrigating water. This will permit it to be grown
protitabl}^ on lands so salt}" as to prevent the culture of any other pay-

ing crop, and thereby render feasible the reclamation of hundreds of

square miles of the most fertile lands in the Southwest which, at great

expense, have been put under irrigation.

Thanks to the hearty cooperation of Prof. Milton Whitney, Chief

of the Bureau of Soils, it has been possible to investigate thoroughlv

the ability of the date palm to withstand alkali in the soil. Sanq:)les

of soils were selected by the writer in date phxntations in the oases in

several different regions in the Sahara Desert (see map, PI. II, p. 7G)

with especial reference to a determination of the effect of alkali on the

growth and fruitfulness of the date palm. Analyses of these soil sam-

ples, made by Mr. Atherton Seidell, weiv placed at the disposition of

the writer bv Professor Whitney, and h:i\'c rendered it possi])le to

11



12 THK DATE PALM.

deterniiiu' with some cleorct' of accunicv the nlkali rosistiinco of this

ivnmrkahle phint, which iniportiiiit point in its life liistory is here

considered in cU'tail for tiie first time.

One of the prineipal reasons for pu))lishino" this ))ulhHin is the eom-

ph'tion of ii s\'stem of canals which will irrii»ate a considerable portion

of the Salton Basin,'* or Colorado Desert, in southeastern California,

from the Colorado Kiver, some 60 miles away. Water was tirst

})rou^ht in, after threat expense had h<'en incnri'cd and no inconsider-

able enoineerino- dirtieulties overcome, in June, ISIM, and since then

the development of the new country has been very raj)id. Before the

end of the year iSiU some liir),0(M) acres of this land had been taken

\\\). This desert lies mostly below sea level and is characterized by

havini*" the hottest and driest ( liniate known in North America.

As soon as watci- was put on it was evident that some of the land

was alkaline, and researches made by the Bui'cau of Soils of the

Department of Agriculture'' have shown that over half the lands now
irritable art* too salty to permit the culture of any but alkali-resistant

plants. Probably one-fourth of these lands will not sup})oit ])erma-

nently any other protitable crop than the date palm. Now, it hapi)ens

that the climate of this desert is better adapted than that of an}^ other

region in North America for the culture* of the best sorts of dates and

is even better than that of the northern part of the Sahara Desert,

whence are exi)orted the choicest dates that now reach the markets of

Europe and America. The advantao-es of this reo-ion over any others

in the United States or ^Mexico for the orowino- of the best late varie-

ties of dates, such as the Deglet Noor, are so great as to give it almost

a natural monopoly of the production of these dates, the most expen-

sive dried fruit on our markets.

«In the United States the term " desert" is applied only to nnirrigated or unculti-

vated arid reirions, and as fast as such areas are reclaimed and put to profitable cul-

ture by means of ini^jjation they cease to be called deserts and receive some other

name. The a})})ellation "desert" is a hindrance to real-estate transactions and is

felt to be unjust and opprobrious by those who live in the midst of flourishing fruit

orchards and alfalfa fields. Doubtless the same change of name will take place in

case of the Colorado Desert, and indeed the misleading term "Colorado delta" has

already been applied to the newly irrigated lands about Imperial and Calexico. The
true delta of the Colorado River lies to the southward, where this stream enters

the Gulf of California. The region in question might very api)ropriately be called

the Salton Basin, inasmuch as it is a true basin, an area surrounded on all sides by
mountiuns or higher lands and depressed far below sga level in the center, where
its most prominent topographical feature, Salton Lake or Salton Sink, is located.

Throughout this bulletin Salton Basin is used instead of Colorado Desert to desig-

nate the lower parts of the lands sloping toward Salton Lake, a region limited on
the north by the San Bernardino Mountains, on the west by the San Jacinto INIoun-

tains, and extending southward into Mexico to the line beyond which the delta lands

slope toward the Gulf of California.

'Oleans, Thos. H., and Holmes, J. Garnett. Soil Survey around Imperial, Cal.

Circular Xo. 9, Bureau of Soils, U. S. Dept. of Agriculture, 1901.
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'I'lici'c exists, t lu'i'i'lorc. ;iii iiimsn;ii coiiihiiial ion <>l ci rciiiiisljinccs^ in

thai llu' opporl unit V for iiil I'oduciiii^' a most prolitahlc new indtisti'y

into this region coincides with the i)i'essino- needs of ;i newcounti'y

for some ci-oj) which can withstand ali<aii.

I'he resistaiiccM)!' theihite pahn lo alkali is so much orcjiter tlian that

of other crop ])ian(s tiiat it will l)e indispensahle foi'the more alkaline

areas th^o^^h the Sontlnvest wherever the climate, is hot and (\vy erioui^h

to permit e\(Mi the less \alnal)le (»arly sorts to mature. Alrt^idy date,

palms are heinLj' planted on alkali land^ in the Salt River \'allev,

Ai'i/ona, and as a I'esult of the demonstration of the feasibility of

oTowinn" them the price of such land has more than (juadrupled within

tho last li\'e years. Doubtless within a decade* date culture will be

nuich extended in Arizona, and it j)r()babl3' will ))econie the most

im])ortant fruit industry in the Salton Basin in California.

It becomes a matter of groat im})ortance to show what the climatic

re(|uirements of the date })alm are and to determine how nuicli alkali

it can withstand, as well as to indicate how date palms are propa^^ated

and how their culture is carried on. This exposition is especially

necessary in case of this plant, as its needs as to climate and soil are

unlike those of any other plant connnonly g-rown, and the methods

followed in its propagation and culture are widely different from those

employed for other crop plants.

It is l)elieved that these data, here presented in detail/' will serve to

facilitate the establishment and the extension of a new industry in this

country.

WHAT IS THE DATE PALM?

The date palm was one of the first plants to be cultivated, and has

been grown for at least four thousand years along the Euphrates and

Tigris rivers. It has been for ages and is still the most important

food plant of the great deserts of the Old World, and man}^ regions in

Arabia and in the Sahara would not be habita])le were it not for this

tree. Not only does it yield a delicious fruit of great food value, but it

also furnishes in many regions the only timber suitable for use in the

construction of houses and for making a thousand and one necessary

o))jects. Its leaves furnish a partial shade, under which it is possible

to culti\ate other fruit trees which could not exist were the}' exposed

to the direct ra^^s of the sun and the burning winds in the desert;

thousands of fig, almond, pomegranate, and peach trees and grape-

vines, forming veritable orchards, are cultivated in the palm- covered

oases, especially in the northern Sahara. For centuries the transporta-

tion of dates has been the chief motive for the formation of the great

'^'Many of the facts here pree^ented were summarized by the writer in a j)revious

article, entitled "The date palm and its culture," Yearbook of the Department of

Agriculture, 1900, pp. 453-490; also reprinted.
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canivun routes which luii in vwvy diit'ction tliroiijrli the deserts in

At rira und Anibhi. The exportation of chites to Europe and to America

is an important inchistry both in North Africa and in the countries

bordering- the IVrsian (iulf.

The vahie of the dates imported into the United States alone

avera«^ed for the ten years ended June 80, 11)00, $-10^,7<)ti per aiuunn,

as appraised at the exportino- point, })ut tlie real value when received

at the American port was doubtless 50 per cent greater, or $000,000 a

vear. This vahu* is now exceeded only ))y the imports of two other

dried fruits Zante currants, $1)10,<)OS in 1900, and Smyrna tigs,

$r)lo,81>5, in 11)00. Inasnuich as California has been producing large

(piantities of second-class dried tigs for some years, and since 11)00

also Smyrna tigs of the ))est ([uality,'* it is likely that in the near

future the value of the imports of tigs will fall below that of dates,

which will th(Mi rank second in value among imports of dried fruits.

The date ])alm, as its name indicates, belongs to the great family of

palms. Like the majority of its relatives, it has but a single bud at

the top of the trunk, and if this bud be destroyed the tree usually

dies. The date palm, however, unlike the cocoanut palm and unlike

the majority of palms, produces oii'shoots, or '' suckers," at the base

of the stem (see PL XYII, tig. 2, and Yearbook, 1900, PI. LIX, fig.

4),* at least during the first decade of its existence. Old date palms

which are in full bearing do not produce such offshoots, and if the

terminal bud be destroyed the whole plant will die, since oti'shoots

are very seldom, if ever, produced at the top of the trunk. The date

palm, like most other members of this family, has a trunk which

remains of the same diameter, no matter how old it may be, there

* « Tliis gratifying result was brought about by the introcUiction of the fig insect

(Blastophaga), which the writer acconiphshed in the spring of 1899 by sending from

Algeria the winter galls of the male fig tree containing these insects. The Blastophaga

fertilizes the flowers of the Smyrna type of figs, which, unlike ordinary figs, do not

set fruit unless pollinated. The large orchard of Smyrna figs at Fresno, Cal., belong-

ing to :Mr. George C. Roeding, which had produced but a few dozen figs pollinated by

hand during the twenty years it had been planted, began to yield abundant crops as

a result of the introduction of this beneficent insect, and in 1901 produced some

70 tons of dried figs. The success of this orchard has led to a renewed interest in

fig culture, and several other large i)lantations have been set out near Fresno, while

many orchards of inferior varieties are being grafted to the Smyrna fig.

ft Throughout this bulletin references have been made to plates published by the

writer in his paper, "The date palm and its culture," in the Yearbook of the

Department of Agriculture for 1900, pp. 453-190, Pis. LIV-LXII. This publication

is accessible in all libraries, and it has been arranged to send a reprint of the paper

with the present bulletin to all applicants in the South u'est who live in regions where

date culture is feasible. This will render it possible for all interested to refer to the

plates in this previous paper. In order to shorten the references to these plates

they are cited as ''Yearbook, 1900," with the number of the plate. Inasmuch as the

plates of this Yearbook article were numbered from LIV to LXII and those of the

present bulletin are numbered from I to XXU, confusion is impossible.
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l)(Mn<^' no socoikImi'v iiicrciisc in (li.'mich'i" willi incrcasiiio- ao(> sncli as

occurs in ofdinaiy liuil and lores! (ices. I n conscMjiicncc, (lie aj^c of

a palm iwv can be roughly estimated I'l-oin ils lieioht, hut Me\'<'i- fiom

till* diametei-, nor, as is customary anions" woodsmen, hy counting the

vines of animal i^iowth. for (In* simple reason that the date palm has

MO such rines.

'V\\o leaves of the date ])alm (frontispioc-c and li^. 1, p. HJ) ai'c

fiMithei' shapinl and wvy lar^'e, frecpiently fiom \-2 to IS feet lonj^.

I'he ancient Ks^vi)tiaiis had a tradition, held also by soiiio tri})es of

modern Arabs, that the date palm produces twelve leaves in a year.

It is an interestino- fact that the Eo-yptian hieroglyphic which si<'-nifi(Hl

a month rei)resented a sinele leaf of the date palm, and the sieii for a

year i)icture(l a crown of leaves of the date i)alm/' Of course, there is

no such fixed interval of time between tlie unfolding of successive

leaves, but it is true that the date palm usually produces from twelve

to twenty leaves in a year.

These leaves remain alive and green for several years, but finally

lose their color and ])end downward toward the trunk. (See the lower

leaves on the tall palm in PL XIX, tig. 2.) Trav^elers who have

seen date palms growing remote from human habitations in the Sahara

Desert report that in such situations the old leaves remain attached to

the trunk permanently, the palm being crowned with living green

leaves and the trunk clothed to the ground by the reflexed dead leaves.

Furthermore, in such conditions, where the date palm is left to grow
uncontrolled hy man, the offshoots produced b}^ the young palms grow
ludiindered and often rival in size the parent trunk, and they in turn

give rise to other offshoots, even after tlie parent stem has passed

the age when it would produce offshoots. The result of this is that

instead of a single palm tree, the traveler sees a great thicket com-
posed of a few tall trunks (the original palm and the oldest offshoots),

surrounded at the base by a tangled mass of younger offshoots, strug-

gling upward and outward. Such a clump is shown in Yearbook, 1900

(PI. LIX, fig. 4:). All of these trunks retain their dead leaves per-

manently, so that such a clump of palm shoots is well nigh impen-
etrable. To those who have traveled in countries where the date

palm is the commonest cultivated tree, the description given above
will seem very strange. In all such countries the date palm is well

cared for and the dead leaves removed, leaving a clean trunk, crowned
with a tuft of living leaves. (See frontispiece and Yearbook, 1900,

PI. LX.) Besides this, the Arab cultivators are careful to remove the

offshoots as soon as they are large enough to plant, or to destroy them
when young in case they do not desire to propagate the variet3\ Such

"Fischer, Th. Die Dattelpalme, Ergilnzungsheft No. 64. In Petermann'e Mit-

theilungen. Gotha, 1881, p. 4.
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offshoots, ivady to remove, are shown on Plate XVII, tij^urc ^, and
offshoots removed and ready to transplant on IMate VI, Ht»:ure 3.

Unlike most fruit trees, the date i)alm has the male and ihe female

dower on separate individuals. If orown from seed, about iialf of the

resulting- palms are male and al)out half female. If such trees he

allowed to or()vv to maturity in this proportion enough i)ollen is blown
by the wind to ft»rtilize all the flowers properly. It would he, how-
ever, a very expensive method of culture to irrigate and cultivate such

a laroe proportion of male trees. The Arabs—and before them the

Fig. 1.—A young Deglet Noor date palm at Biskra, Algeria; below a 'flower cluster just opening;

above two young fruit clusters, the larger still bound about with the cord used to attach the male
flowers in pollinating. May, 1900. (After negative by the writer.)

Ass3^rians—learned to pollinate the palm artificially, and from a small

proportion of male trees to fertilize the flowers of a ver}^ great number
of female trees. At the present time the proportion followed in com-

mercial planting is that of about one male tree to a hundred female

trees.

The date palm blooms in the early spring, producing from six to

twenty flower clusters, according to the age and Nigor of the tree (see

tig. 1). Each flower cluster on the female tree produces a bunch of
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dates, consist iiiLi' ol" imiiicioiis Iruils. hoiiic on slcndci" I w i^s, wliich

l)i-ancli l'i-<»in a main slalk (IM. XXII and Vcai-l)ook, IIMM), IM. LX).

Such a hnncli may Itcai" fioni In to 1(> j)onnds of dates, and a vi^'oi'ous

t r(M' is coin moid \ allowed to pi'oducc I'l'om ci^hl to t wcdvc sncli huriclics.

The date its(dl' is, of course, familial- to e\'ei-vone; it is an o\a] fruit

from 1 to .") inches loni;-. and one half or one-t[iii"d as wide, containin;^'

a sin^^h* seed sui'i-ounded hy a half dvy and very sweet y)ul]), usually

and)er colored. There iii'e wvy many varieties of dates, diti'ei-injr

wididy as to chanicter and (luality, as will he (^xplairuHl iiiorc^ in (h'tail

farther on.

DATE CULTURE BY THE ANCIENTS.

T\\v date palm is one of the oldest cultivated plants. It is fully

descrilxMl on the clay tahlcts of the ancient Assyi'ians. It was un(loul)t-

edly one of theii* most important food plants, and every detail of its

culture, the operation of pollinating' the flowers, and even the serving

of the fruit at the tables of the wealth}^ were delineated with gi'eat

accuracy on their monuments and wall sculptures. It is probable tiiat

the date palm was first extensively grown in the valleys of the

Euphrates and Tigris rivers. It was apparently little known and but

slightly esteemed in ancient Egypt before 3000 B. C, although as

early as 2000 B. C. it had already become a well-known fruit tree.

Not much is known as to the origin of the date palm, although evcny-

thing points to its being native in some of the ravines bordering the

deserts of northern Africa or Arabia. It is probable that it was first

cultivated b}^ the Assyrians, afterw^ards by the Egyptians, and that

very early its culture became almost a national industr}^ with the

Arabs. It is true that the date palm existed in ancient Africa before

the arrival of the Arabs. It was, how^ever, comparativel}^ unimportant,

at least in the western Sahara, and the varieties were probably infe-

rior. When the Arabs invaded the western Sahara and the Barbary

States during the seveiith century, and at various intervals until the

twelfth centur}^, they^ introduced the use of the camel and thereby

rendered it possible for the inhabitants of the oases to satisfy all their

wants, simply b}^ growing an abundance of dates, since the camels

could carr}' the dates to the more fertile regions bordering the Medi-

terranean, where they could be exchanged for the wheat and barleys

needed in the Sahara for making bread. In consequence of this eco-

nomic revolution, the culture of the date palm speedih^ became, and is

still, the most important interest throughout the Sahara Desert.

The ]\Ioors undoubtedly introduced the date palm into Spain, where,

in spite of the unfavorable climate, it was extensively planted during

the Saracen domination. The first date palms in the New World were

grown from seeds carried from Spain b}^ the missionaries who accom-

panied the Spaniards on their voyages of discovery and conquest.

13529—No. 53—04 2
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PROPAGATION OF THE DATE PALM.

SKEULINU I'ALMS.

Date palms may })e orown from seed and arc ^^onorally so ^rown in

Mexiio and in India, bnt if so propat^atcd somcLiiing over half tlicr

palms are males, which produce no fruit whatever^ while of the remain-

ing female plants probably, on the average, not more than one in ten

produces good fruit. This would mean that in i)lanting 100 seeds,

on the average oidy four or ti\ t» palms bearing good dates would be

secured and prol)a})ly as many more of second (piality, or in all some

10 per cent of the number planted would yield edible fruit. It should

be said that in Arizona, and even in Mexico, very many of the seed-

ling sorts do not reach maturity because of the insufficient summer

heat; but if grown in the Salton Basin, where all the sorts could

mature, a larger proportion, possibly 15 per cent, would produce fruit

that could be used.

SEEl)MN(i DATK PALMS FOK TIIK SALTON KASIN.

In view of the scarcity of oti'shoots of the best varieties and the press-

ing need for date palms for many parts of the Salton Basin, it would

be Avell worth while to plant orchards of seedlings, and when they are

in ])earing the worthless sorts could be cut out and their places gradu-

ally tilled by taking oti'shoots from the seedlings yielding good fruit.

It would ])e possible to begin thinning out the excess of males as

soon as the flowers begin to show, some four to six years after plant-

ing. The trees could be planted, say, 12^ feet apart, in rows 25 feet

apart, giving about twice the nund)er that should be left, because

nearly half the total nund)er will })rove to be males, to be cut away as

soon as recognized. By the sixth or seventh year after phmting the

(juality of the fruit produced by the female plants could be judged and

the plants producing the poorest dates could be removed and replaced

by ott'shoots from the best seedlings, which should, of course, be planted

where the rows show the largest gaps, resulting from the removal of

superfluous males and worthless females. In the course of a few years

it would be possible to remove all the less valual)le seedlings and

replace them with the better sorts. This process could go on indefi-

nitely by continually replacing poorer sorts with better as fast as off-

shoots were availal)le, until only two or three of the best sorts remained.

No outlay would be entailed for ofl'shoots, and if considerable numbers

of seedlings were grown from the best dates there certainly would be

some sorts of value among them.

If any attempt be made to start seedling date orchards in the Salton

Basin it should be borne in mind that the young seedling can not with-

stand nearly as much alkali as can ofl'shoots or old palms. Prof. R. H.

Forbes^ flnds that many of the young plants grown from seeds which

<^ Oral communication to tlie writer, 1902,
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li:ul Ix'CM })1;iii1(m1 at the Cooperative 1 )at(' ( iardeii at 'I'cinpc, Aii/., were

killed by alkali shortly after tliey appeai'ed, while the otl'shoots (^i-ow-

iiiii" neai" l)\ weic unliaiined. In ease alkaliiu^ areas are to be planted

it would he iM'st. to estahlish a iiui'sei'y on alkali I'l'ee land and trans-

plant tlH> seedlin«i's when they ai'e I oi' l! yeai's old, oi-, if the soil is very

alkaline, when 15 or 4 years old, to the positions tlu'y are to oc^cupy

peiiir.ineiitly. Where the palms are to be [)lanted on the v(^ry worst

alkaline lands it would be well to allow theyoun*^- date })ahns to flower

ill tlu^ uuisery rows, so that the males could })C discarded and only

i'einales set out. with the precautions for washinj^ out the alkjili men-

tioiunl below, thus avoiding" the expense and trou))le of carinj^ for the

worthless male i)lants. It is easy to distinguish the male from the

f(Mnal(^ plants by an inspection of the flowers, which, as is shown in

Plate ^ II, tigure 8, are very different in the two sexes. In transplant-

ing 3'ouno- seedlings the leaves should be cut back severely to corre-

spond with the cutting back suffered by the root system.

It is interesting to note in this connection that the date palm requires

for its germination not onh' fresh water, free from any considerable

amount of dissolved alkali, but also a large and continuous supply of

such water. The young seedling shows curiously enough a whole set

of peculiarities of structure which enable it to throw off an excess of

moisture. Fritsch, an Austrian botanist, concluded that the seed was
adapted for germination during the rainy season, and that it was

meant to grow in earth thoroughly saturated with water." Not only

are the roots devoid of hairs, resembling in this peculiarity those of

plants which grow in swamps and in w^ater, but they have numerous
aerating canals, and in other w^a}' s show adaptation for growth in very

moist situations. There are even pores at the tops of the leaves by
which the little seedlings can get rid of superfluous moisture which
has been absorbed by the roots.

Seedling dates are nearly alwa3^s found along irrigating canals or in

situations where the earth is kept constantl}' moist. These are strong

indications of the natural habitat of the date palm, wdiich should be

expected to grow^ where the earth is ver}^ moist, at least during the

rainy season. It is practically impossible for date seedlings to start

in unirrigated arid situations, even where cacti and other desert plants

grow^ a]>undantly.

As is clear from w^hat has been said, the date does not reproduce true

to type from seed. This ma}^ ])e in part because no attention has been

paid to the pedigree of the male plants used to furnish pollen, so that

even the choicest dates ma}^ have been pollinated from males of the

most worthless character. If it should be found desirable to plant

seedling orchards it would be well to arrange to have Deglet Noor

« Fritsf'h, G. Anatomisch-physiologisc'he Untersuchungen iiber die Keimung der

Dattelpaliiie, in Sitzungsb. d. k. Akad. d. Wiss. Wien, Bd. 93, Abth. I, April, 1886.
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dates polliiiiitcd from a luiiiiht'i' of trees in the hope tluit some of these

mules wouhl produce seedliiii^s of a superior type. If possible males

known to t)e seedlings of the l)ej,det Noor or of some other superior

sort should be t'lnployed in such pollination. It is worthy of note

that the male dates in C-alifornia, and especially those in the Salt Kiver

Valley, Arizona, are for the most part the otl'sprino- of fairly oood soft

dates, probably from the Persian (Julf region, purchased in the markets.

So Arizona and C'alifornia dates would l)e well worth plantino-, since

both parents of the seeds in such dates are the ofispring of soft dates,

whereas in most reoions where the date palm is crrown the males are

likely to be the product of dry dates (for most of the dates in tliose

countries are of the dry type) droi)ped ))y chance in a wet spot where

they could orow.

The seecllinos of a single sort of date may present the most remark-

able variations, and usually the parent type is not exactly reproduced

by any of the oflspring. This is clearly shown by the experiments of

Col. Sam Taylor, of Winters, Cal., who tried to propagate from seed

the valuable early ripening Wolfskill date growing on his place. This

w^as done because this palm had ceased to produce offshoots before its

value was recognized. Many of these seedling dates have fruited, l)ut

none reseml)les in the slightest degree the parent variety; most of them

are much later and conseipiently fail to mature at AVinters, where the

summer heat is insufficient to ripen any but the earliest sorts.

PROrAGATION OF TUB DATE PALM HY OFFSHOOTS.

In all regions where its culture is an important industry the date

palm is almost invariably propagated })y removing and planting the

offshoots or suckers whicli spring up around the base of the trunk (PI.

XVII, tig. 2, and Year])ook, lUOO, PI. LIX, fig. 4). These offshoots

reproduce the parent variety exactly and have the great advantage of

coming into bearing sooner than seedlings. Offshoots are produced

abundantly ])y young date palms, ])ut cease to form when the trees

reach the age of 10 to 15 years. Usually three or four are left

attached to the parent plant, any in excess of this number being cut

away as fast as they form. One offshoot can be removed every year

until they cease to be produced. They are cut away from the parent

trunk when the}^ are from 8 to 6 years old, after they have begun to

develop roots, if as usual they start from below the surface of the

ground and have their l)ases covered with earth. The leaves are all

cut away, leaving onl}^ the bud in the center protected by the leaf-

stalks (PI. VI, fig. 3). No roots arc left attached to the offshoot,

which, when so reduced to a mere stump, can stand much exposure.

Some offshoots procured by the writer on May 18 and 19, 1900, at

Ourlana, Algeria, in the Sahara Desert, were shipped by camel-back
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(PI, \'I, lis^'. 2) {(> liiskni, \K> miles iiwjiy, Jind fiom tiic.ro, to Al(»-i(^rH,

some I)1M) miles by mil, with no packirii*" (except !i lillle ))iilm lilxT

iil)ont the bases. ( )iie box of these oll'shoots was [)acke(l in sli-avv

\\ itli no moistui'e \vhale\ (m* except from ha\'in<^ been vvcit twice, once

at Biskra and once at Ali^iei-s. So ))a('ke(l they were sent to New
York I)y strainer, ai-ii\ ini;- -Inly ;i, (hen ti'ansshipped to New Oideans

and linally carried by rail from New Orleans to Teinpe, Ariz., wh(u*c

they arrived ,[nly IT. I'hey were un})acke([ »Inly 20, twc^ months after

th(\v had been du^- up. Prof. R. II. Forln's, under whose personal

supervision the piihns wei*e planted and cared for, reports that the

box of otl'shoots which had no packing other than the loose dry straw

came through as w(dl as those packed in damp moss or in charcoal.

Some 80 per cent of these suckers lived. ^'

It is very important that the offshoot be planted out higli enough so

that tlie growing l)ud in the center is never in danger of being covered

with water when irrigated. (See fig. 6, p. 42.)

In order to force the offshoots to take root and grow, the chief requi-

site is that the ground be kept constantly wet about their bases. If

the young plants dr}^ out once they are lost, for the delicate new roots

that are just forming will be killed. The Arabs water the offshoots

ever}^ daj" for the first fort}- da3^s after planting and then twice a

week until winter, after which thc}^ are watered as often as ma}^ be

necessar}^ to keep the ground thoroughly moist.

Another requisite almost as important as the keeping of the base of

the plant moist while roots are starting is that the ground be warm
when the ofi'shoots are transplanted. It is useless to set out offshoots

in autumn or winter; the best season is late in spring or early in

sununer, when the ground is thoroughly warm and when there is a

long hot season after planting, permitting the 3^oung palms to become

well established before winter. It is not necessary to shade the young
offshoots, but they should be protected against cold during the first

w^inter after being set out, by wrapping with burlap, heavy paper, or

straw.

Professor Forbes finds (see p. 19) that young seedlings are often

killed by alkali where offshoots and old palms grow all right. Strong-

alkali is probably injurious also to offshoots just striking root,

and the following method of preventing the rise of alkali, communi-
cated bv Professor Forbes, mav be advantaoeouslv followed in all

cases where there is danger to be apprehended from this source:

Throw up a high ])order on each side of the rows, running in both

directions, thus creating a scpiare inclosed space about each palm.

This space may be flooded from the irrigating canals with fresh water,

which carries away the salts accunudated near the surface down to

"Forbes, R. H. Twelfth Annnnl Report, Arizona Kxperinient Station. ]>. 817.
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lower level beyond the reaeh of the yoim^ roots. The area a})out the

otl'shoot inclosed hy thes borders should then be covx'red with straw to

a depth of a foot. This nudeli will hinder evaporation and thereby

restrict the rise of alkali, since each api)lication of water washes the

alkali down anew and t\w niulch continues to act as a check on evapo-

ration. Such a method of plantino- should be adopted in those parts

of the Salton Basin where there is dano"er of a rise of alkali from the

subsoil.

DISTANf'ES liETWEEN TREES.

The Arabs almost invariably plant the date palm without any attempt

at placino- the yount;' otl'siioots in (h^tinite order. The result is, it is

almost impossil)le for them to be sure of plantino- the trees at any con-

stant distance from each other, some beino- dose too-ether, others wide

apart, as can be seen in Plates XII and XIII.

The unsystematic and frecpiently careless methods employed by the

Ara))s in the culture of the date palm can not be taken as models to be

followed in introducing- the date industry into the Southwest; we should

rather follow the example of the French colonists in the Sahara, who
plant the date palm in reoular rows (see PI. XVll, tig. 1), and have,

as a rule, definitely planned and carefully executed systems of irriga-

tion and drainage. Although the Arabs plant the date palms very

close together, the French have found it advisable to place the trees

wide apart, and many of the French colonists regret having placed

the trees only 20 or 22 feet apart, their opinion now being that date

palms should })e planted from 2(5 to 88 feet from each other.

Ben Chabat, an Arab, who is considered an authority on date cul-

ture, makes two date palms speak together; one says to the other,

"Take thy shadow away from mine and 1 will produce alone for us two
together''"—expressing the idea that too close planting is dangerous.

At 2(> feet apart, which may be taken as an average distance, about 00

palms would l)e planted on an acre. If the palms are put 80 feet or

more apart other crops can l)e grown between the trees even when old.

The amount of irrigation water available during the hot season and

the value of land are factors which must be considered in deciding

at what distance the offshoots should be planted. In general the far-

ther apart the palms are, the more heat and light each receives, and

the better and the more abundant is their fruit.

Even when planted 20 feet apart or less there are, of course, large

strips which lie unused between the palm trees for the first ten or

twelve years after planting. It has become a common practice in the

Algerian Sahara, copying to some extent after the Arabs, to plant

garden or field crops between the trees until the palm trees become

large enough to shade the ground. In case the soil is alkaline, it is

"Masselot, F. Bui. Direction Agric. et Coinm., Tunis, vol. 6 (1891), No. 19, p^^8.
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fr(Mpi(Mi(l\' impossible (o ^i-ow any ciop imlil two oi" (lii'cc ycais of

ahiiiulaMt irriiiatioii, couphMl with a j^ood system of drjiiiuij^c;, have

waslunl (he alkali out of at least the top layers of the soil. Barley is

usually the tii"st eroi) o-rowii on alkarme soil. After barley has been

thrown a year or two, tiie abundant iiTit^ation bein^, of course, kept

up, the land usually becomes freed from alkali sufHciently to permit

horso beans, c()\vi)eas, beets, and other garden ('ro[)s, and, what is of

more importance, alfalfa, to be ^rown. This Saharan alfalfa (s(M'. V\.

XVI, liii'. 'J), althouo'h refusino- to o-row on soil which pi'oduces a fair

crop of barley, is, nevertheless, able to withstand without injury a

percenta<^e of alkali in the soil which would prevent the growth of

ordinary alfalfa/'

rROPOUTTON OF MALE TREES THAT STIOTJLT) BE Pr>ANTED.

It has been found in the date plantations of the Sahara that for

ev^ery hundri^d date palms there should be at least one male tree to fur-

nish pollen for use in fertilizino- the flower clusters in spring. There

is already a laro-c number of male date palms in Arizona and Cali-

fornia, so that it has not been thou^rht necessary^ to introduce more
than a very few from the Old World. The ratio of one male for every

hundred female pahns applies only in the Sahara, where it is possible

to secure male palms known to flower at the right time to be used in

pollinating. It often happens that man}" of the seedling male plants

flower too late to be of any use. ^^ It does not interfere so much w^ith

the usefulness of a male date palm to have it bloom too earh^, since

the bunch of male flowers can be preserved ' for some weeks without

serious deterioration. In view of these facts it will be advisable in

starting any plantations to put out at least one male palm for ever}"

fifty females, or better, one male for every twenty-tive females. It

will be desirable also to secure ofl'shoots from dift'erent male trees in

order to avoid getting male trees all of one kind, which might be

found to bloom at the wrong season. In case no ofl'shoots of male

trees can be secured, a few seeds may be planted and the male palms

saved to furnish pollen. When the trees begin to flower it will be possi-

ble to see readily which male trees flower at the right season; the

others can be destroyed and offshoots from female trees planted in

their places.

« After much correspondence with the Arab caids in the interior of the Sahara, a

small (juantity of the seed of this valuable alfalfa was obtained for the writer in the

spring of 1901. It is earlier than ordinary alfalfa and resists heat and alkali better.

It has been planted in the Cooperative Date Garden at Tempe, Ariz., and it is hoped
that it will prove as valuable in the Southwest as it is in the Sahara.

^Out of six date i)alms which had flowered up to 1S9S at the San Joaquin Valley

substation of the California Experiment Station, three were female and three male,

but two of the male palms did not Howcr until the female trees had ceased blooming.
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VAJUKTIK.S OK MAI.K |)\IK I'Al.MS.

Somt^ iiiah' trcos procliRc nioic pollen tluin others, and are much
preferable to use in pollinatiutj;". When once oood sorts of males are

fouiul they should be propat^ated hy otlshoots \n the same manner as

the female plants. In most parts of the Alo-erian Sahara no i)articular

attention is paid to the propat^ation of suitable male i)alms, and in

consequence pollen is sometimes scarce early in the flowering .season

and aoain later on, which often renders it nt^cessary to procure pollen

from neiohborino- orchards or even fiom other oases, sometimes at

considera))le trou])le and expense. In Tunis there is a male \ai*iety

propagated by oti'shoots called the Deolaoui used to pollinate late-

bloomino- sorts. Another called the Dakar majahel was secured by

Mr. D. G. Fairchild in Kgypt, and has Ix^en sent to the Cooperative

Date Garden at Tempe, Ariz. It is said to be the only male palm

which produces pollen at the right time to be used on all of the eight

varieties of female dates grown about Randey, Egypt.

The chief requisite of a male date palm is that it shall produce an

abundance of pollen at the right time to be used in pollinating the

female sorts that are grown. If date palms were propagated from

seed, and still more if any attempt should be made to breed new and

better sorts, it would be very desirable to secure male sorts capable of

transmitting dcvsirable charactcM'istics to their offspring. (See p. 20.)

Schweinfurth has recently i)ut forth the claim'' that the male sort

used for pollinating the flowers has a decided influence on the shape

and, what is more important, on the size of the seed of the dates which

result. If this were triie it would be very important to secure male

sorts which when used for ])()llination would produce small seeds.

Schweinfurth's supposition is, however, without doubt erroneous, for

in spite of his assertion that the observed variability of the seed in

dates of the same variety'' is a proof of the efi'ect of the different sorts

of pollen used to fertilize the flowers, the fact is that the seeds of any

one sort are so uniform in size and shape as to furnish good characters

for use in distinguishing varieties, and are regularly so employed by
both Europeans and Ara))s. The only part of the seed which could

be afi'ected dii-ectly by the male parent is the embryo, which in the

date occupies so small a fraction of the bulk of the seed that it is not

surprising that there is no observable etlect of the pollen on the seed

and nuich less on the i)ulp which surrounds it.

"Schweinfurth, Dr. Georg. Ueber die Knltnr der Dattelpalme. In Gartenflora,

vol. 50, 1901, p. 518.

& Naturally the seeds are not all exactly alike, even on the same tree, and some
varieties of dates have seeds which vary appreciably in shape and even in size; but

this range of variation is itself a varietal character. Of course the incorrect identifi-

cations of dates often made offhand by the Arabs may easily lead to erroneous ideas

as to the extent of variation in a sort through a confusion of varieties similar in

external appearance, but differing in seed characters.
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M\\\o (\'.\to ])alins o-(Mi(M":illy Ikinc stouter trunks niid iiioic leafy

crowns than iVnuih^ trees (see PI. V, ti«»'. "2), and some have said that

even th(» youiiii' phmts couhl ]n\ distinj^'uished a inattei" of much iin-

portanee whero dates are [)ropa<^ate(l from seed, when it, is desirable

to recojjfnizo and destroy as soon as possible the superlluons male

plants. It has not Ikmmi found possible t(x depend on any of the sij^ns

o'iven for (listin<^iiishin_i'- y()un<4- male ])la!its, and they can be re(;ooniz(;d

with certainty only when they are in flower. An inspection of figure

8 on Plate VII will show how different the male flowers are from the

female and render it easy to determine the sex of the palms as soon

as they show flowers.

CARE TO BE GIVEN DATE PALMS.

The chief care required by date palms is that they be irrigated as

often as needful. The soil should be kept in a proper state of tilth,

which is usually done b}^ growing some crop between the i-ows, espe-

cially when the palms are 3^oung. The leaves arc trimmed ofi' as they

die, and care is taken not to allow too many ofi'shoots to grow at the

base of the stem, for they draw on the strength of the parent plant.

In general not more than three or four ofi'shoots should be allowed to

grow at once. At least one should alwa3\s be left attached to the

motlnn' plant to be used to replace it in case of accident.''

Old palms, ten to fifteen 3^ears after planting, which have developed

a good trunk 4 to 10 feet high, do not produce ofi'shoots, and such trees

require no attention other than the cutting away of the dead leaves,

the pollination of the flowers, and the gathering of the fruit.

THE AGE AT WITICH DATE PALMS BEGIN BEARING.

The age at which palms come into bearing depends much upon the

climate and soil; where planted in rich soil, watered abundantlv, and

where the summer heat is intense and long continued, the date may
begin to fruit when very young. Trees have been known to bear in

Arizona within four 3^ears after the seed was planted; however, such

palms are too small to ])ear more than a very few fruits, and seedling

trees are generall3^ considered not to yield paying quantities of fruit

until thcA' are at least or 8 3^ears old (see Yearl)ook, 11)00, PI. LVIl,

fig. 1). When date culture is practiced scientificall3% practicallv no

seedlings are grown, but instead orchards are started In^ planting

fairly large ofi'shoots, wdiich soon strike root, and which often bear

^Olany valuable seedling dates have l)een lost in this country because the suckers

were kept closely trimmed off until the trees were in bearing;. Only then was their

value discovered after it was too late to propatrate them. If an offshoot is always

left attached at the base of the palm it may in turn be aUowed to produce suckers

after the parent plant ceases to produce them, and in this way a continuous supj^ly

of offshoota may be produced even at the base of old palms, and no variety need be

lost
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iihiuuhintly four or live years after Im'Hio- tiaiisplantod (soo PI. XXTT).

However, in the lar^e plantations made in Algeria \)y the French eol-

onists it is not consich'red advisabh' to aUovv the pahns ^rown from

otl'shoots to hear fruit until tive or six years after tliey are set out,

and the trees are not in full hearing until eioht or ten years after

they are planted. They eontinut^ hearino-, if well cared for, until they

are a hundred years or more old, a o-ood tr(H», producing- an averat^-e

of from t)t I to '200 pounds of fruit a year," althouoh some trees have

been known to produce as nuich as 400 or (100 j)ounds'' wIkmi <^rown in

rich soil and ahunchmtly irrigated. The tree shown in a previous

paper (Yearbook, IIXM), PI. LVII, tig. L) is a demonstration of the

capabilities of Arizona as a date-producing country. It was only 8

years old from the seed when photographed, and yet bore some 400

pounds of dates. Again, an Amreeyah i)alm, grown from an offshoot

imi)orted by the r)ei)artment of Agriculture from Kgypt in 1889,

yielded in P.HM) over 300 pounds of dates (see Yearbook, PJOO, PI.

LXll, tig. I). A little palm growing on the grounds of the University

of Arizona, at Tucson, where the winters are often cold, bore, never-

theless, when it had been transplanted tive years, two ))unches of fruit

weighing together some 80 pounds (see Yearbook, 1900, PI. LVII, tig.

2). The large Deglet Noor palm growing at Biskra, Algeria, shown

in the foreground of Plate LX, Year))()()k, 1900, bore over 15 bunches

of fruit, and the young Deglet Noor palm shown in Plate XXII,
grown from a sucker set out only three years before, bore 8 bunches

of fruit.

l»OLLINATION OF THE DATE PALM.

In a w ild state the date palm is undoubtedly pollinated by the wind,

and a))out one-half of the trees are males. It is probable that pollina-

tion would be incomplete unless the proportion of male trees was

something like one-half, for, although enormous ([uantities of pollen

are produced, oidy a very small part of wind-blown pollen evei" reaches

the female Howers. The artificial pollination of the date palm was

doubtless discovered b}- the ancient Assyrians, and has been practiced

probably for three or four thousand years at least. Because of the

great economy of pollen ])rought about by this practice, one male

tree suffices to pollinate from tifty to a hundred females.

The male flower cluster of the date palm consists of a stalk bearing

«M. Masselot has published a list of all the important varieties of dates grown in

the Tunisian Sahara (Bui. Direc. A^mr. et Coinin., Tunis, Vol. 6, No. 19, Apr., 1901),

and gives the average yield j)er tree of 92 sorts. The Loozee variety has the lowest

average yield, 55 jiounds, and the Areshtee and Hamraya the highest, 220 pounds;

the average yield of all the 92 varieties is 116.5 pounds per tree.

&In the oasis of Tebbes, the northernmost in Persia, it is rei)orted that a full-grown

tree may yield 200 man (of 3.} pounds). Bunge, Petermann's Mittheilungen, 1860,

p. 214.
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a considerable* luinilxMor shoil Iwi^s (o wliicli (he llowe^rs arc attacln^d,

tin*, whole contained in a slu^ath at tirst entirely closed, hut which iinally

ru})tur(*s, (lisclosiny- the llowei's. (1*1. Vll, lij^'s. I and '->.) T\]v, Araljs

cut the male llower clusters IVoni th(^ ti'ces shortly before the flowers

have fully opened, at a somewhat c^arliei- sta<^(» than shown in Piiite

VII,titj^. 1. Tlu^ separate twi^>^ to which ilw male llowers ai*e nttacli(5d

(PI. VII, ti,i>\ 8, twi<^ l)elow) are t'lom 1 to <*> inches lonj^, and bear

anywhere from 20 to 50 male llowers, each

containin*!^ (J anthers full of pollen. One of

these twit»'s suffices to pollinate a whohi

female flower cluster, and to bring a])out the

development of a bunch of dates.

The female flowers, like the male, are borne

inside of sheaths which are at first entirely

closed. Finalh^ the sheath is split open by

the growth of the flowers within (PI. VII,

fig. 2, twig to left), and at this stage pollina-

tion is accomplished. The two tips of the

cracked-open sheath are separated and the

cluster of female flowers pulled out. (PI.

VIII, fig. 3.) A twig of male flowers is then

inserted into the cluster of female flowers

and tied in place with a bit of palm leaf or

with a string. (Fig. 2 and PL VIII, fig. 4.)

This completes the operation of pollination.

The fruit cluster soon begins to grow rapidly,

and in a few weeks the piece of palm fiber

or thread with w^hich the male flowers are held

in place is broken b\^ the pressure of the grow-

ing fruit cluster. Such a fruit cluster, still

confined, but which will shortly break the

fiber, is shown in figure 1 (p. 16).

In the Algerian Sahara the date begins to

flower in April, and sometimes produces t..^ o t^ * « i . *.I ' ^ Fig. 2.—Date flower cluster after

flower clusters as late as elune 1. The female artificial pollination; a sprij? of

flower clusters, which may be from five to
"mle flowers has been inserted

«^ among- the female flowers and
twenty in number on a single tree, are not all tied fast with apaim-ieaf fiber.

produced at the same time. It is necessary ^^''"^ natural size.) From

J
-^ negative by the author.

in consequence to pollinate each flower clus-

ter as it appears, and sometimes an interval of several weeks elapses

between the appearance of the first and last flower clusters, so the

trees must be ascended several times. The Arabs are very expei-t in

doing this work and seldom overlook a tree, even where the palms

are planted without any order; indeed, they rarely miss even a single

flower cluster. It requires some skill to climb a tall palm tree, as
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tilt' trunk below is very smooth and it is difliciilt to pass between the

stalks of the lower leaves in order to t^ct at the tlowers, since these

leafstalks are armed with sharp, ri^id thorns. (Fi^. 1, p. 10.) The
Ali»erians use no rope or other ai)paratus to ascend the trees, hut

climl) u}) with their liare hands and feet. (PI. VJII, tigs. 1 and 2, and

ri. XIll.)

When date culture })econie8 an important industry in the South-

western States it is probable that American inoenuity will devise meth-

ods of simplifyino- the work of pollination. For example, it would be

easy to tind means of marking- the trees, and also the tlower clusters,

to show which have been pollinated. It mioht ))e possible, for instance,

to tie the male flowers in place with a bright-colored strip of cloth,

which would make it easy to see whether all the flower clusters had

been pollinatetl or not. It is possible that in some places Indians will

be al)le to take the place of the Ara))s and do this work efHciently. , It

is absolutely necessary to pollinate all the flowers in order to se':'ure

dates of a good quality, although the dates do not fall ofl' even i^ the

flowers are not pollinated.

About the end of June, by which time the fruits are of some size,

three fruits will have developed from each flower. Then occurs a

remarkable phenomenon. If the flowers have been pollinated, two of

the three fi-uits fall, leaving a single date for each flower. If, on the

contrary, the flowers have not l)een pollinated, all three dates remain

attached and continue to grow, becoming closely crowded together and

somewhat deformed. Such dates are withgut seeds, but never prop-

erly mature, and are entii-ely valueless." This peculiar behavior of the

date palm enables the cultivator to tell by inspection which Inniches

have been pollinated and which have escaped attention, and the cutting

away of the excess of bunches from too heavily laden trees should be

postponed until this time, Avhen it is possible to tell which bunches

will mature perfect fruit. As a rule, onh^ one or two clusters should

be left on the 3^oung date palms which have just begun to bear, and

only eight or ten even on old trees. Some varieties do not require

much thinning, as they do not produce more l)unches than they can

nourish properly, whereas other sorts produce twice as many as the

tree can support.

It sometimes happens that some of the female flowers appear in

spring before any of the male trees have blossomed. To provide a

supply of pollen for such flowers the Arabs make a practice of keep-

ing a few bunches of male flowers from the previous year, which are

placed in tight paper bags and hung uj) in a cool, dry place. The pol-

len is said to keep without deterioration for at least two years. The
importance of securing male trees which flower at the right time has

been noted on page 24:.

«Such unpollinated dates have sometimes been supposed by inexperienced observers

to be a superior variety because of their seedlessness.
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By :iii insjuM'tioii of IMiilc \'ll, li<;ur(', :>, it will he, ciisy for thosi; who
]K)ss(»ss scMMlliiiL:- (late palius lo (Icicriniiic tlu^ sex of the. [)lsint sis soon

as an\ llowcrs ai'c foiMiicd. Siijx'i'lliioiis male t I'ccs can llicii he,

dostroN ('(1 and i"i'phiC('(l l»\ female (I'ecs bcfoie tlicy liaNC reached a

lai»»"e si/e. in case of wardens where thei'c are a few f(;ii)iilo date

l)alms and no mahvs a\ailal)le to furnish i)ollen, it will h". necessary to

sociiiH* polliMi from adistance notadillicull matter, silHHi male flowers

can 1)0 ship])e(l anywhere without deterioration if protected against

loss of pollen.

Aft(M- irrio-ation the labor of artificial pollination is the most impor-

tant riMiuired in a datc^ orchard. The irrigation, however, is very

nearly such as would he given to any fruit trees, whereas the i)rocess

of pollination is one that is not I'equired by any other commonly cul-

tivated tree. It should, however, he remembered that for the first

ten or fifteen years after date palms are planted the flowers are so

near to the ground that artificial pollination is performed very easily.

The operation becomes difficult oidy when the palms are old and very

tall.

GATHERING, CURING, AND PACKING DATES.

Some varieties of dates require practically no curing, being ready to

pack and ship as soon as they have ripened. Other varieties, however,

require some preparatory treatment. Dates are borne in bunches,

which have a single stem with numerous slender twigs to which the

fruits are attached. (Pis. IX and XXII.) A bunch carries from 10 to

•10 pounds. It is ver}^ rare that all the dates on a bunch ripen at once,

and in the case of choice varieties those which first ripen are fre-

quently hand picked and shipped at once in order to get the high

prices paid for the earliest shipments. It is also asserted that picking

the outer dates of the bunch, which usually ripen first, permits the

inner fruit to ripen better. Usuall}^ the whole bunch is cut off and

hung up in a dry and shad}^ place when most of these dates are ripe

and the remainder beginning to ripen. It has been found necessary

to remove any dates which have begun to spoil before the bunches are

hung up, for if such dates are left the whole bunch ma}' spoil. Usu-
all}' within a week or two all of the dates ripen, '^ and the bunch is

ready for shipment.

The choice varieties of dates are shipped from the Sahara either in

bags or more often in long wooden boxes. They are afterwards

«In case the dates do not mature because of an exceptionally cool summer, or in

regions where the summer heat is inadequate, they can be ripened artificially after

])eing ])icke(l by exposing them to the sun during the hot part of tlie day spread out

on ])lankets, and storing them indoors at night wrapped up in the blankets on which
they have been exposed during the day. Mr. Hall Ilanlon, near Yuma, Ariz., often

ripens considera])le quantities of dates in this manner, which is that followed in

northwestern Mexico (see p. 135).
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repackt'cl in siinillt'i- hoxt's, holding; from two-tbiids of a pound to 10

pounds. (Fij^. 5, p. 84, and IM. X.) The. methods above; outlined apply

to the Dt't^let Noor, which is tlie variety chictly exported from Alt^eria

and Tunis to Europe. Other varieties, sucii as the Khars, whieh are

full of sut^ary juiee when ripe, are not so easily haiuUed. The Arabs

usually hant»- up the bunches and allow the juice to drain otf into jars.

This juice, which they call date honey, is preserved and used, and the

fruit, when it has become somewhat dry, is then i)acked in boxes or

more often in skins. Dates of this class are usually packed tightly,

and may keep for many years without deteriorating^-. Somewhat the

same style of i)ackino- is practiced at Bassorah and Maskat in Arabia,

wluMice come njost of the dates received in American markets. There

the dates are packed ti*;htly in layers in wooden boxes for export to

America and Europe. The dates containino- an abundance of sugary

juice have the disadvantat'e of bein^- sticky when unpacked, and are

not suitable to serve as a dessert fruit. As before mentioned, the

Depict Noor does not have this drawback if properly handled. It has,

however, the defect of drying- rather rapidly, and from the very fact

that it is not tightly packed in boxes it doubtless dries all the (piicker.

With reasonable care, however, it can be kept for some months in a

cool, dry, well-ventilated storeroom, and probably no other dried fruit

havino- a value comparal)le to the Deolet Noor date can be put on the

market with so little labor or at so little risk of loss. Practically the

only hand labor recpured is that of arrang'ing the dates in layers in

the smaller boxes in which they are sent to the retail trade.

TYPES OF DATES AND VARIETIES SUITABLE FOR CULTURE IN
THE UNITED STATES.

THE THREE TYPES OF DATES.

Of the three principal types of dates cultivated b}^ the Arabs, only

one is exported to Europe and America. This comprises the dates, so

familiar to us, called by the Arabs "soft dates." They contain some-

times as nuich as 60 per cent of their weio*ht of sugar, and are, in fact,

candied on the tree, beintv preserved from decay b}^ the enormous

amount of suo^ar they contain. They contain more or less of a sirupy

juice, which is in some varieties so abundant that it must be allowed

to drain off ])efore they can be packed.

The second type comprises sorts very like those just mentioned, but

having a nuich lower percentage of sugar—not enough to keep them

from fermenting and turning sour. They do not dr}^ readily and are

usually eaten fresh from the tree as a table fruit, being more like

grapes than like ordinary dates. The ver}" early sorts are of this cate-

gory and do not stand shipment to long distances, though the}^ will

prove of great value for home consumption and may be sold on the
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lociil niai-kcts. Tlic W'ollskill date (sec li^-. :)) i'voiu Winters, Cal., is

one of (Ikvso sorts, as is iilso the Aiiiarcc, tiic earliest date known in the

western Sahara, wliich has been recenlly inl I'odnced info Arizona.

The third eate^^ory end)i"a('es what are known to the Ai'ahs as ''dry

dates." These are ahnostenlirely iiid^nown to Anierieansor Kuroix'ans,

hut are vrvy much esteemed hy the vVrahs, who consider them to he

hettiM' for every day consumption than tlie soft dates, which lattei* tliey

re<^'ard rather as a luxury than a staple food. These dr}' dates are not

at all inclined to he soft or sticky wlien ripe, and ar(^ fre({uently so

liard as to ))e dillicult to eat. They are said to droj) to the (ground as

they ripen, and ai'e fathered ))y sini[)ly pickijio- them u|) from ))en(Mith

the i)ahns as tliey fall. If .stored in a dry place and protected from

weevils, they may ])e kept for years without dc^.tcrio rating-. I)at<\s of

this type are as yet wholly unknown in our markets, })ut inasmuch

as they are often of excellent flavor,'' and are cleaner, keep better, and

are more easily gathered and packed, they can be sold cheaper than

soft dates. It is not unlikely that the best sorts of dry dates may
become favorably known and may be eaten in place of Deglet Noor

dates as a dessert fruit, especially

when the latter sort is out of sea-

son; sa}^, from April to October.

Mr. O. F. Cook suggests that

dry dates may attain popularity

as a result of the modern ten-

dency toward the use of nuts,

cereal preparations, and other

foods which do not require cook-

ing, since thcN^ would be prefera-

ble to the sweeter soft dates as a regular article of diet, and could be

had at any time of the year in prime condition.

varietip:s of dates suitable for culture in the united states.

When the writer made his last journey to the Sahara in order to

secure offshoots for planting in the Cooperative Date Garden atTempe,

in Arizona, and even when his first report ^ on the date palm was pub-

«A palm which bears dry dates of excellent quality, though of rather small size,

was imported hy the Department of Agriculture in 1889, and has fruited for some

years in the Salton Basin in southeastern California at Coachilla. This palm is

j)rol)ably a seedling and not an offshoot of a named variety as was at first supposed;

it may be called theCoachilla date, and has fruits about 1] to U inches long and

five-eighths inch wide. They are brownish amber in color, much wrinkled, and

have a dull meal bloom on the surface. The seed is small, light gray in color, blunt,

and with a more or less evident furrow on the back. The fiesh, though hard, is

free from fiber and of very good flavor, with a persisting and agreeable aftertaste.

''"The date palm and its culture," Yearbook of the Department of Agriculture,

1900; also reprinted and distributed separately,

Fk;. 3.—Wolfskin datos grown at Winters, Cat.
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lislieil, it was (loiihttiil wlictlicr tliir hot hit(!-iitH*niii^ sorts of dates

coukl succH't'd ill any ot" the jirid rt'i^ioiis of th(^ Soutliwost wliicli had

then hi'tii irrigated, and t()iist'(|iieiitly particidar attention was jj^iveii

to early-Hiatiirino- sorts, sure to ripen fully in most pai'ts of Arizona

and California. Many early sorts ha\t' heeii secured hy the writer

from till' Sahara, anion*;- tln'in the Amjiree, Tedmama, Areshtet.', llal-

looa, Teddala, Timjooert, Khar.>, Tennessin, and Hent Kehalla, and

Mr. D. (f. Fairchild has recently secuifd the llayani, the earliest sort

orown in lower Kj4y})t. Several njedium or early sorts already exist

in C/alifornia and Arizona—amon*;" others the Seewah, imported from
Eoypt ))y thi' Department of Agriculture some thirteen years a^'O, and

a munher of seedlings which ha\e originated in this country, such as

the very early Wolfskill (see lio-. 3), the moderately early Lount No.

(), and the Rennet date (see tio-. 4), which latter hua a remarkably low

proportion (I to 11) of pit to flesh. With so many early

and medium sorts to choose from, it is probable that

some can be found capable of ripenino- all along the

northern ran^e of date cultun' in Texas, New Mexico,

and Arizona, and throut>'hout the interior valley reoion

of California.

The Khars, in particular, is a promisino- variety for

cooler climates, as the fruit ripens ver}' earl}' and is of

good quality, while the plant is ver\' vigorous and easily

propagated by ott'shoots. Its principal drawback is that

tlu^ fruits are sticky, being so full of sirupy juice that

they are ditlicult to cure, and must usualh^ be packed

closelv in skins or boxes for shipment. It is not impro])able, how-

ever, that a good s3^stem of curing and packing would get rid of this

sirup and leave the dates in a condition like that of the oriental dates

connnonly sold in America.

A large numl)er of the otl'shoots of the Khars variety was obtained

in 1900, part being sent to California and part to Arizona.

The Khars oti'shoots planted at Tenipe in July, 1900, have made a

remarkable showing; nearly 10 per cent of the plants (17 out of 170)

flowered and bore a small crop of fruit only two years after being set

out. 'The Khars proved to be an exceedingly sweet, tender-skinned

date, maturing in September and October, and can probablv be grown

in cooler localities than Salt Kiver Valley."" Professor Forbes writes

that, ''judging from preliminary experience, the Khars seems to be a

good commercial date, being very sweet, and drying in ten days to

two weeks time to a firmness permitting of packing 'and shipping.

Fig. 4.—Beuuot
date, from riioe-

uix, Ariz.

« Forbes, R. H, Thirteenth Annual Report, Arizona Experiment Station, 1902,

p. 1>43.



'I'licv scciii lo he (lr\' ('iionu'li to pack wlicii ( licy jn'c (lowii lo iilxxil N.^ to

SO percent of llicir \'vvs\\ wcinht.""

T\\v Tv(\d'd\'d is imotluM- early soi'l, liaxini;- :i threat adNanta^c onci- tlic

Kliai-s in (liat its fruits can l)c cui'cd withontdillicnily. This \ aric.ty

was hrouo-lit into notice hy M. Vahia l)en Kassein. It is a xci-y larj^o

(Ijite, often 1-5 iiiclies loni^', and ri})ens al)()iit tli(\sanie time as tli(^ Rliars.

It is jis yet hut litth* known, eviMi in North Africa, hut is a very

promisino- sort. 'Vhv pahn is exceedino-ly vij^orous and hears Jarj^-o

ci'ops of fruit. 'IMiis variety is now ^rowin*^' at Temper

It has heiMi notinl on i)a<4(\<)l in ti'eatino- of tli(^ hcMit re((uirenients of

the date that hardy latlun* than early sorts ai'e ne(Mled for southern

Nevada and southwestern Texas, where thci suinniei's are long- enouj^h

and hot enouo-h to ripen even late sorts, ])ut where the winters are

sometimes very cold.

Now that considerahle areas in the Salton Basin have ])een put under

irrio'ation, there is at last open to our enterprising' fruit growers a

region superior to most ])arts of the Sahara for date eulturc*., in which

even the latest and hest sorts will ripen perfectly. It now ))ecomes of

great importance to secure these late varieties for trial, as the}' com-

prise the choicest sorts which ])i"ing the highest prices on the American

and European markets.

THE DI'XILET NOOR DATE.

Among these late sorts one in particular is worthy^ of special men-

tion, the famous Deglet Noor.'^

This so^'t is of medium or large size, oval in outline, dark amher
colored, and translucent, with a small, pointed pit. The Hesh is firm,

very sweet, and of ex(|uisite Havor and aroma. This date, if properly

liandled, remains clean, with the skin smooth, unbroken, and dry, so

that when served as a dessert fruit it has a most appetizing appeai*-

ance, very unlike the ordinar\' stick}^ misshapen dates from the Per-

sian Gulf region. A ])unch of dates showing how the dates are

attached is represented on Plate XXII (see also Yearbook, 1900, PL
LX), while several dates and a few pits, all natural size, are shown
on Plate IX.

The palm wdiich produces these dates has a slender trunk, bearing-

long, narrow leaves, which stand more upright than those of most

oth(>r sorts. The bunches of fruit have long, slender stems, which allow

them to hang down when the dates are ripe (PI. XXII). The slender,

upright leaves give this variety a characteristic appearance, which

enables it to be recognized easily even when growing with other sorts.

« Forbes, R. H., in letter to the writer, dated Tncfon, January 9, 1003.

bin French ortho<;raphy Deglet Xour; also called Deglet en nour, or Deglat ennonr.

13529—No. 53—04 3
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Tbt' fruits uikU'ii^'o ho special |)n'|)aniti<)u for the' murkot, but are

simply sortt'd and packed rarcfully in [>oxc's suitahii; for the retail

trade. Sut-h })oxes are shown in tioure 5 and on IMate X. They contain

from two-tliirds of a pound to U pounds, andan^ especially in demand
in Europe for the Christmas markets. The smaller hoxes usually reach

the larger markets of this country in ,Iamiary and sell at from 30 to 40

cents each retail, or at the rate of 45 to (10 cents a pound for the dates.

The writer was assured b}' some of the largest producers in Alj'eria

that the sui)ply did not ecpial the European demand and that lar^e

American orders were refused, while, on the other hand, at one of the

Fig. 5.—Deglet Noor dates from the Algerian Sahara, showing methods of packing for retail trade.

hxrgest wholesale and retail groceries at San Francisco it was said that

an}^ quantity could be sold at 85 cents a box (50 cents a pound), if they

could be secured before the holidays. At the same time, selected

Smyrna fios were sellino* in 1-poimd boxes for 80 cents. It is clear

that this date has little in common with the sorts which reach our mar-
kets in bulk from Bassorah, at the head of the Persian Gulf, and from
Maskat, Arabia. If these Deglet Noor dates could be sold for half

what they now bring (which would still be about ^ve to ten times the

wholesale selling price of this sort in the Sahara), the consumption

could be enormously increased in this countr} , as they would not
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(•()in])('ti^ widi the coiiiiikui (ImIcs, Iml would Im' iisrd as a clioicc, dcssci't

I'ruil and for coufccl ioiicrx .

'V\w. I)('«;-lot Noor is a \r\\ laic Nai'icly, wliicli iMMjiiircs an cnoiinoiis

anioimtof hoat in ordci- to niatiiic piopt'ily. Itdcx^s not succeed very

w(dl jit l^iskra, and oidy in (lie inlerioi- of the Saliai'a, \vliei-e the siirn-

nuM- temperatures ai-e hiLihei-, is it of the best <iuality. Thi^ fini^st

I Vo-lot Noor dates are })r()(hi('ed in the snni<en oardcns ^'^hitan " (li<^.

S, ]). ()!)) of the Souf country in the Al_i(erian Sahara (see map, Tl. II,

]). 7«)), where tlie heat is d()ul)ied l)y reflcM-tion of the sun's rays upon

tile leaves from tlie sides and from below, ))y the slopin<4' sandy sidcjs

of the excavations, in the bottom of which the date palms are })lant(d.

As is shown in considering the heat requirements of the date i)alm

(])p. ()7-()l>), this sort ma}^ not be able to ripen fully in the Salt River

Valley, Arizona, but it will surel}^ attain the most complete matui-ity

in the Salton Basin and will proba])ly ripen earlier there than in the

Sahara, which will allow the dates to be placed on the markets in

am})le time for Christmas, while in the warnuvst situations hand-

picked dates probably can be shipped for Thanksgiving. The cer-

tainty that this choice variety can now be grown in the United States

adds a new interest to date culture, and doubl:less many progressive

fruit growers will soon be planting Deglet Noor date palms, the cul-

ture of which gives every promise of being exceedingly profitable (see

]). 136). A full-grown Deglet Noor date palm has been varioush' esti-

mated to yield from -iO to 60 kilos (88 to 132 pounds) a year on the

average, and certain trees in the sunken gardens of the Souf country

in the Sahara Afield as much as 330 pounds of fruit. In the Oued Rirh

country the yield is irregular and a good crop is said to ])e followed b}^ a

poor one and then b}' a moderate one, making one good and one medium
crop every three years. It has been found b}- the French companies

that of the dates yielded by the Deglet Noor palm about one-fourth

are of the first grade, suitable for packing in small Avooden boxes (see

fig. 5, p. 34, and PL X), holding from 4^ to 11 pounds, about one-

third are second grade and are packed in the two-third pound oval

paper boxes, such as reach our markets, and the remainder, a trifle

over one-third, are third-class dates to be sold in bulk.

Unfortunately the Deglet Noor variety does not produce very many
offshoots and does not grow so rapidly as do most of the less valuable

sorts. In 1900 the writer secured 87 offshoots of the Deglet Noor,

which wcn^ planted at the Cooperative Date Garden at Tenipe, Ariz.

(See Pis. XXI and XXII). Of these 47 are now alive and growing

and in a year or two it will be possible to state with certitude whether

this valuable ^ariety will mature in the Salt River Valley.''

"One Deglet Noor palm at Tempe bloomed in 1902, but did not mature its fruit

successfully. (R. 11. Forbes, Thirteenth Annual Rei)ort, Arizona lOxpcriment Sta-

tion, 1902, page 243.) Several bloome«l in 190:5, ])ut still no fruit matured.



8() THK DATE PALM.

It would 1)0, (U'sii'ahlt' to test this sort in tlw Saltoii Basin, jiiid if [)Os-

sible SOUR' otl'shoots will ht^ secured by the Dcpartnieut of A»^riculturo

directly from the Saliara, since it will he some two or three years

before any can l)e taken from the plants now j^rowino- at 'i'emp(\"

Tlu» Deolet Noor is by no means common in the Sahai'a, and according

to Masselot* it was carried aliout two hundred and forty >'ears ago from

the oasis of IVmassin near Tou^ourt, whcn'c^ it originated, to the oases of

southern Tunis. It had then been known in Temassin oidy about sixty

years, so the variety is about three centuries old. Masselot gives the

following account of its origin as told ))y the Arabs: ''A revered saint,

Leila Noora, had the ha))it of making daily ablutions at a point in the

oasis of Temassin called ^ Blidet-Amar.'^" A seed sprouted fortuitousl}'

at this point and j)ro(luced a palm of a new sort of (legal (soft date)

which was called deoal ennoura or decrlat ennour in remend)i'ance of

the saint." Most authorities derive the name from the Aral)ic jtoor

*" light" and *' daidJ^^ or "r/tY/Z^Y," '"'soft date,-' meaning '' the date of

the light " or '' the transparent date." This is considered by Masselot

as an error, as some other sorts are more transparent; he maintains

that the name means simi)ly '' Noora's date."

THE K II A LAS DATK.

Mr. Fairchild has also very recently (summer of 1902) secured at

Bahrein otl'shoots of the famous Khalas, a date from the province of

Lahsa or Ilassa in eastern Arabia, near the Persian (hdf. Cuinet,''

in his celebrated work on Turkey, refers to it as the most delicious of

known dates.

The celebrated traveler Palgrave mentions this variety as occurring

in the province of Hassa between Hofhoof and Mebarraz in east-central

Arabia, and says:''

Hciv iind for nuuiy U'a«;iies around trrow the dates entitled "Khalas"—a word of

which the literal and not ina})i)ropriate English translation is " quintessence "—

a

species peculiar to Ilassa, and the facile priiiceps of its kind. The fruit itself is rather

smaller than the Kasseni date, of a rich andn^r color, verging on ruddiness, and semi-

transparent. It would be absurd to attempt by description to give any idea of a taste,

but I ])eg my Indian readers at least to believe that a "Massigaum" mango is not

more superior to a "Jungalee" than is the Khalas fruit to that current in the Syrian

or Egyptian marts. In a word, it is the perfection of the date. The tree that bears

it may by a moderately practiced eye be recognized by its stem, more slender than

that of the ordinary palm, its less tufted foliage, and its smoother bark. * ^ * Its

« An experimental date orchard has been established very recently in the Salton

Basin at Mecca (Walters), Cal. Several large Deglet Noor palms have beentrans-

]>lanted from Tempe to INIecca and many Deglet Noor offshoots have been ordered

from the Sahara. (See footnote, j). 110.

)

ft Masselot, F. Les dattiers des oasis du Djerid. in Bulletin de la Direction de

r Agriculture et du Commerce, Tunis, vol. 6, No. 19, April, 1901, pages 117-118.

<"Bled et Ahmar near Temacin (Map, PI. II, p. 76).

(^Cuinet, La Turquie, Vol. Ill, p. 233.

^Palgrave, William Gifford. Narrative of a Year's Journey Through Central and
Eastern Arabia, Vol. I, London, 1865, pp. 172-173.
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cullixatiim is ;in iinportniil item miihiiii: tin- iiiral occiipiil ions ni Ihissn, ils liurscst

an al»iiii<l;iiil source of w call li, :iii<l its exportation, wliicli reaches I'roiii Mosoiil on

the northwest to lionihay on the southeast, nay, I hehe\e to the A trican coast of

Zan/ihar, i'ornis a lar^e. branch of the local couunerce."

Mr. Fiiiichilcl sjiys Kuropc^iiMs ;uul Ar;il)s in tliut region jiorcc in

C()nsi(l(M-ino- i( to ju* {\w host date in ihv world. He i"iirtli(ir says:

I do not hesitate to proiioiuice it second or third only to the Dif/lct Noor, which it

even surpasses in (/rf/c lla\(»r. 1 have always thouudit t he Dejjjlct Noor a most (h'li-

cate date, hut lackiiiij: in that indescrihahU^ dale flavor which characterizes 1iies(^

IVrsian and Arabian sorts. The Khalas is a sticky date, l)ut of most unusual llavor. ''

III his r('i)ort on (lio ''Persian (iulf Dates" Mr. Kaii'child says:

The skin is a Lrolden hrown and of most delicate textun;, covering; closely the

rich ;j:oldeii flesh, which is of ex(juisite date flavor and with th<i consisttMiey of

a chocolate caramel. <'

OTHER l'l{OMISIX(J DATES.

Among luimerous other sorts secured hy the writer from various

regions in the Algerian Sahara and now growing in the Cooperati\ e

Date Garden at Tempe, Ariz., the following are especially noted for

their superior (juality, all being considered by some to equal or to I)e

superior to the. Deglet Noor in flavor.

(1) The Teddala, a ver}^ large, very early sort from M'Zal) in west-

ern Algeria (see page 33).

(2) The Iteema, a midseason date, short and round, with soft flesh,

ver}^ sweet, said to keep well; in Tunis it is ver}^ much esteemed and

is considered suitable for export.

(3) The Bent Keballa, possibly a large form of the Iteema, consid-

ered one of the best varieties in M'Zab.

(i) The Timjooert, also from M'Zab, a medium-sized red date, so

full of juice that the fruit drips honey from the tree when ripe; when
properly cured keeps well and is of most excellent quality; flesh gran-

ular with almost no tibers about the seed; very sweet.

(5) The Ilamraya, a very large, dark-red date, ripening very late;

flesh free from tiber and of good flavor; in Tunis it is the largest date

known and one of the two heaviest bearers,'^ the average yield being

220 pounds per tree.

(6) The Mozaty or Mazauty date, from the Pangh Ghur country' in

l^aluchistan, recently secured ])y Messrs. Lathrop and Fairchild. has

been highly extolled. It is said b}^ Fischer, in his monograph of the

«Mr. D. G. Fair(;hild reports that Khalas is a delicate packer and is nowadays
never exported except in form of presents. (See Bnl. 54, liureau of Plant Industry,

U. S. Department of Agriculture, 1903, j). 25.)

'> Fairchild, D. (J. Tn letter dated P.assorah, February 22, 1902.

f^ Fairchild, J). G. Persian (iulf Dates and Their Introduction into America. J>ul.

54, Bureau of Plant Industry, U. S. Department of Agricultun\ ]>. 25.

''The Areshtee is the other. (See page 26, footnote a.)

<^ Some thirteen days' caravan journey from the port of (rwadur, on the Gulf

of Oman.
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(late piihn, to Ik' "tlu' lu'sl djilf iti tln' ci'lrhi'ati'd <l:it»' ivoioii PaiKlsch-

oar/'" This variety is repurttHl l»y Mr. Fain-hild to In* one of iIm'

tinent in thr world; it '* is packed in date sy iiip in small jar> and scjld its

a oreat dtdieacy in tiio Kiirracliee market." Sneli preserved Mozaty

dates were eaten by Mr. Fairchild in February, 19(i2, at Kuria<'hee.

lie says, '-Tlun' impi-ess(Ml me tis the richest Ihuored (hites I had <'ver

tasted."''

Tin-: OKDINAKV DATKS ol' COMMKKCK.

The standard varieties of dates wliich ai-e oiown alono- tlic Shat-(d-

Ara)> River and which are exported from Bassorah to America and

Europe in enormous (quantities have recently been secured and intro-

duced into this country by Messrs. Lathrop and Fairchild. The i)rin-

cipal varieties grown for export in this region are the llalawi,

Khadrawi, and the Sayer. Of these the llalawi is doubtless the best;

it is a medium-sized, rather lit>'ht-colored, sticky date, and forms the

best orade of t\w ordinarv dates imjiorted into America. The tree

tn-ows well on an adobe soil and needs nuich water. From the ivo-ion

about Maskat Messrs. Lathrop and F\iirchild secured the Fard date, of

which about 1,000 tons a year are exported. It is largely shipptnl to

America, but it is darker colored and inferior in flavor to the Ilahnvi

of Hassorah, according to Mr. Fairchild,' whose recent ))ulletin should

be consulted for a detailed account of the varieties and methods of

culture observed by him in a trip through the oriental date regions.

VARIETIES OF DATES THAT SIIOUI.O HE SECCHEI) FOR TRIAL IN THE UNITED STATES.

There are other very promising late sorts which should be secured

as soon as possible, even at considerable expense, in order that they

mav be tested in the Salton Basin and in Arizona in comparison with

the Deglet Noor.

Among these may be mentioned the Menakher (or Monakhir) of the

Tunisian Sahara, a variety later than the Deglet Noor, with large

brown fruits which attain the length of th^ little linger. This sort is

rare and much sought after in the Tunisian Sahara, where it sells for

slightly more than the Deglet Noor, which it surpasses in length by

50 per cent and to which it is by many considered superior in qualit3^

The average vield of a Menakher palm is said to be 80 kilos or 66

pounds, only half the yield of the Deglet Noor. The otishoots are

more costly than those of tlu^ l)«^glet Noor, selling at from 4 to 6 francs

each, while those of the Deglt^t Noor cost only !2 to 8 francs, and the

ordinary sorts from 1 to 3 francs.

<i Fischer, Th. Dattelpahne, p. 26.

^Fairchild, D. G. Persian Gulf Dates and Their Introduction into America.

Bui. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1903, p. 27.

t" Fairchild, D. G. Persian Gulf Dates and Their Introduction into America.

Bui. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1903, p. 25.
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Anothoi* sort of «4i'«':il promise is llic W'nlii, of which siunph's woi'o

scciirtMl 1»\ Ml-, b'airchild in the iinirkcl of h'jiyoiiin, in west-ccnl nil

Ki»'Vi)t. This \:iri('tv is said (o coinc fioiii (h<' oasis of Secnvah, known

to the ancients as Amnion, or Annnonium, some )>()() miles to t\n\ vv(;st-

ward, in the interioi- of tiie Sahaia Desert. Tlie diite is hi-own, less

transparent than the Depict Noor, but rjither lonoiT and de(;idedly

l)roa(l(M-; tin* seiul is hluntei- and much more irre<ifular in outline. 'I'he

tlesh is yellowish, oranuiar midway ])etween the skin and the seed, and

of a most (hdicious llavor. This date had been oathered and kept,

witii no precautions against dryino- out, for at least eioht months wIk^ii

it was received at Washing-ton, })ut it was still in very o-ood condition,

except for the attacks of weevils. It seems to be a ))ett(u- keepei* and

to have a higher tlavor than the l)e<^let Noor. Nothing- is known as

to the palm which produces this date, ])ut from the quality of the

fruit it is })resuniabl3' a late-maturing variety.

Dates of a superlativel}^ good (piality are reported from Morocco,

and ^Ir. O. F. Cook'' obtained some years ago at Tangiers, from a

European official in the emph\v of the Sultan, dates which he considers

superior to the Deglet Noor. These dates were about as long as

and somewhat thicker than the Deglet Noor, but more wrinkled and

of a darker color. The}^ were covered with a Idoom and were so dry

that the flesh was firm and not at all sticky. At London a prominent

produce dealer in Covent Garden market assured the writer that the

Tafih^t dates were better than the Deglet Noors, which are also much
appreciated in England. Inasmuch as the drier grades of Deglet Noor
dates arc preferred in England, it ma}^ be that the Tafilet dates of the

London markets arc the same as the dry variety Mr. Cook secured at

Tangiers. No good dates are produced west of the Atlas Mountains in

Morocco, and any sort of superior qualit}^ must come from the Moroc-

can Sahara, very probald}^ from Tafilet, the largest and most impor-

tant ^Moroccan oasis, though Mdaghra and Tissini are also reported to

produce excellent dates. Rohlfs,^ the celebrated African explorer,

says: " The dates of Tafilet are known as the best in the whole desert;

the varieties Buskri, Bu Hafs, and Fukus are most sought and bring

the highest price."

The importance of securing a date possibly superior to the Deglet

Noor would warrant sendino- Aral) or Berber merchants to these oases

to investigate the quality of the dates and to secure ofl'slioots of the

better sorts. In the present unsettled state of trans-Atlasian Morocco
it would ))e hazardous for Americans or Europeans to venture there.

The Mirhage date of Mandala}', some three days' journey from r>ag-

dad, and the very similar but somewhat inferior Maktum of Bagdad,

'^' Oral coniinnnication to the writer, 1900.

'^ Rohlfs, (ierhanl. Ta^rehucli yeiner Keise durcli Morocco nach Tnat. In Peter-

manii's Geographi.sche Mittlieilun<,'eii, IStJ"), Heft 5, p. 175.
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art^ c'oiisidert'd l>\' Mr. Kaiivliild as In'in*^ very proiiiisinj*; sorts. The

Maktum is "a soft, sticky date witli a small stone, no liher, and a

beautiful ^oUlen-brown skin which adheres eh)sely to the j^olden,

brownish-yellow tlesh.''" It matures in Aut^ust. Unfortunately the

Mirhat»e could not be secured by Mr. Fairchild at the time of his visit

to Hatj;-dad in 11>U2, though he sent the Maktum to this country, where

it is now ^rowini"-.

The dates of Bafk and Terachabad, in Persia; of Medina'' and Tur/"

in western Ara))ia; of Kasem, in central Arabia; of Nedjed, in eastern

Arabia; of Say and Sukkot,'' in Nubia; of Dakhel, in western Ej^ypt;

of Tra^hon, in Fezzan; and of Tatilet, Mdayhra, andTissini, in eastern

Morocco, have been lauded by exi)crienced travelers, and if possible

these oases should be \ isited and otl'shoots secured of the best sorts,

since it is now possible to brin*^ even the latest varieties to full maturity

by planting- in the Salton Basin. Heretofore the uncertainty as to the

possibility of ^rowinu- the best late sorts has discouraged any attempt

to obtain the varieties from the more remote regions; but now, when

date culture is still in its infancy, is just the time when these sorts

should be secured and tested, in order that no mistakes be made and so

that only the best sorts be planted out. Once planted, a date palm can

not be changed to anothiu' variety, as can all other ordinary fruit trees,

for palms can not be grafted or budded. To change the variety it is

necessary to dig up the old trees and plant young offshoots of the sort

desired; in other words, to destroy the old orchard and plant a new one.

In view of the fact that otl'shoots arc^ now^ very expensive, and that

it costs more to plant an acre to date palms than to any other fruit tree,

and in view of the fact that date palms can be })ropagated only at a

slow rate by removing one or two otl'shoots annuidly and can not be

increased indeiinitely by budding or grafting, as with other trees, it

])ecomes very important to secure a collection of the best sorts of date

palms as soon as possible, in order that all the best varieties may be

" Fairchild, 1). G. Persian Gulf Dates and Their Introduction into America.

Bui. 54, Bureau of Plant Industry, V. 8. Department of Agriculture, 1908, p. 28.

^ "The best kind [of .Medina dates] is Al Shelebi; it is packed in skins or in flat,

round boxes, covered with ])aper, somewhat in the manner of French prunes, and

sent as presents to the remotest parts of the Moslem world. The fruit is about 2

inches long, with a small stone, and is seldom eaten by the citizens, on account of

the price, which varies from 2 to 10 piasters [about 9 to 43 cents] the pound. The

tree, moreover, is rare, and is said not to be so productive as the other species."

(Burton, Narrative of a Pilgrimage to ]\[ecca, vol. 1, pp. 400-401.)

< "The small, yellow dates of Tur * ^ * are delicious, melting like honey in

the mouth, and leaving a surpassing arriere (jout.^' (Burton, Narrative of a Pilgrimage

to Mecca, vol. 1. p. 204.)

<l "In Nubia the dates of Ibrim are celebrated, but still more so those of Sukkot

and Say, the sweet aromatic Sultani, which attain a length of 3 inches." (Fischer,

Die Dattelpalme, p. 25.

)
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t'oiuparcil aiul thai IIkm'c may he liiiic to scciii-c a siipj)!}' of oll'shoots

l)('t'oi*(» the *'riisli'" hc^iiis and wliolc rci^ioiis ai'c plaiilcd (o dates.

l^'orliiiialcly it will doiihtlcss he possihh' to scciii'c the Kliai's Tor tlui

cooler arid regions and the Depict, Noor i'oi- the hottcstdcscrts in any

(l('sii-('d nninlxTs wlicn once the demand fortlx' oll'slioots exists.

INTWODl ("IION OF SAIIAKA.N \AlMKrii:S OI" DATI': I'AL.MS IN'I'O I'HK

UNri'KI) S'rATKS.

SiMHllinm" dates \rd\v lon^" been urowin^- in ('jilifornia and Arizona,

and still lonocr in Mexico, hut oidy r(M'ently lia\'e successful importa-

tions IxHMi made of oll'shoots of date palms, ))y which alone the varie-

ties can 1)0 propagated. In 1889 the Division of Pomology of the

DepartnuMit of Agriculture imported some 51) offshoots from Kgypt,

1) from Algeria, and (> from Maskat, and, althouoh many were lost,

those sent to the Arizona Experiment (iarden in Phoenix, in the Salt

River Valley, grew well and fruited at an early age. (See Yearbook,

1900, PI. LXII, hg. 1.) It was, however, found that most of the off-

shoots from Egy])t had Ix^en falsely named; many bearing the names

of valued sorts proved to be ordinary males of no value. Some few

female palms bearing fruit of fair quality were included in the ship

ment, however, and the success of these proved the Arizona climate

and soil to be suited to the culture of at least the Egyptian sorts.

Prof. James W. Toume}^ first directed attention to the success of the

date palm in central Arizona, as evidenced ))y the production of an

abundance of full}^ matured dates, l)oth by the seedlings planted by

American settlers and by offshoots imported by the Department of

Agriculture.^' It was the success of these early importations which

rendered it desirable and feasible to undertake the recent large impor-

tations of offshoots made in 1899-1900.

Shortly after the organization of the Section of Seed and Plant Intro-

duction in the Department of Agriculture in July, 1898, attention w^as

directed to the desira))ility of securing a large assortment of correctly

named offshoots, particularly from the Algerian Sahara, whence are

exported the best dates which reach P^uropc^ and America. The Uni-

versity of Arizona and the Arizona Agricultural Experiment Station

meanwhile offered to provide a special date garden, and to set out,

irrigate, and cultivate the palms, if the Department of Agriculture

would furnish a collection of offshoots of the best sorts of dates grown
in the Old World. This offer was accepted, and in the winter and

early si)ring of 1899 the Avriter visited, under instructions from the

Secretar} of Agriculture, the oases in the Sahara Desert a))out Biskni,

Algeria. A few offshoots were secured and forwarded as a trial

'^'Toumey, J. W. The Date Palm. Bnl. No. 29, Arizona Experiment Station,

Tucson, Ariz., June, 1898, pp. 50, ih^a. 13.
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sliipiiu'nt, }Ui(l 11 hii't^i' nuiiilx'i- wjis contnictcd tOf, to l)r (IcIInfi'cd thft

t"i)llowiiit^" spiintr.

In May iind June, 1000, the writer at»iiiri went to Algeria for the

purpose of shippin*^" to Arizona the date otlshoots ])revioiisIy eon-

tracted for and to purchase sueh additional otlshoots of j^ood sorts as

could ))e had. As a result of this second visit 440 oti'shoots, consisting"

of some ^7 varieties, were obtained and shipped (see 1*1. \'I) to the

Cooperative Date (Jarden at Tenii)e, Ariz., where 884 of tin* otlshoots

were planted (see tit»-. and Pis. XXI and XXII). Of the remainder

21 were sent to Phoenix, Ariz., and 35 to the date oardens at th(^ sub-

stations of the California Experiment Station at Pomona and Tulare

and to pi'ivate orowers in California.

Fig. 6.—Cooperative Date Garden "at Tempe, Ariz. The offshoots imported from the Algerian Sahara
in VM) liav(» just l)een set out and a workman is phintins'one in the foreg^round. From negative by
I'rof. R. H. Forbes, August, 1900.

This shipment, which was the largest that ever left North Africa,

came through in two months and arrived in good order. An innova-

tion was made in packing the otfshoots. It had been the custom to send

them rooted in tubs, entailing the great expense of a 3^ear or two of

care in a nursery to got the plants properly rooted, and then heavy
freight charges on account of the bulk and perishable nature of the

plants. The writer shipped the offshoots packed simply in l)oxes

with damp moss about the bases,'' in charcoal, or in straw, with no

moisture whatever (see p. 21). A late report of Prof. R. H. Forbes,

director of the Arizona Experiment Station, who gave his close

«For fuller details see the writer's report, "The date palm and its culture," in

Yearbook, Department of Agriculture, 1900.
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personal a I (cut ion to the plant ini;' and subsiMjUi'iiLcarc of these ojlslioots,

shows that of the entire ']S4- ])lants sot out in the Cooperative Date

(ianhMi at 'Tenipe and at Phoenix, j!1>4 wei'e li\ ino-, while *.M) were dead.'^

These ii«i"ures show that oxci* 7.") p(*r cent of the ollshoots ha\(' heeonuj

Osta])lished. (See JMs. XXI and XXII.) More than SO per cent of

those sent directly fi'oin the Sahaia hy th(\ new system of ])ackin^-

lived, hut tin* a\(M"aii(* was reduced by the i)lants that had heen j^i'own

in tubs a year before^ shii)nient, of which only about i'>H ])(»r cent lived.

The otl'shoots simply i)acked in straw^ came through as wcdl sis those

carefully wrapixul a))out the bas(\ with moist moss or [)acked in char-

coal. Inasnuich as only 70 to 75 per cent of the offshoots are exi)ected

to live in the Sahai"a wIkmi they are planted in the open without pro-

tection, as was done at Tempe/' the remarkable record was made; of

securiniT the jjfrowth of more offshoots in Arizona after a two months'

yoydgi' than would be expected to live in the Sahara, and that, too,

even with the most inexpensive method of shipment that could be

imagined—that of simply packing the suckers closely together in dry

straw in ordinary' wooden cases.

This experiment has demonstrated the possi})ility of importing date

offshoots from the Sahara and placing them in th(^. deserts of the South-

west in practicalh" as good condition as when thev were cut off the

parent tree. The importance of this experiment is obvious, iov it

renders it certain that offshoots can be transported to great distances

without loss, and makes it possible to undertake the culture of dates

on a commercial scale In^ importing offshoots for planting. Doubtless

means w^ill be found to supply the demand for offshoots as soon as it

arises b}' importation from the Sahara. In the meantime many of

the best sorts of southern Algeria are on trial at Tempe, Ariz., and

doubtless some will be found adapted to the climatic conditions there.

As was previoush' noted in the paragraph on varieties, it is greatly

to be desired that the Deglet Noor and other late sorts be set out as

soon as possible in the Salton Basin, in order that there ma}^ be a prac-

tical demonstration of the suitability of this region for the culture of

the choicest sorts of dates.

THE DATE PALM AS A SHELTER FOR OTHER FRUIT TREES.

In man}^ parts of the northern Sahara the date palm is almost as

important as a shelter and partial shade for other fruit trees as it is for

its ow^n fruit. At the time of the Roman occupation of Africa these

oases were largel}' planted to olive trees, some of which, indeed, still

remain—giant stems perhaps 1,500 3^ears old. It happens that the

« Forbes, R. H. Thirteenth Annual Report, Arizona F.xperiinent Station, 1902,

p. 242.

^Marcassin. L'agriciilture dans te Sahara de Constantine. In Annales de I'lnst.

Agrononn(ine, 1S95, j). (52 of rti)rint.
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olivo is about the only otlior fruit tive which is ahlc to stand without

injury the tierce heat, intense li^ht, and the driving- sund storms of

the Sahara, and even tlie olive itself ^rows better and yields more
fruit if })lanted under the protectino- shelter of the date palm. Most
other fruit trees, such as the apricot, peach, almond, ])omei»ranate, fijj,

and jujube, can lu^ o;r()wn successfully in the Sahara only in the shade

of other tives, and do best where ^rown under the date palm. Jn the

northermnost oases of tln^ Sahara the dates are frecpiently of inferior

(piality, whereas the other fruit trees do better here than in the hotter

and diier ret>-ions farther south. Many of these northern oases have

veritabk^. orchards orowino- under the half shade furnished by the

crown of sliMider knaves of the date palms far above. This is well

shown in Plate XII, which n^presents a tio- orchard or()win»>" under date

palms at Chetma, Alo-cria. It sometimes ha})pens that veoetal)les are

gTOwn under the fruit trees, in which case it is possible to see three

crops occupying" the soil— tirst, the date palm, towering far above;

then the fruit trees, and under them the more delicate and shade-loving

garden vegetables. It is not at all impossible that in some i)arts of our

own Southwest the date palm nuiy prove very useful in the manner

above descril)ed, serving as a shelter and partial shade to more delicate

fruit trees which thrive perfectly in regions where the sunmiers are

far too cool to allow^ of the culture of the best sorts of dates.

IRRIGATION OF THE DATE PALM.

AMOUNT OF WATEK NECKSSAllY FOll A DATE PALM.

The date palm requires a continuous supply of moisture about the

roots and can not maintain itself in as dr}^ a soil as can some desert

plants. Much experience has been accunudated ])v the French planters

in the Algerian Sahara as to the amount of water necessarv to enable

a date palm to grow and fruit well. M. Jus, the celebrated civil engi-

neer, who has done so nuich to reclaim the northern Sahara by a study

of its artesian water supply, considers" that each palm tree requires

one-third of a liter (0.35 quart) per minute at the flowing well or main

irrigating canal, and palms which receive from 0.4 to 0.5 of a liter

(0.42 to 0.53 quart) per minute are more vigorous and yield more fruit

even if crops are grown underneath. If each tree receives 0.35 quart

per minute this would amount to 126 gallons per day, or about 17

cubic feet. At 1 pint per minute the dail}^ consumption would be 180

gallons, or a little more than 24 cubic feet. These data are not for

the amount of water actually furnished the trees, but for the amount

which must be allowed for each tree at the head of the principal irri-

gating canals. Of course some of the water is lost b}^ evaporation

and seepage before it reaches the palms.

« Jus, H. Les oasis de TOued Rir', Taris (Challaniel), 1884.
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]\I. Uollaiid, who lias written a nciv coiiiplctc account of the water

sii])ph' of the Alu'ei'ian Sahai'a," and who Is himself one- of the ineni-

hei'sof a linn which lias cfeated e\tensi\-e date, i)hiii(,sitions in theOued

Kill) coimlrv, in lh<' Alt^'efian Sahara, c<)nsi<h'i-s thai one-half liter

((..'):"> ((uai't) jXM- iniinite should he allow<'d to each pahn to secui'e the

best results.

M. h* connnandant Rose, hinisidf an experienced i)lantei', has pub-

lished a most detailed statement''' i'e<^ai"din<4- the practice of irri<(}i-

tion in the ( )ued Kiih (country, where tho water supply is furni.sh(;d

1)\ aitesian \V(>lls. He rcM'ommends 24 irrjo-jitions of /> cubic nutters

(Ti>2.r) oallons) (^ach, makino- 72 cu])ic meters, or 19,021 gallons during

the year. During the hot season, from June to September, inclusive,

weekly irrigations are practiced, IT in all, consuming 51 cu})ic meters,

or lo,47)) gallons per tree, which is at the rate of about 113 gallons

per day, or about 0.314 quart (0.3 liter) per minute, the lowest ot the

three estimates. During the autumn and winter 2 irrigations, and

during spring 5 irrigations, are prescribed.

W'Ikmi the suppl}^ of water is invariable, as for example the flow

from an artesian well, it is necessary to plant only the nimiber of

palms that can be properly irrigated by the available Avater supply

during the hot season, when the amount needed is greatest. Where
irrigation is practiced by means of water conducted from rivers or

from storage reservoirs in canals, as is the case in most of the arid

regions of the Southwest, it will be even more necessary to determine

carefully how nuich water can be had in summer to avoid planting

more dates than can l)e properly irrigated.

In the plantations made recently b}' French proprietors in the Alge-

rian Sahara, the date palms are usually set out 8 meters, or 26 feet,

apart, making 143 to the hectare, or GO to the acre. Some of the

planters consider this distance too small and plant about 10 meters (33

feet) apart, making about 40 to the acre, while others, among them the

celebrated civil engineer Holland, consider 200 to the hectare, or about

80 to the acre, as being the best mim])er to plant.

Taking 60 to the acre, 26f feet apart, as a good number to plant, the

amount of water needed per acre can easily be calculated. Using
Rose's estimate of 19,021 gallons per tree per annum, 3i acre-feet of

water would be required, of which 2f acre-feet would be used during

the four summer months from June to September, inclusive. Using

Jus's estimate, which puts the least amount necessar}^ at one-third

(I Kf)lland, Georges. Hydnjlogie du Sahara algerien (chemin de fer transsaharien )

,

Paris, Imprimerie nationale, 1(S94, p. 9.

'' "La ciiltiire du datticr dans le sud constantinois, par un liomme du sud," Alger.

1S9S, Pierre Fontana cl' Cie, Paris, Augustin Challaniel. 8°. 20 pp. The identity

ef the author of tliis painpldct Avas disclosed by Rolland (Hydrologie du Sahara

algerien, p. 167).
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liter (O.of) ((luirt) per minute, or ['2i\ <^ii\\ui\f^ per day, n tiilli* ovlt i

aere-foet would l)e reijuirt'd, of which nearly 3 acre-feet would he used

ill the four hottest mouths, from June to Sei)temher, inclusive. On
the hasis of Ivolland's estimate, which is also given hy Jus as the

optinuuu quantity, viz, one-half liter (0.53 quart) per minute, or lUO

oallons pel- day, some 55^ acre-feet a year w^ould l>e ivcjuired, of which

4 acre-feet would he used durint»' the four summer months, or at the

rate of H\ acre-feet per annum.

The amount of water needed per acre depends of course directly on

the luunher of date palms per acre, and in planting care should be

taken not to set out more than can he irrigated with the water supply

coveriiiii" the land.

It nuist he rememl)ered that the Hgures given above are for the

western Sahara, a region noted for its extreme dryness, where the

evaporation from a free surfr.ce of water often averages nearly one-

half inch j)er day during the three summer months—June, July, and

August. It is probable that a smaller amount of water would suffice

in regions where the air is not so dry and consecpiently where the

evaporation is less, as, for exanq^le, in the Salt River Valley and most

other parts of southern Arizona," while in hotter, drier regions, such

as the Salton Basin, even more will be recpiired. In the latter region

it w ill be well to allow only about i'2 palms to each acre-foot of water

availal)le, and this only if the water can be had whenever desired during

the sununer. This would permit planting some 50 date palms to the

acre w here -t acre-feet of water are available whenever needed during

the year.

It must be remembered in considering the needs of the date palm
that the water supply nuist be practically continuous; that is to sa}^,

that the ground nuist in some way be kept damp throughout the entire

year. It is probable, however, that the date palm does not require as

much water as do ordinary fruit trees. It is, indeed, i)robable that

owing to their having thick, leathery leaves, protected by a coating

of wax, they evaporate a considerably less quantity than would an ordi-

nary fruit tree having delicate leaves not adapted to withstand the hot,

dry air of deserti;^. It is nevertheless necessar}^ for the roots to have

« At Tucson, Ariz., the average of three years' records taken at the University gives

the annual evaporation from a free surface of water at 77.7 inches, and the average

rate during the three hottes^t months, June, July, and August, at one-third inch per

day. At Tempo, in the Salt River Valley, Arizona, a calculation by the United States

Geological Survey from imperfect data gives 91 inches as the probable annual evapo-

ration. At Biskra the careful records of M. Colombo show a mean annual evapora-

tion during the ten years from 1884 to 1893 of 2.8374 meters, or 111.7 inches, averaging

12.47 nun., or 0.4915 inch (very nearly one-half inch) j)er day during June, July, and
August. In the Oued Rirh country, where most of the observations relative to the

amount of water necessary for irrigating date palms have been made, the rainfall ia

less than at Biskra and the temp.^ratiire higher, so the evaporation is doubtless greater.
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jKTC'ss to moisl cjirtli (lu'onn'lioul the cMliic ycjir, since, ms luis \n'vi\

slated :il)o\(\ the date palm is not at all a desert ])lanl, in the sense of

heine- ahle to exist on \ciy diy soil, and would die in many of the situ-

tions in (he Southwest w here cacti and yuccas thi'i\'e.

Where the supply of iii-i^at ion watei" is limited, as at I)iskr}i, where.

Ihero is only o. h_! liter per iinnuto a\ailal)le Tor each palm and wher(5

(he soil is very heax y and conse([uently ditlicult to saturate, irrigation

is commoidy practiced ])y lillin<;- up with water a cavity

—

"dahii-"—
cxcavati^d at the haso of the tree (PI. XVII, li^r. 2, and Year])ook, IIMmi,

PI. IA\ tie-. ;j). \\'h(M-e watiM- is more a])undant and es[)ecially where

crops are thrown under th(^ palms it is customary to Hood the whohi

sui'face of the o^round, the land ])eing divided into small beds from 10

to HO feet in diameter, which are surrounded ])y a sliehtly raised rim

(PI. X\'II, fi^'. 1). When irrio-ated the whole bed is Hooded, the water

being retained by the surrounding ridge. A larger amount of water

is reijuired when applied in this manner than would ])e necessary if

poured into a trench at the side of the palm, but the alkali is washed

into the subsoil by surface flooding, whereas it is brought to the sur-

face by the trench system, which should never be followed in dang(>r-

ously {dkaline soils. In the Salton Basin in particular, where the

subsoil is often heavily charged Avith alkali, the land should alwa3's be

watered by flooding or else by deep furrows, even where the surface

soil does not contain harmful quantities of alkali."

WIk^'c there is water at a short distance from the surface within

reach of the roots, as is the case in the area a])out the Cooperative Date

Garden at Tempe, Ariz, (see Pis. XXI and XXII), at Farfar, Algeria,

in the western Zal), between Fougala and Biskra, Algeria (PI. XIV,
fig. 1, and Yearbook, 1900, PI. LIX, fig. 7), and in the Souf countr}-

in the Sahara (fig. 8, p. 69) the amount of water required for irrigji-

tion is less when once the palms have become established. They can

even exist without an}^ irrigation whatever from the surface, although

in this event they do not grow as well and bear very much less fruit,

proba])ly because of imperfect aeration of the soil about the roots and
because of the continual rise of alkali from the subsoil, as will ))e

explained in the chapter on drainage.

Well aerated running water is desirable for date palms and water-

logging of the soil must be prevented. If these conditions are fulfilled

this ])lant can live and thrive when irrigated with water so salty as to

kill all ordinary plants, as will be shown later in treating of the alkali

resistance of the date palm.

"Snow, Ililgard, and Shaw (in Bnl. 140, CaL Exp. Sta., pp. 36-81)) recommend
for the SaUon ]5a.sin iirst washing the alkali (k)wn by surface flooding and tlien jire-

venting its subsequent rise by deep-furrow irrigation. However, the date pahn is

not sensitive to surface accumulation of alkali when once established, as will be
shown farther on (see p. 117).
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lrri<j;ati()ii l)\ iinaiiN ol' llnodiiio- i> xniK'tiiiirs piuctici'd in K«;y[)t for

the (luti^ palm, as lias hccii (It)m' tor all sorts of ciops sincc^ rcMiioto

aiitiiiuity. I'lic water covers the land t*) a depth lani^ini^ from a few

inches to several feet (see PI. XI), and remains on the soil for alxmt

six weeks." This method of irrigation is not likely to proxc desiiahle

anywhere in this country mdess it he in the Hood-plain of the ('oloiado

Kiver in California and Arizona (see p. lot). It miiy be desirable to

use this method of tloodinw- in order to wash the alkali out of the sui'-

faee layer of the soil where the accumulation of alkali in the upjx'r

hiyers of the soil is so o-reat as to prevent the best <4*row th of the date

ptdu). It is of interest in this connection to note that the Ei»yptian

date })alms an* al)le to endure having- their roots submero'ed for lonj^

periods without aj)preciable injury.

Mr. D. G. Fairchild has described a very interestint>- system of com-

bined irrioation and drainat»e practiced in the date plantations along

the Shat-el-Aral) Kiver at the head of the Persian (Julf, which are

doubtless the most extensive in the world. The level valley land

along the river is cut up into small rectangles, 10 to 15 by 20 to 30 feet

on a side, l)y irrigation ditches, through which, tw4ce a day, water

Hows when the river is backed up by the tide. As the tide recedes

the water tlows out of the ditches, preventing stagnation and caus-

ing a lowering of the water level in the soil. The soil is doubtless

thoroughly aerated by this alternate rise and fall of the level of the

oround water. Bv this interi^stino- svstom of tidal irrioation, which,

without any trouble beyond the first labor of digging the ditches pro-

vides for very perfect watering, drainage, and aeration of the soil, date

palms thrive in this region where the soil is as pure an adobe as the

clay of a brickyard.^

Such a system of combined irrigation and drainage can, of course, be

applied only where a river is })acked up by high tides. No such con-

ditions occur, or at least not on any considerable scale, within the date

regions of the United States, since the region along the Sacramento

River in California where tidal irrigation can be practiced is so cooled

in summer by the cold winds and fogs from the Pacific that none but

the very earliest sorts of dates could mature. Along the Colorado

River, near its mouth in Mexico, it is possible that tidal irrigation

could be used in date culture, since the tides in the Gulf of California

are verv high and the climate and soil in this region ari^ fa\orable to

the culture of early and midseason dates.''

"Kearney, Thos. IT., and INLeans, Thos. H. Crops used in the reclamation of

alkali lands in Kgypt, Yearbook, Department of Agriculture, 1902, p. 504.

^ Fairchild, T). G. Persian Gulf Dates and Their Introduction into America. Bui.

No. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1908, p. 14.

<" However, the head of tide water is only about fifteen miles above the mouth of

the river (as may be seen on tig. 10, p. 102), and (consequently there is not room for

such immense date plantations as those described by Fairchild around Bassorah.
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111 ni;iii\ paits of ( alirornia and possiMy in some pai'ts of Aii/oiia

(li(M"(^ is ('iiouiili rainfall (o siipporl the (la(<' palm w illioiit iiii^jal ion

(s(H' p. \'2[). 'riic Wolfskin (laic palm a( Winlci's, ( al., for ('\amj)l<',

is iH'\(M- irrii^'alcd, vol hciirs ahiindanl ci-ops of ^-ood diitcs (^very ^cai".

hi ri't^ions wIum-i* (lie wintors luv, very cold it is unwise, to ii-rioal(»

late in simuncr, (^xcc*])! when n(H*essarv to keep the j)aliHs ali\(', since

ahiindanl watering' forces a lender new j^rowlli, which is likely lo ho

killtul l)y the freezers of Ihe succeeding- winter. At Tuhire, in the San

Joaijuin Valley, California, where there are from (J to 34- severe fi-osts

every winter and where the tenipeniture soinetinie.s falls as low as

IT'^ F. or lower, the <>'ardeners of the su})statioii of the Aoriculluial

PvxperiuKMit Station consider it unwise to irrigate date palms after the

month of June.

WARM IRRIGATION WATER ADVANTAGEOUS.

The growth of the date palm and the maturin*^ of its fruit are

hastened by sui)plyino- warm watcn- to the roots. For example, in

the oasis of Chetma, Aloeria (see PI. XII and Yearbook, IIXM), Fl.

LIX, fig. 8), largely supplied with water from w^arm springs having

a temperature of 1)4.1^ F. (34.5 C), the Deglet Noor date ripens

earh' in the season, especially on those trees growing near the

springs and which, consequently, receive warm water even in winter

and earl}^ spring, when the air is still cold. Biskra, near l)y and at

nearly the same level, though less protected against cold winds, is

also irrigated largeh^ from springs, but the temperature of the water

of these springs is only 70° to 81° F. (21.5^ to 27.33° C), and the

water is cooled in winter and spring ])y admixture with the run-off

from the Atlas Mountains to the north {ind by flowing a couple of

miles in open canals before it reaches the nearest date j)alms. Here

the Deglet Noor date does not mature so well as at Chetma and is not

of the best quality. The artesian wells of the Oued Rirh country (see

map, PI. II, p. 76) furnish Avater of a temperature ranging from 7().3°

to 79° F. (24. ()° to 26.1° C), and in the Souf country the ground water

to which the palms send dow^n theii' roots is much colder, having a

temperature of only 57.2° to 68^^ F. (14"^ to 20° C); but in these regions

the summer heat is nmch greater than at Biskra and usually suffices to

enable the Deglet Noor to mature perfectlv.

In the Salt River Vall(\v, Arizona, the irrigation water is conveyed

in open canals mostly shaded ))y cottonwood trees. The temperature

of the water natui"all\' varies with the season. In June, when the tem-

perature of the air ranged from S2^ to 104"^ F., Professor ]\IcClatchie

found the temperature to range from 73"-" to 94° F. in the canals and

from 82° to 88° F. in the smaller irrigating ditches. It should be

noted that in June the supply of irrigating water is h^ss than for any

other month of the year, and probalny in February, ]March, and April,

13529—No. 53—04 4
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wlit'ii ttu' c-jiiials iivv full ot" tilt' Wiitt'i' lioiii Micltiii;^' mi()\v>i «>ii tln' Mir-

roiiiidiii^" Miomitaiiis, tlu' tciiipcniturc would ht^ inucli lower.

The Saltoii Basin is sup})li('cl with water diverted from the Colorado

River near Yuma and coiuhu-ted some 4n to (Jo miles in open ditches

before it i> i)ut on the land. The annual overflow of the Colorado

Kiver oeeurs in early summer, usually in June or July, and is eaused

})y the meltino- of the snows on the Kocky Mountains in Colorado,

Utah, and Wyomino-. This cold water fortunately I'eaehes the Colo-

rado Desert at a time when the heat is oreat, so that in tlowino- in the

large open canals and in the shallow lat(M'als and in soaking throu<;h

the hot surface layers of the soil it will undouhttHlly he warmed con-

siderably before it reaches the roots of the date palms. On the whole

the conditions are exceptionallv <>'0()d in the Salton Basin, for the most

abundant supply of water oeeurs in early sununer or midsunnntM", just

when the i)lants have greatest need for it.

The annual overflow of cold waters from the melting .'iiows is dou})t-

less the principal cause of the failure of the date palms to maturi* their

fruit properly on Mr. Hall lIanlon\s place in the Colorado River Hood

plain in California, near Yuma, Ariz. (s(^g PI. XX, tig. '2). The tempera-

ture of the soil and of the air in this overflowed area and in adjoining

areas at nearly the same level is doubtless much lower than at the

town of Yuma, for instance." Kven at Yuma the .uunmer heat is less

than at Phoenix and very much les:^ than in the Salton Basin. It is

clear then that no conclusion unfavorable to the culturt^ of dates in the

Salton Basin can ))e drawn from the failure of these palms in the flood

plain to mature their fruit. Early varieties, such as the Khars and

Teddala, will pr()ba))ly rijXMi vvvn on these overflowed lands (seep. 182).

DRAINAGE FOR THE DATE PALM.

Although the date palm can withstand \'ery nuieli more alkali than

any other crop plant, it does not endure having the soil about the roots

water-soaked. Good drainage is as essential for it as for any other

fruit tree if good crops are to ])e expected, and, unless the soil drains

naturally, the superfluous water must be removed, usually by means of

open ditches or with tile drains. Proper aeration of the soil al)out

the roots is essential to ena))le the dtite palm to grow well and yield

abundantly (see p. 80). (Jood drainage also permits the alkali to be

washed out of the soil ))v means of heavy irrigation, and, doubtless,

this also favors the growth of tho palms. It is, however, worthy of

being noted that the excessivel}- alkaline water which fio\vs off in the

drainage ditches is used in some parts of the Sahara to irrigate date

palms which occup}^ land lying at a lower level. Such palms, though

« According to Mr. Bernard G. Johnson, of INIecca, Cal., there is a drainage of cold

air from the hills toward Mr. Hanlon's date plantation which renders it one of the

coldest sites in the vicinity of Yuma.
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It'ss \ iL;»)r<>iis tli:m llio^c i
»•( t'i\ iii<^" j^ood wjitcr, mcnciM lirh'ss pi'odiicc.

moderate crops of I'l'inl (sec p, US).

Ill most dale planlalions made l>y tlic P'ronch in the Siihara, <lraiiia<(0

is pro\ id(>d by means of o|)eii dilelies from "2 (o )> feet dcu']), running

IxMwiHMi altei'iiale rows of palms, oi* at distances of about r>() feet

apart (sec* 1*1. W'll, lit;-. 1). \'erv uiiusiuil conditions of draina<4-e arc

found at the oasis Fon<;ala, AIjL»'ei'ia (see J*l. XV, fij^". 1), as will ))e

explained in tr(»atinL»" of the* alkali soils colhn'ted at that place (pj). 78

and S4). The snperlliions water there runs ofi* throu<4h hol(\s in an

impervious hardpan, and the downward How of water through the

holes, induced by sui'face irrigation, has washed the alkali out of the

surface soil, hjis aei'ated th(^ subsoil, and has had niarvcdous (effects in

promoting" the oTowth and incrcasino- the yield of the date palms,

which had manat^ed to live for years before surface irri<^ation was
beoun w ith the supply of w^ater absorbed by the roots from below the

hardpan layer.

It will doubtless be found necessary to irrigate date palms about

Tempe, Ariz., even where their roots penetrate to the subsoil con-

stantly wetted ])y the water that seeps down from the irrigated fields

located at higher levels. Unless this is done the palms are likel}" to

))ecome stunted and sterile, as they were at Fougala before surface

irrigation by artesian water was commenced.

The presence of a hardpan la3"er, as at Fougala, may be advanta-

geous in providing a means of drainage through holes made under each

tree, while at the same time confining the drainage water below the

hardpan, there])y preventing its rising to the surface by capillarity

and carrving with it the alkali of the subsoil. When no hardpan
exists, as at Tempe, a certain amount of drainage can nevertheless be
accomplished, since the water applied at the surface drains into the

great bod}^ of ground water, wdiich has a practicall}^ constant level

unless raised b}' excessive irrigation. In case the subsoil is too

impervious to permit quick seepage from the surface to the ground
water, outlets for drainage water can sometimes be provided advan-

tageous! \' by putting down wells.

In most parts of the Salt Riv^er Valley the natural drainage is good
and no ditches or tile will be needed. In the Salton Basin drainao-e is

impeded l)y the impervious nature of the clay, which occurs in many
l)laces as surface soil and nearly everywhere as subsoil. Drainage is

especially desirable here, for the subsoil is often laden with alkali

even where the surface soil is free from harmful ({uantities of salts.

Natural drainage, nevertheless, will probabl}^ suffice for the date palm
in many parts of this region, provided the level of the ground water
is not raised too high by excessive and ill-timed irrigation. In some
places, whei-e natural di-ainage is insufficient, occasional ()])en ditches

will provide adecpiate drainage, especially where the soil is a sandy
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luuiii or u knini. The. hiiuls 1\ iii*^" iicjir the New Kiver or Siilton Kiver

beds, or near Mesqiiite or Saltoii Lake, can })e drained into these

lowt'i" levels, and in many other j)hices wells nia} l)e i)ut down to pi-o-

vide an outlet of drainaj^e water into the great hodv^ of j^round water

which lies from 20 to 50 feet below the surface. Thouj^h recjuired

for the l)est t^'rowth and successful fiuiting of the date palm, diaina<(e

is less necessary than for most other trees. Even if the gnjund water

of the Salton Basin rose to within reach of the roots it would not kill

the date palm, f(^r, although this ground water is very })rackish, con-

taining from 0.4 to 0.6 per cent of dissolved salts, and would kill most

ordinary plants, it is less alkaline than some of the artesian water used

to irrigate flourishing date plantations in the Ouod Kirh country in

the Sahara (see pp. SO and liJl).

EFFECTS OF ATMOSPHERIC HUMIDITY AND RAIN ON THE DATE
PALM.

An essential requirement of the date palm, in order that it may pro-

duce fruit of the best quality, is that the air be very dry during the

season when the fruit is developing. Regions having abundant sum-

mer rains, and even those having a heavy precipitation in autumn, are

unsuited to the profitable culture of this tree, but rains in winter may
be beneficial. It has usually been held that the presence of humidit}'

in the air is directly disadvantageous, but it is probable that the chief

action of water vapor in the atmosphere is indirect and results from

its peculiar action in screening out the heat from the sun's ra^^s" and

thereby preventing the temperature from going to the excessively

high degree necessary to ripen the fruit properly. The same dry air

which allows excessive heating during the day permits an equally great

fall of temperature by radiation into a cloudless sky at night and

brings about the enormous daily range of temperature characteristic

of desert regions. The date palm, however, suffers no check from

cool nights, unless the tenq^erature falls below a point somewhere

about IS C. ((J-lr.i'^ F.), and is favored b}^ excessively high tenqier-

atures, which are, indeed, necessary" for the production of dates of the

highest (juality.

Table 1, on the following page, gives the mean relative humidity at

four points where the date palm is grown, for the months of April to

September, inclusive.

"Very, Frank \\ . Atmospheric Kadiation. Bui. CJ, Weather Bureau, U. S. Dept.

of Agriculture, 1900.
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During- July uiid Aut^'ust more tluin tlii'iM' times as much luiii fjills sit

Phoenix us tit Biskni, iilthoiioh the annual lainfuli is nearly one-third

greater at the latter station.

Unfortunately records are not avaihible for the Salton Basin, hut

the very low rainfall in sprino-, sununei-, and autumn, and the exces-

sively hioli temperatures which pre\ail thei'e rendei* it certain tliat the

humiility is very slit^ht—probably sonu^what lower than nt (JhardaTa.

There is, however, as in Arizona, a well-detined rainy reason in duly

and Aiio'ust, which tends to rtiise the humiditv for those months.

KAINY WEATHER DISASTROUS TO THE FLOWERS AND Rll'EMN(i FRUITS

OF THE DATE TALM.

Besides its indirect harmful action in decreasincr the amount of sun-

shine and heat and in increasino- the amount of humidity in the air,

cloudy or rainy weather is directly injurious to the date in preventin*^

the fertilization of the flowers in sprino-, and also in brino-ino- about

the decay or dropping of the fruit when it is ripening' in autunm.

When the flowers are being- pollinated a s])ell of wet, cloudy weather,

by spoiling the pollen may hinder the setting of the fruit, though

usually the harm can be remedied by repollinating with a fresh spray

of male flowers when the weather becomes dry. In autunm the eflects

of rainy, humid weather are much more disastrous and may entail the

loss of the entire crop by causing the dates to ferment and spoil just

when they are ripening. No misfortune is more feared by the date

growers in the Sahara than wet weather at this time.

Most varieties of date palms flower in April and May in Arizona, as

in the Algi^rian Sahara, and the best sorts begin to ripen in October

and November. The following table shows the amount of rain for the

months of April and May, in spring, and October and November, in

autumn, for a number of })oints in the Southwest, and also for Biskra

and Avata in the Sahara.
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Tai!!.!': {. -.lrcr(U/t\ hH/ln'sl,<ni(! /imrsl rdliifd/l, in. inchfn, <it Jloii-criiu/ (iiid ri/x'ninf/xrasonH

of lite (l(tlf pal III <it sl<dUnix Huitahlf for (Idle culfiiir.
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V'ullt'V, in extrt'Mie soiithwt'sterii Arizona, and especially Stilton and

Maiiunoth Tank, in the Saltt)n Hasin, in southeastern California, show

decidedly less rainfall than occurs at Ayata, in theOued Kirh country

in the Sahara, where date culture is almost the sole industry arid

where the Depict Noor variety is orown successfully. Kven tin^ inaxi-

nuun rainfall in exceptionally wet years in the Salton Basin (h)es not

ecpial" the average rainfall for these critical months at Hiskra.

The numluM' of rainy days, which is a matter of considerable import-

ance in determinino- the suitability of climate to date culture, runs

closely parallel to the amount of i)r(H'ii)itation, as may be seen by com-

paring- the followiui^- records foi- Biskra and Tucson with those o-iven

above for tlu» rainfall:

Taiu.i-: 5.— Xniiihtr of rdiin/ (Idi/s at (Icstrt stutious {Jii.skrd, Ahjri'lit, and Tucson, Ariz.)

(InrimjfloweruKj und rlju'iiiiuj set (sons of the date }>(ilin.

'
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At SjiKoii, out of (lie l\\('l\(> years i-ccoi'dcd, only one had inoi'c than

()iii*-((Mi(h of an iiudi of laiii diiiiiiL^- ihc (wo iiioiilhs of (he llowci-iii^

soiisoii (Aj)i-il and May) and oidy two had over ().2S inch lainfall

(luring* the ripcnitii^" season.

At Maininotli Taid-L, out of thcsi^ (wciity-thrcc years, oidy one had

more than three-teiitlis of an inch raiid'all diirinjr the llowerinj^

season (April and May) and oidy thre(» showed over threivtonths of an

inch ])i-(>cipitation (hirin*;- October and Novendx'i-.

At l^iskra, in th(» Alu'erian Saliara, the rainfall records are avaihi))Ie

for the ten years from 1SS4 to 1S1)3. I)urin<^ this period ordy one

month during- the critical periods was rainless, viz, October, 18IK1

Oidy onc(* durin<»' the tlowerino- period (April and May) was tliere

as low as 0.31) inch rainfall, and only once during- the season wdien the

fruit ripens (October and November) was there as low as O.'U inch of

rain.

At Ayatii, some loo mih\s south of Biskra, in the Oued Rirh country,

where a specialty is made of tlu^ culture of choice Deglet Noor dates

for the export trade, the rainfall for 1S89 was '2J)2 inches; for 18!H) it

was9.o2 inches; for 18i)l,''4.1() inches; for I8im, T.GO inches; for 1897,

4.84 inches; for 1898, 2.79 inches, and for 1899,'^ 2.91 inches, an aver-

age of 4.89 inches.

The distril)ution of the rainfall at Biskra and Ayata, by seasons, in

comparison with the average at Yuma in the Colorado liiver Valley

and Salton and Mammoth Tank in the Salton Basin, is given herewith:

Table 7.— Tdhle nJioiving seasonal and annual rainfall at stations in desert regions.

Locality.

Biskra, Alperia (Sahara)
.Ayata. Algeria ( Saliara)
Yuma, .Ariz, (('olorado River Valley)
Salton, Cal. (Salton Basin)
Mammoth Tank, Cal. (Salton Basin)

Length
of

record.
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the conditions in the Siiltoii Ik^iii luv most exceptionally favonihle in

this reuurd and are niiieh better than at Ayata in the Sahara, where the

De»^let Noor date is j^rown to perfeetion for export.

SUNSHINE NECESSARY FOR THE DATE PALM.

Even in the hottest dtvsert re<^ions the date })alni does not o;row well

in the shade. In order tliat the leaves be heated to the very hi^h tem-

peratures which they require in order to function properly they nmst

be exposed without interruption to the sun's rays during the hottest

part of the day. Cloudy regions, where the sunshine is not contiimous,

and humid regions, where the heat is largely screened out of the rays

bv the water vapor in the air, are not adai)ted to the culture of the best

sorts of dates. It is not improba))le that there may be some specific

action of light, especially of the more refrangible ravs at the violet

end of the spectrum, apart from the heating ett'ects of the sun's rays,

in favoring the production of a high flavor and aroma in the fruit. ^'

HEAT REQUIREMENTS OF THE DATE PALM.

No amount of heat and no degree of dryness of the air injure the

date palm })rovided the roots have access to an adequate supply of

moisture; on the contrary the best sorts of dates can be produced only

in deserts having excessively hot weather from the time the flowers

open in April until the fruit ripens in October or November. It is a

well-known saj^ing among the Arabs that the date palm nnist have its

feet in runnino- water and its head in the fire of the sky; this is a con-

cise statement of the chief requisites for successful growth and fruiting

of this extraordinary i)lant. As was shown above in treating of the

effects of humidity on the date pahn, very dry air is necessary to

enable the temperatures to reach the excessively high point required

by developing fruits. This dr^'ness also permits an excessive cooling

of the air and surface soil through loss of heat by radiation into the

cloudless sky at night, and desert climates of a pronounced type are

consequently characterized by great daily and seasonal fluctuations,

with the result that the temperature may fall very low in winter even

in deserts where the heat is excessive in summer. The difference in

the mean daily temperatures between the hottest and the coldest month

for a number of desert stations which lie in nearly the same latitude

is shown in Table 8, on the next page.

«It would be interesting to test this hypothesis by forcing a date pahn to fruit in

a dry greenhout^e in some northern desert region in winter when the intensity of the

sun's rays is much less than in summer. The experiment could not be tried in a

humid region, because of the disturbing influence of the humidity of the air.
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Taiu.kS.— Mkiii ainiini/ r<iii'/r of Icmjui'titnrc in tlic Sdlitini Ih.scrt, Mc.sojjijlaudd, (IikI in.

thf Soiit/iirrsti III >^l(itcs.

Ijocality.

Hiskrn, AlKoria
riiofiiix, Ariz
IJau'.liui

Siiltoii ('ill

Mimnnotli 'Punk. Cul
Cihanliua, AlKiria...

Latitude.
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than on tht> tops of old ptiliiis fjir ahoNO tlie surface. Old and vi<^or~

oils trt't's niit»ht perhaps occasionall}' weather cold snaps where the'

temperature fell htdow 10 F., provided such were exceptional and

occurred oidy at intervals of many yoars. In ])ractice, then, four dif-

ferent limits ludow which i)alms would he injured l)y cold mi^ht he

set: (1) Youno- palms in active orowth would he liahle to injury if the

temperature fell stneral det^'rees hclow freezinj^'; (2) 301111^ plants not

in activ^e g-rowth and old palms if nearly dormant would })e severely

injured only hy temperatures falling* helow 15^ F.; (»^) old and dor-

mant trees would he sevendy injured only hy temperatures helowl^^ F.

;

(4) most date palms would he killed and all would he seriously injured

hy the temperature fallino- hclow 10^ F., and dat(^ culture would he

im})ossihle in regions where such tiMuperatures occurred more than once

in a decade. These considerations show that the date palm has ahout as

much resistance to cold as the Ho- tree, for example, with this imi)or-

tant diti'erence—that a li^- tree is ahle to recover and orow aoain the next

year, even if it h(» frozen to the oi-ound })y severe cold in winter.

With the date palm this is not })ossihlc, since, if the growing hud of an

old tree he killed, it is impossihle for the trunk to sprout out again.

In the Salt liiver Valley, Arizona, the temperatui*e not infrequentl}^

falls to 25^ or 22^ F., and at rare inteivals goes as low as 12'^ or 13°

F., which temperatures of course injure the date palm hut have not

killed any of the man}' fine trees growing in the vallt^v, though young
offshoots recently transplanted have heen frozen to death''.

No temperatures low enough to injure seriously even young date

palms (helow 18"^ F.) are recorded from an}^ of the stations in the Sal-

ton Basin, ^ and if the first winter after the plants are set out is passed

safely no further danger from cold need be feared.

« Even young palms seem more resistant to cokl than has been supposed, for the

severe cokl of the winter of 1901-1*, when a temperature of about 13° F., was reached,

killed very few of the Saharan datei)ahns in the eooi^erative garden at Tempe, which

were planted in July, 1900. A few of the offslioots set out in 1901 })assed through

the cold weather without being killed, thanks probal)ly to the protection afforded by
wrapping them in several thicknesses of burlap sacking. It is now very clear that

large offshoots withstand cold much better than small ones and besides bear the

long voyage better.

&The lowest temperature recorded at Salton is 20° F., with 22° F. at Mammoth
Tank, where only 9 out of the 23 years reconled show temperatures below 30° F.

At Indio in the northern and at Imperial in the southern part of the basin temper-

atures of 18° F. are recorded. At Indio the temperatures are probably lowered by

cold winds which blow down from the mountains to the north and west through a

valley-like prolongation of the desert to the northwest. The young date palms

which grow about Indio without any protection are proof that the winters are not

too severe even for very young plants. However, w^inter cold is the greatest danger

to which the date palm is exposed in the Salton Basin, and intending planters should

be careful to avoid low, cold situations in setting out date palms, for Snow reports

on January 2, 1902, at 8 o'clock a. m., a temperature of 13° F. and ice 2 inches thick.

(Bui. 140, Cal. Exp. Sta., p. 45.) A. V. Stubenrauch states that this record is for

Imperial, Cal.
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TIM'. DA'IK I'ALM l'l-()WKl{S LATK IN SniIN(J AM) KSCArKS IN.IL'KY

in LATK KKOSTS.

A \vv\ liTciit :i(l\:iMtaL:(' of lli«' dale i):iliii is (hat it (lowers late in

si)riii<»\ after all daiii'-er of fi-ost is oxer," whereas nuiny othei" fruit

tre(»s. anions them (he jx'ach, (he apricot, and (^specially th(5 ahnond,

hlooin \vv\ early and are exposed (o iiiiich risk of havinj^ the llowe.rs

or yountif frui(s killed by late frosts.

The records a\ ailahle fioin the Sahara \ivv, vei-y i)oorly calculated to

show liow much cold the date palm can stand, for the whole northern

and western Sahara is characterized by very warm winters. Tempera-

tures of — 5 to — 7" C (21.4^ to 23° F.) are recorded from date oases in the

Sahara, but the date palm is able to endures lower temperatures than

these without serious harm resulting-. The northern limit and the

limit in altitude in northwestern Africa at which dates can ])e g^row^n

are set more b}^ the deticient sunmier heat failing to ripen the fruit

than by the cold in winter.^

DRAINAGE OF COLD AIR AND INVERSION OF TEMPERATURE IN
RELATION TO DATE CULTURE.

A peculiarity of climate Avhich is of considerable importance in

relation to date culture is the inversion of temperature which occurs

in man}^ places in Arizona and California, and more markedl}^ in arid

regions where the date palm succeeds best. For example, in many
}mrts of Arizona the winters are mild enough to permit date palms to

be grown at an altitude of nearly 5,000 feet, and even as high as 6,942

feet at Supai. It is noticeable, however, that points ver}^ much lower

frequently show^ temperatures sufficiently cold to injure severely or to

kill date palms. For instance, at San Carlos, at an altitude of 2,456

«The pistache nut has the same advantage and can be grown with profit in place

of the almond in many localities where the latter is likely to lose its fruit because of

late frosts.

^It is probable that the date palm is hardier than has been supposed, and that by
selecting hardy sorts and wrapping them well when young, date culture can be ex-

tended to many of the desert regions in the Southwest hitherto supposed to be too

cold in winter for this ])lant. The experiments at the date garden at Tulare have
shown that there is a great difference in the resistance of the various sorts to cold, the

Seewah at an age of 9 years being, for instance, 12 feet high, with a spread of leaves

of 15 feet, while the Sultaneh, equally old but which had been much hurt by the cold

winters was only 4 feet high, with a spread of leaves of 7 feet. The experience of the

winters of 1901-1902 at Tempe, Ariz., has shown that recently transplanted offshoots

are hardier than has been supposed. It now becomes a matter of much imj)ortance

to procure hardy sorts of date palms (probably best to be secured in the oases of Per-

sia and Baluchistan) for planting in the deserts in thesouth western United States which
have hot summers but cold winters. Fort Mcintosh, altitude 460 feet, in south-

western Texas, and Fort Thomas, altitude 1,600 feet, in the valley of the Virgin River

in southern Nevada, both have a summer climate hotter than that of Phoenix, in the

Salt River Valley, Arizona, but at the same time colder winters. Late sorts of dates

of good (piality could be matured at these places provided they could pass the winters

unharmed (see pp. 126 and 134).
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ftrt, and nt TiU'soii, at tin I iiix ( r>it v weather station, at an altitucUi

of y,!^3(> feot, the tenipemturn tVll to 1 1 F. in IsDl, while at Diaj^ooa

Siininiit, at ahoiit 4, 111 feet altitude, some <>() miles to theeast of Tucson

and SO miles southwest of San ('arlos, the tem})eiature is not recorded

even as low as IT) F. in ls!)l." In January, ls!»l,the temperature did

not fall lu'low :*)*j? F. at Dragoon Summit, while at Wilcox, only :^<> miles

northeast, and nearly r)00 fct't lower, the temperature ftdl to J> F. A

still more striking;- example is show n hy a comparison of the temperatures

at Parker, on the C'olorado Itiver, at an altitude of {d)out 500 feet, and at

Supai, lu'jirly 7,000 feet above sea level, some l!^0 miles to the north-

east. In the winter of ISIUI and I'.MM) the temperature did not fall

below lJ6 F. at Su})ai, while the imj)erfect record at Parker shows a

mininuun of iJ8 F., that is to say, that although Supai is nearly 0,500

feet hiohor than Parker and is al)()ut <);") miles farther north, the min-

inuun temperature was actually higher at Supai in winter. Numerous

similar instances could l)e cited in California, and the "thermal belt"

alont»- the foothills of the Sierra N(n'a(la ^lountains, adjoinino- the

interior valley region, otiers some of the most striking- examples that

are known of inversion of temi)erature.

All of these anomalies are tlu^ r(\sult of a drainao'c of cold air to

lower levels. Durino- the nioht, if radiation is unhindered l)y clouds,

as is usually the case in arid reu-ions, tlie aii- next th(\oi-()un(l is cooled

rapidly and Hows from the higher levels into the valleys Ixdow, nuich

as water would. As the cold air Hows into the plains it dou))tless

tends to How under and to lift up the warm air; at any rate, all eleva-

ted i)oints where there is a oood drainaoe of air show relatively hioh

temperatures durin^- the ni^ht, while points located in the valley floor

frequently show very low temperatures, constituting- an exception to

the general rule that the lower the altitude the higher is the tempera-

ture. It will frequently ])e possible* to grow^ date palms along the

foothills where it would l)e impossible for them to succeed in the

plains a few hundred feet below.

However, high summer temperatures are essential to the proper

fruiting of the date palm, as w^ill ])e shown in the next paragraph, and

the upper limit in altitude of its culture is more likely to be set by

the insufKcient heat of sununer than l)y the severity of cold in winter.

At points situated at high altitudes, whence there is a good drainage

of air, the fluctuations of temperature are less than in the plains

below, and consequently the winters are warmer and the summers are

cooler. In order to grow date palms at high altitudes, it will usually

be necessar}^ to search for canvons or ravines with a southern expo-

sure, where the air is heated b}^ reflection from mountain cliffs as well

as b}^ direct insolation.

« All the data as to temperature at the various points named are from the reports

of the AVeather Bureau and of the State weutlier services of CaHfornia and Arizona.
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HOT SUMINIKIJS NKCKSSAin l'()l{ llll', DA'lh: I'AL.M.

Date ])alins riMjiiirc a dcliiiitc siiiii of ln'al in oidcr lo iiuiliirc their

triiit ])r()|)(M-ly, l)ii( t he amoiiiil \ari('s o-rcally for (lillcrciil soi-ts. In

i^-encral the \ imt early ri|)eiiiiii4' kinds ai'c watei'y iind unlit I'oi' di-yin^,

htMn^- more like l;il)le grapes llian like oi'dinary dales. 'I'iiey can he

orown far (o the north when* tla* suiniiKM's are not warm enouj^h.to

ripen later varieti(\s. The WoU'skill is such a date (s(h^ li<r. ;^^ p. ;{1).

The sorts ripening- in midseason can often ])e dried, hut- lack the sweet-

n(*ss and excjuisile llavor of the late sorts, su(^h as the De^'let Noor

(see p. 1^/^)). The late .sorts, and especially the one just named, i-(Mjuire

(Miornious amounts of heat in order to ripen ])roperly. Thv, I)e<^let

Koor date is produced in the oases of southern Alo-eria and southern

Tunis, where fortunately there are well equip[)ed meteoi'olooicjil sta-

tions whose records furnish a basis for a comparison of the climate

there with that of American deserts, so far as records areavailabh3 for

the latter.

It has l)een calculated by De Candolle^^ that temperatures down to

18*^ C. or G-i.tt^ F. have no effect on the flowering- or fruiting of the

date palm, and a study of the record sheets of a self-recording* ther-

mometer kept at Biskra in the midst of a date orchard confirmed

the correctness of this assumption. In other words, this relatively

high temperature is the zero point for this plant, so far as flowering

and fruiting are concerned, though it is able to grow at somewhat lower

temperatures. The curves shown in the accompanying diagram (fig. 7)

represent in a manner plain to the eye the heat conditions of Biskra,

Algeria, in the northern part of the Sahara Desert, in comparison with

those of Salton, in the lowest part of the Salton Basin. ^

The curves highest up in the diagram represent the mean maximum
temperatures, the curves in the middle show the mean temperatures

«G^ographie botaniqiie raisonnee, I, p. 371.

b The curves for Biskra for maximum and minimum temperatures are based on

averages of twelve one-half years' observations l)y M. Colombo, summarized by
Supan (Petermann's Mitth., Vol. 32, 1886, Lit. ber., p. 32) ; for the mean temperature,

on ten years' observations l)y Colombo, published by Marcassan (Ann. de I'inst. nat.

agronom., Paris, 1895). The curve for the maximum temperature for Salton is based

on the record for two selected years, 1893 and 1899, each having nearly the same sum
of heat for the fruiting season, from May to October, inclusive, as the average of the

twelve years recorded. Prof. Alexander G. McAdie, director of the Pacific coast divi-

sion of tlie "Weather Bureau at San Francisco, kindly furnished the records, as yet

unpublished, for these years. This curve is smoothed a little and is somewhat lower

than the true mean maximum, as it is based on observations taken at 2 o'clock ]>. m.,

which do not always give the highest temperature which occurs during the day.

The curve for the mean temperature at Salton is based on twelve years' f)l)servations

l>ubhshed by Professor ^NIcAdie. (California Section, Climate and Crop Service,

Weather Bureau, February, 1901, p. 4.) The curve for the miiiinium temperatures

for Salton is not based on any observations, as the minimum tenijx'ratures are not

available; the mean minimum temperatures are estimated to be as far below the mean
temperatures as the mean maximum temperatures are above.
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of the wliole (lay, and the cuivcs h)W('st in the scale show the mean
niinniiuni teniperature. In every case the clotted lines represent the

record for Biskra and the unbroken lines that for Salton. The months

of the year are marked oti' horizontidly and the dej;^rees of heat are

shown by the heioht of the curve from the l)ase. The temperatures

can be readotf in Fahrenheit at the left and in Centigrade at the ri^ht.

The heavy black horizontal line represents the zero point for the flow-

erin^v and fruitintr of the date, 18^ C. (64.4^ F.).

It is evident from the first glance at the curves that Salton is nuich

hotter than Biskra and that the daily range of temperature is nmch
greater, and as a consecpience that the minimuu is lowei* \\\ winter,

at the same time that the mean tcMuperature is higher.

KAHR.



HKAT UKQUIRKI> TO MATURE FRUIT. 05

althoiii^li \\\v /.('I'o j)()iii( I'oi' (his plant- is [Kissed hy (lie incaii tempem-
tiirc only tlirc^e W(m»Us cailici-.

The ineaii ((Mnp('i-a(iir(\ at Biskra usually I'oinains abovo 18'^ C
(()4.4'' F.) from about Apfil f) until about November )}, some 2\2 days,

or iHMirly T months. At Salton the period havin<^'a UK^an tempei-atui-e

abo\(^ IS ('. extends from al>()ut March I'J until about Nov(.'mb(!r 20,

or some 251) days, nearly six weeks lon^'er than at Biskra. As has

beiMi ali"e:idy slated, (he (lowering" season will probably beo-in a month

(\uTkm- at Salton than at Biskra because of the abrupt rise of temper-

ature in sprino-, and as the mean temperatui'e remains above 18'^ C.

(t)4.4 F.) nearly a month and a half longer in autumn, the season is

n(^arly two months and a-half longer, and, moreover, is dccid(;dly

hotter throuohout. It is evident that if the Degh't Noor date can

mature at Biskra it can certainly ripen perfectly at Salton.

AMOUNT OF IIIOAT KEQUIKEI) TO MATURE THE DATE.

The comparison of the sums of the daily mean temperatures gener-

ally employed in determining the heat requirements of plants can be

made only between regions having a somewhat similar climate, and

some botanists have gone so far as to deny entirely that any trust-

worth}^ conclusions as to the development of a plant can be drawn

from estimates of its heat requirements. To say that the sum of heat

decides when a plant flowers or when its fruits ripen has been held to

be equivalent to asserting that the other factors of equally vital

importance to the plant, such as the amount and nature of its food

suppl}', the supply of water, the amount of light, etc., have no appre-

ciable influence on its development. This criticism doubtless has

nmch force in the case of humid regions, where a variable and capri-

cious rainfall greatly influences the growth of vegetation. In rainless

deserts, however, where all cultivated plants are watered artificially

and where the sunshine is almost uninterrupted by^ clouds, the sum of

heat becomes a factor of predominant importance in the life history of

plants, and consequent 1}^ comparisons between similar desert regions

in respect to their adaptability for any given cultures may very prop-

erly^ be made by determining the sum of heat for the critical periods

of the plants in question.

The amount of heat necessary to ripen the fruits of the date palm

has generally been calculated by adding together the daily mean tem-

peratures during the months when the dates are developing, generally

from a})out May 1 until October 31, six months in all. In this bulletin

the sum above 18° C. is counted for greater convenience in making
comparisons, though generally the sum is reckoned from 0" C The
table on the following page gives the summation of effective tempera-

tures during the fruiting season of the date palm for a number of points

in North Africa and in the Southwestern States.

13529—No. 53—04 5
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Takle i>.

—

iSain of daily mmn temperatures above 18° C {(J4-4" ^''-
) for fruiliittj period oj

date palm froin May 1 to October SI, at the stations named.
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Tlic records (akcii ill Avala," Al^ci'ia, in llic Oucd Kirli (-.(Muitry,

iwv ol' jKirlicular iiitvi'cst. Tlic Depict Noor (lat(^ is there. <^r()\vii

hir<jfely i'ov exjx)!*!. and (lie ineleorolooical ()l)sei\ alioiis ai"e takei) in an

oasis Iar<^*ely i)laMted (o (his \aiiet\. K\('ii here in Ihe iiderioi- of tli(i

Saliara Desert (see niaj), Ti. II. j). TO) the sininiiers arii fn^cjuently too

cool to permit this choice (lat(», to ripcFi properly. From thi-ee years'

o))servations it is considered that a))out 'J,()()() (-. are re(|uired to rip(Hi

the Deo-let Noor datc^ satisfactorily. At Biskra the Deolet Noor is

^•l•o^^ll, hut does not id tain the siiperativoly <^o()d (juality which has

miuh' the dat(\s of tlu^ Oued Kirli fiimous.'' It will ))e noticed that

Phoenix is somewhat cooler thsm Hiskra, niakino- it doubtful whether

this date will ripen there in ordinary seasons. On the other hand,

tluM'e can ])e no doubt about the Salton Basin stations beino- hot enouirh

to l)rin<>' Deglet Noor dates to maturity, even at Indio, in the northern

edge of the ])asin, and at Imperial, while at Salton the sum of heat

durin<^ the coolest summer recorded there was greater than the average

sum for Tougourt, and almost the same as the maximum sum for an

exceptionall3Miot summer at Aj^ata, when the Deglet Noor matured

perfectly. There can then he no doiibt that the Deglet Noor date yy'dl

ripen fully in the Salton I^ashi, even when the season is exceptionally

cool. The importance of this demonstration can scarcely be overesti-

mated, since it renders it possible to establish in America the culture

of this choice date, the most expensive of dried fruits, with certainty

of success.

The date palm requires very high temperatures, very much higher

than those recorded bv thermometers exposed in the shade, and to

measure accurateh^ its heat requirements it will probabh^ be necessary

to devise a thermometer which can be exposed to the sun and which

will indicate the temperature reached by the leaves. Accordingly a

summation of the maximum temperature was made for the days from
Ma}" 1 to Octo])er 31, which it is thought will give a better idea of the

adaptiibility of a climate for date culture than does the sum of the

daily mean temperatures. In making this summation 18° C. (64:„4:° F.)

was taken as the zero point, as in tlie preceding table, and when the

daily minimum fell below that point a deduction was made for the

temperatures })elow the zero point, where they were considered as

being a setback^' and as preventing the observed maxinunu tempera-

ture from causing the growth or development it would otherwise have

done.

« Rolland, Georges. H y(lrok)«^ie du Sahara algerien, p. 416.

''Ill the oasis of Clietiiia, near Biskra, the Deglet Noor date is said to ripen per-

fectly, thanks to the warm spring water with which the oasis is irrigated (see p. 49).

<^For example, the mean maximum for October at Biskra is 27.4° C, or 9.4°

above 18° C; the mean minimum is 16.2° C, 1.8° below 18° C. Now 9.4° is 83.93

per cent of the total daily range of 11.2°, and so instead of counting 31X9.4=291.4° as

the sum for the month, only 83.93 per cent of this sum is counted, or 244.57° C.
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The following- table ^ives the results of such a suniniation of ineun

luaximuni temperatures from a nuiuber of points where date palms
grow or can be grown:

Table 10.

—

Sam of daily iruLvimaiu teinperdturcs <ihove 1S° C. {64.4° /''•) for dale season,
May to October, indumve, at the stations named.



HKAT KKQIJIKKI) To MATMRK FKIHT. 69

Noor in}i3Miftor all r\\H'n in (lie SiiK River Vjillcy. By this method of

calculatiiio', as well as hy the simiination of tli<' mean teinpcu'aturc's,

Salton heads tiie list, bein^- (hi^ hottest deseil station known/' There

can ho no (iiiostion th:it the Deoh^t Noor and other choice late soi'ts

will niatun* here and in (he other parts of the Salton P)asin.

'V\\v ad\ antao'os of (>\eessi\ «dy hot sunnner climates foi" date culture

are demonstratiMl in the Souf country in the Sahara, a rej^ion covcired

with larov dunes, sometimes .500 feethi<^h, of wind-blown sand (PI. II,

]). 'TC)), lyino- about T)!) miles eastof the Oued Rirh and probably havin^^

about the same sunnner climate as Ayata and Tougourt. The Ix^st

De*»-let Noor dates are said to come from th« Souf and are grown in

peculiar sunken gardens excavated tea depth of from 25 to 30 or even

50 feet. These sunken gardens, caUed "Ghitan" or "Rhitan" (see

tig. S), are dug down to within a few feet of the level of theground water

*LtHfe*- ..
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(liifc ort'shoots, which arc imported troni th<' Oiicd Kirh country when
needed to ])hint new wardens. A sint»lc pahn may he; wortli from $S() to

$100 and may pi'ochice as much as H^A) pounds of (hites, which hrint*; tlie

highest price of any in the Sahara. There can In^ little douht that the

superior ([uality of these dates is due to the accunudation of heat in

the still air of the sunken o'ardens by reflection fi'oin tlie hare sand of

the slopino- sides.

In the Salton Basin the Dc^ti'let Noor date can doubtless attain the

same })erfecti()n with intinitely less expense and trouble, since khe

higher sunnner temperature will t^ive the same heat in level orcliards

that is reached in the sunk(»n oardens of the Souf.

EFFECTS OF WIND ON THE DATE PALM.

In the large deserts there are frequently hioh winds which are

usually very Jiot and dry and sometimes so violent as to carry great

quantities of dust and sand. Delicate foliage is injured by such winds

in two ways; tirst, ])y ])eing lacerated by the violence of the wind and

also bruised and abraded when sand is carried; second, by the drying

action of the intensely hot, dry air, especially on halves which have

been torn or injured. Such w^inds often cause great discomfort and

even grave danger to caravans in the desert. "The spectacle is fright-

ful, the impression most painful, the danger real; sand obscures the

air and singes the face, it tills the eyes, the mouth, the ears; it hurts

the throat and dries up the water skins of the native caravans, which

are thereby in danger of ])erishing.''^'

Such winds, called ''simoons'' or "siroccos" in the Sahara, often

blow several days in succession, sometimes keeping up all night.

During such winds the relative humidity sometimes falls as low as 2

per cent at a temperature of 38"^ C, corresponding to 0.75 nun.

pressure of water vapor,* whereas the mean humidity of the driest

month at Paris, for example, is 57 per c(Mit. and at Biskra ^5 pi^r cent

(see p. 53).

Observations made by the writer at Biskra during a sirocco at 3

o'clock p. m.. May 13, 11)00, showed even less humidity. The dry

thermometer read 38.5° C. and the wet bulb sling thermometer

15.3° C, corresponding to a relative humidity of 2 per cent and

an absolute pressure of water vapor of 1.02 nun.'" Sometimes the air

is so dr}" in the interior of the Sahara that the instruments such as

have been used do not indicati^ the presence of any water vapor

whatever.

" Eolland, Georges. Geologic dii Saliara algerien, p. 225.

^ Maysart, Jean. Un voyage botanique an Sahara. In Bui. Soc. Roy., Bot. de

Belgique, vol. 37 (1898), I, p. 273, observations made near Ouargla at noon, May
23, 1898; the wet-bulb sling thermometer registered 14.2° C, which gives nearly 7

per cent relative humidity by Prof. C. F. Marvin's tables (Weather Bureau Publica-

tion No. 235, 1900).

<^ Calculated bv Prof. C. F. Marvin, Weather Bureau, U. R. Dept. of Agriculture.
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Such winds Ikinc ho l);i(l iiilliiciicc on (he (l;il(> puliii, hut on th<' con-

ti'uiy l":i\()i" the piopcr nuilurin^' ot" (lie I'luil in legions whc.rc. the sea-

son is short ;ni(l somcoascs in iiortlicrn hititudcs fail to picxhicc a crroj)

if the hot winds do not l)h)\\ rr(M|U(Mit 1 v." Thc.datii trunk is so stron*^

and (dastic and so tinuly attacdicd by the corddikc roots that it is an

i^\ti'(MU(dy rar(^ occurrence for a palm to l)e ]>roken or hh)\vn over hy

the h(»a\ icst i^al(\s, ahhouoli {\n\ crown of h'av(\s at the to}) of the slen-

(Um* stem (^\pos(\s tlu^ (ruidv to th(\ j^-reatest p()ssil)h'. strain. The l(»aves

:ir(» \ (MT touinh and str()n<*' and are vei'v seldom torn by the wind oi'

l)ruis(Ml l)y siiikL The only harm heavy windstoi'ms (h) is to intei't'cre

witii the setting" of the fruit ])y l)U)win<»' tlie poHen away. 'I'his injui'v

can usually be remedied by r(»[)()llination after the storm is over. In

tlu^ Salt River Valley, at Tucson, and at mauy other points in southern

Arizona, the averai>(> wind velocity is low and wind storms are infre-

(pient, so the date palm has in these regions no particular advantage

over other plants l)ecaase of its ability to support wind and sand storms.

In th(> Salton Basin, however, the case is difterent, as rather heavy

winds arc not uncommon, and dust and sand are often carried in consid-

erable amounts. These winds are, however, certainly not so severe as

in the Sahara and Avill in no way interfere with successful date culture.

It seems, howev^er, that in the great date region about Bassorah, at

the head of the Persian Gulf, the "shamel," or hot wind laden with

dust, ma}^ do great damage. Mr. Fairchild states * that '

' if this (shamel)

occurs before the dates have sufficiently matured it dries them up and

covers them with dust, checking their development and soiling them

so that they are refused by^ the European and American importers.

Last year's crop (1901) was seriously injured in this way, and the

export was reduced from nearly 2,000,000 cases to about 1,000,000."

It is conceivable that the enormous losses occasioned in the Bassorah

region by hot, dust-laden \vinds, which are nowhere else reported to

have so deleterious an action, may be due to the peculiar character of

the climate at the head of the Persian Gulf. The proximity of the sea

causes the humiditv to be much greater here than in most date-growing

regions, and this unusual humidity may^ perhaps render the develop-

ing dates peculiarly susceptible to injur}^ by desert winds, possibly by

rendering their surface sticky and thereb}^ causing the dust carried

))y the wind to adhere to them.

The cold northwest winds which often blow for several davs at a

time during the winter and spring in the Algerian Sahara'' and the

(' At the oasis of Klia])is in Persia dates do not ripen well unlesH tlie hot, dry, desert

wind l)lows at least forty days during the sunnner. Abbot, cited by Fischer, Die

Dattelpalme, p. 55.

'^Fairchild, I). G. Persian Gulf Dates and Their Introduction into America.

Bui. 54, Bureau of Plant Industry, U. S. Department of A<>:riculture, p. 28, 1903.

< Holland, Georges. Ilydrologie du Sahara algerien, p. 410.
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cold iiortli Hiid east winds in southoin Tunis" are said tu liindei- the

pollination of the datepahn. When they occur in summer they retard

the maturino^ of the fruit and may even cause it to drop. In Seistan, in

the plain of southern Persia, at an altitude of 1,800 feet above the sea

level, in the same latitude and altitude as llourishino- date oases in the

Sahara, date culture is entirely prevented and all other fruit cultures

rendered impossible excei)t in the shelter of hi^h walls by the " Hadi

sado biat/' or ''120-day wind/' a violent, bitterly cold northwest

wind wdiich blows from the spring ecpiinox until about fluly 20. '^ This

wind would destroy the flowers of the date palm if they were exposed

to it, and as the date palm can not easily b(^ protected by walls, its

culture is not attem])ted in this region, thouj^h it is followed in oases

lyino- ut hiohor altitudes far to th(^ north which ))y their position in the

shelter of mountain ranoes are })r()tected from such winds. It is pos-

sible that in sprint^ cold winds may occur in the Salton Basin, but they

are probably less violent than in the Sahara, and are of course not to be

compared to the ''badi sado biat" of Seistan.

RESISTANCE OF THE DATE PALM TO ALKALI.

The date ptdm has lon^- been known to withstand larg-e quantities of

alkali,'' and sonii^ have even claimed that a certain amount of salt in the

soil is beneficial to its growth.'' As to how much alkali the date })alm

can resist and still grow and bear fruit in profitable quantities practi-

cally nothing definite is on record, notwithstanding the fact that hun-

dreds of thousands of dollars have been invested b}^ the French com-

panies in plantations of date palms in the oases of the Algerian Sahara

where alkali abounds. A])parently the date palm is so enormously

resistant that it has not been necessary to pay nuich attention to the

amount of alkali in the soil where it is grown. It has been planted on

soil of practically all degrees of alkalinity and irrigated with all sorts

« Masselot, Les dattiers des oasis dii Djerid. In Bui. Direct, de 1'Agriculture et du

Commerce, Rcgence de Tuni^, vol. 6 (1901), No. 19, p. 121.

&Bellew, H. AV. From the Indus to the Tigris, London, 1874, p. 239.

<'The term alkali is ai)plicd rather loosely to the more readily soluble saline matters

which accumulate in the soils or in the water of desert regions. In spite of the name
such salts are mostly neutral in reaction, consisting cliiefiy of chlorids, sulphates,

and nitrates of the bases sodium, potassium, and magnesium. Only the carbonates

of sodium and potassium, constituting the nuich-dreaded " black alkali," are strongly

alkaline in reaction, and because of their caustic nature much more deleterious to

most plants than are the neutral salts or "white alkali," Avhich latter are injurious

chiefly indirectly by rendering the soil water tc^o concentrated a solution and thereby

unfitted to nourish the roots.

<' Ibn-el-Fasel, an Andalusian Moor, whose book, written in the twelfth century,

unfortunately has been lost, is said to have given the exact amounts of salt which

should be mixed with tlie manure for date pahns. (See Cusa, Salvatore, in Archivo

storico siciliano, I, 1873, p. 356.

)
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of water, from ix^hh[ driiikiiij;- water to \'ei"itMl)le hiMiie containing' 1

per cent of saline matters. It is the. ciistoni lo i)i()\ ide foi" drainaj^e,

usualh' l)\' means of open dilelies, in the, oases lia\ in;;' much alkali in

the soil oi- in the water. If the drainage is <4'ood, abundant irrit^atioii

has the elleet of wjishini;- the, excess of alkali out of the soil. I lowever,

ev(Mi in such situations there has ])een litth^ study of the best nutans of

))iH'VCMitino- tlu^ accuuudation of alkali or of washin<^ it out of thc^ soil,

and many of tlu^ planters have no comprehension of its action on the

date palm.

INVESTKJATION OF TIIH AI.KALT-KESISTIN(J 1»()\VKR OF TIIF DATK PALM

IN THE SAHARA.

Jn view of the entire al)sence of trustworthy data as to the alkali

resistance of the date palm, the writer determined on the occasion of

his last visit to the Sahara Desert in 19(H) to make a study of the soils

in the date plantations in order to deterinine the amount of alkali these

soils contain and what effect it had on the growth and fruiting of the

date palm when present in excessive quantities. Samples of soils were

secured in five different regions in the Algerian Sahara (see map, PI.

II, p. 76), representing several different methods of culture and drain-

age and showing all degrees of alkalinity. Through the kindness of

Prof. Milton Whitney, Chief of the Bureau (then Division) of Soils of

the Department of Agriculture, who also furnished instruments for

collecting and studying the soils on the spot, these samples were ana-

lyzed by Mr. Atherton Seidell in accordance with the methods usually

followed in the Bureau of Soils, namel}^, by digesting 50 grams of soil

in a liter of water for twent^^-four hours and then anah^zing the super-

natant solution. The analyses made in this manner do not rcDresent

accuratel}^ the conditions existing in the soil water, since the amount
of the slightly soluble salts, especially gypsum, reported is far in excess

of what could dissolve in the soil moisture, which in the rather sandy

loam of most of the Saharan oases would constitute about 8 to 15 per

cent of the weight of the soi^l, whereas in the method followed in mak-
ing the analyses about 150 to 200 times as much water was used. In

this ])ulletin, therefore, the analyses of Mr. Seidell have been recalcu-

lated in order to represent more nearly the conditions existing in the

soil. The amount of calcium sulphate that goes into solution in the

soil moisture has been estimated at 0.05 per cent in all the anah^ses,

except where large amounts of other sulphates were in solution, when
it was estimated at 0.02 per cent. The amount that dissolves undoubt-

edly varies somewdiat, depending on the quantit}" and nature of the

other salts present in solution. However, the amount here estimated

is not far from the quantity actually present, and its inclusion in the

analyses renders them much more useful than to omit the gypsum
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altoi^vthi'i-, or to iiicliulc the very iiiiuli hir*^'er aiuoiuits reported in the

oriu;inal analyses."

The solul)ility of t^ypsiun in the soil moisture is dillieult to estimate,

osiHH'ially in the presenee of lar^-e amounts of other salts in varyin<^

})ro[)ortions. The researehes of Doctor Cameron and Mr. Seidell/' of

the lUireau of Soils, show that in pure water at 25'^ C. the soluhility of

ealeium sulphate is about n.^1 per eent,or *J. L ^-ramsof calcium sulphate

per liter of water, which would c([ual o.ijT i)cr cent of j^yi)sum. In a

1 per cent solution of common salt 0.44 per cent of uypsum is dissolved,

and in a 4.9 per cent salt solution 0.75 pei- cent of oypsum. ]\\ maj^-

nesium chloride an even t»-reater soluhilitv was observed and in a 10.5

per cent solution of this salt 11. lo per cent of gypsum dissolves. On
the other hand, salts which yield either calcium or sulphuric acid ions

on solution decrease the solubility of oy[)sum. In a 1.54 per cent solu-

tion of sodium suli)hate only 0. Ul pei- cent of gypsum is dissolved, though

in a stronger solution more is taken up until, in a 22.2 per cent solu-

tion of sodium sulphate, 0.2() per cent of gypsum is dissolved. Calcium

Cidorid in solution depresses even more the solvent power of water

for gypsum.

Estimating the water content of the Saharan soil, uiostly sand}^ loam,

at 10 per cent on tin* average, and the solubility of caluium sulphate at

0.5 per cent (equal to 0.0 per cent of gy})sum) on the average in the

salts such as occur in the Fougala and Oued Kirh i'(\gion of the Sahara,

the amount of calcium sulphatt^ to be counted as alkali would be 0.05

per cent of the weight of tlu* soil. When there were hirge amounts

of sodium sulphate present, as at Chegga, the amounts of calcium

sulphate would ])v much l(\ss, prol)ably about 0.02 per cent (equal to

0.025 per cent of gypsum) of the weight of the soil.^"

This method of expressing the amount of alkali is the one most

easily applied where the analyses are made by extracting the alkali

with an excess of Avater, but it is ver}' doubtful whether it gives a cor-

''' In most alkaline soils the ])resen('e of gypsum is advantaiivous by ])revontint; the

formation of the very harnifnl carbonates of sodium and ])otassium (see pp. 101 and

119) by neutralizing the i)oisonous effect of the salts of magnesium (see p. 89).

The physical action of alkali in rendering the soil water too concentrated to sui)port

the roots of i)lants is, however, exerted as much by gypsum as by any other salt in

solution in ecjual amounts,

^ Cameron, Dr. Frank, and Seidell, Atherton. lUd. No. 18, Bureau of Soils, U. S.

Department of Agriculture, pp. o9, 40, and 4()-57.

<'Mr. Seidell's original analyses are given in every case as a footnote in order to

facilitate any comparisons which students of alkali conditions may desire to make
with analyses reported in other ways thari has been done by the writer. As a result

of this slight emendation the analyses are brought into such shape that the results

may be compared, without danger of serious error, with the determinations of alkali

made by the electrical method, on which data all the newest and best maps of the

alkali lands of the Southwest which have been issued by the Bureau of Soils have

been prepared.
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rod i(l(^a ot* I lie alkiili condilioii of llic soil in iclatioii lo crop pi'oduc-

tioii, since the most im))oi"l:iMt factor in I'cfciv.nco to plant growth is

the do<»;i'(M> of conccnl ration of the soil nioisturc. Inasiinich as thn

\vat(M- cai)acity \aiics oi-catly in dillci-cnt types of soils it is easily

possible that two soils hiivin^- the same percenta^(> of alkali by weioht

may diller \ov\ on^atly in tiieir a})ility to sup})ort (;i"o[) plants sensitive

to alkali. Thus in a coarsi* sandy soil havin^- a low water content tlie

concentration of the soil moisture may he three or four tim(;s as ^nvdt

as in a heavy clay soil having- a coi-r(;spondinoly o-n»{itei' water cai)acity.

Fortunately it is now p()ssi})l(», to determine (piickly and accurately

the deirree of concentration of the soil moisture with the inofcnious

instrument devised by ]*rofessor Whitney and Mr. Brings, J)y meas-

ui'ino- the electrical conduc^tivity of a column of soil saturated with

wat(M".^' AVhih^ this method shows approximately the degree of con-

centration of the soil wat(M' to Avhich the roots of plants would })e

exposed, it gives no indication as to the composition of the alkali,

which often varies greatly in soils onl}^ a few rods apart. Inasmuch

as different sorts of alkali vary greatly in their poisonous action on

the roots of plants, the needs of the biologist and agriculturist would

be served best by the employment of both methods, the electrical giv-

ing the concentration of the soil water; the analytical, its chemical

composition. At the same time a physical analysis of the soil show-

ing the water capacity would be useful in forecasting the danger of an

increase in alkali content through the evaporation of saline irrigation

water or by a rise of alkali from the subsoil.

The soils secured from the Sahara, Avith the exception of the one

above mentioned from Biskra, were all similar in nature, being com-

posed of sandy loam or line sand. In consequence the results of the

analy^ses reported in this ])ulletin are fairly comparable one Avith

another and are not likely to lead to an overestimate of the alkali-

resisting power of the date palm, since the water capacit}^ of these

soils is low, and as a result of this the concentration of the soil water

is high in proportion to the percentage of alkali present in the soil.

The limits of alkjili resistance worked out in this bulletin are then

directly applicable to the soils best adapted to date culture, viz, sandy

loams, and for all other heavier soils are below rather than above the

true limit.''

"This method depends upon the degree of ionic dissociation, rather than the total

content of dissolved substance, and gives the best physical measure of the relative

concentration and toxicity of solutions of similar composition.

^ Very coarse sand would have a lower water capacity than the Saharan soils here

studied, but alkali leaches out of coarse sand very easily, so that in such soil a dan-

gerous accumulation of alkali is not common, though if present the limits here

determined for the alkali lesistance of the date ])alm would be too high because of

the excessive concentration of the soil water in proportion to the percentage of alkali

present.
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The very unusual ability <>!' the tlate palm to withstand alkali is of

tlu' utmost imi)oi'tanct\ siiirt» it permits it to he j^rovvii [)rolitahly iti

soils uiitit t't)r any other payini^* crop and \vlu;re ordinary vegetation

tan not t»;rovv at all. The date palm is also of j^reat value in aidin<( in

the reclamation of alkaline lands; for once planted to dates and rej^-

ularly irrigated the soil improves by a washing- out of the alkali if th(^

irrigation water is of oood (piality and if drainaj^i^ facilities exist. The
im|)ortance of the alkali-resistino- power of this plant is so great that

the results of the examination into the alkali conditions in the Alc^erian

Sahara are oiven in detail, as they constitute the most trustworthy

evidence so far in existence as to the amount of alkali th(^ date palm

can stand without injury.

ALKALI CONDITIONS IN KELATION TO DATE CULTURE AT BISKRA, ALdERIA.

The lirst important oasis i)lante(l to date i)alins seen in entering the Sahara by

the railway is at 101 Kantara (see nui]>, PI. II), where a narrow gorge separates tlie

Algerian high plateau from the Sahara, and in a few moments the train passes from one

region to the other. At El Kantara, however, the date palm is chiefly valuable in

furnishing a shelter and partial shade to other fruit trees, and it is at Biskra that the

date palm is th-st seen under conditions permitting its best growth. This oasis con-

tained some 95,000 ])alms in 1SS2, and now has a total of about 100,000 bearing

date palms. The two near-by oases of Filiache and Chetma contain 35,000 more.

Biskra is situated in a plain near the west bank of the Biskra River. The irrigation

water is furnished by large springs, situated in the bed of the river, which yield

about 13,000 liters, or 3,434 gallons, per minute. This water has been analyzed fre-

quently, with fairly concordant results, the content of dissolved salts being given

as follows by various chemists: Vatonne, 0.210 per cent; Buvry, 0.223(5 per cent;

Lahac'he, 0.226 per cent; Moissonnier, 0.234() per cent.

The detailed analyses by Moissonnier and Buvry are as follows:

Table 11.

—

Composition {in percentage, hi/ weight) of spring ivater used for irrigating

the oasis of Biskra, Algeria.

Authority.
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oasis, ('it lu'i- iiHlii'fclly by mowiii.u crops iiccdiiii: :il>ini<l;iril irii;i;irn»ii Ixiluccn tlu;

jKilnis, or directly in soiikiujj: the jj;r()Uii(l alxmt liif \vrt-<. It is doiihtlosH because! of

tlie very low iilkali contentof the irri<;ation water in winter and th(! only niodcrato

content in snininer that the alkali is not tronblesonie in this oasis, althoiij^di siirfa(;(!

floodini; is never practicecl, watei- beiii;; a|>|ilieil in excax alions calle<l "dahir," hoid-

injj a barrel or more (IM. W'll), which an; made about, the bas(! of the tree; (sec

p. 47). Biskra has clay soils of ^Teatdepth" (as much as 40 feet) and this driubt-

less constitutes an additional reason f(»r ini;:atin;,' by means of dahir, since such

soils are ditlicultly permeable for water and hav(! a jjjreat water capacity, so that if

irrijxation were practiced by iiooding the whole surface the water would largely be

evaporated or absorbed by the surface layers of the soil, and only a small projKjrtion

would ever percolate U) the roots of the date palm, especially in summer, when th(;

supply of water is scanty.

Station No. 1, where soil samples were secured, was in a ^'arden ])elongin<; to the

Victoria II(»lel, some 25 feet away from a centnry-old date palm (see PI. XIII j, an<l

near a vi.ij:orous young Dejrlet Noor palm (see fig. 1, p. 16). Alfalfa and ])nrr clover.

{Mcdicago dadicidata) were growing where the sample was obtained. The subsoil

was a stiff clay.

The percentage of the weight of the soil soluble in 20 times its w'eight of w'ater was

0.42 for the surface foot and 0.40 for the subsoil. The following salts were found by

Mr. Seidell:

Taijlk 12.

—

Amount and nature of salts soluble in excess of ivater in soil from date garden
at Biskra {expressed in percentages of the total weigld of the soil) .^

Depth.
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till- «latt' {(iihii would \>v ablf to ^row as wt*ll as in the Sahara ouhIh, niiu'e the irritat-

ing water here is of better tjuaHty tlian at liiskra."

ALKALI CONDITIONS IN KELATION To DATE CULTUKE AT F01<;ALA, AL(;EKIA.

In i>n)eee<ling west from Biskra one traverses the so-called Western Zal»,'' whieli

is tii"st seen beyond a low mountain range, the Djebel Mendjenaib, a< Ijoining Jiiskra

on the west. The Western Zab, or more accurately, the Zab Dahri (Map, I'l. II,

p. 76, and PI. XV), is a tiat plain, 120 to 172 meters above sea level, which

slopes gently to the south or southeast. To the north the i)lain is limited by the

foothills of the Atlas Mountains, which ri.se rather abruptly. Throughout the

AVestern Ziib, at least along the route followed between Biskra and Fougala (see map,

ri. II), there are practically no surface indications of water, the vegetation ])eing

very scanty, consisting mostly of the "'Zeita" bush { LiiiKfiiidstrnui (jni/oniannm),

which usually indicates the presence of nuich gypsum in the soil where it grows

(see Yearbook 1900, V\. LIX, fig. 5). In extremely alkaline spots where chlorids

predominate the Zeita ilisapi)ears, and is replaced by saltbushes (Atriplex), sam-

phires (Salicornia), etc.

Tliere occur throughout the Western Zab occasional large springs which are used

to irrigate many oases situated at a somewhat lower level to the southward. Begin-

ning at Farfar there is seen a most characteristic and most curious system of date

culture. The young date offshoots are planted at the bottom of pits about six

feet s<piare, and from 4 to 8 feet deep (PI. XV, fig 1). An ins])ection of a freshly

made ditch, or "bir," as it is calknl by the Arabs, shows that the ditch is ju.st deep

enough to penetrate an impervious hardpan, composed of marl and gypsum. Below

this stratum water is found and the palms are so planted that their roots can easily

penetrate to the water level, and after once gettiitg established they are able to grow

without being irrigated from the surface. As the palms grow older the ditches are

slowly tilled up, the palms in the meantime sprouting forth rooti^ all along the lower

part of the trunk. In some cases very old trees are seen to be banked up instead of

being planted in ditches (PI. XIV, tig. 1). Curiously enough the trees i)lanted in

such pits are often irrigated, although their roots are in contact with water. As will

be shown later on, this is doubtless done in order to aerate the subsoil and to wash

out the alkali, which would otherwise be left at the surface by the evaporation of

the moisture brought to the surface by capillary attraction. When irrigated, there

is of course perfect drainage through the bottom of the "bir" to a practically fixed

water level below.

At Fougala a French company purchased an entire oasis containing thousands of

old bearing date palms, and has made in addition extensive new plantations. This

proiierty comprised in 1900 some 203 hectares and contained about 18,000 bearing

date palms and (),000 young trees not yet in bearing. On this property irrigation

has been practiced on an extensive scale, although the older palms were grown by

planting in i)its as pre\iously described, and were irrigated when young by the Arabic

method, namely, by raising water from shallow wells by means of buckets attached

to sweeps ( " kitara" ) <" (PL XIV, tig. 2). The wells on this property are from 9 to 12

feet deep and are from 6 to 8 feet square. They yield about 35 gallons per minute,

for some three hours, by which time the water is usually exhausted. These sweeps

are run at this rate by a single Arab, although on some wells there are double sweeps,

and then two Arabs work side by side. The water from such wells is poured into

a large receptacle called "jabia," from which it flows into irrigation ditches. In

« Biskra w^ater contains from 0.075 to 0.235 per cent of alkali and is worst in sum-

mer. (See p. 76.) Colorado River water used to irrigate the Salton Basin contains

from about 0.021 to 0.125 percent of salts and is best in quality in midsummer, when
the flood occurs.

^ Marked Zibane in the map, PI. II, }>. 76.

c See also Yearbook 1900, PI. LXI, fig. 6.
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:i(l(liliuii l(. tliof native wrils llic ( '<»iii|)anic (Ic l'< >uci| llirli has |.iit down M-vcial arte-

sian wells " w 1 1 icli are some SO met ITS dee] > and yield from T)!) to 75 gallons of flowing

water jier minute, w hieii is (•on<lnete(l directly into llu! irrigiifion ditches. This watcM"

is remarkably pure, containing very nmcli less sails in solution than the artesian water

of the()ue<l Kirh country <ir that of Uiskra. A rough test of its electrical conductivity

indicate(l the presence of about O.OSf) per cent of dissolvcid salts.

The effect of irrigation with this water is mar\('Ious. ()1<1 dale palms which had

made a slow and stunted growth and which had fruile(l hut littU;, at onci^ grew

luxuriantly when irrigated and began to bear heavy crops of fruit. Inasnnich a.s

these trees had their roots in constantly moist layc^'K of earth, th(> effectt of irrigation

was in all proltability <hie not so much to the increased supi)ly of water an to otlurr

actions brought about by irrigation. In the lirst place, the structure of th(> soil and

the manner in which the date jtalms are i)lanted in pits which ])enetrate the hard-

j)an, below w Inch standing watei- occurs, hinder the aeration of the subsoil and at

the same time favor the accumulati(tn at the Hurface of the alkali dissolved by the

capillary currents of water in ascending through the strongly alkaline soil. On the

other hand, irrigation with the remarkably pure water furnished by the deep arte-

sian wells would tend to have exactly the opi)Osite effect, namely, the subsoil would

be aerated liy means of the water which had been flowing in surface ditches, and

secondly, the watering of the <late palms with an abundant supply of pure water,

coupled with a perfect system of drainage by means of the holes through the imper-

vious subsoil^ over which the trees are planted, would bring about the Avashing out

of the alkali from the soil, especially where the trees were irrigated frequently and

with large amounts of water. The hardpan would tend to confine the alkali and

prevent its rise between the trees after it was once washed out of the soil.

Although the date palm can grow, as will be shown further on, in soils containing

as high as 3 per cent of alkali, even when irrigated with strongly brackish water con-

taining over 0.6 per cent of salts in solution—it being in fact able to endure more
alkali than any other plant cultivated in the Sahara Desert—there can nevertheless

be no doubt that its growth is retarded and its fruitfulness lessened by the presence

of large amounts of alkali in the soil or in the irrigation water. It was noticeable at

Fougala that the trees which were grown in the most alkaline parts of the oasis, and

especially where surfaces irrigation with pure water had not been practiced, were

stunted and showed a pronounced yellowish color of the leaf and especially of the

leafstalk. This was later seen in the oases in the Oued Rirh country, and it would
seem to be an indication of an excess of alkali beyond the amount which the trees can

endure w^ithout noticeable injury.

An effect of pure water similar to that observed at Fougala has been noticed at

Koseir, in the Egypto-Arabian desert, on the shores of the Red Sea, where Kiunzinger

reports ^ that dwarfed date palms 80 to 40 feet high grow on the very alkaline soil

and were nourished by very brackish water, but yield crops of small l)ut very sweet

dates only in good years after heavy rains. The acti(jn of these heavy rains probably

would be much like that of the irrigation with the pure artesian water at Fougala.

"The natural springs in the Western Zal), according to Holland (llydrologie du
Sahara), are supplied from the same source that feed.' the artesian wells, viz, the

water carried in the cretaceous strata which are upturned, in the Aures ^Mountains

limiting the Sahara on the north and which underlie the whole northern belt of the

Sahara. The water of these springs soaking into the soil feeds the superticial layer

of water which directly underlies the hardpan at Fougala. Very prol)ably this

hardpan has been formed by the action of this standing water.

^ Professor Hilgard has noted the drainage through holes in the hardpan in the

San Joafpiin Valley in California. Bui. No. 88, California Kx]»eriment Station.

< Kiunzinger, C. I>. Die Vegetation der egyptisch-arabischen Wiiste bei Koseir,

in Zeitschrift d. Gesellschaft f. Erdkunde, Berlin, vol. 18 (1878), pp. 432-462.
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It la ilittieult to nay liow much of tlie IftUfficial effect ol>Herve«l in Fou^ala innn

HurtiUf irri^'atioii i.s due to tlie l»t'ttt*r aeiatioii ot" the subnoii thereby Ijrou^ht al>out.

There ean, however, be Uttle (h)ul>t that the date i)ahu in diHtiuctly favored by a

proper aeration of the Hoil in wliieh it grown, nince the i)ahnH at Fouj^^ala when irri-

gated from the nhallow wells did l)etter tlian tiiose near])y which have their rootn in

contact with the very name Uiyer of water vvhicli fills these wells. Of course the

identity of the water Hup[)ly in the case in question does not exclude the probability

of the alkali being washed out from the surface soil by abundant irrigation, even if

the water used is rather l)rackish. rnfortunately no tests were made of the water

in these surface wells, but it is undoubtedly nuich UKjre alkaline than the water of the

deep artesian wells. Other observations made at Ourlana in the Oued Kirh region

went far to show that projjer aeration of the subsoil is even more important than

absence of alkali for the proper growth and fruiting of the date palm. For instance,

the extremely brackish water which flows from the drainage ditches is nevertheless

used in some instances to irrigate j)alms planted at lower levels and without ap])arent

injury, although such palms do not show a rapid growth (see p. 98).

Station No. 1 at Fougala represents the undisturbed desert conditions (1*1. XV,
fig. 1). It was situated where no culture, drainage, or irrigation had been practiced,

or at least not in modern times.'' The sami)les were taken a short distance to the

northeast of the ruins of an old Roman fort. The natural vegetation consisted of

a scanty growth of saltbushes, sam})hires, and other })lants al)le to stand much alkali.

J. date palm, yellow and evidently not in a thriving condition, was growing near l)y.

The amount of alkali present in the surface crust and at various depths is shown
in the following table:

Table 14.

—

Per cent of alkali in undisturbed iSaliaran sail at iStation Xo. 1, Foayala,
Algeria.^

Depth.

Surface crust
Surface soil (1 to 12

inches)
Subsoil (12t()30inchos)
Subsoil(30to48inche.s—
estimated)

Soil (1 to 4 feet—esti-
mated)

Calcium
sulphate.

0.07

.05

.05

(.05)

Magnesi-
um sul-

phate.

0.41

.34

.23

(.17)

Sodium
sulphate.

1.44

.37

(0. 38)

Sodium
chlorid.

9.19

3.79
1.32

(.98)

Potassi-

um chlo-
rid.

0.53

.29

.12

(.10)

(1.98)

Magnesi-
um chlo-

rid.

0.02

(.021

Sodium
bicarbon

ate.

0.12

.08

.08

(.08)

(.08)

Total.

11.70

4.92
1.82

(1.40)

(2.44)

1 Mr. Seidell's original analyses of the samples from this station are as follows:

Composition.

Ca..,.
Mg...
Na...
K....
SO4. .

.

CI....
HCO3

Total.

CaS04 .

.

MgS04 -

KCl ....

NaCl . .

.

Na.,S04

.

Na'HCO
MgClo .

.

Total.

Crust.

Alkali in
soil.

Per cent.

i.t;5

.08
4.12
.28

5.26
5. 82
.09

17.30

Composi-
tion of
alkali.

Per cent.

9. 53
.48

23. 81
1.60

;^0. 42
33.64

.52

100. 00

5.61



AI.KAIJ CONDITIONS A'l' Kol'iJALA 81

ll will l»i' iidIimI llial tlic iikihI ic:i(lily sulnMc sails, sixlimii sulpliutc and tlic

cliloiiilcs, arc lar.Lrcly (•(iiicciit rated in llic sni'l'acc soil. TIiIh in nliown ^nipliifalK' in

tlio ac('<)iiii)anyin<i: <lia;;ram ( lij;. i>), in whicli llic cntxcHarc snioollicd so aw to hIiow

approximately the (lisli'ihnlion at various depths of llic more important salts com-

posinii: till' alkali at this station.

This (list I'ihnlion ol' alkali is t he connnon one w hen there is an apjireeiahle rain-

fall, as in the northern Sahara (alxmt 9.] inches at, liiskra), hut is very mdike that of

tiie nearly rainless Saltoii liasin, wheriMlu^ suhsoil often eontuins more alkali than

the snrfaee layers.

This soil was excessively alkaline, the surface foot containing niuirly <^)n(;-tvv(intieth

of it.s wei<i:ht of alkali, and tlu^ whole surface soil to a(lei)th of 4 feet (;ontainin^ nearly

2.5 per cent of alkali. Tiiealkali is characterized })y the large proportion of chlorides

(anu)untin.u: to 81 percent of the total salts), of which almost all is common salt,

which alone makes up nearly 4 per (;ent of the weight of the surface foot, or some
160,000 pounds per acre in th(» surface foot!

Depth
SURFACE

CRUST.

4IN.

8IN.

IFOOT

ibIN.

20IN.

2FEET

28IN.



8
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Tlie l"olli>\\ iii«^ iiuioimt.s ol" alkiili weir toiiiul:

Tablk 15.— /V/' cent of (tlknli in soil of yonnij thitr phmtdtion, station No. ;?, Foufjala,

A lijerin .

^

Depth.
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T AKLi-: 1(). /'( /• ci'iit of (i//i(i/i ill soil ill old (lute, pldiddliaii, xhUian No. S, Foiujdia,

Ahjeria.^

Dcpdi.



84 THE DATE I'ALM.

T.vuLE 17.

—

I'l'v cent of (ilkdli soluhle in exresa oj water in imr/are crualu from /''(jiu/uld,

Altjerid.

Station.
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Tami.I': \X.- -< 'tniijxisilioii [ill i)('i'cnil(i(/(' hi/ irrii/h/) nf (irtixidii irtilrr (il ('li'''J(J'( uiidof llic.

iirll til Hir Iljejnirf Algeria.

l-ociilily.
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vvoiikl \h? counttHl too alkaline to use lor irrigation" anywhere outwide of tlie Sahara,

thou^'ii at Che^*,'a it is tlie only watt-r u.sfd to irri«;ate a floiiri.shin^ date orchard

j)lanted on «oil originally very alkaline, hut which has Inu-n improved, even w hilt-

being irrigated with Hiich water, by means of drainage ditches into which the excess

of alkali has been washed. Figure 1 on Plate XVI sh<»WH the apjH'arancc of tiiese

palms growing where alkali can be seen at the side of the irrigation ditches. Figure

2 on the same plate shows a reclaimed area where Saharan alfalfa was growing.

Station No. 1 at Chegga was in the date i)lantation in a very alkaline spot, ch^seto

an offshoot that had failed to grow, probably because of tht^ excess of alkali in the

soil. The subsoil was taken from the side of the dniinage diti-h, some 18 feet away,

and may not represent the true state of the subsoil where the surface soil and crust

were taken.

The crust shows the following amounts of alkali soluble in an excess of water {'20

times weight of soil sample):

Table 19.

—

Per cent of alkali soluble in excess of water' in surface crust from Station No. 1,

Chegga, Algeria.^

Locality,

Chegga, Station 1,

surface crust

Cf7^""'s?lmsui-
sulphate.

ph,,t^..

3.76 1.08

Sodium
sulphate

r)5. 44

Sodium
chlorid.

2.87

Potas-
sium

chlorid.

O.lo

Sodium
bicar-
bonate.

0.10

Sodium
carbon-

ate.

0.00

Total.

04. 12

The soil shows the following amounts of alkali:

Table 20.

—

Per cent of alkali in soil of date plantation, Station 1, Chegga, Algeria.

Depth.
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The anioiinl of alkali is I'lioriiioiiH, llic larj^cst Idiind in a <la((' j>iaMla(i()ii in IIh;

Sahara, and i.s pmliahly more than yoiiii^ off.slKxils just, loolin}^ cuii stand, as is

evideiu'od by (he (h'ath of one |»lanl('<l not lon^ before the sample was taken. Ohler

palms can doubtless end n re this amount of alkali, for several were ^rowiiif^ near by

in soil apparently identical with tlui Haniphi analyzed. It should bi; not(!d that the

bulk of the alkali (some 70 per (;ent of all the alkali |)resent and 2.'')5 jxt e(!nt of

the total wei^dit of the soil), is sodium sul[)hat(^ ((llanber's salt), and oidy 2.'> per

centof the alkali, oi' ().S2 per cent of the total weit^ht of the soil, is (composed of

ehloi"ids, whereas at lM)Uu:ala, Station I, where, tlu^ alkali was also almost strong

enout^h to prevent the jjji'owth of the date palm, tlu; total alkali content of lh<! soil

was much less, l)ein>ij some 2.40 percent instead of '.\S)'.> per cent, but consisted of

l.OS per cent of chlorids, more than twice as much as at ('he^j^a. The chlorids

are, however, without doubt more injurious than sodium sul])hat(!, and Ixjth of these

stations are to be considered as representing very nearly the limit of endurance of

the date ])alm—Fougala for chlorids; Chegga for sulphates.

The surface accumulation of sodium sulphate, as suggested by Mr. Seidell, may
well have some connection with the composition of th(! very alkaline waters used for

irrigation in which the sulphates predominate and in which sodium sulphate is pres-

ent to the extent of 121.5 parts per 100,000, constituting 18.98 per cent of the dissolved

salts (see p. 95).

Station No. 2, at Chegga (PL XVI, fig. 2), is v.ery unlike the first, as it represents

reclaimed land where Saharan alfalfa^< was growing. It is to be noted that deep

drainage ditches ran through the orchard at 50 to 60 feet intervals and provided escape

for the superabundant alkali, and that this sample was secured near one of these

ditches as may be seen in Plate XVI, figure 2. The analysis is given herewith.

Table 21.

—

Per cent of alkali in washed-out surface soil of date plantation, station No. 2,

Chegga, Algeria. ^

Depth.
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Station No. 3, at Chegga, repreHeuta a wiibBoil thrown up in dij^'j^inf.' a draina^tMlitch

and was so charged with alkali as to have iH-eome nearly solid. The soil < aiiie froni

a depth of 4 to t> feet, and contains the following amounts of alkali:

Table 22.

—

Per cent of alkali in subsoil of dale plantation, station No. 3, Cheyya, jllyeria.^

Depth.
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nl (lu* .'^i<l(' of a ilraiiia!4(' dilcli. Tlic sufl'acc cniHl oldaiiic*! licr-c shows the following

t'oiupoHilioii, 11.*^ unaly/cd by Mr. Seidell, by cxliactiii;^' willi an ex(',(!>TH(>l" water 20 (iiiKjH

tlie wciixht of the sampiiv

Tahi.k -'A. - I'rr <riil of <tll:(i/i xithililf In r.rrr.s-.s of n-dlrr, in Hiirfacc, crimt froin Mrdlr.r^

Ahjerid. '

Dci.lli.
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alkaline Hull ami the high Halt idiitiiit of the irrigation water preclude other profitable

iiiltiires.

Tile artesian water at Ourlana, an elsewhere in the Oned Kirh, is confineil below a

eonipaet stratum of pudding stone wliich lies some 175 to 250 feet below the surface.

Below this pudding stone is a layer of loose (piartz sand, more or less mixed with

pebbles, which contains an abundant supply of water under sufHcient pressure to

give a ready How, frequently to the tops of the lower hillocks in the i)lain.

The French engineers Jus an<l Holland, who have studied exhaustively the ques-

tion of the origin of the water supply of the Oued Kirh, agree in believing that the

original source is in the Atlas Mountains to the north, where the heavy rainfall and

snowfall (some 5i feet annually) is absorbed l)y the upturned cretaceous strata and

conducted in these strata to the south, where it tirst reai»i>ears in the great si)rings

of the Zab region along the northern border of the Sahara. The water of these

springs and of many others which are believed to exist, though the water never

reaches the surface, soaks into the pervious strata of the Saharan formation and flows

southward toward the Oued Kirh country," becoming imprisoned beneath an imper-

vious pudding-stone layer, except where natural openings exist and allow the water

to reach the surface ^ or where artesian wells have been put down.

On the 1st of October, 1885, Oued Kirh contained 114 flowing wells put down by
the French and tubed with iron, 41)2 flowing wells constructed l)y the natives, and 22

natural springs, whic^h were used for irrigating. The total supply of water furnished

by these wells and spi'ings was 253,098 liters per minute, or 4 cubi(r meters (over

1,050 gallons) })er second, having an average temperature of 25.1° C The largest

flowing well is No. 4, at Sidi Amran, which was put down in 1884. It flows 6,000

liters per minute.

The beneficial effect of French occupation has been very marked in the Oued
Rirh, where in 1856 there were 33 oases, all in a state of decay. They were nourished

by 58,000 liters of water per minute and contained only 136,000 date palms, for the

most part old and yielding but little fruit. Thirty years later, thanks to the artesian

wells put down by the French, the total yield of water had been raised to more than

253,000 liters per minute; all the old oases had been put in a flourishing condition

and new ones had been created, so that in 1885 there were 43 oases containing

509,375 date palms in full bearing, and about 138,000 young palms from 1 to 7 years

old. The native population had more than doubled during this time and the value

of the oases had increased more than fivefold.

The oasis of Ourlana, of which a special study was made, is located nearly 100

miles south of Biskra, at an altitude of 113 feet above sea level, and is in the most
fertile part of the Oued Kirh. Within a radius of 10 miles of Ourlana there are no
fewer than 15 oases irrigated from 32 artesian wells (30 of which are modern tubed

wells of French construction) and from 16 springs— " behour." These 15 oases con-

tained in 1882 over 182,000 date palms, and nearly half of these oases have been
much enlarged since then, so that they now, doubtless, contain over 200,000 date

palms.

^'The water of these springs of the western Zab contains on the average 0.203 per

cent of dissolved salts. Those springs which reach the surface indirectly after filter-

ing a distance through the superficial strata yield water showing a larger per cent of

alkali—about 0.268 per cent on the average—and by the time the water has soaked its

way through the Saharan strata and flowed to the Oued Rirh country, the alkali con-

tent has risen to an average of 0.487 per cent.

?> Forming the springs and small lagoons called "behour" and "chria" by the

Arabs.
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The well Tiiils ')(.sv(':in\ from wliicli llir phuihilioii was irri;;jitc,(l, yields an

uLmidant supply <»l' \r\\ alkMliiic water. Mr. Scndoll'H iinalyHiH is as follows:

Taiu.k '2A. —<'<nii])osiH<iii of (irlcsian irttlrr ( /'nils I)eHvc(iux) nxcdlo irrii/'ilc (l((lc p/dvlalion

(tl OiirldiKi, Algeria. ^

roin]>ositioii in j^ranis

]K>r 100 cc. (norcTut-
iXfxo by \vi>i,irnt)

IVn't'iiliiKO of total

salt content

Calcium
sulphate.

0. 2327

3(). 70

Ma^nc
.slum

sulplinti

0. 0f)45

10.13

Magne-
sium

clilorid.

0. 0(590

10. 85

Sodium
chloricL

0. 2478

38. 98

I'otas-

sium
lilorid.

0. 0143

2. 25

Sfxlium Sfxlium
<!arl)on- l)i(;arl>oti

ute.

0.0030

.47

ate.

0. 0040

.f.4

'J'otal.

0. 0353

100.00

1 Mr. Seidell's oriKiniil imalysis of (he artesiiiu water of Ourluna is as follows:

Ca
Mpr
Na
K
SO4
CO,
HCO3
CI

Total

Alkali
per 100 cc.
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The Hurfaee eruat Hhovved the following c'oinpo.sition:

Table 26.—iV/* cent of alkali aolable in eAcen.s of water in marface crud^fnnn Station No. J,

(hirlana , AUjeria.

^

CaU'iiHii sulphate 3. 21

Magiie.siuiu sulphate 2. 07

IVIagnesium t-hlorid 71

Sodium I'hlorid 7. 52

Potassium chloiid 2\)

Sodium bicarbonate 12

Total . 14. 52

The st)il to a deptii of 4 feet showed the following; amounts of alkali:

Table 27.

—

Per cent of alkali in i<oil of date orchard, Station Xo. 1, at Onrlana, AUjeria.^

Depth.
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T\\c surl'acc crust sliownl (lie lollowin;^ (•((in|»(isili<)ii :

Tami.k L'S.— I'rr niil (if dllcdli so/nhic hi c.rctKH af icahr in. aarjarc. cruat, Slatiou No. 2,

OurhoKi, Ah/erid. '

Calciuiii sulpliMtc 4. 88

IMa^iu'siiini sulphalc 2. 57

IMa.unu'siuiu chlorid <)0

Sodium chlorid 10. 15

I*()lassinMi chlorid 11

So<liuin bicarbonate 12

Total 1H.4:J

The following tabic shows the amount of alkali in the Hoil:

Taiu.k 29.

—

JW rrnf of <tlk<ili In soil of date plantation, Station No. '2, Onrhino, Ahjcria.'^

l)ri)lh.
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The surface tTiist showt'd tlu* followiiiir coiiipositioii:

Taulk i>l),

—

rev cent of alkali sidiihle in excess of icater in surface crust, Station No. 3,

Ourlana, Ahjevia.^

Cuk'iiim sulphate .'1 23

Magnesiimi sulphate 03

]Nhigiie«iuiii c'hlorid 49

Soiliuiu (.•hlorid 1. 20

Potassium chlorid 07

Sodium bicarbonate 12

Total 5. 14

The following table shows the amount of alkali in the soil:

Table 31.

—

Per cent of alkali i)i soil, Station No. 3, Ourlana, Algeria.^

Depth.
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tlu* soil by llu' cvMiiornlioii of the water used fur ini;^M(ioii. Tlircc jicrc-fcct of ,mu(;}i

wattT, the Icasl imiouiil needed per aiiuuiii, would carry on t<» the lan<l no less than

50,000 ])ouii(ls of dissolved salts, and, suhlraelini; the excess of ^rypsiini, sonu; 40,000

pounds of harmful alkali, or 0. 1 per cent of tlu^ surfaces foot of soil and 0.0L^5 per cent

of the 1 upper l'e(>t (»f soil. < )f course, some of the \vat(!r drains off directly, and

even K-aches alkali out of the soil, hut much remains in tlu^ soil, and on (ivaporating

leaves the alkali behind.

After a numln'rof years' irri^'ation with stron^dy alkaline water such as that oi

Ourlana a condition of apjuoximate e<|uilibriuni is n^aclu;d between tlu! amount of

alkali carried to the land and the amount leaclu!(l out by the drainage water. The

composition of tlu> alkali in a soil in such a condition doubtless depends imich more

on the comjiosition of the irrigation water than on the character of tlu; alkali orig-

inally i)res(>nt in the soil before irrigation wan practiced. The influence of the com-

position of the irrigation water on the nature of the alkali is naturally most clearly

marked on lands that are well leached out by means of irrigation ior a long period of

time with an abundance of water, accompanied with thorough drainage.

A comparison of the composition of the alkali at two such stations, one at Chegga

and one at Ourlana, is of interest, because the artesian waters used for irrigation at

these two localities contain almost identical amounts of dissolved salts, though of

very different composition. The following tabulation shows the proportions of the

principal salts in the water and in the surface soil:

Table 32.

—

Proportions of sulpJtdies and chlorids present in alkali of irrigation water ((nd

in firll-drarned long-irrigated surface soils at Chegga and Ourlana, Algeria.

Station.

Chegga, artesian water (well by date plantation)
Chegga, surfaee soil (Station No. 2)

Ourlana, artesian water (Puits Desveaux) :..

Ourlana, surface soil (Station No. 1)

Sulphates
in alkali
(parts per
100 of total
alkali'.

,

66. 2S
58.1)7

46. 8:^

39. G2

Chlorids
in alkali
(parts per
100 of total
alkali).

32.53
25. 64
52.08
49.06

Total
amount of

alkali
(in percent-

age of
weight of
water or
soil).

0. 6401
.39
.6353
.53

It is clear from this table that sulj^hates preponderate at Chegga, both in the irri-

gation water and in the alkali of well-drained surface soil after irrigation for a term

of years, while at Ourlana the preponderance of chlorids, though not so great as

that of the sulphates at Chegga, is nevertheless plainly marked. In both surface

soils the approximation in composition of the alkali of the surface soil to that in the

irrigation water is evident, and is rendered still more clear by a study of the bases.

Magnesium, for example, is decidedly more abundant in the artesian water at Our-

lana than at Chegga, and in consequence the surface soils at Ourlana likewise show
more magnesium than those of Chegga.

All three Ourlana stations show amounts of alkali large enough to be dangerous to

f)rdinary crops, and, in fact, in this oasis no other cultures were observed such as were

followed at the other oases studied, and all three stations show a pronounced surface

crust in spite of long-continued irrigation, accompanied with drainage by open
ditches. The sandy nature of these soils and their consequent low water content

cau.se the concentration of the soil water to be much higher in proportion to the per-

centage of alkali present than in heavier soils having a greater water content, such

as those of Biskra, for example (see p. 77). There is then every evidence that the

date palm is unharmed by these quantities of alkali, even when irrigated by water

of very bad (juality, full of harmful chlorids.
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In Tu]>le '.VS are given the reault.s of tlio analyses oi ilu- hjII.^. ii.»iii tlie t«ii .--aluiran

Htations where samples were obtaint'tl. Tin* alkali content of tlir h<jil is expn-ssed
in percentages of tlie tutal weight of the soil, as in the prece<ling pages. All esti-

mated ([iiantities are inclosed in parentheses.

Table 3o.— PerceriUuje of dlkalt in .Sahdran soih vJwre date culture is postnhle and in
arteifian water used to irriyate date p/<tntatio)t>s.

Station and depth.

BISKRA, STATION NO. 1.

Surface foot
Subsoil (12-14 inches)

FOVGALA, STATION No. 1.

Surface crust
Surface soil (1-12 inches) ...

Subsoil ( 12-30 inches)
Subsoil (30-48 inches)
Soil (1-4 feet)

FOCGALA, STATION NO. 2.

Surface foot
Subsoil ( 12-30 inches)
Subsoil (;50-ls inches)
Hardpan (48-o0 inches)
Soil (1-4 feet)

FOUGALA, STATION NO. 3.

Surface foot
Subsoil ( 12-20 inches)
Hardpan r-t>-28 inches)
Soil (1-1 feet)

CHEGGA, STATION NO. 1.

Surface foot
Subsoil at 3 feet
Soil (1-1 feet)

CHEGGA, STATION NO. 2.

Surface foot

CHEGGA, STATION NO. 3.

Subsoil (4-6 feet)

OURLANA, STATION NO. 1.

Surface foot
Subsoil (12-24 inches)
Subsoil (24-36 inches)
Subsoil (36-4S inches)
Soil (1-4 feet)

OURLANA, STATION NO. 2.

Surface foot
Subsoil ( 30-34 inches)
Soil (1-4 feet)

OURLANA, STATION NO. 3.

Surface foot
Subsoil (12-26 inches)
Sub.soil (26-30 inches)
Soil (1-4 feet)

Sul- i Chlo-
phates. ! rids.

0.05
.05

1.92
.76
.28
(•22)

(.38)

.34

.20

.12

.09

.21

.09

.17

.09

(.12)

5.11
1.77

(2.61)

23

O.ftS

.08

9.72
4.08
1.46

(1.10)
(1.98)

1.56
.23

.17

.(M

.54

.08

.11

.07

(.08)

.63

.88

(.82)

,10

.21
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ruKviors and srnsKciUKNT analysks ok ai-kalinic soils i-uo.m iiik sahaha.

Two analyses of soil fi-oiii the vicinity of Onrlaiia ate reported l)y Kolhind/' TIichb

analyses were not complete, for all the inoiH^ solnhle constituents are lumped as salt,

which is here synonymous with alkali. The ve^'etablesoil of a new ^'arden (s(;(; analy-

sis No. 23, in Table .'J4) at Tala em MouVdi, very near Ourhma (Saliaran formation),

showed (5.8 per cent of alkali. Another soil (No. 24, Ta])le '.U) was from Mazer,

aluHit a mile nortiieast of Ourlana. Hero tlie samphi was of washed soil of a salt flat

not yet under culture; it contained 114 j)er cent of alkali. The same work rej)orts 7

per cent of alkali in th(» vepetablo soil (No. 21, Table 34) of a garden at Tougourt, 20

miles south of Ourlana, and at (youdiat el Koda, very near Tougourt, no less than

29.5 i)er cent of the estimated weight of the soil (No. 19, Tal)le 1^4) of an alkali flat

waa composed of alkali (see analysis No. 19). The same soil (No. 20, Table 34)

washed for two years and put under culture contained only 0.5 per cent of alkali.

Table 34.

—

Composition {in percentage by veight) of tSaharan soils, collected by Holland.^

Num-
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made between this and the coimiion date palm, in thehoiKiof netrurin^? alkali-reniHtant

date pahus able to mature fruit near the Hea in California.

Throu^'h the courteHy of Mr. Thomas H. Means, of the Bureau of Soil.'^, tlie author

la enabled to i)resentthe resultsof the analyses of Roils from date-palm ])lantationH of

the Cued Rirh country in southern Algeria secured <luringthe trip he and Mr. Thomas
II. Kearney made in 1902 for theOlhee of Seed and Plant Introduction and Distribu-

tion." The.-^e soil samples, which were collected after the above pages were writ-

ten, were obtained in the same region as those secured by the writer two years

previously, and amply confirm the writer's conclusions as to the extreme resistance

of the date palm to alkali. Mr. Means's tabulation is as follows:

Tahle 35.

—

Resistimce of date palms to alkali at four stations in the Oucd Rirh country in

the Sahara Desert in Algeria.



ALKALI CONDITIONS IN SALT RIVER VALLEY. \)\)

sitiiuttHl on higher Ijiiul." These plantations ju'e so low that diaina^C

is inipossihh', and n:itiiriilly the j»Towth is pooi-er and the yiehl h>wer

(hiin in hetter situations, hut it is reniaikahh' that oven date pahns

should he ahle to i^i'ow at all in such situations.

ALKALI CONDITIONS IN RELATION TO DATK CULTURE IN THE SALT
RIVER VALLKY, ARIZONA.

A recent soil survey of the Salt River Valley region made by Thos. II.

INleans'' shows that there arc considerable areas, perhaps 1 per cent of

the land in the valley, where the amount of alkali in the soil is from

0.25 to 0.50 per cent, or enoug'h to be dang-erous for most crop plants,

and much more, perhaps 5 per cent of the land, contains ov^er 0.5 per

cent where none but alkali-resistant crops can grow. Most of these

alkali spots are caused b}^ the rise of the ground water in the lowest

levels, as a result of irrigation, until it comes so near the surface that

moisture reaches the surface and alkali is carried up from the subsoil

by the capillary currents of water. Such ground water has leached

from higher levels and is often charged with considerable amounts of

alkali.

The water used to irrigate the Salt River Valley is diverted from

the Salt River and conducted to the lields in open ditches. The river

is low during summer and the water often contains a considerable

amount of harmful alkali in solution. Prof. R. H. Forbes, who made
a study of the water of the Salt River from August 1, 1899, to August

4, 1900, finds that from June 1 to August 4, 1900, the average content

of soluble salts was 139 parts per 100,000, of which only 8.2 parts per

100,000 consisted of the harmless gypsum, leaving 130.8 parts per

100,000, or 0.13 per cent of harmful alkali. Professor Forbes remarks

that "it is to be remembered that this year (1900) was exceptionally

dry, and the waters were consequently concentrated for a longer than

usual time. Nevertheless, for a considerable portion of each year

these waters are low and salty in character, and it remains true that

their use (which is unavoidable) must be attended with remedial care."^

Professor Forbes considers it probable that with the prevailing agri-

cultural practice of Arizona the use of irrigating water containing

100 parts of soluble salt per 100,000 is likel}^ in a few 3^ears to cause

harmful accumulations of alkali. In view of this danger the great

value of the date palm is obvious, since it can support very much more
alkali than is sufficient to kill other crop plq^nts.

« Masselot F. Les dattiers des oasis du Djerid. In Bui. de la Direction de 1' Agric.

et du Commerce, Regence de Tunis, Vol. 6, No. 19, April, 1901, p. 132.

* Means, Thos. H. Soil Survey in Salt River Valley, Arizona, Field Operations

of the Division of Soils, U. S. Department of Agriculture, 1900, pp. 287-382.

c Forbes, R. H. Bui. 44, Arizona Agricultural Experiment Station, Tucson, 1902,

p. 166.
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As was iioti'd on pa^o SO, wator as alkaline a> lliis is without any

diivft t'tl'ect on the date palm and coukl In; injurious only by leading

to tlie accumulation of alkali in badly drained soils after many years

of heav}' irrigation.

A sample of surface crust from an alkaline spot south of Tempo,

Ariz. (sec. 8, T. 1 8., K. 4 E.), near where the Cooperative Date Garden

(Pis. XXI, XXII, and Ho-, (j, p. 36) is located, shows the followincr

relative amounts of alkali soluble in excess of water (50 o-rams of soil

to 1,000 trrams of water), which may l)e compared with the analyses

of crusts from the Sahara and from the Salton Basin (p. 134):

Table 36.

—

Percentage composition of alkali {soluble in excess of water) in surface crust

from near Tempe^ ylm.«

Calcium sulphate 1. 56

Magnesium sulphate 3. 04

Sodium sulphate 8. 98

Sodhun chlorid 59. 72

Potassium clilorid 12. 18

Sodium carbonate 4. 14

Sodium bicarbonate 10. 38

Total per cent of weight of soil 2. 56

The surface soil (1 to VI inches in depth) from the same station

shows the following amounts of alkali stated in per cents of the weight

of the soil:

Table 37.

—

Per cent of alkali in surface soil from Tempe, Ariz.^

Calcium sulphate 0. 06

Magnesium sulphate 06

Sodium sulphate 22

Sodium chlorid 1 . 53

Potassium chlorid 23

Sodium carbonate .- 06

Sodium bicarbonate 32

Total 2. 48

It must be remembered that in the Cooperative Date Garden at

Tempe the roots doubtless reach a subsoil containing much less than

this amount of alkali. Most of the alkali spots in the Salt River

Valley can be planted profitably to date palms if care be taken in irri-

gating (see chapter on drainage, p. 50). Near the date garden alfalfa

was killed by the rise of alkali a few^ ^^ears ago, and even pear trees

showed evident signs of distress, w^hile a date palm growing alongside

was entire!}' unaffected by the alkali.

« Analyses quoted from Thos. H. Means, Field Operations of the Bureau of Soils,

Second Report, 1900, p. 320.

& Calculated from an analysis reported by Means, 1. c, p. 320.
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It should !)(» noted that tlio silUali occiiniii;^- in many parts of the Salt

lii\(M- \':dU'V, represented by this sainph% is of a dillei-ent. type t'roiii

that found in the Alt^-ei'lan Saliai'a and in the Salton Hasiii, California.

In the hist-nanuMl reo-jons the alkali is of the ''whit(*. " kind and (M)ri-

tjiiiis only vcm'v small p(M"('enta<^es of ('arl)onat(^s or I)ie!ul)onates. In

the Salt River Vall(\v sam[)l(% on the contraiy, the alkali is of tlie

so-called "'black'' sort, and contains an a})preciable amount of the

hit^hly poisonous sodium carbonate, which is nuich more injuiious to

most plants than is ''white alkali/' Black alkali is intensely alkaline

in n^action," and because of this reaction is highly corrosive to the

roots of plants. It also has the property of dissolving the humus of

the soil, which causes the formation of black crusts and of black spots

in the fields where this t^'pe of alkali is abundant; whence the name.

From the thrifty growth of the date palms in the Cooperative Date

Garden at Tempe, Ariz., in soils approximating the above sample in

the amount and nature of their alkali content, it is probable that the

date palm is able to resist small quantities of black alkali. P'urther

researches are, however, needful to settle this point. (See p. 120.)

ALKALI CONDITIONS IN RELATION TO DATE CULTURE IN THE SALTON

BASIN, CALIFORNIA.

GEOGRAPHY AND GEOLOGY OF THE SALTON BASIN.

The Salton Basin, or Colorado Desert, (see PI. IV, p. 122, fig. 10,

p. 102, and PI. XVIII, fig. 1),* is a basin the center of w^hich is far

below sea level (some 263 feet below at Salton). It is surrounded by
mountains on three sides, and is limited on the south b}^ sedimentary

deposits of the delta of the Colorado River which have piled up con-

siderably above the sea level. The high San Jacinto Mountains on

the west effectually protect the basin from the cold and humid winds

from the Pacific Ocean, while the still higher San Bernardino Moun-
tains form a barrier on the north that stops the cold winds that sweep
across the Mohave Desert; on the east, San Bernardino and the lower

Chocolate Mountains limit the basin.

That part of the Salton Basin which lies below sea level w^as covered

until comparatively recent times by the Gulf of California, which then

extended nuich farther north than now. The Colorado River, which

then flowed into the gulf near where Yuma is now situated, brought

down at flood times an enormous mass of sediment, wdiich gradually

« Alkali, in spite of its name, is often composed of neutral salts, such as sulphates

and chlorids, and has in consequence no pronounced alkaline reaction. (See p. 72.)

^See also Pis. LXXXVII to XCV, Means and Holmes, Soil Survey around Impe-
rial, Cal., in Field Operations of the Bureau of Soils, Third Report, 1901; also

Pis. XXIII to XXVI, Coville and MacDougal, Desert Laboratory of the Carnegie

Institution, Publication No. <>, Carnegie Institution of Washington, November, 1903.
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Fig. 10.—Sketch map showing the Salton Basin and tlie easily irrigable lowlands in the Colorado

River Valley in Nevada, Arizona, and California. The area inclosed by the dotted line is below sea

level. Based chiefly on maps of Lieutenant Ives and of the International Boundary Commission.
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l)iiilt a bar ac'ross (he iiairow •^iiH' and cut oil (li<' u[)[)('r poi'tion, now

tho Sallon Basin, I'loin IIk^ sea."

Harrows says:''

All tliis took place in very rccciil liiiicM. TheCoahuila Indians, wlio to-day inhabit

the npper end of (lie valley, havi^ a disHnct and credible tradition of th(! drying np

of this lake and of the occasional sudtleii return of its waters, and the Dieguenos, wlio

lived at a time when the supply of water along the central portion of the valley wan

probably nmch greater than at present, raised on the naturally irrigated soil abun-

dant crops of maize, melons, and b(>ans. But slowly the valley was abandoned to

aridity. Almost unvisited by rainfall, excei)t about tlu; edg(! of the mountains, th(!

loss of the river U>ft it cruelly dry. Low, and inclosed between heat-reflecting ranges

that shut off the breezes of the ocean, it gained a temperature which is one of the

highest on the globe. The windstorms that rage uj) the valley from the southeast

have drifted great dunes of sand over certain portions, and much of the country

never reached by the deposits of the lake is as black, stony, and repulsive as erup-

tive rock formations in the desert can be. Apparently about the middle of the first

half of the century the overflow from the Colorado was largely checked and not

resumed to any extent until the year 1849. The Indians, who had lived in plenty

along the central valley, were driven by the drought forever from their homes.

During the high flood of the Colorado River in June and July the

water breaks through its banks near Algodones, in Mexico, a few

miles below Yuma, and flows westward through an old channel for

some thirty miles; then, turning north into the United States, it flows

through the Salton River to Salton Lake, filling up Mesquite Lake

on the way. Most of the stream, howevei', goes on to Lake Jululu,

or Volcano Lake, from which the New River flows northward to Sal-

ton Lake, and the Hard}^ River southward to the Gulf of California

(see fig. 10). The Salton and New rivers flow only during the high-

est floods, but the Hardy River flows all the year, being fed by the

Rio Padrones.

The Maquata Basin, a region similar to the Salton Basin, and, like

it, l3dng below sea level, lies to the west of the Cocopah Mountains in

Mexico. It is usually a waterless desert, but, at times of ver}^ high

flood in the Hard}^ River, water flows around the mountain range,

creating the Laguna Maquata^ (see fig. 10) in the center of the basin.

This is probably the only region in Mexico which, when irrigated,

will be suitable for the culture of the best sorts of dates.

«Some students of this region believe that an upheaval of the region covered by

the delta aided in cutting off Salton Basin from the Gulf of California. The occur-

rence of mud volcanoes and of extinct craters, such as the Sierra Prieta, lends

strength to the view that the piling up of such enormous masses of sediment has

induced geologic changes. The old beach lines of the Salton Basin are, however,

still approximately at sea level, which would go to show that there has been but

slight change in the level of the region as a whole since it was cut off from the sea.

(See Barrows, David P., The Colorado Desert, in National Geograi)hic Magazine, Vol.

XI, No. 9, September, 1900, \^. 340.

)

&L. c, p. 341.

<; Barrows, 1. c, p. 344.
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The i^rt'tiUT part of ihv Siilton lUi.sin i>. ms level us ji tloor and almost

as destitute of vei^t'tation (st'e IM. Will, i\<r. 1), which renders it an

exeej)tionally favorable region to put under irrii»ation, since in most

places no levelino- is reipiired and very low dikes serve to retain the

water.

The oeotrraphical position of Salton Basin is indicated })y figure 10,

its oeiu'nil character is shown in Plate X\T11, ti*4Ui-e 1, jind a detailed

soil map, showint^ types of soil and the amount of alkali present, is

given in Plate 111, pat»e loO. The location of the area shown in Plate

111 is indicated by the ruled space in Hgure 10, page 102.

Many schemes have been broached for the irrigation of the Salton

Basin since it was first surveyed in 1854. Since 181)1 Mr. C. K. Kock-

wood, of Los Angeles, Cal., has ])een making surveys and persistently

endeavoring to interest capital in irrigating this region. His etforts

have resulted in the formation of a company which in 11)01 carried

the first water into the lower part of the Salton Basin." Land and

irrigation companies formed at the same time and, working in cooper-

ation with the company mentioned, pushed energetically the sale and

development of the land irrigated by the Avater, and now in 11)08 some

100,000 acres are under irrigation and it is planned to extend the canals

so as ultimately to irrigate most of the basin below^ the sea level, some

500,000 acres in all.

The main diversion works are at Ilanlon's Heading, some 7^ miles

below Yuiua, whence the water is conducted about 8 miles to the

channel of the Salton River, which is used to carr}- the water 60

miles to the northwest, where at the international boundary line it is

turned into a (iO-foot canal with a capacity of 5,000 second-feet,

intended to irrigate all the lands lying between the Salton and New
rivers. After entering the United States for a short distance this

large canal is divided into two 30-foot canals running side by side, the

object being to use one while the other is being cleaned. The courses

of the lateral canals are shown in the map on Plate HI. Other main

canals are planned to conduct the water from the Salton channel to

irrigate land in Mexico as well as lands in the Salton Basin in Cal-

ifornia lying east of Salton River and west of New River * (see

figure 10, p. 102).

WATER SUPPLY OF THE SALTON BASIN.

The greater part of the Salton Basin can be w^atered from the Colo-

rado River, and a large area in the basin, from Calexico, on the Mexi-

can boundar}^, to Imperial, Brawley, and northward, is now irrigated

"Means, Thos. H., and Holmes, J. Garnett. Soil Survey around Imperial, Cal.

In Field Operations of the Bureau of Soils, U. S. Department of Agriculture, Third

Report, 1901, p. 588.

ft Means and Holmes, Soil Survey around Imperial, Cal., Field Operations of the

Bureau of Soils, U. S. Department of Agriculture, Third Report, 1901, pp. 588, 589.
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1)\ m(Mn> «)t" wiittT condiiclcd fi-om near Viiiiia, as al)()\(' dcsci-ilx'd.

I^)r(inia((d\ , (lir C'olorado Kivci- watc?- is of i-('niarkal)ly ^cxxl (|iialily,

althoui^li this slr(\mi Hows for liuiidi-cds ol" miles lliroiioh ai-id rc^^ions

and maiiN of its ( ril)iil;iii('> drain lii^ldy alkaline deserts. An exten-

sive^ set of analyses was made t>y Prof. K*. II. l^'orlx's for the pei-iod

from Januarv 1»». P.mm), to January !^4. I'.KM," durino- which time the

contcMit in soluble salt of the liver water at Yuma vari(Hl from 'Z\ to

ll^r) parts \)cv l(M»JMMi, or fi'om 0.041 to 0. 125 per cont. During thci low

sta.i>-(vs of tlu* river in winter, early sprino-, and late in suinmor, the

jdkali content I'uns about IM) parts per 100,000. For two months (from

May 25 to July 27, in 11)00), during the ilood (-{lused by the melting of

the snows of the Rock}' Mountains, less than 27 parts of soIu))le salt

in 100,000 were ()})served. On the other hand, during a smalhu' sud-

den rise in October, due to torrential downpours on the Arizona water-

shed, the alkali content rose markedly, averaging 105 parts per 100,000

from September 2() to November li). This decided increase in the

soluble salt content of the water was doubtless occasioned by the wash-

ing: of salts out of the desert soil into the Arizona rivers and its subse-

quent drainage into the Colorado River. During the year 1900 the

Colorado River water contained less than 100 parts of salts per 100,000

of water during 315 da3^s and more than 100 parts per 100,000 during

onl}^ 50 days.

During the growing and fruiting season of the date palm, from

April 15 to September 15, inclusive, when four-fifths of the water

needful for the whole year must be applied, the solu))le salt content

ranges from 0.021 to 0.068 per cent, or from 21 to 08 parts in 100,000

of water; while for two months during the flood, when water is most

abundant for irrigation purposes and consequently most easily spared

for washing alkali out of the soil, the alkali content is only about 27

parts per 100,000, or 0.027 per cent.

A considerable part of the soluble salts held in solution consists of

harmless (if not ])eneficial) gypsum, wdiich varies but slightly during

the year, making up from 5.6 to S.Q parts per 100,000, which would

reduce the harmful alkali content during the summer months to about

Itt to 60 parts per 100,000, and to 20 parts per 100,000 during the two

months of flood in May, June, and July. Such small amounts of

alkali in irrigation water are without harmful influence.

The rcdatively high purity of the Colorado River wat(M' is shown

best b}' a comparison with that used to irrigate the flourishing date

gardens of the Sahara. At Biski'a the amount of solu])le salt varies

from 75 to 235 parts per 100,000, and is highest in summer, when

the palms need most water. At Chegga, Algeria, the soluble salt

'^' F()rl)e,s, K. H. The River Irrijjatin<; Waters of Arizona—Their Character and

Effects. Bui. No. 44, Arizona Agricultural Experiment Station, Tucson, 1902, p. 202.
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conttMitot' tilt' urt(\siaM water is no less tliaii «i4() parts per 1<M),()()(), and

after suhtraetinj^ gypsum there remain 41^4 parts p(4* 100,000 of harmful

alkali—0.484 per cent, or ^50 trniins to the <^allon. At Ourhma,

Alj^eria, very extensive and Hourisliin^ plantations are irrigated from

a tlowint^ artesian well (Piiits Desveaux), where the water contains (535

parts per 100,000 of sohihle salt and 403 parts per 100,000 of harmful

alkali.

The Colorado River water is })etter than that used to iirit^ate the

famous Salt River Valley of Arizona, and has the advantage of havin<^

the lowest alkali content in summer, whereas just the reverse is true

of the Salt River water (see p. 99).

The water of the Colorado River carries, ])oth in solution and in

suspension as tine silt, fertilizing* materials of considerable value, con-

sistino- principally of potash, nitrooen, and phosphoric acid. The

soils of the Salton Basin are at present so rich that they do not need

the fertilizers thus carried to the land by the irrigating water, but

such fertilizing substances deposited by the water will serve to keep

up the fertility in the future even under heavy cropping. P^ven

now the phosphoric acid ])rought by the Colorado River w^ater (see

p. 114) is doubtless decidedly beneticial to the soils of the Salton Hasin,

which contain but very small amounts of this very necessary plant food.

SOIL CONDITIONS IN THE SALTON BASIN.

The soil conditions existing in the greater part of the Salton Basin

are shown b}' Means and Holmes, of the Bureau of Soils," who made

surveys in 1901 covering some 108, 100 acres lying between the New
and the Salton rivers (tig. 10 and PI. HI), comprising the larger part

of the basin as yet put under irrigation. This area is shown on

Plate HI. The same classes of soils and the same general condition of

alkalinity prevail over the greater part of the Salton Basin.*

In the portion of the basin surveyed by Means and Holmes live

types of soils were recognized. The areas occupied by these types

are shown in Table SH.

<i Circular 9, Bureau of Soils, January, 1902, and Field Operations of the Bureau of

Soils, U. S. Department of Agriculture, 1901, pp. 587-606, map 29.

& The University of California also investigated the soil conditions in the Salton

Basin, and in February, 1902, published a valuable report on this region (Snow,

Frank J., Hilgard, E. \V., and Shaw, G. W., Lands of the Colorado Delta in the

Salton Basin, Bui. 140, Cal. Agr. Exp. Sta., pp. 51, with supplement by Joseph Burtt

Davy, The Native Vegetation and Crops of the Colorado Delta of the Salton Basin,

April, 1902, pj). 8).
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Tamlb 38.

—

Amis of dijlcn nl no/As survci/fd in. Ihr S(tll<)ii, JUi.sin, (iroiiiid Imperial, (,'al.

Soil type Area.

AcrcH.
Duiicsnnd 2'.),H-10

liniHTinl siiml ' ], ()20

Ini|H'iiiil sandy loam '< '2:^,710

Iiii|H'riaI loam ' ;iO, 110
Imperial elay 23, 120

I'er cent
of area

surveyed.

27.7
1.0

21.9
28.0
21.4

ToUll 108, 100 100.0

TIh^ alkali contont of the survoyod land is shown in Tabic HiK

Taim.k 39.

—

Alkuli cunlciil of noils surveyed in. Sidton B<mn around Imperial, Cal.

Alkali content.

Loss than 0.2 per cent .

F'rom 0.2 to 0.4 per cent
From 0.4 to 0.6 i)er cent
From 0.() to 1 per cent .

From 1 to 3 per cent . .

.

3 per cent and over

Area.

Acres.
42, 220
25, 320
23, 040
5, 220
5, 670
6,630

Percent
of area

surveyed.

39.

1

23.4
21.3
4.8
5.

3

6.1

Duncsand consists of reddish-brown sand, rather rotten, and often

mixed with small particles of flocculated soil. It is blown by the wind
into small dunes, usually crescent-shaped and 2 to 10 feet high. The
dunes are underlain by the heavier soils of the basin. This soil is

mostl\^ free from alkali, but the land is not now occupied for agricul-

tural purposes because of the heav}^ expense necessary to level it to ren-

der it fit for irrigation. This expense is variousl}^ estimated at from
$20 to $30 an acre, and in view of the preference of the date palm for

sandy soils, it may prove in future a profitable investment to level

such land and plant it to the choice varieties of date palms. This dune-

sand area, as may l)e seen from the maps, is of considerable extent.

The small area of level Imperial sand is also free from harmful
quantities of alkali and would be ver}^ useful for date culture. The
amount of such land is small, however, and it will probal)lv be used
for truck crops sensitive to alkali.

The Imperial sandy loam soil is formed by the coarsest particles of the Colorado
River deposit mixed with wind-blown sand. The sandy loam extends to a depth of

3 feet and is underlain by a loam or heavy loam. This soil will take water readily, and
where level and free from alkali is adai)ted to cultivated crops or alfalfa. Some of

the best and some of the worst lands of the valley are composed of this tyi)e.«

The Imperial sandy loam occupies over one-fifth of the surveyed
area in the Salton Basin and is probably the soil on whicli the date

palm will succeed best, as it is on such land that it grows best in the

Sahara.

« Means and Holmes. Field Operations of the Bureau of Soils, U. S. Department
of Agriculture, 1901, p. 594,
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About tliree-(iuartors of the aiva occupied hy this typo of soil con-

tains U'ss tlian ().) per cent of alkali, whieh amount is absolutely with-

out harmful etl'eet on the date palm. It will probably j^row nearly as

well on an additional 1() per cent of the land even without drainage,

and could strugole alon^ on 10 per cent more of the area, whih^ if

drainage were provided doubtless the whole area of sandy loam could

be planted to date palms.

The Imperial loam soil has a smooth surface as level as a tloor and

almost devoid of ve^^etation.

It has the pecuHar nUck, shiny appearance often seen in localities where water has

recently stood. It is the direct sediment of the Colorado River, which was deposited

in strata when the area was under water. These strata are from 0.01 inch to 2 or 3

inches thick, very much resembling shale; in fact, to all external ap])earanees being

exactly similar. When water is applied, however, the soil softens up and is a red-

dish, sticky loam, a little heavier than a silt loam. It is from 4 to 6 feet deep, under-

lain by a clay or clay loam, and contains considerable organic matter, including an

abundance of nitrogen and potash. When free from alkali it is well adapted to the

growing of wheat, barley, and alfalfa."

The Imperial loam is much like the heavy soils in the oases at the

northern edoe of the Sahara, in vVloeria, and is well adapted to the

date palm if properly irrio-ated to prevent its becomino- too dr}^ and

if kept in a proper state of tilth to prevent packing. This soil is very

alkaline in the region surve3"ed in the Salton Basin, but about 60 per

cent of the area covered ))y this soil has less than 0.6 per cent of alkali,

and an additional 10 per cent will support the date palm nearly as well,

making TO per cent of the land where this plant will be unhampered

by alkali. T'he date can grow, though less vigoroush% on an addi-

tional 15 per cent of the area, though it may not fruit well unless

drainage be provided and some of the alkali washed out.

The Imperial clay soil (PI. XVIII, tig. 1) is found as a surface soil

or as subsoil at greater or less depth throughout the surveyed area.

It is usually comparatively level, although in some places small hummocks have

been blown up on its surface. It is this soil that surrounds l)oth the towns of Calexico

and Imperial, the only difference in the soils of the two districts being in the alkali

content. The soil has been formed by the deposition of the finest sediment of the

Colorado River, and is stratified in the same way as the loam. It is a heavy, sticky,

plastic soil, very much resembling the clay subsoil found in the Mississippi River

Delta. When dry and in its natural state, it exists in hard cakes and lumps, which

may be cut with a knife and are susceptible of taking a high polish. When wet, the

lumps are very plastic and sticky, making a soil which is very refractory and difficult

to cultivate. Upon drying, the soil becomes very hard and cracked. Sorghum and

millet were grown this year on several hundred acres of this land in the vicinity of

Calexico, and produced good crops. The sorghum, however, was the best, the yield

being 6 or 8 tons to the acre.

Cultivation of this clay soil will be very difficult. A similar soil is found in the

Salt River Valley as a phase of the Glendale loess, and is locally known as "slick-

« Means and Holmes. Field Operations of the Bureau of Soils, U. S. Department

of Agriculture, 1901, p. 595.
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ens." 'IMu' laniicrs of that iiciirliborliood lia\ c coiisidcialilc <li(ii(iilty in rnaria^'m;^

t his soil, ami it is not as ictfactory as iimch ol' the Ini|i('i-ial claN'. Either annual

crops or croits which can he ciillivatcd throu;,'h()n( the ;;ro\\in;,' season arc productive!

of ])cst results on this soil, lor the heavy and hard crusts need 1o ]h' broken up and

Ihoroujihh puiveri/.i'd oci-isioually. A'ifalfa does not do well on such soil, lor the;

crusts seem too hai<l and the soil loo densi! and inipenetruhle to j)erMiit tin* constant,

extension of the line rootlets so essential in pernuuKnicy in an alfalfa field. Dt^ep

plowinjj; and thorough cultivation will in a fow ycnirH greatly improve thiH .soil/'

Prjictically none ol" (lie hcaxy clay soil is free from alkali, but some

45 ]HM- ('(Mit of this land in tliii surveyed area carries less than 0.4 per

cent of alkali/' and about 25 per cent more of the area occupied })y

lmi)erial clay has from 0.4 to 0.0 per cent of alkali, where the date

Avill succeed as well, makino- some 70 percent of this soil available for

the most remunerative date cidture. The date palm can ^-row, but will

fruit less on 7.5 percent more of the clay land even without drainage,

makint^ in all about 77.5 per cent of this soil that is immediately avail-

able for date culture. The date can struggle along even without

artificial drainage on, perhaps, 75 per cent more of the area.

The observations of Mr. D. G. Fairchild near Bassorah, on the Shat-

el-Aral) River, at the head of the Persian Gulf, show that these great

date plantations, the most extensive in the world, are on "as pure an

adobe as the cla}^ of a brickyard,"^' and indicate the probability that

dates may be grown successfully on any heavy soils, provided the soils

l)e adequateh^ drained and aerated.

In the Bassorah date region the soil is automatical!}^ watered, drained,

and aerated by a S3^stem of ditches which fill from the river at high

tide and drain out again at low tide.

In the Salton Basin and elsewhere in the United States it is prob-

able that drainage ditches or tile drains will be necessary to permit the

proper utilization of the heaviest clay soils.

Messrs. Means and Holmes say: "Of the lands which are level

enough to permit profitable irrigation 17 per cent have to 0.2 per

cent of alkali, and are at present safe for cultivation to all ordinary

crops; 32 per cent have 0.2 to 0.4 per cent of alkali, which is risk}^ for

ordinar}^ crops; the remaining 51 per cent are too alkaline to be taken

up for any but alkali-resistant crops." That is to say, onl}^ 49 per

cent of the irrigable land in the surveyed area of the Salton Basin is

suitable for growing ordinar}^ crops, whereas 70 per cent is available

for date culture.

<' Means and Holmes. Field Operations of the Bureau of Soils, U. S. Department of

Agriculture, 1901, pp. 595, 596.

''In soils of this nature, having a very fine texture and consequently a high water
capacity, a given percentage of alkali is not so injurious as in a sandy soil of low
water capacity, for the reason that the alkali forms a more dilute solution in the soils

which hold more water. (See p. 75.

)

< Fairchild, D. G. Persian Gulf Dates and Their Introduction into America.
Bui. No. 54, Bureau of Plant Industry, U. S. Department of Agriculture, 1903.
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To suiniiiurizt', tiu^ chitt* palm van j^rovv on tin; t'ollowiiij^ arcjis in

the surveyed i-ct»ioii without any especial i)ro\'ision heino- niadi; for

(liainat;"e:

Table 40.

—

Area of lands in the surveyed portion of the Solton liasin saUnhle for date

rnltiire.

Kiiul of soil.

Imperial sand
Iini>t'rial sandy loum
Imperial loam
Imi)erial clay

Total

Total
irrigable
area.

Acres.

1,020
23, 710
80. 410
23, 120

78,260

Area where
date palms

will he
nnall'eeted
by alkali.

Acres.
1,020

17, 800
18, 300
10, 200

Area where
date palms
will ;?row
and fruit
without
artitieial

drainage,
but les.s

vigorously.

Acres.

2,400
3,000
1,800

52, 320 7,200

Area where
date pahns
will be able
to struggle
along but
not to fruit

well unless
artifieial

drainage is

provided.

Acres.

2,300
4, im
1,800

Per cent of
total irriga-

ble area im-
mediately
availa})le
for date
culture
without
artificial

drainage.

100
85
70
77.5

9,800 76

Additional
I)ercentage

of total
irrigable

area where
(hite palms
can grow
but not

fruit well
without
drainage.

10
15
7.5

12.

5

In all some 59,520 acres, or 7() per cent of the 78,000 acres of sur-

veyed land level enouoh to permit irrig-ation, is immediately availabh*

for protitahle date culture without artitieial drainaoe, while the date

palm will grow on an additional 1:^.5 per cent of the land, though it

probably will not fruit well unless the soil is drained.

AVith proper drainage almost all the surveyed area except about

3,000 acres of clay soil could be rendered suitable for date culture by

w^ashing out the alkali. Only 6 out of 156 borings made by Messrs.

Means and Holmes showed a percentage of alkali so high as to be

dangerous to the life of the date palm.

The immense importance of date cidture for this region becomes at

once apparent. It is the only profitable culture that can be followed

on a quarter of the irrigable area too alkaline for other crops, while

the climatic, soil, and water conditions are here so favorable for the

date palm (see pp. 52 to 72) that it will pay to plant the choice sorts

even on the best lands where many other crops would succeed.

It becomes of the greatest importance to introduce the Deglet Noor
date into this region, where all the conditions combine to render its

culture profitable, and where at the same time it is necessary in order

to utilize a large part of the area already occupied and irrigated. ^

« Very recently (March, 1904), since this bulletin was sent to the Printing Office,

the Department of Agriculture has established, in cooperation with the California

Experiment Station, an experimental date garden in the Salton Basin at Mecca, Cal.

[Mecca was called Walters until January, 1904, and is so shown on all old maps and

on fig. 10, p. 102.] At the same time a large number of offshoots of the best sorts of

date palms (including many of the Deglet Noor variety) were ordered from the prin-

cipal centers of date culture in the Algerian Sahara. In addition, several large Deglet

Noor palms are being transplanted bodily, with large balls of earth about the roots,

froniTempe, Ariz., in order to test as soon as possible the ability of this variety to

fruit in the Salton Basin.
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III (lie iiortliciMi part of the Salloii liasiii aroiiiHl liidio and W'allci's,

( al., llicic an* ll()win<j^ artcsisiii wells; in this atid in many ollici'

rospocts tlu' conditions of {\\o Oucd Kirli icoion in (he Sahfirji ai*(i

almost oxactly r('})ro(liic('d. It is ])r()l)jil)l('. that (lat(Midlui<' will j)ro\('

even more prolittihh*, here than in (he Oiu^d liirh country, since the

summers are hottcM* in the Salton Basin, which will insur(^ that the

Det^let Noor variety will mature its fi'uit completely every year. The
soils of this part of the Salton Basin have not yet been studied with

reference to their alkali content, but it is known that there arc; lar^e

areas of land which could be irri<*-atvd bv artesian wells where tln^i'e

is so much alkali that the growinjr of ordinary crops is prcnentcnl.'^

On such areas the culture of the date palm is likely to be the only

paying industry that can be followed.

ALKALI CONDITIONS AT I'ALM CANYON, IN THE FOOTHILLS HOKDERINCJ THE SALTON UASIN.

The California fan palm {Neowashingtonia filiferci) grows wild in the

foothills surrounding the Salton Basin wherever the soil is sufficiently

moist. In some respects the fan palm is much like the date palm, for

it needs a constant supply of water at the roots, it delights in hot, dry

weather, and can resist a large amount of alkali. An old fan palm

produces in a good season from 50 to 200 pounds of fruit, according

to Dr. Welwood Murray. The fruit is very small, of a pleasant flavor,

and it is not unlike a miniature date. Natural groves of these palms

as they occur in the foothills to the north of Indio are shown on

Plate XIX, figures 3 and 4.^

Dr. Welwood Murray has kindly collected a series of soil samples

in the groves at Palm Canyon, near Palm Springs, Cal. These

samples were analyzed through the kindness of Prof. Milton Whitney,

chief of the Bureau of Soils, and the results are given herewith, cal-

culated in the same way as for the soil samples from the Sahara.

Table 41.

—

Per cent of alkali in soils in which California fan palms were growing at Palm
Canyon, California.

Sta-
tion.
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Samplo D is tht» most intorestiiii^-, a> it shows tln' ability <>f tint roots

of the fun piiliii to i»tow in oiiorniously ulkiilino soil.

A rocalc-uhition of saiuple I) in comparison with the surface soil of

Stiition No. 1 at Cheof^a, Ali^eria, the only sample obtained in the

Sahara with st) liiiih an alkaline content, is oivon herewith.

TvHi.E 42.

—

J*tr cent of (tlkiili in nod at Palm Oiiu/on, (Ulijornia, and at Chegga, Alfjer'm.

Locality and depth.

Palm Canyon, Station D, subsoil at 6 feet dt'i>th, full

nf pal 111 riMits

Chegga, Station 1, surface soil

Sulphates.
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riu' t'ollowinj^- lal)l(' sliows (Im* (•()ni])()sit ion of tlic- Jilksili in a lew

surface crusts and soils in (licSallon HasiiL The analysers 'dw. some

of lli()S(^ i^i\(Mi I)y iMeans and Holmes/'

Taiu.I'; IL Tin urrlicdl /K'i'CfiihK/c ((iiii/>()sili(ni of (tlkdl'i in soil, nhoul Inipir'nil, Col.

Soils,

lalio

rato-

ry

No.
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FERTILITY Oil' THE KOIL.S OF THE MALTON BA8IN.

On till' other liand, the Salton Hasin alkali contains a coMsideralile

proportion of useful plant foods, especially sodium nitrate and potas-

sium cldorid, which render the soils very fertile^ to any plant which,

like the date palm, can withstand a considerable percentage of alkali

in the soil. The Sahara soils are often mediocre or poor, and date

culture suffers in southern Alj>'eria for the want of nitrogenous ferti-

lizers, which are very hard to supply at reasonable prices in such a

remote and sparsely settled country. In the Salton Basin it mav pay

to wash the surface crust dowMi into the soil in order to carry the nitrate

of soda down within reach of the roots, in places where it is known that

there is little alkali in the subsoil. For instance, if a crust such as

No. 0808 of Table 44 (p. 113), containing 2.5 per cent of its weight of

nitrate of soda, occurred over such a soil as No. 6285, collected near

by, containing only 0.44 per cent of alkali to a depth of 8 feet, it is

proba})le that the crust might be washed down to the level of the roots

of the date palm without danger of their suffering from any excess of

alkali. Such an operation nuist, however, always be carried out with

caution, and is permissible only when it is known that the soil is rela-

tively free from alkali, and that the amount contained in the crust

would not suffice to raise it to the danger point for the date palm in

any soil stratum in which the roots ramify.

Considerable amounts of potassium chlorid exist in most of the

Salton Basin soils—probably enough to suffice for the needs of vege-

tation for a long time to come. Besides being naturally so rich, these

lands will be improved by the deposition of silt" from the Colorado

River water used in irrigating and from the addition of the small

amounts of nitrates and potash contained in solution. (Seep. 106.) In

particular the small amount of phosphates the water contains is likely

to prove very beneffcial to the soils of the basin, naturally poor in this

element. Analyses of the Colorado River water made dail}^ for a

period of seventeen months show that on the average it carries 13.8

pounds of phosphoric acid in an acre-foot of water or 55.2 pounds in

the 4 acre-feet prol)ably needed annually by a date plantation when the

trees are full grown. What with the considerable supplies of nitrogen

and potash contained in the alkali of these soils and the phosphoric

acid brought b}^ the river water, it is probable that the date palm will

show a most luxuriant growth and bear heasy crops in the Salton

Basin without an}^ fertilizers being needed for many 3'^ears, at least.

«It must be kept in mind that much of the silt is deposited in the canal before it

reaches the land, and in consequence the fertilizing value of the water is not so great

as when it leaves the river. (See Means and Holmes, Field Operations of the Bureau

of Soils, U. S. Department of Agriculture, Third Keport, 1901, p. 598.

)
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SUHSIDIAUY CULTURES TO FOLLOW IN CONNECTION WITH DATI-: I'LAN'IA-

TIONS ON ALKALINE SOILS.

Altliouiili no other prolitahlc ci-oj) phiiit cim stiiiul as iimcli alkali as

tho (Into palm, {\\vvv arc a iiimilxT wliicli can endure coiisiderabh;

iiniounts of alkali and whicli could bo set out on the less {ilkalinc \nivis

of the tract to be phinted or under (lie dat(^ pjilnis at'tei- much of the

excess of salts had been washed out of the soil by several years' ii ri-

oation, accompanied by drainage. The j^rape, the olive, the pome-

oranate, the jujube, and the fig are commordy grown in tlu^ partial

shade of the date palm in the Saharan oases, (^ee PI. Y, lig. 1,

and PI. XII.) All of these plants can endure more alkali than can

most fruit trees, though the almond and pear resist consideiable

amounts. Parle}" is one of the crops that can stand much alkali, and

it is commonly grown in winter between the rows, especially of young

date plantations. Sorghum is equally resistant. Asparagus is found

to do very well in the salty soils of the Oued Rirh country, and it may
prove a profitable minor culture. Cotton is alkali-resistant in Egypt
and is grown in the oases in the interior of the Sahara.

Since a species of pistache, which could be used for stock on which

to graft the pistache of commerce, occurs in the northern Sahara,

where it is the only tree that grows wild, it is not impossible that this

choice nut ma}'' be grown to advantage on alkaline soils. Carobs can

stand the heat and dry air of the desert very well, ^adding fruit valu-

able for horse and cattle food in place of grain, and are at the same

time very ornamental evergreen shade trees, suitable for street plant-

ing. The Casuarina, the Tamarix, and some of the acacias and Euca-

Ivpti are trees well adapted to endure desert climates. Among forage

plants the Australian saltbush deserves first mention, for it can endure

ver}" large amounts of alkali. Sorghum is another useful forage plant

for such land. Saharan alfalfa will prove of great value for the less

alkaline soils—those having 0.5 per cent of alkali or less. It is not

unreasonable to hope to find a wdiole series of crops which can endure

a considerable amount of alkali in the soil, and which will ])ermit some

diversification of agriculture even on the most alkaline tracts that are

first put under culture by planting date palms.

LIMITS OF ALKALI RESISTANCE OF THE DATE PALM.

It is naturally of very great importance to determine as nearly as

possible the limits of alkali endurance of the date palm, as it is the

most profital)le crop than can be grown in very alkaline lands, and on

large areas in the hotter arid regions of the Southwest it is the only

paying crop that can succeed. A careful study of tlu^ growth and

fruitful ness of the date palm at various points in the Sahara desert

shows that although this plant can grow in soils containing from 3 to
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4 per i-eiit of their vveii»ht of alkali, it does not produce fi uit unIeH.s its

roots reach a stratuni of soil where the tdkali content is helow 1 per

cent, and does not yield regular and a})iindant crops urdess there are

layers in the soil with hvss than ().) per cent of alkali. The surface

soil may, however, be very much more salty, and may even he covered

with a thick crust of alkali. It is pro})able that a!nounts of alkali

below 0.5 per cent of the weij»ht of the soil exert no appreciable

injurious influence on the date ptdm. For example, in a flourishing^ date

plantation at Ourlana, in the Alt^erian Sahara, at the spot shown in Plate

XVll, tit»ure 1 (Ourlana, station No. !^), the surface foot of soil contained

no less than 1.52 per cent of alkali and was covered with a crust, while

the subsoil at 2^ to 3 feet showed only 0.51 per cent of alkali. The
water used to irrigate this soil contained 0.0-1: per cent of soluble salts,

of which 0.40 per cent consisted of injurious alkali. Hotli in the soil

and in the irriiiation water the chlorids, very harmful to most plants,

predominated; they constituted 80 per cent of the alkali in the sur-

face soil, 40 per cent in the subsoil, and 52 per cent of the dissolved

salts in the wat(u*. These amounts of alkali of so harmful a character,

thouoh sufiicient to prevent the culture of any ordinary crop, seemed

to be entirely without influence on the grow^th or yield of the date

palm.

If the soil at all depths contains somewhat more than 0.6 per cent of

alkali the growth is slower and the 3ueld less than in better land, and

where the alkali content is everywhere over 1 per cent date palms

do not bear fruit regularly and their growth is very slow. On trees

growing in the presence of very large amounts of alkali the leafstalks

are usually of a pronounced 3^ellowish color instead of the normal gray

green;'' on such soils in the Sahara the only other vegetation that can

exist is a scanty growth of samphires and saltbushes. (See PI. XV, figs.

1 and 2.)

It must be borne in mind that the percentages given above are for

the stratum of soil containing the least amount of alkali and that the

surface layers may contain very much more, since the date palm has

« A diseased condition of the date palms called at Fougala, Algeria, "meznoon" (zas

in azure), meaning "crazy," occurs rather often among the trees growing on the

worst alkali spots and may be caused in some way by the presence of excessive

amounts of saline matters in the soil. The leaves of such palms do not unfold prop-

erly, but remain dwarfed and distorted, as is shown in Plate XV, figure 2. (This

figure shows in the foreground the samphires and saltbushes characteristic of the

most alkaline soils. ) These meznoon palms are said to be cured in some cases by

cutting off all the young leaves and hollowing out the bud, as is done in making
" lagmi " or palm wine. When the new leaves push out some months later they

are sometimes normal. The Arabs sometimes attempt to cure such trees by tying the

youngest leaves into a compact bundle. A somewhat similar disease is described by

Masselot (Bui. Direc. Agricult. et Comm., Tunis, vol. 6 (1901), No. 19, p. 134) as

occurring in the Tunisian Sahara, where it is called '"boussaafa." It attacks princi-

pally young palms and by preference the Deglet Noor variety.
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tlio V(M'N' impoi'diiit pcciilliirity of l)('iiionl)l(' to willistand hir^c, Jimounts

of alk;»li :i( the smracc of t he ^touikI withoiil, (he. crown hciiio- injured

(luMchy. I*i-ol)5il)ly tliis is (o he ('X|)lairH'(l by tlu^ fact tliat, lik(i other

palms, tlic (late tree has no haik and no (Udicatc, cainhiuni hiyc^r ju.st

heiH^atli; a datcpahn may l)c cut all ahout without dyin^ whiMi anoi-di-

nary fi'uil trci^ so oircHcd would ])erisli.

In conscipHMice of the ahilit}' of the date palm to endure ^reat

accunudations of alkali at the surface of the*. <(round, the "rise of

alkali " from the subsoil, so dreaded by growers of other crops, is often

not at all dangerouH to this plant and may even be advantageous in

some conditions, provided thereby the alkali content of the subsoil in

which the feeding roots extend is reduced. Jt is conceivable that in the

Salton Basin, California, where, in consequence of the very slight rain-

fall, the alkali is often very uniformly distri})uted throughout the soil

to great depths, it may prove desirable to draw the alkali to the sur-

face rather than to try to wash it down beyond the reach of the roots

at the risk of raising the level of the ground water and suffocating

the roots. Once accumulated at the surface, the alkali could be largely

removed, as suggested by Professor Hilgard, by scraping together

the surface crust and carrying it off the field. The difficulty is that if

by judicious irrigation the alkali should be brought to the surface

from the subsoil at a depth of, say, 4 to 6 feet, there is always danger

that a subsequent irrigation, especially if followed by an exceptionally

heavy shower, would bring up alkali from still deeper layers of the

subsoil and counteract the beneficial influence of the previous manipula-

tion. The theoretical advantage of bringing about a rise of alkali is

shown by the following comparison of a Saharan soil with one from

the Salton Basin. In the Salton Basin, at boring 133, about 5 miles

north of Imperial (Means and Holmes, Circular 9, Bureau of Soils), the

alkali is, as usual in this region, rather evenly distributed throughout

the soil. In the Sahara, at Fougala, Algeria (station No. 2), the

alkali was largely accumulated at the surface, doubtless in part because

of three years' irrigation, but also because the rainfall in this portion

of the Sahara Desert is much greater than in the Salton Basin. The
follow- ing table shows the distribution of the alkali at these two points:

Table 45.

—

Distribution of alkali at different depths in the Sahara and in tJie Salton Basin.

[Alkali expressed in percentage of weight of soil.]

Depth.

Surface soil, 1 to 12 inches
Subsoil, 12 to 24 inches
Subsoil, 24 toSf) inches (estimated for Fougala)
Subsoil, 36 to 48 inches

Average. 1 to 4 feet

Sahara
(Fougala,
station No.

2).

.83

Salton Ba-
sin (boring
No. 133.

5

miles north
of Im-
perial).

1.02
.90
.06
.61

.80
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Altlioiioh the total alkali conttMit of the soil to a depth of 4 feet is

slit^htly ^^reati'i" at the Foiitiala station than at horino; 138, thci roots

of the date palm wouhl reaeii a layer of subsoil containin*^ <>'dy 0.88

per cent of alkali at Fouoahi, whereas in the Salton Basin station the

lowest amount of alkali isO.iU per eent, or over one-half more than at

Foui^ala. W ere the alkali at horinj^- 188 to concentrate at the surface

in the same proportion as at Fouoala, the lower su})soil would contain

something- like 0.87 per cent of alkali. However, the soil at 5 and 6

feet in depth at ))orint^ 188 contains ().5S per cent, which alkali con-

tent prohablv contiiuuvs downward for man}' feet, so that in order to

l)rino- about a diminution of the alkali content at any given depth it

is essential that the soil lying deeper is not wetted. Whether such an

operation can be carried out in i)ractice is doubtful.

The view outlined above, that the accumulation of alkali at the sur-

face may be })eneticial to the date palm in some soils but tliat such

accunudation maybe dangerous to the plant if dislocated by unusually

heavy rains, is confirmed })y the following remarkable observation of

Vogel, made at Moorzook in Fezzan, in the interior of the Sahara

Desert:

A heavy rain is considered a great disaster, as it destroys the houses that are built

out of mud, and also kills the date palms by dissolving the great quantities of salt

which are contained in the soil. For example, about twelve years ago [in 1 843?]

about 12,000 date palms were destroyed in the vicinity of Moorzook by a rain which

lasted seven days."

Moorzook is said to have no regular rainy season, though light

showers occur in autumn. There is an abundant supply of under-

ground water near the surface. Rohlfs sa3^s: "The palms do not

require artificial irrigation [in Fezzan], since the roots seem to reach

water everywhere."* Date palms are said not to be watered except

during the first six months after they are set out. Under these con-

ditions a great accumulation of alkali near the surface is to be expected,

and the disastrous result of a heavy -rain in washing the alkali down to

the level of the roots is not surprising.

This inditi'erence of the date palm to surface accumulations of alkali

constitutes one of its greatest advantages over other crop plants for

culture on alkaline soils.

RESISTANCE OF THE DATE PALM TO CHLORIDS.

The date palm seems to be resistant to all kinds of alkali, with the

possible exception of the soluble carbonates, or black alkali. Common
salt and the other chlorids, including the very poisonous magnesium

chlorid so injurious to most cultivated plants, are resisted very well

« Vogel, Ed. In Petermann's Geogr. Mitth., 1855, p. 250.

^ Reise durch Nord-Afrika von Tripoli nach Kuka. In Petermann's Geogr.

Mitth., Ergiinzungsheft No. 25.
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by tin* (lal(^ j)aliii wliicli wiis siumi j^i-owiiij^" at. ( 'li('<4«4!i, Alo(>ria, in a soil

coiilaiuiii^" al)()iit O.S per cent of chlorids, wiiil<', ainoiints of cliloi-jds

as ^Toat as o/J |)(>r (-(Mil wvvv apparently entirely vvitliout ell'eet on the

date palm al Oiirlana, Al^(*ria.

KKSISTANCK Oh' IIII': D.VVK TALM I'O SI ' MM I A'l'KS.

Sulphates, such as (ilauher's salt (sodium sulphates), are still less

injurious than chlorids to the date pahn, which, wln^n w(ill estab-

lished, is able to withstand enoiinous amounts of these salts—pro})a))ly

from 2 to 5 per cent. Roots of the California fan palm, which is

probably no more resistant to alkali than the date palm, were found

at Palm Springs in the Salton Basin, California (see p. 112), rami-

fying a))undantly in a layer of subsoil (> feet below the surface, wh(;re

there was -1.52 per cent of Glauber's salt and 0.26 per cent of magne-

sium sulphate present. Allowing 0.02 per cent as the amount of

g3'psum (calcium sulphate) that would go into solution in the soil

moisture, the total sulphates would amount here to 4.80 per cent of

the weight of the soil. Even greater amounts of sulphates were

observed in the surface soil at Chegga, Algeria, where they amounted

to 5.11 per cent of the weight of the soil, 4.89 per cent being Glauber's

salt; the subsoil here contained 1.82 per cent of sulphates, which rep-

resents more nearly what the roots had to withstand, although in

addition there was 0.88 per cent of chlorids. It is clear that, like

other plants, the date palm can resist sulphates much better than

chlorids.

RESISTANCE OP THE DATE PALM TO CARBONATES ( BLACK ALKALl).

Whether the date palm can resist the dreaded ''black alkali,"" the

soluble carbonates, is not settled as yet, for none of the soils from the

Sahara contained any appreciable amount of these very poisonous

salts. At Tempe, Ariz., a soil obtained from the vicinity of the

Cooperative Date (jarden, where date palms grow luxuriantl}^, con-

tained some 0.06 per cent of sodium carbonate in the surface foot.

Well-drained soils containing an excess of gypsum, such as was

observed in all the Saharan samples, can not contain any considerable

amounts of soluble carbonates, for if any such salts existed the\^

would immediately react with the gypsum present, and as a result

inert calcium carbonate (limestone) and comparatively harmless sodium

and potassium sulphates would be formed.

Professor Hilgard has demonstrated the possibility of reclaiming

black alkali lands by the application of sufficient amounts of gypsum

« The name " black alkali " is applied because the soluble carbonates change the

usually gray desert soils to black, as a result of their action in dissolving the humus.

In contrast to l)liu'k alkali, other soils are called "white alkali," from the color of

the surface crusts that form in very alkaline spots.



120 THK DATE I'ALM.

to dt'eoiiiposo tlu' M>lubk' iuihoiuiti's pre.seiiL in tiiL' iippi;r layers of tlie

soil. It is not iinpossihle. that the obvious injury which results to the

date pahn from imperfect drainaj^t; may he caused by soluble carbon-

ates, which can form under such conditions, ev^en in the pnisence of

gypsum." It is a matter of nmch im})ortance to determine the limits

of resistance of the date palm to black alkali, as to which it is now
impossible to speak withiuiy certainty.'' Even if the date palm proves

to })e sensitive to the soluble carbonates it will nevertludess still be

possible to eno-aoe in date culture on black alkali lands by treating

them with gypsum and providing for good drainage.

As yet no data are available for a stud\' of the comparative alkali

resistance of the di tie rent varieties of the date palm, but doubtless a

careful investigation would show that there exists a considerable vari-

ation in this important character. Marked diti'erences are known to

exist among the diverse sorts of date palms in their ability to endure

cold (see footnote, p. 01), and, as shown in the chapter on heat require-

ments, there are enormous diti'erences in the amounts of heat required

to ripen early and late varieties; it is reasonable to expect similar lack

of uniformity in their ai)ility to withstand alkali. The groat impor-

tance of date culture, constituting as it does the only profitable industry

that can be follow ed on very alkaline lands, would warrant a careful

search in the date plantations in the most alkaline regions of the Old

World deserts, in the hope of securing varieties still more resistant to

alkali than those we now possess.

The high degree of alkali resistance of the date palm permits

brackish water to be used in irrigating. Commercial date plantations

of large extent exist at Ourlana and at Chegga in the Algerian Sahara,

« Color is given to this supposition l)y the observation of Masselot (Bui. Direc.

Agric. et Comm., Tunis, vol. 6 (1901), No. 19, p. 135) that a disease common among
young palms, known as "Merd el Ghram," in the Tunisian Sahara, caused by exces-

sive irrigation in badly drained soils, is accompanied by a blackening of the soil about

the plant. The palms suffering from this disease cease to grow, sicken, and turn yel-

low; they may be cured by drainage and by replacing at the same time the black-

ened soil about the foot of the tree with fresh earth. These symptoms seem to

indicate the formation of black alkali, and that it has a very injurious action on the

date palm.

& It can not be assumed that because the date palm is enormously resistant to

white alkali it must necessarily be able to support large amounts of black alkali, for

the soluble carbonates have a decidedly alkaline reaction, whereas white alkali, in

spite of its misleading name, may be nearly neutral in reaction. It is well known,

especially from the interesting experiments of Prof. H. J. Wheeler, of the Khode

Island Experiment Station, that plants differ enormously in their requirements as to

soil reaction. Lupines, for instance, are injured by soils having an alkaline reaction,

whereas clover, soy beans, and most ordinary crop plants of humid regions are greatly

harmed by soils having an acid reaction. It is possible that the date i^alm is injured

by soils having a decidedly alkaline reaction, even if the amount of salts in solution

in the soil water be small.
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wliicli arc' iri'isjfjitiHl with aiic'siaii watci* coiitaiiiiiij^" <».(*»[ ])(>!• cent of

dissoKcd salts, and it is said tliat still more alkaline well water con-

taininn* 1 jxm* cent of salts is used to irrioate date palms in some of the

other oases. Imen the hrine which seeps thi'ou<4h the alkali soils and

runs oil' ill the drains is u>v(\ to watei' palms ^-rowino- at lowei' le\'els,

and in some ])lantati()ns no other water is available for in-ij^ation (see

p. 98). The alkaline watei- from Lake Klsinoi-e, which proved so

very disastrous to the oran<;e orchards about Ri\'erside, (yal., con-

tained only from 84 to IK) (jfrains per oallon, wh(M-(Mis the water used

exclusively on the date plantations at Chegga, Aloeria, contained

374: f^rains, and substracting g3'psum, 250 grains per gallon of harmful

alkali. Water, such as that supplied from Lake Elsinore at its worst,

would be adapted perfecth^ to irrigate date palms. Kven the intensely

brackish ground water under the Salton Basin, which lies some 50 feet

below the surface at Calexico and only about 30 feet below at Imperial,

though it contains some O.-i to 0.6 per cent of dissolved salts, and

though it Avould prove fatal to most crop plants if brought up near

the surface by injudicious irrigation, would not necessarily injure the

date palm, Man}^ plantations in the Sahara are irrigated with water

more alkaline than this. The chief danger to the date palm to be

apprehended from a rise of ground water is the suffocation of the

roots because of imperfect aeration of the water-logged subsoil.

The immense superiorit}^ of the date palm over all ordinar}- crop

plants for culture in alkaline lands becomes evident when it is remem-

bered that all ordinary useful plants, such as wheat, corn, and alfalfa,

peach, orange, and prune trees, etc., are killed by as much as 0.5 or 0.6

per cent of alkali in the soil, " which amount is entirely without

influence on the date palm. The more resistant crop plants, such as

barley, sorghum, sugar beets, grapevines, olive trees, and possibly

pomegranate, jujube, and pistache trees, are able to withstand from

0.6 to 1 per cent of alkali; but these plants are easily injured by an

accumulation of the alkali at the surface, which is perfectly harmless

to the date palm. About the only crop plant which can withstand

considerably over 1 per cent of alkali is the Australian saltbush

{Atri/plex semihaccatd)^ and even this forage plant can not endure

nearly as much alkali as the date palm—probably not half as nuich.

As noted on page 115, asparagus is able to endure much alkali, though

the limits of its resistance have not yet been determined. The date

palm is, then, the most resistant to alkali of all plants now known cap-

able of connnercial culture in arid regions.

'''See Means and ITohnes, Cirenlar No. 9, Bnreau of Soils, V. S. Department of

Agriculture, 1902, and other publications of that Bureau.
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REGIONS IN THE UNITED STATES WHERE DATE CULTURE CAN
SUCCEED.

CALIFOKMA.

Sriltnn BcLsm or Colorado Dtstrt (see Tls. Ill, I\^ XVIII, ^^. 1 {uid

tig. 1(», p. lOi}).—It is clear, from what has preceded in this ]>unetiii,

that the Saltoii Basin or Colorado Desert is not only the most pnjinis-

ino- region in the United States, or in North America, for the culture

of the best sort of dates, })ut that it is actually better adapted for this

protitable culture than those parts of the Sahura Desert where the

best export dates are produced. This favored region, though small

in comparison with the vast arid areas of the Southwest, is neverthe-

less larger than any one Saharan oasis, proba})ly e([ualing in extent

all the oases in the western Sahara from 'rrii)oli to Morocco, and is

capable of producing all the dates consumed in America. Only the vast

date plantiitions along the Valley of the Shat-el-Arab, formed by the

junction of the Tigris and Euphrates rivers, near the head of the Per-

sian Gulf, which furnish most of the great quantities of dates consumed

in the United States, are comparable in extent with the irrigable por-

tion of the Salton Basin.

The study of the life histor}' of the date palm has shown that in the

Salton Basin the long, hot sununers, the very dry atmosphere, and the

almost complete absence of rain during the flowering and ripening

seasons of the date palm render the climate particularly adapted to

the culture of the choice late-ripening sorts, such as the famous Deglet

Noor. At the same time the presence of an abundant supply of water

of excellent qualit}^ and the extreme fertility of the soil render the

conditions unusually propitious for the establishment of this protitable

fruit culture. The presence of considerable amounts of alkali in the

soil lias been shown to be no obstacle to the growth of this plant, which

is harmed only by exceptionally large quantities of alkali. Indeed

the presence of alkali, by rendering much of the land ill iitted or

entirely imsuitable for other culture, constitutes one of the most cogent

reasons for the speedy introduction of this resistant plant in order to

enable all the lands now under irrigation to be put to protitable use."

Death Valley (see map, PL IV).—The Death Valle}^, a depression in

some places 320 feet below sea lev^el, situated in east central California,

near the boundary of Nevada, is in many ways very like the Salton

Basin, and may be considered as a more northern extension of the

same general conditions. Being some -1 degrees (300 miles) farther

north than the Salton Basin, the winters are probably much colder,

and possibly onh^ hardy varieties of date palms will succeed, though it

is probable that most sorts can be grown in certain protected situa-

tions if well covered in winter when young. The summer heat is

« Since the above was written, an experimental date garden has been estabhshed

in the Salton Basin at Mecca. (See footnote, p. 110.)
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intoiis(\ niMirly ('(iu:iliM<j;" tliiit ol' (lie liottrsl ]);iits of the Sjiltou I)jisiii;

ami vvvn \'cry late sorts, such as the Depict Noor, could inatui'c- here

perfectly. riuM-c is almost no rain, and in coiisccjucucc no danj^cM* of

the fruit Ikmul;" s[)oiled hy wet weather duiiuL;' the ripciiino- season in

autumn. Unfortunately. th(>i-e is almost no watei" available foi- irrij^-a-

tion in the Death Vall(\v, and no lar^j^e streams occui* in the suiround-

int;' country which could he diverted into this (h^sert. It is not known

whetlun' artesian watcM* und(M*lies this re<^i()n, but if Howin<^ wells coidd

be duj»' it would l)o dcsiral)Ie to make a thorough t(ist of the I)(!<^l(^t

Noor and other first-class late sorts of dates. The date palm is par-

ticularly well adapted for culture in such regions remote from rail-

ways and from marki^ts, as the crop (;an be transported to great

distances without injury and, being a high-priced dried fruit, repre-

sents a])out the maximum of value, in proportion to the weight and

bulk, among agricultural products.

Colorado Rhyr Valley (see map, PI. IV, and tig. 10, p. 102).—This

valle}^ \y\i^g partly in California and partly in Arizona, and espe-

cially the flood plain, which is irrigated and fertilized naturally

b}^ the annual overflow of the river offers considerable promise

of ])eing able to produce earlv drying dates at a cost low enough to

enable them to be sold in competition with the so-called Persian dates,

which are shipped to our markets in enormous quantities from the

region about Bassorah, near the head of the Persian Gulf, and from

Maskat, in Arabia. A detailed account of this promising region is

given below (p. 129), in treating of the regions suitable for date culture

in Arizona.

Plateau region (see map, PI. IV).— This tableland, comprising the

Mohave Desert, separating northern from southern California, would

be fairly well adapted for date culture were it not for the fact that

the winters are almost everywhere too cold. However, in canyons

facing southward, where the cold air can drain off at night to lower

levels, the hardier varieties maj^ pass the winters uninjured. From
the weather records kept at Keeler and Barstow it would seem proba-

ble that the date palm might succeed in the vicinity of these towns.

If any attempt is made to grow dates in this part of California atten-

tion should be paid to the results of the experiments in date culture

made b}^ the California Experiment Station at Tulare, Avhere it was

found that irrigation in late summer is very disastrous to the date

palm, because it forces a late growth, which is injured during the fol-

lowing winter. How^ever, all through the plateau region the summer
heat is insufficient to ripen any but early sorts, and it is very unlikel}^

that date culture will prove a profitable industry in this part of Cali-

fornia.

Inter for Yalley region (see map, PI. IV).—The largest continuous

area in California, and |)erhaps the largest in the world wher(^ dates

can bo grown, is the interior valley region, comprising the valle3's of
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tilt' Saniiiiii'iilo mid S:iii flojuiuiii livt'rs. TIk^ ctliiiiuUi is h(!ro very

(litfeiviit from tluit of tlie other it'i^ioiis iiieiitionecl above, especially in

the niiieh heavier rainfall, which in many places is sufficient to p(Minit

the (late palm to grow without irrigation. As a result of this more
humid climate there is more dant>er of damaj^e to the flowers in sprinj^,

and especially more risk of losino- the ripiMiino- fruit in autumn, in

conseciuence of a spell of wet weather. The summer season is nearly

or cpiite rainless; otherwise date* culture would be imp()ssif)l(\

As a result of investit»-ations on the life history of the date palm, it

is evident that only the very early sorts can mature their fruit in this

region, owing to the insutficient summer heat. These earliest vari-

eties, though often a very palatable fruit, suitable for home consump-

tion, are as a rule unfit for drying and for export. Experiments are

now under way in cooperation with the California Experiment Station

which will decide in a few years whether any of the early Saharan,

Egyptian, and Arabian sorts suitable for drying can mature in this

region.

All parts of the San Joaquin and Sacramento River valleys offer

about equal advantages for date culture, except in the region where the

two rivers unite. This section lies directly east and northeast of San

Pablo and Suisun bays, and the cold winds which blow in from the

Pacific over San Francisco Bay find their way eastward through this

))reak in the coast range, and thus lower the summer temperature; it is

uidikely that any dates can be ripened in this area, which extends

from Stockton to Sacramento and across the valley to the foothills.

The winters are mild enough in most parts of the interior valley

region to permit date palms to grow without injury, provided they are

protected when young. In some of the colder localities only hardy

sorts will succeed, and at Tulare it has been found by the California

Experiment Station that several of the Egyptian sorts imported in

1889 by the Department of Agriculture are severely injured by

freezes in winter, especialh^ if by late irrigation the palms had been

kept growing in late summer and autumn (sec p. 49). In such cold

localities no irrigation should be given after midsummer.
It is interesting to note that the Wolfskill date (fig. 3, p. 31, and

Yearbook, 1900, PL LXII, fig. 2), which grows at Winters (latitude

38^ 32' north), about in the latitude of Washington, Lisbon, Athens,

and Peking, is much farther north than any bearing date palm in the

Old World, with the exception of one tree at Nice, France (latitude

43° 45' north), wdiicli is probably not a true date palm ])ut a hybrid

between the date palm and the Canary Island palm. There are other

date palms still farther north in the Sacramento valley which ripen

edible dates, as for instance at Colusa and Willows, at both of which

points date palms are growing which occasionally ripen a few fruits.'^

«The Bee, Annual for 1902, p. 3: reported by Mr. J. M. Silvey, of Willows, and

W. S. Green, of Colusa.
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IndcMxl, (lie siiiimuM- clinialc iit ( )il:m(l, ( \)iirui<^, 'I'chsuiui, and Vina,

in lali(ii(l(> lO , simmus (o Ik* as oood as at Winters, and to he ordy

sliolitly less suitable at Ived HIull* or even at Reddiiio^, latitude 40 y,()\

almost under Mount Shasta. NowJHM'e else in tlie world are there any

such (»xtensive reoMons north of latitude 35" where dates can he ^rown

succ(\ssfully.

Even if dates suitable for dryinjjf can not be produced here, it will

certainly be possible for settlers all through this region to produce

fresh dates for their own tables, and it is (pnte probable that these

fresh dates can be shipped to the principal Pacific coast cities without

spoil in<:f.

Oni.'it region of t<oHthern California.—Although the winters are

never severe enough to injure the date palm and almost no rain falls

during summer and earl}- autumn, it is nevertheless very improbable

that good dates can be grown in this part of California, for the simple

reason that the wdnds which blow^ off the ocean are cold and humid and

prevent the summer heat from being sufficient to ripen dates for 25

miles or more from the coast. It has been found that the date palm

does occasionally ripen fruit at San Diego (see PI. XX, fig. 1), but

the plant is forced entirely out of its normal habits by the very low

temperatures which prevail here in spring and summer, and instead of

flowering in April, as it does in the Sahara, often does not open its

flower clusters until August, in which event the half-grow^n dates hang

on the trees in a green condition all through the winter and ripen only

during the following summer. The date palm referred to above,

which ripens its fruit at Nice, may be found adapted to the climate of

this coast region, but unfortunately this tree has not yet produced any

vigorous offshoots and only seedlings are available for testing in Cali-

fornia. The best chance of securing dates capable of ripening in this

region is b}^ cross fertilizing earl}" varieties with the pollen of the

Canary- Island palm {Phoenix canarie^isis)^ which, being adapted to the

relatively cool and humid, though nearly rainless, summer climate of

these islands, is able to mature its thin-pulped and flavorless fruit all

along the California coast, even as far north as San Francisco. It is

probable that the palm at Nice is such a hybrid, and that it w^ill ))e easy

for plant ])recders, by selecting among numerous hybrids, to find a sort

much better than this chance seedling.

NEVADA.

It is probable that the date palm may be fruited successfully in some

of the protected valle3\s in southern Nevada; early sorts are, indeed,

almost certain to succeed in the valley of the Colorado River wherever

there is any land that can ])e planted. The actual flood plain, being

both higher in altitude and farther north tlum in CalifoiTiia ;ind Arizona,
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may prove to be too cold in winter for any but hardy worts, and, as

noted below (p. 132), the annual inundation with ccdd water will pre-

vent the ripening' of any but the earliest sorts. At higher altitude in

southern Nevada the sununers arc hottcu", and even niidseason or late

sorts can be yrown if they can withstand the winter cold. For exam-

pie, at St. Thomas, in the valley of the Virgin River, at an altitude of

1,600 feet, the summers are hotter than at Phoenix, in the Salt River

Valley, Arizona, but the winters are colder, the thermometer fallinj^

as low as 11"^ F. in January, lSil9—a temperature which is likely to

kill youno- palms and injure old ones. It is not impossible that there

may be warm situations in the Pahrump Valley and in Ash Meadows,

in southwestern Nevada, thout;h in the absence of meteorological

records it is impossible to speak with certainty, and it is probable that

the w inters are almost everywhere too cold in these valleys to permit

dates to be grown. Hardy late sorts of dates would be very desira-

ble for culture in southern Nevada, and it is pro})able that such could

be found in the oases of Persia, where the winter cold is sometimes so

severe as to injure or even kill old date palms, althouoh the summer
heat is intense. Inasmuch as such sorts would be of great value for

culture not only here but also in southwestern Texas and in some parts

of California, it would seem advisable to make a thorough search in the

Persian oases as soon as possible and to secure the best varieties for

trial in America.
ARIZONA.

As has been explained above (p. ()1), in treating of the drainage of

cold air and the inversion of temperature in relation to date culture,

the earlier varieties will probably succeed in some parts of Arizona

lying as high as 5,000 feet above sea level, and medium or late sorts

in most parts below an altitude of 2,000 feet, except where there is a

marked drainage of cold air from some higher level. This area h^ing

below 2,000 feet in altitude would include the whole of southwestern

Arizona, with an arm running up the Gila River, and also extending

up the Salt and Verde rivers, and another extending along the Colo-

rado river northward, passing up the tributary called Bill Williams

River, and reaching as far north in the Grand Canyon as the Ilualapai

Indian Reservation. This portion of Arizona lying below^ the 2,000-

foot contour line forms on the map the shape of a capital L with a

very thick horizontal limb. It must not be supposed, however, that

an}^ large part of the 20,000 or more square miles included in the area

above limited will ever be planted to date palms or to an}^ other fruit

trees, since most of this area is without adequate water to carr}^ on

agriculture. The irrigable areas along the Gila River and its tribu-

taries, especially the Salt River Valley, the Upper Gila Valle}" from

Florence westward to the Estrella Mountains, and finally the valle}' of

the lower Gila, especially about Gila Bend, are the localities best
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a(lai)to(l to tlio cullun^ of iho duU' ])aliii. TIic whole, of tlui valley of

ihv Colorado, so far as it is irri<;-al)le, and especially the flood plain

naturally irri»jfat(Ml by seepaj^^' from the river and by the annual over-

flow, is also adapted to {\w culture of the date palm, but probably

only the earlier varietiivs will succeed. Of the rej^'-ions just mentioned,

only two are now furnished with a sullicient su[)j)ly of water to ren-

der date culture possible on any lar<j^e scale. 'rh(\se are the Salt River

Valley from Mivsa westward to Peoria, and the Hood plain of the (Colo-

rado Ki\tM-. Wherever small amounts of watei' are available in the

other valleys they coidd be utilized for irri^atin<^ date palms, which

would undoubtedly succeed, and it is proba])le that in the futun;, with

increased facilities for irrigation, the upper and lower valleys of the

Gila will prove especialh^ suited to this culture.

There is a region in south central Arizona, lying to the south of the

Casa Grande ruins, w^here there are said to be thousands of acres cov-

ered with a heavy growth of mescjuite trees {ProsojHis velutiMtisf) and

where water is found at a depth of from 20 to 30 feet below the sur-

face. It is not impossible that if date palms were irrigated in this

region when young, they might be able to grow without irrigation

after the roots reached moisture. At any rate, both here and else-

where, where a heav}^ growth of mesquite occurs and where there are

indications of underground water near the surface, it w^ould be desir-

able to make trial plantations of the date palm.

Salt River Valley.—This fertile region, which is one of the largest

of the irrigated valle3^s in the Southwest, is situated in central Ari-

zona (latitude 33^ 25'). Its principal towns are Phoenix, Tempe, and

Mesa. As has already been mentioned, the date palms planted by the

earlier settlers have been strikingl}^ successful (see Yearbook, 1900,

PI. LVII); in fact, it is no exaggeration to sa}^ that there are more
bearing date palms producing fruit of good qualit}^ in the Salt River

Valle}^ than in all the rest of the United States. The Cooperative

Date Garden at Tempe (see Pis. XXI and XXII) on June 15, 1902, had

on hand (including a few palms at the experiment station farm at Phoe-

nix) 556 trees, belonging to 81 varieties. Besides these 81 imported

varieties, there are a number of seedling sorts of merit w^hich have

originated in the Salt River Vallej^, so that in all there are probably

nearly 100 distinct varieties of date palms now on trial in this valle3\^

Prof. James W. Toume}^, while connected with the University of Ari-

zona, investigated the whole subject of the culture of the date palm in

the United States and brought out very clearly in a bulletin'^ published

in June, 1898, the fact that in these regions only had the plants imported

«For])es, R. H. Thirteenth Annual Report, Arizona Experiment Station, 1902,

p. 244.

'> Tourney, W. J. The Date Palm, University of Arizona, Arizona Agricultural

Experi.'^ient Station, Bulletin No. 29, Tucson, Ariz,, June, 1S98.
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hy the, DepiirtiiR'iit of A^ric-ultiui' in Is.Sl) jiiid 181>0 ^lowii rapidly

iind produced ^ood fruit iil)uiid{intl\ . This bulletin was the tirst

important stud}' of the date palm puhlished in America, and it did

much to attract attention to the })ossibility of establisiiin^ date cul-

ture as a protital)le industry in the Southwest.

Altliout;h tiiere are many reoions in California, and some in Ari-

zona, where the summer temperatures are hiohor than they are in the

Salt Kiver Valley, the oid}' considerable area of land under irrioation

where the climate is more favora})le to the date palm is the Salton

Basin in California. It may ])e stated that date culture is no longer

an experiment in the Salt River Valley. It is, however, not yet cer-

tain that the Deolot Noor variety, which brings the hio-hest price in

the market, will come to full maturity here. It is to be hoped that it

will, and the outlook is not without promise (see p. GH). If this vari-

ety' does ripen properly, there can be l)ut little question that it will be

profitable to plant it on the best lands in the valley and to irrigate it

a))undantly. The question as to whether the Deglet Noor can mature

its fruits in central Arizona will })e settled within a ver}' few years by

the experiments now in progress at Tempe, in this valley (see PI. XXII).

In case the Deglet Noor does not succeed in this valley, the effort

should be made to produce a date intermediate in (quality between the

Deglet Noor and the ordinary dates sold in ])ulk in this country. Such

a good second-class date would compete with the selected Bassorah and

IVIaskat dates for household uses and take the place of Deglet Noor

dates to some extent for use as a dessert fruit. Owing to the nearness

to markets, the Salt Kiver Valley dates could be sold while still fresh

and need not be deformed ))y the close packing needful to preserve

the oriental dates from dr3'ing out or from spoiling while en route to

America.

The collection of varieties at the Cooperative Date Garden at Tempe
is by far the most complete in the world, since it comprises the best

known varieties from the Algerian Sahara, from Egypt, and from the

regions about Bassorah and Maskat, where most of the dates imported

into America are produced, as well as a large collection of varieties

from the Pangh (rhur region in Baluchistan. Together w4th the seed-

lings that have originated in the valley and the sorts growing at the

experiment station farm at Phoenix, there are something over 90

named varieties now on trial in the Salt Kiver Valle3^ It is very

probable that some of these will prove to be adapted for profitable

culture in this valle}^, even if the Deglet Noor can not mature.

There are several seedling dates that have originated in the Salt

Kiver Valley in Arizona which promise to be valua])le. One of the

best of these is the Lount No. 0. It is small, being rather smaller than

the AVolfskill date, but of very good texture, of clear amber color when

dried, and of fairly good Havor. The Kales date and the Bennet date

(fig. 4, p. 32) are seedlings of considerable merit, also growing near
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riiooiiix, Ariz. In nddilioii, iUvvv -mv several otlici- secdliiij^ Viirictic^s

ul' ('()nsi(leral»le miIuc wliicli Imvo jilrcsidy fruited in cciilral Arizona,

some of whicli may proNc adiiptcd to cidtin'c on a larj^c scale.

Two of the varieties introduced from K^^y])t hy the I)e{)artnient of

A»^ricnltui-e in ISDO ha\e been fruitiiij^' for some time at I^hoenix, Ariz.

Ill IJHH) one of tlu* sorts, the Ainreeyah, hore over 'MH) [)ounds (see

Yearl)ool<, lixio, PI. LXII, iio-. 1), while anothcM-, the ScMnvah, bore

over 'JOO ])oiinds. Thes(» dates were packed in lialf-pound boxes, and'

Prof. A. fl. McClatchie writes that they sold readily for 20 cents a box

wholesale and 25 cents retail, and there was a demand in the local mar-

ket for ten times the (quantity that could be furnished. The Seewah

in particular is a very i)r()misintr date for culture in the Salt River

Valley, in Professor McCIatchie's opinion, as it is fairly early and of

excellent quality.

Although a good second-class date could doubtless be grown with

profit on the best fruit land, it is probable that this culture will be

undertaken first on lands too alkaline to be safe for other crops. Some

of the low-lying alkali lands, especially near the date garden at Tempe,

have water rising to within a few feet of the surface, which seeps down

from the surrounding irrigated fields lying at higher levels. Date

palms, when once established, will grow in such situations without

any irrigation at all, though they will grow better and yield more

fruit if occasionally irrigated from the surface with pure water from

the canals.

Colorado Elver Valley (see fig. 10, p. 102).—The valley of the Colo-

rado River, lying partly in Arizona and partly in California, comprises

two adjoining though difierent situations where the culture of date

palms is possible, viz, the flood-plain of the river and the mesa lands

l3'ing above the high-water mark not subject to inundation.

The immediate flood-plain is flat and only a few feet (10 to 15) above

the low-water mark. It is in some places so narrow as to be onl}^ a

strip along the bank, while below Yuma and again farther north in the

Colorado River Indian Reservation, it is often several miles in w idth

and is covered wnth a luxuriant growth of willows. The flood-plain is

subject to annual inundation from the Colorado River, which overflows

its banks every year, like the Nile in Egypt, when the summer heat

melts the snows on the high mountains at the headwaters of the river

in Colorado and Utah. The retiring flood waters leave a thick deposit

of mud, which renders the soil exceedingly fertile."

«In 1899 the writer saw a dense growth of 5 to 6 year old willow trees being cut

for cord wood. The trees were 25 to 35 feet in height and from 6 to 10 inches in

diameter near the ground. Any possible doubts as to the accuracy of the determina-

tion of the age of these trees, which was made by counting the annual rings of growth,

were dispelled by the evidence of a woodman, who asserted tliat some five years

before all trees of any considerable size had been cut from this tract of land.

13529—No. 53—04 9
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The position of tho hiri^er })0(lios of easily iniK5i'>l<' land lyinj^ alonj^

the Colorado River is shown in tii^'. 10, p. 102. The cross-iialclied areas

in this figure along the river indicate low-lyinj^ hinds, and are more

extensive than the Hood-plain proper, althou»^h in very hi<^h flood most

of the areas marked on the map would be overflowed. All these lands

are easily irritrable without expensive diversion works, which would

be necessary were the water to be conducted to the mosas overlooking^

the Colorado. The land comprised in these areas amounts to some 800

square miles," distributed as follows:
S«iuare miles.

Cottonwood Valley in Nevada and Arizona 14

Mohave Valley in Nevada, California, and Arizona 160

The small valleys near the junction of the Bill Williams River 56

The great Colorado V^dley in California and Arizona 382

The valley in California and Arizona just above the junction of the Gila River

at Yuma 80

The valley on the right bank of the river below Yuma in Arizona 108

There is a large area of similar land in Mexico along the Colorado

River, as may be seen from the sketch map, tig. 10, p. 102.

Recent detailed surveys made by the Hydrographic Office of the

Geological Survey ^ show that there are between -100,000 and 500,000

acres of irrigable land in the valley of the Colorado River between

Fort Mohave and Yuma^ and there are in addition large areas of land

in Arizona below Yuma already irrigated, while still more can be put

under water at slight expense. The flood-plain proper, naturally irri-

gated by the annual overflow of the river, does not comprise so exten-

sive an area, but nevertheless embraces several hundred square miles

of the ver}^ richest of these exuberantly fertile alluvial soils.

Of the 100 square miles (63,1:09 acres) surveyed in 1902 in the Colo-

rado River Valley south of Yuma, Ariz., Holmes saj^s: "About 75 per

cent of the lands of the valley are overflowed and a layer of sediment

added to the soil each year. The deposition has been nmch greater

near the present stream bed than farther back, so that the lands

innnediately bordering the stream are higher and covered by only a

few inches of w^ater during the flood season, while those farther back

may in places stand under 7 or 8 feet of water. "^

The land near the river is usually nearly free from alkali, which

occurs chiefl}^ "just above the high-water line of present overflow,

where evaporation from the surface has taken place without any sur-

face flooding, showing plainly that the alkali is the result of the

« An estimate of 700 yquan> miles is made by Whipple, Pac. Ry. Rept., vol. 3,

Pt. I, pp. 40-41, to include the lands from Fort Mohave to Yuma.

^Lippencott, J. B., and Davis, Arthur P. Colorado River Division in Arid Land

Reclamation Service, First Annual Report, 1903, pp. 106-125.

< Holmes, J. Garnett. Soil Survey of the Yuma Area, Arizona. In Field Oper-

ations of the Bureau of Soils, Fourth Report, 1902, p. 781.
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ova]V)r;iti()n of (lie river water. Other alkali areas are found alon^

(he fo()( of (he hliilV, beiiii;- eaiis<Ml by a small aiiioiuit of HOcpaj^(». from

tln^ hi<j^li lands above.""

In rei^ard to (he eondol of (he overflow watcM', which is the pro))lom

of first importanei^ in all ordinary aj^n'iculture, Holmes says: "Until

(his water is etl'eetually in hand no farmino^ worthy of the name can ))e

done. To control (he ovi^rllow it will be necessai'y to construct a dike

or \vyvc alono- the river, to connect with the mesa land below, of such

heio-ht and strenoth as to keep out the river. As has been previously

stated, th(^ oTound water of (he valley rises and falls with the river,

and some places are now overflowed 6 to 8 feet. The confinin^r of the

river would cause it to rise hij^her in the channel, so that the ground

watiM* over the present overflowed part of the valley would have sev-

eral feet of head, thus brinoin^- it near to or above the surface. This

would necessitate the installation of a drainage system, with a pump-

ing plant at the lower end of the valley to lift the water above the

levee and back into the river. This leveeing and draining would be

expensive, but since the subsoil is usually quite porous the drains

need not be close together, and the natural fertility of the soil,

together with the advantages of abundant w^ater and almost tropical

climate, w^ould certainly make such reclamation a pa3ang investment."*

If it is found, as now seems probable, that the date palm can be

grown on the lands subject to overflow without artificial irrigation and

without any such expensive system of levees and of drainage b}^ pump-

ing, then it will doubtless be possible to grow dates here as cheaply

as in the Bassorah region, where likewise no hand labor is necessar}^

to carr}^ out irrigation when once the canals have been dug. ^

The luxuriant growth and abundant fruiting of the seedling date

palms (PI. XX, tig. 2) grown by Mr. Hall Hanlon in the flood«plain

some miles west of Yuma, on the California side, show that, in some

places at least, the seepage from the river, which goes on throughout

the year, and the thorough soaking which the land receives at the

time of the annual overflow, render irrigation unnecessar3\ The

deposit of mud left by the flood waters suflSces to maintain the fertilit}^

of the soil and renders any manuring superfluous.

Although the meteorological records kept for several decades at

Yuma, Ariz., on the banks of the Colorado River, show^ the summer
climate to be nearly as hot as at Phoenix, in the Salt River Valley

(though much cooler than in the Salton Basin), the dates planted by

Mr. Hanlon usually fail to mature and must be ripened artiflcially.

As was mentioned above, on page 50, this failure to mature the fruit

« Holmes, J. Garnett, Soil Survery of the Yuma Area, Arizona, 1902, p. 786.

'aioline.s J. (Jarnett, 1. c, p. 791.

'' Fairfhild, D. G. Bulletin 54, Bureau of Plant Industry, V. S. Department of

Agriculture, p. 15.
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is probably (Uu5 in jnut at least to the lovvcriiij^" of tin* t('iii|M*rature

of the soil about the roots" aiul of the air about the leaves by tlui

oveiHow of cold water from the melting snows of tlic Koeky Moun-
tains. This annual Hood occurs in the midst of the hot season, usually

early in »lune, and the waters remain on the land for several weeks.

Early sorts of dates, such as the Khars and Teddala, un(l()u})tedly will

succeed in this favored region, which has many adxantaocs for this

culture. The land is irrigated and fertilized naturally, the dry air

favors the ripening of fruit of a good quality, the very low rainfall

in spring and autumn permits the date palm to flower and ripen its

fruit unhindered by bad weather, and the winters are so mild that no

injury by cold is to be apprehended after the young palms have once

taken root.

The date palm has a great advantage over other fruit trees for

culture in the flood plain, in that, when once established, it can resist

the erosive force of the flood waters without being injured or losing

its crop of fruit. There are thousands of acres of this land in Cali-

fornia and Arizona now lying waste which could be utilized for this

protitable culture if a variety of date palm could ])e found which pro-

duces early ripening fruit tit for drying, and which is adapted to the

soil and clima-tic conditions of this region. Indeed, the chance to

secure exuberantly fertile lands, recjfuiring no irrigation, at low

prices, gives this flood-plain great economic advantages over other

regions for the production of an ordinar}" or second-class date, such as

those that are now imported into this country in enormous quantities

from the somewhat similar region about Bassorah, in the valley of the

8hat-el-Arab at the head of the Persian Gulf, and from Maskat. No
fewer than 1),000 tons of these dates were imported in 1901, so the

market is practically unlimited, provided the cost of production can

be kept down to a point permitting competition with the oriental

dates. The date producer in the Colorado River Valley would have

the great advantage over his Bassorah rivals of enormously greater

proximity, both in distance and in time, to the great markets in the

interior of the United States.

The prospect for successful culture in this region of the ordinary

dried dates, one of the staples of the fruit trade, is so good as to war-

rant making a careful search in the Old World date countries for

suitable sorts to grow here. Fortunately, the Department of Agri-

culture has already secured and has growing in the Cooperative Date

Garden at Tenipe, Ariz., many of the earl3^-maturing sorts of dates

from the Algerian Sahara, as well as from the valle}' of the Nile in

Egypt and the valley of the Shat-el-Arab at Bassorah, the two latter

regions having climatic and soil conditions somewhat resembling those

« As shown on p. 49, warm irrigation water is very advantageous in date culture.

Doubtless the date palm is as sensitive to the soil temperature as to the air temperature.
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of i1h> ("oloradt) IviNcr X'allcv. In addilioii, llic xai-iclics from tho.

island ot" njcilta, oil llic coast of Tunis, wlicic only early sorts cjin

mature, as \\(dl as the many early kinds icportcd Irom t lie/runisian

Sahara, should he secured for trial. Possihly other sorts of value,

could l)e found amoiii^' th(^ multitu(l(»s of seedlinj^- date palms <^i-owin^

in the vall(\vs of the Indus and its tributaries in the Punjab, in India.

On th(> higher lands alonef the valley of the Colorado the conditions

are very dil](M-ent from those described above, for, lying a})Ove the

llood-plain, tluvse lands are not subject to annual ov(m-Hovv and con-

se(]uently there is no lowerinjjf of the sunnner temperature by the cold

Hood wat(M-s. The meteoroloj^ical records kept at Yuma, Ariz., near

the Mexican boundary, and at Needles, Cal., near the Nevada bound-

ary, indicate that midseason and even late sorts, including possibly

the Deglet Noor, may be expected to mature fully in this region." So

there is a good prospect for successful date culture wherever it is

possible to irrigate the land.

NEW MEXICO.

All of New Mexico is over 2,500 feet above the sea level, and nine-

tenths of its area is above 4,000 feet in altitude. In consequence the

winters are almost ever^^where too cold to permit the culture of any

but hardy sorts of the date palm, and the summer heat is inadequate to

ripen any but the earliest varieties. The winters are much too cold for

the date palm in the principal irrigated regions, the valleys of the Rio

Grande and the Pecos rivers, where this plant would be ver}^ useful

for planting on alkali lands. From a study of the meteorological rec-

ords, it would seem that La Paz, at 4,83G feet altitude, in south central

New Mexico, near the Sacramento Mountains, has the most promising

climate for date culture. The next best climatic region is found in

the valleys of the Gila and Rio Mimbres, in the southwestern corner

of the Territory. This latter region is of considerable extent, but

unfortunately the winters are usualh^ so cold that young palms would

be injured if not protected. During the cold wave of 1899 the tem-

perature fell below 7^ F. at all the stations where records are kept,

except at Gage, altitude 4,480 feet, where the record shows a mininuim

temperature of onl}- 16° F.

Very early sorts of date palms capable of withstanding much cold

arc needed for trial in New Mexico. Such sorts are most likely to be

found in the oases of Persia, especially in those Avhich from their high

altitude or northern position have a very cold winter climate. The
northern Sahara, though it contains early varieties suitable for culture

in the interior vallev resfion in California and in the Colorado River

«Prof. R, H. For})es is Ptrongly of the opinion that the Deglet Noor date will ripen

in the Colorado liiver Valley about IVIellen and Fort Mohave, Ariz., where the

cHinate is exceptionally hot. (Ivotter to the author, dated Tucj^on, March 1, 1904.)



184 THE DATE PALM.

Hood plain, where the wiiiteis art' (ouipartitively mild, is unlikely to

yield sorts suitable for New Mexico oi- for the plateau rej^ion of Cali-

fornia, where hardiness is indispensable, tor tlit^ reason that in the

northern Sahara, even in oases lyin^ at hio;h altitudes, the winter cli-

mate is comparatively mild and ecjuable.

TEXAS.

Only the extreme southwestern part of Texas, bordering the Rio

Grande from the mouth of the Pecos River to near Brownsville, is

adapted to the culture of the date palm. Throughout the eastern half

of the State and in a strip along the Gulf coast, down to the Mexican
boundary, the climate is too luunid and th(^ sunmiers are too cool to

ripen the fruit properly, while in all the northern part of the State,

above San Antonio (latitude 30^ north), the winters are too cold to

permit the date palm to grow out of doors without protection. In the

region lying south and west of San Antonio, between the humid Gulf

coast and the Rio Grande, the summers are hot enough to mature

even the medium or late varieties of dates. Fort Mcintosh, in We})b

County, at 460 feet altitude, has a summer temperature somewhat

higher for the months from May to September, inclusive, than at

Phoenix, Ariz. The rainfall averages in this region onl}^ about 10

inches, and the late summer is usually dry enough to permit dates

to ripen; irrigation would usually be necessary. Ordinarily the

winters are not severe enough to injure the date palm if protected

when young, though this part of the State is occasionally exposed to

'^northers,'' during which the temperature sometimes falls very low.

In Februar} , 1899, for example, it fell to 7^ F. or below all over the

region where the date could be grown, and this temperature would

doubtless injure or kill even old date palms. Such low temperatures

are, however, very exceptional, and the date should be tested in this

part of Texas wherever water can be obtained for irrigation.

Midseason and late varieties, resistant to winter cold, which are

needed here and in southern Nevada, are most likely to be found in

the depressions in the Persian plateau, where the summer heat is

intense and, at the same time, the winters are rigorous. There is

much less chance of finding hard}^ sorts in the Sahara, where the win-

ters are mild, especially in low altitudes, where alone there is sufficient

summer heat to ripen late varieties.

NO DANGER FROM MEXICAN COMPETITION IN DATE CULTURE.

The date palm was introduced into Mexico soon after the conquest,

probably by means of seeds brought from Spain by the missionaries.

Some of the palms in Sonora and Lower California are very old and

have reached great height. A group of such old trees is shown in the

frontispiece. They were growing at Hermosillo, onl}^ 150 miles south
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of (lie I'liitiMl Slates hoimdary, \v1h'|-(M lie diinatc! is not Ncry imliko

that of the hot \all('\s<)l" Arizona, 'riici-c are exteiisixc date j)lanta-

tions ill liowei- ( alii'ornia, (vspeeially in the central part, of the ])eniii-

sulji, aiul ('oiisi(l(>ral)le ipiantities of dates, packed ifi rawhide ha<^s, arc

.shippcnl from here to tlu^ cities of Mexico, and sonui e\'en as fiir as

Arizona and California. Accordinj^* to th(^. stalisti(%s published hy the

Mexican (ioverninent, Lower California produced 187,300 kilo<4'rams

(about 300,()0() pounds) of dates in 181)7, worth 10,84.5 Mexican dollars.

In 18iKS the production amounted only to 32,48.5 kilograms.

It might be supposed that northwestern Mexico would be better

adapted for growing dates than the Southwestern States, since date

culture in Sonora and Lower California has long ago passed the

experimental stage j'nd is a well-established industry. Furthermore,

in these regions there is no danger of young palms being injured by

winter cold, while from the latitude, some 5 degrees south of the

Salton Basin, the summer heat might be expected to exceed that of the

hottest deserts of California and Arizona. As a matter of fact, how-

ever, the absence of high mountain ranges and the proximity to the

Pacific Ocean and to the Gulf of California permit the sea winds to

sweep more or less freely over this whole region, thereby so reducing

the temperature and increasing the humidity that late sorts of dates

almost ever3^where fail to mature on the tree and must be ripened

artiiiciall3^^

Nowhere in Mexico is there any region comparable to the Salton Basin,

in California, a depression below the sea level, surrounded on tw^o sides

by high mountain ranges which form an effective barrier to the cold,

humid winds from the ocean. * Adding to these climatic advantages,

the abundance and cheapness of the water supply, and the greater prox-

imity to markets, it becomes evident that American growers of first-

class dates have no need to fear Mexican competition. Even the

growers of second-class and ordinary dates have little cause for alarm,

for everywhere in Mexico date culture is carried on in the most primi-

tive manner, seedlings being everywhere grown and the propagation of

superior varieties by offshoots nearh^ or quite unknown. At present

the inferior and badly packed seedling dates produced in Mexico are

the poorest that reach our markets, and are of no importance what-

ever.

«By exposure to the t^un during the hot part of the day and storing indoors wra])ped

up in l)lankets at niglit. (Observations of Prof. R, H. Forbes in LoAver Cahfornia,

communicated verl)ally to the writer, 1902. See p. 29.

)

^ Except possibly Maquata Basin, a region below sea level around the Laguna
Maquata (see fig. 10, p. 102) , in Lower California, just south of the lx)undary lino, which
may some day rival the Salton Basin as a dato-prochicing region, as it can be irrigated

from the Hardy River and is protected ])y mountain ranges on nearly all sides. It

would be very desirable to ex])lore more fully this interesting region, which, though

adjoining our boundary, is one of the least known areas in North America.
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Ill V lew of the great iuuiiIk'I* of seedliiit^- dates that occur in Lower

California and Sonora, it is probable that there are anioii^; them some;

valuable sorts which should be found and introduced into Arizona for

trial. Unfortunately the oldei* trees, whose value is best known, have

loni^" a<40 ceased to produce olfshoots, so that such sorts can not be pro-

pa t^ated.

PROFITS OF DATE CULTURE.

Wherever the Deglet Noor and other choice late varieties of dates

can be grown date culture will be exceedingly profitable. In a region

like the Salton Basin, California, where the winters are never cold

enough to harm seriously old date palms, where the spring and

autumn seasons are practically rainless, preventing injur}' to the

flowers or to the ripening fruits, and, above all, where the summers

are always hot enough to insure the perfect ripening of the fruit, the

certainty of a crop is almost absolute, especially as the land is very

fertile and the irrigation water of good quality.

The average yield of a Deglet Noor date palm is variously put at

from 88 to IM pounds. Counting only To pounds to a tree, the yield

per acre would be tl:,500 pounds if the trees were planted at the usual

distance of 26f feet. Such dates, even of the second grade, sell on

our markets at from 35 to 50 cents a pound at retail when packed in

fancy boxes, and would bring probably one-quarter as much in bulk at

wholesale, or from 8 to 12 cents a pound, especially as they would ripen

in the Salton Basin early enough for the Holiday markets. Allow-

ing 10 per cent for loss in packing, there would still be 1,000 pounds

of dates to the acre. Of this crop about 1,000 pounds would be of the

first grade (see p. 35), worth, say, 10 cents a pound at wholesale;

1,300 pounds would be second grade, such as now reach our markets

packed in three-quarter pound paper boxes, worth about 8^ cents a

povmd, and the remaining 1,700 pounds would be third-class dates, to

be sold in bulk at, say, 2^ cents a pound, or in all some $250 worth

from one acre. The care recpiired b}' the date palm is juuch less than

that necessary for any other fruit tree, and the fruit cures naturall}^

on the tree and can be gathered quickly and easily by cutting ofi' a

whole Imnch at a time. It is probable, therefore, that $100 per acre

would cover all the fixed expenses of an orchard of Deglet Noor
palms in full ])earing, leaving a profit of some $150 per acre.

Offshoots bear fair crops of fruit from thi'ce to five 3'ears " after

being planted, which is but little, if any, longer than many other fruit

trees, such as the orange, fig, pear, etc., require to reach fruiting age.

The date palm comes into full bearing from eight to twelve 3'ears after

being planted, and lives to a much greater age than any other fruit

« A proof of the ability of a date offshoot to fruit abundantly at an early age is

afforded by the Deglet Noor offshoot shown in Plate XXII, which was set out at

Tempe, Ariz., in July, 1900, and which when photographed in August, 1903, just

three years and one month later, bore three fair-sized bunches of fruit.
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{\'V(\ ln'MiiiiL;" |)r()li(jil)l(' ciops cven wlicii ;i (('iilni'y oi" iiioic old. No

cxpciisiN (• |)i-iiiiiii^- is rc(|nir('(l by this I'lMiil (I'cc, and it is i('in:ii"kal)ly

I'nM' Troin discuses and iiijiii'ioiis iiisccl pcsls. 'I'lic ainoniit of lahoi'

riMiuinul ill a date plantation is very mncli less than for most otlicr

fruit enlture, and this constitutes a j^rcat advanta<^'-e in its culture,

especially in d(\sert reoions, where labor is scarcer and liiodi priced.

The fruit does not ripen suddeidy and need immediate care, but may
often be left on the tree for a week or two after il matures without

be in or injured.

It would be difhcult to imagine a fruit better adapted for ^rowinof

in the Salton Basin tiian the choice lat(^ varieties of the date, and at

the same time a culture! better suited to the needs of the country.

Although nototl'erint^ j)romisc of being so unusually lucrative as the

culture of the Deglet Noor dates, the production of good second-class

dates, comparable with the best grades of so-called Persian dates, ma}^

nevertheless prove to ])e a paying industry, yielding profits equal to

those given by other fruit cultures. The Salt Kiver Valley in Ari-

zona, which may be warm enough to permit the culture of even the

Deglet Noor dates, can certainly produce the best grade of second-class

dates, suitable for household use and serving as a substitute for Deglet

Noor dates for dessert fruit or for use in confectioner3\ The American
growers will have the great advantage over their rivals in the Persian

Gulf region of much greater proximity to the centers of consumption,

which wnll enable them to put their crop on the market earlier in the

season and in fresher condition."

Even the growmg of ordinary dates, like those sold in bulk at the

fruit stands, maj prove a paying culture if carried on on an extensive

scale where land and irrigation w^ater are cheap. Being packed

tightly together in boxes Iiolding a hundred pounds or so, the labor of

preparing them for market is much less than for the finer dates,

which must ))e arranged carefully in small boxes to prevent the fruit

from ])eing crushed or deformed ])3Mnutual pressure. The flood-plain

of the Colorado River in California and Arizona, w^here land that is

naturally irrigated and fertilized by the annual overflow of the river

can be had cheaply, offers promise of being suited for the profitable

culture of such ordinar}^ dates.

^'Another great advantage of American-grown dates will be their superior clean-

liness. Fiiirchild says (Persian Gulf Dates, p. 29), in regard to the ordinary Persian

dates of our fruit stands, ''the stories which one hears in the region of the conditions

in the packing sheds and the personal uncleanhness of the men, women, and children

who put up the dates are enough to disgust a sensitive person and to prevent his

ever eating packed dates again without having them washed, No t)ld inhabitant

thinks of eating a date without first thoroughly washing it in a glass of water, unless

the cook lias prepared it Ix^forehand, and the sale of dates in America might fall off

decidedly were it generally known how intimately the unwashed hands, bodies, and
teeth of the nota])ly filthy Arabs often come in contact with the dates which are sold

by every confectioner."
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EXTENT OF THE MAUKET.

The enormous quantities of dates imported into this eountry every

year are a measure of the extent of the market for the elieaper j^ra(l«'s

of this fruit. The average vahie of the imports of dates was $40ii,T(>2

per annum for the ten years ended June 30, 1900, and the following

table gives the quantities and values of imports during the last five

years, almost entirely from Bassorah and Maskat:

Table 46.

—

Quantities and values of dates imported into the United States.^

Year ended June 30—
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IMPORTANCE OF LIFE HISTORY INVESTIGATIONS IN DEMON-
STRATING THE FEASIBILITY OF DATE CULTURE.

Tlio importsiiicn of a detailed study of tho cliiniitic and soil roquiro-

nu'iits of the dato })aliii is clearly shown in ti'cal/in^ of the retrions in

the United States adapted to its culture, as well as in the discussion of

the heat roquireiuents and of the alkali resistance of tliis remarka})le

plant. No otluM" crop plant can withstand so much alkali in the soil

or in the irrigation water, and tens of thousands of acr(^s of alkali lands

in the irrij^ated areas in the Southwest can be recdaiined and put to

profit only by growing dates. This renders it of the greatest impor-

tance to determine the extreme geographical limits of the regions

where dates can be produced with profit in order that this invaluable

plant may be utilized on alkali lands wherever possible.

Not only is it possible as a result of life history investigations to

indicate with some degree of precision the regions where dates can be

grown, but also to predict the types of varieties which alone can

succeed in each region, and further, to indicate in which of the date-

growing countries of the Old World such types can most likely be

secured. For example, in order to secure hardy late-ripening sorts

able to withstand the winter cold in Texas and southern Nevada,

search should be made in the oases of central Persia, near the

northern limit of date culture, where the winters are so severe that

even old, bearing palms are sometimes killed, but where the summers
are nevertheless ver}^ hot. North Africa on the contrary, is the least

promising region to search for such sorts because of the mildness

and equabilit}^ of the winter climate, even in the oases situated on the

slopes of the Atlas Mountains limiting the Sahara to the north.

On the other hand, early maturing sorts, suitable for culture in the

interior valle}^ region of California and in the flood-plain of the

Colorado River in Arizona and California, where the winters are

relativel}^ mild and the summer heat deficient, are most likely to be

secured in just these oases on the slopes of the Atlas Mountains,

though such varieties may be expected to occur in oases at high

altitudes in the interior of the Sahara and in Ara})ia. Choice late

sorts of date palms, suitable for culture in the hotter valleys of

Arizona and in the Salton Basin, California, are most likely to be

found in the oases at low altitudes in the interior of the deserts of

Sahara, Arabia, and Persia.

It is also possi})le, from a stud}" of the life-history factors of the date

palm, to warn intending planters against attempting its culture in

regions where it can not succeed. Thus it becomes possible to estab-

lish a new fruit industrv in a rational manner without havino- to await

the tardy results of costly and often badly conducted trials made with-

out adequate foreknowledge of the requirements of the plant. Such
trials often lead to elusive^ h()})es on the one hand and to unjust
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condeinimtiDns on the other. I'o uttoinpt to produce dates in Florida or

ill the coast reoion of California In'causethe date pahii j^rows well there,

would be to conuiiit a capital error, for no marketable dates can be

produced in climates so humid as that of Florida or so cool as that of

the California coast. To try to orovv drying dates of the ordinary mid-

season or late sorts in the interior valley region of California because

the Wolfskin date j)alm at Winters produces ev^ery year a good crop

of palatable dates would be an error almost as disastrous, because

only very early sorts, for the most part unsuited for drying or for

export, can V)e matured in this region.

It is conlidently to be expected that in a few years this new branch

of biologic and economic science which concerns itself with the deter-

mination of the exact requirements of crop plants as to climate and

soil, and with the finding of the liuiits of their powers to resist unfa-

vorable influences such as cold, excessive heat, drought, alkali, violent

winds, etc., along with a study of the cultural recjuirements and market

conditions of the new industry, will become so well known and its value

so well recognized that it will become a comparatively easy matter to

eidistthe necessary capital and skill in a new cultuVe when once detailed

life history investigations have furnished a sound basis for judgment

as to the chances of its proving a financial success in any given region.

After such studies have been made, or during their progress, a few

carefully planned demonstrations in suitable localities conducted by

the D(»partment of Agriculture, the State experiment stations, or in

cooperation with skillful planters will take the place of haphazard

testing by experimenters, and of the usuall}' indecisive and often enor-

raousl}^ expensive trials by private growers.

Millions of dollars have been thrown away in attempts to grow crop

plants in regions where a properly carried out life history investiga-

tion would have shown that there was no hope of success. Unfounded
inflation of values of agricultural lands, and the rush into new cultures

in unsuitable regions by whole communities at a time as the result of

a " boom," could largely be avoided were it possible to furnish the

would-be planter wnth a black-and-white statement of the necessities

of the crop plants under discussion, whereby he would be able to

question intelligenth' whether the region were adapted to the pro-

posed cultures.

At present it is no exaggeration to state that the life histor}' require-

ments and the limits of the power to resist unfavorable environmental

conditions are far better known for many microscopic lower plants,

such as bacteria, fungi, and algae, even for species having no economic

importance, than for the most important crop plants whose culture

provides emplo3niient for tens of millions, and whose products consti-

tute the daily food of hundreds of millions of human beings. Such a

condition is discreditable alike to biological and to agricultural science

and should not longer continue.
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SUMMARY.

'V\w (late |):ilm can (mkIiiic any (Icj^im'c of licat and any amount of

(li-vness in (he air, and is even favored l>y lioj winds and 1)}' a I'ainlcss

simnncr. Tlu* host sorts can inalurc only in regions ha-ving- a very

long and \cry liof growing season.

It can (Midui'c nj()!-e alkali in llie soil (haii any other protita})le ci'op

plant and can tlni\(^ on soils containing from 0.5 to 1 ])(;r cent of

alkali, even when irrigated with brackish water containing ().4):> \h)1'

cent (480 pai'ts p(M- 100,000) or more of injurious alkali. Jt can with-

staiul without injury accumulations of alkali at the surface of the soil

that would kill all other crop plants, even those considered to be very

resistant to alkali.

The choicest date that reaches America and Europe, the famous

Deglet Noor of the Algerian and Tunisian Sahara, is very sweet, of

exquisite flavor, and is adapted to serve as a dessert fruit; it sells for

more than Smyrna hgs, being the most expensive dried fruit on our

markets. The demand for these dates during the holidays is never-

theless greater than the supply, and if they could l)e sold somewhat

cheaper the consumption of this fruit would be enormous.

The Salton Basin or Colorado Desert, in southeastern California,

recently put under irrigation, has a hotter and drier summer climate

than the Algerian and Tunisian Sahara, w^here the best grades of

Deglet Noor dates are grown, and is, indeed, better adapted to the cul-

ture of this fruit, since not only is the climate more favorable but the

soils are richer and the irrigation water is of better (quality.

The date palm will prove of equal value on the more alkaline areas

of other arid regions in the Southwestern States w^here the winters are

warm enough to permit it to grow. Most regions do not have suffi-

cient sununer heat to mature the Deglet Noor date, and other sorts

which ripen earlier must be planted.

It is very probable that the culture of the best second-class dates,

suita])le for emplo} ment in confectionery and for household uses, will

prove a profitable industry in the Salt River Valley, Arizona, and it is

possible that the Deglet Noor variety may mature there.

Even the growing of ordinar}^ sorts, such as the oriental dates,

which are imported into this country in enormous quantities, may pay

in some favored regions, such as the flood-plain of the Colorado Kiver

in Arizona and California, w here exuberantly fertile lands can ])e had

cheaph^, and where the annual overflow and seepage from the vWov

render artificial irrigation unnecessary.

Although date palms are likely to be grown first on soils too alka-

line for other crops, the culture of the finer sorts promises to be a most

profitable fruit industry that would wai'i-ant pliuiting on t\w very best

lands and the emplo3nnent of the most modern horticultural methods.
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DESCRIPTION OF PLATES.

Plate I. Old date palms at Herinosillo, northern Mexico. Orange trees, peppers,

and alfalfa are growing under the palniH. December, iHUy. Negative by the

author.

Plate II. Map of a portion of the Sahara Desert, in southern Algeria, showing the

principal centers of date culture, Zibane, Oued Rirh, Oued Souf, etc. Reduced from

1 : 800,000 map of Service goographique de TArnu'e, Paris. Scale 1 : 2,400,000.

Localities where soil samples were secured are marked with a star. The tine

lines indicate caravan routes. The railway does not yet extend beyond Biskra.

Plate III. Map showing distribution of soil types and of alkali in the Imperial area

in the Salton Basin, California. Prepared by the Bureau of Soils, U. S. Depart-

ment of Agriculture, in 1908.

Pl.vte IV. Relief map of California, showing the principal regions where dates can

be grown. Reduced from a drawing made after a photograph (furnished by
Prof. Alexander G. McAdie) of a relief map of California exhibited at the

AVorld's Columbian Exposition, Chicago, 1893.

Plate V. Fig. 1.—Date garden in Old Biskra, Algeria. Bunches of nearly ripe fruit

are seen on the taller palms; fig trees are growing underneath in the partial

shade. August, 1902. Negative by Thos. H. Kearney and Thos. II. Means.

Fig. 2.—Date palms at Old Biskra, Algeria. To left, two old male date palms,

showing more abundant leaves and thicker trunks than the female trees beyond.

Negative by the author.

Plate VI. Fig. 1.—Native gardeners (Rouara) at Ourlana, Algeria, putting date

offshoots into sacks, preparatory to shipment by camel back; to the right is seen

the corner of the date plantation. Soil samples (Ourlana, Station No. 1) were

obtained a few rods from here. May, 1900. Negative by Charles Trabut. Fig.

2.—Caravan loaded with date palm offshoots for the Tempe garden, Arizona,

starting from Ourlana northward toward Biskra, Algeria, May, 1900; negative

by Charles Trabut. Fig. 3.—Final trimming of date offshoots at Algiers, pre-

paratory to packing for shii)ment to America, June, 1900. Negative by the author.

Plate VII. Fig. 1.—Flower cluster of male date palm just emerged from sheath;

flowers opening and letting pollen escape. (One-fifth natural size.) Fig. 2.

—

Three female flower clusters. To left, just opening, ready to pollinate; in center,

pollinated, male twig tied fast; to right, ten days after pollination. (One-fifth

natural size.) Fig. 3.—Male and female flowers of the date palm, magnified:

Above, young fruits turning green a week or so after pollination; in middle,

female flowers ready to be pollinated; below, male flowers just shedding pollen.

(Three times natural size. ) Negatives by the author.

Plate VIII. Fig. 1.—Forestof old date palms at Biskra, Algeria; an Arab has climbed

the tallest tree (in the background), and is pollinating the flowers. May, 1900.

Negative by the author. Fig. 2.—Arab pollinating a date palm, Ramley, Egypt,

March 24, 1901 ; a rope passed around the trunk and attached to a broad belt at

the waist aids in climbing. Negative by D. G. Fairchild. Fig. 3.—Arabs demon-

strating the operation of pollinating the date palm; the cluster of female flowers

is partly removed from the sheath and a sprig of male flowers is just being

inserted with the right hand; the flber with which the flowers will be tied in

place is held in the mouth. Negative by the author. Fig. 4.—Arabs demonstrat-
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iiiL: t lie pulliiial ion of t lie dale palm ; (lie next Hlaj^'c after l*'i^'. 1 ahosc; the el list (*r

of female tlowtTs lias been entirely icnioNCcl from the sliealli an<l is hein;/ lied

together with a jtalm-leaf lilier to hol<l the sjiri^' of male flowers in phiee. Nega-

tive by the author.

PlatkIX. Deixlel Noordntes from the Sahara I )es(!rt. (Njitural si/e. ) riiotoj^raphed

at Washinirton two monthH after lu'ing pi('ke<l. Above, cut ojrui dat(! and two

socds. Xe<j:ati\'e by <«. N. Collins and the author.

Platk X. Deglet Xoor dates packed for the retail trade. Tiie wniall j)aper box eon-

tains about two-thirds of a j)ound; the wooden boxes hold about four an<l one-

half pounds. (One-third natural si/e. ) Negative by G. N. Collins and the

author.

Plate XI. Hate palms growing in basin irrigated by flooding, at Bedrachin, near

Cairo, Kgyp^- The water ranges from a few inches to several feet deep and

remains standing about 6 weeks. September, 1902. Negative by Thos. II.

Kearney and Thos. II. INIeans.

Plate XII. Fig trees growing under })artial shade afforded l)y date palms in the

oasis of Chetma, Algeria; May, 1900. Negative by the author.

Plate XIII. Date palms in garden at Biskra, Algeria. 8oil samples (Biskra, Station

No. 1) were secured in the foreground. An Arab is climbing the tall palm in

order to i)ollinate the flowers; May, 1900. Negative by the author.

Plate XIV. Fig. 1.—Date palms growing without artificial irrigation near Fougala,

Algeria; at the base of the palm trunks a bank or "goorma" is seen. Fig. 2.

—

Shallow well with sweep '' kitara" used to irrigate date palms at Fougala, Algeria.

Negatives by the author.

Plate XV. Fig. 1.—Very alkaline undisturbed Saharan soil at Fougala, Algeria; a

scanty growth of salt bushes and samjihires is seen in the foreground near where

soil sample (Fougala, Station No. 1) was taken; to left, in middle ground, young
palms are seen growing in pits. Fig. 2.—Date palm in condition called "mez-
noon" or crazy, showing youngest leaves dw'arfed and distorted; oasis of

Fougala, Algeria; May, 1900. Negatives by the author.

Plate XVI. Fig. 1.—Young date palms growing on very alkaline soil at Chegga,

Algeria. A white crust of alkali is shown along the edge of the irrigation ditch.

A soil sample (Chegga, Station No. 1) was secured nearby. Fig. 2.—Young date

palms at Chegga, Algeria. A soil sample (Chegga, Station No. 2) was obtained

in the bed of oasis alfalfa seen on the left of the drainage ditch; May, 1900.

Negatives by the author.

Plate XVII. Fig. 1.—Date plantation on alkaline soil at Ourlana, Algeria, in the

Oued Rirh region of the Sahara Desert. A drainage ditch is shown and to

right ridges to facilitate irrigation by surface flooding. A soil sample (Ourlana,

Station No. 2) was secured between the first two trees on the right. Negative by
the author. Fig. 2,—Crescent-shaped excavation, " dahir," at the base of a date

palm, to hold irrigation water, Biskra, Algeria. Offshoots i*eady to remove are

seen at the base of the trunk. Negative by the author.

Plate XVIII. Fig. 1.—View in the Salton Basin, near Imperial, Cal., looking south-

ward, showing level, bare desert land, with almost no trace of vegetation; Signal

Mountain, in Mexico, in the distance; January, 1901. Fig. 2.—Shore of a dry,

salt lake, Chott Merouan, between Chegga and M'raier, Algeria, with salt-loving

vegetation; in the distance a mirage simulates a vast sheet of water, with remote

islands covered with l)ushes. Negative l)y the author.

Plate XIX. Fig. 1.—A neglected Egyptian date palm growing without irrigation in

the Salton Basin, near Indio, Cal., November, 1899. Fig. 2.—Old date palms
showing reflexed, dead leaves growing at Ilermosillo, northern Mexico; orange
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trees ^ruw iinthT tin* palms; aii«l liill.s lonn the l)ack;^r«Min<l; iH'ct'iiijKT, IHtHl.

Fij;. 8.—Fan [>aliii, Hliovvin^ perMiMtent <lea<l leaves rlothin^ tlie trunk, near Indio,

Cal. Fi^. 4.—Group of fan palniH ^rowin^' wild in a dry ravine near liulio, (al.,

November, 1899. Ne^'atives by tlie author.

Plate XX. Fig. 1.—Old date palms growing at San Diego Mission, near San

Diego, Cal. Negative by Park &. Co., Los Angeles. Fig. 2.—SeetUing «late palm,

showing iMHU'hes of nearly ripe fruit, growimr without artificial irrigation in the

tlood-plain of the Colorado River, near Yuma, Ariz.
;
j)lanled by Mr. Hall llan-

lon (who stands l)eneath), November, 1899. Negative by the author.

Pl.vte XXI. View in Coopemtive Date Orehard at Tempe, Ari/., showing growth

nuule in two years by offshoots imi)orted from North .Vfrica in 1900. Photo-

graphed December 31, 1902, by l*rof. K. II. Forbes.

Plate XXll. Three-year-old Deglet Noor date palm in iruit, growing in the Coop-

erative Date Orchard at Tempe, Ariz., from an offshoot imported from the Sahara

Desert in July, 1900. Photogra])hed August 27, 1903, l)y W. W. Skinner.





Bui 53, Bureau of Plant Industry, U. S Dept of Agriculture. Plate V.

Fig 1— Fruiting Date Palms at Old Biskra, Algeria, with Fig Trees Growing
Underneath, August, 1902.

Fig. 2.—Date Palms at Old Biskra, Algeria. Two Large Male Trees at Left.





Bui 53, Bureau of Plant Industry, U. S. Dept. of Agriculture. Plate VI

Fig. 1.— Native Gardeners 'Rouara* at Ourlana Algeria, Preparing
Date Offshoots for Shipment by Camel Back.

Fig. 2.—Caravan Loaded with Date Palm Offshoots for Arizona,

Starting from Ourlana Northward, May, 1900.

Fig 3.—Final Trimming of Date Offshoots at Algiers Preparatory
TO Shipment to America, June, 1900.





Bui 53. Bureau of Plant Industry, U. S. Dept. of Agriculture. Plate VII.

Fig. 1.—Flower Cluster of Male Date
Palm Just Emerged from Sheath and
Letting Pollen Escape.

Fig. 2.—Three Female Flower
Clusters.

Fig. 3.— Male and Female Flowers of the Date Palm, Magnified.





Bwl. 53. Bureau of Plant Indusvy. U 5 0«pt of Agncu>Tur«. Plate VIII.

FiG. 1.— Forest of Old Date Palms at Fig. 2.—Arab Pollinating a Date Palm
Biskra, Algeria, Showing Arab Pol- Ram^ev. Egypt. Using a Rope and
linating Flowers. B=}jad Be-t s Climb'ng

Fig. 3.—a- -

UNATICV
Male F_-

. .STRATING THE POL-
Date Palm. t>FRiG of
Being Inserted.

Fig. 4.—Cluster of Fe .'

Being Tied Together
Sprig of Male Flowe-





Bui. 53, Bureau of Plant Industry, U. S. Dept of Agricuitu Plate IX.

Deglet Noor Dates from the Sahara Desert ^Natural Size).





Bui. 53, Bureau of Plant Industry, U. S. Dept. of Agriculture. Plate X.

Deglet Noor Dates Packed for the Retail Trade.





BuK S3 Bvaedu .,.f Plant Indubtiv U, S Dept. of Agriculture. Plate XI.

Date Palms Growing in Basin Irriqaied by Flooding at Bedrachin, near Cairo,

Egypt, September, 1902.





Bui. 53, Bureau of Plant Industry, U, S. Dept. of Agriculture. Plate XII

FiQ Trees Growing Under Partial Shade Afforded by Date Palms, Oasis of

Chetma, Algeria.





Bui 53, Bureau of Plant Industry, U. S Dept of Agriculture, Plate XIII.

Arab Climbing Tall Palm IN A Garden at Biskra, Algeria, to Pollinate the

Flowers, May, 1 900.





Bui. 53, Bureau of Plant Industry, U. b Dept of Agriculture Plate XIV.
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Fig. 1.—Date Palms Growing Without Irrigation near
FouGALA, Algeria.

Fig. 2.—Shallow Well Used to Irrigate Date Palms at
Fougala. Algeria.





Bui, 53, Bureau of Plant Industry, U S Dept. of Agriculture. PLATE XV.

FiQ. 1,—Very Alkaline Undisturbed Saharan Soil at Fouqala,
Algeria. Young Palms Growing in Pits.

Fig. 2.—Date Palm in Diseased Condition Called '• Meznoon,"
Caused by Excess of Alkali, Fougala, Algeria.





Bui 53 Buieau of Piart Industry U S Oept of Agncuitorc Plate XVI.
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FiG. 1.—YO^NG D-T£ PAuMS GRO.'.iNG 0\ VERY A;_^A^A:l -^^^

AT Chegga. Algeria.





Bui. 53, Bureau of Plant Industry, U. S. Dept. of Agriculture. Plate XVI

FiQ. 1.—Date Plantation on Alkaline Soil at Ourlana. Algeria.

Fig. 2.—Crescent-shaped Excavation at the Base of a Date Palm to Hold
Irrigation Water, Biskra, Algeria.





Bui. 53, Bureau of Plant Industry, U. S Dept of Agriculture. Plate XVIII.

Fig. 1.—View in the Salton Basin, near Imperial, Cal., Showing Level, Bare
Desert Soil.

i^^BI^^^«-

Fig. 2.—Shore of a Dry Salt Lake, Chott Merouan, Between Chegqa and
M'Raier, Algeria.





Bui. 53, Bureau of Plant Industry, U. S. Dept of Agriculture. Plate XIX.

FiQ. 1.—A Neglected Eg
TiAN Date Palm Gro
Without Irrigation in

Salton Basin, near I

Cal.

Fig. 2.—Old Date Palms at Hermosillo, Northern
Mexico, with Orange Trees Growing Underneath.





Bui 5 3, Bureau of Plant Industry, U, S Dept of Agriculture. Plate XX,

FiQ. 1.—Old Date Palms Growing at San Dieqo Mission, near San Diego, Cal.

Fig. 2.—Seedling Date Palm with Nearly Ripe Fruit, Growing Without Irrigation

in the Flood Plain of the Colorado River in California.





Bui. 53, Bureau of Plar,t Industry U S Dept of Agricuture. Plate XXI.

<

O
c
o

-:5^'*^*,

in
X
o
§
z

3 1!^

CD
O
O





Bui. 53, Bureau of Plant Industry, U, S. Dept. of Agriculture. Plate XXII.

Three-year-old Deglet Noor Date Palm in Fruit, Growing in the Cooperative
Date Orchard at Tempe, Ariz., from an Offshoot Imported from the Sahara
Desert in July, 1900. Photographed August, 1903.
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introduction of Dakar male date palm. 24
])lanting of Deglet Noor dates 85

temperature variations 59, 60
temperatures, mean and mean niaxinunn, sums 66, 68
University, establishment of date garden 41
warmth of water in irrigation of dates 49
Yuma, climatic peculiarities, relation to date growing 50

Artesian wells in Salton Basin, j)roposed use for irrigation Ill

irrigation in Algeria, remarks; analysis of water 90, 91
of date j)alms 121

use in irrigation of date in Sahara, notes 44, 45, 79, 82, 84
warm water for irrigation of dates 49

Assyrians, cultivation and use of dates 18

discovery of pollination of datt's 26

Atriplex semibaccata, saltbush, resistance to alkali 121

Bagdad, dates of promise for United States 89-40

Baluchistan, dates and date region 87

Barley as crop in alkaline soil in date orchard 28

resistance to alkali, note 115

Barrows, David P. , remarks on Colorado desert 103

Bassorah , date exports, notes 38

soil and cultivation 109

Bearing age of date palms, discussion ; note 25, 186

continuance, of date palm 26
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r>iMi Clinhnl, Arab, rciiiMrk on (lislaiicc M|>:iil in jilanl inji dale palms 22
\\v\\{ K(>l>alla dah', notes ;^2, .'}7

Hen net dale, notes 32, 128
Hiwkra, Alireria, alkali conditioiiH in relation to dale cnltin-e; ciax' soils 7() 77

date reirion, teniperutnro curveH ().'M)4

evaporation records; irrijjatioii })ra(;tiee 40 47
r.laek alkali. Srr Alkali.

IMooniiiiii: <»f date trees, season and manner {nrr, alno Flowering) M), 27, 54
Txttanical relations and characters ot" dat(^ palm 14-lf)
" Houssaafa" or " Me/noon" disease of date from alkali 1 If;

Jiri^r^s, I.. .1., devisinji; of instrument for determining soil moisture 75
Bu Ilafs date, note H9
Bud of date palm, importance 14
Burton, Pilgrimagt^ to Mecca, remarks on dates 40

Calcium sulj^hate and chlorid, relations in soil water of Sahara 74
Calexico, outlook for date growiuir, notes 104, 108
California and Arizona, rainfall and irrigation {xce also Salton Basin) 49

date culture, probable success 122-125
tig growing, remarks 14
Lower (IMexico), date production 135
peculiarity of cold-air drainage in relation to date culture 61
Salton Basin, conditions favorable to date growing 12
seedling dates, experiments 20

Camels, relation to date culture in Sahara 17
Canary Island palm, possible use in hybridizing 125
Carbonates in Salton Basin soil, showing of analyses 1 12, 1 1

3

soil in Arizona as shown in analysis 100
resistance of date palm 119

Chegga, Algeria, comparison of soil and water with Ourlana, Algeria 95
Chlorids in Salton Basin soils 112, 113, 114

soil in Arizona, as shown in analyses 100
maximum and injury, in Sahara, note 87
resistance of date palm 118

Clay soil, alkali, effect on date palm 109
soils, use for dates, notes 77, 108, 109

Climate, California, relation to date culture ] 22-125
conditions favorable for date growing, notes 11

for date palm, humidity 52-58
sunshine and heat 58-70
summary 141

for date palm, ideal 56
hot summer, advantages for date growing 63-70
of Salton Basin, remarks 112

Coachilla date, seedling, description 31
Coast region, southern California date culture, chances of success . 125
Cold, effect on date {see also Climate, Temperature) 21, 49, 59, 60, 61, 133
Colorado Desert. See Salton Basin.

River flood, effects 50, 103, 105, 129
peculiar climatic conditions, relations to date growing 50
quality of water, remarks 105, 106
Valley, date culture, probable success 123, 129-133
Yuma, similarity in alkali to Sahara 87

Cook, O. F., report of dates in ISIorocco and Liberia". 39, 97
suggestion as to use of dry dates '

31
Croj) plants, resistance to alkali, limit, note 121
Crops, garden and field, in vacant space in date orchard 22

with dates on alkali soils, remarks 115
Cuinet, note on Khalas date 36
Cultivation of date, suitable climate and soil; work recjuired 1 1, 25
Curing, gathering, and packing dates 29-30

Dakar maja'hel, male date palm, introduction and value for i)ollination 24
Date, bearing, age 25 l.SfJ

culture, importance of life history study (sec also Date grow ing) 139-1-*!
in western Zab, i)eculiar system 78
Mexican c;ompetition, freedom from danger 134-136
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I'age.

Date, lulture, profits {see also Date growing) 18<>-i3H

regions of United States of probable aiiceeKS 122-125

( fruit
)

, description 17

garden, cooperative at Teinpe, Ariz 42, 128
experimental at Mecca, Cal 110

gardens, sunken, of Souf country, Sahara, remarks 69
growing, care of tree, pollination, gathering, curing, and packing dates. . . 25-30

in United States, types and varieties of dates suitable 30-44
season, water supply in Salton Basin 105

thinning of bunches on tree {see «/.so Date culture) 2H

palm, alkali resistance, discussion 115-121

amount of water necessary in irrigation 44

and dates, care, discussion 25-30

general remarks on conditions in United States 11-13

areas in Salton Basin for growing 110

as shelter for other fruit trees 43
destruction by rain at Moorzook, Fezzan, Sahara 118

drainage, discussion 50-52

effect of excess of alkali 79, 83, 116, 120

effects of atmospheric humidity and rain, discussion 52-58
wind, discussion 70-72

heat requirements, discussion 58-70
irrigation, discussion 44-50
necessity of sunshine, and heat requirements 58
offshoots, successful shipment 20-21

propagation 18-25
resistance to alkali 72-121

usefulness and botanical characters, etc 14-17

plantations on alkaline soils, sui)sidiary cultures 115

variation of heat requirement for different sorts 63
varieties for cultivation in Arizona 32, 128, 129

Dates, early sorts from Sahara for United States 32

finest grades, shortness of supply 1 38

gathering, caring, and packing 29-30

of commerce, varieties, remarks 38
importance for United States, names and notes 39, 40

ordinary, probaV)le success of culture; summary 132, 142

Persian Gulf, importation into United States, note 132

promising varieties introduced into United States 37

Saharan, importation into United States 41

soft and dry, notes 20
types, three, remarks 30-31

De Candolle, statement of lowest temperature for date palm 63

Death Valley, date culture, chances of success 122

Deglet Noor date, certainty of ripening in Salton Basin 67

derivation of name 36

disease, Boussaafa 116

liigh qualitv, summary 33, 141

notes. 30, 41, 58, 63, 68, 69, 70, 89, 110, 116, 122, 123, 128, 133, 136, 137

quality, grades, prices, yield, requirements in growing, etc. . 33-36

Salt River Valley, for growing 128
Salton Basin, for growing 67
shortness of supply 138
yield, prices and profits 136

Desert regions, records of rainfall {see also Sahara, etc. ) 57
Disease, date palm, from alkali 116

"Merd el Ghram " due to bad drainage 120

freedom of date palm 137

Distances between trees in planting dates 22

Drainage, bad, cause of disease in date ])alni 120

connection with irrigation in Sahara 78, 86

for the date ])alm, discussion 50-52
in Colorado Valley, necessity except in date culture 131

use in Salton Basin in date culture, note 1 10

value in alkali lands for date culture, note 73
water from alkaline soils, irrigation of date in Sahara 98

"Dry dates," description 31
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riiKo..

l<Vy i>l, (latoH, not<-fl -'{2, .SO, 11,1 29

irriixution l)y ll(»()iliii;^% I'ciiiarks 'IH

I\!j:n ptiaiis, aiicitMit, cullivalion of dale, notes 17

MIectricily. use in soil invcsli^Mlioiis, notes 75, 79

I*]va|)oration, feiation to ii ri^'ation of <lat('S 40

Exportation of dates, maimer and importance 14

FairchiUl, 1). (i., description of irri<;ation and draina^'o systcMn 48

observation of date soils on Persian ( Jnlf 109

packing dates on Persian (inlf ^'^7

opinion as to ]*>a^dad, Khalas and Alozaty dates 'M, .SB, 40

Fan palm in Salton Basin, frnit like datv; alkali resistance 111,112

Pard date, exi)orts to I'nited States, note
_

.^H

PcMnale flowers of date, descrij)ti()n and method of pollination 27

differences from male flowers 19

Fig growing in California, remarks 14

nnder date palm 44

Fischer, Th., caknilations of temperatnre for date flowering 64

remarks on Mozaty date 37

Flooding as method of irrigation, j)rohal)le valne in date growing 48

Flower clnsters of date, deserii)ti()n and num})er 26-27

Flowering of date palm, lateness as safety from frost [see also Blooming) 61

lowest temperature limit 63

Flowers and frnit of date, disastrous effect of rainy weather -54

date, effect of pollination on value of fruit 28
of date palm, male and female, growth; distinguishing marks 16, 19

Forage crops with dates on alkali soils, notes 115

Forbes, Prof. R. PI., experience with date palms in alkali soil 18,21,42
observation on date palm roots 112

ripening of dates, artificial, method 13.5

Rhars date, observation 32

study of water and irrigation 99, 105

Fougala, Algeria, alkali in relation to date culture 78-84

French, planting of date palm in the Sahara, notes 22

Fritsch, G., conclusion as to germination of date 19

Frosts, escai)e of date by late flowering 61

Fruit and flowers of date, disastrous effect of rainy weather 54

date, heat required for maturing 65-70

of date palm, need of dry air for proper development 52

trees, shelter of date palm 43

Fruiting of date palm, effect of pollination on value of date 28

lowest temperature limit 63

necessity of high temperature 62-65

Fruits for growing, with dates on alkali soils, notes 115

Fukus date, note 39

Gardens, date, experimental in Arizona and California 42, 110, 128

sunken, of Souf, Sahara, description 69

Gathering, packing, and curing dates 29-30

Geography and geology of Salton Basin, California 101

Geological Survey, estimate of irrigable lands on Colorado River 1.30

Geology and geography of Salton Basin, California 101

Germination of date palm (seed), need of water 19

Gila Valley, Arizona, date culture, probable success, notes 126, 1.33

Gypsum in Saharan soils, note 73

soluliility in soil moisture 74

u-e in reclamation of black alkali lands '. 119

Habitat, natural, of date palm, indications 19

Ilalawi date, note 38

Ilamraya date, note 26, 37

Hanlon date plantation, climatic peculiarities 50

Ilardjian, drainage in date lands 51, 78

Ilayani date, note 32

Heat, amount recpiired to mature date {see also Temperature) 6.5-70

requirements of date palm, di.scussion 58-70

History of date cultivation, remarks 17
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I'ttge.

Hoiu'V, lUitt', i)ro<liifti()ii and iLse 'M)

IlimiiiUty, atiiiosplieric, luul rain, fftVct on datf palm 52-58
excepti«»naliy low in Sahara 70

lix hritlizln;,', plant Ini-tMlin^, rt'niarLs 24, !»H, 125

Ihn-i-l-Fa.^fl, Andalusian Moor, nott* 72

Inipt-rial soils, Salton, C'al., valne tor date 107-110

Importation ot' date palms and dates .'i5, 41, 11^2

Indians, C'oahuila, tradition as to Salton Basin lO'.i

Irrigation, area.^ of promise in Colorado River Valley I'M)

date, amonnt and ai>plieation of water in United States 46
growing without use I'M

in alkali desert, Algeria 78-80

palm, discussion 44-50
use of diainage water 98
with alkaline water, note 50

earlier ripening of date by use of warm water (57

lack of water in Death Valley 123

of date lands in Salton Basin, notes 108, 110

Salton Basin, history and progress 104

water for dates, advantages of warmth 49-50

Iteema date, note 37

Juiee of date, draining off and preservation 30

Jus, M. , estimate of water necessary for date palm 44

Kales date, note 128

Khadrawi date, note 38

Khalas date, ciuality, description, etc 36-37

Leaves, date palm, description, liabit of growth 15

toughness and resistance to wind 71

use as shade 13

Life history investigations, importance in new crops, notes 139, 140

Loam soil, use for dates, notes 107, 108

Loozee date, note 26

Lount No. 6, date, notes 32, 128

Magnesimn chlorid, preponderance in Ourlana {see also Alkali) 94

sulphate, high content in soil at M'raier, Algeria 89

Maktum date, notes 39, 40

Male date palm, characteristic differences from female 25

pollination, chief reijuisite 24

palms, varieties, remarks 24

trees, proportion in planting 23

flower of date, differences from female flower 19

flower cluster of date, descri|)tion 26

Maquata Ikisin, jNIexieo, date growing, advantages 103, 135

Market and priies in United States for Deglet Noor dates 34

for dates in United States, extent 138

IVIaskat, exports of dates, notes _ 38, 41

Masselot, F.
,
publications, references 26, 36

Maturity. See Ripening.
McClatchie, Prof. A. J. , notes on date culture 129

Means, Thomas H. , analyses of date soils 98

Menakher date, quality, and need for trial in Ignited States 38
'

' Merd el Ghrani " disease of date palm due to overirrigation 120

Mexican competition in date culture, improbability 134-136

Mexico, date culture, i)acking and production 41 , 135

region, probable 103

insufficiency of heat for seedling dates, note 18

male date palms, character and number, notes 20-23
** Meznoon " or " boussaafa " disease of dates 116

Mirhage date, notes 39, 40

Mohave Desert, date culture, chances of success 123

IMoors, introduction of date growing into Spain 17

Moorzook, Fezzan, Sahara, effect ot rain on date 118
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M('trorco, oxoollonoe of datop, nMnarkn ;>!», 40
Mo/at y or Ma/;uily dale, note '.i7

M'ranT, Alirnia, alkali in iclalioii to datr ciillun' 88
Mulch, use in jnopa^aliori of date, note 22
M'Zab, Al«riMia, dales ^ 'M

Nevada, tlale cidluic, |>rol)al>l(' siicccss 125-126
kind of dale nMniircd 'V.\

Now Mexico, dale culture, probable .succe.ss !.'>.'{

Nice, date )>aliu, ripeniujjj of fruit, noteH 124, 125

Nitrate in Saltou Basin soil, value and use 114
Nubia, dates of j>roniise for United States 40

Offslioots, date, packint;, ami shipment, innovation l)y writer 42
loss of seediinuj date varieties l)y too close trimming 25
propa<!;ation of date i)alin 20
reproduction of dati> i)alni 15

Olive trees, protection of date palm 4.'>-44

( )ranii;e orchards, Riverside, Cal., injury by alkaline^ waters 121

Orchards, date, scientilic starting {see (ilso Offshoots, I'ropagation, etc. ) 25
seedling date, advisability of planting in Salton Basin 18

Oued Rirh, Algeria, date culture, remarks 89-90
Ourlana, Algeria, alkali in relation to date culture 89-95

Packing, gathering, curing of dates 29-30, 33, 137
offshoots (young date jilants) for shi})ment, innovation by writer 42

Palgrave, W. G., remarks on Klialas date 36
Palm. See Date palm.
Pangh Ghur' region in Baluchistan, dates 37
Persia, dates of promise for United States 40, 126, 134
Persian Gulf, date, damage l)y "shamel" wind 71

region, soil 109
dates, imports into United States, note 132

packing 137
tidal irrigation 48

oases, possible source for dates useful in Nevada and Texas 126
Phoenix canariensis, possible use in hyl)ridizing date 125

recUnata (?) native growth and use in hybridizing 98
Phosphoric acid of Colorado River water, benefit to Salton Basin soil 106
Pit. See Seed.
Plant breeding, hybridizing, remarks 24, 98, 125
Plant introduction, early maturing dates 133, 139
Planting and care of date palm offshoots 21

of date orchard, distances between trees 22
number to acre in desert, notes 45
proportion of male trees 23

seed, remarks 18
Plateau region, California, date culture, chances of success 123
Pollen of date, effect of character on fruit 24

shipment 29
Pollination, importance of labor, and ease for young trees 29

need of simplification of method 28
of date, difficulties 27, 28

palm, discussion 26-29
dates, origin and practice 16

supply of male trees 23, 24
practice of Arabs in keeping pollen 28
value of Dakar majahel, male date palm, at Tempe, Ariz 24

Pomology, Division, early importation of date palms 41
Potassium chlorid in Salton Basin soil, value 114
Prices of dates, remarks 136-1 38
Profits of date culture 1 36-138
Propagation of date palm by offshoots 20

seedlings 18
discussion 18-25
proportion of male trees in plantations 23

dates, failure of seedlings in trueness to type 19
Pruning of date palm, trimming off of leaves 15, 25
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Ivaiii iuul atmoHphcrif huini«lity, effects (m date ])alin, (li.scusHion . . .

.

r>2-/)K

at Muorzook, Fezzan, Saliara, dest ruction of date 1 IH

ill Death Valley, lack IL^'.

injury to (lowers and finit of date palni f)4

nt)tes on amount a^xarions date-^rowin^ pointa 57
Rainfall, sutlicient'v, fordaten in i>arts of California and Xr'izona. ( xfe <iho Kain) 49
Kainy days and rainless months in date regions, records 56
Ke{trodnction of date palm in natural state 15

Khars date, good qualities 82, S3
notes 80, 41 , 50, 132

Uohlfs, ( Jerhard, remark regarding dates in Morocco 39
Ki}>ening of dates, artificial, method 135

benelit of hot dry wind 71

hastening by use of warm water in irrigation ()7

heat requirement 05-70
Deglet Noor date, remarks <)7, OS, 09

Rirh River. See Oued Rirh.
Rolland, M., estimate of water supi)ly for date 45
Roots of date palm, characteristics 19

depth in alkali soil 112
moisture in earth, necessity 46
need ol aeiation 50
offshoots starting after planting 21

trinuning in transplanting 20
fan palm in alkali, remarks 112, 119

Rose, M. le commandant, estimate of water supply for date 45

Sacramento and San Joatiuin valleys, date culture, probable success .• 123
Sahara, comparison of water supply with Colorado River 105

dates and date ])alms 39, 40, 41

im})ortance of date growing 17

investigation of alkali-iesisting power of date palm 73-99

I^rotection of lig and olivi' by date palms 44
ratio of male date i)alms, note 1 23

season of flowering of date 27

Souf country, growing of Deglet Noor dates 35

sunken date gardens, descrij)tion 69

study of alkali resistance of date palm 115-1 20

tenq)erature curvi's in date region 63-64
tenqn'ratures, mean and mean maximum 66-68

Saharan alfalfa, us.^ on alkaline soils in date orchard 23

varieties of date i)alms, introduction into Ignited States 41-43

Salt River Valley, Ariz., alkali in relation to date culture (.s^fa/.w Arizona).. 99-101

climatic conditions for date 53, 55, 57
date culture, probable success 127

irrigation water, tenq)erature and composition 49, 99
seedling dates 32, 128

Saltbush, Australian, resistance to alkali 115, 121

Salton Basin, Cal., alkali as compared with Algeria 93, 1 13

character 101

conditions in relation to date culture 101-114
amount of water needed for irrigation of date, note 46
artesian wells Ill

chemical composition of alkali 112-1 13

climate, remarks 112

culture of Deglet Noor dates 33, 65, 67, 69, 110, 136

crop growing by Indians in early days 103
i ^danger, })ossible, to date from cold

date culture advantages, summary 141

probable success 5, 12, 33, 67, 122, 1 36

growing areas 110

dates to be secured 38

distribution of alkali, by depths 117-118

drainage for date growing, remarks 51-52

experimental garden at Mecca 110

fan-palm oases Ill

fertility of soil 114
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Sjilton r.asiii, (\il., <ji;(M)f;rjipliy and j^colo^y 101

irriiTulioii ;iii<l water supply 1-, H>4

imiiH', use I"

iU'('(l of laic sorts ol' dates, iiot«' 4;i

o|)('niii!r for dalo cidtiirc 'V-'>

raliii ( "anyon, comparison of soil w it li Sahara Ii'2

profits of date culture, estimates !•'><)

record of rainless months •^)<)

re<xion, promisinc;, for date 07, 122

seedliii<j: date orchards, advisability of planting 18

similarity of conditions to lM)iipda, Algeria 8.'>

to M'raierand Oueil Kirh re^'ions, Sahara H8, 111

sum of mean maxinunn tcMnperatures (W

mean tem])eratures 06

temperature curves ()3-^)4

treatment of alkali land in date; culture 47

variation in temperature 59, 00

warmth of water for irrigation of dates 50

winter cold greatest danger to date 60

San Diego, date, failure to ripen 125

Joaquin and Sacramento valleys, date culture, probable success 123

Sandy soil, usefulness for dates, notes 107, 108

Sayer date, note -^8

Scinveinfurth, Dr. Georg, claim as to influence of male date on seed 24

Season for setting out date palm offshoots 21

of flowering (bloom) of date ----.- 16, 27, 54

male date ])alm, relation to pollination 23

Secretary of Agriculture, inauguration of date study aiid introductory plantings 41

Seed and Plant Introduction and Distribution, Office, aid in study of date 41

of date, peculiarties of germination 19

Seedling date palms, growing near Yuma, Ariz 131

management in nursery, suggestions 19

dates, failure of reproduction true to type, note 19

in Arizona 32, 1 28

of Mexico, probable value in United States 136

palms in propagation of date, ^iscuesion 18-20

Seeds of date, Deglet Noor, notes 33

importance to value of fruit 28

varietal characteristics 24

Seewah date, note 32, 61, 129

oasis, origin of wahi date, note 39

Seidell, Atherton, analysis of Sahara soils for alkali 73
Setting out date palm. See Planting.

Sex of date palm, determination 29

"Shamel," hot wind of Persian Gulf, damage to dates 71

Shelter, for other fruit trees, value of date palm 43

Shipment of date palm offshoots, success 20-21

Simoons, effect on date palm 70-71

Sirocco, effect on date palm 70-71

Sodium sulphate, relations in soil water in Sahara 74
*

' Soft dates,
'

' description 30

Soil conditions in Salton Basin, discussion 106-1 11

moisture, means of determining in study for date palm 75

reaction in relation to date culture 119
samples near Palm Spring, Cal., analysis Ill

Soils, Bureau, relation to date growing of researches in Salton Basin, Cal 12
study of soils of Sahara for alkali, cooperation 73

of Sahara, investigation of alkali in relation to date culture 73-99
Salton l>asin, analyses; fertility 1 13, 114

results of analyses at ten Saharan stations 96
Tempe, Ariz., analyses 100

used in <late raising on Persian ( Julf 109

water content in n'lation to alkali 75
Spain, introduction of date growing 17

Springs and wells, irrigation of dates \u alkali deserts, Algeria 78-80
Subsoil, alkali, importance in date growing 116
Suckers. Src ()ffsi loots.
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I'age.

Siilphatt'H, ill Suliaiii in Hoils, iioten (.srf (iho AnalyneH) 7.'i, H7

Saltoii lianiu soil, Hhowinj^ of aiialynen 112, 1 1.>

soil in Arizona, as Hhovvn in analyst's 1(K)

resistani-e of date i)alin 87, 1 U*

Sultani date, note 40
Summers, lu)t, necessity f«»r date culture iVA-iii)

Sunshine, necessity for date palm 58

Table dates, remarks 'M)

Tatilrt, Morocct), excellence of dates, note I}i»

Tuvlor, Col. Sam., experiments with seedling date trees 20
Ti'ddala date, notes .S2, :^3, .S7, 1H2
Tedmama date, note 32
Tenn)e, Ariz. Sec Arizona.
Temperature curves for date regions 63

heat reiiuirements of date pahn 58-70
high, necessity for fruiting of date 02
inversion hy cold-air drainage, relation to date culture (il

Hmits of cold for date palms of varying age (50

low, cold-air drainage, cause of injury to date 61

endurance by date palm 59-60
mean annual range in several date regions 59
relation to growth of date fruit 52

TcMuperatures, sums for date season at various desert stations 66, 68
Tennessin date, note 32
Texas, kind of date recpiired 33, 61

southwestern, date culture, prol)al)le success 134
Thermometer, need of device for finding date needs exactly 67
Thinning date Imnches on tree, remarks 28
Tidal irrigation of dates, remarks 48
Timjooert tlate, notes 32, 37

Touniey, Prof. James AV., study of date in Arizona 41, 127

Trimming. Sec Pruning.
Tunis, dates, suitable varieties for use in United States 133

male date palm for late pollination 24

United States, dates suitable for culture, discussion 30-44
importation of dates 14, 138
introduction of Persian Gulf and Saharan varieties of dates 41-43
names and notes on dates of promise 39, 40
regions of probable success of date culture 122-125
southwestern, importance of hardy dates 61

varieties of dates to be secured 38

Wahi date, origin, quality, description 39
Warm irrigation water for dates, advantages, discussion 49-50
Water, alkaline, use for date palms -i-^,^^, 121

amount needed for date palm, discussion 44—49

artesian, irrigation of date palm 82, 84, 90
Colorado River, use for dates; com{)osition 50, 105

drainage, use in irrigation of date palm 98
Salt Ri ver, composition 99
warm, advantage for irrigation of date palm 49-50

Weather, California, relation to date culture {sec also Climate) 122-125
rainy, disastrous effect on flowers and fruit of date 54

Weevils, attacks on dates 31, 39

Wells and springs, irrigation of dates in alkali desert, Algeria 78-80

Wheeler, Prof. H. L., experiments as to soil reaction, note 120
Whitney, Prof, INIilton, attention to analyses of date soils 11, "3, 111

devising of instrument for determining soil moisture 75

Wind, effects on date palm, discussion 70-72

l)ollination of date palm in wild state - 26

Winds, cold, effect on date culture in Algeria and Persia 71-72

prevention of date culture on California coast 124, 125

Salton Basin, protection by mountains 101-103

sea, effect on date ripening in Mexico 135
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I'lige.

\\'iiit(>r. icsishmcc of (l:ilc i)jilm to cold ^iJ-fJO

\Vi)liskill dati', laihiri' in rciJroduclioii by scrdliiiK'M 20
notes .'

:!
I

, «'•', <>•', 1 24

Yii'ld (if dale palms in ponnds, and cuntinnancc of hearing 2f)

dates, in narks 1.'5(>-I.'i8

sindu'n pirdeiis, and vainc of treeH 70
DcLrlfl Noordalc '.^fy

I lanirax a date 37
Ynina, Arizona. .S'^y a/.s7> Arizona and Sal ton I>asin.

ad vantiigeH for irri<;ati()n 87
date culture, conditions 1 :^ 1

Zal), Western, date rej^ion in Sahara, description, etc 7H
Zero point for dati^ cnltnrc 6;:{-f)4

o
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FiQ. 1.—Canal Through Date Plantation at Bassorah.

Fig. 2.—New Date Plantation, Showing Irrigation Ditches.

Fig. 3.—At the Border of Irrigation; Patches of Alfalfa.
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Lirrn-R or TRAXsMirrAi.

U. S. l)ErARTMB:NT OF AGRICULTURE,

Bureau of Plant Industry,

Office of the Chief,

Washingto7u D. C, October 17 . 1903.

Sir: I havo the honor to transmit herewith and to recommend for

publication as Bulletin No. 54 of the series of this Bureau the accom-

panying- paper entitled ''Persian Gulf Dates and Their Introduction

into America."

This paper was prepared hy Mr. I). G. Fairchild, Agricultural

Explorer, and has been submitted by the Botanist in Charge of Seed

and Plant Introduction and Distribution with a view to publication.

The information contained in this Inilletin and a collection of younsr

date palms which were imported and are now growing in the Govern-

ment date orchards in Arizona form another of the many generous

gifts which Mr. Barbour Lathrop, of Chicago, has made to the Ameri-
can people.

The four half-tone plates are essential for the purposes of this

bulletin.

Respectfully, B. T. Galloway,

Chief of Bureau.
Hon. James Wilson,

Secretary of Agriculture.
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I'KlilACH.

The importanc'e of introducing- the commercial culture of the date

l)alni into Arizona and California led to the establishment of the coop-

erative date orchard at Tempe, Ariz., where already more varieties

of this palm are gathered together than are to be found in any other

one place in the world. To the original orchard additions hnvv l)een

made from time to time, one of the most important being the collec-

tion of Persian varieties presented to the Department of Agriculture

by Mr. Barbour Lathrop and described in the present bulletin. For-

tunately, many of the suckers sent from Persia are alive and will in

time enable the Department to distribute the best of these varieties in

suitable rea'ions of our arid Southwest.

Mr. Fairchild's statements regarding the manner in which the Per-

sian (hites are packed furnishes an additional incentive for pushing

the work of introduction, so that the home market may be supplied

with clean, wholesome dates.

In securino" much of the information which is contained in this bul-

letin and in the procuring of the young date palms Mr. Fairchild is

indebted to the American vice-consul, Mr. A. Mackirdy, of Maskat,

Mr. Kudolf lli'irner, vice-consul, of Bagdad, Mr. O. Gaskin, British

vice-consul, of Bahrein, and especially for unusual courtesies and aid

to Mr. H. P. Chalk, of Bassorah.

A. J. PlETERS,

Botanist hi Charge.

Office of Botanist ix Charge of Seed

AND Plant Introduction and Distribution,

Washington, I). C, S^^jjtemher 17, 190S.
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Platk I. Fig. 1.—Canal through cUite plantation at Bassorah. Fig. 2.—New
date plantation, showing irrigation ditches. Fig. 8.—At the

border of irrigation
;
patches of alfalfa Frontispiece.

II. Fig. 1.—Old date garden at Bagdad. Fig. 2.—Irrigation ditches in

new plantation at Bassorah. Fig. '^.—Village and date palms on

the old Bassorah canal •>2

III. Fig. 1.—A bag of Maskat dates. Fig. 2.—Typical date plantation

at Bassorah. Fig. 'A.—Bassorah peasant with his spade S2

IV. Fig. 1.—Panorama of new date plantation near Bassorah. Fig. 2.

—

Irrigation machines at work on the Tigris River, near Bagdad.

Fig. 3.—Intake of irrigation canal above Bassorah; Turkish

guardhouse on the left 32
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PKHSIAN VAIV DATKS AND THEIR INTRODUCTION
INTO AMERICA.

INTRODUCTION.

The valley of the Euphrates is said to be the })irthplaee of the date

palm. Whether this is true or not, it is rertaiu that nowhere else in

the world are more favorable conditions for the cultivation of the date

to be found than along the shores of the Persian Gulf and in Lower
Mesopotamia.

The Persian Gulf date region is doubtless the largest in the world

and furnishes the greatest part of all the dates sold in the American

markets. Two million cases, or over a hundred million pounds of

dates, have been exported in a single j^ear from the principal shipping

port; and at a very moderate estimate—for no even approximate data

are obtainable—there must be not less than fifteen to twenty million

date palms in this great territory.

The date plantations of Biskra, in the Sahara, contain little over

half a million palms, according to Swingle,^' while the inunense region

comprising I'pper and Lower Lg^^pt together is estimated T)y Will-

cocks^ to have ouly 7,-iOO,000 date palms in cultivation. Moroccan

and Spanish gardens are insignificant in comparison with these great

regions, and no one connected date area can compare in size with the

plantations which extend for 70 miles in an unbroken forest from

below Mohammerah to above Kurna, on the Shat-el-Arab River.

This strip of forest varies in width from less than a mile to over 3

miles, and more than 5,000,000 trees, it is estimated, are packed into it.

There is certainh^ nothing comparable to it in the world, either as

regards size or the ease with which it can be irrigated.

Date growing in Arizona is rapidly passing the experimental stage.

The fact that this fruit could ])e grown there, however, was first called

to the attention of the public by the success of a num))er of chance

seedlings which ])ore good crops of tine fruit. The seeds from which

^'Swingle, W. T. The Date Palm and its Culture. In Yearbook of Department
of Agriculture for 1900, p. 461.

&Wilk'Ocks, W. Egyptian Irrigation, 1899, pp. 17-18.

7
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these seedling's were mised t-auu' prolnibly from iVrsian (iulf dates,

since tlu'souiv the most common ones in our mark«'ts. The excellence

of the fruit from these seedlini^js and the fact that they ripened early

made it seem i)rohal)le that the Persian (Julf dates, as a class, mii^ht

prove upon investigation to ripen earlier than those of Noith Africa,

and therefore be better suited to the short, hot seasons in Arizona.

The stickiness of the dates from ^lesopotamia, as sold in tliis coun-

try, is perhaps a disadvantaii;e which they have in comparison with

the African sorts, ))ut It was thought that American date tirms mij^ht

not wish to import the best varieties and that there mij>ht be found

under cultivation alont:- the coast of the Persian (rulf superior early-

ripening- sorts of which nothing is now known in the United States.

The consideration of these possibilities decided Mr. Parbour Lathrop

to send the writer up the Persian (lulf to Bagdad to look for the ])est

and earliest varieties of dates and to secure^ such information regard-

ing* their culture as might be obtainable. The ol)ject of this short

bulletin, therefore, is to make available to those interested in date

culture the information, more or less fragmentary, which was secured

during a brief stay in Bassorah and Bagdad and stops of a few hours

at ports on the Persian (rulf.

GENERAL DESCRIPTION OF THE REGION.

The Persian (iulf, like the Red Sea, is a ])ody of unusually salty

water, surrounded by stretches of desert sand and barren hills and

eliti's. Its waters are shallow and easily and often rutH(^d hy storms,

makino- landini>*on the shelvini>' beaches sometimes difHcult and danger-

ous. Its eastern shore is formed by the rocky coast of Persia, while

the deserts of Arabia constitute its western coast. The Gulf of Oman
is separated from the Persian (ndf by a narrow striiit, south of which

lies the Sultanate of Maskat. with its dependent provijice of Uuadur

on the opposite side of the gulf.

The Shat-el-.A rab River is formed by the union of the Tigris and

Euphrates at Kurna, where, according to the Arabs, the garden of

Eden was located. It Hows south for 70 miles and empties into the

northern end of the (iulf of Persia, forming a shallow l)ar which must

be crossed at flood tide by even shallow-draft vessels.

The Persian (xulf is politically controlled by (Jreat Britain, whose

officials settle petty intertribal disputes ])etween the natives and push

the interests of British trade ])v increasing the connnunication facilities

of the w^aterways. Turkey nominally governs Arabia, but practically

controls little territory south of the Shat-el-Arab River, while the Shah

of Persia has jurisdiction over the whole eastern coast of the gulf,

and the Sultan of Maskat, under the eye of Great Britain, manages

the art'airs of his Sultanate and of his dependency of Guadur.



DKSCIvir ri<»N AND CI-IMAI'l-: <»!-' lii:(iI(>N. *.)

I )('\ ('l()|)m<M»l> ill tlii^ i-('Lji()ii li;i\!' iiiilil rccciilly \h'1'\\ \ < ry slow, hut

tli()S(» wlio fcatl t!i(' sii^iis of (lie limes llici'c |'oi-('s(M' soiiM' iiitci'csl iti«4"

clmnii'cs ii) the ucai- t'ut inc.

'riicic arc s('\(M-al ways in which (he Pci'siaii (Jiill* icoion nuiy ho

^isil(Ml: H\('omt'ortal)h' stcaincfs of Ihc lii'itish India Line from I)om-

l)av. which niii wcci^ly and foi'iu the easiest and (jiiickcst aj)j)i-oach;

h\' cara\an from l)amascns, in fonitcen days, to Ha<^(hid: \)\ caiTia<4'0

from Tri^hizond to Mosul and down the 'l'i(^ris (on a raft of inflated

sheepskins) to liai^dad: \ ia r<di(n'an and Is])ahan on muh' hack to

Bushire or Bagdad; or hy the Angl()-Ar{il)ian and IVj'sian Steamship

C'onipany, of Lc^adiMihsilI street. Lon(h)n, which keeps up a fairl\' j^ood

service to and from t\\v L^'ulf. This company runs st(nimers at knist

once a month, and ire([uently semimonthly, stopping at Port Said,

Suez, and Aden.

The Turkish (quarantine reguhitions at Rassorah require of all pas-

sengers on ))oats from India ten days' (quarantine, while only five are

demanded of this Anglo-Arabian Company coming dir(^ct from P^urope.

The easiest way, therefore, to reach the gulf will 1)(^ to join one of this

company's boats at Port Said, Suez, or Aden. Returning, one can take

a boat of the British India Line to Bombay, if he desires to call at any

of the ports on the coast, which are closed by quarantine to boats going

up to Bassorah but open to all steamers returning from there.

CLIMATE.

The Persian Gulf and the Gulf of Oman are among the hottest

regions in the w^orld. Maskat, while not as w^arm as Jacobabad, is

so hot that the thermometer registers 117^ to 120^ F. in the shade, and

for nights and daj^s the temperature has been known to remain some-

where about IIC-^ F. The sea water in the harbor, as taken for the

ship's engines, was r(^gistered on the log of the steamer as 96° F., and

the eight Europeans who live in the place, in order to make sleep a

possibility, resort to the use of special machines, like fanning mills,

which force a draft of air through a perpetually wet screen. As high

as 124^ F. in the shade is recorded for the river Shat-el-Arab b}" the

''Persian Gulf Pilot." The Eluropeans spend as much time as possi-

ble during the dav in darkened, lower-storv rooms, and the nio-hts on

the Hat roofs of the houses. Nor is the heat by an}' means ahvavs a dry

one, but it is often muggy and oppressively moist. The winters are as

delightful, with their bright sunshine and cool breezes, as southern

California. The rainfall is ai)()ut inches, according to ]\Ir. ^lac-

kirdy. United States vice-consul, and occurs in the spring months.

No rains fall during the principal date harvest in August and Septem-

ber, which ar(\ at the same time the hottest months. Owing to this

long, excessive heat at Maskat the dates ripen earlier than they do
farther north.
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At Bahrein (the pearl i.shiiuls), on the Arat)ian side of t\ut (iiilf,

Kev. 8. M. Zweiiier, who has the self-rej^isteriuj^ thermometer of tlie

Indian weather service, describes March, A})ril, Octohci*, Novemhei',

and December as "delightful," with indoor temperatures seldom above

85° F. or below 60^ F. January and February are colder, even cold

enoui»h for a tire, and in these two months the rain of the season

usually falls. The months from May to September form the hot

season, and during this period heavy night dews are common and the

thermometer often remains al>ove 100 F. for many days and nitrhts

together. The mininuim temi)erature in the \ illage of Mcnamah,

Bahrein, during tlu^ summer months of IHiVS was 85 ^ and the maximum
107° F. in the shade.

In Bassorah, near the mouth of the 8hat-el-Arab, the climate is

similar to that of Bahrein, with the exception that the winters are

colder—so cold, in fact, that a grate lire is necessary for comfort.

Such delicate plants as tropical guavas an* injured by the low

temperature.

Bagdad is still some distance from the northern limit of date culture,

and yet frosts are of frecpient occurrence. Temperatures of 17'' and

even V2^ F. it is understood have been observed, though not i)y ofhcial

weather observers. The summers are cooler than at most })laces on

the gulf, and shortly after sunset the rapid radiation from the desert

which surrounds the town lowers the temperature ai)preciably. Judg-

ing from the glare upon the liglit-])rown soil in the winter season and

from the precautions which it is necessary for travelers to take in

crossing the deserts, the insolation to which the date palms are sub-

jected in Mesopotamia must be something extraordinary. No figures

regarding the force of the sun's rays, however, were obtainable.

From Mr. AVillcocks's paper, cited later, the following tables are

taken:

Mrtt'i)rohn/ic<iI nf/serntfioiis at Hmiihtd.



CMMATK AND LOCATION. 11

Month.

M,tt'i)i'(tl(Kjicit/ i)l)sri'riiti<iiis ill lUujdad—

(

'onliiiucd.

lH»f)

'I't'iiiiuTiitiirc.

Mean .Mean
maximum.! minimum.

KMiiifall.

Mean

.laimary
l<\>l)runrv

]

March I

April
May
Juiic
July
August
Scjitoinbcr i

OctoluT
NovembiT '

December
\

Mean

58.7
07. 2
73. r>

S7

iMl. 7
104..")

110.5
112.1
107.3
92. 5

72.3
58.3

86.7

38.8
43.2
49
61.3
68.9
7(). 5

79.5
79.4
73.2
(54.2

47.9
39

Inches.
48.8
56.2
61.3
74.2
H2.8
90.5
96
96.7

'90.3

78.4
60.1
48.9

Total.

Inches.
0.3
.1

.5

.3

.1

1.1
1.2

60.1 73.4 3.6

1 ooo

'rriiipcraliin-.

.Mean Mean
ma.ximuin. minimum.

Pvainfall.

Mean. 'Jotal.

° F.
60.4
()6.

4

72.7
H.5.8

93. 3
103.5
108.

2

108.6
105.

1

93.

2

71.8
64.5

86.1

° F.

39.

45.

53.

61.

66.

73.

77

76.

71.

65.

49.

44.

Inches.
49.9
56.

1

63.3
73.8
79.9
88.7
92.6
92.4
88.2
79.3
60.5
54.7

60.4 73.4

IvClWH.
0.4
1.2
1

1.7
1.4

5.7

Month.

January .

.

February .

March ....

April
May
June
July
Augu.*;t

September
October . .

.

November
December

.

Meau

1901 190S

Temperature. Rainfall. Temperature. Rainfall.

Mean Mean
maximum, nnnimum. Mean. ' Total

Mean Mean
maximum, minimum. Mean. Total.

90.: 82 74.5 1.5

LOCATION OF THE DATE GARDENS.

Although the Aral) knows more about dates than he does about any

other plant, since it is his principal food, his knowledge is generally

very local, and it is difficult to obtain accurate information regarding

the extent of the date plantations along the gulf.

It is probable that small gardens are to be found almost anywhere

on the coast where the water necessary for cultivation is obtainable,

but there are several principal regions from which the dates are

exported or have otherwise become well known. How large the}' are

is, however, the subject of conjecture.

The Pangh Ghur region, h'ing thirteen days' caravan ride inland

from the port of Guadur, on the Gulf of Oman, is in the Mekran ter-

ritory of Baluchistan. According to Lieut. W. O. Grant, of the

First Baluchistan Light Infantry, who recently took an expedition

into the country and to whom the writer is indebted for much valu-

able information, the plantations in this region are of con.siderable

size, including hundreds of thou.sands of trees; but the natives export
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into Kiirmc'lu'O and otlicr parts of India only small (jiiantilir^ of dates.

Ainon^^ tlioni, however, is one of the tinest in the worM. called the

'"Mozaty," which is packed in (hite siiiip in small caithcn jars and is

sold as a i»'reat delicacy on the Kurrachee market. Littk* is known
ahont the other varieties of this rei^ion, except that they are i-e{)orted

to ripen \ery early, even as early as June. A guard is necessary in

order to visit the region, as the inhabitants are quite uncivilized and are

continually at war with each other." Maskat itself has few palms in

its immediate vicinity, but some 50 miles in the interior, a( Semail, at

least half a nullion trees are said to ])e und(M' cultivation, while along

the Batna co*^st is a region which, according to X'ice-C'onsul Mackirdy,

is 60 nules long and a half mile wide and is packed with date palms.

These two areas are believed by Mr. Mackirdy, who is an old i-esident

in Maskat, to nearly equal in size those of Bassorah and Mohanunerah.

Thev furnish 1,000 tons of dates for export to America and the total

yearly export from Maskat is estimated roughly at 30,000 tons, which

is second onlv to Bassorah in amount. ^Nlaskat has t\w largest date

export from the gulf to Indian and other Asiatic ports. Owing to its

southern latitude and excessive heat the dates of Maskat ripen earlier

(some of them in June) than those farthei" north.

Back of Jask, which lies on the opposite coast of the Gulf of Oman,
large gardens of dates are said to exist, ])ut about the place itsidf

scarcely a palm is to be seen, and the surroundings of the lattiu* are

almost a complete desert. Six days' camel ride into the interior, at a

place called Bashkala, some especially tine varieties are grown and,

according to ^Ir. G. W. Mongavin, of the Indo-European telegraph

department, who was stationed for some years at Jask, the dates from

this region are the tinest he has ever tasted. How extensive the orchards

are is uidvuown. Forty miles from Bunder A})bas, on the Persian coast,

are the plantations of Minab, which are almost as large, it is said, as

those of Bassorah and Mohanunerah. These are the plantations which

furnish the dates for consumption on the Persian Gulf, and, in the pick-

ing season, which is in June and July, the inhabitants of man}^ small

\ illages along the coast ungrate to Minab, where dates are much
cheaper than at home, to live for several months. The varieties, in

part similar to those of Maskat and Bassorah, are inferior in flavor

and keeping quality. Those tasted, late in the season it is true, had

decidedh^ harsh skins, and were inferior in every way to any of the

good Bassorah sorts.

The town of Lingah, in Persia, which owing to the quarantine

restrictions was seen only from the steamer, is fringed with date

f The native servant, whom Lieutenant Grant was kind enough to dispatch to

Pangh Gliur in search of palms for the expedition, was turned back at Kej, some

seven days' caravan journey from the former place, l)ut luckily secured at Kej palm

shoots, which the chief of the place reports are of the Pangh Ghur variety "Mozaty."
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|);ilin'>. l)iit il wiiN not learned llial aiiv Iriiils \\«'i"e e.\])<)i-le(l or tliat

jun «-oiisi(leial)le ai'ca waspliuited lo dales. Idle j»eo|)le of Lineal) arc.

said to obtain most of tludr dales from Minah.

I)aln'ein Island, noted as the eentei" of the })earl lisheries of the

eidf. has its(df a half-million date palms j)lante(l on it. hut they ai'c not

much more* than enoueh tosu])])Iy local <:;ulf dcmaiids, ncithci* jirc thoy

of su|)erior (|nality. The reeion of Ilassa, ho\ve\-ei-, (10 miles irdand,

lias c\t(Misi\(' plantations and ])rodnces one of the most dcdicious (hit(\s

of this ])ai't of the world, called the '" Khalasa of Ilassa." Zwcmcr,
in his "'Arahia, the Cradle of Islam," rcnuu'ks that the Ilassa date

rceion is not comparably as hiro-c as that of Hassorah, hut he does

not t(dl how cxt(Misive it really is. Prohahly a iiiilliori trees would be

a fair estimate.

Hushire has few dat(» palms about it, ])ut the districts of Tangistan

and Koweis. not far ott", have plantations of considerable size, it was
stated l)y an old I'csident of the place. Three* or four hundred tons of

dry dates are exported annually to India from this port.

Of the date oardens of Kow^eit nothing' was learned, but the}- are

probably inconsiderable in size.

^lohannnerah and Bassorah, although 30 miles apart and on opposite

sides of the Shat-el-Arab which separates Persia from Arabia, really

belono- to the same general district and are the centers for export of

th(* largest single date-producing region in the Avorld. Although no

count has ever been made, there are probably over five or six mil-

lion palms planted along the banks of the river, and as seen from the

])ridge of a steamer the weaving crow^ns of these tall palms stretch

away in ever}' direction to the horizon. (PI. IT, fig. 1.) In reality,

the strip of land occupied by them is from less than a mile to 3 or 4

miles Avide and 7<i miles long, wdth occasional rice fields or neglected

areas.

At various places along the Tigris and Euphrates, which rivers run

almost parallel to each other across the broad, slightly inclined plain

of Mesopotamia, there are date plantations varying in size from a few

trees to hundreds of acres. About Bagdad, 535 miles from Bassorah,

and at Hillali, on the Euphrates, a day's journey hy camel from Bagdad,

there are extensive groves of dates—over a million trees in the two
places—and numerous superlative sorts are produced here, such as the

"Kustawi,'- "Maktum," "Taberzal," etc. Owing to the fact that

there is little export to restrict the number of varieties which may be

])lanted for profit, there are probably more difierent kinds to be found

a))out Bagdad than anywhere else in the Persian Gulf region.

SOIL CONDITIONS.

The date loves a slightly alkaline soil and can tlirive where enough
salt is present to kill most ordinary plants. It finds in the countries
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aroiiiicl tln' IVrsitui (iulf nil degrt'cs of sjiltiiu's.s. Tlir writer wa~

nimble to ohtaiii ^ood suiiiplt's of the soil from all of tlie noted dat*

legions al»out the ^nlf hnt examined a sutKcient number to satisfy him

self of its variability. In Hassorah there is an adolie soil, resembling

the silt of the Nile \'alley, so sticky that it has only to be dried in th«-

sun to make the best of adobe ))rieks. This pure adijbe is not con

sidered as suitable a soil as that Avhich has a slight admixture of sand

in it to make it lighter. Thout^li undoubtedly aline soil, this allu\ ium

can not be compared with the rich river bottoms of the Missouri.

Kansas, and Mississippi, and is able to produ(;e no such crops of maize

or wheat. The soil of Bagdad resembles that of Bassorah closcdy.

beint>- made up of the same alluvial deposits from the Tig-ris River.

Not a stone the size of a man's tist can be found by searcliintr for hours

across the })lains al)out HaocUid, and the broken antique ])ottery, tiles,

and })ricks attest the character of the tine-grained soil of which these

millions of acres are composed. It is the very soil of which Babylon

was built, and which when baked has so well preserv^ed for later

generations the cuneiform language of the Babylonians.

IRRIGATION OF THE PLANTATIONS.

Nowhere in the world does such an ideal water supply exist for the

irrigation of date plantations as at Bassorah. A broad, muddy river,

Howino- at a rate varvint*- from 0.4 mile to (> miles an hour between

banks which are so low that the Arabs sit upon them and wash their

hands in the stream (PI. IV, fig. 8), supplies an almost unlimited

quantity of water. With each high tide the waters of the river are

backed up for about To miles and rise on an average at Bassorah feet

above their former level, tilling on both banks the hundreds of irrigat-

ing canals which run in every direction for many miles through the

date forests. The height of the river at Bassorah changes little, sum-

mer or winter, though its level at Bagdad, 535 miles away, falls

materiallv durino' the drv summer months. A strong southerlv wind,

if ])lowing up river for some time, will, together with the rising tide

on the ))ar, raise the level of the w^ater a foot or more over its natural

high tidal mark.

Occasional large canals extend for more than '2^ miles into the desert

at right angles to the river and giv^e oft' numerous side canals. These

mains are navigable by large steam launches and form the avenues by

which dates are transported to the steamers that lie in the river during

the shipping season. These large canals, planted for their whole

length with palms, are in fact like rivers through a great forest of

dates. The land is so level that apparently no engineering difiiculty

lies in the way of an immense extension of this canal S3'stem so as to

take in thousands of square miles of this rich alluvial desert which

stretches away to the horizon from the comparativelv narrow strip of
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;ilr('!i(ly iitili/.rd land I'l'iiio-ino- ihc i-i\cr ));mks. The writer followed

up one of the in:iiii caimls iind I'caciicd tlir cud of tlic iiii^^at ion ditches

to tiiul, on the yvvy horder of the desei-t, luxuriant piitehes of alfalfa

and tine looUin*^- lo-year-old (lat(^ ])alins. (See 1*1. I. tio-. ;>,.) Thc! Arabs

are oiadualh , hut \crN slow 1\ , leniit heninc' the cjinals and watei'inj/

more deseit e\(M'yyear. A jj;"reat iin[)etus w;is oi\('n to date cult ure

in Meso})otainia l>y th(> openinj^' of the Sue/ (-anal in ls<)*.>. This

l)roui:*ht (he Kuropean and Aiuei'ican markets within easy reach by

watci". and enabled the i»row(M"s to o-et their dates to London and New
York in tinu* for the autumn market, avoidinj^* the expense ancl d(days

of tludr transportation by camel across the desert. Larj^e areas of

palms which were i)laiited at that time are now in the prime of their

}^rodactive ness.

TIh* method of plantino- is determined ])y the irrigating- ditches,

^^hich arc^ large (often H feet })y H fec^t) and cut the ground up into

small rectangular pcMiinsulas, 10 to 15 ))y 20 to 80 feet in size. (IM. I,

tig. 2, and PI. II, tig. 2.) On each peninsula 2, or sometimes 3, palms

are set. (PI. VII, tig. 1.) Often the peninsulas are much larger and

hold from -t to 5 and even as high as 10 palms. The size of these

peninsulas depends somewhat upon the permeabilit}' of the soil and

the height to which the irrigation water rises in the ditches. On an

average 100 palms are planted to a "djerib," which unit of measure is a

trirte less than an acre. In order to prevent the waters receding too

quickly from the canals when the tide falls, dams of nmd are built,

and pipes, or the hollow trunks of palms, are run through them, which

permit the water forced into the canals b^^ the rising tide to flow away
slowly. The length of time during which the canals are filled with

water is more or less under the control of the proprietor, and as the

supply is practically unlimited no tax of any kind is paid nor is an}' regu-

lation necessary regarding its use. In short, the Bassorah date grower
has only to see that his ditches are kept in order, wdiich is an easy

matter where the soil is as pure adobe as the cla}' of a brickyard and
the l)ackwater of the river will till and empt}' them twice every twent}'-

four hours. The conditions of this form of irrigation, which might

be called a tidal one, are quite ideal and so far as known are found
on such ti scale nowhere else in the world. Professor Hilgard, of the

California Experiment Station, says that the waters of the Sacramento
River are being utilized in a similar wa}^, but on no such scale. With
the proper extension of the canals on both sides of the river an area

covering several million acres could, it is l)elieved, be planted to dates

and the Bassorah ri^gion might then supply the datcvs of the world.

Conditions in Bagdad are quite different. The ])aidvs of the Tigris

are high, often 20 feet or more, and even at its highest level the water

never tlows into the irrigating canals, but nuist be lifted laboriously

by uKnins of contrivances of Babylonian anticputy, called ''chirds."
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These are composed of a set of pulleys, a builoik-skiii fiat*- lioidin^ '2i>

to -to t»allons, and a rop*' attached to a horse or bullock, which walks

laboriously up and down a sti'cp dirt incline, hoisting tin* water as

it descends and lowering- the bat»- into the river as it backs up the

declivity. (1*1. I\\ tijj;-. 2.) None of ou»- unpicturesque but piactical

Yankee windmills, witli their u^ly shapes, has yet invaded the bank.s

of the Tii^ris, althouoh during- the sprinu- season, when the water is

most reijuired, strono;, steady breezes are almost constantly blowing.

Once lifted intc small, shallow restu'voirs, the water is led ofi' by

trenches and manipulated in the usual way, giving each })alm a periodic

watering by tilling its particular trench.

What the irrigation conditions in this region were when l^a))vlon

was a great city and the whole country was jis thickly populated as

p]gypt is to-day can be j'ldged by a study of the remarkalih* ruins of

the great canals and dams which are to ])e found in this now desolate

country.

Sir William Willcocks, K. C. M. G., whose name is so W(dl known
from his renrarkable work on the Assuan dam in Egypt, has recently

made a study of the old canal system of Chaldea and has draw^n a most

vivid picture of the irrigation system of ancient Babylon." He shows

how favorably it compared w^ith the system of ancient Egypt, and

points out in the following w^ords the cause of the destruction of its

greatest canal, the Nahrawan, and the consequent widespread desola-

tion which was produced:

What was the real caii«e of the ruui of all this agricultural wealth and these great

cities, and the creation of the vast deserts which we see to-day? An examination of

the map will make it evident. Those who have seen the headworks of the Ganges

Canal at Hard war in northern India, where the rubble weirs across the shingly bed

of the Ganges lead the stream j>ast Ilardwar into the Ganges Canal above the steep

bluffs of Kankhal, will readily understand what I amgoingto say. Let such imagine

what wouUl be the fate of the great Ganges Canal if the (ianges River were to desert

the Hardwar channel, flow down the Budh Ganga, and then turning abruptly west-

ward eat away the Kankhal bluffs until the canal was cut into by the river. It

would mean ruin to the whole canal with its 500 kilometers of main channels and

3,500 kilometers of minor channels. Such a fate has overtaken the Nahrawan Canal.

The Tigris has a mean width of under 400 meters, according to information kindly

supplied me by ]M. ]N[oritz, librarian of the Khedivial Library at Cairo, while the

lower heads of the Nahrawan Canal have a mean width of about 100 meters each,

according to the plans of Conmiander Felix Jones. To insure the supply of this

great canal we are, moreover, informed that the Tigris has constructed across its

ancient bed, downstream of the intake of these feeder canals, massive rubble weirs.

To me it seems conclusive that, in Chaldea's evil day, the main stream of the Tigris

deserted its ancient bed, followed the scoured and degraded bed of the canal whose

regulating head had been swept away, and cut out a new channel for itself at light

angles to its old course. A careful examination of the plans and levels can lead to

no other conclusion. Once the river had changed its course, the old bed gradually

« Willcocks, Sir William. The Restoration of the Ancient Irrigation Works on the

Tigris. Cairo, National Printing Department, 1903.
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siltrd up, till' rivn- ale away tlu' fccdiT canal at the nitt' of tin- n^nilator w hose ruiiiH

t<)-(lav aic ill the l»r<l "f the I'lNcr, an«l a^'aiii ate away the main Nalirawaii itsrif

Ix'tw cell the sr\('iiti('t li ami fii:lil id li kill iinctrts. Tlic ruin w as (•oiii|)l«-t('. {''ccMc

hands <li<l what they could to rcpaii- t he disastci'. 'I'lic l»cldai dam across the hyfila

was strcu^'thcncd and the head of the Nahrawaii ("anal was reinoxcd |(» its one hun-

dred and lifty-second kil(»nieter. The feehle supplies of the I)y;ila ITucrconld alom^

he ilepi'udetl on. the Tigris ^a\(' no aid from its ample waters, an<l a once (loiirish-

ing autl worltl-renow ned region hecanie a desert. The ruin <tn the west hank wuh

e(|uall\- iireat. The weirs which had held up the waters of the Ti^nis in order to

feed the canals were turnecl and the nii^dity canals dwindled awa\' int<» thefeehle

watercourses of to-day. ( 'onunandei' Im'Hx Jones well ohserves: "TIm- suniinit of

Opis, as we ^a/.e around, affords ti picture of wreck that could Hcarcely he conceive<l

if it were not spread at the feet of the heholder. Close to uh are the dismembered

walls of tlu' greateity, and many other moundsof adjacent edifices spread like islands

over the vast plain, wiiich is as bare of vegetation as a snow tract and smooth and

glassdike as a calm sea. This appearance of the country denotes that some sud<len

and overw hehuin<; mass of waier must have prostrated everything in its way, while

the Tigris, as it am-iently flowed, is seen to liave left its cliannel and to liave taken

its i)resent course through the most flourishing portion of the district, severing in its

mad career the neck of the great Nahrawan artery, and spreading devastation over

the whole district around. Towns, villages, and canals, men, animals, and cultiva-

tion nuist thus have been engulfed in a moment, but the immediate lo.^s was doubtless

small compared with the misery and gloom that followed. The whole region for

a space of 400 kilometers, averaging about 80 kilometers in })readth, was dependent

on the conduit for water, and contained a population so dense, if we may judge

from the ruins and the great works traversing it in its whole extent, that no spot on

the globe perhaps could excel it."

Of those who were spared to witness the sad effects of the disaster, thousands,

perhaps millions, had to fly to the banks of the Tigris for the immediate preservation

of life, as the region at once became a desert where before were animation and

prosperity. The ruin of the Nahrawan is indeed the great blow the country has

received. Its severity must have created universal stupor, and was doubtless fol-

lowed by pestilence and famine of unmitigated rigor, owing to the marshes w Inch

accumulated annually in the absence of the dams on each spring rise of the river.

It is interesting to read what the trained imagination of Mr. Will-

cocks foresees will be the result of the restoration of these ancient

irrigation works on the Tigris and his entirely preliminary estimate

of the expense necessary to restore them. An outlay on canals and

repairs of £S,0()0,000, he figures, will throw over a million and a

quarter acres under cultivation, raise the value of the land which is

now worthless to $150 per acre, and pay a profit in rentals of 25 per

cent per annum on the investment of $40,000,000.

0?i page IT of the volume cited Mr. Willcocks remarks:

To enable a true estimate to be made of the exact nature of the works and their

cost, there lies nuich information to be collected by brigades of engineers working
under a capable chief—such information as only experts can gather through months
of patient observation and field work—exact gauge readings of the Tigris, Antheim,
and Dyala rivers; discharge diagrams: analyses of the waters of the rivers; fleM

niaj)s of the soils; contoured maps of the country on which to lay down the align-

ments <»f the canals, and the dimensions of the cross-drainage works; soundings of

tlie rivers and borings of their beds; examination of the buil<lini: materials available

i»538— No. 54—08 2
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to enable tletii^iiH to he made ol" regulatorn ami eHi-ajK'H, weiiH and htcks, HVplKinH and

superpassages, and all the detailH which at«(»nipany a wtdl-eoneeived project. Sueh

works it will take a ettiii)le <tt years to collect; hut 1 have not considered it unwise,

with the aid of experience and prescience acquired in a lifetime of «levotiou to

irrigation works, to make a roui,di preliminary estimate of what such w<»rks w«»uld

cost and what wtiidd he their jjrohahle results, S(j as to encourap* <'apital to j»ay lor

the collection of that detaile«l information whose outlines 1 have just desi-ribed.

The area of tirst-class land, waiting; oidy for water to yield at once a handsome

return, I estimate as tolhtws:
ACTt'S.

West of the old Ti^nis 2S0, (MX)

Between the old and new Ti^'ris 1«)(), 000

East of the Tigris, north of Bagdad 420, CHK)

East of the Tigris, south of Bagdad 420, OlX)

Total 1, 2S0, 000

Tlu' i-ost of the works, discounting all assets, I estimate roughly as follows:

Main canal, 200 kilometers hy .">()0 s(|uare meters cubic meters. . 100, 000, 000

Earthwork, main lanal £2, 000, 000

Weirs on the Tigris 800, 000

Masonry works, main canal, one-half the earthwork 1, 000, 000

Minor c-anals, 1 ,2S0,0O0 acres, at CS per acre 'A, 840, 000

Total 7, 440, 000

Add contingencies 5(50, 000

Grand total S, 000, 000

Cost ix^r acre ( £8,000,000 - 1,280,000) £7

Value of the land ( 1,280,000 acres, at £80) 88, 400, OlX)

Rent per annum (1,280, 000 acres, at £3) 8, 840, 000

If of this sum nearly half is spent in maintenance of the canals, we have a net

return of £2,000,000 per annum, or 25 i)er cent on £8,000,000 of capital. Let those

who know Egypt say whether they consider such figures as too sanguine.

The date reo'iou of tlu^ island of Bahi'eiii is watered by several most

reinarka))le sprinos, the fresh water of which iimst reach the island b\"

stibmarine water courses. The hirgest of these spriiit»s is 100 feet

across and 27 feet deep, and Hows a 2-mile-an-hoiir stream, with a cross

section of 2 by 8 feet, or about 10,000 gallons per miiuite. This spring-

alone waters, the British vice-consul, Mr. Gaskin, states, al)oiit a half

million date palms and if completely utilized could water almost as

many more.

In Ilassa, on tiie mainland, tnere are undero-roiuid water courses,

and the date palms which furnish the famous Khalasa date probably

get their water from these undergroiuid sources. Zwemer' describes

vast areas in this region, now (juite destitute of vegetation, where 8 or

4 feet below the surface nn abundance of sweet water is obtainable."

The river Lowadi Hows through Minab, and the plantations of this

date reo'ion are irrigated bv it, according to the statement of a resident

of Bunder Abbas, the nearest port.

"Zwemer, S. M. Arabia, the Cradle of Islam. New York, 1901, p. 112.
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Tlic iiicdiod of iri'iLint ion iis(m1 in the Panu'li (iliid' I'c^^ion, wlici'c (he

famous Mo/.;i(\' (hitc isL;r(>wn. innsl he niosl pcciiliai'. Tor, accordiuo- (o

Li(Mi(«'nanl (Jrant, tlic syslcni of canals is larj^cly suhtci'i'aiican. and

iininni('ral)l(* wells tap these uiulei'oi'ound \v;der coui'ses, wliieh are

tunneled tliroutili the soil at oT(Md expense. 'I'he lex'els aw so eai"(d'ully

studicMJ that land which is appar(Mitly, thouo-h not really, tit a higher

ele\ation than th(^ sup[)ly well is fui'iiished with water.

SECONDARY CULTURES BETWEEN THE PALMS.

Oiu^ may look in \<un for a cover crop in use in the date plantations.

The use of legmninous plants to enrich the soil seems to he unknown,

and althout»'h alfalfa (called "djet'') is grown in diminutive patches to

furnish food for the horses, the fellah, or Aral) cultivator, is generally

iofnorant of its value for enrichino- the soil. Wheat and })arlev are

oft(Mi sown among the palms, })ut furnish an inferior product. (PI. II,

tig. :i, and PI. IV, tig. 1.) The planting of grapevines has been most

successful in Bassorah, and the palm stems form quite as admira])le sup-

ports between which to train the vines as do the trunks of the nud-

))erry trees in the groves of Italy and the Tyrol. The light shade

furnished by the trunks and crow^ns of the palms appears to be none

too much to protect the vines from the excessive glare and heat of the

sun, and most excellent table sorts of grapes are produced. Other

fruit trees, such as figs, jujubes, and pomegranates, are also frequentl}'^

seen about the houses, and thrive ver}^ well. Altogether, however,

there is a barrenness about these palm forests which reminds one of

the Australian bush.

TREATMENT OF THE SOIL AND PLANTING OF YOUNG PALMS.

Though pure silt, like that of the Nile Valle}^, the soil on the Shat-

el-Arab is manured to make it more productive and, whether rightly

or wrono'lv. onlv cow manure is considered suita])le, that from the

horse stables being regarded as too heating. Such things as artiticial

fertilizers are quite too modern for Arabia, and the value of wood
ashes and bom* dust is scarcely appreciated.

Just before a plantation is set out with suckers the soil is dug over

by hand to a depth of IS inches, and this digging is repeated every

four vears. Weedino- is done when necessarv and the surface of the

ground occasionally stirred, but aside from this primary treatment the

soil is given very little attention.

In the matter of propagation the Arabs of ^Mesopotamia are more
advanced than tin* Eg3'ptians, for they have learned the practical

advantage of employing small suckers. These are seldom over 6 feet

long and generally with few roots. They are planted w ith the growing
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Imtl 'J or 8 inches above tin* ^intact' of tin* soil, and loi' the lir>t niontli

are watered every four dav-^. and hitrr at l()n«i('i' int«'i\ aK, as tin* season

may deiiiand.

Theri' are thousands (d' st't'dlini^s t-alled '•dci^al," but these form a

small proj)ortion of the [)lantatlons and are recot^nizcd as bearing; infe-

rior dates. The market (h*inantl is for special uidfoiin <|ualiti(*.s, and

these seedling" dates art' exclucU'd lu'cause of their \arial>ility. A curi-

ous belief exists that date seeds, if inmicrsed for a few seconds in

water heated to nearly the boilini^" j)()int before ])lantino-, will ])roduce

a nuich lar^^er percentai»e of female trees than when planted in the

ordinary way.

POLLINATION.

The dates were in tlower in the nuddle of March at Molnunna'rah,

and at Bahrein hundreds of female l)lossoms which had Ixmmi already

tied up with the spri^iiof male intiorescence inside were seen. Instead

of tyino- a))out the female intiorescence a thin strip of pahn leaf, as is

done in Egyi)t and Algiers, the upper part was wrapped with a piece

of the ))rown tibrous material which g'rows l)etween the leaf and the

trunk of the date palm. A single male tree yields sufficient pollen to

fertilize the flowers of one hundred female trees, l)ut there are espe-

cially productive male varieties whose pollen is more abundant, power-

ful, and has better keepino- ([ualities than others. The names of three

of these, as given by Mr. Raphael Sayegh, of Bassorah, to whom the

writer is indebted for some valuable information, an^: ••(hmnanu''

(S. P. I. 8T-11V')^ *' Wardi," and -^Semaismi." Of these three, the first,

"^Gunnami," is considered the best, and is the only one which the old

veteran date grower and Imyer, Hadji Al)dulla Negem, of Abu Kassib,

would reconuuend for i)lanting. At Maskat, or the date valley of

Semail, in the interior, a special variety of uiale is planted, but so far

as could l)e learned it has no name except that of ''Fachl" (8. P. I.

8761"), which means "male." In the region back of Guadur, called

Kej, the male variety in use is called ''Gush'' (8. P. I. 8763"). As
3'oung male plants of the l)est variety in each locality have been secured

for introduction, it will be interesting to learn which sort will thrive

best in America.

Whether or not the method of pollination which has been in practice

for perhaps six thousand years is really the most econonncal one may
be doubted, and some more eti'ective way will })ossibly ])e discovered

in the New World, which has already made so many improvements in

methods of agriculture.

« The numbers in parentheses are those given by the Office of Seed and Plant Intro-

duction and Distribution, U. S. Department of Agriculture, to the specimens sent to

America.
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DIFFERENT VARIETIES OF THE REGION.

'IMi(M'(^ nvr liimdrcds of \ari<'li('s of dates in llic IN'i'.sijui iniW ic^iion.

ncarlx cntin si^iHllinj^* Ix'iui^* more or less dillcrciit fi'oni its ncij^ldx)!-;

1)U( llio>(> whicli iia\'e Ikmmi pi'opa^alcd by snckci-s and aic inoi'c or less

connnonK known l)y the sln|)])(M's nuinlMT only ahont twenty oil liirty.

Il would l)e foi-cinn to tlic pni'pose of this ])a|)('i' to li>t all of these

dales. allhouLih the time may come when it will he woiMh while to

examine them all and to station an exi)ert in the i-eoion (hirino- th<'

fruitino- season to search for supcM'lative seedlitjo- sorts, or even with

tlu^ hope of tindino- among the thousands of seedlinj>- trees a single one

which l)ears a schmUoss fruit of tine (juality. SimkUcss varieties whicii

are not the r(\sult of imperfect fertilization are believed to exist.

Mr. Saycgh showed the writcM", in fact, on liis own phmtation, a single

tre(\ unfortunatcdy without suckers, which he says has regularly pro-

duced, (^ven when propeily i)()llinated, seedless dates of fair cjuality,

though ripening late in the season.

The dates w hich are exported to the various European and American

markets are not the most delicious varieties grown in Arabia and Per-

sia. ])ut simply good packing and shipping kinds. Different markets

demand diti'erent varieties, and the principal market kinds for Europe

and America are the "Halawi." " Khadrawi," and ''Saver" of Bas-

sorah. the ''Kursi" of Bagdad, and the ''Fard" of Maskat. Indian

and oriental markets call for quite different sorts from those known
in America, generallv of the drv and boiled class, and such kinds as

the "Zehedi," "Brehm," ''Chupchap,'' and *'Mubsli'- are exported

to Bombay and Singapore, while for general home consumption the

'*Zehedi," of Bassorah and Bagdad, the ''Gardiwahl" and "Murda-
sing," of ]\Iinab, and the ''Batna" kinds grown along the coast of that

name on the Gulf of Oman, are the commonest. Aside from these

dates, which are good shippers, there are a large number of kinds

which are highly prized for eating fresh from the tree
—''rattab" as

they are called in Arabic. The l)est of these are likely to prove of

special interest to the date growers of America, Avhere easy access to

large cities will make the creation of a market for fresh tal)le dates a

possi))ility. Unfortunatcdy, the notes secured on the comparative excel-

lence of these diti'erent rattab varieties had to be taken second hand,

as the visit of the writer to the Persian Gulf was made in March and the

dates in this locality ripen from Jun(^ to October. There ai-e. furtluM-.

no Europeans in the region whose interest in these fresh Narieties has

promi)ted them to make a studv of their (jualities. In the spelling of

the different names, even, much variation exists, as it is often ditticult

to find the e<iuivalent letter for an Arabic sound and all words are

spelled phonetically. There is considerable variation in the Arabic

pronunciation as widl. The continental ^alue of the vowels has been
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takt'ii in spelling- the names in the list ^iven below and th*- nnnibers

which eorresponil with detailed des( ri[)ti()ns that have been niad«* out

for the reeords of the Otliee of Seed and Plant Introduction and Dis-

tribution and which accompany youni»- plants or seeds of tht^ various

sorts that have been sent to the Tnited States I)ei)artment of A*^ri-

culture or to the trial oardtMis in Arizona liave l)een put opposite the

names. The drieil dates of some \arieties have been secured to assist

in the meaj^er descriptions.

liAODAl) VARIKTIKS.

Kntitairi. (S. r. 1. ST38"). A medium to large, oblong, soft, sticky

date, ripening in August, with stone of small size and little or no fiber

or "raii'." Skin a lio-ht o-olden brown, \-ei-v delicate in texture and

adhering to the soft golden flesh, which is of exquisitely rich, sweet

date flavor. Too delicate for packing in the usual way, though keep-

ing well until April. Said to l)e fairly productive, but a delicate tree,

suited to adobe soils with an admixture of sand, and Avill withstand a

temperature of 17^ F. , or possibly lower.

Ascherasl. (S. P. I. S73t>.) A medium-sized, ovate, semidry date,

ripening in September, generally not sticky. l)ut tnisily handled with-

out soiling the tingers. Stone small in comparison with the flesh.

Some fiber, but not an objectional)le amount. Skin of stem end dry,

straw colored, ))ut at tip translucent and of amber hue; of medium
thickness and closely attached to the rather hard l)ut sugary, sweet

flesh, which is of excellent flavor. As seen in March in Bagdad, these

dates are not packed in mat bags or boxes, but are sold in dry shape.

Grown in adobe soil, and reported to be a vigorous sort, hardy at

17° F., or even lower, and in special favor among both Christians and

Mussulmans, the former of whom, howe^'er, prefer it to all other sorts

to eat with English walnuts.

Bcdmlhe. (S. P. I. S740.) A small, ovate to o])long, dry date, ripen-

ing late in September. Not at all sticky, with good-sized stone, and

more or less flbiu* al)out it. Skin straw color, with occasional trans-

lucent amber-colored spots near the tip; of parchment texture and

sticking closely to the dry flesh, which is full of sugar. Not packed,

but allowed to dry on the tree, though when fresh of soft consistency

like ordinarv sorts. Eaten as couunonlv bv Bagdadians as any sort of

date; easy of cultivation and capable of withstanding a winter tem-

perature of 17 F.. and possibly lower. Grown in adobe soil by

irrigation.

2Lilii(iH. (S. P. 1. 8741.) According to the description given the

writer, a superior sort of the '^Kustawi," but resembling it closely,

«The numbers in parentheses refer to the records of the Office of Seed and Plant

Introduction and Distribution, U. S. Department of Agriculture.
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Ixmul:' :i s(»t'l. s(i('k\ (l:it«'. with siiinll stone, no tilxT. jiiid a Ix'iuitifiil

<»()l(l(Mi-l)r()wii skill which jidhcrcs closely to the j^-oldcu. hrownish-

\('llow ll(\sh. 'The sort ripens ])i-()l)al>ly Jihout the sjinic (imo as the

*• Kustawi." i. c., in August, and is (l()ul)tl('ss a delicate variety tociilti-

\at(\ Tiiis date is coiisidcMMvl by the Aral) sheik Abdul Kader

Kcdcr\ . of Ha<;"dad. oiu> of the best two sorts in Ai"al)ia.

linriii. (S. r. I. sT4'J.) A small, short, obloiio- d:ite. lipenino- in

,]\\\\ or Aiii^ust in Maskat. When fresh, hi<>hly appreciated as a

table (lat(\ luit oenerally boilc^d to foi'iii the ''Karak pokhta'' before

fiillv rip(\ Formerly shipped to .Vmerica from Maskat. Jt is thou<^ht

that this variety is of Maskat origin, for it is little known in Bagdad,

li will probably pro\-e more susceptible to cold than other sorts from

Bagdad, (rrown in adobe soils.

Zehedi. (S. P. 1. 8743.) A small, oblong, dry date, I'ipening in

September to October. Stone of medium size and surrounded with

consid(M"able liber. Skin straw colored and tough, sticking closely to

the dry but sw^eet, mealy ilesh of fair Havor. Sometimes })acked in

bags or cases and called •'Kursi/' ])ut generally allo\ved to di"v on

the tree. This is said to ])e tlu^ hardiest, most resistant to drought

and alkali, and one of the most productive palms in the region.

Although considerably inferior to the ''Bedraihe,*' it nevertheless

develoi)s so (piickly and yields so heavily that it is very conmionly

planted. Often sold fresh attached to the clusters as "Zehedi gus."

In the form called ''Kursi" it is of a golden-yellow color, but nmch
inferior in ilavor to "Kustawi -' or "Khadrawi."' One of the commonest

dates in Bagdad.

Bdvhan. (S. P. I. 87^4.) A date ripening at Bagdad, according

to information given l)v a grower, in July, and of only mediocre

quality. Very dark in color and not yery sweet. Rarely cultivated

in the region and not well thought of generally. Valuable principally

for its early ripening habit and probable resistance to cold,

Suke)'i (S. P. I. 8745.) A very large date, 2 inches or more in

length, and, when fresh, of excellent quality. Rarely cultivated and

the writer could not learn much about it, except that it is not a good

variety for shipment.

T<il)('r2(d. (S. P. I. 8794.) From dry specimens sent in, the writer

was una])le to obtain a good idea of this date, but should describe it

as a small, o})long, soft variety, which ripens late in Septem))er. It

has a small stone, no fiber (or at least extremely little), and a dark,

amber-colored skin, which separates readily in dry specimens from the

dark-brown flesh. The latter is of a caramel consistency, but has a

most delicious flavor, and the vjiriety can be eat(Mi without soiling

the hands, as the skin isciuite dry. A\'hen fresh, said to resemble very

closel}" the '^Berhi," of Bassorah, though when dry there is scarcely

\\w\ resemblance. A rai'e date in Bagdad, but very hiiihlv thought of
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theiv. This t'i'uit was not st't'ii <»ii the market aii<l only si'cds \v»'i«'

obtainalili' cluriiio- the writer's short stay, hut sucker^ may possihly he

ohtainetl thioii^-h eorrespondeiice with the TnittMl States N'iee-corjsul.

Mr. liiulolpli lliiiiier, of liat^elad.

^lirlunj* . A \ ariety reported tt» he i»r()wn in Mandahiy, some tiiree

days' journey from Baochid. Sheik Al)dul Kader Kedery, of Ha«^dad,

said it wa> the tinest date he knew, resenddin^- th(^ •*Maktum," hut of

even finer quality. Jt was not o})taina))le durin^^- the writer's stay,

but may possihly })c had hy eorresponch'nce with the I'nited States

viee-consul in Haj^chid.

liASSO KA 11 \ A 1 { I KT I KS

.

Bei'hl. (S. P. I. 874t).) Considered hy many as the best soft date

in the reoion. Of medium size, not so sticky as the ordinary dates,

witii small stone, no fiber, skin of am))er to golden ))r()wn, of thin Imt

firm texture, tightly attached to the soft, luscious, rich-Havored, brown

flesh. The most productive of all sorts in the Bassorah region, accord-

ing to Hadji Abdulla Nigen\. Tp lo the })resent time not exported,

but ^ure to form one of the highest-priced export dates to America

because of its dr\' skin and exceptional lusciousness. An easy Narietj

to cultivate, but re([uiring an al)undance of water, (xrown in a stiff

adobe soil.

lltcvzi. (8. V. I. ST4T.) A date resembling the standard market

sorts like ** Halawi," but of a much more delicious flavor. Samples

sent to New York were pronounced by date buyers the finest dates

they had ever tasted. Color light, size medium. rii)ening in Septem-

ber in Hassorah. A little-known sort from Abu Kassil). the Bassorah

date center.

/Sin/r/' (or r.staa//ircw). (S. P. I. 8748.) A soft date of medium size

and dark color, with medium-sized stone and a small amount of fiber.

One of the sorts at one time exported to New York; now superseded

b}^ others. Said to do best on a light, sandy soil and to require less

water than the ordinar}^ varieties.

lloJair'i. (S. P. 1. 8750.) There are probably as many bearing trees

of this one sort in Mesopotamia as of any other, as it is the great

shipping date and the favorite on American and London markets. It

is a medium-sized, soft date, of sticky consistency, and ripens in Sep-

tember. The stone is medium to small; there is little fil)er present,

and the light-brown skin of delicate texture sticks closely to the flesh,

which is al)undant and of a deep-l)rown color, golden toward the stone.

It possesses a strong date flavor and is of \uuisual sw eetness. It is one

of the best packing dates, as it keeps well and can be sent all over the

world. A fairly productive sort, but confined in its culture to an

adobe soil with plenty of water. It is not grown outside of the Bas-

sorah region, it is said.
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Khiidi'din'i . fS. P. I. s7.')l.) A l()tio-or-sliiii)('(l, (lirk'('i'-('()l<)i-oxl,

softer (l:it«Mli;m ih;- "
I lalaw i." I)ii( raiikifjo" second amono- the export

\ arie(ie> and inaturiiij^" in Septeinbei-. It is not of so ricli a lhi\'or as

the Ilalawi. which it resiMnhies in other I'l^spects, but may i)i(>\'e more
ada[)tal>ie to the conditions in Arizona and ('aiirornia.

1 1 ASSA VAltlKTlES.

The I\mv hoiM's spent in Hahi'ein. in the pearl islands, which lie r)5

mihvs or so t'rom Ilassa, ma(l(\ it expedient f'oi' the wi'itei* tocontiiie his

attention to securint>' a sin^de superlative variety, for which an airanoe-

miMit was made throuo'h th(^ kindness of the I>ritish Consid. Mi-. Gas-

kin. There are doubtless infcM'ior dates in Ilassa.

KhahiHd (oi- KJidJaHi). (S. P. I. 8753.) A medium-sized, ovate,

sticky date, with small stone and no fiber, ripening as early as August
in the reoion of Hassa. The skin is a golden brown and of most

delicate texture, covering closely the rich golden flesh, which is of

ex(|uisite date flavor and with the consistency of a chocolate caramel.

Said to be a delicate packer, and never exported except in the form of

presents. It has the renown all over the Persian Gulf region of being

the most delicious date in the world. Of its productiveness or hardiness

little is known, ])ut it is probable that a sandy will suit it better than

an adobe soil, as it comes from the sandy region of Hassa, which is

fed by underground water courses. This variety probably requires

surface irrigation also.

JASK VARIETIES.

It was possible to learn only the names of the best dates grown in

the interior behind Jask from the gardener of the Persian telegraph

station at that place. They are called ''Kharoo," "Shakari," *'Nim-

kadami." and ''Zarek,"and the ''Shakari'Ms said to ripen some of

its fruits in May(?). The former director of the telegraph station.

Mr. G. W. Mongavin, stated that at Bashkhara, Ave to six da3^s' camel

ride into the interior, some veiy superior dates are grown, ))ut he

could not give their names.

BUNDER ABBAS VARIETIES.

^linal) is the date region of which Bunder A))bas is the nearest port,

and according to the '"dabach," or ship's chandler, who has lived in the

region, the ))est-know^n sorts are the '*Halawi," ''Gardiwahl,'' " Mur-
dasing," and "Fard." The most superior of these is said to be the

Murdasing."

IVIASKAT VARIETIES.

Fard. (8. P. I. SToi.) One of the commonest dates in the American
markets. More than 1,000 tons are said to be exported from Maskat
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everv your, comiiii,' from tht* SfiiiKil Valley, .">() miles in tin* interior.

A meilium-sized date, lon^-er and naiiower than the •'Halawi" or

'"Khadraw i," and helonoinj^- to the ^oft, stieky tyi)e. Stone medium
lai't^-e, with little tiher ahout it. The skin is of firm texture and dark

brown in color, tittinti^ closely to the deep amher-coloicd ilesh. whirh

is of a strono-, rich, date flavor, l)ut not of (juite such tine texturr a> the

'^Halawi'' or "Herhi."' As a i)a<lvinj4" date it is the Ix'st in the region,

althouii'h maturing- latt' in the season for Maskat, i. e., in August. It

is adapted to the hottest I'cj^ions of America and ])i-ohahly to a sandier

soil than that suited to the ''Halawi."

Burn!. (S. P. I. 8755.) See ''Burni" of Hao-dad (S. \\ 1. s742) for

the description of a date which the writer })elieves to l>e the same as

this ^Maskat '* Hiirni."

XiKjdl. (S. V. I. S75().) A small, soft, sticky date, ripeninij;- })efore

any other sort in Maskat -as early as June—and eaten i^xclusividy as

rattah or in fresh condition. It has a light-colored skin, and its tiesh

is inferior in flavor to ''Fard,'' l)ut it is keenly appreciated hy Euro-

peans as well as AraV)s, because the first fresh date brought to the mar-

ket. Of particular interest to American date growers, on account of

its earliness, which may enable it to ripen good fruit farther north

than the other sorts. Secured through the kindness of I'nited States

V ice-Consul Ma(dvirdy at Maskat.

Jffih.s<f//. (S. P. I. S75T.) A long, narrow, unusually large \ariety,

cidtivated for l)oiling pui'poses. Stone large and with sonu^ little

fiber ai)out it. Prepai'ed for market by boiling the still unripe fruits

for an hour in water to which a large handful of salt per gallon has

been added, and drying in the sun. After this pre})aration the Hesh

is hard and tastes like candy, but it is generally slightly astringent,

particularly if improperly prepared. Tiiere is a large demand in India

for this date, where it is used at wedding and other feasts, and l)ig

prices are paid for it, making it, it is said, the most profitable date

grown about ^laskat.

Khanizi, (S. P. 1. (S758.) An almost globular date of the soft,

sticky type, consumed locally in Maskat as rattab, ripening in July,

and considered one of the best of the e^rly dates. Not a j)a('king sort,

and keeping only a short time. From the valley of Semail. 50 miles

in the interior.

KJuissdh. (S. P. I. 8750.) A soft, sticky date of red color, some-

what shorter than the " Fard " and ripening in August. Not shipped,

but eaten fresh or soon after ripening. One of the heaviest yielders

in the region, a single tree bearing, according to rough estimates, as

much as 450 pounds. From the Semail Valley, and suited to culture

in the hottest regions of the United States.

lldJidL (S. P. I. 8700.) A round date of the shape of an English

walnut, but smaller, with light-3'ellow skin, borne in exceptionallv
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I. ML''' ImiucIh'^. a I'iii'c sort v\r\\ ill Maskal. coiismucd locally ;i>-; I'attah

and coiisidciiMl li\ (lie iiilial>ilaiit^ as <»!' cxccllciil (|iialil\ .

(JiADi K \ AIM i:'ni:s.

Il wa^ impossible lo secure iiiiicli iiil'ofiiial ion rcuardin;^- (lie re:jion

inland t"i-oiii ( i nadiir. The |)oi"l is thai from wliicli Panoii (iliniaiid

Kej are |-eaclied 1)\ cara\an : (lie fonnei' is lliii'leen days', tlie laller

only six (la\s' journey, 'riii-out^'h the kindness of Lienls. W. II.

Alawvidl and ^\'. ( ). (Jrant, of the First Baliichistnii Lioht Infantry,

statioiHMl at Kui'ra(die(\ a native Haluehistan servant was sent as far as

Kej and siM'iirf^l from Kostoni Khan, y()un<»'er ])i-()th(M- of the Na/im,

or native ruler of the provineo, a collection of youn^' plants of the

best varieti(^s orown there. These were brout^ht down to (iuadiir,

ac('om])anied with labels bearino- the name only, and comprisintjf twenty-

four N arieties, aniong which was the famous "Mozaty." The fruit of

this sort is sent to Kurrachee sometimes as a delicacy, and is ])aeked in

small eartluMi jars ])reserved in the siru}) of inferior dates. As eaten in

Kurracliee in February they impressed the writer as the richest-flavored

dates he had ever tasted. The following list is made up from the labels

found on the palms, though there may have been some confusion of

the names previous to the time of deliver}^ of the plants:

M../aty (or Mozati). (S. P. I. 8762.)

(hi.<li, a male variety. (S. P. I. 8763.)

Apdandoii. (S. P. I. 8764.)

Soont Gora. (S. P. I. 8765.)

Hashna. (S. P. I. 8766.)

(ionzelli. (S. P. 1. 8767.)

Jal^dii (or Jalka). (S. P. I. 8768.)

Bahrain Jurghi ( or Junghi ) . ( S. P. 1. 8769.

)

Slmkkeri. (S. P. I. 8770.)

Koroch. (S. P. I. 8771.)

Hallani. (S. P. I. 8772.)

Shapego. (S. P. I. 8773.)

Dishtari. (S. P. I. 8774.)

Chupshook (or Trupshook). (8. P. I.

8775.

)

Korroo. (S. P. I. 8776.)

Rogani. (S. P. I. 8777.)

Churpan. (S. P. I. 8778.)

Kharha. (S. P. I. 8779.)

Duiidari. (S. P. I. 8780.)

Subzoo. (S. P. I. 8781.)

Gond (Jorlnig. (S. P. I. 8782.)

Washclont (or AVaHhdunt). (S. P. I.

8783.)

Kalara (or Kularu) . (S. P. 1. 8784.

)

Hurshnt (or Ilurt^hud). (8. P. I. 8785.)

DISEASES AND PESTS.

Altogether, the palms of the Persian Gulf region are most remark-

al)ly h(Milthy. So far as could be learned they suffer from no serious

disease, and none of the shippers or growers could name a single malady

which had at an}' time done much damage to their estates. On a few

])alnis at Bassorah several leaves were observed that were attacked by a

>niall ash-colored scale \\\^('vt(P<(rl<if(n'iti j)hnHh<ir(W'AV. Tozz.). which

is conunon in other i)arts of the world; but even this was doing little

damage. In comparison with the ]);dins of Egypt and Algeria they

were most strikingly clean and healthy looking. The dry dates are

often attacked in the .storehouses bv an insect (which th<' writer was
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uiuihle to see) vvhieh leaves an cxcieineiit in tln' cavity near the stone,

but the soft varieties in this icoion were reinarkahly t'r<M' fioni Inseets

of any kind.

One initi;ht iniat^in*' that thi'rc would hr durin*^- the dat*' sca-^on a

host of birds and small aidnials which would feast on the ripening-

dates, but curiously enough the o'rowers were not able to nanir a <in-

t»le troublesome pot of this character. Even the date bird is not

believed to live on the dates; at any rate does no serious damage.

The principal enemy of the date in Mesopotamia is the •*shamal."' a

wind blowini*" across the desert laden with hot sand. It" this (occurs

before the dates have suthciently matured it dries them up and covers

them with dust, checkino- their development and soiling- them so that

they are refused by the European and American importers. Last sea-

son's crop (1900) at Bassorah was seriously injured in this way, and the

writer was told that the export was reduced from nearly 2.(K)0,()0() to

about 1,000,000 cases.

COST AND PROFITS OF DATE CULTURE.

Twenty years ago in Mesopotamia handsome profits were made by

Europeans in the date packinj^" and shippino- business, but of recent

years the native-born flews have learned how to pack, and have seri-

ously reduced the oains to l)e made in date exporting. The repre-

sentative of one of the largest concerns at Bassorah informed the

writer that last 3'ear some of the packers actually carriiul on business

at a loss in order to keep their l)rands on the market, and that very

small profits were made by any of the tirms. This was owing to the

poor crop and a glutted home market, with many cases left over from

the priH'cding year.

\\'ith the date grower, matters are somewhat dillerent. 1 lis expenses

for the maintenance of the garden are small and the cost of market-

ing the product slight, so that he realizes, according to a conservative

estimate given by the manager of one of the large tirms in Bassorah,

on an average a))()ut 5 to <> per cent profit. In an especially good
year his protits might reach 10 per cent, ])ut would hardly surpass this

tigure. It is next to impossible to tind out how well date culture pays

in this region, for the Arabs do not keep careful books of their

expenses. Fi-om a reliable source, however, it was ascertained that

one large proprietor netted last year—which was, however, an excep-

tionally bad season— less than 2 per cent on the estimated v^alue of the

estate. So it is evident that the proHts of date growing on the Shat-

el-Arab are no more sure than those of any other agricultural business.

The mudir, or business manager, of the Sultan's large estates at

Amara remarked that the Turkish Government levies a tax of 2 piasters

(about 8 cents) per year on every palm in Bagdad, li piasters in Amara,
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;il»»l t'lom I
.'• to ISd j)i;ist('l's pel' lui lid I«'<1 pillllis ill Hjlssoi'Jlll. iiccoi'dino-

(() tlic location jmd ln'in-iiii^* condition of the trees. 'I'liis docjs not, how-

cNcr. in an\' sense represent the I'lili amount of taxation to which a

date i)hinte!- is sn))iecte<l, lor there are many ways hy which the rate

of lo lo 1.) percent which is commonly sj)oken of as prevairmy" is

made up. The methods of its coll(M-t ion and the hindiances to (piick

transactions form no inconsiderahle part of the liea\y yoke which is

imposed iij)on the Aral) landowner in his own land. 'I'he larj^'e liiiid-

owner siitltM's less proportionatcdy than the small one, for he can pre-

vent th(^ ()V(M-a])i)raisemont to which the assessors subject the |)0(>r and

ignorant i)easant.

PACKING AND SHIPMENT OF DATES.

Dates are no doubt one of the stickiest, most difficult fruits in the

world to keep clean, and the Persian (xulf varieties are perliaps par-

ticularly hard to i)ack in an attractive shape; but neverthcdess the

stories which one hears in the re^-ion of the conditions in the packing"

sheds and the personal uncleanliness of the men, women, and children

who put up the dates are enoug-h to disgust a sensitive person and

to prevent his ever eating packed dates again without having them

washed. No old inhabitant thinks of eating a date without first thor-

oughly washing it in a glass of water, unless the cook has prepared it

beforehand, and th(^ sale of dates fn America might fall off decidedly

were it generalh' known how intimateh' the unwashed hands, ))odies,

and teeth of the notabl}- filthy Arabs often come in contact with the

dates which are sold by every confectioner. Shippers claim the}- have

tried })etter methods of packing but found that they did not pay, for

the Persian Gulf date is expected to be obtainable for a))out 5 cents a

pound. P\'om the small pound boxes which were used last year it

would seem that the packers have not yet learned the art of making

them as attractive as the Algerian dates, which fetch as high as 40

cents for a box of less than a pound. It is probably true that the com-

mon varieties in this region are too full of sirup to pack well in the

way that such a sort as the " Deglet Noor,'' of Algeria, is put up, i)ut it

is almost certain that varieties can l)e found which could be treated in

a similar manner and could compete with this superlative sort of North

Africa. The length of time which the fruit is allowed to hang on the

tree has presumably something to do with the stickiness of the skin,

for there are in Arabia dates of good quality with dry skins, which,

wh(Mi packed in the ordinary way, are indistinguishal)le from the

ordinar}' sticky kinds. Under present conditions there is little pros-

pect of any radical change being made in the old methods of packing.

Scarcely any of the packing firms own date plantations. })ut obtain

their dates from the Arab landowners through trusted Arab buyers.

Some of these buyers, who have been in the business for many years, are
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intnisteil with -i'l(>,(MM> to i::^0,(MM) m cash at a time, with which they

purchase the tons of dates that arc necessary to supply thf i)a(kint(

sheds. As in most ))usinesses of this kind, there jire ri>k> to he taken,

for the ])acker must l)uy in Au^^ust and sell in Ncixemhei-. duiino;

which time the prict' may ha\e Huetuated considerahly. It r<M(uires

good judo;ment to decide how nuich to pay in Auu-ust for Novend)er

deliver}'. The New York shipments to he most protitahle nuist he in

before Thanksuivinu; Day, and when this comes unusually early in the

month the packers have their hands full to crot their shipments throujrh

in tinu\ Last season two steamer loads went direct from Hassorah to

New York, and thou^^h, owing to the bad crop and olutted market,

this venture did not prove a great success, the experiment will probably

be made again the coming vear.

THE DATE AS A FOOD.

The doctors seem agreed that sweet things in excess are injurious to

the digestion, and the dentists claim that sugar ferments between the

teeth, forming lactic acid which attacks the dentine; but for all this, it

is doubtfid if there can ))e found a sounder, stronger race, with better

digestion and liner, whiter teeth than the date-eat in^ Arabs. The
town Arabs and the Aral)s of the seacoast eat quantities of dried tish

and other sea animals, but the denizens of the Arabian desert live almost

exclusively upon dates and l)read, with occasional feasts of sheep,

goat, or chicken. Travelers across those deserts rejwrt that 8 pounds

of dates and a few thin loaves of hard wheat bread per day will keep

an Arab in good health for years. The quantity of these packed dates

that a health V Arab can consume at a sitting is astonishing. Two
pounds would not be nuich more than an ordinary meal. The remark-

able physicpie of the Arabs and their resibtance to the almost unbear-

able heat of their country might be attributed, in part at least, to the

nature of their simple food. At an}- rate, a thorough investigation of

the food value of the date and its adaj)tability to the formation of

foods for our hot summer season should be made, and possibly this

wonderful vegetable product, which is now used in America only as a

second-class confection, might l)e utilized as a basis of a nutritious new
food. Such investigations will never be made in that part of the world

where the dates are grown, but must be undertaken by some country

like America which is interested in increasing the nuuiber of its food

products.
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DESCRIPTION OF PLATES.

Plate I. (Frontispiece.) Fig. 1.—Tlie old laiiul of I>a.s.sorah, which Ifadn from tli«*

Shat-el-Arab River up to the town of BasHorah tiirouj/h plantation.s of <latf

palmg. Fig. 2.—A new plantation of dates at Bassorah, showing how closely to

one another the irrigation ditches are run. Barley is grown on these areas in

which the young palms have just been set. Fig. .S.—The border of the area at

Bassoraii whicii is watered by tidal irrigation. Patches of alfaU'a grow on the

newly irrigated areas.

Plate II. Fig. 1.—An old date garden at Bagdad, the pro})erty of Sheik Al)dul Kader

Kedery, one of the richest date planters in the region. Fig. 2.—Irrigation ditches

of a new plantation at Bassorah, showing the frequency of the canals, the nature

of the soil, and in the background the })rimitive habitations of the date peasants.

Fig. ;>.—Typical village and date i)alms on the old Bassorah canal; in the fore-

ground, the oriental gondola or "belleni," which is the principal vehicle of

Bassorah.

Plate III. Fig. 1.—A bag of Maskat dates, showing old method of i)acking for export.

Fig. 2.—Typical date plantation at Abu Kassib, the most famous date center of

Bassorah, belonging to Hadji Abdulla Nigem, the most noted date merchant of

the region. Fig. 3.—Bassorah date j^easant with his spade, the princii)al hand

tool used in the date plantations of this region.

Plate IV. Fig. 1.—Panorama, from Mr. Marine's house, of a new date area on the

Shat-el-Aral) River above Bassorah. The patches are planted with barley. Fig.

2.—Irrigation machines at work near Bagdad. In the foreground the ordinary

primitive machine called a i-hird; in the background a more modern invention,

resembling a chain and ])ucket pump, operated by horsepower. Fig. 3.—Intake

of irrigation canal on the Tigris above Bassorah, showing how low the banks

are and that no lifting of the water is necessary on this part of the river in

order to till the irrigating ditches. A Turkish guardhouse is seen on the left.

o



Bui. 54, Burcnu of Plant Industry. U. S. Dept. of Aijjriculture, Plate II.

O
r
o
O
>
H
tn

O
>
o
u\
z
>
H
OD
>
O
o
>

•^-

p

> =0

Z 33

00 D
> =i

zi rn

> en

31

<
or
r >
D o

m

en z
CO o
O
> >

O^
> ~0

r 2





Bui. 54, Bureau of Plant Industiy, U. S. Dopt. of Agriculture. Plate III.





Bui. 54, Bureau of Pl<int Industry, U. S. Dopt. of Agriculture. Plate IV.

FiQ. 1.—Panorama of New Date Plantation, Near Bassorah.
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Fig. 2.— Irrigation Machines on the Tigris, Near Bagdad.
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Fig. 3.— Intake of Irrigation Canal Above Bassorah.
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Studies on the widely prevalent dry rot of the potato have ])cen

carried on in the Laboratory of Plant Pathology in this Department

for some 3"ears. It is now believed that the cause has been discov-

ered, together with a method of storing diseased tubers which will

reduce the winter loss to a minimum.

The results of the field experiments showed that the use of ordinary

fei'tilizers, while favoring the growth of the potato, did not tend to

make the plants resistant to the disease. It was observed, however,

that some hills were more resistant to the disease than others, and it

is believed that by the continued selection of resistant plants in badly

diseased fields a hardy strain of potatoes can be obtained, and an

effort will be made to do this. The bulletin also points out the fact

that many fields are already permanently seeded down to the organ-

ism which causes this disease, and methods are suggested for avoid-

ing the extension of the disease to uninfected fields.

A number of interesting points in the life history of the fungus

have also been worked out. Whether this disease is identical with

the "sleepy disease" of tomatoes, as the writers think probable,

remains to be determined by cross inoculations.

Albert F. Woods,
Pathologist and Physiologist.

Office of Vegetable Pathological and
Physiological Investigations,

Washington^ D, 6'., Deceinher 5^ 1903.
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THE \m ROT OF POTATOES DUE TO

FUSARIUM OXYSPORUM.

INTRODUCTION.

Dry rot of the potato has long been known hoth in this country

and abroad, but the I'eal cause of the trouble was little luiderstood

until recent years, the first work of imiiortance having been done in

Germany.
Undoubtedh^a number of diseases due to very different causes have

been included under this name in different sections of this country,

but there is no doubt that the disease here described has been for

many A^ears one of the chief causes of dry rot. Potato troubles char-

acterized b}" browning of the flesh have been recorded b}" numerous

workers, but the descriptions have l)een for the most part so incom-

plete that it is in nearly all cases quite impossible to say whether the

diseases descri])ed were identical with this or not.

In Illinois, Clinton observed "bundle ])lackening" and "dr}^ end-

rot,'' but does not appear to have found these diseases serious or to

have connected either of them with conditions originating in the field.

Of the first, he says:
f

Tliis is a fungous trouble of stored potatoes. * * ^ The fungus gains entrance

probably after the potatoes are gathered, through the dead stem, and proceeds froni

this through the bundles, causing them to turn black as a result of the attack. While

not a very serious malady, it is objectionable, as it opens the way for other fungi and

bacteria so that often tissue in the neighborhood of the affected hundles becomes

diseased and a general rotting is started. It may also cause a slight waste and some

trouble in cleaning potatoes for use. The fungus is quite similar to the one causing

the following trouble [dry end-rot].

Of the latter, he sa3\s: " As in the preceding case, the trouble begins

at the stem end, the fungus gaining entrance after the rupture of the

tuber from the plant." This disease is correctly ascri})ed to J'^dxariuin

sohmi, and storage of the tubers in a dry. cool place is recommended.

Stewart, under the title "Another stem-bligbt of potatoes," has very

9
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brietly descrilxMl a disease tliat is also piohaMy tln' saiiic, altliouj^li in

11 set'oiul Imlletiii he makes the foUowiiit^ statements:"

The potato stem-blight herein diHcu.ssed is the one (liHcrihed l>\ the writei in

lUilletin X(». 101 of this station, pages 83-84. The symptoms of the disease, as there

given, are as f(>lK)\\s: "First, there is a cessation of growth. The topmost leaves take

on a yellowisli, or, in some eases, a pnrple color, and njll inwanl from the edges

upward, exposing the under surfaces. This condition is followe<l hy wilting and

complete drying up of the entire foliage, the j)rocess taking from one to three we<*ks.

The tubers appear to be sound, but, when cut at the stem end, blackened fibers are

seen penetrating the flesh to a consideral)le distance, materially injuring it for

cooking purposes. No rot develops in the tubers. The stem just beneath the

surface of the soil first shows discolored spots and later becomes dry and slirivele<l."

This disease has continued to be destructive in 18*.>() and 1S97, but the cause of it is

still unknown. Formerly a species of Oospora was suspected of having sonie con-

nection with it, but it is now very doubtful if any organism is responsible for the

trouble. The portion of the stem which is below ground is quite evidently the seat

of the disease, but no fungus hyphie can be found in the tissues of this part of the

})lant in the early stages of the disease; neither are bacteria a])undant, and the

few which are found in the tissues may easily have gained entrance after the death

of the stem. Numerous petri dish cultures of tissue from the interior of diseased

stems were made with varying results.

The best work has ])eeii done in German3\ Wehmer has given a

very interesting* aceoiint of inocidation experiments with a Fasarium

called J"', solcnu'. He found that this F'umriuni mav enter throiioli a

fresh wound if either spores or pieces of potato affected with the same

disease ])e placed on the raw surface; also that in some cases contact

rot may take place through the unbroken skin if a mass of the activel}^

growing mycelium be placed on it. He entirely misses, however, the

very important fact that normally in the tield the fungus enters the

tuber through the underground stem. Indeed, all of his experiments

appetir to have been made on tubers in the laboratory. After the

fiuigus has entered, Wehmer tinds that it destroys the tubers without

the aid of bacteria, and that keeping them in dry air does not seriously

retard its action. Wehmer was the lirst to clearly demonstrate the

infectious nature of this fungus. 'Sorauer observed this disease or a

similar one in the Held, and believed JF'usariuni to be the cause, but

did not demonstrate it. l)e Barv and others considered the fungfus

as purely saprophytic.

Fiimfliua on decaying potato tubers has been a familiar sight to the

senior writer ever since he began to be interested in plant pathology,

but until recently alwa3's associated with other fungi or with bacteria.

Dr}^ rot of potatoes as a distinct disease caused by Fusmniim iirst came

to his notice in October, 1899, when two barrels of tubers were

received by him from Hubbardston, Mich. They were a very fine

lot and apparently sound when received, the disease not having pro-

gressed to a noticeable extent at that time. They were stored in

"Stewart in Bui. No. 138, N. Y. Agr. Exp. Station, Geneva, N. Y.
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harrcis in a warm, (\v\ cellar, wlicrr ihci-c was plenty oi" li.<^lil. Two
nioiitljs lal(M- (neceinlxT 1<>) (li(>y were cxainimHl. A Ncty tew were

(Milirely sjii-i\-ele(l and dry, and sj)ecked on the sniface with tut'tsot"

white fnnoiis. \vv\ many more weic |)aitly all'ected, the disoasod

])oi-ti()n in all cases e\eei)t li\(' or six heino- nt the l)asal end. Only

thiTO of the entire lot show(Ml soft hacterial I'ot. All the diseased

tnhcrs (^xei^pt thes(^ thi'ee sIiowimI a l)hickenint4- in the vascular rin<.'-and

other characters described later in this i)aper. The potatoes were of

two ^arieties—Ciinnaii. and another that was not determined hut

which was neither Early Rose nor Burbank. They were grown from

tubers obtained somewhere in the East. Both vai-icties were affected

with the disease. Other potatoes of these two vari(^ties ^-rown in the

same field, but stored in a cool, damp cellar in Michijj^an, were not seri-

ously injured by tlie disease. Examined in midwinter it was with

ditliculty that any cases could be found. In almost ever}^ instance the

l)lack stain remained confined to a ver}^ small re<(ion around the stem,

and did not materially lessen the value of the potatoes. Inquiries of the

housewife also showed that disagreeable black places, so common in

the badly afl'ected tubers, had not ])een found in the cooked tubers.

^lost of the potatoes in which this disease was studied were raised

on the Potomac Flats, Washington, D. C, in the summer of 1902.

Three varieties were planted—Burbank, Early Rose, and an unknown
variety, designated for convenience, owing to certain characters, as

" Brown." They were planted April 16, 19<)2, in rows both ways, in

24: large plots and 6 smaller ones, the larger plots having 5 row^s of

20 hills each and the smaller ones 5 rows of 5 hills each. The hills

were 3 feet apart each way and the distance between the plots was

4^ feet. The land used was a rich sandy loam (dredged river nmd)

that had been planted to watermelons the year before. It was nearh"

level, having only a ver}^ gradual slope to the southeast. There was a

plantation road on two sides of the patch.

The following fertilizers were used: Freshly slaked lime, dissolved

])oneblack (16 to 18 per cent phosphoric acid), nitrate of soda, muriate

of potash, and sulphate of potash. Exclusive of the " Browns," four

large plots were devoted to each fertilizer, two receiving heav}' doses

and two moderate doses. Burbanks were planted on one of the heavily

treated plots, and Early Rose on the other. The same varieties were

planted on the lightly treated plots. Of those fertilized with lime,

two plots received 25 grams and two 75 grams to the hill. Of the

other fertilizers the amounts used were 8 grams and 16 grams to the

hill for these two varieties. For the *' Browns," which were in the

smaller plots, only one amount of each fertilizer (the larger) was used.

There were two check plots containing no fertilizer for the Burbanks,

two for the Early Rose, and one for tin* •M)rowns." The fertilizer

was diopped in the furrow and mixed well with earth, and on this the



12 DUY HOT OF POTATOES.

potato was dropped and coverod with a hoe. In the cast' of tlie Bur-

hanks and Karly Rose oidy very chnin, healtliy-lookinj^ tuhers were

})lanted, and all hut the smallest of these were eut lont^itudinally into

two or four pieces, depending on the size. The " Browns'' wei(» alfccted

with the '•'hrown specking'' deserihed hiter, and were all cut in two.

Very marked differences were shown in the size, vigor, color, arid

hahits of orowth of the vines in the different ])lots, hut that is a mattta*

that need not he discussed here, the ex[)eriment heing planned for (piite

a different purpose, viz, to check up Laurent's work on bacterial soft

rot of the potato.

During the course of the season man}' of the shoots in all the larger

plots were inocidated near the top by hypodermic injection with

BdcHhi^ coll and various other bacteria, but most of these inocula-

tions (all of B. coll) had no more effect than would be caused by

injecting the same (quantity of water, and seldom was there any more

serious result than a blackening of one side of the stem for a few

centimeters below the wound. These inocidations can not be consid-

ered, therefore, as having had any influence on the progress of the

J^usartion disease.

The disease began to show its effect on the foliage of a few hills

about July 1, and by the middle of ffuly it was cpiite noticeable on

many of the plants. It did not seem to spread from centers of infec-

tion, but very frequently hills would be attacked that were entirely

surrounded by healthy plants. There was little evidence that the

disease spread from plant to plant through the soil. More and more

plants continued to be attacked by the disease luitil the vines and

tubers had completed their gro^vth. From the fact that at the time

the potatoes were harvested a very large per cent of them was

affected, at least slightly, it would seem that the entire soil must have

been infested ^yith the fungus. There was very little soft bacterial

rot and only a moderate amount of potato scab.

All of the '^ Browns" in the smaller plots were saved and about one

and one-half bushels from each of the larger plots of Burbanks and

Early Rose. They were put in canvas grain bags and stored in one

pile in a rather warm, dry basement. There were 30 bags in all.

The pile was made by lajnng one tier down on their sides and laying

other tiers on top, and ^vhen complete was about twice as long as

high. One end of each bag was against a l)oard partition and the

other exposed to the air. On top of the pile a few bags of cotton bolls

were placed. This kept all the bags under about the same conditions

of moisture. The bags being closely woven, the atmosphere between

the tubers inside was very humid.

The potatoes were cut up and examined late in February and notes

made on each individual tuber. The results of this examination will

be given later in this paper.
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EFFECT OF THE DISEASE ON THE PLANTS.

Tilt' (lisi'as(» ordiiKirily enters the i)l;iiiL tluout^h the, roots Jincl slowly

s|)i(';i(ls initil the whoh' root system, a tew (-entiinetei's of the lower

p:iil n( the stem, the iiiKhM'n round stems IxMirinj^- the tubers, and the

tuhers tluMiisidves ai'e iii\'a(l(Hl by the fundus.

The disease lirst becomes noticeable when the plants are a})out a

loot hi^h. Tlie lirst indication to the casual observer that the plants

are allected is a ehano-e in the a})pearance of the leaves. These assume

a somewhiit lii»hter o-reen eoloi* than those of healthy plants, though

they do not for a considerable time ])ecome decidedly yellow^ or brown.

Alono- with this chanjjfe in color the leaves lose to some extent their

bright iiflisteninj^- appearance and look duller, and early begin to curl

and i-oll up (Pis. I and II). Those that have not reached their full

orowth when the plant is attacked are somewhat dwarfed in size.

The effect on the leaves does not, however, seem to be sufficient to

stop or very seriously impair their work, and there is every evidence

that in the first stages of the disease photosynthesis and respiration go

on in a normal manner.

The stems above the ground do not show any evidence of being

affected in the early stages of the disease. The color is normal, and

there is no shrinkage; neither is there wilting of the shoots or leaves

for several weeks after the disease begins. When the plants reach

maturity the diseased vines that were attacked early are noticeably

shorter than the sound ones. As the disease progresses the roots

become so weakened that they can no longer hold the stems erect, and.

the latter, therefore, become prostrate in a manner that is very notice-

able (PI. III). This is especially the case if the earth has not been

hilled up around the stems. Usually all the shoots in the same hill

are affected, l)ut such is not always the case, for not infrequently in

the later stages some will be erect and to ever}" appearance healthy

while others have fallen down and have all the symptoms described

above (PI. I).

When the plants have reached this condition they can be pulled up

with nuieh greater ease than healthy ones, and an examination shows

that all the smaller roots are so friable that the}" can be broken with

almost no effort, and some can even be rubbed to pieces between the

thuml) and finger. The main root also is much more tender and brittle

than that of healthy plants, and this condition extends nearly to the

line marked ])v the surface of the ground.

Such diseased roots are usually covered with a white, pink, or even

reddish growth of mycelium, which is distributed ver}" unevenlv and is

much more conspicuous in some places than in others. Microscopical

examination shows that this mycelium invades all parts of the root,

though the bark is most affected. It is present in the water ducts,

but it is not especially abundant there, as it is in the wilt disease of
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the Nvatrnnt'loii, t'ori'xain})!*'. The ronidiu arc not forniod in thcoarlv

statues of the disease, and up to the time the potato stems have faihni

over on tlie t>rounil there are compaiatively few. No perithecia and

none of the mature sickle-shaped spores (macroeonidia) characteristic

of J^umn'amwevG found on the roots of living vines. The mycelium

does not extend up into the stems and leaves. Sections cut at the sur-

face of the i»round showed only very few hypha* or none at all. There

was, however, a marked brownin*^ of the tissues, particularly of the

vascular ring-. This brownino- usually extends only a few^ centimeters

above the surface of the ground. The underground stems on which

the tubers are borne are nearly alwa3^s attacked, but they do not as a

rule become so soft and brittle as roots of the same size. The myce-

lium passes through the whole extent of these underground stems into

the })ase of the tubers. A detailed account of the effect of the fungus

on the tubers will be given later.

As soon as the roots become so badly affected that they can no longer

take up water and nourishment from the soil, a very marked change

takes place in the leaves and stems. Up to this time, as has been pre-

viously stated, there is no wilting, but, now that the water supply is

cut off, the foliage and the upper part of the shoots begin to droop and

become ffabby, and soon die and turn dark brown. Fortunately, the

tubers have in most cases become ripe or nearly so (though usually

prematurel}^), so that the crop from the diseased hills is not entirely

destroyed.

In case the plants are not attacked until the stems and leaves have

nearly reached maturity, the early symptoms of curling and dwarfing

of the foliage do not appear. Even in such cases, however, if the

roots are entirely destroyed before the tops have died down there are

the later symptoms of wilting, but often the fungus grows into the

tubers without causing any \ isible symptoms in the parts above ground.

As stated above, the fungus usualty enters the tubers through the

underground stems, though it occasionally gets in through wounds.

As the tubers are so well protected from injui'ies by the surrounding-

earth the damage done by the disease entering in this way would

necessarily be small." Tubers examined uuicli before the time of ripen-

ing were often found to contain the fungus at the basal end, showing that

they ma}' be affected Avhile yet very immature, though there is little

evidence that the growth of the tuber is thereby seriously checked.

At the time the potatoes were harvested a very large proportion of

those examined were found to be slightly affected, though the disease

rarelv extended into the potato more than three or four centimeters,

and usually much less. At this time the disease was conffned to the

basal part of the vascular ring and appeared as a cinnamon-brown stain

« Except, perhaps, iu continued wet weather. See footnote, p. 53.
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('xtciuliiiL:- inward irrcj^-nlai-lN , I'arthci- in some places than in others.

'riuMt' was \ (TV seldom any soft rot in those examined while they were

Ix'in^- h;ir\'esle(l, and (lu^ Ih^sh inside and ontside lh(^ NJisculai* rin^ was

white and piM't'eetly normal as far as could \h\ dcUcrmined.

Tnhers of all siz(\s are attaekcMl. The fm^ti^us w^as oftcMi found in

thos(> ii()t inoi-e than two ('(Mitimet(»rs in diameter, though pro})ahly a

hiiih(M- per ctMit of the hiroc ones than of the small ones ai"e diseased.

While the potatoes are in st()ra<»'e the fun<»-us prooresses inward

farth(M-and farther, at tii'st following- the vascular rin(^. This i'in<r

Liradually chanoes fi'om cinnamon-hrowMi to n(Mirly ))la('k in the parts

atl'ected. The discoloration becomes visible in the ring as fast as the

hyplne pi-ogrcss inw^ard—at least the threads were never found in

advance of the blackened part. The blackening does not, however,

precede the advance of the fungus, as microscopical examination never

failed to show threads in the most newly ))lackened parts, and numer-

ous cultures made from the extreme ends of the discolored portions

of the bundles very seldom failed to develop the fungus.

These cultures were made by carefully paring especially favorable

pieces of diseased tubers with a hot scalpel, heating it nearly to red-

ness ])efore each stroke and cutting out pieces a few millimeters in

diamet(M-, containing a length of about two millimeters of the extreme

end of the discolored part of the ])undle. These pieces were cut from

the main part of the specimen with the hot scalpel and allowed to drop

directly into a tube of sterile culture media. Potato C3dinders were

used principally for media. Slant tubes of beef agar (+15 on Ful-

ler's scale) also were sometimes used. One hundred and twenty-two

cultures on potato and sixteen on agar were made, and in all but two

cases on the potato and in every case on the agar the fungus appeared

after a day or two as a white mycelium, sparse at first, growing

directh' out from the blackened bundles and spreading into the media.

Forty-two cultures on potato and four on agar were also made from

older parts of the discolored ring nearer the basal end, and of these

all but one on the potato and all on the agar produced a growth of the

fungus. Bacteria sometimes appeared in the cultures along Avith the

fungus, and this was especiall}^ noticeable in those tubes in which

the fungus did not come out, and was doubtless what kept the mycelium

from developing further. These bacteria were probably, in many

cases at least, intruders that got in while the cultures were being

made. In other cases thev probablj^ developed from rods which

entered the potato along with the fungus and did not find conditions

favora))le for growth until the fragments of potato were ])ut into our

culture tubes. In making a large number of cultures it is impossible

to avoid occasional air-borne contaminations, but long experience has

shown that in general we get in our cultures only what we put into

them.



H) DRV ROT OF roTATOES.

The fungus pushes its myeeliuin farther and farther into thc^ vascular

system until it has reached entirely to the eye end unless proj^ress is

interrupted by some chanj^t^ in the condition of tlie tubers.

The surface of the potato remains perfectly sound and normal durinj^

the early stao-es. Sometimes, indeed, the vascular rino- Is blackened

throuo'hout its entire extent before there is any external indication

that the disease is present. Such potatoes mi^ht pass in the market,

and as a matter of fact often do pass, as perfectly sound and healthy

until cut open and examined. They are, however, quite untit for use.

Many such come into the Washinoton market every year.

If the diseased tubers be cut crosswise this rint»- may be seen to be

blackened either continuously all the way around or in oidy a few

isolated places (Pis. IV and V). Sometimes there is only a sin^^le dark

band a few millimeters wide running' throuoh the tuber in the vascular

svstem from end to end. A tano'ential section of the blackened rinir

shows that the color is much darker in some ducts than in others, giv-

ing it a veined or netted appearance. The thickness of the black ring

is only very slight—seldom more than 1 or "Z millimeters.

As stated abo\'e, the tlesli inside and outside the dark ring is at tirst

white and apparently normal. After a time, however, a yellowish

stain appears in places in that part of the Hesh closest to the ring,

either in the inner or the outer portion, and the fungus sloAvly

spreads into these discolored portions. The discoloration seems,

however, to keep a httle distance in advance of the fungus, as no

mycelium could be found with the microscope in the distal part

of the yellow regions, nor did cultures made from such parts give

any fungous growth. This process of discoloration, followed by the

invasion of the mycelium, continues until, in many cases, the entire

tuber is affected. If there is a cavity inside the tuber the fungus

usually penetrates it and api)ears as a dense white growth (PL V)

often bearing conidia. The hypha^ that push from the ring out

toward the periphery ))reak through the skin and first appear as a

wdiite growth on the surface. Whether or not these hyphi\i ever bore

directly through the cells of the skin is difhcult to determine. It

is certain, how^ever, that they often break out through ver}^ tin}^ rup-

tures that seem to bs the lentic3ls. More frequently the tubers are so

shrunken b}^ the time the fungus gets to the periphery that the skin

folds and cracks, and the mycelium grows out through these openings

in great abundance, appearing on the surface as dense white or gray-

white tufts (PI. VI). These soon bear small oval microconidia, and

later the curved, septate macroconidia characteristic of the form-genus

Fusarium. Occasionally, also, if the surface of the potatoes is kept

moist, a compact, wart-like stroma, a few millimeters in diameter, is

formed. Microscopical examination show^s that this is made \\\) almost

entirely of a dense mass of chlamydospores. Perithecia were never
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roiiiid oil iiiiy of \\\(' tulxM's. Tlic formation of tiifts on (he siirfjicc

s(H'ins to l)(' fiiNorcMl l»\ a moist almosplicrc, as lliis phenomenon was

miicli more common on (lie crop of IDOii stored in ha^'s (lian on those,

r(M'ei\('(l fioni Mielniian and kept in opcMi harnds. The ;ip|)earancc of

(he i:ilte!- is shown in Plate VI, tlie sliriv(d(Hl tubers b(dn<^ very dry

and iiai'd, and mafiy of thcMn fi'CM^ from suid'ace myecdium.

Ah)n«i" with tiie <;'en(M-al discoloration of the llesh there is a very

(lecid(Hl shrinka^(» of the tubers. This causes the skin to become
wrinkhMJ in the form of concentric rin^s about the st(im end. If

bacterial di^'ay does not set in, the rot becomes dric^r and drier and

the tlesh turns daiker and darker, the vascular rin<^, however, con-

tinuino- to \)o the darkest, until the tuber is brown, dry, very lig-ht in

Aveiiifht, and often nearly as hard as wood, having a very characteristic

musty odor entirely diti'erent from that of the bacterial decay.

The starch grains do not seem to be corroded by the action of the

fungus, at least not promptly. In some tubers that were completely

dry and shriveled the grains were notched over the entire surface, })ut

in such cases there was probably a mixed infection of fungus and

bacteria. Other fungi also may have been present as saprophytes.

In tubers where the 3'ellowing extended throughout only part of the

flesh, starch grains were found in a tangled mass of the mycelium
without any marks of corrosion. These grains were being acted upon
1)}^ the fungus, however, for they stained purple with the iodine test,

instead of blue, as do normal grains.

Though the fungus usually enters the tuber by way of the under-

ground stem, in some cases it had clearly got in through wounds.

Sometimes there would be two separate infections—one through the

basal end, with a limited browning in the vascular ring, and the other

through a wound in the side or the apical end. Often these two dis-

eased regions would be separated by entirely sound white flesh. There

were a few other cases where the tubers were infected through appar-

ently unbroken skin by contact with diseased neighbors having tufts

of white ni} celium on their surfaces, but these cases were rare.

When the fungus has once gained entrance it spreads without any

visible mechanical obstruction to its progress. Whether or not the

cells produce any chemical substances that tend to check its progress

has not been determined, but no corky layer is built between the

diseased and the sound portions. The hyphre sometimes go between

the cells of the parenchyma for a short distance, but in most cases

they penetrate the cell walls and ramif}^ between the starch grains,

apparently absorbing the protoplasmic contents and dissolving and

assimilating parts of the grains themselves. Those hyphfii that follow

the xylem ducts do not form a dense mass, filling the tu])er, but push

forward with little branching (PI. VIII, lig. 3:1:). A few small micro-

14021—No. 55—04 2
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coiiidia have been found in the ducts, hut none of the septate, curved

macroconidia.

The potatoes from Michii^an stored in a verv^ dry phice were very

little affected by other funi»i or l)y l>acteria. In the case of those

raised in Washintj;ton and stored in bao;s, which kept them somewhat

moist, several other funt^i appeared, particularl}' StysaitnH sttnunutts

and AcrostnUKjinuti einnnhdrimis^ in the cavities of those that were

entirely dead and often worm eaten, and PeniciUiain and Ai^j^ergillus

on the surface. None of these appeared to be true parasites, however,

as they were always accompanied by either the Funai'imii or a bacterial

decay. More or less soft bacterial decay was present in all the bags,

but this seemed for the most part only secondary, thou<^h the })acteria

were often to be found in the blackened rino-. In such cases they did

not, when the tiesh bounding the ring was white and sound, penetrate

as far as the mycelium, as shown by microscopical examination and by

the fact that poured agar plates from the most advanced part of the

black-stained portion of the ring gave pure cultures of the fungus.

When the bacteria were sufficiently vigorous in their attack they pro-

duced various kinds of soft rot, usually very vile smelling, that often

consumed the entire tuber except the skin, which is very resistant to

their action and also to that of the fungus. The bacteria, like the

fungus, entered as a rule through the stem end, though there was

occasionally a case of contact rot at the side, or the apical end, or in

the vicinity of a wound. On the surface of the bags and on dead

stems in the field two pyrenomycetous fungi were found, viz, Mela-

nospora ornata and Xectria hrasstcai^ but neither could be connected

with the disease. Mycelium cultivated from the ascospores of these

two species grew badly on various media in which the Fusarkmi grew
luxuriantly, and looked quite different.

In cases where there was a mixed infection of fungus and bacteria

the black bundles could often be followed for long distances through

the whitish macerated llesh, an indication that the infection b}^ Fusa-

riurn had preceded the bacterial decay.

When examined in February most of the tubers, especially the Early

Rose, bore sprouts several centimeters long, and these were often

killed and blackened by contact rot, and sometimes even bore tufts

of the fungus.

Another complication that was found in some of the tubers was a

brown specking in the tlesh. This specking is not confined to the vicinit}^

of the vascular ring, though usually more prevalent there, but may be

found in any part of the tuber, noticeably in the stem end, where it

seems to originate. There ma}" be specked regions entirely isolated

and surrounded by white flesh, though such is not usually the case.

Whether or not the Fusarium fungus is the primarj^ cause of this

trouble has not 3^et been determined. Microscopical examination,
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howovcr, shows neither luiioi nor bjieleriu. ('iiKures ol' llie hiown-

specked tissue iiiade l)y eutlin;^- out ])i(M'es Avith ji hot sciilfX'! in the

manner previously descri})e(l did not, 5is ji iuh% d(»volop any fun-

ji^ous niyeeliuni. When this did appear it was ahnost invarisibly the

Fus(f/-ii//// and was probably tiie r(\sult of a eonipii(;ation of the two

troubles. Bacteria sonictinH\s appeared in theses cultures, but th(;se

were of such varied kinds and were so often absent that it seems prob-

able that they accidentally <4*ot in when the cultures were bein^- made.

The brown speckin*^ may be due to a pjirasitc—perhaps the FuHdriumi—
but in any case the discolored regions themselves seem not to be

infested.

EFFECT OF DIFFERENT FERTILIZERS ON RESISTANCE
TO THE DISEASE.

For the purpose of determining whether or not the different ferti-

lizers added to the soil in the several plots had any effect on the

resistance of the potatoes to the attack of the fungus, the tubers that

were stored in bags during the winter were examined about the last

of February and a careful comparative series of notes was made. All

the tubers were cut, and the extent and nature of the disease recorded

for each individual separately; also the condition of the fungus and

the extent to which other fungi and bacteria were present, as well as

any other points of special interest in connection with the disease.

From this enormous mass of notes tabulations were made, and these

were condensed into the first four tables that appear in the text.

Several things must be taken into consideration in judging which

of a number of individuals is the most resistant to the attack of any

specific disease. In the case of this potato disease the most important

of these are, first, resistance to the entrance of the fungus; second,

ability to check the spread of the fungus after it has gained entrance;

third, ability to keep the fungus from forming spores; and, fourth,

ability to keep some part of the tuber alive until time for renewed

growth the following season. Unfortunately, in the case of those

examined there w\as in so man}^ instances bacterial action during the

latest stages of destruction that wdiether or not any particular tuber

remained alive when examined did not depend simply on resistance to

the fungus alone. Whether or not there was total destruction caused

by the Fusariuni could not then in many cases be determined, and

therefore does not appear in the tables.
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Table I.

—

Percentaije of tubers diseaaed by FasurLUiu, according to plot, lariety, <ind

fertUizer used.
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Ta HMO \\. ' I'irci iitmif 1)/ (iiht'rs irholli/ (ifft'cU'd ii'ilh Fiisdrltun 'hi Fchrdnri/, /fJO.i, hij

^pl<)(, ruricti/, and J'crdlizcr—ContiiiiKMl.
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Ill Table III is ropivsentcd tlie pt'rceiitiii^e in cjuli plot sh(>vvin|^

white fiint>;ous tufts, eitiier in cavities or on the siirfmc. This n'pre-

sents the extent to whieh the fundus has formed spores, for wliile

there lue sometimes mieroconidia borne on the hyphte in the blackened

rini"-, they are very few in number; whereas, on the other liand, the

white tufts nearly always bear them, usually in ^reat abundanee. This

table is likewise arrant^"ed in order of pere(Mitat»"e.

Tahlk IV,

—

Giving number of tubers examined and extent of disease in ptr cents, by plot,

variety, and fertilizer, in February, 1903.^^
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pt'r[)l(v\inL;" ("<)inj)lic!ili()i»s. 'I'hc next, six (•oluiuns to llic, riohl i. c.^

(he (^io-hlli to tin' tliirl(MMitli, inclusive represent, tlKMlistsincc, i'lom the

stoiu end to wliieli the Inni^us lijid penetrated (see lio-. 1]. 'I'akino- as

a basis a potato 12 ('(Mitiineters lono-, if the runj^iis has jxiietialed not;

morcMlian 2.V C3ntinieters the inroad is reeorch'd as slight; from 2l cm.

to .-) cni., ^'hv^s than halt';" I'roni r> em. to 7 em., iiai rom I em,

Less th\nv half.

to 1> em., "more than hall';" from *. em. to 11 em., '^ nearl\' all;'' from

11 cm. to 12 em., *'all;" these distanees measured on the lonj^ axis of

the tu])or. The last column shows

the numher in whieh tufts of white

nn'celiuui are present, as in Ta))le III,

but in diti'erent order. In this table

the arranoenient is such tliat the

effects of like amounts of the same

fertilizer can readily be compared

in the three varieties of potatoes

studied to see if there is any differ-

ence in varieties in regard to resist-

ance to the disease.

A careful stud}^ of these tables

shows that no one fertilizer stands

preeminent!}^ at the head of the list

in an}^ table for all three varieties.

If any one fertilizer either furthered

or retarded the action of the fungus,

we should expect to find it relatively

near the head or foot of the list for

all varieties and for both amounts

used, but such is not the case. That

is, for example, in Table I the plot

of Burbanks fertilized with 8 grams
of boneblack has the highest per-

centage of diseased tubers, while the

checks are nuich farther down and

widely separated; ])ut, in the case of ^ig. i.-ciagram of a longitudinal section of

the Early Rose, boneblack, 8 grams,

comes below three of the checks. Furthermore, in the Burbank plots

the lesser amount of boneblack comes before the greater in the list,

while, with the Early Rose, the reverse is true. A similar comparison

of an}^ other two fertilizers used shows similar inconsistencies. One
would expect the checks of each variety to be together in the table,

but though such is the case with the Earl}^ Rose in this table those of

the Burbanks are widelv separated, more than half the list lying

between them.

In Table II the comparison is no better. Here I)urbank. potassium

SiLOkt.
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sulpiuito, 8 ^ninis, stiinds tirst, witli one clu'ck close below and the

other almost at tlu' end of the list, while, with the Karly Rose, [jotas-

siiiin sulphate, S o-niins, stands Ixdow the middle with one check eii^ht

nuiii))ers a})ove and the other

ti\ (' })el()\v. It will be seen that

in both varieties the two checks

are widely sepaiated.

TnTabh» III, Hiirbank, j)otas-

sium sulphate, ]> t4rains, stands

first, with one check a third of

the way down the list and the.

other nearly at the end, and,

with the Early Rose, potassium

sulphate, lO grams, is third

from the end with one check

three and the other nine num-

bers above.

Comparing- the varieties in

Table IV, we find equal compli-

cations. With ])oneblack, 16

grams, in the column showing

the percentage diseased, Bur-

bank has the highest per cent,

Early Rose next, and ''Brown"

third, but with lime, 75 grams,

Early Rose stands highest. Bur-

bank second, and ''Brown"

third, while with potassium

sulphate, 10 grams, Burbank is

highest, ''Brown" second, and

Early Rose third. Comparing

them in the last column, which

represents the percentage show-

ing white tufts of mvcelium,

we lind that with boneblack,

16 grams, Burbank is higli-

FiG. 2.-Diagram of experimental potato field, show-
(.g^, Early RosC SCCOnd, and

ing the cases of the Fusarium disease of potatoes .^„ ,*, .1 • i 'fl 1* ^^
found in the plots on July 27, 1902. A cross indi- orown tUirCi; With limC, (O

cates that all the shoots in that hill wore affected. p'nvins '"BrOWll" is lli^'^host.

An oblique line indicates that a part only of the
t,"> 1 t> f rl T^ •! Ir

shoots were affected. Small plots are omitted. ilfarl}" Kose next, ana l>urDanK

third; and with potassium sul-

phate, 16 grams, Burbank is highest, "Brown" second, and Early

Rose third. Many other such comparisons can be made through the

table, but no one variety can be found constantly with a higher or a

lower percentage in any one column.

U3^



KKFKCT OF FERTILIZERS. 25

From a study of th(\so tablos ouo couflusion is very appjiront, viz,

that otluM* factors than the* iVi'tilizci-s and NJirictics liavo, taken a i)art

in dctcrminino- the r(dativ(^ extent and severity of the disease in tlic

different plots. What tiiese factors are has not as yet l)een dc^terniined.

In the treatment of the ^'round while the })otatoes were ^rowin <( and

(hiriiiLt the })revious year, and in the seed tuJ)ers phmted, there was no

ai)precial)K' dilference. Neither would the location in the field of the

diflerent ])lots he expected to make any considerable difference (H^. ^).

There was a plantation road on two sides, other potatoes from the

same lot of Bur])ank seed on a third side, and ])lue<i'rass on the fourth,

and none of these would be expected to have any effect on the preva-

lence of the disease in the experimental plots, especially' as the roads

were ver}^ wide, so that passers-by rarely came in contact with the

plants. In the storage of the tubers during the winter there was the

chief difl'ercnce in treatment; but even here, as will be seen from

the previous description of how the potatoes were kept, the only

essential diflference was in the pressure the various bags had to sustain

and the fact that the upper tier was bounded above by a layer of cotton

and the lower one lay in contact with a cement floor. These condi-

tions can scarcel}^ be considered sufficient to account for the differences

found in the several plots.

During the earh^ course of the disease the distribution in the field

was ver}^ uneven. Exact data as to what plants were afl'ected at any

one time could not be obtained, as during the early stages of infection

there was no change in the appearance of the tops, and a minute

examination of the roots and tubers could not be made without destro}'-

ing the future usefulness of the plots. A careful examination of the

leaves and shoots was made, however, on July 27, and a record was

taken of all those hills in which the disease had progressed far enough

to show symptoms above ground. The distribution of these is shown

in fig. 2. This represents a diagram of the field, showing the arrange-

ment of the plots, fertilizers used, and the distribution of the plants

showing the disease in the tops on July 27. The lines represent the

potato rows, and their intersections represent the hills. The hills

entirely diseased are marked with a cross; those partiall}' diseased,

with an oblique line.
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Table \.— Distribution of disease in the field, July ^7, 100 i, as determined by impertum

of parts above ground.

Plot.

2059
2061
2062
2060
2034
2039
2037
20.%
2042
2054
2047
2055
2ft51

2049
2035
2036
2O40
2057
2045
2044
2052
2046
2050
2041

Varit'ty.

Fertilizer.

Kind.

Early Rose Check
do do

Burbank do
do do

Early Rose Lime
do Suli)hate of potash

Burbank Lime
Early Rose Nitrate of soda
Burbank Boneblack
Early Rose Muriate of potash .

Burbank Boneblaek
do Muriate of potash .

Early Rose Nitrate of soda
do Muriate of potash .

Burban k Liine
Early Rose do
Burbank ! Sulphate of i)otash

do Nitrate of soda
do Sulphate of potash

Early Rose do
Burbank Nitrate of soda
Early Rose Boneblaek
Burbank Muriate of potash .

Early Rose i Boneblack

Amount.

Grams.

75
H

25
16
8
16
16
16
8
8
75
25
8
16
16
16
8
16
8
8

All dis-

eased.
Part dis-

eased.
Total.

29
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of tubers exainiiKHl I)(M'(Mnl)(M' 21 less tluui 10 per cont wore free

from the Fusdrfum discjisc. 'V\\v slowci* proj^rc.ss of i\n\ discjise in

i\w stonnl tiilxM-s in IJIOJj wjis un(l()iil)t(Hlly (lu(5 to the fact that they

won^ iioused in a much coohM" phu^e. Cultures were made from

the blackened vascuhir system in 24 of these potatoes. All yic^lded the

fu!i<^us. Some also yielded bacterial colonies of various sorts. As in

the cultures made from the crop of the precedin<r year the fundus did

not, like the bacterial colonies, sprint- up at random anywhere on the

surface of the potato block, but grew out of the decpei- portions of

the vascular s3^stem, first, as separated sparse hyphic, then as luxuriant

masses of sporiferous mycelium.

DESCRIPTION OF THE FUNGUS.

The form, color, and habits of growth of this fungus depend much
on the medium in which it is grown. As it is found in the diseased

plants, the mycelium is rather slender, with frequent septa, nearly

colorless, and much branched in the parenchyma, but less so where
it follows the X3dem ducts (PI. VIII, fig. 34). There are a few
microconidia borne inside the host, but they are not numerous except

where there is a cavity of some kind, and are, therefore, easily over-

looked. Where the fungus breaks out in tufts on the surface of the

tubers it is white or pinkish, and bears an abundance of microconidia,

often man}^ macroconidia, and sometimes chlamydospores. These

tufts are from a few millimeters to several centimeters in diameter,

and usually a little less than a centimeter tall. The individual hyphge

in these tufts are very much branched, with man^^ septa.

In the man}^ different kinds of culture media used this fungus

showed a number of very striking variations. For this reason it is

impossible to give a general description that will hold universally.

Sugar-beet agar (789^') was most used for poured plates, and boiled

potato C3^1inders (792 and others) were the standard medium for tube

cultures, as they afforded the same food as the host, differing onl}^ in

being boiled.

The fungus used for all the comparisons on different media has

descended directl}^ from a single spore that developed in a plate

poured from the interior of a tuber that was affected with the Fusa-

7'iwa disease only. The outside was pared off and the exposed sur-

face sterilized with a hot spatula. A slice was then cut off with a hot

scalpel and a little of the diseased part underneath w^as transferred

with a sterile instrument to beef bouillon. This was used to inoculate

tubes of beef agar from which six plates were poured. Onl}' fungus

" These numbers are given to the culture media when they are made up, and
appear as a permanent record in the laboratory, with an exact description of the

entire process by which they are made. These descriptions may bt> found near the

end of tlds bulletin (pp. 55-59). .



28 DKY KOT (»K I'OTATOES.

coloiiit's appeaivd in these phitos, hikI these seemed to be nil jilike. A
littk' of one of tliese eoloiiies was transferred to a tube of l)oik*d

potato, and this was used as a starting- point for the inoeulation of the

diti'erent eiilture media. The funij;iis was obtained in i)ure cultures

from many other tu))ers and compared with tiie one just descri})ed to

make sure that it was the true parasite under investi^^ation. Three

kinds of spores are produced by this funpfus — microconidia, maci'O-

eonidia, and chhuuydosporcs. These will be described in detail a

little farther on.

MYCELIUM.

On poured plates of suoar-l)eet at^'ar (789), the spores germinate in

a few hours at moderate temperatures (20^ to 27^ C) and in about

tw^enty-four hours the colonies ])ecome visible to the naked eye. They

grow in diameter rai)idly, being at the end of nine days about 6 to 7

eentimeters across, if the growth is not interfered with ])y the sides of

the dish or ))y other colonies. The margin is as a rule approximately

cireular, though not exactly so. Such a colony 9 days old is shown in

Plate VII. These colonies are made up of concentric zones. In the

center is a rather dense tuft about 3 millimeters high. Outside this is

a zone in which the aerial mycelium is very short; farther out is a

second zone of mycelium, about as dense as that in the center and

somewhat taller— 5 to 10 millimeters high. The rest of the colony

making up the outside zone is of short mycelium, and this shows

several concentric rings, caused by diti'erent degrees of densit}^ in the

mycelium and abundance of spores. As the colony grows older the

zone of taller mycelium becomes wider, but this widening is much
slower for a time than the growth of the outer zone. Eventuall}^

however, the entire colony produces the taller nn^celium. IVIicroco-

nidia are borne in all parts of the colony, except the extreme margin

of about 1 millimeter. They are not contined to the part above the

surface of the substratum, ])ut are also formed in the agar itself. In

the extreme edge of the colony the hypha? are seen to be pushing

out radially w^ith verv little branching, while a little farther back

lateral branches are being pushed out (PI. VIII, tig. 1). Still farther

back the microconidia and macroconidia are being formed, and a

little later the chkunydospores. While very young the mycelium is

usually densely crowded with granular protoplasm, but later it becomes

much vacuolated. The cells, at least many of them, are uninucleated.

MICROCONIDIA.

The mode of formation of the microconidia was best studied in

plates of sugar-beet agar. For this purpose specially made petri

dishes with extra thin bottoms w^ere used. By inverting these on the

stage of the microscope the growth of the fungus could be studied

without injury or disturbance to the cultures.
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'I'lu' inclhod l>y wliicli llu' luicrocoiiidiji arc produced is sliouii in

lMa((^ VIII, lii^iii'cs 2-\2. Tlu' end of a l()ii<( hy})lia, or more, usually

a lateral hi'aiicli, is directly cut oil lioui tlu^ reiiiaininj^ portion by a

\(My \vid(^ constriction I'uri-ow (1*1, VIII,li<4\ I>). The lime taken to do

this is (lillicult to ascertain with ('xactne.ss, as the furrow is at first so

very wide that it can not he distin«»-uished from the many slij^htly

narrow(M- places in the myccdium found at irreoular intei'vals. It is

certain, however, that it docs not nnpiire more than half an hour as a

rule, and often not more than half that time.

As soon as one of these niicroconidia is cut off the hypha begins to

elongate, pushing past it, if it is embedded in the agar, so that it can not

fall off, or shoving it out of the way. This continues until the point

has advanced even with the farther end of the first microconidium,

but even before this growth is complete a similar constriction furrow

begins to cut off a second microconidium (PI. VIII, fig. 6). This

process continues until sometimes as many as six or eight microconidia

are formed from one branch, and lie side by side in a little group.

The time from the cutting off of one until the cutting off of the next

has been observed to vary from 2 to 5 hours. The microconidia are

oval or elliptical in shape, thin-walled, one-celled, uninucleate, and

slightl}' curved. They vary in length from o.iyw to 16/^, and in

diameter from 2yw to 2.7/^, the most common size, when growing

in this medium, being 9.8/< in length by 3.2/^ in diameter.

The time required for germination varies somewhat in different

media, and greatly for the different individuals in the same medium.

To determine this a tube of each of several kinds of media wan inocu-

lated copiousl}" from a culture 36 days old growing on boiled potato

made +25 on Fuller's scale with tartaric acid, and which contained all

three kinds of spores in abundance. From each of these tubes two

Van Tieghem cells were made, and examined at frequent intervals for

several hours. The temperature of the room was from 22° to 26° C.

The results are shown below.

In sterile distilled w^ater a few microconidia began to germinate in

6 hours, and in 8 hours many were pushing out germ tubes. In 10

hours nearly half were germinating, but none of the germ tubes were

ver}' much branched. In 24 hours the process had advanced but little

farther than in 10 hours.

In sugar-beet agar (789) germination began in 5^ hours, and in 9

hours about one-half the microconidia were germinating, though none

were ver}' far advanced; but in 18 hours practically all had germinated,

and the 3"0ung mycelium of many was somewhat branched. In 24

hours the mycelium had formed many microconidia, and a ver}^ few
macroconidia and chlamydosporcs. After 4 days there were numerous
microconidia and a few macroconidia and chlamydosporcs.

In beef bouillon (858) germination began in al)0ut 6 hours, and in
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i) hours more than halt' the spores were o;errniiiatiii<4-, thouj^h none had

advauceJ very far. In 12 hours practically all had hcoun to germinate.

In 24 hours a few mieroconidia and macroconidia luid been formed,

and a very few immature chlamydospores. After -t days all three

kinds of spores were numerous.

In Raulin's fluid (822) oemiination ))e^an in f) hours, and in 9 hours

about one-half of the spores had het>-un to <^-erminatc, thoutrh none had

advanced very far. In 13^ hours practically all had begun to germi-

nate. In 24 hours a few mieroconidia had been formed, but no macro-

conidia or chlamydospores could be found. After 4 days there were

numerous mieroconidia and a very few macroconidia and chlamydo-

spores.

In Uschinsky's fluid (S41) oermination began in a))out 6 hours, and

in 9^ hours at least half the spores had sent out germ tu})es, ])ut these

were not very complex. In 14 hours all the spores had begun to

germinate. In 24 hours a few mieroconidia had been formed, but

no chlamydospores or macroconidia were found. After 4 days the

macroconidia were numerous, and there were a few mieroconidia and

chlamA^dospores.

As all three kinds of spores were germinated in the same Van
Tieghem cells, it was impossible to distinguish the mycelium of one

from that of another after the time they began bearing spores.

In all the media except the distilled water the growth of the myce-

lium had progressed so far in 24 hours that it would have been almost

impossible to trace all the branches belonging to some of the individ-

uals, though others were still quite simple. Ver}" few were left unger-

minated in an}^ of the media except distilled water, where more than

half failed to germinate.

The germination of the mieroconidia is very simple (PI. VIII, figs.

13-15). They first swell a little and become thick in proportion to

their length—sometimes almost spherical; then at one end a germ tube

is pushed out, and a little later another usually forms at the opposite

end. Later these branch and become septate. The spore itself is

noticeable for some time as a thickened place in the young m3xelium

and might easily be mistaken for a 3^oung chlam^-dospore.

3IACROCONIDIA.

It is by this kind of spore that the form-genus Fusarium is com-

monly distinguished. In the one under consideration the}^ vary much
in size and shape, depending on the culture media used, though they

are by no means of equal size in the same medium. In a Van Tieghem

cell of Uschinsk3^'s fluid (841), 5 days old, they vary from lOyw to 36/^

in length and from 3.5/^ to 6/^ in diameter, 28/^ b}^ 4.5/< being the

most usual size. In this medium the}" are from one to five septate,

usually three, slightly constricted at the septa, not sharp-pointed, vary-

ing from nearl}^ straight to A^ery much curved (PI. VIII, figs. 23-25).



DKS(^KIPTI()N OK FUNGUS. 81

In hoilctl ])()tal() (STl), iniulc j-lif) on Fuller's sciilc. with tartaric acid,

tlicv arc soincwliat smaller and more shar])ly })()iiitcd. Those I'ound

ill the cavitiivs of disoasod ])otatoes are usually very hlunt at the (jnds.

All n\'o thin-\valle(l and contain I inicleus to eacdi C(dl.

The formation of the mjicrocoiiidia is somewliat similaf to that of

the microconidia. Fhey arc not, however, borne henc^ath th(^ surface

of the su))stratum, and oonseijuently dro]) olf immediately. Th(^ proc-

ess is therefon^ much more diilicult to study. They are cut off from

the ends of short lateral })ranches by constriction fuiiows (PI. VIII,

figs. 1()-19). When first formed the macroconidia ai-e somewhat

smaller and h^ss pointed than when mature, and usually have no septa,

these beintj- formed after 2 or 8 hours. rJust how many ma}' be con-

stricted from the same ])ranch was not determined definitely, because

beiiii;' borne only in the air they immediately dropped off and were

lost, but as many as five have been counted, and proba})ly there are

often more. The branches that bear the macroconidia difi'er from

those bearing the microconidia in having a swollen portion in the

middle and a constricted portion at the base (PI. VIII, figs. 16-19).

As with the microconidia, the time of germination varies much with

the different culture media.

In sterile distilled water germination began in 3 hours. In i hours

about half of the macroconidia had begun to germinate and in 7 hours

practically all were germinating. The germ tubes never became much
branched, however.

In sugar-beet agar (789) germination began in 5 hours; half the

macroconidia were germinating in 5^ hours, and all had begun in 8

hours.

In beef bouillon (858) a few were germinating in 4^ hours, half in 6

hours, and all in 8i hours.

In Raulin's fluid (822) a few were germinating in 5^ hours, half in

6 hours, and all in 8 hours.

In Uschinsky's fluid (841) a few had begun to germinate in -1 hours,

half in -li hours, and all in 7 hours.

In all these solutions practically every one of these spores germi-

nated. In all but the distilled water the germ tubes grew and

branched rapidly, so that at the end of 12 hours many of them were

too complex to be traced. This was true of nearl}' all after 21: hours.

The spores Avhich formed in these cells in 24 hours and in 4 days have

been mentioned under the germination of the microconidia wliich

were in the same cells.

The germination of the macroconidia is somewhat complicated ])y

the number of cells (PI. VIII, figs. 20-22). The end cells usually

germinate first, though this is ])y no means always the case, and the

tube is sent out from the end of tln^ cell, or, less frequenth^ from the

side. Sometimes every cell in the spore germinates. ])ut very often

one or two near the middle of the spore fail to do so. As is the case
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with the microconidia there is a eoiisideraWe svvelliiii^ just liefore

germination, and tlie spores are to be distin^uislied for a h>n^ time a.s

svvoUen places in the mycelium.

The macroconidia produced in cultures vary in number accordin<^ to

the medium more than do the microconidia (Tables VII, IX, and X).

CHLAMYDOSPORES.

The chlamydospores are produced as swellings of the mycelium.

These may be either intercahiry or terminal, on long, comparatively

straight hyphte or short lateral branches (PI. VIII, figs. 2()-29). Some-

times there are seveml on the same hypha, close together like a string

of beads.

The tirst indication of the formation of a cldamydospore is a slight

eidargement at a certain point on a hypha, either at the tip or just

behind a septum. This continues until a relatively large, nearly per-

fect sphere is formed, which is cut off by cross walls shortly before it

reaches its definitive size (PI. VIII, figs 20-29). The time required

for a chlamydospore to mature is much longer than for a microconi-

dium or a macroconidium.

The walls of these spores are relatively thick when mature, and

seem to be made up of two layers, though this could not be brought

out very sharply with Flemming's triple stain. They are smooth and

light brown in color. The size in sugar-beet agar (789) varies from

5.5/^ to 13yM, about 10/^ being the usual size. All are one celled and

each contains, at least at one stage, a single nucleus.

In boiled rice made so strongh^ acid that the growth was less than

one millimeter high the chlamydospores were the only fruiting bodies

found. Under such conditions they vary from their normal spherical

shape and become very irregular, sometimes to such an extent as to

be scarcely recognizable.

The chlaiiiydospores are borne in abundance both in the substratum

and a])ove it, if the medium is favora))le. They vary consideral)ly in

num])er according to the medium used, but, as will be seen from

Tables VI-IX, at least a few were formed in every kind of medium in

which the fungus was able to grow. They seem to be more resistant

to unfavorable conditions than the other two kinds of spores but are

hardly to be considered as resting spores, since in cultures a month

old they germinate readily in a very short time; but here also this

varies much with the medium used.

In the Van Tieghem cells described above, in distilled water the

germination of the chlamydospores began in 4 hours, and at the end

of 24 hours the germ tubes were only slightly branched. A little

more than half entirely failed to germinate.

In sugar-beet agar (789) a few were beginning to germinate in 5

hours, half of them in 8 hours, and all in lOi^ hours.
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III IxH't" houilloii (sr)S) ji few li:i(l hc^iiii to o('nniii:i((', in ih hours,

half of thrill ill () lioiirs, and jill in S^^ hoiii-s.

Ill Kiiiiliirs Ihiid (Si^i>) a few had Ik^huii to o-cnniiiatc. in <! Jiours,

half of tJKMii ill s.^ liours, and practically all in \'2h hours.

Ill Tschiiisky's iluid (S-tl) a few were bo<(iiining to ^(^nninate in fi

lioin-s, ahout half in !) houi's, and ])raf'tically all in 12 hours.

In all the media except the distilhul water the o('niiination of the

chlaniydospores was ver}' conii)let(% scai'cely one failino- to oerniinate.

In nearly all cases 24 hours' growth had made the younj^* mycidium

much branched—often too nuich so to be followed.

As in the case of the microconidia, the germination is very simple

(PI. VIII, iigs. 30-33). A germ tube is pushed out from one side,

and tiiis grows and ])ranches into a complex mycelium. Cases have

been observed in Avhich there were two germ tubes, but these were

rather unusual.

The chlamj^dospore is so much larger in diameter than the hypha

that it remains very noticeable until hidden by the tangled mycelium.

Table VI shows more clearly a comparison of the germination of all

three kinds of spores on the above media. All three were studied in

the same Van Tieghem cells—two for each kind of medium. The
inoculations were made at 10 a. m. from a 3G-day culture. The tem-

perature A^aried from 22° to 26° C. In a previous experiment, made
at a temperature of about 30° C, the germination was somewhat more
rapid.

Table YI.—Germination of spores.

Kind of me-
dium.

Distilled
water.

Sugar-beet
agar.

Beef bouil-
lon.

Raul in'

s

fluid.

U s c h i n -

skv's flu-

id."

Kind of spores.

Microconidia
Macroc'onidia . .

.

Chlamydospores.

Microconidia...
Macroconidia ..

Chlamydospores

Microconidia...
Macroconidia ..

Chlamydospores

Microconidia. ..

Macroconidia ..

Chlamydospores

Microconidia ...

Macroconidia ..

Chlamydospores

A
few

spores
germi-
nat-
ing.

Hours.

51
5
5

6

Half
of

spores
germi-
nat-
ing.

Hours.

All
of

spores
germi-
nat-
ing.

Hoxirs.

13
8

10.i

9
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Tht' above tiil)le shows that for the ^erniiiiatioii of iiiicioeoiiidia beef

bouinoii is rather the best inediuiii used and distilled water decidedly

tlic poorest.

For niacroconidia distilled water is a little the best for thr early

stages of germination, though Uschinsky's fluid is nearly as good, and

beef bouillon is rather the poorest, though there is ])ut litth' difl'erence

between it and Kaulin's fluid. In all of the media this spore form

germinated a little earlier than the microconidia.

For chlamydospores beef bouillon is the best and distilled water the

poorest.

Though not under the head of germination, this table also shows

that, relatively speaking, sugar-})eet agar produces the most micro-

conidia, Uschinsky's fluid the most niacroconidia, and beef bouillon the

most chlamydospores. This is extremely interesting, as it shows very

strikinolv how much the medium influences the kinds of fruiting

bodies produced.

Table VI also shows at how very early a period the spores are

formed. From the fact that all three kinds of spores were germinated

in the same cells, it would be impossible to say with certainty from

which kind of spore the mvcelium bearing microconidia, niacroconidia,

or chlamydospores came. There is much evidence, however, that the

mycelium from any one kind will, under the right conditions, produce

all three.

SCLEROTIA.

There are produced in all cultures on boiled potato small masses

of green sclerotia not more than 5 mm. in diameter and irregular

in shape. These are l)orne at the surface of the potato, often partly

covered with white mycelium, and were not found on an}^ of the

other media used, not even on raw potato. These masses are light

green in color—about the same shade as Penicillium glauciim. They

are rather hard, and in sections stained with Flemming's triple stain

appear onh^ as tightly interwoven masses of mycelium and seem to

have little to do with the formation of fruiting l)odies. Their true

significance and why they appear in this medium only have not been

determined.

GROWTH IN DIFFERENT INIEDIA.

A considerable number of difl'erent kinds of culture media was used.

This was partly to learn the extent to which the fungus would modify

itself under changed conditions of nutrition, but largely in the hope

of discovering a successful method of inducing the formation of peri-

thecia. It is a well-founded belief that many of the imperfect fungi

could be made to bear perithecia if the right conditions were given

them, and it is more than probable that in some cases at least the

procuring of the proper kind of food may be the solution of the
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j)r()l)l«'ni. Ill (luM';is(» iiiulci" coiisidcrat ion, however, the jittempt \v;is

(Milirelv im>iiccess|'iil, not :i single ])erithe('iuMi heiii<r found in any of

the ciihiii'es. Wlielhei" (his \v:is hecause (he i'io-i)( niediinii was no(

found or hecause in (his case (lie iieeessai'V (•on(li(ion was some othei*

than (ha( of food supply, oi' wliedier (he ])eri(h(H'ial sta<*"e has heen

en(irely lost from iho, life his(()ry of (he fun<^us Ihrouoh many oi'fiera-

tions {)[' asexual I'epi'ochud ion. can not Ix^ said with eertaiidy at (his

tim(\

Mtmy \vy\ in(eres(in<4- dilleivMices in (he j^rowth wei'e, however,

found in (he \arious kinds of nuMJia used. At least foui" (uhesof ea.('h

kind of medium were inoculated, of which (wo were kept in a dark

ck)s(»t and two were suspended in a rack close to a north wdndow, where

they were exposed to stronof dayli^lit ])ut not to direct sunshine.

Careful notes were made on all these cultures at freciuent intervals for

several weeks. In all cases the ^'rowth was apparent to the naked e3'e

in 2-i to ?>() hours. The ^"rowtli in darkness was in no case materially

different from that in light except as to color. (See p. 48.)

Pieces of sael's.—Many fragments of old sacks in which the potatoes

had ])een stored were rolled into cylinders, thrust into test tubes, Avet

with distilled water or peptone w^ater, sterilized, and inoculated.

Growth was not ver}' al)undant and no perithecia developed.

Potato agar (77-5).—Growth about 4 mm. high, and rather sparse.

In darkness, pure white; in light, very faint salmon—nearl}^ white.

Agar not changed in color; surface smooth.

Potato agar, p)^pi^^'^^^^^^ i^^'^i)-—Growth a ver}^ little more abundant

than in 773; in light the salmon tint is very slightly more pronounced.

Not different otherwise.

Peef agar {786).—Growth rather poor, not more than 2 or 3 nun.

high and only moderatel}^ dense. Pure white both in darkness and in

light. The agar is somewhat browned b}^ the fungus, and the surface

is wrinkled and uneven.

Sugar-hcct agar {789).—Growth about 5 mm. high and ver}^ dense.

Pure w^hite in darkness, changing to creani}^ wdiite with age; pale

salmon in light. Agar not discolored but much wrinkled on the

surface. '

Perf gelatin, {793).—Growth about 6 mm. high and very dense.

White in darkness, changing to cream}'; in light, rich salmon. Does

not liquef}' the gelatin.

L'dinus lactose agar {821).—Growth a))out 2 to 3 mm. high, moderately

dense. GraA'ish white in darkness; pale salmon in light. The fungus

slowh' turns the litnuis blue, especially at the top of the slant, showing

it to })e an alkali producer in this medium. The change in color ])egins

to be noticeal)le in about 10 davs and o^oes on as lonijf as the funofus

remains active. It also reduces the litnuis somewha(. Surface of

medium nuich wrinkhnl.
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BoR^ potato {792).—Growth about 4 mm. hicrb and very dea^. In

darkDes», pure white, chang^injr to rreauiy white: in light, rich salmon

color. Contrast very striking. There are irregular maj»!iC!» of green

solerotia formed on the surface of the potato. The potato itself L-

gradually turned light brown. In old cultures it is much softened

aLM>.

Raw pot*ito.—Growth about 4 mm. high and very dense. In dark-

ness, pure white; in light, very pale salmon color. None of the green

sclerotia are produced on the surface. The fungus acts on the starch

grains without forming notches or marks of corrosion

B"Urd rice (796).—Growth about 4 mm. high, moderately dense.

In darknesc? the mycelium is mixed pink and Ulac, shading into white

—

tlie latter color being mostly at the extreme top of the mycelium, but

it is to be foond in places all through the culture: in light, a deep rich

salmon color, shading into salmon pink mixed with Ulac.

Boilrd h<rans (S2Cp).—Gn^wth about 4 mm. high and rather dense.

In darkness, pure white, changing to gray and finaUy to grayish brown

:

in light, the same.

Boiled com {S2S).—Growth about 4 mm. high and very dense. In

darkness, creamy white with a few streaks of purple and sometimes a

little pink: in light, the same but with a little more purple.

Boiled wheat {S27).—Growth about 4 mm. hi^h and very dense. In

darkness, creamy white streaked with lilac and pink: in light, the

same.

Boiled tapioca {82€).—Growth extremely short, scarcely rising above

the surface of the medium, but very dense. The fungus spreads very

slowly and does not entirely cover the surface of the slant for nearly

two weeks. In darkness, mycelium at first pink, then Ulac, with white

in the upper part of the slant: the lilac finally turns to dark violet.

In light, the same, except that in the upper part of the slant the myce-

. lium is very pale salmon.

Boile*i ^ireet potato {S2S).—Growth poor, about 3 or 4 mm. high but

rather sparse. The mycelium shows a strong tendency to grow into

little bundles or ropes. In darkness, pure white, changing to yellow-

ish white; in Ught, rich salmon.

Boiled hanana (^2^).—Growth about 4 mm. high, moderately dense,

and, Uke that in 823. inclined to collect in Uttle ropy bundles. In

darkness, pure white, changing to creamy white: in li^ht. rich salmon.

Boihdprunes {SSfJ).—Growth poor, about 3 mm. high, and rather

sparse. SUghtly ropy. In darkness, white at first, changing to a

licfht cinnamon-brown: in the ligrht, the same.

Silicate jelly {SS-h.—Growth about 3 nmi. hi^ and rather dense.

In darkness, at first pink, which becomes a rose color with a trace of

lilac, but the new myceUum is white: in light, the same, except that
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i\w iu>\v invccliuin is a rich sjiliiioii. In hotli li^^lit iind cliirkiics.s the

jolly is turnod to ji ])',i\v ycHowish color.

In all thoaufiirs, in the gelatin, and in the silicate jelly the mycelium

sciMns unal)lc to pcnctiatc the substratum more than -2 or ?> mm. In

the otluM* media tlu^ funo-us seemed to vary considerably. In IIk;

boihnl ])otato the mycelium somi^times o-rew from the inoculated slant

directly tiirouoh the cylinder to the ()pi)()site side. In the corn, wheat,

beans, and rice the mycelium tilled the chinks ])etween the <(rains, but

did not show in the lower part of the tubes, where the medium formed

a solid mass. When there was some liquid in the ])ottom of the tube,

as in the potato, banana, and su^-ar-beet cylinders, for example, the

funt>us kept above the surface of this liquid.

]\licroconidia, macroconidia, and chlamydospores were found in cul-

tures on all these media, but their relative abundance varied greatly.

In most of the media all were present in considerable numbers, but in

boiled tapioca and beans only occasional chlam3^dospores were found,

and in boiled prunes onl}^ occasional macroconidia. Here also micro-

conidia were fewest.

A comparison of the cultures in these various media is shown in

Table Vn.
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III tiitx's of li(|iii(l media the i^i'owlli xaricd i^rcally.

In hccf hoiiilloM (SUS) (lie ruiiMUs foi'mcd at'lci- Ti (lavs a lallici"

diMisc while layei'oii (lie siii-face, willi iiiiicli inyccliiiiii dowji in the

li(|iiid. All three kinds of spores iiimieroiis.

In Ivaiiliirs iluid (SiJ'_}) Ihe u-rowth in 5 diiys was ahoiil the same sis

al)()\'e, e\eei)t tiiat all ahoNc the siirt'aee was a I'osy pink. S))()i'es

i"atli(>r less numerous, especially macroeonidia and ehlamydospores.

In rschinsky's jliiid (S41) the oi-owtli on i\w, surface was a little

less than in the pr(^codin<^, and pure white. Macroconidia especially

ahundant, hut microconidia and ehlamydospores present also.

In a solution (801) containing- '2 per cent of Witte's peptone, 1 per

cent dextrose, 1 pei* cent maltose, and 1 per cent nuinnit(% the growth
on the surface of tlu^ li(juid after 5 days w^as rather abundant and pure

white. All three kinds of spores present.

In water with Witte\s peptone 2 per cent, glycerin 1 per cent (892),

the growth on the surface at the end of 5 days was rather poor and
thin, pure white, and producing all three kinds of spores.

In all these liquid media the growth was densest on the surface, but

there was a loose o-rowth of mycelium runnino- to the bottoms of the

tubes. These same licpuds were used also in fermentation tubes, to

be described further on.

To determine whether or not an}^ of the chemicals used as ferti-

lizers in the field are markedl\' injurious or beneficial to the fungus it

was grown on ])oiled yjotato, to which these substances had been

added. C3dinders of potato weighing exactl}^ 4 grams were put in

tubes of such a size that Avhen 1 cubic centimeter of liquid was added

about one-fourth inch protruded above the surface. To three of these

was added 1 c. c. each of 10 per cent KCl; to three, 1 c. e. each of l(i per

cent Kg^O/, to three, 1 c. c. each of 10 per cent NaNOg, making the

chemical added 2 per cent of the final product in each case. To each

of three others w^as added 1 c. c. of a saturated solution of freshly pre-

pared Ca(OH)^, and to three others 1 c. c. each of distilled water.

These tubes were all heated on three successive days at lOO^ for 10

minutes. They were then inoculated with the Fuscwluni and kept in

a dark room.

On the secona da}' after inoculation there was a little growth in all

the tul>es, but this was slight!}' more abundant in the checks, the oth-

ers being about alike. On the third day the growth in the tul)es con-

taining KCl, Ka^O^, and Ca(0II)2 was almost as abundant a^ that in

the check tubes, and in the tubes containing XaNO., it was slightly

less. On the fourth day the growth was so abundant in all the tubes

that practically no ditference could be seen. It was pure white and

covered the entire exposed surface of the potato.

From this expcM'iment it is a])par(Mit that the fungus can -icconuno-

date itself perfectly to these chcMnicaU in (lu:lntitie•^ vastly exceeding
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that whic'li is ever stored uj) in a li\ iii*^* potato tuber. It follows,

then, as a natural eonclusion that if these substances have any effect

on the resistance of the plant to this disease it is by some nioditication

in the host plant, and not because of the presence of the substances

as such.

Honeblack was not used in this experiment })ecause the principal

inorodient that would ati'ect the funt*us is phosphoric acid, and that

was tested along- with other acids (Table IX) and found to be (piite

harmless to the fungus in not too large quantities; and the above con-

clusions would therefore apply to boneblack also.

GKOWTll IN ALKALIS.

To determine the behavior of the fungus on alkaline media three

alkalis were used—potassium carbonate, sodium carbonate, and sodium

liydroxide. These were mixed in ditl'erent proportions with rice and

w^ater. The results are shown in Table Vlll.
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The ditl'eiviK'O in t^rowth in tlu^ clitlVront strengths of ulkiili \v;is

most noti(t'a})le at the end of '2 days. At that time then* was an cNcn

gradation in the amount of mycelium, lessening- as the strength (jf

the alkalis increased until at the maximum stren<^th the growth was

scarcely perceptible. This was true of all three alkalis. At that

time the orowth was rather best in potassium car})()nate, a little less

in sodium carbonate of the same strength, and still less in sodium

hydroxide. It will be noted, however, that at the time Table \' Hi
was made—i. e., when the cultures had ])een growing for 17 da^'s—the

amount of growth in the different tubes had been equalized considerably.

One of the most noticeable effects of the increasing strength of

alkali was the decrease in the amount of pigment formed, especially

the pink. At the end of 2 days there was in all the weak alkalis (
— 5)

a very conspicuous purplish color, in those somewhat stronger (
— 10)

this was a little less noticea))le, but those of higher alkalinity were
pure white. Later the purplish color changed to lilac, and in the car-

bonates (—5) there was a little pink.

All three kinds of spores were formed in all the alkali tubes, but in

the higher strength the macrospores were very scarce.

GROWTH IN ACIDS.

To determine their effect on the growth of the fungus, a considerai)le

number of acids were used, both inorganic and organic. Of the inor-

ganic acids, phosphoric, h3'drochloric, and nitric were tried. The
organic acids used were selected partly with an idea of testing those

most commonh' found in the vegetable and animal products with which

the fungus might come in contact in nature, but more especial!}" with

regard to their classification. Of the acetic series, formic, acetic, and

butj^ric were taken—all monobasic; of the oxalic series, only oxalic,

the simplest dibasic organic acid; of the h^^droxy acids, malic and

tartaric (dibasic), and citric (tribasic). As a preliminar}^ experi-

ment (series 1 in Table IX), these acids were mixed with boiled potato

in such proportion as to make the product approximately +25. The
experiment was carried on farther (series 2 in Talde IX) by mixing

the acids with rice and water in very definite proportions, so that the

products would be of exact acidities. The results are shown in

Table IX.
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From ttiL' uhove tiiblc it will l)u sci'ii tluit tor tlic (lill«'rt'iil acids,

both organic and inorj^anic, there is a very reiiiarkahh' clitl'erence in

the degree of acidity that this fungus can ciuhirc Hutyric, formic,

and acetic acids, the representatives of the acetic series, seemed to })e

decidedly the most injurious; malic, tartaric, and citric, the representa-

tives of the hydrox}' acid group, are much the least so. This ditl'erence

is really very groat, as is shown l)y the fact that the fungus will grow

in citric acid, for example, at least 25 times as strong as butyric.

The general effect of all- the acids is to increase the production of

the pigments, both lilac and pink—particularly the latter. This is

somewhat noticeable in the rice tubes (series 2), l)ut nuich more so in

the potato tubes (series 1), where if no acid be added tlu^ growth

(in darkness) is almost always pure Avhite.

All three kinds of spores are borne in varying proportions in all the

acid cultures in which only one acid is used, except phosphoric +150,

hydrochloric +50, and sulphuric +50. In these no macroconidia or

microconidia could be found, but there was a large number of chlani}^-

dospores. These were not of the normal form shown in Plate Vlll,

figure 29, but w^ere of varying sizes and shapes—often much deformed.

This is a further indication that the purpose of these spores is to carry

the fungus through adverse conditions.

Table X shows the results of mixing the acids in the culture media

in various ways.
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This table would indicate that in the case of two acids for which the

umximum stren^i^th that will allow growth is the same, inixinj^ in cijual

proportions forms a product that is injurious in tlie same dei^ree as

either one alone. It also goes to show that when the; maxinunn acidit}'

at which growth can take place in any one acid is reached, the adding

of another acid in a (juanity representing half its own maxinmm for

growth, or, in the case of hutyric acid, the adding of tartaric in com-

paratively small quantities stops growth entirely. The adding of a

comparatively small amount of the slightly injurious tartaric to the

maximum of hydrochloric (+o()) did not prove nuich more strongly

inhibitory than hydrochloric of the same strength alone.

GROWTH IX THE ABSENCE OF FREE OXYGEN.

So far as could be determined the fungus is a strict aerobe. To

test this, inoculations were made in fermentation tubes tilled with

the following media: Beef bouillon (858); Uschinsky's fluid (891);

Raulin's fluid (822); water with peptone 2 per cent + dextrose 1 per

cent + maltose 1 per cent + mannite 1 per cent (891), and water with

peptone 1 per cent + glycerin 1 per cent (892). Two fermentation

tubes of each medium were inoculated. This was done b}^ trans-

ferring a little mycelium bearing man}^ spores past the curve at the

bottom of the tube, from which point it rose in ever}^ case to the

extreme top of the closed end. At the end of a week there was a

fairly good growth in the open ends of all the tubes, corresponding

very well to that in the same fluids in test tubes. This growth did

not in any case, however, extend into the closed ends more than 2 cm.

past the stem, which showed definitely that this fungus can not take its

0X3'gen from the compounds contained in an}^ of these liquids.

REACTION TO SUNLIGHT.

In many kinds of culture media the mycelium is white, in part at

least, when prown in a dark closet. On some of these same media

the mycelium becomes a beautiful rich salmon color when grown in

sunlight. In just which media this reaction takes place, and to what

extent, is shown in Tables Yll to IX. It will be seen that the depth

of the color varies much in dift'erent media. The most unexpected

difference was found between boiled and raw potato. In the former

the color is nearly as deep as in any medium used, while in the latter

it is very pale even after a week's exposure to north light. The time

at which the color appears varies, of course, with the strength of the

light. On boiled potato in north light close to a window it begins to

be noticeable in a young culture on the second day of exposure if the

weather is clear, and reaches its maximum on about the fifth day, after

which it slowly fades as the mycelium dies from old age. In direct
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sunlight (Hie (lav's ('X])()sui-(' is (Mioujjfh to l)r'mo- the color in :i snjlicicnt

Minoimt (() Ix' \isil)l(\ In cuUiircs exposed (o tlic lit^lil, for a few days

and then placed aiiaiii in dai"Un(\ss the new jifi'owtli is white, showing
tli;i( llu> Mclion ceases |)i-aclically as .soon as (Ih' liohl is wit IkIimw ii.

'V\\v rays of li^hl that cause the salmon color to ;ippe:ii- nic all at

tlu* violet end of the siXM'truin. 'I'o test this, eio-jit tubes of hoiled

l)otato were inocuIatiMl with the Fn^idrinm^ juid two of these were sus-

pended in a saturated solution of potassium dichromate, two in a

I per cent 'solution of eoppc^r sulphate made strongly alkaline with

ammonia and tiltered to remove the copper oxide, two in distilled

water, and two were kept in the dark. The solutions w(;re in Ul-ounce

wide-mouthed cylindrical bottles, the tubes inserted through })erfo-

rated stoppers. The tops were wrapped well with black papei" jukI

the bottles set where they would get the direct sunshine in the at'tei--

noon. In the water the color began to appear in less than forty-eight

hours and continued to get deeper for sev^eral days. The tubes sus-

pended in copper sulphate and potassium dichromate solutions were

first examined on the fifth da}', and in the former there was a fairly

deep salmon color, while in the latter the mycelium was pure white

and continued so as long as the experiment was carried on, which was

nearly six weeks.

This light reaction maj^ perhaps be valuable as distinguishing this

Fimarium from others, as some have been tried in which the color did

not appear. It is not sti'ictl}" confined to this species, however, for it

was found to be very marked in a Fusariimi obtained from the inte-

rior of a cow^pea vine, and which is probably the JSfeocosinospora

described by Smith. ^*

RANGE OF TEMPERATURE FOR CJROWTH.

The fungus grows very well on boiled potato at temperatures from
about 15° to a little above 30° C. Below 15° the growth is slower and

slower as the temperature is reduced, until at 5° C. the increase in the

cultures from day to day is hardl}^ perceptible. At 37^° C. no growth

takes place in cultures that have been started at room temperature,

and at the end of a few weeks' incubation at this temperature the

cultures were entirely killed. This may perhaps be one reason wdiy

the fungus did not pervade the stems above ground. In the roots

the temperature is kept somewhat reduced b}^ the earth, but in the

stems growing in the sun it presumably often rises above 37^"' C. in

Washington summer weather.

"Bulletin No. 17, Division of Vegetable Physiology and Pathology, U. S. Depart-

ment of Agriculture.

14021—No. 55—D-l 4



50 DliV liul' <»!• roTAToKS.

NAMK OF THK FL'N(iUS.

Many sptM-itic nanu's lia\t' Imcii ^^iwu to Fusiirln <^n)\vin^ on the

potato, and wliilc sonic of these njinies may stand U)V distinct forms,

this is not at all certain. Most of these names undoubtedly arc syno-

nyms, and for the purpose of this })aper all are rej^ai-ded as such.

The earliest axailahle nann', therefore, has ))oen used for the ])arasite

under consideration, \ iz, Fusdrnnn o.rysjHu-niH Schlechtendal, 1S24.

The followinj^- are some of the nanu's that ha\'e been aj)plied to

Fusariiiiii orowino- on the jmtato, the specific ditierences, as will he

observed, bein^' oidy such as are now known to occur in ])ur(» cultures

of the same funi»us when u'rowu under varvino- conditions, \ iz, slitrht

difi'erences in comi)actness of mycelial growth, \ariations in size and

shape of spores, number of septa, odor, and coloi-. The jippendc^d

descriptions, when not otherwise stated, are translations from Saccar-

do's Svllope Fimoorum.

IS'24. Fiisarinni o.ii/sponnit Schlcclitendal.

Sportxlocliiuiu convex, sul)vcrnic()se, rosy, tinally l)ivakiii«r forth, ni^nilose and
conHnent; conidia «niall, curved, and very acute at ))oth endn. On half-rotten

tubers of j)otato. Si'hk'chtendal himself says: " F. stroma I'onvexuni erumpens
variuni roseuni superficie inae(]uali ru<;ul(isa, sporidiis parvis curvatis utrinque

acutissinns."

1842. F((s<iiiiiiii { Fiisisj)<}rinti)) «(>/«»/ (Martins) Saccanlo.

(Sporodochiuin ) *ilobose, irregular, tomentose, whitish; hyjilue branching;

conitlia fusiform-falcate, 3-5 septate, 40-60 X 7-8//. sul)hyaline.

Fnsdriuni {F((sif<poriu)n) solani-tuberottct Marims. Berkeley says this \a Pcriold

tontentosd Fries.

Kii.^drium {Fusi,y)oriHin) solan i-tubcwf^(( Desm. is transferred by Saccardo to

Fiinniofrs as P. sohnii-iuherom.

1S4(>. Fiif«triu))i (lid!/)nu)n Harting.

Same as F\i.s(n'ium .solani, according to De Bary.

1851. Fitsdrititii ( Fiisisjwriioii) roscohnn (B. and Br.) Saccardo.

Sporodochium rosy red, delicate, lloccose; hypluc short, conidia curved,

elongate, somewhat obtuse, 3-6 septate, subtorulose. Berkeley says of this: "Of
a delicate rose red, forming thin fioccose i)atches; fertile threads short; spores

curved, elongated, slightly o])tuse, 3-6 septate, often slightly projecting at each
dissepiment."

lSt;!>. Fitfidi'ium rioldceinii Fuckcl.

Sporodocliium widely sj)reading, with a pleasant odor, violet cjcrulean; coni-

dia fusiform, 2-3 septate, curved, 24-30 X 5-6//. According to Saccardo, Fuckel's

species is the same as Selenospormm avrvleum lAh. in Herb. c. icone, and he
substitutes the name F, ccenihum (Lib.) Saccardo.

1878. Fnsdniirn (Jip/ospontm C. and E.

Rosy, pulvinate; some conidia fusiform, acute at both ends, arcuate, nucleate,

finally becoming 3-septate, 40// long; others elliptical, uniseptate, 18 X 8//.

1886. Fusariinn commutdUun Saccardo.

Sporodochium widely spreading, white, mealy-fioccose; sporophores contin-

uous, branching; l)ranches ascending, suhalternate; conidia at iirst globose,

then fusoid, 3-septate, slightly cuivcd. This is the fungus described and figured

by Bonorden in 1851 as F. cdudKhiiii l<:hrenl)., but Saccardo says hardly 7''. cdiidi-

dum of Ehrenberg, and rejects the name apparently because of F. candidum Link.
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ISSS {'!). luisiiriniii yx.sV/.s- S(t|-aiU'r.

S<ir;mcr may liii\c <U'Scr'il)r<l (lii.'^ ruiiuMi,< in suiiic piiMicat i«»ii iiul ^-((•l) hy tlir

writers, 1ml there is ii«t deseriptidii dl" it in liis At las other than w hat mi^iht apiily

to any of the lorej^oin;;. The hrow n sjiots on the stiMn arc^ HMrroun<l(!(l hy a

loose while narrow zone of ]iyj)h;e jrrowin^ oiil ol tlu^ stoniata; Inter tlie black

place is coxcred hy a chalky white ellloreseiice (the fnn^ons tufts).

IS'.M. I'listiriiiiii ;irii(/iii(>siini Delacroix.

Sixirodochiiini larfj:e, lieinispherical, varyin;^' from hluisii to ^rec^iiish ( "e cyaneo

a'rujjiuosis ") , sporophores branching, si»arinj;ly sej)tate, hyaline, with rathei-

short branches; conidia falcate, :{-5 septate, not constricted, granular, liyalin(? or

slightly greenish, 20-25 x 4-5/*.

1895. Fuxar'nnii (icinin)uili(iii K\\. and Ev.

The authois describe this fungus as follows: "Sporodochia gregarious, minute,

\vhite at iirst, then flesh-('f)lored; conidia falcate, attenuate-acuminate at each

end, 8-5, exceptionally G-septate, not constricted, arising from slightly elongated

cells of the i)roligerous layer, in which respect it differs from the usual tyi)e of

Fumriuui. Quite distinct from F. diplosporiim G. and E., which also occurs on

the same host."

1896. Fuaariuni ajfinc P'autr. and Lamb.

Sporodochia amorphous, dirty white, superficial or internal; conidia hyahne,

cylindrical, attenuate, straight, at first simple then uniseptate, biguttulate, 10-15

X 4/^ (inside of the stem). Authors describe external spores as 18-20 X 2/^.

If the potato disease here described is identical with th(* sleep \"

disease of tomatoes, as seems probable, then l^usarluiit hjcopevalcl

Sacc. ma}^ be added to the above.

Judged by the above descriptions, we have had a half dozen or more
species of Fusarmm, in our culture tubes, some of them *' new species,"

and 3"et all were the product of a single spore. This does not mean
that there have been in our cultures any very wonderful transnuita-

tions of one thing into another, but only that organisms respond to

their environment, and that "species descriptions" of the kind cited

have not taken this fact into consideration, and consecjuently are worth-

less for scientitic purposes. This is not a new idea, but it is a fact to

which the attention of systematic mycologists might be directed profit-

ably at frequent intervals.

GEOGRAPHICAL DISTRIBUTION OF THE DISEASE.

There is good reason for believing that this disease is very widely

distributed over the United States. ''Dry rot" has been known to

be one of the most serious potato troubles for many years, and though

it has not been so clearly described in most cases as to esta))lish its

identity with the disease under consideration, yet it is extremely prob-

able that, in many cases at least, it is due to the same fungus.

It has been definitely identified from several ditlerent and widel}^

s(»parated States. As already stated, it was recei\'cd in lai'ge (pianti-

ties from Ilubbardston, Mich., in l.S!ll>. In Aj)ril, l*.Hi8. it was sent

in from Alleghany Station, Va., where it had done very great damage
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to stored potutot's tluiiiii; tlio winter, so tliiit tlie ^rown- had Ixmmi

t)hliged to feed them to his hoi^s. Ahout a lialf bushel of these pota-

toes was sent to the Depaitiiieiit of Ai^rieulture, and when cut oj)cn

a hii'j^e proportion showed the disease. Its identity was further estab-

lished by niicroseopieal examination and by makint^ cultures of the

funt^us from the discolored part of the tubers. One diseased tulier

was received from Manhattan, Ivans., where there had l)een nuich loss

in stored potatoes. This tul)er was browned in the vascular ring

throughout its entire extent. A few diseased vines and tubers were

received in the summer of 19(K^ from Nebraska, where considerable

injury was reported. Our own crop, raised on the Potomac Flats,

established the presence of the disease in the District of Columbia.

The disease reported })y Stewart from several i)arts of New York State,

and mentioned at the beoinning c)f this paper, appears to be the same.

It has also been sent to the Florida station of this Department from

several of the Southern States. In the fall of 1903 it was observed in

the vicinity of Madison, Wis.

It seems, then, safe to say that this disease extends north to Canada,

east to the Atlantic, south to the CJulf of Mexico, and west to Colo-

rado. How much wider its distribution is in this country can not be

stated at the present time, but it is almost undoubtedly beyond the

limits from which it has been so far reported.

If the disease in Enoland, Germany, France, and Belgium be the

same, it is certainly also widely prevalent in Europe.

REMEDIAL MEASURES.

As the fungus enters the plant below the surface of the ground and

may gain access at any time during the season, it is ver}^ dithcult to

combat. Spraying with Bordeaux mixture and other fungicides has

not been tried, but as these can be applied readily only to the tops

there is little reason to expect beneficial results.

Adding chemicals to the soil as fertilizers might be expected to help

ward ofi' the disease, but so far as experiments of this kind have been

carried out by the writers they have gi\en practically negative results.

The selection of resistant plants of diHerent varieties will be likely

to prove of the most value. Our varieties all suH'ered severely with

the disease, but some plants escaped, while others contracted the dis-

ease early in the growling season. In 1903, in our plots, above-ground

symptoms were visible on a few plants as earl\^ as July 15, and many
diseased plants were to be seen on Juh' 22. A month later the disease

was ver}^ conspicuous on the foliage in all parts of the field, but there

were still many plants w^hich showed no symptoms. Experiments

with other ^'arieties would be likely to establish the same partial

immunity, and from the most resistant of these plants it is probable
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thai liardv strains could \)v orioinalcd. A(U'.)i-din<4- to I'^rank, the

(J(M-maii disease also attacks some varieties more icadily than olliei's.

IMantiiij^- on soil free from the disease, with sound tubers obtained

from localiti(^s where the disease does not occur, is ceilainly to l)e

recommended. The stem end of every tuber should be cut oil' and

inspectcMJ iuMore deciding- to })lant it. It is mu(!h (»asier to ke(;p this

fundus out of a soil than to overcome it when it is well established.

it should be i(\<i'arded in the same lioht as a very noxious weed, and

every ellort nuist be made to keep the potato lields free from it. A
word to the wise is suflieient.

If tubers atfected with this disease are used for seed, the resultinf^

crop and successive crops will be attacked, as the fungus is thereby

placed in the best possi))le position to infect the young roots, even if

it does not grow into the new plants directly through the sprouts,

which it is extremel}^ likely to do.

It is of equal importance to avoid planting potatoes for several years

on land where the disease has appeared, as the fungus keeps alive in

the soil for some time—how long has not been determined.^' Such

infected land should be used for other crops, preferably cereals or

grasses. Badly diseased tubers should not be fed to stock, as the heat

of the animal ))od3' for so short a time is not suflScient to kill the spores,

nor would the digestive fluids be likely to do so, and the}^ would therefore

be thrown out on the land read}^ to attack another crop. They should

be burned or buried on waste land in a deep pit, with the addition of

some barrels of caustic lime.

It has already been shown that when the potatoes are harvested the

extent of the disease in those affected is usually comparatively slight

—

often quite unnoticeable to the casual observer.^ It is while they are

in storage that the greater amount of the destruction and consequent

loss takes place. It becomes of very great importance, therefore, to

know how to handle these slightly diseased potatoes so as to prevent

the further progress of the fungus.

« In the case of several diseases of this type it is known positively that land once

infected remains infected for many years.

^^If a potato disease that prevailed extensively in the fall of 1903 in several counties

in Minnesota, which has been received more recently from Maryland and reported

from Michigan, be the same, then this statement must be modified. This disease

appears to follow wet weather, and is characterized by a hard, black stain running in

from various parts of tlie surface of the tuber, often involving nearly the whole tuber,

and seldom more than one centiirleter deep. The infection in this disease is not by

way of the vascular system, but seems to be from any part of the soil in contact with

the tuber, and i)robal)ly by way of the lenticels. The disease suggested J'Jii/lophtJiora,

T)ut the mycelium found in the tissues on microscopic examination did not belong to

this fungus. Two sets of i)oured plates yielded Fnxdritun colonies, and the third set

only some scattering bacteria. The losses in Minnesota amounted to thousands of

dollars. Early digging would undoubtedly have prevented most of this lo!«s.
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First in iiiiportjinco is tho (|iu\sti()ii of tcnipcijitiiro. Potatoos tluit

show a slialit tiact' of hrovvn coloi* in tlic iK'sli at tin* l)sisal ond should

never be stored in warm rooms. Tiiey sFioukl Im' kept in a i)lace as

cool as it is possible to obtain witliont danj^cT of freczinu;, i. c, at or

l)elow 40 F. This low temperature may be had in cool cellars, but is

best ol)tained by our modern coId-stoi*a«»;e processes, and here there is

little dano-er of loss by contimied oiowth of the fundus. Foi- the aver-

age potato orower, however, cold storage is Ji piocess too expensive

to be i)ractica])le. lie must resort to storint>- in the oround or in

cellars. Of these, pits in the t^round or cellars under barns are likely

to ])e cooler during- the winter than cellars under houses, and on that

account would be preferable for these slightly dist^ased potatoes,

though there is, of course, a vast diflferenci^ in the tempc^rature of

house cellars.

Where it is not practicable to store in a decidedl}' cool place, such

potatoes should ))e sold in the fall. Except for the browned rec^ion

at the base, the potatoes are not discpialitied for eatinc^, and this part,

if not too extensive, can be removed in parin**-. This, however,

involves a waste, and the (piality of the unattacked parts of many of

these tubers seems to ])e inferior. There is no dano-er in usino- these

l)artially atlected tubers. Cooking kills the fungus; but even if the

tubers were eaten raw the fungus could do no harm to a human being-,

as it has been shown that it can not grow at blood temperature—87i^ C.

Moisture is another factor to be considered, though to a much less

extent than temperature. The fungus can grow readily and even

rapidly in the tu])ers in a very dry air, but it has been shown that in a

moist atmosphere there is a much greater ])roduction of mycelium on

the surface, and consequently more spreading- of the rot by contact.

Furthermore, the tubers killed by the fungus, if kept dry, shrivel up

and undergo no further change, but if there is moisture present the}^

are invaded by various soft bacterial rots that may spread into the

sound potatoes by contact, and thus increase the loss.

To recapitulate:

(1) riant only sound tubers on uninfected land.

(2) Keject ))adly diseased tubers and store slightly diseased ones in

a cool dry place, i. e., at 35^ to -iO^ F.

(3) If lejection and storage can not be carried out as recommended

above, sell soon after digging, or at least as early as December.

(4) When there is any sus])icion, buyers should always keep the

potatoes in cold storage.

(5) Stake the soundest, best-looking plants on diseased fields and

save the tubers from such plants for further experiment in the hope

of originating- resistant strains.
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CULTURE MEDIA USED.

Tlmt i\\r icikUm" iiuiy obtain a more jicciii'atc luiowlcdL!*' of the. com-

position ol cacli kind of incdiuMi used in the l'or('o<)iiio- cxpci'inK'nts

and the details of I he [)ro((vss l>\ wliicli it was made, to aid liini in

int('rj)r('t iiiL:" any pccidiaiMtics of the rcsnlls llic loilow ino- d(»soTiption-

ai'c mixcn. I'idcss otlHM'wisc statcnl in tiic text, tlic in<'dia were ail

u>('(l t'oi" tnlx' cnlturcs, and the tubes of the a<»-ar, the o'elat in. the silicates

jelly, and tlie boilinl ta|)ioea wvvo all Fiai'dened at a loiio- shint. When
the nature ot" the medium was such that it could I'cadily be nieasured,

10 cubic centiuH^ters was tlu^ amount used for each tube. It is not to

be understood that the t'ollowino- methods of ])rocodure are I'ecom-

lUiMided as always in all respects the bc^st, but they mv referred to

oidy as those actually used.

Potdio iKjur (TT))).—V(MT smooth, sound potatoes were thorouo-hly

scrubbed, washed tive times in distilled watiM", pared, washed a^-ain in

distilled water, and sliced thin. To 200 grams of sliced potato were

added 500 c. c. of distilled water, and the whole was heated in a

steamer for 1^ hours at 75° to 85° C, then tiltered hot, without

pressure, through a clean towel. Water was then added to bring the

amount up to 500 c. c. To half of this (250 c. c.) was added 7.5 grams
of Lautenschlager's agar flour that had been heated with 250 c. c. of

distilled water in an autoclave at 110' C. for 15 minutes. The potato

infusion and the agar solution were then thoroughl}' mixed and heated

in an autochive at 110' C. for 10 minutes.

Pcpfon fzed 2)^>t<(f"<({/((>' {17^).—Like 778 but with the addition of

enough of Witte's peptonum siccum just before mixing with the agar

solution to make the whole one-half per cent. The potato infusion

used was half of th(^ 500 c. c. prepared for 773.

Beef (tgar{'i^^).—To one part finely chopped lean beef (918 grams)

were added two parts (1,836 c. c.) distilled water. This was kept in a

wat(U" bath between 50° and 60° C. for an hour, and then heated at

loo C. for an hour. It was then filtered hot in a meat press through

a clean towed and cooled and filtered again through tilter paper.

P^nough of Witte's peptonum siccum to make the final product 1 per

cent was added and the whole heated to 100° C. for an hour and til-

t(M'ed through paper. Water was then added to bring tin* total

amount back to 1,N36 c. c. This ])ouillon was then titrated with plienol-

])hthal('in. and NaOlI was added to make it -^It) on Fullers scale. '^

To 1.000 c. c. of this bouillon was added 10 grams of Lautenschlager's

agar flour, and this was heated at loo- for half an hour and then

cooled down Ixdow tJo (\ The neutralized whites of two ei»'<>s were

th(Mi addcnl and thoroughly mixed to clarify the medium. It was then

heated to Loo for one hour, tiltered through pai)er, and luitoclaved

for HftecMi minut(\s at llo ('.

^'See footnote on j). 41.
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Smj,ti'-h> rt ii[/iir (TSH).— A hir^t' sound suiiai" Imm-I was tliorouuhly

scruhht'd, washed in tlistilli'd water, })ared, and jj^ratcd tino. To 1,000

t^ranis of ln'ot l>idp was added l,r)00 c. c. distilled watei-. and the whole*

was heated at lOoC. for half an hour, then tiltered underpressure

throui^h a clean towel. Water was added to the liciuid to hrinj^ the

total amount up to 2 liters. This was titiated and found to he f *> on

Fuller's scale. No alkali was added. Ten oranis of aj^ar Houi* were

added, and it was then heated at 100^ for three-(piarters of an iioui",

tiltered through tilter paj)er, and heated again on three successive days

for 10 minutes at 100^ C.

Boiled sugar beet {'i{)i)).—From the same beet used in making- the

above, cylinders about 1^^ inches long- were cut with a large cork borer.

These were washed in distilled water and trinuned to ji long slant at

one end. They were then put in test tubes with a little distilled water

and heated on three successive days for 10 minutes at loo'^ C.

BoUedpotato (792).—Large sound potatoes w^ere thoroughly scrubbed,

W'ashed in distilled water, pared, washed again, and cut into cylinders

about H inches long with a large cork borer. These cvlinders were

washed in distilled water, trimmed to a long slant at one tMid, washed

again, and ])ut in test tubes with a little distilled water. They were

heated on three successive days in a steamer for 10 minutes at 100'^ C.

Beef (jelatin (798).—To 500 c. c. ])eef bouillon (made precise!}' like

that used for beef agar 780, including 1 per cent peptone) was added 50

grams of Nelson's No. 1 photographic gelatin. This was allow^ed to soak

for l.V hours, then heated in a steamer for 5 minutes at loO C. It was

titrated with phenolphthalein, and NaOH was added to make it -|-15

on Fuller's scale, then heated at 100^' for 20 minutes and tiltered.

Heated in tubes on first day 10 minutes, and on secontl and third days

5 minutes each at 100° C.

Boiled rice (790).—Clean rice, 2^ grams, and distilled water, 10 c. c.

per tube, were heated in the autoclave for 10 minutes at 115 ' C.

LitiHus lactose (f (/((/' (821).—To 500 c. c. of beef agar made like 786

was added 10 grams of lactose and just enough of Merck's puritied

litnuis to make it a bluish color. Heated 10 minutes at 100°, pipetted

into tubes, and heated on three successive days at 100° C. The tubes

were laid so that the agar hardened at a long shmt.

Baalin's ^fluid (S'^^).—To 1,500 c. c. distilled water were added, in

order: Cane sugar, granulated, 70 grams; tartaric acid, -1 grams;

anunonium nitrate, ^ grams; annnonium phosphate, O.OO gram; potas-

sium carbonate, 0.60 gram; magnesium carl)onate, 0.40 gram; annno-

nium sulphate, 0.25 gram; zinc sulphate, 0.07 gram; ferrous sulphate,

0.07 gram; and potassium silicate, 0.07. This mixture was heated on

3 successive days, for 15 minutes, at 100° C.

Boiled sweet potato (823).—Several small sweet potatoes were

scrubbed, pared, washed in distilled water, cut into cylinders with a
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l:ir^t' coi'k horci'. (riimncd lo a loiio- .sliiiil a( one end, and jxit in luhcs

with a lilllc distilled wjitcr. AutoclaAcd for In minutes jit I
!'> (".

/)oi/r(/ /xf /!<///</ {H2-^). ricccs of harcdy ripe yellow hanjina alK)iit .^

hy \h incluvs wei-e put in (ubeswilh a lillle distilled watei-. Auto-

cluved for 1<> iuiiuit(\s at 1 Id C.

P>n!/r(l rid' (S:>5).--Liko TiMI.

lioiltd f(ij)!(>c<i (Si>()). Tulxvs wero filled to tlio (h^ptli of I inch

with pearl tai)io('a, and In c. c. of distilled w'ati^' was added to each.

Aft(M* s()akin<i' for 4 iiours they were autoelaved in a slanting position

for IT) minutes at 1 15' C.

Bnihd irlir((f (S^^T). -Tu))es w^cre filled to the depth of 'i inch with

soft red wdieat and 10 c. e. distilled water added. This was allowed

to soak over nio-ht and then autoelaved three times for 15 minutes

at 115 C.

B(filed corn (827).—Tubes were filled to the depth of f inch with

white dent eorn, coarsely cracked, and 10 c. c. of distilled water added.

After soakino* for 1^ hours they were autoelaved 3 times for 15 minutes

at 117^ C.

BnUcd heanfi (829).—Tu})es were filled to the depth of f inch with

coarsely cracked white navy beans and 10 c. c. distilled w^ater added.

After soaking -1 hours they were autoelaved for 15 minutes at 115 C.

Boiled prunes (830).—Several pieces of best quality prunes were put

in tubes and 10 c. c. distilled water added. After soaking for 4 hours

they were autoelaved for 10 minutes at 110^ C.

Boiled sugar heet (881).—Made exacth^ like 790, except that the

beets used were less than half grown.

Silicate jelly (833).—To 100 c. c. of hydrochloric acid, sp. gr. 1.10, was

added drop by drop 100 c. c. sodium silicate, sp. gr. 1.107, the mix-

ture being stirred constantly. This was dialyzed for 6 hours in run-

ning water. To 200 c. c. of this was added 50 c. c. of a solution like

Raulin's, but more concentrated, the same weight of salts being used,

but onlv 200 c. c. of water instead of 1,500 c. c. After thorouo-h

mixing, 10 c. c. ((uantities were pipetted into tu))es and then were put

in the autoclave in a somewhat inclined position and heated for 10 min-

utes at 110^ C. The steam was not allowed to escape while the auto-

clave was cooling, and the jelly came out homogeneous and clear, and

sufiiciently hard.

Jjsc]iinslxy\ fluid (811).—To 500 c. c. of distilled water were added:

Ghxerin, 15 c. c; ammonium lactate, 3 c. c. ; sodium chloride, 1.5

grams; sodium asparaginate, 1.5 grams; dipotassium phosphate, 1

gram; calcium chloride, 0.05 gram; magnesium sulphate, 0.05 gram.

This mixture was heated for 30 minutes at 100'^, filtered, tubed, and

autoelaved for lo minutes at 110^' C.

Beefhouillon (858).—This was made exactly like the bouillon for

agar No. 786, except that 1.165 grams of b(M>f and 2,330 c. c. of water
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wove used, and thr solution was licatrd oiilv lialt" an hour jci^t at'tci

tlu' pcptono was addtnl. It was tinally aiitodaved !<» minutes at 11.">C.

The aeidity was -(-15 and tlu' peptone 1 per cent.

Boihd potato (865).—Made exactly like Tl>i^

In sterilizino- the followint*" media the autochive was heated to the

l)oilint»- point, the tubes put in cold, and the cover screwed down
immediately. As soon as steam heoan to come out t'reidy, which was

before the tulu's were heated through, tlie M-nt was closed and no

steam was allowed to esca])e until the sterilization was tinishe(| and

the autoclave cooled down Ik'Ionv the l)()irmo- point. This was to })re-

vent any escape of the acids. All the tubes containinj^ acids were

autoclaved for 10 miiuites at a temperature varying between 105^

and 107- C.

The acids used were all titrated with o-reat care and accuracy, N 20

sodium hydroxide and phenolphthalein bein^' used. They were in all

cases retitrated after dilutino- to the proper strength.

S6GA to L.—These were made by preparing- potato cj-linders like

those in 8t)5, and adding to each tube before sterilizing a little water

and I c. c. of acid -|-'i50. As the size of the potato cylinder and the

amount of water were made so that together they would weigh as

nearly as possil)le 1> grams, the approximate acidity of the product in

each case was -|-25. The acids used are shown in Table IX, series 1.

872 to <SVSV>.—Made b}^ heating together rice water and acids in such

proportions that the products would be of the exact acidities given in

Table IX, series 2. The acids used for making the tubes of acidities

up to and including -hi 50 were all -|-^50, those for 4-200 and -|-300

were -h500, and the tartaric for -h-tOO and -hoOO w^as -f- 1,000. The
amount of rice used for each tube was such that the cultures should

be neither too wet nor too dry, and varied with the ditt'erent acids.

SSJi to SSG.—\\\ preparing these alkaline media the sodium hydroxide

used was from the N 20 used in titrating acid solutions, while tln^ car-

bonate used were made —100 on Fuller's scale. In titrating them
phenolphthalein was used as an indicator, and residual titration was

resorted to (see KSutton's Volumetric Analysis, Sixth Edition, p. 50).

In this sulphuric acid N 20 and sodium hydroxide N 20 w'ere used.

These alkalis were mixed with rice and water in proportions to give

exactly the alkali nities stated in Table VIII.

S9oA to (>.—The acids used in preparitig these media were all -[-250.

They were mixed with rice and water in proportions to give the

acidities shown in Table X. All were* autoclaved for 10 miimtes

at 110 C.

Rair potato eyllnders (896).—Several large sound Burbank potatoes

were thoroughly washed, soaked 5 minutes in 1:1,000 corrosive subli-

mate water, washed again in distilled water, pared with a sterilized
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kiiitV. and \\:is1hm1 aj^aiii in dislillcd walci'. I'^foin (licsc potatoes (tyl-

iiulci'.N wvvr (111 witli a stci'ili/cd cork horcr and allowed lo drop

directly into tidx's containing- a little jiutochived distilhul witer. 'I'ln'y

\vei*(^ allowed to incul);ite i'oi' 2 weeks sit '^7^' C, and for 2 W(»oks loiio-c^r

at I'ooin leniperatures; and at the end ot" that time all llia( sliowe(l ajiy

^io'ns of bacterial or runj^'ons orowtii were discai'ded. i'liey wo'e at

this time nearly Idack on the surface from oxidation.

SUMMARY.

(1) This hullotin doals with ji potato disease common ovei- a consid-

erable portion of the Tnited States and variously known as bundle

blackenino-, stem rot, dry end-rot, and dry rot.

(2) The bundle blackening and dry end- rot of the tul)er are two
stages of the same disease. This begins in the lield in the underground

stems and roots.

(8) A fungus is always present in the darkened vascular bundles of

the tubers in sparing amount, and cultures therefrom ha\-e shown this

to be a Iu(s((ruun.

(4) The above-ground symptoms are slow change of color, dw^arfing,

more or less rolling or curling of the leaves, and, finally, a wilt of the

foliage and the falling down of the stems.

(5) The tirst symptoms in the tu})er are nearl}^ always at the stem

end in the form of brow^ied or blackened vascular bundles. During
this stage of the disease the tubers are sound externally. The dark

stain in the vessels nvdy tinall}' extend to the eye end of the tuber, the

parench^-ma within and without remaining sound and white or becom-

ing yellowish as the fungus invades it (finally shriveled, gra3^ish brown,

and hard), or else breaking down with mixed infections including

various soft bacterial rots.

(0) The fungus grows readil}^ in a great vari(^ty of culture media.

It varies considerabh^ in form, color, and spoi'ihcation according to

the environment. On cooked potato and in a num])er of other media

it is white when grown in darkness but bright salmon when exposed

to the light. On cooked beans the fungus is gray both in light and in

darkness. Under varying conditions various colors were obtained,

e. g., purple, violet, lilac, pink, rose, yellowy cream, salmon, cinna-

mon, gray, and green. Macroconidia were more abundant in some
media than in others, and in certain acid media only distoited ( hlamy-

dospores were produced.

(7) The fungus tolerates large amounts of some kinds of acids, e. g.,

malic, citric, and tartaric, and is inhibitx^d by small amounts of others,

e. g.. formic, acetic, and butyric. It endures considiM-able amounts of

alkalis, and these have a tendency to keep the mycelium whit(% or

when in excess to make it yellowish.
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(8) The fundus is aoro}>io. It does not jifrow at 87^ C (hlood boat)

and i»fro\vs with cxtivnie slowiioss at 5 C. (41 F.). It j^row^ well

between 15 and 30^ C.

(D) The fiini^us attaeks tlie phmt from the soil and winters over in

the earth. In hmd frequently planted to i)otatoes it ean pro})a})ly

maintain itself indetinitely-

(lU) A eopious use of fertilizers, sueh as lime, phosphat<*s. nitrates,

and potash salts, did not enable the plants to overcome the disease.

(11) The disease continues in stored potatoes, and if they are kept

in warm rooms the loss during the winter is likely to be large.

Tubers stored by the writers in warm rooms, whether moist or dry,

became badly diseased. Those stored in a cool place kept much })etter.

(i'2) Diseased tubers, therefore, should be stored in cool, dry rooms

and used early in the season. They should not l)e fed raw to stock.

(18) Infected land should be i)lanted to other crops for a series of

years. Tentatively, at least, it would be best to exclude also tomatoes,

eggplants, and pei)pers from such land.

(14) The greatest care should be taken to avoid the infection of

healthy land })y the planting of diseased tubers. All tubers designed

for seed should ])e cut at the stem end and carefully inspected before

planting.

(15) Diseased tubers should not be thrown on the manure pile.

(IC)) If the new wet-weather disease of potato tubers mentioned in

the footnote on page 53 be due to this same fungus, then some modi-

fications should be made in the statements in paragraph 5. It is prob-

able, also, that in some climates or conditions the fungus will ))e found

growing out into the parts above ground.
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DESCRIPTION OF PLATES.

I'l, ATKS.

Plmk I. l''r(n)fiK])i('(y. Potato plant in which part of the shoots apf)t'ars licalthy,

and part is affected with tlic Fiixar'nim disease, showing difference in the hal)it of

the afftH'ted part and particularly in the appearance of the leaves.

Pi,ATK 11. Potato plant in a somewhat advanced stage of the disease, the f(»lia^e

wiltiMl and drooping, hut the shoot not yet fallen ov^er on the ground.

Pi.ATi: III. Potato i)lant in a late stage of the disease, the shoots prostrate on the

ground and the leaves drying np.

Pi.ATi: IV. Sections cut across diseased tubers at the stem end, showing an earlier

stage of invasion of the vascular system by the fungus than that shown in Plate V.

Natural size.

Platk V. Figs. 1 and 2.—Sections cut across middle of diseased tubers, showing

blackened condition of the vascular system. Fig. 3.—Tuber similar to Fig. 1, with

the cortex carefully pared away so as to show the longitudinal extension of the brown

stain in the vascular system. Fig. 4.—A later stage, showing extension of the disease

to the whole interior of the tuber and tufts of white mycelium in the central cavities.

Figs. 5 and 6.—More advanced stages of the decay, showing large central cavities

fille(i by the fungus. ]More advanced condition than is shown in Plate IV. Natural

size.

Plate VI. Late stages of the disease in stored tubers exposed to warm, dry air.

Tubers shriveled and hard. Some free from surface mycelium. Others with masses

of the fungus on the surface and in closed cavities.

Pl.vte VII. A single colony of the fungus nine days old in a petri-dish culture on

sugar-beet agar. ^Mycelium grown from a single spore.

Plate VIII. Drawings made with the aid of the camera lucida, showing develop-

ment of the fungus. Fig. 1.—End of submerged hypha from the margin of a colony

(see PI. VII) on sugar-beet agar in a petri-dish culture, showing ha1)it of growth and

branching. X 108. Fig. 2.—End of submerged hypha from a colony similar to that

shown in tig. 1. This hypha has begun to form microconidia, which may be seen on

the end and on short lateral branches. X 108. Figs. 3-12.—Tip of a hyi)ha from

mycelium similar to that in figs. 1 and 2, showing in detail the formation of micro-

conidia. The hypha is submerged in the agar and the microconidia remain in

ai»proximately the i)osition in which they were formed. The time recjuired for their

formation may be judged from the appended figures, the hypha being under observa-

tion for several hours. X 324. Figs. 13-15.—Stages in the germination of a micro-

conidinm in sugar-beet agar in a Van Tieghem cell. In fig. 15 one cross-septum hiia

been formed an<l several vacuoles have become visible. The s])ore was i)Ut into the

'-Terminating cluunber at 10 a. ui. and began to germinate much sooner than is usual,

X 4S0. Figs. b)-lU.— Part of a hyi>ha growing in rschinsky's fluid in a Van Tieghem

cell, showing in detail stages in the formation of macroconidia on a swollen lateral

branch. X 216. Figs. 20-22. —Stages in the germination of a macroconidium in

63
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Uschiiisky'i* Hukl in a Van Tieglit-ni tvll. The spore wa** put into tbe gerniinatin^

tiuid at 10 a. m. X 4HC>. Figs. 28-25.—Mature niarnx*oni«lia grown in Uschinnky'H

tiuiil. Fi^'. 23 nearly straight; tig. 25 mucli t-urveil. X 2HJ, Fig. 2»>.—Part of

hypha grown in beef Ixtuillon, showing intercalary chlaniy(l(>!i>ores in stages of f«jr-

mation. X 135. Fig. 27.—Young chlaiuyilosiM»re Ixjrne on a short lateral branch,

growing in beef l>ouillon. X 135. Fig. 28.—Young chlaniytlusiKjre Ixirne terminally

on a long hypha, grown in beef lK)uillon. X 135. Fig. 2^>.—Mature chlamydosjMjre

grown in beef bouillon. X 480. Figs. 31-33.—Stages in the germination of a chlamy-

do8]X)re in beef Uiuillon in a Van Tieghem cell. The si>ore wa.< put into the germi-

nating fluid at 10 a. m., and l)egan to germinate earlier than any of the others in the

siime metlium. X 480. Fig. 34.—Tangential section through the vas<.'ular system

of a diseaseil tuber, showing the long slender hypha, following a reticulate vessel and

branching with it. X 110.

TEXT FIG IRES.

Fig. 1.—Diagram of a longitudinal section of a potato. The dotte<i line marks the

l>osition of the vascular ring, and the lines across the main axis indicate the distances

that the di-^^ease has progressed into this ring, designated in Table IV as "slight,"

"less than half," "half," "nearly all," and "all."

Fig. 2.—Diagram of potato field on Potomac Flat.<, Washington, D. C, in which

(1902) the experiments were made with different fertilizers and different varieties

with reference to resistance to the Fni^ariKm di.<ease. The lines represent the potato

rows, and their intersections the hills. The numbers l)elong to the i>lots directly

below them, and the fertilizers useil and the varieties planteil in them may be seen

from Table I. The hills in which all the shoots showed the effect of the disease on

July 27 are marked with a cross. Those in w hich only a part of the shoots was

visibly affected are markeil with an oblitpie line. The small plots planted to

"Browns" are omitted for reasons already stateil. There is a plantation road on the

upi>er and right-hand sides of the field, bluegrass on the lower side, and Burbank

pvitatoes of the same seed as that used in the exj>erimental plots on the left-hand

side. The ground slopes gently from the upper to the lower side of the field, as it

appears on the page, and very slightly from left to right, but to the casual observer

it would appear to be level.
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Bui. 55, Bureau of Plant Industry, U. S. Dept. of ARricultur*. Plate II.

Potato Shoot Attacked by Fusarium and Beginning to Wilt.





Bui. 5*1, Bureau of Plant ln(iustry, U. S. D.-pt. of Agriculture. Plate III.
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Bui. 55, Bureau of Plant Industry, U. S. Dopt. of Agriculture. Plate IV.

Stem End of Potato Tubers, Showing Black Stain in Vicinity of Vascular

Bundles Due to Presence of the Fusarium.





Bui. 55. Bureau of Plant Industry, U. S. D..pt. of AKricultur Plate V.
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Various Stages in Destruction of Potato Tubers by FuSARiuf





Bui. 55, Buroau of Pinnt Inciustry, U. S. Dopt. of Afrriculturo. Plate VI.

Action of Fusarium on Potato Tubers in Warm, Dry Air.





Bui. 55, Bureau of Piniit Industry, U. S. Dept. of A^jriculture. Plate VII

Mycelium of the Potato Fusarium, Grown from a Single Spore in Nutrient Agar.





Bui. 55, Butonu of PUnt Industry, U. S. Dcpt. of Apricuituro. Plate VIII.

Mycelium, Spores, and Germ Tubes of the Potato Fusarium.





U.S. DI'lPARlMl^N'r (W AnRICULTlJR]^

BUREAU OF PLANT INDUSTRY BULLETIN NO. 56.

H. I'. <iAM,(»\VAV, <lii<f nfl'.iiiKtn.

NOMENOLATIIREOFTHE APPLE;

A CATAl.OOrK OK TIIK KNOWN VARIET1E8 REFERRED

TO IN AMERICAN I'UBLICATIONS FROM

1804 TO li)04.

COMPILED BY

w. H. ra(;an,

Expert in Poimologicat. Nomenclature.

POMOLOGICAL INVESTIGATIONS.

Issued January 25, 1905.

WASHINGTON:
GOVERNMENT 1' R I N T I N G OFFICE.

1 9 5 .



IJIREAr OF TLA NT IMU'STRY.

H. T. (fALLOWAY,
PdtJwloijid and I'hi/siologid, and Cltief of Bureau.

VEGETABLE PATHOLOGICAL AND PHYSIOLOGICAL INVESTKiATlONS.
Albert F. Woods, Pathologist and I'hi/Kloloylat in Charge,

Acting Chief of Bureau in Absence of Chief.

BOTANICAL INVESTIGATIONS AND EXPERIMENTS.
Frederick A'. Coville, Botanist in Charge.

GRASS AND FORAGE PLANT INVESTIGATIONS.
W. J. Spillman, Agrostologist in Charge.

POMOLOGICAL INVESTIGATIONS.
G. B. Brackett, Pomologist in Charge.

SEED AND PLANT INTRODUCTION AND DISTRIBUTION.
A. J, Pieters, Botanist in Charge.

ARLINGTON EXPERIMENTAL FARM.
L. C. CoRBETT, Horticxdturixt in Charge.

EXPERIMENTAL (JARDENS AND GROUNDS.
E. ]\I. Byrnes, Superintendcjit.

J. E. Rockwell, Editor.

James E. Jones, Chief Clerk.

POMOLOGICAL INVESTIGATIONS.

SCIENTIFIC STAFF.

G. B. Brackett, Pomologist.

Wm. a. Taylor, Pomologist in Charge of Field Investigations.

G. Harold Powell, Pomologist in Charge of Fruit Storage Investigations.

H. P. GorLD, Assistayit Pomologist in Charge of Fruit District Investigations.

George C. Hcsmann, Viticulturist.

S. H. Fulton, Assistant Pomologist in Charge of Fruit Storage Investigations.

W. H. Rag an, Expert i)i Pomological Nomenclature.

2



^

urrn-K of transmittal.

U. S. Department of Agriculture,
Bureau of Plant Industry,

Office of the Chief,

Washington^ I). C , January 6\ 190J^.

Sir: I have the honor to transmit herewith the manuscript of a
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PRHFACH.

The pomolotrists and fniit orowers of this country have lonj^ felt

the want of a comprehensive pu})lication.on the nonienchiture of culti-

vated fruits.

The standard American authors of pomolojjj-ical works have dealt

mostly with select lists of varieties, naming and describing oiily those

possessing qualities that commended them to the several writers, and

which were, therefore, considered worth}^ of a place in their respective

volumes. These authors have not invariably given preference to the

same leading name for a variety. There are numerous instances where

a variet}^ appears under a particular name in the publication of one

author, while it is referred to as a synonym or is entirely omitted by

another writer.

For fuU}^ fifty years the American Pomological Society has dili-

gently and intelligently labored for a correct and uniform nomencla-

ture of fruits, but it has been hampered by lack of means and facilities

for accomplishing more than a limited amount of this work. Under
the auspices of the Division of Pomology of the Department of Agri-

culture, a dozen years ago the veteran pomologist Mr. T. T. Lyon,

of South Haven, Mich., was appointed a special agent to carry forward

this laudable work. At his death the work was undertaken by Mr.

W. H. Ragan, of Greencastle, Ind., a man equally versed in fruits,

and one who possessed natural qualifications, a long experience in

pomology, and a national reputation in fruit nomenclature. He has

carried this work well forward toward completion so far as it relates

to the apple, and it gives me pleasure to offer to the fruit growers

of the country the only approximately complete and elaborate cata-

logue of the nomenclature of apples thus far published.

It is the present intention to follow this with similar catalogues of

other cultivated fruits.

G. B. Brackett,

Pomologht,
Off^ice of the Pomologist,

WoHhington^ D. C. , January 4^, 190If,.
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H. 1'. I. '.M. I'oiM. I.—2:{.

NOMKNCLATUKH OF TIIH APPLH;

A CATALOGUE OF TIIK KNOWN VARIFTIKS I{KFK1[|[KI) TO IN AMER-
ICAN PUBLICATIONS FKOM n{l)4 TO 1904.

INTRODUCTION.

The following oatiiloguc of nmiied varieties of apples, with their

various synonyms, though far from complete, embraces all or nc^arly

all the names that appear in the published works of American writers

on this fruit; in the serial numbers of the Magazine of Horticulture

and of the Horticulturist, during their long periods of publication; in

the transactions of the American: Pomological Societ}^, and other sim-

ihir publications; in the reports of the State agricultural experiment

stations; in the lists of Benjamin Buckman and of Charles Gibb; in

the reports of the Pomologist of the United States Department of

Agriculture; in many of the nursery catalogues and trade lists, and in

other available publications.

The primary object of this bulletin is to bring together in one com-

prehensive volume all known names that have appeared in the Ameri-

can literature of the apple. Man^^ of these names have been printed

without descriptions of the fruit, and on further investigation some

will doubtless prove to be s^^ionyms of other varieties. It is believed

that this publication will be especially useful in correcting and simpli-

fying the nomenclature of the apple now well known to be in more or

less confusion, and that it will })ecome a standard guide in the naming of

varieties in the future. To nurservmen who should desire correct

names for their varieties, and especially to originators, who would

avoid the serious mistake of duplicating names in bestowing them on

their new products, this list must come as a valuable aid and helper.

In the nomenclature of this list the revised rules of the American

Pomological Society have been followed. One of these rules, and per-

haps the most important one, relates to the simplifying of our fruit

nomenclature. All unseendy and superfluously long names are reduced

to the simplest and most intelligible forms that will not bring them in

conflict with other names. The orthography is frequently c-hanged to

9
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niaUe it conform to the latest and most ai)[)rovt'(l authorities. Tliin is

iiotahU' true of i-eitain j)ersonal names heretofore often misspeUed

even hy the most eaicful writers, such as "liauh's" for ••Ralls/' the

name of the introducer of the apple so well known throut^hout the

South and West undei' many names and synonyms, of which ••Rawles

Janet" is perhaps the most common. This correction is made as the

result of a careful search of the otlicial records of Andierst County,

Va., where exists indubitable proof that *'Caleb Ralls" was not '^Caleb

Rawles." Other corrections, and by far the most numerous class,

are made to conform to the rules of the United States Board on Geo-

oraphic Names. These changes are applied to all names not hereto-

fore in conformity \vith the decisions of that board, which are now^

followed in all the branches of the Government service. Other chant,^es

that will appear are made in compliance with a conmion-sense tendency

now o-enerally recognized and approved of makino- a single word of

such names as ''Winesap,'' ••Redstreak," and othcM-s herc^tofore often

written or printed as two words.

The catalogue is alphabetically airanoed throucfhout, includint>- both

leadino- names and synonyms. Leading- names are, however, invari-

ably followed l)y citations of authors first using- them and then by all

their known synonyms. Theii" descriptions, if given or known, are

presented in ab])reviated forms in the tables. These descriptions

appear in the following order: Origin, form, size, color, texture of

tlesh, color of tlesh, flavor, quality, use, and season, after which will

often be found soiue explanatory remarks. Synonyms are followed

by citations of authors first publishing theiu, and then by their true

nauies. In the citations of authors for names or for synonyms it has

not always been possi})le to give the first publisher of the name owing

to the inaccessibility of a complete set of pomological pu})lications.

In not a few instances the same name has been applied to two or

more varieties and these have been so confirmed by long usage that it

has been thought imi)ossil)le to avoid the conflict and therefore inad-

visable to change them. In some of these cases an acceptable synonym

has been substituted for the published leading name; for instance, the

''American Golden Pippin." so called by Mr. Downing, is changed

to ''(xolding," which the author mentioned gives as a synonym, and

in this way one of the luuuerous "Golden Pipi)ins" is disposed of.

Others that can not be changed are written w ith their place of origin

or the author first publishing in an abbreviated form following, to

distinguish them, as '' Golden Russet (Eng.)," ^'Golden Russet (Mass.),"

'^Golden Russet (N. Y.)," or *' Eureka (Dap.)." In some instances,

however, this rule can not be applied, since origins and tlie names of

authors first publishing are unknown, and concerning such names

there will still remain some degree of uncertaint3\

In the long list of Russian varieties much confusion and uncertainty
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exist as to \\\o s('\(M':il iiitroduct ions, some of wliidi cirois will doubt-

less n'a})|)('ar ill this pnhlicatioii. This problem is, howcNci'. hcinj^

iiidiisti'iously and iiitidlij^cMtiy woi'Ucd out in the Nort hwcst, where

those Russian apples are of most value and of the oi-catest promise;.

An index to tlit» literature of the suhjeet is ai)pended.

CODE OF NOMENCLATURE OF THE AMERICAN POMOLOGICAL
SOCIETY. '

IMUOKITY.

RuLK 1. No two varieties of the same kind of fruit shall bear the

same name. The name first published for a variety shall be the

aecepted and recognized name, except in cases where it has })een

applied in violation of this code.

A. The term "kind" as herein used shall be understood to apply to those general

classes of fruits whicli are grouped together in eonmion usage without regard to their

exact botanical relationship, as apple, cherry, grape, peach, plum, rasplx'rry, etc.

B. The paramount right of the originator, discoverer, or introducer of a new variety

to name it, within the limitations of this code, is recognized and emphasized.

C. Where a variety name through long usage has become thoroughly established

in American pomological literature for two or more varieties, it should not be dis-

placed nor radically modified for either sort, except in cases where a well-known

synonym can be advanced to the position of leading name. The several varieties

bearing identical names should be distinguished by adding the name of the author

who first described each sort, or by adding some other suitable distinguishing term

which will insure their identity in catalogues or disc^ussions.

D. Existing American names of varieties which conflict with earlier published

foreign names of the same, or other varieties, but which have become thoroughly

established through long usage, shall not be displaced.

FORM OF NAMES.

Rule 2. The name of a variet}^ of fruit shall consist of a single

word.

A. No variety should be named unless distinctly superior to existing varieties in

some imj)ortant characteristic, nor until it has been determined to perpetuate it by
bud propagation.

B. In selecting names for varieties the following points should be emphasized:

Distinctiveness, simplicity, ease of pronunciaticjn and spelling, indication of origin

or parentage.

C. The spelling and pronunciation of a varietal name derived from a ])ersonal or

geographical name should ]je governed by the rules which control the spelling and

pronunciation of the name from which it was derived.

D. A variety imported from a foreign country should retain its foreign name,

subject only to such modification as is necessary to conform it to this code or to render

it intelligible in English.

E. The name of a person should not be applied to a variety during his life without

his express con.sent. The name of a deceased horticulturist should not be so applied

« Adopted at Boston, September 10, 1903.
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except througli foniml action by Home fomi>etent horticultural Uxly, preferably that

with which he was moHt clowely coiineited.

F. The use ot" such general terms as seecUinu, hybrid, pippin, pearmain, UMirr*-.

rare-ripe, damson, etc., is not atlmissible.

G. The use oi a ix)S8es«ive noun as a name is not admissible.

H. The use of a number, eitlier singly or attached to a word, should be r«^nsidered

oidy ius a temi)orary expetlient while the variety is undergoing preliminary test.

1. In applying the various provisions of this rule to an existing varietal nanje

whiih has through long usage become tinuly tMobedded in American jxjmcjlogical

literature, no change shall be made which will involve loss of identity.

Rule 3. In the full and formal citation of a \ ariety name, the name

of the author who tirst published it shall be given.

PUBLICATION.

Rule -t. rublication consists (I) in tlie distribution of a printed

descrii)ti()ii of the variety named, giving the distinguishing characters

of fruit, tree, etc., or (2) in the pul)lication of a new name for a variety

which is properly descrilu^d elsewhere; such publications to be made

in any book, bulletin, report, trade catalogue or periodical, providing

the issue bears the date of its publication and is generally distributed

among nurserymen, fruit-growers, and horticulturists; or (3) in certain

cases the general recognition of a name for a ])ropagated variety in a

community for a number of years shall constitiute publication of that

name.

A. In determining the name of a variety to which two or more names have been

given in the same publication, that which stands tirst shall have precedence.

REVISION.

Rule 5. No properly published variety name shall be changed for

any reason except conflict with this code, nor shall another variet}^ be

substituted for that originally described thereunder.

KEY TO THE ABBREVIATIONS USED IN CITATIONS OF AUTHORS
AND PUBLICATIONS.

In order to avoid all undue complications in the initials used, the

particular page where the name of a variety or its synonym is pub-

lished by atithors or others is not specified in this catalogue. The

numbers of ])ulletins, the year in which reports or magazines were

published, or names of the proprietors of the trade catalogues cited,

only are given. Thus "D" indicates that the variety referred to is

mentioned in Downing's Fruits and Fruit Trees of America, second

revised edition, 1869; ''111H'90,'' in the Transactions of the Illinois

State Horticultural Society for 1890; ''A'91,*' in the Proceedings of

the American Pomological Society for 1891; "IllB.I:5," in the Illinois

Agricultural Experiment Station Bulletin No. 45; "MagofH'38," in
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the Macrazineof Horticulbiro for 1S88; "P'94," in the Report of the

Poinolooist of the United States Departinent of Agriculture for

181)4, etc.

The foUowiiitj^ ah})reviations aroused in the descriptions of varictic^s:

Oriijhi: Kur., lOuropc; Fr., Franco; Am., America; N. Y., New York; (!tc.

I'oriii: c, conical; o, ovjitc; oh, oblate; obi, oblonj^; r, round.

Size: 1, larfjc; 1-vl, large to very large; m, medium; nd, nujdium to large; m»,

medium to small; h, small; v, very.

Color: b, blushed; c, crimson; d, dark; g, green; 1, light; p, pale; pu, pur[)l(;; r,

red; ru, russet; s, striped; w, white; y, yellow.

Flesh {texture): c, crisp; f, fine; fr, firm; j, juicy; m, medium; me, melting; t,

tender; v, very.

Flesh {color): g, green or greenish; s, stained or wine-colored; v, very; w, white

or whitish; y, yellow or yellowish.

Flavor: a, acid; b, brisk; m, mild; p, pleasant; r, rich; s, sweet; sa, subacid; v,

very; vi, vinous.

Quality: b, best; g, good; g-vg, good to very good; p, poor; v, very; vg-b, very

good to best.

Use: c, cider; d, dessert; f, family; k, kitchen; m, market.

Season: e, early; 1, late; m, medium; ml, medium to late; v, very.

ALPHABETICAL LIST OF ABBREVIATIONS USED IN DESIGNATING THE
PUBLICATIONS QUOTED.

A American Pomological Society Proceedings, 1852-1903,

AB Branson, Abner, catalogue, Westbranch, Iowa,

ABW Wenger, A, B., catalogue, Dayton, Va.

AB&Co Barnes, A., & Co., catalogue. Pleasant Run, Ohio.

ACT Tuttle, A. Clark, catalogue, Baraboo, Wis.

ADF&S Freeman, Mrs. A. D., & Sons, catalogue, Tadmore, Ohio.

AFM Mosby, A. F., catalogue, Richmond, Va.

AHCC&C .. Chadbourne, A. H. C, & Co., catalogue, Worcester, Mass.

AHG Griesa, A. H., catalogue, Lawrence, Kans.

AHortA American Horticultural Annual, 1868-1871.

AHS American Horticultural Society Transactions, 1 883-1888.

AJC Collins, Arthur J,, catalogue, Moorestown, N. J.

AJofH American Journal of Horticulture, Volumes I-IX.

AKC Clingman, A. K., catalogue, Homer, La.

AlaB Alabama Experiment Station Bulletin.

AlaExR Alabama Experiment Station Report.

AlaNCo Alabama Nursery Co. , catalogue, Huntsville, Ala.

AMB Amherst, Massachusetts, Experiment Station Bulletin.

AmF American Farmer, 1820-1881.

AmGar American Gardening, 1883-1902.

AndN Andorra Nurseries, catalogue, Philadelphia, Pa.

AN&OCo... Albaugh Nursery Sc Orchard Co., Tadmore. Ohio.

AP Pullen, A., catalogue, Milford, Del.

APC American Pomological Congress, 1 Vol., 1850.

ArizB Arizona Experiment Station Bulletin.

ArizExR— Arizona Experiment Station Report.

ArkB Arkansas Experiment Station Bulletin.

ArkExR — Arkansas Experiment Station Report.

ArkH Arkansas Horticultural Society Report.
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ASB&S BaHsett, A. 8., & Son, cutah*^'!!**, Gaine«ville, Tex.

A(feH AlbertHon A Hohlw, catiilo^iu*, Hriil^epoit, Ind.

B Barry, P., Barry'w Fruit < Janlni, 1888.

BAG C'radduck, B. A., catalo^iu'. Curve, Tenu.

Bai Bailey, Dr. L. H., Annals of Horticulture.

BBCo lirown Brotherw Co., i'atalo»;ue, Roche.^ter, N. Y.

BBL Buckniau, Benj., Lif<t of Fruit.M in Trial Orchard, Farinin^'dale, 111.

BBrt>s Baker Brothers, catalogue, F<trt Worth, Tex.

BOC Curtis, B. ()., catal(.<:uc, Pans, 111.

B(Ph)N r>loouiin«;ton (Fhoenix) Nurser}', cataloj^ui', lUooiiiin^ton, III.

Bult>,8 Bulletins (J and 8, Division of I*omoloj?y, V. S. Department of

Agriculture.

BWS Stone, B. W., catalogue, Thoniasville, (Ja.

C Coxe, AVilliani, A View of the Cultivation of Fruit Trees, 1817.

CAG Green, Charles A., catalogue, Rochester, N. Y.

CalB California Fxperinient Station Bulletin,

CanB Canada Fx|>eriiHent Station Bulletin, Central Experimental Farm,

Ottawa.

CanExR ... Canada Experiment Station Report, Central Fxi)eriuiental Farm,

Ottawa.

Can 1

1

Canada Horticulturist, monthly, 1890-1904.

Cat Catalogue, some nursery catalogue; so indexed })y Mr. Lyon.

CB Cornell, New York, Experiment Station Bulletin.

CBCo Chase Brothers Co., catalogue, Rochester, N. Y.

CBH Hornor, Charles B., catalogue, Mount Holly, N. J.

CGen Country Gentleman, 1859-1869.

CGP Patten, Chas. G., catalogue, Charles City, Iowa.

CH Hewitt, Clark, catalogue, Waupun, Wis.

ChNCo Cherokee Nursery Co., catalogue, Waycross, Ga.

CL\V Watrous, Chas. L., catalogue, Des ]\Ioines, Iowa.

CN Cumberland Nurseries, catalogue, Nashville, Tenn.

CNC California Nursery Co., catalogue, Niles, Cal.

ColB Colorado Experiment Station Bulletin.

ColExH Colorado Experiment Station Report.

Cole Cole, S. W., The American Fruit Book, 1849.

ColH Colorado Horticultural Society Report.

CtB Connecticut (New Haven) Experiment Station Bulletin.

CtExR Connecticut (New Haven) Experiment Station Report.

CW \V right, Charles, catalogue, Seaford, Del.

D Downing, A. J. and C, Fruits and Fruit Trees of America, 1845,

ed., 1869.

Dap Downing's Appendix I, 1872, II, 1876, and III, 1881, to Fruits and

Fruit Trees of America.

DDH Herr, Daniel D., catalogue, Lancaster, Pa.

DelB Delaware Experiment Station Bulletin.

DelExR Delaware Experiment Station Report.

DMM Moore, D. M., catalogue, Ogden, Utah.

DOM Munson, D. O., catalogue. Falls Churcii, Va.

DomEnc . . . Domestic Encycloj)edia, or Dictionary of Facts and Useful Knowl-

edge, tirst American edition, 1804.

DrHS Schroeder, Dr. Herman, catalogue, Bloomington, 111.

D&M Downing & Morris, catalogue, Clinton, Ind.

E Elliott, F. R., Elliott's Fruit Book, 1854.

ECNCo Elm City Nursery Co., catalogue, New Haven, Conn.
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KFS Slt'idiciis, Iv l'\, <*atal();riu', Cn'ti', Nchr.

VA't'Sl Mcndi'iiliall, Iv (1., calalo^MU', KiiiiimiKly, III.

Mil Ilttyt, Mduard, catalo^nic, Scotch ( JroNc, Iowa.

|'',MI'> Uucclily, \'.. M .. ( atalouMic, ( ii('cii\ illc, Ohio.

I'lON I'",ash'n» ()rc<;oii Nurseries, calalojjjiic, I'liioii, Orejr.

I'lrs Smith, Iv I*., catalo<;ne, (ii'eshatn, ()ri'<s.

I'.WK Kirk|>:ilri(k, Iv \\'., catalo^Mic, McK iiincy, Tex.

\:\\\{ Kcid, Iv W.. catalo^Mic, I'.rid^^cporl, Ohio.

VAW I>:ilwaii-vr .\: Karry, cataloj^iie, Ilochcster, N. V., iHT.VlWKi.

F Fitz, .1. \V., The Southern .Vppleand Peaih ( 'iiltnrisl, 1872.

FDNCo .... I'^rankhn I )a\ is Nursery Co., catalo^nie, Kichinoiid, Va.

FKY Voun^% I*' red. Iv, calalogiie, Rochester, .N. Y.

FFc^-S Ford, Frank tt Son, catalo^Mie, Ravenna, Ohio.

Flic (Miai)i)el, V. II., catalogue, Oregon, Wis.

FlaB I'lorida Kxperiinent Station Bulletin.

FlaFxR Florida Kx})erinient Station Report.

Flail Florida Horticultural Society Report.

FSI* Phoenix, F. S., catalogue, Bloomington, 111.

FTR Ramsey, F. T., catalogue, Austin, Tex.

FWK Kelsey, V. W., catalogue, Rochester, N. Y., 1877-1898.

F&L Fraser & Lippincott, catalogue, Huntsville, Ala.

G (ioodrich, Chauncey, Northern Fruit Ctdturist, 1850.

OaB Georgia Experiment Station Bulletin.

(iaFxR Georgia Experiment Station Report.

GaH (Georgia Horticultural Society Report.

GarCal American Gardener's Calendar, Bernanl McMahon, 1806.

GarM Gardener's Monthly, 1859-1885.

GAS Sweet, George A., catalogue, Dansville, N. Y".

Gb Gibb, Charles, U. S. Department of Agriculture, List of Russian

Varieties of Apples.

GB Greening Bros., catalogue, Monroe, Mich.

GBB Brackett, G. B., catalogue, Denmark, Iowa.

GenF Genesee Farmer, 1832-1854.

GeoR Ruedy, George, catalogue, Colfax, Wash.
GG&S Gould, Geo., & Son, catalogue, Yillaridge, 111.

GHM&S ]\Iiller, Geo. H., & Son, catalogue, Rome, Ga.

GHW... .-. Whiting, Geo. H., catalogue, Yankton, S. Dak.

GJC Carpenter, G. J., catalogue, Fairbury, Nebr.

GJK&S Kellogg, Geo. J., & Sons, catalogue, Janesville, Wis.

GLA Anthony, G. L., catalogue, Vandalia, N. C.

GLT Taber, Geo. L., catalogue, Glen Saint Mary, Fla.

GN^I ]Moyer, G. N., catalogue, Laketon, Ind.

GO Onderdonk, Gilbert, catalogue. Nursery, Tex.

Govlist List of Russian Varieties Introduced by U. S. Department of

Agriculture, 1870.

G&S Gardner (fe Sons, catalogue, Osage, Iowa.

H Hooper, Fl J., Hooper's Western Fruit Book, 1857.

HB&T Hoopes Bro. & Thomas, catalogue, Westchester, Pa.

HFH Ilillenmeyer, II. F., catalogue, Lexington, Ky.
H(iO Hale (Jeorgia Orchard Co., catalogue. Fort Valley, (ia.

HG&Co Hoover & Gaines Co., catalogue, Dayton, Ohio.

HMIIS History of the Massachusetts Horticultural Society, 1880.

HMSCo Simpson, H. M.,Co., catalogue, Vincennes, Ind.

Hort Horticulturist, The, monthly, 184t>-1875.
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Hov Hovt'v, C. M., the Fruits of America, 1851.

HPN Hart Pioneer XurMerie^, catalo*,'!!*', Fort Seott, KaiiH.

HSHe'tS Riijtp, Henry S., t'fe Sony, eatalo^Mie, ShinMiianstovvn, Pa.

HuC Huntj^ville Nursery Co., cataloj^'ue, Huntsvill*-, Ala.

H&Co Holland A Co., catalo^'ue, Plymouth, In. I.

I Ives, J. M., New Fn^'huul Hook of Fruits, 1S47.

laB Iowa Fxperinient Station Bulletin.

laFxIi Iowa Experiment Station Report.

laH Iowa Horticultural Society Report, lS«)7-h»0:?.

IdaH Idaho Experiment Station Bulletin.

IdaExK Idaho Experiment Station Report.

IH&S Hicks, Isaac, & Son, catalogue, Westhury Station, N. Y.

IllB Illinois Experiment Station Bulletin.

lUExR Illinois Experiment Station Report.

IllH Illinois Horticultural Society Report, ISOT-llMKJ.

IndB Indiana (Purdue) Agricultural Exi)eriment Station Bulletin.

IndExR Indiana (Purdue) Agricultural Exi)eriment Station RejKjrt.

IndF Indiana Farmer, 1840.

IndH Indiana Horticultural Society Report, 18()()-1902.

JAY Young, John .V., catalogue, (Jreenshoro, N. C.

JB Bidwell, John, catalogue, Chico, Cal.

JB\Vc*tr> Wild, J. B., c^t Bros., catalogue, Sarcoxie, Mo.

JGH&S Harrison, J. (i., & Sons, catalogue, Berlin, Md.

JGW Wertz, J. G., catalogue, Salem, Va.

JHB Black, Joseph II., <k Son, catalogue, Hightstown, N. J.

JIN Newson, J. 1., catalogue, Nashville, Teim.

JLB Brown, J. L., catalogue, Kearney, Nehr.

JMO Ogle, J. ^I., catalogue, Puyallup, Wash.

JNCo Jewell Nursery Co., catalogue. Lake City, Minn.

JRJ Johnson, J. R., catalogue, Coshocton, Ohio.

JSCctS Collins, J. S., & Son, catalogue, ^Nloorestown, N. J.

JSK Kerr, John S., catalogue, Sherman, Tex.

JTL Lovett, J. T., catalogue. Little Silvers, N. J.

JVC Cotta, J. v., catalogue. Nursery, 111.

JVL Lindley, J. Van., catalogue, Pomona, N. C.

JW AVaters, James, catalogue, Watsonville, Cal.

JWA Austin, J. AV., catalogue. Pilot Point, Tex.

JWA&Co... Adams, J. AV., & Co., catalogue, Springfield, :Mass.

JWK Kerr, J. W., catalogue, Denton, Md.

JAVM Manning, Jacob AA'., catalogue, Reading, Mass., 1875-1892.

JAA'S Stevenson, J. W., catalogue, North Bend, Nebr.

JW&S AVragg, J., & Son, catalogue, AA'aukee, Iowa.

J&R Jones & Rouse, catalogue, Rochester, N. Y.

K Kenrick, AVilliam, The New American Orchardist, first edition,

1841.

KanB Kansas Experiment Station Bulletin.

KanExR ... Kansas Experiment Station Report.

KanFM Kansas Fruit Alanual, 1886.

KanH Kansas Horticultural Society Report.

KHN Kansas Home Nursery, catalogue, Lawrence, Kans.

KN Klehm's Nurseries, catalogue, Arlington Heights, 111.

KyB Kentucky Experiment Station Bulletin.

KyExR Kentucky Experiment Station Report.

KyH Kentucky Horticultural Society Report.
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Ki*;:S Kelly, .1. ()., t^ Sons, catalo^nc, J(>ff, Ala.

L LyoM, T. T. ; iiaiuc m(»<lili<Ml by Mr. I -yon anC 'liairniunof Comniitfce.

|.al> I.onisiana Isxpci iiiicnl Station P.ullctin.

LaKxK I-itni.>^iana I'!x]icriniciit Slaliim llcporl.

LB Knrhank, I.nthci-, (•atal<);^u«', Santa Ivosa, (/al.

liC Coatcs, Leonard, calalo^uc, Najta, ('aL

(LC) Lyon's cataloj^iic of trial varicitics at South llavc^n, .Mich.

Lin Linna>an Botanic (iardcn, catalo^^uo of 1844-45.

LK Roescli, T^owis, cataio<;no, Fredonia, N. Y.

LTS Sander.^, L. T., catalo>,'ne, Plain Dealing, La.

LWC&Co... Carr, L. W., & Co., catalogue, Erie, Pa.

M ^Manning, Robert, liook of Fruits, first edition, 1838.

MagofH Magazine of Horticulture, Bo.ston, C. M. Ilovey & Co., I<s:i5-18G0.

MassB Massachusetts (Hatch) Experiment Station Bulletin.

MassExR Massachusetts (Hatch) Experiment Station Report.

MassH Massachusetts Horticultural Society Report, 1865-1903.

MB&Co Barnes, M., & Co., catalogue, Groesbeck, Ohio.

MDB Beatie, M. D., catalogue, Atlanta, Ga.

MdB Maryland Experiment Station Bulletin.

aVWExR Maryland Ex[)eriment Station Report.

MdH Maryland Horticultural Society Report.

MeB INIaine Experiment Station Bulletin.

MeeM Meehan's Monthly, 1894-1897.

MeExR Maine Experiment Station Report.

MeH Maine Pomological Society Report.

MHSC Montreal Horticultural Society, Canada, 187f)-1888.

IMichB Michigan Experiment Station Bulletin.

MichExR . . Michigan Experiment Station Report.

MichH Michigan Horticultural Society Report.

MinnB Minnesota Experiment Station Bulletin.

MinnExR . . Minnesota Experiment Station Report.

MinnH Minnesota Horticultural Society Report.

MinnHort.. Minnesota Horticulturist, monthly, 1894-1901.

MissB Mississippi Experiment Station Bulletin.

MissExR . . . Mississippi Experiment Station Report.

MJG Graham, M. J., catalogue, Adel, Iowa.

MJH Henry, M. J., catalogue, Vancouver, B. C.

MLACo Missing Link Apple Co., catalogue, Clayton, 111.

MoB Missouri Experiment Station Bulletin.

MoExR Missouri Experiment Station Report.

MoH Missouri Horticultural Society Report, 1 863-1902.

MontB Montana Experiment Station Bulletin.

MontExR . . Montana Experiment Station Report.

M&S Myer, D. S., & Son, catalogue, Ridgeville, Del.

N Northwestern Pomology, Gurney, 1894.

NAPC North American Pomological Convention Report, 1849.

NCB North Carolina Experiment Station Bulletin.

NCExR North Carolina I^xperiment Station Report.

NCH North Carolina Horticultural Society Report.

NDB North Dakota Experiment Station Bulletin.

NDExR North Dakota Experiment Station Report.

NebB Nebraska Experiment Station Bulletin.

NebExR . . . Nebraska Experiment Station Report.

16571—No. 56—05 2
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XehH Nebraska Ilorticultiiial Sot-ift y K^ixirt.

NKF New Kn^'lainl Farmer, 1822-1H71.

NevB Nevada Ex[)eriment Station Bulletin.

NevKxK ... Neva<la Kxperiiueiit Station Report.

NHl» New llauipshire Kxperiinent Stati(»n lUilietin.

NHExli New HanipHhire Experiment Station Report.

NJB New Jersey Ex{>eriment Station Bulletin.

NJExR New Jersey Experiment Station Rei)ort.

NJH New Jersey H()rti(ultural Society Report.

NMB New Mexico Experiment Station Bulletin.

NMExR New Mexico Experiment Station Report.

NSB Nova Scotia Exj)eriment Station Bulletm.

NSExR Nova Scotia Experiment Station Report.

NSH Nova Scotia Horticultural Society Report.

NWC Craft, N. W., catalogue, Shore, N. C.

NWFC; Northwestern Fruit Growers' Association Report, 1852 and 1855.

NYAg New York Agricultural Society Report.

NYB New York Geneva F^xperiment Station Bulletin.

NYExR New York Geneva Experiment Station Report.

OhioB Ohio Experiment Station Bulletin.

OhioExR - .

.

Ohio Experiment Station Report.

OhioH Ohio Horticultural Society Report.

OKG (Tcrrish, O. K. , t-atalogue, Lakeville, Mass.

Ok IB Oklahoma Experiment Station Bulletin.

OklExK Oklahoma Experi'vient Station Report.

OL Eocke, Otto, catalogue, New Braunfels, Tex.

OntB Ontario, Canada, Experiment Station Bulletin.

OntExR Ontario, Canada, Experiment Station Report.

OntH Ontario Fruit Growers' Association Report.

OreB Oregon Experiment Station Bulletin.

OreF^xR Oregon F^xperiment Station Report.

P Pomologist, U. S. Department of Agriculture, Report, 1886-95.

PaB Pennsylvania Experiment Station Bulletin.

PaCR Pennsylvania Agricultural College Report.

PaExR Pennsylvania Experiment Station Report.

PaH Pennsylvania Florticultural Society Report.

PE Emmerson, P., catalogue, Wyoming, Del.

PEN Port Elgin Nursery, catalogue, Port Elgin, Ontario.

Penll Peninsula Horticultural Society Report.

PFar Prairie Farmer, 1841^-1897.

PHF Foster, P. II., catalogue, Babylon, N. Y.

PJB Berckmans, P. J., catalogue, Augusta, Ga.

PN Phoenix Nursery, catalogue, Delavan, Wis.

Pr Prince, Wm. R., Pomological ^Manual, 1881.

R Ragan, \V. H. ; name modified by Mr. Ragan as Chairman of Com-

mittee.

Rgltola Russian varieties sent by Dr. Regel to Iowa Agricultural College.

RGN Nicholson, R. G., catalogue, Chestertown, Md.

RIB Rhode Island Experiment Station Bulletin.

RI i;x i\ Rhode Island Experiment Station Report.

RIH Rhode Island Horticultural Society Report.

R&P Rakestraw & Pyle, catalogue, Willowdale, Pa.

RNY Rural New Yorker, 1854-1872.

S Strong, W. C. , Fruit Culture, 1885.
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Slim Stark litothiTH, cataloi^iu', l.iMiisiaiia, Mo.

SCR South Carolina Kxpcriiiiciit Station BtilUitin.

SCKxR Sontli ('ar()liiia lOxpcriinciit Station KcjHtrt.

S(^n Sontli Carolina Horticultural So(;iety Kt^port.

SCtH Storrs, Connecticut, MxpcrinuMit Station Hulletin.

snr. South Dakota Kxpcriincnt Station l>iill<'tin.

ShMxII .... South Dakota KxjK'rinu'nt Station Ivcport.

SlINCo .... Spring' Hill Nursery Co., catalo^^ue, ProHpect, Va.

SllK Runij), S. II., catalogue, MarHhallville, (ia.

Shrotola . . . Russian aj)])les sent by Dr. Schroe<ler to Iowa Ajjjricnltural College.

SIIS Iloyt (Stephen) Sons, catalogue, New Canaan, Conn.

SK Kinsey, Samuel, catalogue, Kinsey, Ohio.

SLN Silver Leaf Nurseries, catalogue, Boons Path, Va.

SLc^Co Lewelling, Seth, & Co., catalogue, Milwaukee, Greg.

SMH Bayles, S. M., catalogue, St. Louis, Mo.

SNCo Sherman Nursery Co., catalogue, Charles City, Iowa.

SPc^L Smith, Powell & Lamb, catalogue, Syracuse, N. Y.

St'tll Storrs & Harrison, catalogue, Painesville, Ohio.

S&W Stone & Wellington, catalogue, Toronto, Ontario.

T Thomas, J. J., The American Fruit Culturist, 1846.

TCF Ferrell, Thad C, catalogue, Humboldt, Tenn.

Td Todd, S. E., The Apple Culturist, 187L

TennB Tennessee Experiment Station Bulletin.

TennExR. . . Tennessee Experiment Station Report.

TexB Texas Experiment Station Bulletin.

TexExR Texas Experiment Station Report.

TexH Texas Horticultural Society Report.

Th Thacher, James, The American Orchardist, 182L

TJG&S Garden, Thos. J., & Son, catalogue, Springhill, Va.

TSH Hubbard, T. S. & Co., catalogue, Fredonia, N. Y.

TVM Munson, T. V. & Son, catalogue, Denison, Tex.

TWW&S ... Wood, T. W., & Son, catalogue, Richmond, Va.

UCExR University of California Experiment Statiou Report-.

UtahB Utah Experiment Station Bulletin.

UtahExR . . Utah Experiment Station Report.

VaB Virginia Experiment Station Bulletin.

VaExR Virginia Experiment Station Report.

VaH Virginia Horticultural Society Report.

Van D Van Deman, H. E., name suggested by Prof. Van Deman.
VRS Russian varieties introduced from various sources.

VtB Vermont Experiment Station Bulletin.

VtExR Vermont Experiment Station Report.

W Warder, Dr. John A., American Pomology—Apple, 1867.

WashB Washington Experiment Station Bulletin.

WashExR . . Washington Experiment Station Report.

WAW&C... Watson, W. A., & Co., catalogue. Normal, 111.

WBKJ Johnson, W. B. K., catalogue, Allentown, Pa.

WBro Wirt Brothers, catalogue, Alpha, 111.

WCR Reed, W. C, catalogue, Vincennes, Ind.

Wg Waring, Wm. G., The Fruit Grower's Hand-Book, 1851.

WGW White, Wm. G., catalogue, Ovid, Mich.

WHMCo ... :Moon, AV. H., Co., catalogue, Morrisville, Pa.

WHR Western Horticultural Review, monthly (Vols. 1 to 4) 1850-1853.

WHyS Smith, Wm. Hy., catalogue, Franklin, Tenn.
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WiKli Wisconsin F'.xperinient Station Bulletin.

WisKxU ... VV^ist'onsin Experiment Station Report.

WisII VVisfonrtin Horticultural Society Report.

Wisllort WiHcon.sin Horticulturist, monthly, 181)7-UK)2.

WJN West Jersey Nursery Co., catalojjjue, Bridgeton, N. J.

WMB Benninger, W. M., catalogue, Walnuti)ort, I*a.

WmCh Chappelovv, William, catalogue, Duarte, Cal.

WmP Parry, William, catalogue, Parry, N. J.

WMPttS Peters, W. M., <fe Son, catalogue, Snowhill, Md.
WmW Watson, William, catiilogue, Brenham, Tex.

Wn Wickson, K. J., The California Fruits, 1889.

WRil Harris, W. R., catalogue, Tecumseh, Nebr.

WSLctCo... Little, W. S., & Co., catalogue, Rochester, N. Y.

WTHACo .. Hood, W. T., & Co., catalogue, Richmond, Va.

WVaB West Virginia Experiment Station Bulletin.

WVaExR .. West Virginia Experiment Station Report.

WyB Wyonung Experiment Statiim Bulletin.

WyExR Wyoming Experiment Station Report.

W&Co Webster <fe Co., catalogue, Centralia, 111.

W&TSCo... Smith, W. & T., Co., catalogue, (Geneva, N. Y.

Y&Co Youngers & Co. , catalogue, Geneva, Nebr.
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On the Atlantic and Pacific coasts, on the shores of the Great Lakes,

and at numerous places inland, there are areas of sand}- land, for the

most part orioinally covered ])v veo-otation. hut now denuded of plant

orowth throuoh the shortsighted policy which has so often ])i'evaile(l in

this country of utilizing ev^er^^thing in sight without reference to the

future. The Department of Agriculture is frequently called upon for

advice concerning the proper methods of controlling this sand and ])ie-

venting it from drifting. Tn some cases cultivated fields have heen

invad(Hl and railroad tracks covered. The sand has even irnaded

citi(\s, covering up houses and filling the streets, and much valua})le

property has thus been destroyed.

Much work has been done in controlling shifting sand dunes in

Europe during the past century, and methods have been developed

whereby it is possible to control the sand and in many cases to cover it

again with vegetation. On account of the importance of the subject,

Prof. A. S. Hitchcock, of this office, was sent to Europe recently to

studv the methods there used in this work. In the autumn of 1902 he

visited the Netherlands, Denmark, Germany, and Erance for this pur-

pose. An outline of the methods that have been successfully employed
in those countries is given in this bulletin, together with some other

information of general interest concerning the subject of sand dunes.

W. J. Spillman,

A(/rosfo/of/isf.

Office of the Agrostologist,

WasJiingtmi. D. C.^ Decemher 10^ 1903.

5





CONTENTS.

Page.

Intrciduction 9

Fonnation of sand dunes 9

Action of the wind ni)on di'iftin<r sand 11

Artilicial fixation of dunes 13

Binding; the sand 14

Binding by means of grasses 14

Transi)lanting 14

Arrangement of the plantation 16

Formation of the l)arrier(hnie 17

Binding l)y means of heather 19

Laying the lieatlier 19

Binding with sand hedges 20

Forestation 21

Fixation as o])served in Kurope 22

The Netherlands 22

Coastal dunes 22

Interior (hines 23

Denmark 25

Oxbol 25

Skagen , 26

Germany 27

France
'.

29

Sunnnary 32

Description of plates 35

7



1 I. LUSTRATIONS

PLATES.
Page.

Plate I. Beach fjrass Frontispiece.

II. Fig. 1.—Dunes held ])y covering of heather. Fig. 2.—flaking a road

in the dunes 36

III. Fig. 1.—Pine plantation in covering of heather. Fig. 2.—Heather

among the dunes .'3(>

IV. Fig. 1.—Beach grass j)lantation along base of dunes. Fig. 2.—Beat'h

grass and sand fence on barrier dune 36

V. Fig. 1.—Lee slope of barrier dune. Fig. 2.—Remains of once l)uried

forest 36

VI. Fig. 1.—(leneral view of barrier dune. Fig, 2.—rnreclaimiMl siiift-

ing dune 36

VII. Fig. 1.—Digging beach grass for planting. Fig. 2.—Transplanting

beach grass 36

VIII. Fig. 1.—Sand fences protecting base of dune. Fig. 2.—Protecting a

n)ad through the dunes 36

IX. Fig. 1.—Shifting dunes held by brush fences. Fig. 2.—Shifting dunes

held by reed fences 36

TEXT FIGURES.

Fiti. 1

.

Drifting sand as affected by a solid fence 12

2. Drifting sand as affected by an oj^en, inflexible obstruction 12

3. Drifting sand as affected by an open, flexible obstruction 12

4. Spade used for planting beach grass 15

5. Method used in i)lanting beach grass 16

6. Diagram showing the successive steps taken in forming a barrier dune. 17

7. Repairing a small breach in a barrier dune by planting grass 18

8. Re})airing a larger breach by means of sand fences 18

9. Spade used in Prussia for transplanting young trees 21

8



o\

n. I'. I. <)•_'. (',. F. V \.—wi.

METHODS USKI) POll CONTrvOLLINC AND RECLAIM-

ING SAND DUNES.

INTRODUCTION.

The sand-dune areas of Europe are of especial interest })ecause they

present conditions similar to those found in the United States and

because it is there that the methods of reclamation were first applied

and later most successfully developed.

In order to investig-ate the methods used and determine to what
extent the}^ mi^-ht be ai)pliod in this country, the writer visited several

regions in Europe where the conditions and methods may be considered

representative—the Netherlands, Denmark, the southwest coast of

France, and the Kurische Nehrung on the northeast coast of Germany.
In Prussia much work has been done along the coasts of the Baltic and

North seas, but this is so well described in Gerhardt's^' admirable book

upon the dunes of German}^ that other points than the ones mentioned

were not visited.

There are other localities of minor importance where dunes occur

and where efforts toward reclamation have been made, but it was not

learned that the methods used differed essentiallv from those investi-

gated. Lack of time prevented visits to certain other interesting

interior regions, such as the Banat plain of southern Hungary, the

north shore of the Black Sea, and Russian Turkestan. The last two

regions are of importance because of the efforts put forth bv the rail-

roads to prevent the enroachment upon their right of way by shifting

dunes.

FORMATION OF SAND DUNES.

Sand hills or dunes usually occur along a sand}' seacoast. The sand

is constantly washed up b}' the waves and when dry is readily carried

inland b}' the wind. On a rocky or marsh}' coast this does not occur.

" Paul Gerhardt, Handbuch des deutschen Di'inenbaues, Berlin, 1900. This is a very

conipU'tc and detailed account of the sand dunes of Germany, including peolojTfy. fl^ra,

formation, reclamation, and historical notes, and is the most elal)orate work of this

nature thus far published. The writer is indebted to this work for the text figures

used in this Imlletin. Mr. (ierhardt was superintendent of the Kfinijrsberg district

(Retriernn^ und Baurat) and was later advanced to the charge of the entire work at

Berlin.
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10 METHODS USED FoR CONTROLLING SAND DUNEfl.

Under the action of the wind the siind aceiiniuiates in ridges or hills of

iriH'uuhir eontour and extent, dependint^- n])on the force and direction

of tlie prevailing- winds. It is not intended here to o-o into the details

of dune formation, a subject which has been elalH>rated in (Jerhardt's

book and also in luunerous lesser works. Suflice it to say that oidi-

narily a dune passes throut^h a rather definite series of changes. It is

formed near the beach and travels back toward the interior. A typ-

ical wan(UM-ini>- dune presents a oradual slope toward the wind and an

abrupt slope on the lee side. The wind forees the sand up the slope

and it falls over the edoe. The hill or ridt»e then travels in the direc-

tion of the prevailino- wind at a rate depending- on the force and con-

stancv of the latter. Such a hill is called a wanderino- dune. As the

dune recedes from the coast a new one may form at the beach.

Upon the wandering or active dunes thc^ sand is shifting to such an

extent that vegetation does not establish itself. Consecpiently such

dunes are bare. During wet periods seeds may germinate, but sooner

or later the Hying sand destroys the phmts either by cutting them off

as by a sand l)last or ))y burying or uncovering them. However, as

the action of tlu^ wind ))ecomes less forcible at a distance from the

strand, vegetation is at last able to become established and resist the

enfeebled sand blast. A wandering dune is thus gradually converted

into a tixtnl dune, which, if left to itself, tinally becomes forested.

Similar dunes are often foi'med [ilong the laroer rivers or on interior

sandy wastes such as are found in the central portions of the Nether-

lands and Denmark. It not infrequently hapi)ens that a fixed dune

becomes converted into a wandering dune. This occurs through the

removal of the vegetation, either by natural means or as the result of

man's carelessness. The result in the first case is usually brought about

bv chanoed conditions, such as the direction of the wind, wherebv the

vegt^tation dies in certain spots and 'Mdowouts'"* are formed. Such

cavities or ])lowouts gradualU' enlarge as the surrounding vegetation

is undermined and the result may be the ])irth of a wandering dune.

But from an economic standpoint b}^ far the greatest harm has come

from the removal of forests from fixed dunes. The Kurische Nehrung

in Prussia and the coast dunes of the Netherlands were at one time

covered with forest and gave no trouble. Other cases are known
where dunes held permanentl}' b}^ a covering of grass have been con-

verted into wandering dunes by the pasturing of cattle upon them,

thus cutting up the sod.

Sand dune.s of any considerable extent are rarely found along the

seacoast in warmer regions, because the long growing season is more

favorable to vegetation. The forest, or at least a scrubby growth of

shrubs, usually comes down close to the high-water mark. The severe

w^inter storms of the high latitudes are chiefl}^ responsible for the great

dune areas of the north.
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III ni;m\ cases (he w andrriiio- (Imics ciid'oacli upon aiahh- lainl, upon

forest, upon \alual>le pi'opci'ty such !is I'aili'oads and l)uil(lin^;*s, or

upon ii\(Ms, liarlxn's. oi- otiici' walcf wjiys. 'I'liis usually indicates

(hat tlici'c has Ikmmi a recent cliauLfe of conditions I'csult in<j- in the

foiination of acti\(^ dunes. Seaside resorts upon sandy heaches }ir(i

often s(MM()Usly dania*^'ed by the formation of dunes and blowouts uj)0!i

various portions of tiu^ ])r()])(M'ty.

In addition to the ti-ouhle arisin*^ from the encroacimient of sand

at points w here it does damao-e, it siiould he understood that th(;re are

hirt»*e areas of sandy land consistino- of dunes in \arious sta<»"es of fixa-

tion, interspersed with portions of level and soriK^times aral)l(i land.

These level spots repres(Mit portions wliere the wind has swept awa}'

the sand down to moist soil, which usually has a (Uitinite relation to

the water level. Such areas of dunes may incdude man}' s(|uare n)iles

and are useless for agricultural purposes. It is thus seen that the

lixation of dunes ma}^ be for two purposes—to protect property in the

lee or to convert a useless area of waste land into a productive forest.

ACTION OF THE W^IND UPON DRIFTING SAND.

\\'hen the wind sweeps over a free surface of drifting sand it acts

about equally throughout; but an obstruction of any kind, such as

a log or a bunch of grass, at once modifies the action of the wind.

A solid object increases the force of the wind around the sides, and

hence the sand is excavated. In the lee of the object the sand will

accumulate. If two such obstructions are near together a channel is

formed between them and once formed deepens with astonishing

rapidity. The carrving power of the wind increases nuich more
rapidly than the increase in the velocit3^^' Consequentl}', an\' increase

in the velocit}^ is immediately noticeable in the increased erosive

power. The erosive power of the wind is not identical with the

carrying power, for in the first case the wind overcomes cohesion and

in the second case it overcomes weight. If the velocity of the wind

decreases, the sand previously held in suspension is depositcnl.

If a solid fence is placed upon the sand at right angles to the wind

« Theoretically the transporting power of the wind varies as the sixtli power of the

velocity—that is, if the velocity is <loul)le(l the carrying juiwer is <)4 times as great.

It is clear that the force exerted hy the wind ni)()n a fixed snrface increases as the

scjnare ot the velocity, for if the velocity of the wind is douhled there will he twice

as much air striking the surface with twice the velocity. Furthermore, it the velocity

ren^ains the same the force exerted increases with the surface—that is, with the square

of the diameter. The moving power then varies as the product of the s<juare of the

velocity and the square of the diameter. But the force or work done, which is the

same a.'^ the weight of the object transporte<l, varies with the cuhe of the diameter;

or, putting it all in terms of velocity, the force varies as the sixth power of the

velocity.
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the sand is exnivated in front (tig. 1). T\w wind, unable to i)roceed,

is divided into ciirivnts in all directions. Thost^ K^i'»K downward

scoop out the sand, thus forming a drift a short distance in front.

This increases until its height eciuais ttiat of the fence, when the wind,

no longer meeting with tlie obstruction, allows sand to be deposited

V^

-'•11

Fig. 1.—Drifting sand as affected by a solid fence.

in this channel, and it tills up, covering the fence. Similarly at the

ends of the fence the wind currents are increased and the sand is

scooped out. If the fence is raised so as to allow a space beneath, the

sand is rapidly scooped out below. The same result occurs beneath

buildings, trestles, or other works which allow a space beneath,

Fig. 2.—Drifting sand as affected by an open, inflexible obstruction.

throuo'h which the wind rushes with increased force. If. however,

the obstruction is not solid, but more or less open, as a pile of brush

or a bunch of grass, the action is entirely ditl'erent. The wind passes

through the obstruction, but with decreased velocit}^; hence, sand is

deposited within the obstruction. No excavation takes place in front

Fig. 3.—Drifting sand as atfected by an open, flexible obstruction.

or around the sides. If the obstruction is stitf and intiexi})le like a

sand fence, the sand is deposited on both sides (tig. 2), the windward

slope being gradual and the lee slope more abrupt. If the obstruc-

tion is flexible like a bunch of grass, most of the sand is deposited in

the lee (tig. 3). Of course there are all gradations between the two

classes, and various circumstances may modify the usual action.

It may be further stated that when the wind is blowing up an
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iiicliiH". llic surface Nclocily ind'cascs willi llic s1(M'])?)(>ss. A small

()i)j('cl is easily itjowii iipliiil. I)iil wlieii (lie wiii'l hjows down a slope,

(.Hl(ii('s fonii Nvliicli usually produce a ciii"i"enl iipliill at llie surfac'c.

Thus il liapixMis that while small hodies can he hlowii uphill easily it

is Tiot often thai they ai*e hlowu dowidiill, hut must fall irom their

own wiMj^ht when the slope is steep. The fact that the velocity of th(i

wind at the surface on the windward side of a dune iiK^reasos with the

slop(> results in pi'oducin^" a noiMual incline, which I'epresents a hal-

ancin»»' of forces. Usually this incline is (piito gradual compared w ith

the lee side of thi^ (hnu\ where the slope is the greatest at which the

sand will remain in i)lac(^—ahout 30".

Sand can he rc^moved f i-om one phice to another farther on 1)\- phu^ing

a suitahle ohstruction above, with a space between it and the surface

of thv sand, which will increase the wind velocity at this point. Sand
may hv filled in at any point b}^ interposing an open o})struction, such

as brush or a sand hedge, or by planting grass. The practical appli-

cation will be referred to farther on.

ARTIFICIAL FIXATION OF DUNES.

The fixation is most permanent when the dunes are covered with

forest; hence, forestation is the ultimate aim wherever possi})le. But
there is a narrow^ strip of territor}^ just back of the strand where
trees will not grow on account of the exposure to the severe winds

and the action of the ocean spray. The width of this strip depends

upon local conditions and may varv from one to several rods. The
force of the wind is influenced by the character of the coast. Expe-
rience soon demonstrates how^ near to the strand a forest may be

produced.

When the work of fixation is completed there will be a forest over

the greater part, but a strip along the coast remains which must ])e

permanently held in place by some other method, usually bv the plant-

ing of grass. When the forest is once established it is cared for and

preserved according to the usual methods of forestr}-. Usually it is

impossible to establish a forest directh" upon the sand dunes either by

sowing the seed or setting out young trees, because the drifting sand

cuts the leaves and ))ark or uncovers or buries the young plants.

Sowing the seed has l)een tried several times, but there r(Muain of this

work oidy a few scattered patches of trees in protected places. It is

therefore necessary to hold the sand in ])lace by some kind of a cover-

ing until the trees can obtain a start, when they form a covering

themselves.

The work of fixation is thus divided into two rather distinct stages:

(1) Preliminary, holding the sand in plac(\ {'2) PermaiuMit: establish-

ing a forest. Upon the coast stri]) the work does not proceed beyond
the first stage, ])ut the maintenance of the covering in a satisfactory

condition recpiires constant care.
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lUNDINi; rilK SAM).

There are many methods which have hccn employed at \ jirioustniies,

but those now in successful use on a laro-c scah* may he consi(h'red

under three heads: (1) Transphudinij;' sand-hindin^" pUmts upon the

dunes, sutHciently thick to form a iivin«»' cover; (2) coverino- t\w entire

surface with some inert material which prevents the wind from icach-

ino- the sand, and (3) coverino- the surface with a network of brush

fence which, while not preventino- the wind from reaching- the sand,

lessens its velocity and prevents driftin*^-. It may be remarked that

numerous experiments have demonstrated the futility of sowino- the

seeds of any i)lant directly upon the unprotected surface of the bare

sand.

These methods, as they have been tinally elaborated, will now be

described. For the historical developmc^nt and the description of

special methods to meet unusual conditions, the reader is referred to

Gerhardt's book previously mentioned.

BINDINC; I?Y >rEAXS OF fiRASSES.

Various plants for ])indinu- the sand have l)een tried, but non(^ have

been found so successful as o-msses. 'Willow cuttings have been

employed in a few^ cases, but their use has not proved satisfactory. Of

the grasses the species used almost exclusively is beach grass (.1?;/-

mophila arenarid Link), shown in Plate I, frontispiece. A kind of

wild rye {?^hjiinis <iren(irins L.) has bctMi used occasionally. Beach

grass grows naturally on tlu^ dunes all along the north Atlantic

coasts of ))oth Europe and America as far south as Morocco and North

Carolina. It grows in clumps to the height of one to thriM^ feet and

spreads ])y means of extensively creeping underground stems or

rhizonuvs.

An important character of beach grass is that it grows with most

luxuriance where the sand is drifting. In ([uiet sand it persists for a

few^ years ])ut gradually dies out. The drifting sand seems to supply-

the conditions for continued rejuvenation of the growth as the sprouts

force their way up tlirough the accunudating sand.

TransphoifuHj.—Beach grass may be transplanted in the autumn or

spring ; in the autumn from the time it is mature, wdiich may be as

earlv as September, until the ground freezes, and in the spring from

the time the ground thaws until growth starts. The grass is usually

transplanted in the autumn, l)ecause at this time the requisite labor is

more easily obtained, and furthermore it is then easier to pick out the

individuals that are at the right stage of grow^th. It is best to choose

moist or foggy w^eather, as the plants are more certain to grow% the

danger of desiccation is less, the sand being damp it is more easily

manipulated, and the work can be performed much more comfortably,
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as llic ll\ iiiLi" sand s(M"i<nislv iiitci'lCrcs with plaiiliiin* (liii'iii;^" ({vy

wcath(>i-,

riic plants clioscii for t i-aiis|)la(itiii<4' should he two ycai's old and

ha\i'at the l>as(M)ii(M)r two nodes. The I'oots sprint" t'i'()ni these iKxh's;

('<)nse([uently at h^ast one node iniist l)e i)resent. Moi'c tlian two are

not iHM'tvssarv and would he a wasto of material, thou^li they do no

othei- harm than to intei-|'ei"e with plantini;" in proportion to theii* innn-

1)«M-. ()ne-y(Mir-()ld plants ai"e not strong' ciionoh and ha\'e not dcNcl-

oj)(mI the nodes suHieicMitly for transplanting-. Plants more than two

years old ar(^ ])roj){)rtionat(dy laekino- in vitality and do not throw out

roots with sutlieient \io()r. With soiiu^ experience laborers are abhi

to distinoruish at sioht i)lants of the right age. If the grass is gi-ow-

ing in loosi* sand and lias not been covered deeply, it

may 1)^^ pulhMl up ])y hand. But usually it is nec(\s-

sary to cut the rhizomes below the surface of the

sand, after which the plants can ])C easily pulled up.

The method of procedure is for the workman to seize

a suitable clump of the grass with the left hand and

with a spade held in the right hand strike into the

sand in sucli a manner as to cut off the rhizomes below

having one to three nodes at the lower end (PI. VII,

tig. 1). The bunch is then pulled up and placed in a

pile or under the left arm. When a bundle has accum-

ulated, it is tied up and is read}^ for use. The spade

used is a light tool special I3" made for the purpose,

with a sharp edge or point and a short handle.

Sometimes an ordinar}^ spade, such as is used in. dig-

ging, is put to this service.

If the grass for transplanting is taken from the

dunes that are to be hxed, care should be taken not to

remove too much from one place and allow the wind fi.;. j—sikhU' usuri

to make a blowout. It should ))e chosen from places
''"" ^'^""''"^ ''''"••'

where the grass is growing too thickly. The arrange-

ments should be such that the grass can be planted soon after being

dug or the roots may drv out too much. For the same revise )n it is

best to dig the. plants near the place where they are to be set out.

thus reducing the distance of transportation.

The grass may be set out in ^•al•ious ways. l)ut th(> nietliod which

.seems to be most satisfactory is as follows: The planting is done by

tw^o persons worl-^'ing togethei-. One ])re])ares th(^ hohvs and the other

i!isei'ts the grass. The holes are made with a spade sp(H'ially con-

structed, as shown in the illustration (tig. 4). 'i'he blade is rather heavy

and has a sharj^ v{\ifv below . The operator lifts the s])ade by the cross

bar or handle with both hainU. and allows it to drop into the -and

mostly by its own weight. lie moxc-. the handle ))ack and foiMJi once

17170—^0. r)7—04 '2
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or twice, or until tlic l)hi(U' luis hccn workinl down tliioui^li the sand

to the required deptii. This makes a V-shaped openiiij^ in the sand H

to 12 inches deep. The sand must )h' moist enou^-h to retain its posi-

tion or this method can not be usi'd. The second worke-r now takes a

portion of ti^rass suthcient for one phintin^" and phu,*es it in the hoh',

flattenint^' out tlie bunch properly. The first worker puts the spade in

the sand just ludiind the bunch, pushes the sand up tij^htly at^ainst the

^rass, and the operation is comi)K'ted (hg. 5). The grass can ))e set

out ({uite rapidly in this maimer (PI. \ II, tig. 2).

Ari'dnijinirnt of tlie pluntntion.—If the dunes are already partially

covered with beach grass, it may be necessar}' to plant only here and

there in the bare })laces to prevent excavation In^-the wind or the

formation of blowouts. If the sand is bare or covered with only a

scattering growth, it is necessar}^ to plant systematically. The most

common method is to set the })lants in rows. In (Germany th(\v are

set in squares, the ([uadrat system, which will be

described under methods used in the Kurische

Nehrung. When the grass is set in rows, the

bunches are placed so that they alternate in adja-

cent rows. Ordinarily the rows are fairly straight

and perpendicular to the prevailing direction of

the wind. In an extended area, where there is a

succession of dunes and depressions, the rows ma}^

follow the contour lines. Rows in the direction

of the wind should be avoided, as a channel will

be formed between. In broken dune areas the

plantings are made ])etween the dunes and along their slopes, but

leaving the tops bare (Fl. IV, tig. 1).

Usually there is no preparation of the dunes in the way of leveling

or tillino", as it is found more economical to allow the wind to do this

work. The idea is to accunudate sand in the channels and hollows and

allo\v the wind to blow off the tops of the hills. To aid in leveling

the high places the grass is removed from these so that the wind can

have free access. No planting ma}^ be necessar}^ in the low places

where the sand has been blown off' down to moisture, as such situa-

tions support consideral)le vegetation. The planting is })egun at the

base of the slopes and proceeds toward the top, as it is the lower por-

tions that are eroded the most rapidly, for the reasons stated when

discussing wind velocity.

The thickness of the planting depends upon local conditions. If it

is necessary to accumulate sand rapidly, as in tilling a channel, the

grass is planted in large bunches placed closely together; but where

the sand is easily accumulated, the grass is set thinly to prevent its

being covered. Under average conditions the row^s are 15 to 18

inches apart and the plants about a foot apart in the row. The amount

Fig. ft.—Method used in

planting beucli grass.
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of L^Tiiss ill :i l)iiiicli is iihoiil Nvhal cjiii t»(' easily lakfii in (lie liiiiid and

nia\' consist of four oi' live stalks.

JuH'iiKifloii i>f fli< l>'iri'/>r (hinr.—Tlic f^i'siss |)laritin<4- j)r('\'ioiisly

doscrilx'd applies j)a!-l iciilarly to the large dune ai'cas near the, coast.

Flu. 6.—Diagram showiiiK in cross section the succcssivi- sti-ps tuke:i in forming a harrier dune. The

strand is at the left.

whore this process is prcparaloiy to tlic i)lantinLi' of trees. The

function of the grass has Ixmmi fullilled \\\\v\\ the forest i> estal)lislied.

As stated in an earli«'r pa!-a<.:raph. ther<' i- a -lri{) of sand ah)ng the
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coast just l)a(*k of the strand which presents conditions iinfavoraf)l(' to

forest growth. Here it is !iecessary to liold tlie sand in phice jx'nna-

nently b}' means of the grass. To do this recjuires constant super-

vision. Through various causes })are spaces are likely to occur whieh

must be replanted to prevent the formation of blowouts. Sometimes

the bunches nuist be thinned, as the presence of two large adjacent

bunches may cause the wind to draw through between them and form

a channel.

.Strang /Jf - f -,-f*' > ' ''^^

Fig. 7.— Repiiiring a small breach in a barrier dune by plaining grass.

On the Kurische Nehrung in Prussia and along the southwest coast

of France it has been found advisable to form an artiticial protecting

dune extending all along the sea in front of the forest (1*1. VI, tig. 1).

This dune is produced l)y accunudating the sand rapidly so as to form

a long ridge (tig. tl). For this purpose brush fences, which consist of

rows of brush or rough branches driven into the sand tirndy but rising

above the surface al)out 30 inches, are used. The tops should be on a

level. Two such rows are placed about G feet apart. These fences

allow the wind to pass through, but reduce its velocity, and hence sand

is deposited within and on both sides. When the sand has reached the

top of the fences, a second pair is placed above. When a ridge has

been formed, l)each grass is planted in rows parallel to the crest. At
first, plantings are made along the slopes and a short distance in front

toward the strand. As the sand accunmlates, the grass is planted far-

ther to the windward. Finally the protecting dune assumes a com-

paratively permanent form, with a long slope to windward (toward

Fig. 8.—Repairing a larger breach by means of sand fences. The diagram represents a cross section

of a dune with two rows of sand fence parallel to the dune and cross rows extending from the

outer row to the broken face.

the sea) of tt to 5 degrees, or about 1:0, and a steep slope on the lee

side of about 1:2 (PL V, tig. 1). As a matter of fax^t, the Avindw^ard

slope is often much steeper—as much as 1:6 or even 1:4.

In practice this protecting dune must be established upon an area

more or less broken })v dunes of irregular shape. The ground line

for the ridge is laid out to follow the coast in a general way, but to

avoid all sharp lionds or indentations of the shore line. The hollows

and channels are tilled up to the desired height, while the peaks and

any small dunes lying in front are denuded of grass so that they are
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iil(im!it('l\' iHMnoNcd h\ (lie wind. Such ji lid^^c protects (lie forest or

iiTiiMe ImihI l\iii^' ill (he h'c, hiil i-e«|nii"es consljinl siiperx isioii lo kcM'p

it in rcpaii". The* djm<>*er is from eiici'oachmciil of (he sen diiiino-

s(orins, especially in \\iii(ei-. A sinolc severe storm may hreak

(hroiiu'h and (hvsd'oy sevei'al rods of well hniit dnne. Sndi a hreach

nnis( he repaired as soon as possihle, or (he wind will s(ill further

erode (h(^ nnj)ro(ected sand and enlar<^'e the openino-. 'I'hese hrc^aks

are l)es( (illed in \)y means of sand fences (ii<4's. 7 and 8 and PI. IV,

rio-. L>).

It may he miMitioned luM-e (hat rechinia(ion of sand dniies on a lar^-e

scale is carrii^d on in Kur()[)e hy the general governments, as [)riva((;

individuals lack the necessary unity of purpose. This will he touched

upon undcM' the head of the particulai" I'egions visited.

HIXDINii HY MEANS OK IIKATHER.

As stated previously, it is necessary to hold the sand in placc^ while

a forest is being established. Near the seacoast this is usually done by

planting the beach grass, whicli is found growing wild upon the dunes.

There are, however, vast stretches of inland dunes where beach grass

does not grow, and the cost of transportation renders this method less

economical than others. When fixing the sand is but preliminar}' to

planting trees the method used depends upon the relative cost. Along

the coast, where the fixation is permanent, the planting of beach grass

is the only method which meets the requirements, and hence it is used

even when it becomes necessary to import the plants.

For a temporary covering any cheap inert material which meets the

condition, such as brush, straw, or sawdust, ma}' be used, but by far

the most satisfactory material in northern Europe is the heather ( Cal-

luna vulgaris Salisb.). As it is a common plant in the sand-dune

regions this method is used in the central portion of the Netherlands

and in the interior regions of Denmark (PI. Ill, fig. 2). The heather

can })e used also in areas near the seacoast, as in western Denmark.

Laying the heather.—The heather is cut off with scythes, spread

over the surface, and held in place by a little sand. The sc3'the used

for mowing is short and somewhat resembles American brush scythes.

The heather is then tied in bundles and carried to the place where it

is to be used. Sometimes it may be necessary to transport the bundles

some distance, as the heather grows usually only in the low places

between the dunes, or at least it is here that it grows in sulHcient

luxuriance to be cut profitably. Since the heather is not planted, it is

not necessary to use it immediately after gathering, as in the case of

the grass. The plants are spread out flat upon the surface, overla]v

ping each other in the rows, and are held in place by being partially

covered with sand. The surface is not prepared, except that small

inecpialities are leveled so that the wind can not get beneath the layers

of heather (PI. 11, lig. 1).
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The heather is also used in roacl niakinj^-. The roads through the

dunes are hiid out and graded in the usual luaiuier, after whieh h(»ather

is laid thiekly in eourses upon the surface, thus preventinj^ the wheels

of vehicles from sinking into the sand (PI. II, tig. '2).

HlNDlNCi WITH .SAM) lIEiKiES.

Sand hedges are used for ])inding when other methods are not prac-

ticable, or where the sand is drifting with especial force, or where it

is desired to accuuuilate sand with rapidity. In general this method

involves the use of some inert material, like ))rush or rows of stakes or

reeds, which projects above the surface of the santl and reduces the

velocity of the wind without causing deflecting currents, which erode

the sand. The entire surface of the sand is not covered, but the action

of the wind is hindered sutiiciently so that the sand pi-esent remains in

place and additions from the strand or from neighboring unprotected

areas are accunudated (IM. IX, tigs. 1 and 2).

The sand fences or hedges are made from brush obtained in the

forest. The branches are cut into pieces from 18 inches to 2 feet long,

with sharp ends. The ends are sharpened by the slanting stroke which

severs the stick. The side twigs are cut off roughlv. These stakes

are driven into the ground in row^s, or, still better, in squares, thus

catching the sand from all directions. The stakes project above the

surface about a foot and should be on a line at the top, parallel with

the general plane of the dune surface. The size of the squares depends

on the tendency to drift, and varies from 9 to 12 feet. The rows

should ])e at right angles to the direction of the prevailing wind. On
dunes near the shore the rows should run parallel to this, with the

short rows perpendicular. In covering a surface the long rows are

first placed and the squares made l)v inserting crossrows between.

The stakes should l)e close enough together in the rows so that the

average width of the space is about equal to the average diameter of

the stakes. The size of the stakes varies from half an inch to 2 inches

(PI. IX. %. 1).

The connuon reed of Kurope is utilized in the same manner. It is

eut into the proper lengths and the pieces are set out in rows by about

the same methods used in grass planting (PI. IX, tig. 2).

As previously stated, sand fences are used to repair ])reaks in protect-

ing dunes, to fill channels previous to planting grass, or wherever it is

necessary to accumulate sand. In these cases it may be advantageous

to have the fences higher than when they are intended primarily to

bind the sand. Sand fences are sometimes used along the base of dunes

near the strand, where grass will not grow on account of occasional

high tides (PI. VIII, lig. 1).

In place of sand fences heather or brush placed in rows or squares

and held in place by a little sand thrown over one edge is sometimes

used.
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F()i:i;s'rA'i"i()\.

Tli(' ])r()Cosscs pnn'iously dcsciihcd aic as a iiilc only ])i'('p}iraton" to

ostai>lishiiiu- a forest. W'licii tiMMluncs arc covered with ti'ccs they are

pcnnancMtly lixed, and the trees beino' cared t'oi* accoi'dirjo- to tlicuisiial

rt^oulatioiis pertainiiit;" to I'oi'cst manao-einent hecoiiK^ asoni'ceof I'cjvemie

to tlie (Tovenuneiit. It app(>ais tliat most of the larj^e and troul)h'soni(5

(hi lie aieiis alonj^ the coast were at one time covered with forest, riot-

al)lv IloUaiul and tln^ Kurische N(dirun<j', })ut

through hicU of foresi<>fht these areas were de-

mided of forivst and ere h)ii<jf were converted into

wastes of drifting sand. Some attempts wxre

made in the early part of the last century to re-

forest these areas by sowing the seed of forest

trees. These trials all resulted in failure,

although there are here and there in protected

situations small and stunted groves which sur-

vived. It has ])een proved that the only satisfac-

torv method of establishing a forest in the north-

ern dune areas is hy setting out \"oung trees, after

the sand has been fixed b}^ one of the methods

described in previous paragraphs. In Gascony
on the southwest coast of France, however, the

forest has been successfully established from seed

under conditions which will be descri})ed when
speaking of the methods used in that countr3^

The trees used are mosth^ conifers, the species

depending upon the locality. In the Netherlands \,...e,n....\

Pin i(.s austrlaca and P. laricio are most successful fk;. 9.—spade used in Pnis-

on the coast and P. .wlve^fris on the interior dunes; f'
^^^ transpiautiag young

^ trees.

in Denmark Phius nwiitana on the coast and

Plcca e.rceJMi (preceded by Plnus montana) on the interior "heide:"

Pin Its sylvestris and P. numtana on the Kurische Nehrung: and PJims

maritima in Gascony. Deciduous trees, such as birches, alders, and

oaks, are used along the roads and serve as fire guards.

The seedlings arc raised in nurseries located at convenient points

near the area to ))e planted. These nursei'ies are often surroundecl by

wire netting to keep out rabbits and other harmful animals, and mav
also be protected from the w4nd by wind-l)reaks of reeds or cut

branches of pine.

The young trees are transplanted when one or two years old (fig. 9).

The growth is often quite slow at first and the young forest nc^eds

nnich attention. Some of tln^ trees die and these nuist be i-eplaced.

Rut on the whole these oi)erations iiav(^ Ixmmi very successful, and now
there are several areas of forest that arc })roduciug an income to the

Government.

i l
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FIXATION AS OBSERVED IN EUROPE.

For the purpose of ohservint^" the (U'tails of the Kuropean pioeessos

of dune rechinuitloii as actually practiced, the Netherlands, l)<'nniark,

Geriuany, iind France were visited. Below are oiven the details of the

methods used in the countries mentioned, which may be taken as fairly

typical of the work throughout Europi*.

THE NETHERLANDS.

Throui»h the kindness of the American minister at The Ilaoue, Mr.

Newel, and Mr. Van Marez Oijens, the minister of the (h'partment

of waterworks, a detailed examination of the dunes near Alkmaar and

in the vicinity of Barneveld was made.

COASTAL DUNES.

A line of dunes extends all along the coast of the provinces of North

Holland and South Holland. These are two of the richest i)rovinces

in the Kinodom, and it becomes of oreat importance to prevent the

encroachment upon the agricultural lands which lie just back of the

coast. The dunes were visited in company with Mr. \'an Dissel, who
has charge of this portion of the work, and who explained the details

of the methods used at that point. The particular ])ortion of the dunes

visited was near the little town of Schoorl. The land to be reclaimed

was the property of the General Government. At an earlier period

this region was covered with forest trees, but these were cut oti' to be

used for fuel and other purposes. The result was disastrous. The

covering of vegetation was broken through, allowing the wind access

to the sand, and tinally the whole area was converted into a series of

shifting dunes. About fort}^ years ago an attempt was made to reforest

these dunes b}^ sowing the seed of pines. These seeds seem to have

germinated quite readily, but the seedlings were una))le to withstand

the severe conditions, and now all that remain to show for the work are

a few isolated groves in protected places. The Government has now
planned an extensive system of reclamation which in time will convert

all of this waste into a productive forest.

The preliminarv fixation is done b}' planting beach grass, as indi-

cated in a previous paragraph. (See PI. VII, tig. 1.) In this region

there is no inert covering that can be economically used, but beach

grass grows abundantly all along the coast. As it is easier to obtain

the necessar}^ labor in the autumn, the planting takes place at this

season rather than the spring. Furthermore, it is easier in the autumn

for unskilled laborers to choose grass of the proper age for planting,

as in the spring the portion above ground is dried and brown, thus

making it difficult to distinguish between the shoots of different

ages. Care is taken to gather grass for planting from places where

it is growing thickly, so as not to rob the sand of its covering to an
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iiijiii'ioiis (»\t(Mit. Ill <4:illM'iiiio- (lie u rass ii sliorl liandlcd spjidc is used,

riic lilt Ic luiiiclics arc tied in hiiiidlcs of T'J, this hcinjr a ('onvciiicrit

arinlnl :md aix) a coiiNciiiciil niiinlx'r Tor cjiicuijilion, six dozc'ri. 'I'hc,

])iaiil iiiLj' is done hy I wo persons w <)rkin<j;' to^otlicr, .'is alicady dcsc I'ihcd.

Soinctiini's ( lie sand is pressed hack upon llie I raiisplanled ^lass l)\'

means of (lie fool instead of the tirst worker usin^" the .spside. Whih;

a handful is inoi'e than necessjiry, experience hjis shown that sonic; of

the »;rass fails to otow. Kven though it does not orow, the (h'jid (^rass

acts as a l)arrier to tlu* sand for sonu; time, at least one year. 'Ilie

orrass is plantiMl in rows ahout 40 eentimetei-s (h; inches) a[)art and

30 centimeteis ai)art in the row, the l)iinches in siiccessi\(' rows

alternating-. If the sand is not entirely hare, the bunches arc; planted

here and there where the}^ are needed. Ordinarily no attempt is made
to h^vel or alter the ground and in many ])laces steep hillsides jire

planted. However, there are cases where the land is somewhat pre-

pared, especially by leveling sharp points that rise above the general

surface. In the region visited there is no protecting dune along the

strand, and such a method of protection seems not to have been used

in Holland.

After the sand has ])een planted to grass to prevent its drifting, the

trees are set out. The 3'oung trees are grown in nurseries from seed

planted usuall}^ in April. Trees are set out when one or two years old

in spring or fall, according to conditions. Several species have been

tried, such as Ahies l>alsameaM.\\\.^ Phius austriaca Link, I\ laricAo

Poir., P. niarithna Lam., P. rigIda Mill., J\ f<ylvestris L., Quercus

jMduncnIata Ehrh., Q. ruhra L., and Rohlnhi pHeudacachi L.

It has been found that the species best adapted for exposed situa-

tions are Pinus auHtrlacn and P. laricio. Some other pines, especially^

P. sf/lvest7'is, are good for the more sheltered places.

The cost of setting the grass is 50 to 75 guilders" per hectare, and

the total cost of reforesting is about 150 guilders per hectare (about

$22 per acre). It must be remembered, however, that la))or, the most

important item of expense, costs nuich less than in the United States.

INTERIOR DUNES.

In compan}^ with Mr. Jager-Gerlings, an interior dune area in the

Province of Gelderland, east of the tow^n of Barneveld, was next vis-

ited. This is known as heath land because heath or heather ((\ilh(na

vuh/ari.s) is al)undant here. The Government has purchased a quan-

tity of this w'aste land and proposes to convert it into forest. The
land is sterile and the country almost uninha))ited.

Here the preliminary fixation is by means of covering the sand with

layers of cut heather. The heather is cut with a short, thick scythe

'' A ^iiil<h'r, gulden, or florin is wortii iilxmt 40 cents in American money. A hec-

tare is e<iual to 2.471 acres.
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with II stniij^ht lumdlo, tied in bundles about 1 inotcM" in cinunifcronce,

and carrit'd to tlie place of use in earts or wat^ons Tiu! hills are cov-

ered with the layers of heather described in the Hrst part of this article

(I'l. II, tig- 1).

The region consists of dunes more or less bare and shiftintr, alter-

natino- with lower moist areas where there is a coverinj^ of ve^c'tation,

mostly heather. These low areas are sufficiently moist to keep the

sand from drifting-. Experience has shown that over nuicli of this

area trees do not thrive when set out in holes, as is customary. This

seems to be due to the lack of air in the soil. It has therefore been

found necessar}' to sj)ade up the soil before the trees are planted.

This is done ])y digo-ing- up the soil to a depth of 0.56 meter (about 22

inches). It is unnecessary to spade up the soil over the entire surface,

the digging being confined to strips 1.2 meters wnde, with an unspaded

space of O.S uieter lying l)etween.

The trees are planted in rows, one near each margin of the spaded

strip and 0.75 to 0.80 meter apart. Heather is laid between the rows

to hold the sand. On the hills where the heather has been laid the

trees may ))e j)lanted in holes among the hejither. The planting takes

place in autumn or spring, but it is customary to plant the hills in the

fall, leaving- the low places till spring, when it is drier (PI. II, tig. 1;

PI. Ill, tig? i).

After the planting it is necessary to watch the growth of the trees

and to stir the ground around them in proportion to their needs. , If

the growth is poor and the trees remain stunted the ground is stirred

with a stout four-tined rake. If the soil is moved too much the trees

may make too vigorous a growth and the wood will not ripen suffi-

ciently in the fall.

The tree best suited to the greater part of this region is the common
pine or, as it is called in America, the Scotch i)ine {Plnns sylvesti'ls).

It was stated that the trees from Scottish seed grew better than those

from Norwa}" seed.

On the more sterile portions of the area better results are obtained

from Phiu.s ri(/id(i and J\ (liniriciita Gord. {1\ hanl'f<ia)t(i Lam.).

The black or Austrian pine (Pinu.'^ aiistrlacd) does not succeed well,

its growth being too slow. P/tms htricio promises well.

About one-fourth of 1 per cent of the trees die from various causes,

and these it is necessary to replace. Various insects pre}^ upon the

trees. In this connection it is noteworthy that ])ird houses are placed

at intervals in the forest to attract birds that devour harmful insects

or their larvte. A bird called the ''birkhuhn" nips oil the young

buds. Rabbits and other small animals gnaw the bark. A root fun-

gus (Agaricus inelleus) kills many individuals. These are replaced by

choke-cherry {Pnmns mrginianci).
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Tho cost ol" llicwork \)rv licctiu-c^ :it this ])()int is ;ip])r()xiniMt('ly :is

follows:
(iiiildurs.

Cuttiiiir and t yiiifx the licallicr I . I

Transporting tlu' licathcr IT)

Sproadin^ tlu* lu'atlicr Hi

Si)a(liiiLr tin* ground 57

Plant inir tho trooH 25

This makes the total cost ahotit 10(1 oiiil(i(M-s ]^ci* hectare, of a})oiit

^1() per acre.

The diti'erent parts of the phmtatioii are reached hy means of loads

phiced at convenient distances. There is usually a strip of deciduous

trees, mostly of birches, planted along these roads as a protection in

case of tire, since conifers burn with ease, while the birches do not. In

passing through the higher (lun(\s, it is necessary to have the roads

curve between them in order that the wind may not sweep through

and cause serious erosion.

DENMARK.

Through the kindness of Prof. Eugene Warming, director of the

botanical garden at Copenhagen, letters of introduction to the dune

inspectors at Aar and Skagen were o})tained. Dune areas extend all

along the coast of western and northern Denmark, but these two
points were selected as being typical of the entire region.

OXBOL.

The first point visited was in the southwestern part of Denmark in

the Province of Ribe. Mr. R. P. F. Bang, the inspector of this dis-

trict, lives at Aar, near Oxbol, which is reached via Esbjerg and

\ arde. The method used here for fixing the sand and planting trees is

similar to that used in Holland; the conditions are also ver}^ similar.

The region consists of a series of sand dunes, with low places inter-

spersed, and extends some distance back from the coast. There has

been no attempt in this region to form a barrier dune. As the

heather grows a])un(lantlv throuf^hout most of the dune reo-ion this

plant is used for the purpose of Hxation except near the coast. The
young forest consists for the most part of Pimis montana and P'lcea

(dh<i. In addition, Mr. Bang has experimented with Picea sitchensis

and P. iKu'dnianntd iKi ^ both of which promise success. Plnux austriaca

is injured l)y the cold winters, and Picea exceha does not successfidly

withstand sin'ere winds. On certain portions, where the soil is com-

paratively i-ich, Piceapccfiiiafd succeeds.

Al)out fifty years ago an attempt was made to establish a fonvst in

this region, and in certain isolated and protected places portions of

thi> forest are now in evidence. The trees, according to the situation,
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may hv H to 15 fcH't hi^li, l>iit foi* the most ptii't present ;i vei'V stimted

growth.

Tlie heather is laid at any time of the yeai" when it can Ue mo>t con-

veniently done." Near the coast, wheic beach j»rass is used, the phmt-

ing* takes phiee as in llolhmd except tliat on account of the })roken

nature of the country and the strong winds it is found tliat the

l)unches of grass must be smaUer, consisting oidy of one or two

pieces. The pines are phmted when they are y> years old and the

spruces at -t years. The plantation showed a very marked diller-

ence in the condition of the trees, depending on the richness of the soil

and the exposure. The stunting- of the trees is very noticeable in the

native forest near the coast. 'Vhv trees nearest the coast are small and

scrid)by, and for some distance iidand they bear very fc^w branches on

the windward side, therefore appearing very lopsidtnl. The entire

cost of laying the heather, planting and raising the trees, is 1500 crowns

per hectare,'' or about $8:2 per acre. The usual compensation for

planting- the grass is about 8 cents per square rod, the work being done

at a fixed price (4 (ire) per 4 square meters.

SKAGEN.

The investigation of the dunes around Skagen at the north end of

Demnark was made in company with the inspector, Mr. C F. Dahlerup.

The whole peninsula above Frederikshavn is one vast sand area con-

sisting mostly of dunes. Between the dunes are more or less extended

areas of fiat land whore the soil contains more humus. These lower

portions can be used for grass and to a limited extent for other crops,

but they must be fertilized and limed. For this purpose kainit and

Thomas slag are used, and lupines are grown to supply nitrogen. The
distance to the groundwater determines the availability of the soil for

crops, the most favorable distance being about 18 inches. If the

ground water lies lower than this the soil is too dr}^ and if above this

it is too wet for cultivation. The land around Skagen and for about

two miles south is ow ned privately, but a large area south of this is

owned by the Government. The latter is carr^^ng on a system of recla-

mation upon this area, and also upon some of the land owned privately.

Upon the private land the cost is divided as follows: One-half is paid

b}^ the General Government, one-sixth b}^ the province, one-sixth b}"

the township, and one-sixth by the ow^ner.

The preliminary tixation is In^ means of beach grass planted in Octo-

ber or November. Although in the more quiet portions of the dune

the beach grass lives only from live to ten years, yet as it gradually

dies out its place is taken l)y various native plants which serve to

« The methods used in planting have been described in Tidskrift for Skoving, 12,

Oni de Nord-og vestjydske Klitters Beplantning.

^A crown equals 26.8 cents in American money.



FIXA'IMON IN (;kumany. 27

hold (lie saiid cllccl i\('l\ . IIcmIIici- also lasts al)onl llic same 1 imc,

1ml the iialixc plants tend lo lake its place as il disinh'iii'ah's. One
of the coniinoii |)laiils I'oimd as a na(i\(' coNcriiiii' is reindeer inoss.

S<(/i.i' /'rjh /is^ one {)[' (lie willows, is jin exc('ll(MJt i)lanl I'oi- lioldino- ihc

sand, l)ut thus far Iheic has heen no siicc(vss in its aii ilieial ))i'opa<4ii-

tion. On the lar^'e aicas of heaeh-tj^'i'iiss phintat ions t he lows follow

thiM'ontour lines and (he plantino' extends from the hase toward the

iipox of tlu^ hills, hut the (ops of the dunes are not j)lant<'d. Tlie cost

of ])lantinii' and oatheriny' {\\v orass is about the same hei-e jis around
Oxl)r)h It is customary to hire oik^ workman at a tixed [)iMce pov

square yard, and this man provides tlu^ uecessary helpers.

The trees used here upon the ])lautation are mostly PhiuH monUirta

and P'urd (dim. Pnca sltche^ifiix has been used to souh^. extent and

seems to do well, especially in wet places, l)ut it lias not yet been sulii-

ciently tested. Plcea aiha withstands wind but will not endure?

drouo'ht. The seed of the trees is planted in seed beds in May. The
following spring, when the seedlings are one 3'ear old, the}' are trans-

planted to the nurser}' rows by an ingenious machine. It was said

that 1)3' means of this machine 1,000 plants could be transplanted at a

cost of about 6 cents. The trees are finally set out upon the dunes

when the}^ are three 3^ears old. Besides the conifers mentioned, oak

(QticiruH sessil iff(»'(() and birch are emplo3'ed as fire guards. It is

interesting to note that the heather comes in naturall}- in the birch

plantations, but does not appear in the oak plantations. Alder is

planted on low^ places for the purpose of enriching the land, the nod-

ules upon the roots having the same function as those upon the roots

of legumes. ]Mr. Dahlerup stated that there are in all about thirt3'-

five plantations in Denmark along the west coast of Jutland, one of

the largest ])eing this one at Skagen. Concerning the interior ])lan-

tations in the '*heide" region, he said that the preliminary fixation is

b3' means of heather, while the 3^oung forest is composed of Phi us mon-
tana and Picea excelsa. The latter is the best tree for tin? purpose,

but it can not be grown successfullv directlv upon the heather land.

It is therefore necessar3' to plant first Plniis mnntana. This kills the

heather and Plcen iKPcdsa can be made to grow in the shade of the pine.

Although PhiuH montana can be successfullv grown, it is inferior to

Plcea excelsa so far as its usefulness for timber purposes is concerned.

m:RMANY.

Tlie most extensive work to be found in Kurope in the reclamation

of sand-dune areas has beiMi done along the north coast of (Tcrmany.

The coast of the North S(»a, and especiallv the North and East Friesian

Islands, ai"(* contiiuially subjectcMl to the (^'osive action of wind and

water, which r(M(uires not only extensive woi*k in the ])i*()tection and

reclamation of dunes but much in the wa\ of mechanical obstruction.
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The i(nist and har))()rs are protected in various wav>. In ina.sonry and

piles. Sand-dune works also extend in various places all alon*^" the

coast of the lialtic Sea, which, liowever, are fully described in (ier-

hardt's hook, previously mentioned. Therefore, for the; j)urj)()se of

inspectini*" the methods which are typical of the whole coast, a visit

was made to oidy one of the important sand-dune ret»ions of Ger-

many—the Kurische Nehrunj*- in northeastern Prussia.

This is one of the most wonderful sand spits in the world, consist-

ino- of a narrow peninsula which extends northward from the i'ej»ion

of Ivranz for about 00 miles. To tlie west lies the open ocean of the

Baltic Sea and to the east the bay called the Kurisches Mat!". The
opening to the bay lies just to the north of this sand spit. On the

opposite shore is located the somewhat important town of Memel,

and there are three or four towns or villao-es situated in various places

aU)no* the peninsuhi. The strip of land is (piiti^ narrow, yaryino- from

1 to T) miles in width. ^Vt one time this peninsula was covered with

forests, but later the trees were removed and the region was soon

converted into a series of shifting dunes. Besides the necessity for

protecting the villages and arable land upon the peninsula it is neces-

sary to prevent the increased encroachment of the sand upon the

harbor to the east. For these reasons the Government undertook the

reclamation of the whole peninsula.

So nuich attention is given to this region in (lerhardt's work that

it is unnecessary to do more than note a few points in which the

methods ditl'er from those used in the Netherlands and in Denmark.

In the first place, a long barrier dune, the entire length of the peninsula

on the west side, has been produced. This is kept in repair by means of

beach grass and the necessary sand fences. The b(M\ch grass is planted

upon this dune in a nuich more exact and methodical manner than that

seen elsewhere. The surface is first carefully laid ofi' with a line in

squares called ''quadrats,'' and the plants are placed Avith almost

mathematical precision. The forest consists for the most part of

Pinus nnmtana. In the vicinity of Rossitteu there are several large

wandering dunes which have not been planted. These dunes are in-

deed hills, being from 200 to 300 feet in height. As the general

course of these shifting dunes is from the west toward the east, they

will finally disappear in the waters of the Kurisches Hafl'. For this

reason it has been thought inexpedient to make plantations upon them

except ^vhere it has been necessar}^ to protect A^llages and other val-

uable propei'ty.

Through the kindness of Prof. Christian Luerssen, who gave a letter

of introduction to the dune inspector of this region, the venerable Mr.

Epha, a veteran in the service of sand reclamation, every pains was
taken to render the inspection of the dunes eas}^ and satisfactory.

The success of the work in this region is impressive. The conditions
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an^ ccM-iaiiily ;is iKhcrsc as on any of llic dune arcsis ulon^ tlio Enropojui

coast; yet (lie vast sandy waste lias hccii converted into a ])i()(luc;tivc

forest, whicli, with a comparatively small amount of attention, can he

])rot(U'te(l from t'urtluM' encroachment of the ocean.

The cost of holdino' tlu^ sand hy plaiitiFio- ^rjiss upon the wandering

dunes of the Kui-ische Nchnino- is said I)}' (Jerhardt to bo from ITO to

22(1 marks" per hectare, or »t^lT to ^22 per acre. This inclu(h;s j^atlier-

\n<f the orass, transportin*^' it to the plantation, and the s(^ttin<^ The
t^atherino- costs from 2 to 2.r)() marks, while the transportation costs

ai)out 2 marks per lOO bundles for distances not exceeding 8 miles

and about 8 marks where the distance is 8 to 5 miles. Plantinj^- is

usually doiu^ by the day, the wages })aid bcrinj^^ 1.80 to 1.80 marks for

men and from 1 to 1.20 marks for women. Th(\ laborers are mostly

women (PI. VII, tig. 2). According to circumstances the cost of

planting 100 ])undles may be 8 to 8 marks. Where the grass to be

used is obtained in the vicinity by thinning the dense Imnches the

total cost of planting ma}" be 5 to 10 marks per 100 bundles.

The cost of the brush fences, where this method is used, is about 0.20

mark (5 cents) per running meter. This includes gathering the brush,

preparing the stakes, and setting the fence. As the material is obtained

from the waste brush in the neighborhood, no charge is estimated for

this. The amount of material is at the rate of 0.05 cubic meter per

running meter. At this rate one cord of the prepared brush is suffi-

cient to set about 80 yards of fence.

The cost of establishing a forest is given by Gerhardt as 1,200 marks
per hectare ($120 per acre). This is the average of ten years' experi-

ence upon the Kurische Nehrung and includes items as follows:

Fixation of the shifting sand by means of sand or reed hedges.

Fertili/.er

Preparation of the holes for phmting .•

Planting the young trees, 400 to the hectare

Miscellaneous expenses

Tot^il

Cost per
hectare.
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in his ca])acity as surveyor, was provided. Mr. Diuvoiie is vory

fuiniliar with th(' whole rooion jind with the methods whicii have heen

used to reelaiiu it, and has published some important papers upon the

subject, 'riie particular region visited was a few miles south of

Areachon. This is a part of the general dune system extendini^ from

the mouth of the (iironde Kiver to Bayonne. Before this hmd was

reehiimed a considerable portion lying back of the dunes was untit for

agriculture, as it consisted of alternating sand hills and marshes.

Since the reclamation the conditions have so changed that the ])opula-

tion has very materially increased. A barrier dune, similar to the one

found in the Kurische Nehrung, extends all along the coast (PI. VI,

tig. 1). Tliis is held in place in the same manner; that is, by means of

beach grass and brush fences. The most marked difference in the

method of reclamation is in the fact that a forest was esta))lished by

sowing the seed. The seed of J^inm VKiritinui is sown on the sand in

October or November or in the spring during March and April, and

the whole is then covered with brush or conifers. The seed soon

germinates, and, protected temporarily l)y the brush, grows into a

forest.

The total cost of covering the area with forest, including the plant-

ing of the trees and the covering of the land, is al)()ut 320 francs per

hectare, or about ^26 per acre. The grass for planting the barrier

dune is dug up b}^ means of a small mattock, and is set with a conical

instrument having a horizontal handle. The grass is planted in rows

parallel to the course of the dune. Breaches are repaired by means of

sand fences (PI. IV, tig. 2), usually by placing two lines of fence

about 6 meters ai)art and extending above the surface of the sand 00

or 70 centimeters. As soon as these are covered a second line of fence

is placed on top. The fence which was used in esta])lishing the

original barrier dune was placed abotit 2 meters high. Where ravines

are to be filled with sand it is connnon to use these fences in a net-

work of squares. Some portions of this protecting dune reach the

extraordinary height of 200 feet or even more. There is evidence to

show that in former times some of these dunes had encroached upon

the inland forest, killed the trees, and then passed over them, as stumps

are to be found on the windward side along the shore (PL V, iig. 2).

Mr. J. Poisson '' has described the method used upon the dunes of the

Coubre, a peninsula which lies just north of the mouth of the riv^er

Gironde. The seed of Phius )tiarltima was sown at the rate of about

5J pounds to the acre, mixed with one-half pound each of furze,

broom, and ])each grass. The total cost of covering 2,100 hectares

was Tt)().ltl:2 francs, or about $29 per acre.

« Sur la fixation des dunes dans I'ouest et dans le nord de la France. Extrait des

Comptes Rendus de 1' Association Fran(;aise pour 1' Avancenient des Sciences. Paris,

1900.
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'^^^. John (JilVoi'd, who has ('xainincd the (hmc ro^ion of the Landcs,

^•i\es ail accoiml " of thr methods used in (he orin-iiial work of r(;chl-

inaliou, whicli is \\v\-v apjKMKh'd:

A littoral diiiu' was coiistruc-tt'd slrai^iit aloii^ the Mhorc riiun llu; mouth of tiic

(Jirotidc to Bayoiinc. 'Pliis dnnc is the secret of all HiiceesH in the fixation of nfiift-

iiiL' sand. It is sinii)ly a hank of sand of certain dirnensionH, with a certain nlope

snited to the condition of affairs. This protective, or littoral, (hnu^ is formed an fol-

lows: A donhle fence is constructed of hrush, or of |)alisade.s driven in the sand.

This stops the sand which comes from the ocean. So(.n a rid;/e of sand forms, e<jual

in heiirht to the t'eiice. A douhle fence is used, as it ^dves hreadth to the dune and

stops the sand which 1)1o\vk throuf^h the fence on the ocean side. As Kor)n as a rid-^M-

of sand is formed as hi^h as the fence, the old fence is pulled up or a new one built

on top, and so on until a (hnie of the height desired is formed artificially. The
proper height of a protective (Unie is 38 feet. It should slope 25 degrees toward the

sea, and may he (50 degrees ^> on the land side. The dune must he at least 800 feet

from high-water mark. After the dune has reached the proper size, it is kept in

shape by the sea marram {rK(()inna armaria) .<^ This })eculiar plant, called gourbet

in France, is exclusively used for fixing the sand on the littoral dune. It has long,

much-divided rhizomes, and will grow" well only when covered with fresh sand. The
dune nuist always be kept in shape. If sand accumulates in any one spot in undue

amount, a draft is formed, which may end in a breach of the littoral dune. "Gardes

cantonniers" are stationed along the dune to watch it closely, and here and there on

this long, straight sand bank groups of men and women may be seen digging up the

gourbet in places where it is too thick and planting it where needed. Constantly

the dune is watched and mended; the forest, villages, and fields in its lee are depend-

ent upon it, and it in turn is dependent upon the humble but persistent gourbet.

After the formation of the littoral dune comes the work of })lanting in its lee. The
surface of the sand is covered with brush arranged like the slates on a roof, with a

shovelful of sand here and there to hold it down. Then the seeds of Pinus maritima

are sown, with seeds of other plants to shade the young pines, and seeds to attract insec-

tivorous birds. The pines usually come up well and grow quickly, although close to the

littoral dune they are gnarled and stunted by the salt w^inds. Thus the sands are fixed,

and, although the forests do not yield a good interest in cash, they are of incalculable

value to a large proportion of the people of Gascony ; in fact, indirectly, to the whole of

France. Fire lanes have been constructed across the dunes, and, thanks to the watch-

fulness of the guards and the rigid enforcement of laws, fires are almost impossible.

Very little cutting is done in these forests, the revenue coming mainly from the

resin industry. Owing to a lack of roads and insufficient means of transportation

on these dunes, only the most valuable timber is marketed, after being tapped for

resin. If it is desirable to remove a tree, it is bled to death l)efore being cut. All

other trees are tapped very carefully, and are in no way injured by the process. In

fact, bled timber is considered superior to unbled in France. The Hague method of

orcharding is used, a system which does not injure the tree, but gives a resin of bet-

ter (piality and more abundant turpentine. Another article, however, could l)e

written on the French method of turpentine orcharding.

Other industries have started, the people have improved, and the country is more
fruitful and beautiful, so that through the agency of trees a new province has been

practically a<lded to France.

'^'The Control and Fixation of Shifting Sands. In the Engineering Magazine,

January, 1898.

''There is some error here in the angles given for the slope. The windward slope

is from 4 degrees to 14 degrees, and the lee slope about 80 detirees.

c Another name for beach grass {Atnmojjhila arenaria).

17170—No. 57—04 3
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SUMMARY.

Extensive and systeiiiatic work is done by various governments in

Europe for tiie purpose of reclaiming wast(* dune art^as. The ohjeet

may be to convert this waste into a i)i()(luctive forest, or to prevent

the eneroaehment of the sand upon \ahial)le property.

The sand is tirst held in phice by some inert covering or a plantation

of grass, and afterwards a forest is established by trans})lanting young
trees.

Trees will not grow in the immediate vicinit}^ of the ocean; hence

a narrow strip along the coast must be permanently held in place by

means of a sand-binding grass.

The best grass for this purpose is beach grass (Animophila arenarid)^

which grows naturally along the sandy seashores of the North Atlantic

coast. The same species grows along the shores of the (xreat Lakes

and on the Atlantic coast of the United States as far south as North

Carolina.

The grass is transplanted in rows or squares in autunm or spring.

Satisfactory results can not be produced In' sowing the seed of this or

of other plants directly upon the unprotected sand.

Where heather grows in sutficient abundance this is cut and laid upon

the surface of the sand.

The third important method for preventing drifting is the use of sand

fences. These consist of rows of rough stakes or pieces of brush driven

into the sand and projecting above the surface from 1 to 3 feet. For

holding the sand the shorter stakes are placed in squares of 9 to 12 feet,

forming a network. For accumulating sand in hollows or repairing

breaches in a protecting dune the high fences mav be used. Solid

fences are not used.

T'he drifting of the sand having been prevented by one of the above

methods, young trees are set out to form the permanent covering of

forest. In northern Europe no satisfactory results have been obtained

in establishing a forest by sowing the seed, but in southwestern France

a forest was produced by sowing the seed of Pinus maritima upon the

sand and covering it with brush.

The trees used are: In the Netherlands, P/'niis austriaca and P. laricio

near the coast, P. sylvestris on the interior dunes; Denmark, Pinus

montana near the coast and Plcea ^.w^/^w (preceded b}^ Pinus montana)

on interior heath land; Germany, Plmts montana; France, Pinus

maritima.

On the Kurische Nehrung and in other parts of Prussia, and in

Gascony, a long barrier dune has been formed artificially to protect

the land lying back of it. This is kept in repair by planting beach

grass and bv the use of sand fences when necessary.
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DESCRIPTION OF PLATES.

Platk I. Frontis-jiifcr. IWnrh ixnit^H {Anunojfliihi arrii((ri(i Link). Drawii)?/ from Iht-

liariuin spocimcii.

Plath II. Fit;. 1.

—

Inlnud dnncsnearBarneveld.tlie Nctlicrlaiids. In lla* l)ack<rr()nn<l

the (liiiu's have been covered with heather to j)reveiit driftiii<: and afterwardw set

out with J'iims si//restris. In the forefjronnd the i)ines liave l)een jtlanted witliout

a coverinj^ of heather, as the sand is here moist enough to prevent its drifting.

Fig. 2.—Inland dunes near Barneveld, the Netherlands, showing road in process

of construction through the plantations. In the background the dunes are

covered with heather. In the foreground is the road, the sand being ridged up

with <litches at each side. Upon the sand is ])laced heather in a thick layer.

This i)revents the wheels of vehicles from sinking into the loose sand.

Plate III. Fig. 1.—Inland dunes near Barneveld, the Netherlands, showing a ])lan-

tation of i'/z/u-s- xylvcKtris on a covering of heather. The sand is first covered with

a layer of cut heather to jirevent its drifting. Fig. 2.—Unreclaimed sand dunes

near Alkmaar, the Netherlands. In the foreground is a low area partially

covered with heather. In the interior such areas furnish the heather, which is

cut and laid upon the surface of the sand to prevent its drifting.

Platk IV. Fig. 1.—Plantation of })each grass upon the dunes near Oxbol, Denmark.

This shows how^ the plantations are made along the lower places and part way

up the slopes of the dunes, the tops remaining unplanted. The grass will be

planted somewhat higher on the slopes as opportunity permits, but the tops will

be denuded of grass to facilitate the removal of the sand by the wind. Fig. 2.

—

Barrier or ])rotecting dune south of Arcachon, France. To the left ])each grass

has been planted in rows parallel to the beach. In the center is a sand fence,

placed to repair a breach, which is now nearly covered with sand. To the

extreme right is the forest in the lee of the dune.

Plate V, Fig. 1.—Lee slope of a portion of the barrier dune south of Arcachon,

France. Since the dune has been fixed on the windward slope, the advance of

the sand inland has been very slow, as shown by young trees growing along the

slope. Fig. 2.—Unreclaimed sand dunes south of Arcachon, France. The

stumps are the remains of a forest which has been covered and again uncovered

by an advancing dune.

Plate VI. Fig L—General view of the barrier dune south of Arcachon, France.

This dune stretches along the coast from Arcachon to Bayonne, about 75 miles,

an<l i)r(jtects the forest of Pinny in(trit'nn<t in its lee at the right. The ocean is

seen at the left. This dune was formed artificially with the help of sand fences

and beach grass and is now held in position by the same means. [From a pho-

tograph by Mr. E. Duregne.] Fig. 2.—Unreclaimed sand dunes .^outh of Arca-

chon, France. The sand is drifting badly at this point Here and there a snail

hillock is held in ])lace by a bunch of bea<'h grass.

Platk VII. Fig. 1.—Laborers digging beach grass near Alkmaar. in the Netherlands.

The instrument used ior this purpose here is a sj)ade with a rounded point. The
grass is obtained upon the dunes where it is growing naturally, by thinning out

the bunches. In the background may be seen the unreclaimed dunes jiartially

covered with vegetation. Fig. 2.— Laborers settingout beach gra.^supon the barrier
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dune at Rossitten, on the Kurische Nehrunj?. At the right in the overseer. The
gra.s8 Ls set in sciuares or " (luadrats." The position of the rows is determined quite

accurately ]>y stretcliing a Fine between two i)oles, one of which appears in the

iUustration. One laborer makes the holes with a planting spade, wliile another

sets the grass. At the left may be seen a bundle of the grass rea<ly to be set.

Plate VllL Fig. 1.—Protecting tlie base of a barrier dune by means of two rows of

sand fences. Storms had eaten away the face of the dune and the fences are

placed to accumulate sand, after which grass will be planted. [From a cut in

(lerhardt's Diinenbau.] Fig. 2.—Protecting a road through the dunes, on the

Frische Nehrung, Prussia. The road is curved and the slope is held l^y cover-

ing with a layer of reeds and placing poles upon these. [From a cut in Gerhardt's

Diinenbau.]

Plate IX. Fig. 1.—Shifting dunes held by sand fences on the Kurische Nehrung,

Prussia. The fences are of brush placed in squares. Nearer the strand the

brush is in rows parallel to the beach. [From a cut in Gerhardt's Diinenbau.]

Fig. 2.—Shifting dunes held by means of sand fences of reeds, on the Kurische

Nehrung, Prussia. Next to the strand the reeds are placed in rows parallel to

the beach. Farther uji on the dunes they are placed in squares. A roadway

passes through at this point. [From a cut in Gerhardt's Diinenbau.]

o



Bui. 57, Bureau of Plant Industry, U S Dopt of Atrncuituro. Plate II.

Fig. 1.—Dunes Held by Covering of Heather.

Fig. 2.—Making a Road in the Dunes.





Bui. 57, Bureau of Plant Industry, U. S. Oept. of Agriculture. Plate III.

Fig. 1.— Pine Plantations in Covering of Heather.

Fig. 2.—Heather Among the Dunes.





Bui. 57, Bureau of Plant Industry, U. S. Dopt. <jf Agriculture. Plate IV.

Fig. 1.—Beach Grass Plantation Along Base of Dunes.

Fig. 2.—Beach Grass and Sand Fence on Barrier Dune.





Bui. 57, Buroau of Plant Imlustry. U. S Dt-pt. of Agriculture. Plate V.

Fig 1.— Lee Slope of Barrier Dune.

Fig. 2.—Remains of Once Buried Forest.





Bui. 57, Buioau of Plant ln()ustiy, U. S. Dopt. of Agriculture. Plate VI.

Fig. 1.—General View of Barrier Dune.

Fig. 2.—Unreclaimed Shifting Dune.





Bui. 57, Bureau of Plant Industiy, U. S. Dept. of Agriculture. Plate VII

Fig. 1.— Digging Beach Grass for Planting.

FiG. 2.—Tha.nsplanting Beach Grass.





Bui. 57, Bureau of Plant Industry, U, S. Dopt. of Agriculture. Plate VIII

Fig. 1.—Sand Fences Protecting Base of Dune.

Fig. 2.—Protecting a Road Through the Dunes.





Bui 57, Bureau of Plant Iniluslry, U. S. Dcpt. of Agriculturo. Plate IX.

UiAA\L::i\:\^^'^' %

m.̂^4t

Fig. 1.—Shifting Dunes Held by Brush Fences.

3f :rH?^
I«.^i^.^ «(iu 41 ,i4<lvt6i|^l^EI/iliiM^(iiiililili«Hw^^^

Fig. 2.—Shifting Dune Held by Reed Fences.
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V\{ F, FACI'.

l)(H:nis(^ of Niiriatioii in the ainount iiiid (juality of each yosir's crop

it is fr(M(iuMi(ly necossarv for soedsinoii to caiTv owv hn-'^'-c (juantitios

of seeds from one year to aiiotlicr. Such s(*ods often lose llicii- ability

to germinate, and either are a h)ss to the seedsman oi-, if they are

marketed, cause still more serious losses to those who plant them.

Since ISl^t) Mr. Duvel has been engaged in a general investigation of

the causes affecting the vitalit}' of seeds, with special refca'enccr to the

conditions under which the}^ are stored commercially. This investiga-

tion was begun in 1899 under the Dexter M. Ferry Botanical Fellow-

ship at the University of Michigan, and since September 1, 1902, it

has been continued b}^ the United States Department of Agriculture.

An account of the whole study is presented herewith.

The general method pursued has been to store seeds experimentall}'

under all sorts of conditions, and afterw^ard to ascertain the exact per-

centage of germination. It is now possi})le to speak with precision of

the extent of damage caused b}^ careless methods of storage, to express

in actual figures the greater liability of seeds to loss of vitalit}' under

the warm humid conditions existing in the South Atlantic and Gulf

Stiites than under colder and drier conditions, and to demonstrate the

utility of storing seeds, when they must be kept in a humid climate, in

moisture-proof packages. 7V further investigation, i. e., of the extent

to which \ itality may be preserved ])y means of commercial cold stor-

age, is now in progress.

Frederick V. Coville,

Jjofanisf.

Office of Botanical Investigations and Experiments,

WaxhiiHjtoii., D. 0.^ Dceeniber o^ 1903.

5





n

CO NT I' NTS.

Pago.

Introduction 9

Materials and met hods 10

Seeds 10

Crerniination tests and ajtparatus 11

Effect of climatic conditions on the vitality of seeds 18

Causes of the losses in vitality in different climates 22

Effect of moisture and temperature ui)on vitality 24

Seeds packed in ice 26

Effect of moisture on vitality at lii<,dier temperatures 29

Summary 35

Effect of definite quantities of moisture on the vitality of seeds when they are

kei)t within ceitain known limits of temperature '>6

A comparison of methods of storin*^ and ship})in<^ seeds in order to protect

them from moisture, and conse(iuently to insure a Letter })reservation of

vitality 44

Suggestions of earlier investigators 44

The necessity for thoroughly curing and drying seeds 45

Character of the seed warehouse or storage room 46

The value of good seed to the market gardener 46

Shipping seeds in charcoal, moss, etc 47

Nature of the experiments 47

Disposition of the samples 48

Results of the germination tests 50

Experiments in keeping and shipping seeds in special packagtis 65

Respiration of seeds 74

Summary 81

Enzymes in seeds and the })art they play in the preservation of vitality 82

Sunnnary 87

Literature cited 90

7



1 L 1. U S T R A T IONS

TEXT FIGURES.

Fi(i. 1. Apparatus used to determine the effect of moisture and temperature on

tlie vitality of seeds in eonnnunication with free air .'>0

2. Apparatus used to determine the effeet of moisture and temi)erature

on the vitahty of seeds not in eommunication with free air 30
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W. r. I—<•!. B. I. K.—fifi.

Till: \ ITALITY AND CI'RMIX ATIOX OF SHHDS.

INTRODUCTION.

It luis lono- IxHMi known that the conditions under which phmts are

grown and the degree of maturity at the time of harvesting ai-e fac-

tors which phiy an important part in the life of seeds. P)ut, granting

that seeds are of strong vitalit}^ at the time of liarvesting, there

remain to be considered the methods of gathering and curing, the

water content of th(^ seed at the time of storing, the methods of stor-

age, the humidit}' and temperature of the surrounding atmosphere,

the composition of the seed, the nature of the seed coats, activities

within the cells, and numerous other factors which play important

parts in the life of the seed.

The conditions necessary for the successful germination of a seed of

good vitality and the chemical transformations accompanying these

early stages of development have received considerable attention from

numerous investigators. These changes and conditions are fairly well

understood for many of our common seeds. However, several impor-

tant facts still remain unexplained, and our knowledge will not be

complete until each and every species has been carefully studied.

On the other hand, the conditions influencing the vitalit}^ of seeds as

commercially handled are but little understood and have ])een almost

wholl}^ neglected in research work. Likewise, but little attention has

been given to the complex chemical and physical changes which take

place in mature seed during the slow process of devitalization. It was

in order to determine some of these factors that the work described in

these pages was begun, and the results are thus of considerable practi-

cal value as well as of scientitic importance. The present paper treats

chiefl}^ of the conditions influencing the vitalit}^ and germination of

seeds when su))jected to such methods of treatment as are generally

met with in the ordinarv liandlincf of seed. Particular attention has

been- given to the efl'ect of climate, moisture, and temperature on

vitality, supplemented with a discussion of the changes ttiking place

in mature seeds, especially the respiratory activities and tlie part

played ]jy enzymes.
9



10 THE VITALITY AND OKKMINATION OF SEEDS.

Tho results of tht^ uhovt^ expcriiueiits liuve su^^estid inipioved

methods of storiii*^' aiifl shipping- seeds so us to proloui** their \ itulitv

tuid idso to secure th*' production of more v'io()ro[is seedliii»,^s.

The work for the present piii)er was Ix'^un in 1.S91) at th(^ lliiiverHity

of Michit^an and was continued for three consecutive years while the

writer held the Dexter M. Ferry liotanical Fellowship in that institu-

tion. Durint( this time the investigation was under the direction of

Prof. y. M. Spaldino-, Ph.D., and Dr. F. C. Neweond)e, who showed

great interest in it and j^ave valua))le suggestions as the work pro-

gressed, at the same time placing the facilities of the laboratory and

of the libniry at the disposal of the writer. Since Sept(^mber 1, 11)02,

the work has been continued in the Seed Laboratory of the U. S.

Department of Agriculture. Vahia))le assistance in storing seeds was

rendered })y Prof. C. W. Hurkett, at Durham, N. II.; Mr. E. K. Smith,

\Yagoner, Ind. T.; Prof. W. R. Dodson, Baton Rouge, La.; Prof. F. S.

Earle, Auburn, Ala. ; Zinuner Brothers, ]VIol)ile, Ala.; Prof. H. H»

Hume, Lake City, Fla., and Prof. Charles B. Scott, San eJuan, Porto

Rico.

MATERIALS AND METHODS.

SEEDS.

For these experiments thirteen difi'erent samples of seeds were used,

being so selected jis to include representatives of ten ditl'erent families

and twelve genera and species, as follows:

Pocicese—Zea 7nai/s, sweet corn (two samples).

Liliacese—Allium, cepa L., onion.

l^rass^icacese—Bj'assica oleftwcea L., cabbage; Ra^^hanuf^ satimis L.,

radish.

Apiaceai—Daueiis carota L., carrot.

Fal)acese—Pisuin sativmn L., pea; Phaseolus mdgaris L., bean.

Vlolacei^^— Viola tricolor L.
,
pansy.

Polerruytiiacese—Phlox ih'ummondii Hook, phlox.

Solanacece—Lycopersicon lycopei'sicum (L.) Karst., tomato.

C^icurhitacese— Cltnillus citi'uUus (L.) Karst., watermelon.

Asteraceiv-—Lachica sativa L. , lettuce.

It will thus be seen that the seeds used cover a wide range as to

family characteristics, as well as size, structure, and composition of

seed. Likewise they are all from plants of the garden or field that

have undergone a high degree of cultivation, thus enabling the seeds

to withstand more or less variation as to conditions of vitalit}^ and

growth.

All seeds used throughout these experiments were provided by

D. M. Ferry & Co., of Detroit, Mich., and the seed furnished was of

strong vitality and of known age and origin. The corn "A" (Minne-

sota Sweet), onion (Yellow Danvers), pea (D. M. Ferry Extra Early),

bean (Yellow Kidney, Six Weeks), tomato (Dwarf Champion), and the
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wjitonnoloii (Swoot Moimtaiii) were oi-own in Miclii^Mii. '\\\o. corn
'*!)" (Minnesota SwiM'l), w as orown in Ncbiaska, the. cahha^c (Wiii-

ninnstcdl), in \\'asliino(on, and (he IcltiUM' (HIack-SccMlcd Simpson), in

California, while Ihe I'adish (lOarly Scai'lct 'I'urnip-Koolcd), carrot

(('hant(Miay), pansy (mixed), and PJdox (Intnnnondil (mixed) wore

oTow II in France. Tlio seed was all of the harvest of I8i)l> and was

receiv(Ml at the l)otanical laboratory of the University of Michij^an on

January 27, 1900.

On January 30, 1900, ^germination tests were mad(% showin;^- the

vitality of the seeds to be as follows:

Vitality of seeds tested January SO, 1900.

Kind of seed.

Bean

Ciibbagc

Carrot

Corn, sweet, "A",

Corn, sweet, "B"
Lettuce

Onion

Kind of seed.

Percent-
age r)f

germina-
tion.

Pansy

Pea

Phlox

Radish

Tomato

Watermelon

69.6

97

78

81

98

99

GERMINATION TESTS AND APPARATUS.

In the preliminary work several methods of testing were tried, Init

as none proved as serviceable as the "Geneva tester," this apparatus

was adopted for all subsequent tests as recorded in the following

pages. The detailed construction of this tester need not be described,

for it is simple and quite familiar to all. However, some modifications

were made in the preparation of the apparatus, and some precautions

taken in the manipulation, which have proved to be of much value.

The brass wires originall}^ and ordinaril}^ used to support the folds of

cloth were replaced by glass rods of 6 to 7 mm. diameter. Rods of

this size are much heavier than is necessary to support the folds of

cloth, but the chief advantage in having rods of large diameter is that

in case of the germination of large seeds the folds can be drawni near

together at the top and still have sufficient space within the fold for the

seeds. On the other hand, in the germination of small seeds that

require considerable cjuantities of air, the folds can be closed at the

top b}^ bringing the rods together, thus insuring more uniform condi-

tions throughout the fold and at the same time leaving sufficient space

above the seeds for an abundant suppl}' of air. The chief advantage

in substituting glass rods for brass wires is in removing the possi])le

source of injur}' resulting from the poisonous action of the dissolved

copper.

Another error frequentl}^, if not always, made in using such a tester

is in allowing the ends of the cloths, or sometimes the bottoms of the
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folds, to (lip into water in the pan. This should never he permitted,

for in that way seeds are kept too moist, especially n<'ar tln^ ends of

the folds. Likewise sucli methods ^ive an o})p()i'tunity for tln^ trans-

mission of dissolved eopper and a resultin*^ injury to the seeds. For

this same reason the strips of cloth sliould he made sulHciently narrow

not to come into contact with the sides of the pan.

Much l)etter results are ohtained if the seeds, before bein^ placed

in the terminator, are soaked in water for several hours, the len^^th

of time depending- on the power of absorption of the seeds. In these

experiments the seeds were always soaked in distilled water for twelve

or tifteen hours before transferrin**- them to the germinator. This

preliminary soaking- gives a more speedy germination, which is always

advantageous, especially in making comparative germination tests.

In order to supply the requisite amount of moisture for subsequent

growth, the cloths were first uniformly and completely wet with dis-

tilled water; moreover much care was taken to see that there was only

a ver}^ small (juantity of water in the bottom of the pan. In case of

seeds that germinate readily, such as cabbage, lettuce, and onion, it is

necessary that all surface water be removed from the bottom of the

germinator if good results are desired. The pan then being covered

with a glass i)late, it is seldom necessary to increase the amount of

moisture, for seeds when once soaked need only to be kept slightly

moist and not wet, as must necessaril}' be true if the ends of the cloths

or bottoms of the folds dip into the water. After soaking, the water

in the seeds and cloths is ample for the completion of most germina-

tion tests. However, in an occasional test the seeds may become

slightly dry, which happens when the cover is kept oil' the pan for a

considerable time while counting germinated seeds. In such cases the

remedy is to pour a small quantity of water in the bottom of the pan,

or in extreme cases to moisten the folds with a fine spra}".

If the above modifications be adopted and the necessary precautions

taken, many of the objections frequently made to the Geneva tester

will be removed and the difficulties will be overcome; at least it is a

most excellent method of testing seeds where comparative results are

especially desired. It must also be borne in mind that the Canton flan-

nel (which is generally used in making the pockets) should always be

of the best grade and should never be used a second time without l)eing

thoroughly cleaned and sterilized.

In selecting samples for germination the impurities and the imma-

ture seeds were first removed. The samples for test were then made
up of the remaining large and small seed. For the most part 200

seeds were taken for a test, but with the larger seeds—corn, pea, bean,

and watermelon—100 seeds were usually used. In all cases where any

irregularity was apparent, tests were repeated. The controls are

based on the results of several duplicate tests.
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All i^criniiudioii tests were. ina<l(' in ;i daik looiii wIm'I'c; the tcinjH'.r-

aturc could he compai'iitiN'cly well rcj^iilatcd and was iiisiintainnd neaily

coMstaid tlirouj^hout most tests, (lerinifiatcidscieds were icnioved daily

durlrjjjf {\U'\\ sla<:^es of the tests and a {•om])l('t(' rccoid of the ninnl)er

ofcM-ininatiiii^- each day was kept. This is of value in seed testing-,

IxH'ause the jifenui native eu(»r<jfy of a seed tidls nuieh as to its vitality.

li' seeds have a hi«^h \itality, the j^ernii native (Mier<(y will be very

stron<^, i. e., <(eriniiiatiou will take place rai)idly, ^ivin<^ I'ise to .stronj^

a!id viji^orous seedlings; but if the seeds are of ncry U)\v \'itality, there

will \)v a corresponditif^ retardation in germination, giving rise to

weak seedlings, i. e., showing a low germinative energy. In most

cases throughout this work only the final percentages of germination

are tal)ulated.

EFFECT OF CLIMATIC CONDITIONS ON THE VITALITY OF SEEDS.

It has long since been known that seeds under ordinary conditions

lose their power of germination after the lapse of a few years, or in

some cases within a few weeks or months. Many investigators have

also learned that the rapidit}^ with which seeds lose their vitality, when
stored under ordinary conditions, varies greatl}^ with the section of

the country in which such seeds are kept. This loss in vitality is espe-

cialh^ marked in the case of seeds stored in places of relatively high

humidity. The rapid deterioration of seeds in localities having a

humid atmosphere has become a source of much embarrassment to

seedsmen, for they have experienced many difficulties in shipping seed

to such places. This is especially marked in the case of seeds sent to

growers or dealers in the vicinity of the Gulf of jNIexico. Gardeners

and planters in that part of the United States are continuall}^ com-

plaining about the nonviable seeds sent out by seedsmen. Some grow-

ers have learned how to guard against this difficidt\" to a certain extent.

Zimmer Brothers, of Mobile, Ala., wrote, on February 28, 11)00, con-

cerning this matter, as follows:

During thirty years' experience in market gardening, we liave learned that seeds

of many hardy plants will not keep in our (;limate, and when ordering we so time

our order that we can plant the seeds as soon as received. If such be impossible, we
are very careful to keep the original package unopened until conditions are favorable

for j)lanting. If we find it necessary to keep seeds of liardy i)lants for some months,

we put them iip on arrival in dry bottles, put on top a l)it of cotton saturated with

chloroform and cork tightly. We have kept, in that way, cauliflower seed satisfac-

torily for twelve months. At the shore seeds keep very badly; one-half mile back

they do much better. As a rule seeds of tender plants give but little trouble.

As far as has been ascertained, no definite experiments have been

made with these points in view, and especially with the idea of deter-

mininijf the cause or causes of this det(M"ioi*ation of \ ital ciicro-w In

order to obtain relia)>l(^ data on thc^se points, a seri(\s of (\\p(M-imcnts

was luidertaken in February, 1!M)(), to determine how seeds are atl'ected
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when distrihuted tu ditlVrcnt purts of the I'liited States andsubiiiilted

to the free influenee of various elinmtes. Likewise at tlie various

points where tests were made tiie seeds were su})jected to ditlerent

treatments.

The phues seku'ted for these tests were San »luan, P. R., Lakc^City,

Fhi., Mol)ih', Ala., Auburn, Ahu, Uaton Kout^e, La., ^Va^,^()ner, IikI.T. ,

Durham, N. IL, and Ann Arl)or, Mich.

A sample of each species of seed was put up separately in (h>uble

manila coin envelopes and in closely corked bottles. l)u])licatc sets

of each series were then subjected at each of the above-named places

to the following conditions:

Trade coniUti<mi<.—Conditions similar to those in which seeds are

kept when offered for sale ])y letail dealers, the seed bein*^- more or

less exposed to meteorolotj;ical changes and sul)jected to natural varia-

tions in temperature and humidity. For the most part the seeds were

in rooms that were never heated.

Dry /wwi6'.—Rooms in the interior of buildings which Avere artifi-

cially heated during cold weather, and Avherc the (luantity of moisture

was relatively snuill and the temperature comparatively constant.

Bdfieinents.—Rooms where the temperature was comparatively low

and uniform, and the relative humidity of the surrounding air was

much higher than in "trade conditions" and "dr}' rooms."

These conditions varied in the different places at which tests were

made, and a more detailed description will be given when the results

of the germination tests are discussed.

For the first part of this paper, treating of the influence of climate

on vitality, none of the seeds need to be considered save those pre-

pared in paper packages and kept under trade conditions, these coming

more nearly under the direct action of the surrounding atmosphere.

A sample of each kind of seed was put up in a manila (No. 2) coin

envelope, and each of these packages was then inserted in a second

(No. 3) coin envelope. Duplicate samples of every kind of seed Avere

sent to the various testing places, where they Avcre subjected to trade

conditions. At San Juan the packages of seeds were kept in an open

room, being subjected to the full action of the atmosphere but pro-

tected from the direct rays of the sun and from rain. At Lake City

the packag'es were kept in a one-stor}^ frame building w hich was not

artiflcially heated and the doors of which were open the greater

portion of the time. At Mobile the packages of seeds were stored in

a comparatively open attic of a private dwelling. At Auburn the

seeds were stored in a greenhouse office, with the doors frequently

standing' open. At Baton Rouge the packages were kept on a shelf in

a grocery store, the doors of which were closed only during the night.

At Wagoner the conditions Avere very similar to those of Baton Rouge,

save that the packages of seeds Avere kept in a drug store. At Dur-

ham the seeds were kept over a door at the entrance of one of the
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('oIK'Ljc hnihlin^s. Tlii^ dooi- opens into :i liali wliicli coiiiiiiiniicjilcs

with tli(* ()lli('(^s. cIkmihcmI ':ilM)i;iJ(»r\ . mikI llic hasciiicnt. At Ann
Arl)()r llu' seeds were sloi'ed in the hohinieal l:ilM)i-;ih)i"\ . willi sliii'ldlr

\:iryiiiLf condilions, (liey l)einLj' ne:ii' m window wlii<-li w:is l"|-e(|uenl l\'

open dui'ini;" (1h> sninni(*r. :nid a( ii regular inter\jils duiiii^- llie eail\'

part of tlie sninmer (he ])a('kai;'es wci'e placed in the window so as to

i*(M"(M\(' (he direct rays of the sun, Tlie seeds s(oi<m1 at. Aim Arbor
scimmI par(ially as controls for those sent to (lie \arioiis othei* |)laces,

and, in addition (o the las(-nain(Ml series, seeds I'loiii (he oiioinal

packaiios, as received from I). M. Ken*y & Co., were ke})( in a diy

and comparatively cool clo.set on the fourth floor of the botanical lab-

oratory. Thesis seeds served as checks for the c()mi)lete set of exper-

iments, and are desionated throu<4h()ut this ])aper as ''('ontrol."

The sami)les were sent out to the a))0\e-iiamed places in Fi.'biuar}',

1900. The tirst complete set was returned in flune, or early July, of

that year. The second complete set was allowed to icmain throughout

the entire summer, and was returned in October and early Noveni})er

of the same year. The aveiaoe time of treatment for the two series

of experiments was 12S and 251 days respectively. AVhen the seeds

were returned, germination tests were made as soon as possible. The
length of time that the seeds were in the various places and the vitality

as showm by the germination tests are given in Tables I and II. In

both ta))les the colunms from left to right, beginning with Mobile,

Ala., are in the order of the degree to which the seeds were injured.

Table I.

—

Effect of climate on vikility, as shown bij j^ercentage of germination—first test.

Kind of seed.

Corn, sweet, "A "

Corn, sweet, "B"
Onion

Cabbage

Radish

Carrot

Pea

Bean

Pansy

Phlox drummondii

Tomato

Watermelon

Lettuce

Average of all seeds

Con-
trol.

95.9

89.3

95.8

92.7

83.6

83.3

95.3

9S.7

63.0

69.0

95.

5

98.3

81.6

87.79

Mobile,
Ala.,

Feb. 17

to
July 7.

140
days.

SO.O

48.0

7.0

64.5

58.5

59.0

69.2

58.0

3.0

0.5

90.0

98.0

63.0

53.59

San
Juan,
P. R.,

Feb. 9
to

.lune20.
129

days.

96.0

72.0

M.b

82.0

64.0

71.5

94.0

100.0

20.0

23.5

94.0

96.0

79.0

75.12

Baton
Rouge,
La.,

Feb. 17

to
June 18.

121
days.

96.0

80.0

90.0

88.5

77. 5

74.3

94.0

%.0

28.5

47.5

91.5

100.0

82.5

80.48

Wagon-
er,

Ind.T..
Feb. 17

to
June23.

126
davs.

96.0

70.0

93.5

83.5

77.5

81.5

98.0

96.0

48.5

50.5

%.5

98.0

78.0

82.12

Lake
Citv,
Fla.,

Feb. 9
to

June 18.

129
davs.

94.0

86.0

95.0

89.5

79.0

76.5

96.0

98.0

44.5

41.5

94.0

98.0

87.0

Dur-
ham,
N. H.,.

Feb. 17
to

July 14.

147
davs.

83.00

100.0

89.3

96. 5

93.0

80.6

78.0

98.0

100.0

55.5

67.0

9^1.5

98.0

82.0

Au-
burn,
Ala.,
Feb. 17

to
May 30.

102
days.

Ann
Arbor,
Mieh.

85.57

96.0

88.0

96.0

91.0

75.5

M.5

93.3

98.0

57.5

6L5
95.0

94.0

86.5

100.0

92.0

95.0

96.0

82.5

76.0

90.

98.0

53.

5

67.

89.0

100.0

82.0

85.70 86.23

From Table I it will be seen that the loss of vitality in the case of

seeds stored at Mo))ile was much greater than in tho.se stored at any
of the other places. The greatest loss in the samples tested was in the
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phlox, wht'iv the j^tTiiniiiition whs only n.5 per cent, or a Io>s in v itality

of 91). 3 per cent as conipared with the control. Tliesc results were

closely followed by a lo>>s in vitality of 1)5.1) and 1»2.7 per cent for the

pansy and onion f^ead^ respectively. The percenta»;es of ^-erniination

in the other cases, except the ''IV sweet corn, pea, and bean, were

suthcient to have produced a fair stand, i. e., if we consider that far

too many seeds are usually .sown. But a decrease in the percentajre>

of termination means seeds of a low »,^ernnnative energy. Even

though the final percenta<^e of termination be up to standard, the

retardation may be of vital importance. A very <i^ood example of the

retardation in ^germination is sliown in the tests of the watermelon

seeds. In the control sample 1)4 per cent of the seed oemiinated in

47i hours, while the seed returned from Mobile showed, durintr the

same time, a j>ermination of only 12 percent; yet the difference in the

hnal o^ermination was only 0.3 per cent in favor of the control. Like-

wise the seed returned from San Juan germinated only 20 per cent in

47i hours, the final germination being DO per cent or only 2.8 per cent

lower than the control.

Many similar cases might be mentioned in which the final per-

centages of germination, as shown by the first set of tests given in

Table I, represent a loss such as might be justly considered well within

the limits of normal variation. HoAvever, that all of the samples of

seed were injured as a result of the unfavorable climatic conditions is

shown in the second set of tests set forth in Ta])le II. In the latter

case the seeds remained in the various places nearly twice as long as

those used for the first test.

Table II.

—

Eff'cct of climate on vitality as shoimi by percentage of germination—second test.

Kind of seed.
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M\('ii llioiiLili llic coliiniiis ill holli 'I'aMcs I ainl II iifc an;iii<^<(| in

tli(> ofdci" of llic lo^s in xilality as shown l»y tin' a\('ra;4('s of llic,

\ari()iis places, it will a( once Ix' seen 1 lial 1 lie icial i\c, (Icorcc of injury

did not remain tiuvsamc (lii-oiiojioiil llic cxixMiiiicnl. d'liis is pi-ohahly

best oxplaiiHMJ ])\ a Nariation in (he cliniatic. inllucnccs. It is evident

that in some of (lie places where, seeds w(M"e stoi-ed the etl'ects were
more deletiM'ious diirino- the t imc iK-twccn (he lii-sl and second tests

than th(\v wvvc dnrini^- the lii'st, ])iMM()d ol" storaj^e of li^S days. The
nvsults o^iven in Table II are of the oi-oat<'r value in showiri<^'' the

ndativi* merits of the ditlertMit localities as })Iaces for .^toi-in<r seeds,

extcMidin^' as they do over a lonoer period of time.

As a result of the second series of tests it was found that the av(n}iL'"C

])ei-centai>e of oermination of all of the samples of seed that wer-e

storinl in trade conditions at Mo])iIe for 202 days was only iJ4.^>l per cent.

This is e(iuiyalent to a loss in vitality of 7l.t)8 per cent as compared
Avitli the average percentao-e of oermination of tiie control sami)Ies, tli(i

average germination of the controls being 86.77 per cent. The pansy,

phlox, onion, and beans stored at Mobile wholly lost their power of

germination. The tomato seed, which proved to be the most resistant

to unfavora))le conditions, gave a germination of 71). 5 per cent, or a

loss in vitalit}^ of 1SA6 per cent, as compared with the control s;imi)Ie,

w hicli germinated 97.5 per cent. The degree of deterioration in the

seeds stored at the other places w^as much less marked than for those

stored at Mobile. The loss in vitality was only 41.39 per cent in the

s(mh1s returned from Baton Ilougc. The results from the seeds which
were stored at Durham, Auburn, Lake City, Wagoner, and San fluan

di tiered but little from ihose from Baton Kouo-e. The relative losses

in vitality are in the order given. The seeds kept in tli(^ j)ackages

which were stored under trade conditions in the laboratory jit the

L^niversity of Michigan showed a loss in vitality of only 2Sr2 per cent

as compared with the control, the seeds of wdiich were stored in a cool,

dry closet on the fourth floor of the botanical la))oratory. Ordinarily

a loss of 2.52 per cent would ])e considered as a normal \ariation due
to sampling and testing, and such was pr()bal)ly true in these two sets,

with the exception of the greater detei'ioration of the ])hl()x, pansy,

and *'B" sweet corn, wdiich were undoubtedly injured by the unfa-

vorable trade conditions, as repeated tests have show n.

FromTabh^II it will also be seen tliat the ''A" sweet corn, peas,

tomato, and watermelon, with the excei)ti()n of those n^turned from
Mobile, show a fair ])ei-c(Mitag(M)f germination. In some cases tln^ tinal

percentages of gernunation were e\-en higher than the controls; ))ut, as

previously stated, the tinal gernunation is not always a good criterion

for the determination of vitality, it being necessary to consider the

germinative energy as a basis foi- comparison. In or(hM- to show this

more fully some of the (h^tailed results are herc^with gi\'en in Tabh' III.

These results show to a j^ood advantage the decree to which ii-ernnna-

tion has been retard(Ml.

25037—No. 58—04 2
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T.VBLK III.— Uitni'ilntiim in i/erminatioii tliic lu iiijnri/ t'liiiftid hi/ iiufdronible climatic

coitditionn.
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In 'r:il)l(' I\^ (1h' icsiilts arc aii'ani^nMl in I he ordcf of llio loss in vitsil-

itv :is shown l>\' (he second Icsls. IIowcNci', a lew \voi"(U of explana-

tion will lie ncccssaiy, especially concerning- llie loss at Sjui Juan. In

tlu^ lirst pljice, (he seeds were ke|)( at, San Juan oidy I'>1 djiys" dui'in^

tlu^ (^jirly part of the sunnner, while* durin«^ the most critical period,

June 20 to Nt)\(Mnl)er (5, they were in the hotjinical lal)()ratory of tln^

University of Miehigan. Those marked Mobile, Ala., wer(i, durinj^

the entire time, 2^>2 days, under the iidluenee of the wartn, moist cli-

mate of the (lulf of Mexico. The seeds kept at othei- plac(;s (-an well

he compared with those from M()])ile, the time l)ein<^ approxiniat(dy

the same. The avera^^^e loss as shown ])y the sc^.cond tests wjis ):».85

times oreater than the loss in the first test, which by calculation would

brin^ San Juan next below Mobile, with a loss of vital ener(^y in the

seeds equal to tt7.93 per cent. But more data are necessary before

such a gradation of injurious climatic influences can })e established.

Table IV, however, brings out another interesting point, as shown
by comparing the results of the first and second tests at San Juan and

Mo])ile. In the first test the loss in vitality of the seeds from Mol)ile

was 38.95 per cent, while the seeds returned from San Juan showed a

loss of only 14.31 per cent as compared with 71.98 and 21.39 per cent,

respectively, as shown in Table II. The degree to wdiich the seeds

were injured while they were stored in San Juan was such that they

continued to deteriorate much more rapidly than the control sample.

This deterioration was most marked in the case of the pans\" seed, the

germination of the first test being 20 per cent and that of the second

test onl}^ 6.5 per cent, showing a loss in vitality of 68.2 per cent and

87.7 per cent, respectively. Thus when seeds are once placed in con-

ditions unfavorable for the preservation of their vitality for a sufficient

length of time to cause some injur}^, this injury will always be mani-

fest and cause a premature death of the seeds even though they after-

w^ards be removed to more favorable conditions.

Seeds of strong vitality can withstand greater changes in conditions

than seeds of low vitality without any marked deterioration. Through-

out these experiments a wide difference has been observed ])etween

the "A" sweet corn and the ''B" sweet corn. The original tests

made January 30, 1900, at the time the seeds were received, showed a

germination of 91: per cent for the ''A'' sample and SS percent for

the ''B'' sample of corn. The control tests, made in Xovem})er, 11»U0,

showed a germination 0.5 per cent higher in each case; but the average

loss in vitality of the two samples of seed kept at the various places

was 12.17 per cent for the ''A" sample and 26.10 per cent for the "B''

Siimple. As with the pansy and the phlox these samples showed tliat

«The number of days here given for Sau Juan is not ahsolntely correct. The time

\\n» reckoned from the date the seeds were sent from the laboratory mitil they were
received iu return.
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till' stront^ri- till' \ itulity <>t' the oi-it^^iiial satiipleof stH'd the more liursh

treatment euii he iiiulert^'oiie without })ein»^ injured. Stronj^ vitality

implies loui*; life as well as \ io()r(>us seedlint^s.

Another very imi)ortant faetor to be considered in the handlinj^ of

seeds is the relative resistance of seeds of various species to adverse

conditions. Certain seeds under one .set of conditions may retain

their vitality exceedinolv well, while seeds of other species of plants

und(»r identical conditions may he killed in a comparatively short time.

For this reason no general rul(> can he laid down for the preservation

of seeds. Table V shows the varying decrees of deterioration of the

diti'erent species of seeds used in the experiments.

Tahle V. -Differetd degrees of deterioration oj rarioax A//u/.s of needs.

Kind of seed.

Tomato

Pea

Corn, sweet, "A" ..

Watermelon

Lettuee

Radish

Corn, sweet, " B" .

Bean

Cabbage

Carrot

Onion

Pansy

Phlox drummondii
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dilioiis, (li(> Older should Imxc rciiiaincd (he same ( liioiii^lioiil . I»nl llic

wide \ai"iali(»n in adno.^plici'ic cliariLjcs allccls dillciTiil scmmIs so \('i'y

dill'crcnllv thai no imironnil y of icsnils can Ix' seemed. l'\)i- cxamphi,

the conditions piCN ailing- I'loni K(d)rii;ii-y nntil rlunc, were iniicJi inoro

disastrous lo tlu* \ itidity ol' tlie tomato and pea than to the "A" swcqI

corn, watcrnhdon. and lettuce, wlnh' the conditions oxistino- fioinrluno

to Novcinhor were more injurious to the ^'A" sweet coin, wateiinidon,

and lettuce. An examination of the talde will show otliei" results

of a similar nature. l)urin«>' the earlier staj^-es of (le\'italizatioii sc'ods

undergo a o-nidual (UUcM'ioration in vitality, but after reachinjif a cer-

tain staiiv in their dcndine there is a comparatively sudden fallin*^'- of!',

and seeds, except periiaps a few of the most persistent, soon cease to

show any power of germination. Such factors as these must }>e taken

into account in determining the relative length of time that di tie rent

kinds of seed will retain their vitality. But as yet sufficient informa-

tion is lacking in order to make any trustworthy attempt to classify

seeds in respect to their viable periods when subjected to difi'erent con-

ditions. Numerous experiments are now imder way, with the hope of

furnishing a basis for such a classification.

In order to obtain more data as to the influence of climate upon

vitality additional samples of seed were sent to Mobile and Baton

Rouge, where they were stored under the same trade conditions as for

the former experiment. For these tests only cabbage, lettuce, and

onion seeds, put up in envelopes, as for the previous tests, were used.

The different packages of seed, placed in paper boxes from which

they were not removed, were sent from the laboratory on May 20,

1901, and were returned November 26, 1901, the total time of storage

being 190 days. The results of these tests are shown in Table VI, and

are even more striking than those of the former tests shown in Tables

I and 11.

Table VI.—Relative merits of Mobile, Ala., Baton Rouge, La., and Ann ArJior, Mich.,

as j)laces for storing seeds.

[Period, 190 days.]
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whili' st'i'd from tln' .simn' lot stored at Ann Arbor ^iMiiiinutcd IKJ per

cent. The cal)l)a<^e seed was injiircd lu'arly as iniidi a^ tln' onion, the

sample from Mobile j^enninatino^ <>"b' ^-^^ P<'i' <^'^'nt. The conditiijiis

at Raton Koiii^c were slightly more fasorahle to the preser\'ation of

vitality. The cal»baoe seed stored at the hitter phice i^erminjited 22.5

per eent, whih^ a like sample of seed stored at Ann Arbor terminated

8t).5 per cent. The lettuce was much more resistant than either the

cabbage or the onion seed, ])ut here, too, the injury was (juite marked,

especially as shown by the retardation in germination. The conditions

at Mo))ik^ were also the most disastrous for the lettuce seed. During
the tirst 'M\ hours that the tests were in the germinating cliamber none

of the lettuce seed from Mol)ile germinated, while the scmhI from the

corresponding sample from Ann iVrl)or germinated ()7 per cent. The
fmal pei-centages of germination were (U and 1)6.5 per cent, respectively,

for the seed from Mobile and Ann Arbor, showing a loss in vitality of

33.68 per cent in the seed stored at Mobile. Here it will be seen, as in

Table V, that the onion seed was most sensitive and the lettuce seed

most resistant to the unfavorable conditions. In the tirst tests shown
in Table V the average loss in vitality of the lettuce, cabbage, and

onion was 15. Y7, 43.56, and Tl.lO per cent, respectively, while for the

last tests, as shown in the foregoing table, the losses in vitality of

similar samples of seed kept at Mobile were 33.68, 91.29, and 100 per

cent, respectively. The ratio is practically the same in both cases, the

loss in the cabbage seed l)eing 2.7 times greater than that of the lettuce.

The foregoing data are sutticient to indicate that climatic iniluences

play a very important part in the life of seeds, and that the degree of

injur}^ varies greatly indifferent places and likewise in different seeds.

Some seeds were practically worthless after an exposure of four or five

months in such places as Mobile, Baton Rouge, or San Juan, as shown
in Table I. After longer exposures, six or nine months, similar results

were obtained from all of the places to which seeds were sent. ^lan}^

of the seeds were killed, as shown in Table II. The conditions at

Mobile were fatal to all of the seeds; that is, the seeds were worthless

so far as the gardener is concerned.

CAUSES OF THE LOSSES IN VITALITY IN DIFFERENT CLIMATES.

Having shown that seeds lose their vitality uuich sooner in some
localities than in others, the question naturallv arises, "Wh}^ this

loss in vitalit}^?" Unfortunately only two of the places where seeds

were stored. Mobile and San Juan, have Weather Bureau stations which

are equipped for making complete observations of the meteorological

conditions. It has been observed, however, that there is a ver}" close

relationship between the precipitation and the loss in vitalit}" in seeds;

that is to say, in a measure the loss in vitality is directly proportional

to the amount of rainfall. This deterioration is more apparent as the
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(('iii|)«'i;il nic iiici'cascs. Kill (lie iiijiii'\ due to llic iiicrriisc in Iciupcrji-

tun> is (l('|)cii(l('iil «»ii (he ainoiiiil of inoisliirc picsciil.

Pile followiiiu" t:il)l(' lias Ix'cii compiled in older to sliow (li(^ I'jitio

l)e(\N«M>n (lie loss in \ itiilil \ and (lie ])i-eeipila( ion and teni])era(ui*o.

'l\\c loss in \ italitv. as eixcii in (h(\ second column of TaMe VII, rep-

n^sonts (1h» a\(M*ae(» losses in pei-centao-es, calculated I'l'om the results

of the u-eiininal ion tests of the ID diil'ei'i^nt samples of se(Mls, as shown
inTahie II.

"

'rhcMhird column shows (h(^ annual i)r(Mnpitation in inches. The
annual pi'(M'i[)ita(ion has been taken, bec^ause in some instances heavy

rainfalls occun-ed just previous to the time that tluj seeds \v(;re put

into stora<^e. Fhen, too, the annual prec^ipitation furnislies more accu-

rate datu for a ])asis of comparison. The*, mean temperatures, as given

in column 4, are not the mean annual temperatures, ))ut the averages

covering the time during which the seeds were stored. The niejin

annual temperatures were not taken, chiefly for the reason that the

critical period, in so far as temperature is concerned, is during the

summer months.

Tabi.e VII.

—

Tl<itio hotvren vlt((lity, precipitation, and temperature. &

Place where seeds were stored.

Mobile, Ala

Baton Rouge, La.

Durham, X. H ...

Auburn, Ala

Lake City, Fla . .

.

Wagoner, Ind. T

.

Ann Arbor, Mich

Average
loss in vi-

tality of
the 13 dif-

ferent sam-
ples of
seeds.

Annual
precipita-

tion.

Temperature.

Per cent.

71.98

4L39

39.58

33.91

29.38

28.41

2.52

Inchcft.

91.18

66. 37

48.20

62. 61

49.76

42. 40

28. 58

MeanFahr.p^^a;;;,^^""^

Degrees.

71.4

72.2

52.

3

64.4

73.3

67.1

49.12

Degrees.

96.0

98.0

98.0

98.0

103.0

107.0

98.0

"These .st•cd^s \\ tie scut out in February, 1900, and were returned to llie botanical laboratory un<l

te.sted in October and November, IIXM). The average time that the seeds were kept at the various

places was 252 days.

''The results of the San Juan tests have been omitted from this table bccau.se, as ha.s been previously

sUxtcd, all of the seeds were returned from San ,Iuan on .Ttine 20, 1000, when the first tests were made.
The second series of tests was made in October, 1900. During tlu' time intervening between tlic first

and second tests tlie Snu Juan samples were kept in tlie l)otanieal labonitory at the University of

Michigan.

According to the table the seeds kept at Mobile stifTered the greatest loss in vitality. However, it is

quite probable that the greatest lo.ss would have been from the seeds stored at San Juan had the time

of storage been tbe same for the two j)la('es, so that the results of the San Juan tests could have been

included in the table. Tbisconclusi(m is based on tlie following facts: Normally, the number of rainy

days at San Juan far exceeds those at Mobile. In I'.tOO there were 211 days on which rain fell in bun
Juan, while tlie records for Mol)ileshow only 1 lt>. Likewise the average temperature of the dew-i>oint

r:>r San Juan was 71" F. and only 59° ¥. for Mol)ilc, which, when expressed in tenns of absolute

moi.sture, gives S.240 an<l 5.555 grains of water per cubic foot at the time of saturation. On the other

hand, the relative humi<lity of San Juan was 7S.5 per cent, or slightly lower than that of Moljilc, the

lattiT Iiaving a relative Innnidity of so.5 per cent. However, the mean annual temperatures were
77.6" and 71.4° F., respectively, hence a m«'an absoluti' humidity of 7.01>9 grains of acjueous vaj>or for

San Juan and only 0.718 grains per cubic foot for Mobile.
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From tho forej^oino; tublc it will l>e seen tliat prcti[)itati<)n is ji factor

of imuh i^reater iinportaiicr than teniporatmt'. In order t«^ >lio\v thii

ival value whitli tlu' amount of precipitation furnislies as a hasis for

iu(U'in*'- the length of time that seeds will retain their vitalitv when

stored in localities havint»' a marked dillerence in the amount of rain-

fall, the results set forth in the above table are represented dlai^ram-

nuitically as follows:

KjJ'cct of jurcipltation on viUdity.

Vhu'v.
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1 lir l('m|M'i:i( n re kicitmso. P'oiMiit-ri \ 1 lie LiciK.'ial coiisciisiis of opinioji

li:is Ix'cn to iiihIm' llii> shilciiicnl in llic nxrrsc oidc!' lliji( i.s, (luit

l(>iii|)(>r:it iiic «>\(>i-ts :i \vi\ liiiiiii ftil julioii on seeds if inucli nioistuie

!»' prcscnl. hOr coinpMi-.il i\cly lii^li tcinpcrat iii'cs (lie hitter stsitcincnt

would probably sidlicc :il least it is not inisleadinj^'. and in a ceilain

nH*asiii'(> i( is line; bn( at tlie lowtvst known teinpei'at ures, as well as

at oi'dinary temperatures, inoistnic is tiie eont rollinj^- I'aeloi", and in

ordei' to Ik> consistent it should liki^wise be so eonsidei'ed for hioher

teinperalures (bat is, witliiii i-easonable limits.

That temperatiiro is only of secondary importance is bi-ou^rli(, out in

tbe r(vsults obtaiiunl by a number of in\'csti<»"at()rs. It has been w(dl

ostablished by Sachs/' 1 laberhmdt/' Just/" Krasau/'' Isidore-rierre/

Jodin,-^', Dixon/'' and others that most seeds, if dvy, arc capable of

germination after beine- subjected to relatively hieh tempei-atures for

periods of short duration. The maximum for most seeds is a tempera-

ture of 100"^ C for one hour; but if the seeds contain comparatively

large quantities of moisture thev are killed at nuicli lowcn* tc^upera-

tures. It has been reported that lettuce seed will lose its vitality in

two weeks in some of the tropical climates where moisture is abundant.

Dixon has shown that if lettuce seed be dr}- it will not all be killed

until the temperature has been raised to 114" C.

In case of low temperatures the factor of moisture is of less impor-

tance, 3'et even under such conditions the moisture nnist not be exces-

sive or the injury will be (piite apparent. But if seeds are well

dried it can safely be said that they w ill not be killed as a result of

short exposures to the lowest temperatures which have thus far been

produced. Our knowledge of the resistance of seeds to extremely

low temperatures is based on the experiments of Edwards and Colin/'

Wartmann/' C. De Candolle and Pictet/ Dewar and McKendrick/
Pictet/ C. De Candolle/" Brown and Escombe/' Selby/' and Thiselton-

"Handbuch d. Exp. Phys. d. Pfianzen, T^eipzig, 1865, p. 6().

'' rHanzenbau I, 1875, pp. 109-117; Abs. in Bot. Jahresbr., 1875, p. 777.

^Bot. Zeit., 38, .Tahrg. 1875, p. 52; Cohn's Beithicre zur Biol, dcr Pflanzon, 1S77,

2: 311-348.

'/Sitziingsbr. d. Wiener Akad. d. Wiss., 1873, 48: 195-208. 1. Abth.

^Ann. Agron., 187(), 2: 177-181; Abs. in Bot. Jahresbr., 1S7«), II. Abth.. 4: SSO.

./"Coinpt. Rend., 1899, 129: 89;]-894.

f/ Nature, 1901, 64: 256-257; notes from the I'.otanical School of Trinity College,

Dublin, August, 1902, pp. 176-186.

/'Ann. sci. nat bot., ser. 2, 1834, 1: 257-270.

' Arch. d. sci. i)hyH. et nat., Geneve, 1860, 8: 277-279; ibid., .'^er. :}, 1881, 5: 340-344.

^Ibid., ser. 3, 1879, 2: 629-632; ibid., ser. 3, 1884, 11: 325-327.

^•Proc. Roy. Inst., 1892, 12: 699.

^Arcli. d. sci. pliys. etnat., Geneve, ser. 4, 1893, 30: 293-314.

'"Ibid., ser. 4, 1895, 33: 497-512.

"PrcK-. Roy. Sot'., 1897-8, 62: 160-1()5.

"Bui. Torr. Bot. Club., 1901, 28: 675-<)79.
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Dvor." In tin- »\[u'i iiin'Mts of tlic hist-iuuncd iuMNstij^utor st'oris were

subjected (() tlic Iciupenituie of luiuid hydrogen (
— 250 to —252 C.)

for six hours, and w hen tested for vitality the ^fenni nation was |)erfeet

and coniph'te. ''

Muili more uii^hl he said ou the etl'ect of hi^h and k)W tenip(;ratures

on vitality. Hut for the coiuniercial handllnj^i- of seeds the extremes

of temperature^ are of secouchiry importance and need not he further

discussed at this time. In tlie present work the purposes has been to

show the eti'ect of moisture on th(^ vitality' of seeds wheu subjected to

such temperatures as are usually met with in the storino- of seeds.

SEEDS PACKED IN ICE.

On February 0, 11)00, samples of each of thirteen kinds of seed

were put up in duplicate, both in manila coin envelopes and in small

bottles. The bottles were closed with carefully selected cork stoppers.

These two sets of duplicate samples were then divided into two lots.

Each lot contained one of each of the packages and one of each of the

bottles of seeds. The sami)les thus prepared were carefully packed

with excelsior in wooden boxes, the boxes beino- then wrapped with

heavv manila paper. In one of the hoxes was also placed a Sixes'

self-registering thermometer, so that the minimum temperature could

be ascertained.

These boxes were stored in a large ice house near Ann Arbor, being

securely packed in wdth the ice at the time the house was l)eing tilled.

The tirst box was taken out with the ice on June 12, 1900, after a lapse

of 126 days. The thermometer in this box registered a mininuun of

— S.O"^ C. It is safe to assume that this tem})erature was uniform, at

least up to within a few days of the time when the seeds were taken

out. Unfortunately, absence from the university at this particular

time delayed an examination of the seeds until June 20. During the

eight intervening days the ])ox of seeds was kept in the laboratory

and there many of the seeds in the packages molded, so that they w^re

unfit for germination tests. In fact, the results of the tests from the

packages are of little value within themselves; but in comparison with

the \itality tests of the seeds kept in the bottles some important facts

are brought out, and it has been deemed advisable to tabulate these

results wdth those of the second series.

The second box of seeds was packed approximately in the center of

a large ice house (10t> l)y 00 by 20 feet) and was taken out with the

ice on July 21, 1900, after having been 167 days in cold storage. The

«Proc. Roy. Soc, 1899, 65: 861-868.

b Brassica alba (oily), Pisutn sativum (nitrogenous), Cucuvhita pepo (oily), Triticum

satiinim (farinaceous), and Ilordeiun vulgare (farinaceous).
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Im>\ was l)i"()iii^lil (lii'cclU lo the l:ilK»i"iil<)iv mikI tlir scccis wcic cxam-

iiu'd al once. Pilose condiiiu'd in llic papci" |)ack:i<.(('s lia<l ahsoihcd a

coiisidcrahlc (jiiaiitity of moistuic and were, iniicli sol'tciUMl. In all of

the ])a('kaijf(vs except (hose coiitaiidno- (he onion and wjiternielon seeds

some moid liad dc^N-eloixnl; hut in the. seeds used I'oi- the j^ermination

t(vsts care \\ as taken to avoid usiui^'" those that showed any traco of

a mycelium, therel)y re(Ui('in<^' (he injury due to funj^ous ^5•I•ow(h to a

minimum, excn thoueh su])se(juent experiments haxc shown (hat such

injury is practically nt^odit^Mhlo.

An intorestino' point coucernintif the (germination of some of tho

seeds at this low t(»mp(^rature may be stated in this cormection. Ki^lit

of the peas, or i per cent, had already germinated, the radicles vaiy-

ino- in leno'th from 1 to 2.5 cm., thus corroborating Uloth's results in

germinating peas at or slightly below the temperature of melting ice."

Tahle VIII.

—

Tlip. ritality of seeds kept in an ice house In envelope.^ <tn<l ItoUlrs^ and llke-

uise the vitality of the controls.
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ol" s:im[)l»'>. tin* founts Uiv tlir \ itjility tt'sts were Im'j^um within jiii lium

from ihv time tin* st'cds were rcnioNcd from the ice hoiisr. Thus, tlic

conclusions for tlicsc experiments nuist he dniwn chieHy from the sec-

ond series of tests. I lowever, compjiiisons will he made with th(^

tir.st where sueii seem justitiahh'.

It will at once he seen that the Keed.s which were in paper packages

gave a much lower percentage of germination than either the control

samples or those kept in hottles. Th(» average gernnnation of the

controls was ^»4.i) per cent, and the average gernnnation of the seeds

kept in bottles was S7.*) per cent, while oidy J'i. 1 percent of the seeds

kept in paper })ackages germinated. This is e(iui\ alent to a loss in

vitality of ^-t.H and 27 per cent, respectively, as compared with the

vitality of the control samples and the samples f ron) the ])ottles. The
results of the first tests are practicalh' the same, save that the differ

-

ences between the control and the bottle samples are less marked. In

the second case the average vitality of the seeds kept in envelopes was
much reduced ))y the complete failure to germinate in the case of the

beans, which are most susceptible to the deleterious action of moisture

at the given low temperature.

One of the most important points brought out by these experiments

is the result obtained with onion, cabbage, and watermelon seeds. In

both the first and the second tests the germination varied but little

throughout. However, in all cases the seeds in the paper packages

were slightly injured by the action of the moisture. This factor is of

nmch importance, especially in tlie case of the onion seed, which,

when kept in a moist atmosphere at normal temperatures, soon loses

its vitality, ])ut when maintained at temperatures slighth^ below

freezing it becomes \ ery resistant to the action of moisture. The
beans, on the other hand, were all killed, although they are ordinarily

nuich more hardy than onion seed. It is quite probable, however,

that the death of the beans ma}^ be attributed to the reduction in tem-

perature. Containing as they do large cpiantities of starch, they

absorb more water than less starch}^ or more oily seeds. This factor,

together with the large embr3^o, renders them much more susceptible

to the injurious action of freezing temperatures.

Another im])ortant feature brought out by these experiments was

the better germination of the seeds w Inch had been stored in bottles

in the ice house. The average germination of these samples was 2.7

per cent higher than that of the control. In a measure this may be

included within the limits, of variation; but when it is considered that

all of the bottle samples except the beans, tomato, and lettuce showed a

vitality equal to or greater than the control, it can hardly be considered

as a uormal variation, especially since oidy the lettuce gave any marked
variation in favor of the control. Likewise, the average percentages
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of the liist sci'ics of (csts show ;i sli^lij inci-ca^c in Imnoi" of llic. seeds

kopl ill (he hottlcs, lliou^li llic iiid'cnsc is iiol so well iiKirkcd ;in(| is

loss uiiirorin than in ihosc of (he second sci'ics.

Asi(h' from Ihc iinal ;4('rinin:ili()n (hci-c is still anothei- fjictoi" tJuit

must he taken into consideration as Ix'arino- e\ idenceof the Jidvaritsiifcj

of U(M'[)inn* seeds at low tempei'iitiires, proNich'd that they are kei)tdry.

All of tlu' samples that woro stoi'ed in the ie(» house in l)ottl(»s showed
amarked accelerat ion in L;ei-miiiatio?i. It is ((uile e\ ident that tlie I'es-

piratorv activities and aecompanyino- chemical transfoi-mat ions were
much i'educ(Hl ])y the reduction in tem])eratur(\ and the \ ital energy was

thus conserved; hut wIkmi the conditions werc^ favorahle for <^erminat ion

the <^roater amount of reserve energy in these seeds j^ave rise to a more
vio^orous activity within the cells and a correspondini'- acceleration in

^germination.

Numerous other experiments showing the effect of moisture on the

vitalit}' of seeds were made. In contrast to those just given, the

injurious action of moisture at higher temperatures, yet tempei'atures

well within the limits of those ordinarily met with in the handling of

seeds, will be next considered.

EFFECT OF MOISTURE ON VITALITY AT HIGHEK TEMPEHATUKES.

This set of experiments was undertaken particularly to furnish con-

ditions somewhat similar to those existing in the States bordering on

the Gulf of Mexico, or, in fact, all places having a relatively high

degree of humidity and a temperature ranging from 30^ to 37^ C.

(86^ to 98.6^ F.) during the summer months. In order to secure the

desired degrees of temperature two incubators were utilized, one l)eing

maintained at a temperature varying from 39° to 32° C, the other

from 36° to 37° C. The thermo-regulators were so adjusted as to

admit of a possible variation of nearly two degrees in each case.

Beans, cabbage, carrot, lettuce, and onion were used for these tests.

In each of the incubators the seeds were subjected to four different

methods of treatment: 1. In a moist atmosphere, in free conununica-

tion with the outside air. 2. In a moist atmosphere, hut not in con-

tact with fresh air, the seeds being in sealed bottles of 250 cc. capacity.

3. In a dr}^ atmosphere, in free connnunication with the outside air.

4. Air-dried seeds in sealed ])ottles.

In order to obtain the conditions rec^uisitc for the lirst method of

treatment, an apparatus was used as shown in tigure 1. The seeds were

put up in small packages and then placed in a 250 cc. bottle. The l)ottle

containing the packages of seeds was placed withiii a specimen jar

which was partially tilU^d with water. This jar was then closed with

a large cork stoi)per which carried two glass tubes, each of 1 cm. bore.

These tubes extended 25 cm. a))ove the to]) of the jai- and out through
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9

tlu' oiKMiinj^ ill the top oi" {\\v incuhator. 'I'lie ])riin{irv object of I lie

tiif)es was to prevent any water vai)or from eseapinj^ within tlie incu-

bator and tiiereby doin^ (hiiiia<^e to the seeds tliat wen; to be kept dry

in the same incubator. For tlie same reason

the cork in the jar was well coated with paraf-

Hn. Approximately the same volume of water

was maintained in the jar throu^^hout the ex-

periment, more water lieinj^- added throuj^h

tu))e ^/, as occasion (h'manded, to replace the

loss by evaporation. The chief advanta<^(; in

having two tubes was the c()m})arative ease

with which the air within could be displaced

by a fresh supply by forcing- a current of fresh

air throuoh one or the other of the tubes.

Two such preparations were made, one being

left in the oven maintained at a temperature

vnrying from 80 to 32"^

C, the other in the oven

maintained at a tempera

turc varying from 86^

to37"' C. In ])oth cases

the bottles contained

ti\'e packages of each of

the five samples of seed,

thus making provisions

for testing at different

intervals.

In order to supply the

conditions for the second

method of treatment,

similar packages from the same samples of seeds

were put into 8-ounce bottles, which were then

kept for live da3\s in a moist chamber. The in-

crease in Aveight due to the absorption of water

within the live days was as follows: Beans, 3.08

per cent; cabbage, S. 09 per cent; carrot, 8.26 per

cent; lettuce, 7.45 per cent, and onion >>A{i per

cent. This increase, with the water already

present in the air-dried seeds, gave a water con-

tent of 18.23 per cent for the beans, 13.99 per

cent for the cabbage, 13.60 per cent for the carrot, ,o T r ^ tare juui temperature on the

12.45 per cent for the lettuce, and 14.84 per cent vitality of seeds notincom-
£ ii • numlcatlon with free air.
lor the onion.

The bottles were then corked and sealed with paraffin, but were so

Fig. 1.—Apparatus used to de-

termine the effect of moisture

and temperature on the vitality

of seeds in communication with'

free air.

Fig. 2.—Apparatus used to

determine the effect of mols-
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const iMiclcd dial (lie i('lali\(' Iminidily <>l" llic indox'd air could he

iiM'iH^ascd witlioiil llic admission of iiioi-c I'icc air. I'lic dclailcd con-

struction of this }ii)|)Jii'atns is shown in lio-. i>.

"

Thi* seeds conliiuicd (o ahsorh ni(>is(iii-c to a liniitcfl cxt<'nl. In oi'flcr

that thi* incU)sc(l air niiolit he inaintaine(l at a|)|)i-o\iniately th<' same

(IciiTCH* of saturation, a ci-u(h' hy^-i-oscope was attached on the insi(h' of

(Mich hotth>. These hyo-roscojX's W(>re ma(h' from a\Nii> of Sfij^a

caj>in<itii L., the tip of the awns heini: remoNcd and a short piece of lino

coi)per wire used as an indicatoi". Tliese hy^roscopes weic suspeiKhnl

from the unchM* si(k» of tli(^ cork, as shown at /», and hy the si(h'of each

'was sus})iMided a tin(^ tihei* of silk, wliich, hoin^* cari'ied aroimd hy the

indicator, recorded the* numlxM" of turns made hy i\\{\ awn.

Five such pre]mrati()ns were made for each of the two sets, so as to

furnish seeds for a series of tests. One set was k(»pt at a temj)ei-ature

of 30^' to 32^ C, the other at 30 " to 37- C. The seed from one of the

bottles, at eacli of the temperatures, was weighed after eigiity-one

days, at the time the o^ermination tests were mad(\ These weit^hint^s

showed that at the lower temperatures the average increase in weight

for all the seeds was >^.Q per cent, and at the higher temperatures, ().3

per cent. The increase in the case of the beans was (piite marked at

this time, being 13.3 per cent for those maintained at a temperature

ranging from 30'^ to 32^ C, and 9.8 per cent for thos(» maintained at

36^ to 37^ C.

The third set of conditions consisted simply of packages of the air-

dried seeds kept in open boxes in each of the incu))ators. This series

of tests was made especially for the purpose of determining the effect

of dry heat on the vitality of seeds when maintained at the tempera-

tures above given for some considerable time.

For the fourth series small packages of the seeds were put into

2-ouncc bottles, which were then corked and sealed with parailin. Five

of these bottles were kept in each of the ovens and germination tests

were made at irregular intervals. The results of these tests furnish a

(I The wide-mouth bottle {}>) contains the packao:es of seed (.s). Throu«rh an open-

ing in the cork is inserted a short i)iece of soft glass tubing, being lirst fused at the

lower end and having a slight constriction drawn at c. At a distance of 1 cm.

above the constriction is blown a small opening, as shown at o. A short jnece of

heavy rubber tubing (/), cemented on a piece of heavy brass wire [ir], serves as a

stopper. This stopper, which must tit closely within the glass tube, is operated l)y

means of the heavy wire. AVhen drawn nj), tlic water in the tube may give off

acjueous vapor, which can escape through the small opening (") into the bottle,

AVhen sutlicient moisture is present the sui)ply is shut off by pushing the stoi>}>er

down firmly against the constriction. The stopper must be well coated with vas-

eline to prevent its sticking to the sides of the glass tube. To make the apparatus

more secure against the entrance of fresli air, a second piece of rubl)er tubing (r)

is ])laced in the upper i)art of the glass tube, the top of which is then filled with oil.
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hiisis for coininiriii^- thf rrliitix «5 merits of koepiii*^ Hcod.s in open vckw^Ih

jirul ill seiiit'd hottlt's.

'rHl)k' IX will show the ctlVct of tlit^ various iiicIIkkIs ol treat iiu'iit

on the vitality of the seeds.

Tahlk IX.— Vitalitij of scedit what siihjecteii to the nction of <i dri/ and a iiioixt ntinonphn-i',

both when exposed to free oir and irheti confined in (jta.sfi hottle.s, at relatirebj hii/h

temperatures. <'

Kiud of seed.

Bean..

Do

Do

Do

Boprin-
liiliK of
rx|nri-
Ult'Ilt.

End of
oxperi-

iiu'iit and
dati' of

tjeriniiia-

tioii tctts.

Dura-
tion

of ex-
peri-
ment.

Vitality of seed.s when
kept in a moist at-

mosphere.

Mar.

...do

...do

...do

Cabbage do . .

.

Do do...

Do ...do ...

Do do ...

Carrot do . .

.

Do ...do...

Do '...do...

Do

Lettuce

Do .

Do .

Do .

Onion .

.

Do .

Do .

Do .

.do..

.do.,

.do.,

-do.,

.do..

-do.,

.do.,

.do.,

.do..

Apr. 4 31

May 12 69

May 21 81

July 22 1-10

Apr. 1 31

May 12 i C9

May 24
[

81

July 22
I

110

Apr.

May
May
July

Apr.

May
May
July

Apr.

May
May
July

31

(59

81

110

31

t)9

81

140

31

t)9

81

140

In open hot-

tle.>^. at tem-
peratures
varying
from

—

In sealed
bottles, at
tempera-

tures vary-
i ing from

—

30° to
32°.

/'. ct.

100.0

97. 5

94.0

2.3

S7.S

71.0

80.0

0.0

83.5

69.5

48.0

0.5

92.

5

38.0

55.5

0.0

95.6

68.0

59.5

0.0

36° to 30° to
37°.

1
32°.

P. ct.
\

P. ct.

100.0 78.0

0.0
j

75.0

' 0.0

I

0.0

90. 5 73.

0. 30.

1.0

0.0

77.5
I

54.5

0.0 22.5

' 2.5

I 0.5

90.5
j

78.0

0.0
j

44.5

' 1.0

I

1.5

89.0
I

64.5

0.0 2.5

0.0

0.0

36° to
37°.

P. ct.

44.0

0.0

0.0

0.0

72.

5

0.0

0.0

0.0

29.

5

0.5

0.0

0.0

58.0

2.0

0.0

0.0

45.0

0.0

0.0

0.0

Vitality of seeds when
kept in a «lry atmo.s-
phere.

In open
t)oxi's, at
tempera-

tures vary-
ing from

—

In sealed
bottles, at
tempera-

tures vary-
ing from

—

30° to 36° to'30° to
32°. 37°. I

32°.

36° to
37°.

.

P. ct.

}".6.

100.0

98.0

100.0

P. ct. P. ct.

84. 98.

90. 92.

5

90. 98.

94. 98.

86. r> 8-1.

67.5 87.9

89.0
I

92.0

84.0 83.0

84. 5

82.0

44.5

81.0

91.0

42.0

65.

82.0

95.5

97.0

95.5

90.0

88.0

85.0

50.0

81.2

86.5

38.5

58.5

87.0

93.0

95.0

94.0

92.0

83.5

79.0

92.

5

88.5

89.

5

83.5

50.0

78.5

91.5

38.5

62.

5

81.5

96.0

97.5

99.0

97.5

(it-r-

mina-
tion
of

eon-
trol

sam-
ples.

P. ct. P. ct.

98.0
I

94.0

95.0 i 98.7

100.0

9(5.0

86.9

78.5

92.0

86.7

98.0

99.4

91.0

83.0

92.

5

93.1

89.0 92.5

82.5
I

78.0

48.0
j

64.

5

83.1 i 83.1

90.0 90.0

51.5 31.5

67.0 1
53.5

88. 79.

9

97.5

93.0

95.0

94.7

96.0

98.5

90.5

95.4

n \ study of the table will show that the lettuce and carrot seed germinated very
of 69 and 81 days. This, however, was not due to any inherent ([uality of tlu' seed
ive temperature at the time the tests were nuule. Both of these seeds retiuire a e

temperature for their successful germination, lettuce germinating best at 20° C,
alternating temperature of from 20"^ to 30° C.

poorly at the end
,
l)Ut to an e.\ces.s-

oinparatively low
and carrot at an

The amount of moisture absorbed or expc^Unl under the diti'erent

methods of treatment has an important bearing on the duration of

vitality and will be considered briefly at this time. Only the general

results will be discussed in this connection, inasmuch as later experi-

ments, carried out in a similar manner, show the detailed results to

much better advantage. Nevertheless, it requires only a glance at

the above ta))le to show the marked difference in the germinative

power of seeds which have been stored in moist and in dry conditions.

The seeds which were exposed in a moist atmosphere to the higher
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t('m|)«'i:i(iii*('s (IWi (<> Hi' C.) wcic l^ill<'(l iiiiicli cailicr tliaii llio.stj

silhjccli'd to llic liioisi ;iliii(»,sj)|ici(' :il (lie lowci* l('in|)('|-;il urcs—80 to

32 ('. ill l>()tli (lie ()|)('ii :ui(l (lie, closed IjoKIcs.

A wci^hiii^' :il the cud of *)l days sliowcd llial I lie ax'craj^c increase

in \vei<^"li( ol' tlu'- seeds kept in the open, moist cliandx'i', due to tlie

absorption of ni()istiir(», was (> per cent at a teni])eiatin-e of J»o to

82 (\,and .'> jht cent at a tejnperjitureof '.U\ to .'>7 C. For the

seeds kept in the oxen, niaintaiiuul at the tenjpt^rature of .'>(V^ to 82 (..,

another \veii''hino' wns made at the end of 181 days, at which lime the

axcraiii^ increasi^ in the water content hiid risen to SJn per cent.

Ihifortunatidy the seeds from the second oven, maintjiined at the;

hitiher tem[)eratiire, had become badly molded in (Hi days, so that oidy

the one weit»hini»' was ma(h\

Vitiility tests made at this time, ()'.) days, showed that all of the

seeds from the open, moist chamber, at tiie hioh(^r temperatures, had

becMi previously killed as a result of the drastic treatment; conse-

quenth' no future termination tests were made. Those maintained at

the lower temperatures were almost entirely free; from mold at tiie

expiration of the experiment, only an occasional seed showing- any

trace of fungous orowth. Nevertheless, germination tests showed
that the \ italit}' had bec^n destroyed in the ca])l)age, lettuce, and onion.

Beans and carrot Avere most resistant, the former having germinated

2.3 per cent and the latter 0.5 per cent. All of the seeds had become

very nuich softened. The beans and the lettuce had chanmHl verv

materiall}^ in color, the beans (Early Kidney Wax Six Weeks) having

become much darker and the lettuce (Black-Seeded Simpson) almost a

lemon color.

With the seeds constituting the second series, i. e., in a moist atinos-

pheve hut in scaled hottles^ the injury was nmch more severe. Here, as

with the open chambers, the seeds subjected to the higher temperatures

were killed tirst, even though the amount of moisture actually absorlu'd

was less, as was also true with the other series. A weighing made at

the end of 81 days gave an increase of 8.6 per cent for those from the

oven maintained at^ temperature of 30° to 32° C. , and ().8 per cent at the

higher temperature. Likewise, in this series, the seeds had ))ecom(»

ver}' much softened and a ver}^ disagreea})le odor had developed as a

result of the putrefaction of their nitrogenous constituents. A close

examination made at the end of 81 days revealed slight traces of fun-

gous growth, but there is no reason to believe that these j)layed any

pai"t in the destruction of vitality. However, in making counts foi-

germination tests all molded seeds were carefully disc-arded.

The results of the germination tests showed that the \itality of the

seeds kept at the lower tem])eratui'es had l)eeri practically desti'oyed

at this timt^ The beans and onions failed to germinate, while the

:i5037—No. 58—1)4 3
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c'iibhat^t', caiiot, and Utturo i(t'iiiiiiiat(Hl »»iil\ 1, :^..'>, ainl 1 j>«i- rt-nt,

rt'spt'c'tively.

Durini'' tlu' siic-ct'i'din*^ r»o days iiiiuli mold luul (Icvi'IoixmI, ami at

the expiration of the experiiiieiit, 14<» chiys, only the carrot and the

lettuce i^aNe any indications of vitidity. It is especially intcrcstinj^ to

note with what rapidity the deterioration took place lietween the sixty-

ninth and the ei^j^hty-tirst days, showing that when vitality reaches a

certain point in its decline there follows a comparatively sudden

death. This same fact is also shown in the c-ase of those seeds in this

same series kept at the hi^hei' teuiperature. After 'M days' treatment

they all failed to ^^erminate, except U.5 per cent in carrot and '2 per

cent in lettuce seeds.

In the two series of experiments just considered then' was an increase

in water content as a result of tlie humidity of the aii- in which the

seeds were kept. l)ut tlie third series, (^jft/i (ual dnj^ presents (piitc

another factor. A weiiihin*!' made at the end of 30 davs showed that

there had been an average loss of 2.5 })er cent for the hnver tempi'ia-

tures and 3.5 per cent for higher temperatures. After this time the

weit|fht remained nearly constant. Subsequent experiments, which

will l)e considered later, also show that the water cai)ab]e of lu'int^

expelled at any given atmospheric temi)erature is driven oti" in a com-

])aratively short time. In case of seeds this condition is practically

coun)leted in eij^ht or ten days when maintained at temperatures as

above jriven. This extra drvintr of the seed causes a trreater contrac-

tion of the seed coats, and in a number of cases a corresponding

retardation in the rapidity with which germination takes place. The
retardation in the germinative activity is dependent on the increased

ditiiculty with which the seeds absorb water, and in many cases has an

important bearing on the vitality tests.

The fourth and last series, in which the air-dried seeds were sealed

in bottles and subjected to the temperatures at which the two ovens

were maintained, gave still another verv different set of conditions.

Here there was also an increase in weight, due proba))ly to some

process of oxidation, but the increase was very slight. The average

increase from those kept at either of the temperatures was less than

one-half of one per cent.

Seeds, if well matured and thoroughly air-dried, are not injured

w^hen kept at temperatures below 37° C, whether they be kept in free

communication with fresh air, or in sealed bottles, or tubes. In the

experiments under discussion the average percentage of germination

was sliohtlv hio-her in the case of the seeds which had been stored in

the sealed bottles. The mean percentage of germination for the seeds

which had been exposed to the open air at a temperature of 30^ to

32° C. was 83.05 per cent. Those from the sealed bottles kept at the

same temperature germinated 84.82 per cent. At the higher temper-

atures—36^ to 37° C.—the mean germination of the seeds from the open
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and llic closed hollies was S'JJlS and S.').«;'j! peicenl, respectively. Tho
eonlrol sample L^'eiiiiinated S.'). |.'» pel' eenl. Tlial .'»7'^ C is a])Oul llie

niaxiinnin leinperal lire al wliieli air-dried seeds can be stoned without

injury is shown hy the rollowinj^- exjxM-iMients.

Prepai'ations sinnlar lo (hose ahove nienlioned were uscmI, and after

heiiin" suhjecled to ii temperature^, of HT (
'. for lil<J iUiys^ there was rio

appreeiahh^ loss in \ ilalily, cxeei)t (he deterioi'atiori of 4 per e<'nt in

the ease of ihe eahhao-e seed that was kej)l in an open hollle. and <>.!>

per etMil in (lie seed from a closed l)ottle/' r>ut \)y increasing tlui tem-

perature, durint^ au additional i)ei-iod of (Is days, from I>7 (\ lo a

niaxinuuu of 44 C. , the injury was much more marked, espcicially in

the closed bottles, hi the open ])ottles the vitality of the cahba^-e was

lowered from 91.3 per cent to 77 per cent, representing- a h^ss in vital-

ity of IT). (JO per cent. The onion seed fell from 95.7 per cent to 87

per cent when kept in an open bottle, and to (51 per cent when kept in

a closed bottle. The beans showed no apparent injury in eitlx^r case,

except that they became very dry; consequently there was a retarda-

tion in o-ermination as a result of the slow a})sorpti()n of water.

The o-reater loss in vitalit}^ of the seeds kept in the ])ottles was the

direct result of the higher humidity of the air innnediately surrounding

the seed, and not because there was a deficienc}^ in the supply of fresh

air, as might be readily assumed. In the open receptacles the additional

amount of free water expelled, as a result of the increase in tempera-

ture, was allowed to escape, while in the sealed bottles it only gave

rise to a relatively moist atmosphere, and conseepu^itly to a prematui*e

death of some of the seeds. If seeds are to be so confined, they should

be previously dried at a temperature at which they are to be stored.

All of these seeds had ])econie very dr^^ and brittle. The odor of

the air confined within the scaled bottles had become very unpleasant;

likewise tliere was a marked change in the color of the seed coats of

the inclosed seeds.

SUMMARY.

Most seeds if kept dry are not injured by prolonged exposures to

temperatures ])elow 87'^C. (98.6^ F.), it being innnaterial whether they

are in open or in sealed bottles.

If the temperature l)e increased above 37^ C, vitality is seriously

reduced.

If seeds are kept in a moist atmosphere, a temperature even a> high

as 30^ C. (HG^ F.) works nmch injuiw iii a comparatively >liort jxM-iod.

The degree of injury rapidly increases as the temperature rises.

Provided the degree of saturation is the same, the deleterious effect

of moisture is fully as great in o])( n as in closed bottles.

«Only cahl)age, onion, aii<l hcaiis were u^id for tlii.s ixjHiriuient, the earrot and
the lettuce seed being omitted.
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THE EFFECT OF DEFINITE QUANTITIES OF MOISTURE ON THE
VITALITY OF SEEDS WHEN THEY ARE KEPT WITHIN CERTAIN
KNOWN LIMITS OF TEMPERATURE.

The results of the experiments just diseussed furnish ii fiiir crit(;rion

by whieh to jud^e the vitiility of seeds when inihieneed hy teniiH^ni-

ture and moisture. It was still necessary to dt;termine the effect of

detinite quantities of moisture on the vitality of seeds when they are

submitted to temperatures well within the limits of that which may
be encountered in conunercial transactions.

On December ID, 11)00, prej)arations were made to determine these

factors. Seeds of cabbat^e, lettuce, onion, tomato, and peas wi^re used

for these experiments, which continued for 70 or 72 days. All of this

seed was of the harvest of 18ii9 and had been in the laboratory durinj^

the eleven months immediately preceding the setting up of the experi-

ments, being thus thoroughly air-dried. The amount of moisture

present in the seeds at this time, as indicated l)y drying at 100^ C,
was as follows: Cabbage, 5.90 per cent; lettuce, 5 per cent; onion, (j.-il

per cent; tomato, 4.71 per cent, and peas, 8.44 per cent.

The preparations were made as follows:

{a) Air-dried seeds were placed in bottles of 125 cc. capacity. The
bottles were closed with cotton plugs in order to protect the seeds

from dust while permitting a free circulation of air. This set served

largely as a check.

(/>) Air-dried seeds were carefully weighed and then put into 125 cc.

bottles, closed with firm corks, and sealed with paraffin.

(r, d, cu and /') These samples were also carefully weighed and

sealed in bottles as ^, but in the different series of bottles there was

tirst introduced 0.5, 1, 2, and 8 cc. of water which had been previously

absor])ed by small strips of lilter paper.

{(/) The seeds constituting this series were first dried for 30 daA's at

a temperature of from 80'-' to 82^ C. and then put up in bottles which

were sealed with paratKn. The loss in Aveight as a result of the dry-

ing was as follows: Cal)])age, 2.41 per cent; lettuce, 2.59 per cent;

tomato, 2.71 per cent, and onion, 8.47 per cent, leaving a water con-

tent of only 8.49 ])er cent, 2.41 per cent, 2 per cent, and 2.94 per cent,

respectively. (Peas were not included in this series.)

One of each of the above preparations was then subjected to different

degrees of temperature as follows:

(1) Outdoor conditions, protected from rain and snow, but freely

subject to all changes in temperature and humidity. The temperature

during the time of the experiment, December 19, 1900, to February 28,

1901, varied from a minimum of —21.6^ C. to a maximum of 8.9"^ C.

(2) In a fruit cellar having a comparatively low and uniform

temperature ranging from 10^ to 18"^ C.
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(H) III (li(>
" (lai'k I'ooiii" of (lir l)()l;mic:il l;il»<)|-!il()|-y, wliicli Wiis

(jiiitc dry and iii:iiii(jiiiH»d at a (('iiijxMal iiic of 'Jo to ^^2'-" C
(4) In tlic li(M"l)arimn I'ooin on (lie foiiiili lloor of 1 lie holaiiical laho-

nitoi'v. 'Pile air \nuv was very di-y and (lie mean t(Mii|)(M-al iiic ahoiit

tho ssiino as foi- No. 8, Imt with a miicli wider \aiiation, icafliint^- at

tiiiK^s a inaxiimmi of 80 and a inimimum of iO C
(5) In an in('ul)alor niaintairnMl at 80 ' to 82^^ C.

((>) In an inciil)at()r maintained at 87" to 40' C.

It will l)(^ ()1)s(M-\(mI that all of the i)roparations, oxcopt Nos. 1 and 4,

were kept at tcniperatiires which wiwv (|uite unifoiin. 'I'Ik^. inci'ease

or decrease in the w(Moht was det(M-niined at the ex])iration of 70 or 72

da^'s ])y ao'ain carefully wei<;hinjj^ the seed, after which (^oi'niination

tests were inad(\ 'I'he r(\sults()f t\n\ o-(M-ini nation tests and the o-ain or

loss in weight are given in Table X.



38 THE VITALITY AND (JKUMI NATION OF SKKDS.

g^



KKFKCT oi' DKKINITK (/!' A NTITI KS OK MolSTlIRK 81)

ooooooooo
S:i°iS^/'/'^° :::::::
l-< rl

OOOOOOOOO i 1 i i i : !

i^^^2^^^^ :::::::
iH •

1^ o 2» 11 c«5 ^ or 05 ri •
'> ' '• •

'• '•

i-i-^'c ^'oJo^d d • • • • • • •

rH r-«T-it-li-i

lO «C O O O O "CKti O iC O O iC il^iC ilT

«' 1-^ c4 ij ir? 5 «2 -f c> sj ^ ^ t- ic ic" 2w) I^ w) O) w> w> w wk 9> w« 0) 0> w' v>

lO <0 O iC iCi lO i(T O O iC O lO O "O >c o
"* X d d d •-< 1-^ ilT d CC 117 -1" x o» t^ OC
OC f-H l'-*!^'^! 1^ 1^ t~ to -^ 'O I-

T-tO 50 >75 l-» l->- (N i-H i-H C^ C^l O O (M O lO

»o»ri-i<td«d«o?o«o»oddddddrH
II

iC O O O lO »0 iiT O O >C iC 1(7 O iC O O
iQ d d -f ^ t-^ I--" d d o> OS to 1-' lo 1^ 1^
00 OS O) 00 rH OS OS wS OS OS o CS

O OO O lOO ifJ O O lO lO O >C iC o o
S'dddc^ic^odddi-Jr-Jdcocodeo

oococ^i osososaoaocooo

iCOOOO>OiOOOOOiOOOiCO
o6ddeoQO-T<dddoQc4os>cosi-5ic

^ 1-1 c". oo -»" CO o t^ ic iM oi '-c -f a> i-H OS
i-( eo >o 00 lO t^ OS CO oi iM (2 o o C'"'

*"-

t^os'ddoJosx'ososd cdo^dd

oooooiraoooicicoicoioio

iC O O iCiC O ii7 O O O O iC iC iCiO o
> OS ^' -1< OS

;

l^ CC in lO

icosr-ic^oeo«ooeooo a>t--(NC<i (uco
aOi-iccOaot^Os<M'*<N giMOO piC
n<ir3ri5t>dddi--^ddOdddOd

J^<
Y<

OiOOOOiCiCOOiCOOiCOOO
«deodc4oseoi>ddQd'M*c^"dos>-Heo
00 OsoOOOt^ 00 OS OS OS OC OS OS

lOOOOiCOOOOiCiOiCOOOiiO
«o d d oi c^i •M* d d d r~ c^i ro' d d d cc
(M iCC C-) i-H lO i<7 O iC O lO lO

eOf-CMOOr^Osi-iOseCOoCiM OJ CJO
ect-toiOiotoiOicooeoi-Hi-HO g qco
iOio-i<t>^t>dt^t^dddddOOd

OOOOOOOOO
c4c-ic^ieoeocoooeoco t.

O C-l O X 00 C^J O Cl O X 00 iM o <M o o
eocof i-irieoeo-r i-hc-ioocO'""

i

t- '— ~ 5 t ir '— ~ 5 r t §

CO -ri.': '-0 h» X o-. p »^ o '- m co -^ iit o
c lO 'C ic •(? IC i/t lb lb is i3 ic iC iS iS ic

d

+->

a

I -S



40 THK VITALITY AND GERMINATION OF SKKD8.

Tilt' t'()ri't^()in«4; tjihlc, showint^' tlu' conditions under wliidi tlic scc^ds

were kept, has heen made (juite complete. Asid(^ from tln^ tinal jht-

centat»es of termination, the pereentaj^es of j^-eiinination after a defi-

nite niimher of hours have likewise been jjfiven,th(' latter Ix'in^- hettei-

expressed as oerminative enerj>y. The <^erminative en(M*^v, as has heen

previously stated, is jin important factor in deteriiiinino- the ])otential

eneri^v of a seed. This is ([uite clearly shown in many of the <^ermi

nation tests recorded in the ahove table. 'I'he ])reliminary results show

a marked contrast as a result of the ditl'erent kinds of treatment, while

the final results reveal nothing- more than the regular deoi-ce of \aria-

tion usually met with in testino- seeds. Of the live species of seeds, the

onion has yielded the most sti'ikino- variations- in the earlier stages of

o-crmination. Take, for exann)le. No. 1.51^5, the sample that was kept

in an open bottle in tlu^ fruit cellar. The moisture absorbed was sufii-

ciont to cause a chemical transformation, which injured the vitality of

the seed and consetpientl}^ caused a retardation in j^ermination. No.

1539, the onion seed from the incubator mainhiined at a temperature

of 37"-^ to 4:(P C, g'erminated only 10.5 per cent in 77 hours, while

the litial percentaoe of oei-nii nation was 95.5 per cent. Onion seeds

Nos. 153^ and 1533 o-crminated in 77 hours IS. 5 and 2.5 per cent

respectively, while the tinal o-ermination of the former was 93.5 per

cent and of the latter 90 per cent. All of these tests gave tinal per-

centaoes of g-ermination somewhat higher than the mean of the control

samples. Rut the germination was considerably retarded, the control

samples having germinated 29.5 per cent during the first 77 hours.

Thest^ retardations in germination must be due to a lowering of vitality,

as a more careful study of the table will show% and not to any excessive

drying that ma}^ have taken place during the time of treatment.

Numerous other examples are to be found in the table, some even

more striking than those mentioned, but it is not deemed necessar}^

that they all be pointed out and discussed here.

The table also shows the results of the various weighings made of all

of the ditl'erent samples which were kept in closed bottles. With but

very few exceptions there was an increase in weight, which increase

was quite marked in all cases where free water was introduced. The air-

dried seeds that were sealed in bottles without the introduction of free

water all increased slightl}' in weight, with the exception of the peas,

which showed a slight decrease in weight. It has been observed that

the absolute loss in the weight of the peas was slightly greater than

the total gain in the four other samples of seed. This, however, is

not of sufficient uniformity throughout to fully justify the conclusion

that cabbage, lettuce, onion, and tomato seed have a greater affinity for

water than peas, and that the former robbed the latter of a portion of

tlu^ir water content. Yet a portion of the increased weight of the

cabbage, lettuce, onion, and tomato s(mmI is pr()])a])ly best accounted
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for in tli:il way. ( )n llir otlici- hand, il is (|nit(' piohahic lli:il a por-

tion of llic inci'casc in wcij^lit was due lo llic I'esults ol" inl i"ainol<'< iilar

( lansl'onnat ions and lo llic cocxistcnl respiratory Jic^tivitics of (lie

s(mm1. 'rii(> means of niakinn' lliesc (leteriiiinsitionH are far fi'om easy.

Van 'ri(\^li(Mn and (J. lioiuiicr lia\(' shown" lliat s(M'ds kept in scaled

(uiuvs in ahnosphcri*' air increased in w<'i«4lil (hiring* hvo years, hnl (he

increase* was xcry small. In (heir exj)ei-imenls (he j)cas which were

in sealed tnhes increased "7?, ,, of (heir orii^iiial wcijjhl. A cori'cspondin*^

sample k(>pl in (h(> open aii" increased -j'^ of ils oi'ij^inal wcioht.

Nos. 154-0 to 1545 in Table X show an increased wci^hl in seeds

wh(Mi scmKhI in l)ottl(\s for 70 days. These seeds were ])reviousIy

dried for IM) days at a temperature of 80'^ to 82 ' C Disre^jardin;^'- the

increase in w(Mehts as above j^iven and the factors to which such

increase may ))e attributed, it is (juite evident that in all cases wdiere

water was added the increase in weight was due chielly to the absoij)-

tion of the water. The absohite increase was ap[)roximat(dy the same

as the w eight of the water added.

The amount of water a])sorbed by ditferent s(^eds varies greatly

under identical conditions, depending largcdy upon thc^ nature of the

seed coats and the composition of the si^o(\. The average increase in

weight of the seeds used in these experiments was as foHows: Onion,

6.27 per cent; pea, 5.51 per cent; ca))))age, 4.12 percent; lettuce, 3.99

per cent; tomato, 3.99 per cent. The loss in vitality of the corre-

sponding samples w^as 28, 12, 23.7, 18.5, and 14.7 \wi' cent, respec-

tively. The relationship here is quite close, the amount of wat(M-

absorbed being roughl}" proportional to the loss in vitality. Tlie

peas, however, aflford an exception to this general statement. But it

must be remembered that peas require a much larger i)ercentage of

moisture to start germination and are likewise ca|)a])le of undergoing

much wider variations than the other seeds in (juestion. However,

before a dc^tinite ratio can be established between tin* absor])tion of

water and the loss in vitality, many other factors nuist be taken into

consideration, such as the composition, water content, and duration of

vitality of the seed under natural conditions.

Anothei- interesting factor is shown in No. 1540 of Table X. These

seeds were dried for 30 da3^s at a temperature of 30 ' to 32"^ C, after

which they were kept in an open bottle in the laboratory for 40 days.

During the )>o days' drying the cal)bage lost 2.41 pcM'cent, lettuce 2.59

per cent, tomato 2.71 per cent, and the onion 3.47 ])er cent of moistur(\

These same seeds when exposed to the free air of the lat)oratoiy for 4n

days never regained theiroriginal weight, the increase beingas follows:

Cabbage, 0.<) per cent; lettuce, 0.58 per cent; tomato, 1.5r) per cent:

onion, (^89 per cent. The averagi* (|na?itity of water expelietl wa.s 2.79

"F.ul. Sue. l.ut. Kraii.i-, 29: L'.".-L".>, 1 lU-l'vI, 1SS2.
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[)vv i-t'iit in l{<> (lays, while the Jivcnij^j' iiK-icjisc in \v('i*;lil tlurinj^* tin* 40

(lays was only O.IU jxt ct'nt. 'I4u\se results show that if seeds arc onco

carefully and thoroujifhly dried, they will remain so; that is, if ke[)t in

a comparatively dry room. This is an important factor in th(^ preser-

vation of vitality, as is l>ornc out in the results of the germination

tests. Later experiments were made with ver}' similar results, and an

analogous method of treatment promises to be of much value as a

pndiminary handlini^ of seeds. It is not detinitcdy known to what this

strono'cr \ itality is due, whether it \)o simply to the etl'cct of the dry-

ing or to some process of chemical transformatioii which makes the

seeds more viable. These results are now under consideration and will

})e reported at some future time.

The table also shows in a very strikin<»' det^ree the decrn^ase in the

muuber of o'ermina])le seeds with an increase in the moisture and

temperature. The amount of moisture absorbed b}^ the seeds, with a

limited amount present in the bottles, was inversely proportional to the

temperature. At the hioher temperatures the inclosed aii' held a larger

j)ortion as water vapor; however, tlicre was a o-reater dettM'ioration in

vitality. Where the seeds were kept outdoors at the low temperatures

(
— 21.() to S.l)"^ C) of the winter months, no injur}^ was apparent

except where 3 cc. of water was added, and then only the onion seed

was att'ected. This sample of seed had absorbed a quantity of water

equal to 10.38 per cent of the orioinal w(Mi»ht, which tooether with

the orio^inal w^ater content (().41 per cent of the original sanq^le) made
17. 8S per cent of moisture in the seed. Practically the same results

were obtained with the seeds k(»pt in a fruit cellar at a tempei-ature of

10° to 13° C. The sanq)les of this scnics, in the open ])()ttles, were

also injured, as has been pointed out. With the sanq^Uvs that were

stored in th(^ dark room and in the herbarium room, the injury was

more markeil as a result of the higher tenqierature; but even here the

seeds in the bottles which contained 0.5 cc. of free water det(M'ioi-ated

very little. The injury was confined to the onion seed, which showed

a slight retardation in germination. Where 1 cc, 2 cc, and 3 cc. of

water were added, vitality in some instances was likewise remarkably

well preserv^ed. The lettuce, tomato, and peas gave no indications of

any deterioration save in the bottles containing 3 cc of water. Here

the lettuce and peas were permanently injured, while the tomato seeds

sutl'ered only sutHciently to cause a delay in the I'apidity Avith which

thev terminated. The ca])bapfe seed was retarded with 2 cc and a

lowering of the final percentage of germination with 3 cc. of water.

The onion seed, being very sensitive to these unfavorable conditions,

deteriorated very greatly, being practically worthless where 3 cc. of

water w^ere added. A brief study of the table will readily show that

many seeds were killed at the still higher temperatures of 30° to 32°

C and 37° to 40° C. The onion seed was slighth' injured even where
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no wnlci' \\:is MfMrd. IIowcnci'. m Icinpcial ii re of h» (
'. is siiflicicfii

to injiii'c many simmIs, cxcii tlioiii^li llic lilMM'alcd walci* Ix' pcniiil led to

(V-;c:H)(», MS is show II in the tests of the onion. No. I.MV.^ol' llic taltlc

'^I'hc Li'>'<':it('st injnr\' when aii'-dricd seeds ai"e sealed in i)ottlesand tlicn

sul)j(»eted to a liloliei* teni|)(M'atur(> is duo to the inereiised hiiniidity of

th<» eonlined jiir, as a result, of tli(^ watei- lilxTJited fi-oni the seeds.

At lirst ii'laiice sonn^ of th(^ conditions oi\'(Mi in th(^, jihove- table may
scMMu to ))e extreme and fai- beyond any normal conditions tliat would

be eneounter(>d in tlu* oi'dinary handlintj;' of s(mh1s. '^I'his luiiy seem to

b(^ (\s|)ecially true with the seeds k(»pt in the })ottles with )5 c<-. of

water w here the additional amount of moisture absoi"})e(l (rave rise, in

some of the seeds, to a water content of approximately '20 \)ov cent.

Yet this need not be thought of as an exception, for such extreme

cases arc often encountered in the commercial handlin<r of seeds.

Dui'intr the process of curing" even more drastic treatment is not

Infrequently met with. Pieters and Brown" have shown that the

conunon methods employed in the harvesting and curing of /*oajr/v(-

tefisis L. were such that the interior of the ricks reached si tein])e]-a-

turc of 130" to 140'^ F. (5^.4- to 60" C.) in less than sixteen hours, at

which temperature the vitality of the seed is greatly damaged and

frequently entirely destroyed. The interior of one rick reached a

temperature of 148" F. (64.4" C.) in twent}^ hours, and the vitality

had decreased from \)1 per cent to 3 per cent, as shown by the ger-

mination of samples taken simultaneously from the top and from the

inside of the same rick.

On the other hand, tlie extreme cases need not ])e considered.

Take, for example, the onion seed that was sealed in a })ottl(^ with

1 cc. of water and maintained at a temperature of 37" to 40^ C. The
increase in weight due to the water absorbed was 3.91 per ccMit. thus

giving a moisture content of 11.2 per cent and a conq^lete destruction

of vitality. The ca])])age seed, kept in the same l)()ttle. had al)sorbed

a ([uantity of water ecpiivalent to !i.35 per cent of its original weight,

which, with the 5.90 per cent contained in the original sample, gave

8.25 per cent of water. This sample of seed germinated only 11 per

cent, having thus no economic value. In neither of these samples

was the amount of water present in the seeds greater than that ordi-

narily found in comiiiercial samples. Moreover, the temperature was

nuich below that frecjuently met with in })laces where sei^ls are

offered for sah^ and likewise well within the limits of the maxinnnn

temperature of our summer months, especially in the Southern

Stiites. Take, by way of comparison, the maxinunn tenqnM-atures of

some of the places at which seeds were stored to det(Minin(» tln^ effect

of climate on vitality, as shown in anoth(M' ])art of (his |)apei'. Huring

"Bulletin lit, Diinaii ni Pliiiit liulustiy, f. S. iH-partiiu-nt oi" A«:ri<ultur«'. I'.Mli'.
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the suinnier of 11M)0 the iiuixiimun teiiipenitun' jit Waj^oiicr, Iiul. 'I\,

was 107 F. (-1:1.1^ C), whUe thiit of Lake City, Fhi., was loir F.

(39.5^ C). If these points ar(^ kept in mind, it is not at all suipris-

m^ to find that seeds lose their vitality within a few weeks or months
in warm, moist climates.

In order to mjike the ahov^e t'aets mor(^ clear thc^ precedinj^ taljjc lias

been siunmarized and is presented in the followinc^ eondt^nsed foiin,

showintif the rehition of the water content of the seed to vitalit}':

Tablk XT.

—

Mdi'kt'tl iJeterlorntUm in vitalitif wUh an Inrreasf in tlic (/lunifitif of the miter

content of needs.

How preparations were nmtle.
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(Jij^lioli" j^oivs so fa I" as (o say:

Tln'ic Im ih» rcasitii for <l('iiyiti;^ tin- puHHihilit y <»f llic ictciil imi of vitality in wmhIh

|)i«'sri\ I'd (luiiiiLT iiiany cent iiiics, such as tlu- Mmiimy wlu«it uimI sc^'d.s fioin l*(iiii|icii

ami I IciculaiK'UiH, i»ru\i(lc(l that these seeds have Ihm'II pn'scTVcd from thehe^'iii-

iiiiii: ill coiitlitioiis iiiila\oialtU" to chemi<-al <'hjinvj(\
•« * * T\n' ori^'inal (IryiiesH

of the seeds and their preservation from moisture (»r moist air must, he tiio very

first conthtions for a latent secular vitahly.

Soino ()!' tlu' ojirlicst sii*;i;('.stions For storinj^ scods in (jiuuitit/y wore
ina(l(* 1)V ClonuMit aiul Fazy-Paslcur, and w(M'(* r('])C)rt('(i by Au^'". l*vr*.

1 )i\ Caiulollc', in his IMiysiolou-ic Vr^^vtalc. (ylrnicnt snoMr(>st('d (lie ns(*.

of lar^e cast-iron I'ci'i'ptacles, iiiado inipcM'vioiis to aii* and water, (Im5

\v(>ll-dii('d seeds to ))e poured in through an openino- at tlie top, after

wliicli (he oi)enin»;- sliould l)e hennctically sealed and the scmhIs with-

drawn tlirou<;h an iron pipe and stopcock at the })ottoni of tin; tank.

The scheme of Fazy-Pasteur was to store seeds in wooden boxes well

covered with tar. This method was especially applicable to small

([iiantities of seeds, and was used to a limited extent at that time, but,

so far as has been ascertained, it has long since been discarded. The
keei)in<»' of seeds in large iron tanks, as suggested ])y Clement, has

never l)eeii practiced to any extent. It seems quite possible, liowcxcr,

that the present ''tank" grain elevator, now so universally used, might

rt^adily be moditied in such a way as to make the method suggested by

Clement ({uite practicable.

THE NECESSITY FOR THOROUGHLY CURING AND DRYIN(} SEEDS.

In addition to being well matured and carefully harvested, seeds

should be thoroughly cured and dried before ])eing put into the stor-

age ])ins. Much better results would be o})tained if such seeds were

artificially dried for several days in a current of dry air at a tempera-

ture not to exceed 35^ C. With this method of drying, from '2 to 4

per cent of the moisture usually present in air-dried seeds is expelled.

The accompanying contraction of the seed coats makes them more
impervious to the action of moisture, and consecpiently the seeds are

better prepared for storing and shipping. Experiments made with

ca))bage, lettuce, onion, and tomato seeds gave results as follows: The
average loss in weight of the air-dried seeds, after an additional dry-

ing of 30 days at a temperature of 30° to 32° C. was 2.7i^ per cent.

Yet these same seeds, when kept for -iO days in the lal)oratory, r(»a)>-

sorlxul only an average of 0.1)1 i)er cent of moisture. Like (piantities

from the original sample gave only the slight variations ordinarily met
with, due to the humidity of the atm()sj)here. Thus seeds, when once

carefidlv and thorouifhlv dried, will not reirtiin their oriirinal weiirht,

])i"()\i(le(l they ])v kept in a dvy room.

a Nature, 1895, 62: 544-645.
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CllAliAl TKK OF THE SKKl) WAltKllOl'SK Oli S'i'OKAii K liOO.M.

Another iiiiportiiiit factor in tlif; stoiiiii^" (jf .seeds is the chaiaetcr of

the seed warehouse or storat^e room, liie first point to })e eoiisidered

is drynt'ss. Sueh houses shouhl he kept as dry as possihle, wiiich can

he accoin})lished either })y means of artiticial heat or hy the use of

strong" dryino- agents, or better still, by botii. True, if tlie seed ware-

house be located in a section having" a dry climate, this dilliculty is at

once hirgely overcome. lUit in many cases such a location is imprac-

ticable or even impossible, and other means must l)e resorted to. As
a matter of fact, most lar^e seed warehouses are not heated and a

t>reat loss in vitality inevitably follows; but each seedsman must

determine for himself whether or not this loss is sulhciently oreat to

justify the expense of heating such a storage room.

Experiments carried on during the progress of tliis woik have

show 11 some very marked differences in favor of seeds stored in rooms

artilicially heated. The averages of the thirteen samples of seeds from

the eight })laces at which they were stored show a difference in the

loss of vitality of i).87 per cent. Those kept in rooms that were arti-

ticitdly heated during a greater portion of the time deteriorated ^5.91

per cent, while those stored in rooms not so heated deteriorated 35.78

per cent. The loss here given for seeds stored in dry rooms is greater

than such conditions warrant, owing to the very unfavorable condi-

tions at Mobile, Ala., and Baton Rouge, La. At Lake City, Fla., the

relative percentages of deterioration were 29.42 and 16.27 for the

indicated and heated rooms, respectively; at Auburn, Ala., 33.90 and

10.3-i per cent, and at Durham, N. H., 39.58 and 3.57 per cent, respec-

tively. Unfortunately these experiments were not made with this

definite point in view, and the results are not entirely satisfactory, as

no records were made of the temperatures and himiidities.

THE VALUE OF GOOD SEED TO THE MARKET GAKDENEK.

This work was undertaken chielly for tlie purpose of tinding some

improved methods of shipping and storing seeds in small packages,

wherein their vitality might be better preserved. The rapid deterio-

ration in vitalit}^ causes great losses to gardeners living in districts

where the climatic conditions bring about the premature destruction

of vitality in seeds. In many cases the seeds are practically worthless

or altogether fail to germinate after a few weeks' exposure. The loss

in such cases is not in the greater quantity of seed required, but the

retardation or complete failure of the germination often means delay,

making the difference between success and failure in the desired crop.

Seed of low vitality is even worse than dead seed. With the latter the

difficulty is soon discovered, while with the former, although the seed

will germinate, the seedlings are not sufficiently vigorous to develop
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inlo si ioiil;' :uuI ln-allliN phmis. Tine, iiiosi (•iil('ij)ri>iii;j- l^iikIciici's

ii>ii:il!v li:i\(' \il:ilily Ic-^ls iimkIc iiniiicdiatclv picpiiialoiv lo plant in;;",

l>n( (lii>is not always conxcnicnl , and llic\ rcl\ on (lie i"( 'suits of tests

MiaiU' at some earlier dale In sncli cases it (pule rre<|ii('iit 1\ liapp(Mis

that tli(>v accept the results (d" tests made se\-eral weeks eailici-. With
luanv seeds this will sullice, yet there are many otlieis that will dete-

riorate \vv\ matiM'ially within a f(^w W(Md<s oi- cncu within :i few days

in such uid"a\()i-al)le climates as exist, I'or example, near the (iidt" of

Mexico. In a letter (hited riaiuiary 15, llMi;'), Mr. ,] . Steekler, of N(;w

OrU^ans, La., wrote as follows concernin<»' the \itality of seeds:

Some needs lire not worth heinj; j)liuiti'(l after bein^ lierc tlinc inontlis. TIiIh Ih

especially true of caulillower seed. We have made reiteaU-d tests and this seed after

remaining here 90 days was worthless and had to he thrown away.

SHIPPING SEEDS IN ( HAR(X)AL, MOSS, ETC.

Hornemann" made some experiments with s(M'ds of \'H-t(>/-i(i n(/ia.

and Kurijalc frrod\ in wliieh he found that when packed in powdered
charcoal they soon lost their vitality, l)ut when packed in powdered
chalk sliohtly better results were obtained. On the otiier hand,

Dannner'' reconnnends powdered charcoal as a method of pa<d<in^- for

seeds that lose their vitality during shipment, especially the seeds of

palms and a number of the conifers.

Charcoal is undoubtedly nmch better than moist earth or moss,

which are frecpiently used, the latter atfording abundant opportunities

for the development of molds and bacteria during transit. Some such

method as moist charcoal is necessary in case of seeds which lose tlndr

vitalit}^ on becoming dr3\ Numerous other reports have been pul)lished

from time to time concerning the shipping of seeds of acjuatic plants,

as well as those of low vitality, but they need not be discussed further

at this time.

NATURE OF THE EXPERIMENTS.

Aside from some j^opular accounts and miscellaneous suggestions,

but little has been done toward finding improved methods of shii)ping

and storing seeds of our common plants of the garden and field.

Accordingly, in February, 1900, a series of experiments was under-

taken to determine some of these factors, in ^yhich three questions

were considered: (1) How ma}^ small quantities of seeds be put up so

as to retain a maximum germinative energy for the greatest length of

time'^ (2) What innnediate external conditions are best suited for the

longevity of seeds ^ (3) What part do climatic condition> i)lay in

ati'ecting the life of seeds!?

«Gartenflora, 35. Jalir^'., 1S8H, pp. 532-534.

^ZtHchr. trop. Landw., lid. J, 181)7, No. 2.
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In order to answt'r the tirst (|ii(*stioii, dupliciiti? saiiij)le.s of the various

kinds of st'cds were put up in double nianila coin enselopes, as

described on pa^e 14. Likewise, dui)licate samples were put up in

small bottles, the bottles bein^ closed with j^ood cork stoppers. Some
of the bottles were tilled with seed, while others were only partly full.

In some cases there was a surplus air space five times as ^reat as the

volume of the inclosed seeds. This si)ace, however, had no bearint^

on the vitality of the seeds as far as could be determined.

In order to determine what inunediate external conditions play an

important part in the destruction of vitality, samples of seed, ])repared

as al)ove described, were stored in different places." At each place

they were subjected to three different conditions of storage, which, for

convenience, have been designated as "'trade conditions,'' ""dry room,"

and "' basement," as described on pa^e 14. In addition to these three

methods of storage, numerous other conditions were tried in and near

the laboratory; such as in incubators at increased temperatures and with

varying' decrees of moisture, in cold storage, in gTeenhouses, and in

various oases, in vacuo, in licpiids, etc.

The third question, '' AMiat })art do climatic conditions t)lay in atlect-

mg the life of seeds?" has been answered for the most part in a dis-

cussion on the efi'ect of climate on vitality, page 13. In fact, the seeds

in the envelopes kept under trade conditions were the same in both

cases, being used here simply as a means for comparing the vitality of

seeds when stored in paper packages and in bottles, as well as to show

the relative merits of trade conditions, dry rooms, and basements as

storage places for seeds.

DISPOSITION OF THE SAMPLES.*

A more definite description of the treatment given the seeds in the

various places may be sununed up as follows:

San t/uan, P. R.—The seeds were sent to San Juan on February 9,

1900, and were returned on «Tune 20, 1900, after a lapse of 131 da^^s.*^

At San tluan the seeds were stored under trade conditions only, and

the various packages were not removed from the original box in which

they Avere sent. While in San Juan the box containing the seeds was
kept in a room well exposed to climatic influences, being protected

only from the direct rays of the sun and from rain.

"San Juan, P. R. ; Lake City, Fla. ; Mobile, Ala.; Auburn, Ala.; Baton Rouge, La.;

Wagoner, Ind. T. ; Durham, N. IL, and Ann Arbor, Mich.
^ The i)laees of storage represented by trade conditions have already been described

for each of the localities, but it seems advisable to rewrite the descriptions here so

that they may be more readily compared with the dry room and basement conditions.

t^The exact time that the seeds remained at San Juan was nuich less than 131 days,

the time of transportation being included, as has been done for the other places.
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/.((/,< ^
'////, /'/(f. riu'. seeds were- seiil lo Lake ('ily on I^'chriuiiy 'J,

IJXIO. Tlie tii-s( (•()nn)Iete sot was reluiiicd on ,Iinie 1>S, nfUtv 121) days.

The second coinplele set was rcdiiiied ()(tolK'r 1, after "I^A days. The
""trade conditions'' at Lake C'ity wei'e suj)plie(l hy keepin*^ tlie s(M!(Is

in a small, one-story frame l)uil(lin^\, (lie dooi-sof wliieli were open the

)i>'reater ])art of the tinu*. This hiiil(iiri<jf was not heated, and the sccmIs

were stored approximately 5 feet from the ^^ round. ** Dry room"
conditions wimc those of a storage room on the fourth lloor of the

main huildino- of the Florida Agricultural Collej^e. The third s(;t was

kept in a small l)ulletin room in the l)asement of the same huildin<^.

JIoh/7e, Aid.—The seeds were sent to Mobile on February 17, 11)00.

One set was received in return on eluly 7, iifter 180 days. The oth(;r

set was received on Noveudjer (>, aft(^r 2<)ii days. The "trade (condi-

tions" in this case consisted of a comparatively open attic in a one-story

frame dwelling-. The set in a ''dry room" was kept in a kitchen on a

shelf 5 feet from the floor, and not more than (> feet distant from the

stove. Here they were subjected to the action of artificial heat throu<^h-

out the entire period." The seeds under "])asement" conditions were

kept in a small cellar, which durino- the season of 1900 was very moist.

Auhu/'/t, Ala.—The seeds were sent to Auburn on Fe})ruary 17,

1000. The first complete set was received in return on May 80, the

second on November 19 of the same year, or after 102 and 275 days,

respectively. "Trade conditions" consisted of an oftice room connected

with a greenhouse, with the doors frc(iuently standing open; "dry
room" conditions were obtained in the culture room of the biological

laboratory on the third lloor of the main building of the Alabama

Polytechnic Institute, "basement" conditions being found in the ))ase-

ment of the same building, a comparatively cool situation, yet with a

relatively high degree of humidity.

Baton Rouge., La.—The seeds were sent to Baton Rouge on February

17, 1900. On June 18 the first complete set was received in return.

The second set remained until Octo))er 22, making the time of absence

121 days for the first and 247 for the second set. "Trade conditions"

at Baton Kouge were furnished by keeping the seeds throughout the

entire time of the experiment on shelves in a grocery store, the doors

of which were not closed except at night. These conditions were thus

identical with those to which seeds are subjected when placed on sale

in small stores. The "dry room" was a class room on the second floor

in one of the college buildint^s. A storeroom in the basement of a

private residence, having two sides walled with brick, furnished

" basement" conditions.

"Pre.sunuihly tlicse were in a dry phuv, hut further cvidi'Mcc nhowcil that the jire-

fjunjption was erroneouH. The vapors arisiu;; while cookinj^ was hein^ done on the

stove }r«ive rise to conditionn very d(;triniental to a pn.donged life of the seeds.

25037—No. 58—04 4
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Wi((/if/n/\ I/III. T. The st'ecU wt^rc m'uI t(i \\ a^i>iu r uii Ffbniiiry

17, IIKK). The tirst .series was received in return on June %\^ after Vl^

days; the second set was returned after 23S days, on October 1:>, llMMj.

The sets for "trade conditions'' were kept in a ilru<^store, on a counter

near an open door. The '* dry room"' was a sleepin*^ room on the tirst

tioor of the same buiklini,'', >Nhiie "basement" londitions were supplied

by keepini^ the seeds in a hiro;e depository vault in a bank.

DarJuiin^ X. 11.—The two sets of seeds were sent to Durham on

February 17, 1D(M>, and were returned on July 14 and October r^U, after

117 and :^31 days, respectively. The seeds under "trade conditions"

were kept over a door at the entrance of one of the coUeoe buildinj^s.

The door opened into a hall, which led into office rooms, the chemical

laboratory, and the basement. An office room on the tirst tloorof the

same buildini^ supplied "dry room'' conditions. The seeds were

located well toward the top of the room, which was heated with steam

and remained quite dry at all times. The "basement" conditions

were found in a storage room in one corner of the basement of the

same buildini^*.

Ann Arhn\ Mich.—The set of samples placed under "trade condi-

tions" was kept in the ))otanical laboratory, beino- moved about from

time to time in order to supply the necessary' variations to an herbarium

room, to an open window, and to an attic. From February 18, 1900,

until ^lay 12, ll>00, the set of seeds under ** dry room'' conditions was

stored in a furnace room. The seeds were only a few feet from the

furnace and were always quite dry and warm: The maxinuun tem-

perature recorded was 43 C, with a mean of oS durino- cold weather,

and of 80^ C. durini*' milder weather. On ]\lav lii this set of seeds

was transferred to the herbarium room on the fourth floor of the

botanical laboratory, where the}' remained until vitality tests Avere

made. " Basement'' conditions were found in a fruit cellar, having

two outside walls and a temperature fluctuating })etween 10^ and 13^ C.

These packages and bottles were all securely packed in new cedar

boxes from which they were not removed until after their return to the

laboratory*.

RESULTS OF THE GERMINATION TESTS.

After receipt of the seeds, germination tests were made as rai)idly

as possible, the results of which are given in the tal)ulations which

follow. Likewise, in each case is shown the vitalit}- of the control

sample. Furthermore, a summary of each table is given, showing the

average percentages of germination of the seed from the various

places for the tirst and second tests, respectively. From these results

the average percentage of loss in vitality has ))een calculated, reckoning

the germination of the control sample as a standard. It is thus a very

simple matter to compare the relative merits of the diflerent methods
of storing and the role they play in promoting the longevit}' of seeds.



('OMPAUISON OF MKTn(»DS OF STORINfJ .\N1> SHIl'riNG. 51

T.MU.K \ I 1.

—

1'('r(\'li((HJC <>J
ijtriiiUKihiin nj Imtits stihjuli il in mn'in.s i inuiduui.s of gtOTtige

in (iijfVmit hHuilitiiit.

[(ierminulion t»f control sample: First test, 98.7 per cent; Hecund test, 98.7 per ceuu]



r^^) THK VITALITY AND (JKKMlNATloN OK HKKlJS.

T.viti.K \ 1 1 1.
— I'ercentcuji' of (jtrmindtion of jtaiti suhjectid lo viinouti cnn<idioii» of utonujt

ill iliffinnt locatUifis.

[(.ierminuliun of control s^unple: First test, 95.3 per cent; sec<»nil tent, 95. 7 per cent.
J



COMPARISON OK MKTIIODS OK STOHIN(J AND sniI'IMN(} f).",

r.VULlC \\\' .- /'irrititiK/c of (/iruiiiHilion of c<ililni(/f xnhjrchtl In rtirntus linitl il loiix of

storayr hi. diffirtiil /oculitics.

((icrniinnlion of cinilntl saiiiplr: Kirst test, 92.7 jmt crnt; scconil test, 92.4 per cj-nt.]



r)4 THK VITALITY AND (JKI?MIN ATION <)K HKEDB.

TAiu.fc: XV.

—

J'tnrntiuji' <ij ijcnninitliim of ladiuli .snhjictnl lo niri(jiin condUa/iifi of nit/rage

in ilij/'irent londUics,

[(ierniiiiiitioii of lontrul suniple: First test, 83.G per cent; second test, 78.8 jMir cent.]



(M>Mr AKISON <H<' MK'I'IIODS < H«' STORINC} AND SIIilM'IN(J. f).^)

T.MM-K .\ \ I. I't III iihliji'
<)J

(/iriiliiintinii nfiiiri'nl silli/irh il In iiirioiis ruinhliDiix iij Hlin'tttje

ill ih[}iii'iil /ncit/ilirs.

[(ienniimliuii (if coiilriil s)ini]>li': I'irsl IchI, h;{.:{ per <"cnl ; second test, K2 per cent.]



5^) THK VlTALilV AiNI) ( J KIt.MlNATION «>K SKKDR.

T.viu.K X \'ll.— IWrenUujf of (/< rmiruttion of " A " mreel corn Hubjeettd to rarU/UM cotidi-

tio)i8 of Ht(/nuje in <lijferent localities.

[Germination of control suniple: First test, 92.7 per cent; second test, 92.4 fKir cent.]



CoMrAKISoN (>K MK'I'lKJhS oK STolUNiJ AND SIIIIMMNcJ. in

'r:il)i(»s XVII ninl Will li:i\(' Im'cm considcicd f o^ct lici', siticc hotli

li:i\(' to do w illi (lie siiiin' Niificl y of swoot corn. 'Plic flillciciuc in the

(jualitv of ll»(vs(» two s:m)|)I('s was tiiiilc iiinikcd wlicii llio seed wjis

i(M'(>i\ (m1. (fCM'ininjilioii ivsts were made J:iim:ii\ •»<>, I'.XM), arid sli(>\v('d

t>4 poi" cent for (lie ''A" and SS ])(M" cent, foi' llic '* IT' coin. In

Nov(Mnl)(M". 11)00, samples of s(mm1 from the same oii^^-inal pacUa^^cs

NV(M(' (csIlhI, <ifiviii<j^ a ^'cnnination of 1)2.4 p(^i* cont and ss.r) per cent

for tlioi " A ^^ aiul " I»" sann)Ics, ros]MY5tiv(dy, as shown in (lie contffjls

of the al)o\(' (al)Ios. 'riiiis, whoii two <^rad('s of ("oni arc subjected to

fa\"oral)le conditions of stoi'a^^o, both are w(dl ])re.scrvcd; l»ul when

suhj(»ctod to unfavorahI(» conditions, the one of poorer (pndity is nnich

mon^ susceptil)Ie to injury. The " A " sample which was stored in

en\elopos in trade conditions lost 10.11 i)er cent, as compjired with

2().l) per cent for the ''B" sample. The "A" sample which was

stored in dry rooms lost only 1).81 per cent, while the ''!>" sample

lost 25. 0() per cent. In basements, the " A " sample lost 28 pei- cent

and the "" B" sample 31.74 per cent. In })oth samples the corn in the

pjickao-es stored in tlie basement at Mo])iIe was so badly molded jit the

time the second tests were made that the}^ haye been omitted fi-om the

table.

The most interesting feature in comparintr the results of thesc^ two

samples is found in the seed which was stored in the bottles. Tiie

ayerage results of the "A" samples show a much higher percentage

of germination for those from the bottles than the control, while the

ayerages for the '' P) '' sample were nuich lower than the corr(\'^pond-

ing controls. The ayerage germination of the " B '' sample from the

bottles was 59.7 per cent for the trade conditions, 4S per cent for dry

rooms, and 68.4 per cent for basements, or ji loss in yitality of ')2.55,

45.70, and 22.71 per cent, respectiyel3\ This difference was du(^ to

two causes, first, a difference in the quality of the seed at the Ix^oi li-

ning of the experiment, and, secondly, the larger amount of water in

the second sample, " B.'' The greater quantity of water present in

the seed gaye rise to a more humid atmosphere after the seeds were

put into the bottles, especiall}' when subjected to high(M" tcMuperatures

than those in which the seeds had been preyioush' stored. This is an

important factor alwaj^s to ])e borne in mind when seeds are put up in

closed receptacles; they nmstbe well (IimcmI if yitality is to Ix^ ])res(M-\ed.



58 TIIK VITALITY AND (JKUMINATIDN (»K 8KKDS.

Tahi.e XIX.—PercenliKje of tjennhuttion of lettuce itiihjerted to nirioim rotnlitioitM of

sfonuje in different localities.

[(lenniimtioii t)f control wimple: First test, 81.6 per cent; second test, 92.3 per cent.]

Place of storage.

Lake City, Fla
Do

Aulxu'u, Ala
Do

Mobile, Ala

.

Do

Baton Ronge, La.
Do

San Juan, 1*. R.
Do

Wagoner, In<l. T
Do

Durham, N. H
D.)

Ann Arbor, Mich
Do

Average percentage of ger-

mination.

Average percentage of loss

in vitality.

Order of
test.s.

First...
Second

First...
Second

First...
Second ,

First...
Second .

First....

Second .

First....

Second .

First....
Second

.

First....
Second .

I
First...

[Second

First...

Second

Num-
ber of
days in
stonige,

129
234

102

140
2t'.2

121

247

131

126
238

147
251

128

251

128

251

Percentage of germination.

Trade
conditions.

F^nvel-
«jpes.

87
85

86.

5

86

03
20

82.

5

84.5

79
83.

5

78
82

82.

5

88.

5

82
92.

5

80. OC)

77.75

1.89

15.76

Bottles.

84
92

85.

5

90.5

78
88.5

81.5
93.5

87.

5

89

76
92.

5

80. 25
93

68.

5

90

80. 15

91. 12

1.77

1.29

Dry rooms.

Envel-
opes.

81

92.5

as. 5

90. 5

58
31

79
74.

5

80

83. 25
92

84.5
89.

5

79. 18

78.33

2. 97

15.14

Bottles.

76.5
90

81. 5

91

87.5
90.5

78.

5

87.

5

82
94

77. 5

93

81.5
90.5

Jiasements.

Envel-
opes.

68
43.

5

>q.5
83.5

1.5

70.

5

.5

SI

87.5

80
90. 5

78.5
88

SI. 14

90.93

.56

1.49

(Wl. 2S

1^5. 58

18.78

28. 95

Bottles.

77
95.5

88.5
90

83
91.5

76
92.

5

76.

5

89

75.

2

90. 5

72
91.5

78. 31

90.78

4.03

1.65

The lettuce has shown no very marked deviation from the controls,

save the seeds from tlie packaoes kept at Mobile, and those which were

stored in basements in envek^pes at Baton Kouoe juid Lake City.

The averao-e results of the second series of tests show a similar lo*; in

vitality of all of the seeds from the envelopes. The samples of seed from
the bottles germinated practically as well as the controls. The results

of the first series of tests are not entirely satisfactory, none of the

tests having- gone to standard. The low germination of the lettuce in

this series was due to inability to properly control the temperature in

the gcn-minating pans. The proper temperature for the successful

germination of lettuce seed is 20"^ C, while in this tirst series the ger-

mination tests were unavoidably made at 26° to 27. 5"^ C. Neverthe-

less, this seeming objection is of little consequence, since all of the

results are directly comparable with the control.



COMI'AKISON OF MK'I'IIoDS ()K S'l'oUIN(} AND SI^PIM.^f(! 50

Tami.I'. X X. I'l lU'tiildi/r nf (jrriiiiiiiilii)ii nj tiiiidii siih/rcliil Io nirnnis chikIilnniH of HloriKjc

hi (liffi'iuiil /niii/irn\9.

[Oormlnntinn of control sample: First lest, 9.'>..s jmt cent; Hceond icHt, 97 per cent.]
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Table XXI.

—

JVrmdaijf of t/t'i'minalitm of jmnxij unhjnicd to lutrinnn rondUit/tm of

xtordije in dijfWnit UtraiititH.

[(ierminiitii)M of control suniplc: First leflt, (IS per cent; second test, M percent.)



(M»MI'AKIS(>N OK MKril(M)S <>K STOKINiJ AND smiMMN(S ()1

I'aiisv and plilox liaxc hccii considered lo^cdiei", since, llieii' heliav-

ior was almost (he same. liolli of llie coiiti'ols delerioratcd to a coii-

si(leral)Ie decree (liiiiiio- t he l"j;'»(lays wliicli elapsed he.twiMMi tlie time

of the lirst and the second test, pansv h)sin<4- 15. .S7 p(;i* C(;nt and phlox

lil.SS p(M" cent. In hoth cases the mean loss in vit^ility of tli<'. s(;e(ls in

the envelopi^s was very <^^reat. The residts of the second tests sliow a

loss of 84.I>1 percent for pansy, and <S5.S0 per (tent for plilox wh(;re

stored under trade conditions. In dry rooms tiiei-e was a mean loss

of 53.57 per cent for pansy and OO.Ts per cent for phlox, and in haso-

ments a loss of 84.70 per cent for the pansy and 71).45 per cent foithe

phlox. These results arc ohtjuned })y considering^ the second test of

the control as a standard, the de[)rcciation of the control l)ein<^ dis-

rt\i;arded. Some samples were dead and many more were of no ec^o-

nomic yalue. It is es])ccially interesting- to note how (juickly tliesc^cids

died at I\Io])ile, Ala., there being only a few geruiinahle seeds at the

end of 140 days.

The behavior of the seeds in the bottles was more or h^ss variable.

Some of the pansy seeds showed a hit^her vitality than the control, l)ut

the averat»'es were somewhat lower, the mean loss rant^in*^ from l.^.OO

per cent under trade conditions to 27.49 per cent in basements, while

with the phlox the means for trade conditions and for basements were
higher than the control by 8.27 and 10.39 per cent, respectively.

Taule XXIII.

—

Percentages of (jentiination of tomato subjected to carious coiuUtloiis of

storage in different localities.

[Germination of control sample: First test, 95.6 per cent; second test, 1)7.5 i)er cent.]

Place of storage.

Lake City, Fla
Do

Auburn, Ala
Do

Mobile, Ala .

Do
Baton Kou^e, La.

Do
San .Tuan, I'. K.

Do

Wagoner, Ind. T
Do

Durham, N. H
Do

Ann .\rbor, Mich
Do

Average percentage of ger-

mination.

Avenige i>ercentage of loss

in vitality.

Order of
tests.

First...
Second

First...
Second

First...
Second

First...
Second

First...
Second

First...
Second

First...
Second

First...
Second

(First...

jSecond

JFirst...

ISecond

Num-
ber of
days in
storage.

129
234

102
275

140
202

121
247

131

Percentage of germination.

Trade condi-
tions.

126
147

147
251

12«

251

128

251

Envel-
opes.

94
94

95
94

90
79.5

91.5
96

94
96.5

96.5
94

94.5
87

89
98.5

93.06

92.44

Bottles,

2.56

5.20

94
98

94.5
98.5

94.5
97.5

95
96.

5

91.5
94 5

97
98

95
98

94
98

94.81

97.31

0.72

0.20

Dry rooms.

Envel-
opes.

94
94

93.

97

91.

87

91

93

98

97
97

93
98

84

94.33

1.57

3.29

Bottles

95.

5

97. 5

97.

5

94.5

96.

5

95.5

95
98

%. 5

97.5

91

99

91.5
97.6

95.21

97.07

0.30

0. 44

Basements.

Envel-
opes.

88.5
77

96
98

64.5
19.5

S3.

5

39.5

98.5
9S.5

97.

5

97.5

89
95

88.21

84.25

7.64

13. ra

Bottles.

94
97.5

94.6
96.5

93.5
98

95
96

%
93.5

9«k6
97

92.5
98

94.57

97.21

o.as

0.30



02 'IHK VITALITY AND (J KKMIN ATION <»K SKKDS.

Tilt' U)iiKil() M't'tl, us shown ill Tahlt's V and XXV, wji^ tin- most

ivsistimt to tin; unfii\oiahlo conditions of stonii^i'. The >>vvA in tin;

bottk's was not injnrt'd at aii}^ of the places. The lowest j^erniination

was iU.5 per cent from the seed kept in a dry room at Ann Arhor,

Mich. The seed in the envelopes gave a much wider variation, fallinj^

(piite low in some of the samples which were stored in the basements.

The average losses in vitality for the entire series of the second set of

seeds which were kei)t in envelopes were as follows: Trade conditions,

5/j?0 per cent; dry rooms, 3. 21) per cent; basements, 13. 03 per cent.

The averaj^e percentage of germination of the seed which was kept in

the bottles ditl'ered from the control less than one-half of 1 per cent.

T.vuLE XXIV.

—

Percentiuje of yerminatiun of watermelon subjected to various condUious

of storayc in different localities.

[Germination of control sample: First test, 95.5 per cent; second test, 99 per cent.]



COMI'AKISON <H' MK'III<H)S OK S'l'oKINd AND SII I I'lM N( J. (\:\

:it M(>l)il('. 1 lowcNcr, llic ^^rcjilt'st l().>s, as sliow ii hy the ^('iiniiiaiioii

U'sts, was ilui'ino- (li(» \2',] days inmicdiatcly follow iii^.

\\'lnl(' scods, like otiici- li\iii^ (liinj^'s, sue capable ol" willislaiidiii^

(|iiilc iiiil'a\(>ral»l(' condil ions for a coiisidcrjihlc^ lime willioiil sliowinj^

any appicciaMc dctciioi-atioii in \ ilaiily, still llic foiccs dcsti'oyin^

\ itality arc at work. When tlic, turning- point is once- reached and can

l)e deteetinl ])\ Li'ernii nation t(\sts, the decliiK^ is more noticea})le and

death soon follows.

The ])ivcedin<^ tables show that the loss in \ itality was very diU'er-

(Md in the di lierent places. The conditions at Mobile, Ala., j)i-o\('d to

be the most injurious, while those at Ann Arboi*, Mich., wci-e the

most conducive to longevity. These results, however, are ^iven in

another part of this paper dealin<;' with the ellect of climate on the

vitality of seeds. The results are tal)ulated on pa^'cs IS and '2'\ and

represented diagranmiatically on pa<)^e 24, so that any further discus-

sion at this time is unnecessary.

Likewise each table has been sunnnarized, giving the average p(5r-

centages of germination and the average percentages of the loss in

vitality' of each sample of seed for both the first and second tests.

These averages include those of tlie three conditions of storage—trade

conditions, dry rooms, and basements—in both c^nvelopes and bottles.

Naturall}', the results of the second tests are of the greater impor-

tance, and, in order that the results may be readil}' compared and more

critically examined, they have been collected and tabulated herewith:

TAiii>E XXV.

—

Avcrmje percentage of germination and average percentages of loss in

vital'dg of the different kinds of seeds ivhen kept under different conditions.

Kiud of sued.

Toniiito

Sweet corn, " A" ..

l'ea.s

Waterinelon

Lettuce

Radish

Sweet corn, "B" ..

Ikan

Cubbuf^e

Carrot

Onion

I'ansy

I'hlox

Average l<»s.s

in vitality .

o I*

c'H,
.2 2

c

97.5

92.4

95.7

99

92.3

78.8

88.5

98.7

92.4

82

97

53

53.9

Trade conditions.

Envelopes. Bottles

92. 44

83

84.74

86.75

77.75

60.94

65.41

69.50

52. 15

37.31

25.12

8

7.62

5. 20

10.11

11.45

12. 37

15. 76

22.

6

26.09

29. 59

43. r)()

54.50

74.11

84.91

85. ^y

O

97.31

96.75

95.25

98. 02

Dry rooms.

Envelopes. Bottles

o

0. 20'

+4.7l'

.47

. 99;

91.12, 1.29

73. 56 6. 65

59.70 32.55

97
I

1.72

90.56' 1.94

80. 87! 1. 38

96.26' 1.20

44.75^ 15.60

58.37 +8.27I

36. 63 3.92

94.33

83.33

80.45

88.67

78. 3:i

64. 33

66.33

69. 33

61.50

53.83

61

21.41

17.91

3. 29

9.81

15. 94!

10.44

15.14

18.37

25. 06

29. 76.

33. 44'

34.35

37. 12

63.97

66. 78

O

21.19

97. 07

94.86

95.14

96

90. 93

72.71

48

97. 36

89. 93

74. 71

92.36

40.80

49.64

0.44

+2.66

.58

3.03

1.49

7.73

45. 76

1.36

2.67

8. 89

4.80

23.02

7.91

Ba.sements.

Envelopes. Bottles

84. 25

73.08

60.66J
77. 70

6.^58

59
I

60.41

55.66

53. 33

37. 75

38.08

S.08

11.08

13. 63

22

36.62

21. .52

28. 95

25.13

31.74

43.61

42. 29

53.96

65. 90

84.76

79. 45

8.08 42. 28

97. 21

98

96.28

97. 43

•K). 78

74.07

68.40

98.86

92. 21

75.21

90.86

38.43

59.50

0.30

+ 6.06

+ .60

1.59

l.(h5

6

22. 71

+ .10

22

9.50

6.33

27. 49

+ 10. :w

4.51



()4 TllK VITALITY AND (JKKMINATION OF SKKDS.

Ill t()iii[)ariiii^- tliii iivt3ra*;c results shown in Tabli; XXV , it will In;

seen tliut ilitlVrent seeds l)eliave very ditlerently under practicali} id(Mi-

tical conditions. The list of seeds has been aiijinj'i'd accordinir to

tlieir loss of vitality as represented l)y those kei)t in envelopes under

trade conditions, as shown in the fourth column. Tin; tomato seed

i»ave a loss in vitality of o.lio per cent, beint^- the most resistant to the

unfavorable climatic conditions. Phlox, on the other hand, ui'miinated

only 7.&2 per cent, representing a loss in vitality of S5.S0 per cent.

Likewise the same seeds behave very diti'erently under slightly

diU'erent conditions, as will be seen by comparing the percentages of

deterioration in the case of seeds kept in eiivcdopes under trade condi-

tions, in dry rooms, and in basements. In dry rooms the order, except

the peas, is the same as for trade conditions. The loss of vitality in

the seeds stored in the dry rooms was unifonnly less than for those

stored under trade conditions, excepting for the peas and ])eans; but

in the series from the basements there was great irregularity. The
loss in \ itality for the most part was uniforndy greater than under

trade conditions or in dry rooms save in the last five—ca))bage, carrot,

onion, pansy, and phlox—where the loss was less in the case of those

kei)t in the basements. This indicates that these live species of seed

are less susceptible to the evil ell'ects of a moist atmosphere when the

temperature is relativel}^ low.

The relative value of these three conditions for storing seeds in

papiM' packets is best obtained ))y a comparison of the general averages.

The average losses in vitaliy for the thirteen different samples of seed

"which were kept at the eight different stations were as follows: Trade

conditions, 36.(53 per cent; drv rooms, 21.lt) })er cent; basements, -l!i.28

per cent. From these results it is cjuite clear that seeds put up in paper

packages will retain their vitality nuich better if kept in dry, artificially

heated rooms than if they are subjected to trade conditions or stored

in })asements.

But another comparison needs yet to be made, and is the most impor-

tant of the series, i. e., the vitality of seeds when kept in closely

corked bottles. In the majority of cases there was but little deviation

from the control samples, and many of the samples germinated even

better where the seeds were kept in bottles. The '^ A" sweet corn

offers the best illustration of the increased germination. At the same

time the " B" sample of sweet corn was ver}^ nuicli injured. Here are

two samples of the same variety of corn behaving very differently

when kept in ])ottles. This difference in vitality is directly attributed

to the greater quantity of water in sample ''B," showing the necessity

of thoroughly drying seeds if the}^ are to be put up in closed vessels.

A comparison of the general averages of the ])ottle samples and of

those kept in envelopes indicates that the former is far superior to the

latter as a method for presm'ving the vitality of seeds. Under trade

conditions the loss in vitality was 30.63 per cent in envelopes and



KXI'KUIMKNTS IN KKKIMN(} AND SJ 1

1

1'I'I N( J. (Jf)

;5.!>;i pel- ('(Mil ill bottles; in dry rooms, lM . 1 1> jM-rccrit in ('iiv<'lo|)<'s juid

S.OS per cent in l)(>ttl('s; in hjiscMKMjts, Ili.liS pcf rvni in cnxclopiis

Jiiul !..'» I \H'V cent ill liott.lcvs.

'Pli(> iHM'ivssarv precautions to he taken, if seeds arc to he stored in

bottles, JUT, (1) a well-ch-ied sample, preferahly :iil ilicially dried si^inl^

and i'2) a cool \)hwv, for storing-, at h^asl, a i)hice in which the teiiijx'ra-

ture will not ho hio'luM- than the temperature at which the sov.ds w(!re

oriiiinally dried.

If tho a})ovc precautions are taken at least two henelicial results will

follow: First, protection against moisture, which is of considerable

importance, as many seeds are soon dcstro3^ed in that way when kept

in paper packa<^es. Secondly, vitality will be preser\-e(l for a lon^^er

period and conse([uently there will be a more vi^-orous <^ermination, a
better orowth of seedlings, and a o-reater uniformity in the; resultin((

crop.

llavino- thus shown that seeds retain their vitality in warm, moist

climates much ])etter when kept in bottles than when kept in paper
packages, the necessity of finding a more suitable method for sending

small (quantities of seed to such places at once presents itself.

EXPERIMENTS IN KEEPING AND SHIPPING SEEDS IN
SPECIAL PACKAGES.

At present the greatest disadvantages in sending out seeds in bottles

are the inconvenience and expense involved by this method of putting

up seeds. The increased cost of bottles, as com])ar(Hl with the paper

packets now so universally emplo3^ed, the additional labor and expense

necessary to put up the seeds, the greater cost in handling and pack-

ing the bottles to insure against losses by breakage, and the increased

cost of transportation, are all matters of vital importance. Seedsmen

claim that the existing conditions of the trade will not admit of their

raising the price of seeds sufficientl}^ high to justify the increased

expense of glass containers. Although to the seedsmen the i)reserva-

tion or the prolongation of vitalit}" is an important fjictor, 3et the

demand is for an inexpensive and at the same time a neat and service-

a))le package.

Accordingly, duplicate samples of the following-named seeds were

put up in special packages, one set being sent to Mobile, Ala., and the

other kept at Ann Arbor, ^lich. The seeds used for these experi-

ments were beans, peas, cabbage, lettuce, onion, pansy, and phlox."

«The lettiuv, onion, i)anHy, and plilox were from the same hulk Fam{)les of seeds

as tliose used in the earlier experiments; l)nt the beans, peas, and (•al)hai;e used for

these tests were from samples received at the laboratory on February 4, liH)l. How-
ever, the latter three were from the same general stock of seed, differing from those

used in experiments already given only in that they were store<l during the interval

m the warehouse of D. M. Ferry ik, Co., Detroit, Mich., instead of in the l)otanieal

laboratory at the university.
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Ail of tht'sc saniplos wtTc first drii'tl for t(Mi days in an incuhator niaiii-

taiiiL'd at a tcniptTatuiv t)f from 1)0 to 82 ('. Tln' amount of mois-

tiiiv in the samples before and after drvinj^', as well as the moisture

expelled iluring^ the dryino- proce.ss, was as follows:

Muisturc tftft uj tift'ds in njnri'il jpttchKjea.

Kind of Hfi'd.
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(lavs. Al (lie cud of (lull (iiiic (M:ircli II) 1 lie seeds wc.rc. t(^stt'(l I'oi'

j^'cnn'mation, as wru' also (hose I'loiii tlir iinpiotccfcd (mixcIojx's in

tile ni()is(chainlxT. 'i'lie seeds lli:i( weic kcpl uiidei- walci* in (lie

parallined ])a('ka<:;es ijj'tu'iniiialed i-eadily and noniially, sliowinj^ no

deterioration in \italitv; ])ut the sccmIs from th(^ paekaj^'-es not ])!ira(Iine(l,

Avliicli were kept in (lie moist eliamlx'r, had hcen injiii-ed to ;in nppi'c^-

eiahle e\(en(. (hei'e l)ein<^* a maiked retardation in the H-ermin;il ion of

all of th(* speci(\s of seed. The eahhai^e at the end of thii'ty-six hours

had i»'ermiiiated oidy 11 per cent, as compared with T)?.") per cent for

seinl from the immerscnl par;illin(Hl packa<;*e. The i-eiative merits of

the two eonditioiis as alfectiiio- onion seed may ]h\ exi)resse(l by a

^germination of 13.5 per cent and 39 per cent, respectively, after sixty-

one and one-half hours. Not only was there a marked i:etardation,

but likewise a reduction in the tinal percentaj^e of ^(Miniriation, with

the sint^le exception of the cabbage. These results can ])e moi-(^ care-

fully studied in Table XXVI.
Germination tests were made of all of the other samples on June 8,

1901. the date when the seeds werii returned from ^lobiic^ At this time

the seeds in the unprotected enyelopes in the moist chand)er were so

badly molded that no o-crmination tests were made. TIk^, samples from

Mobile, which were directly comparable with the above, except that

th(*y had been stored in a basement, w^cre greatly injured. The l)eans

had deteriorated to 88 per cent, the onion to 27 per cent, the pansy to

8 per cent, while the phlox was dead. However, seed of the other

species—cabbage, lettuce, and peas—gave final percentages of germi-

nation yarying but little from t?he control, but the slowing down in

the rapidity of germination was sufficiently marked to show a corre-

sponding loss in vitality.

AVith the samples which were ])ut up in bottles, tin cans, and

parathned packages the results were quite diti'erent fi'oni those given

above. In no case was there an}- marked deviation beyond that w hich

might be justl}^ attri))uted to ordinary variation, except in the phlox

from a tin can which had been stored in the moist cliamber in the

la))orator3\ This sample of pldox germinated only 3.5 per cent.

Unfortunately, ])oth the pansy and tlu^. pldox seeds used for these

experiments were not very satisfactory. These samples were at this

time nearh' two years old and conse(|uently of a low \ itality. The
tabulated results of the foregoing experiment follow.
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T\i!i.i: \ \ \ 1. I ildlili/ iij t^cid.H in'fiHTved in ilijj'ertnt kind.f <j/ jxichujfx.

Trt'iituu'iit ul ^»ain|>k>.

Coiitri)!

Ann Arbor, Mich., moist chuniht-r:

Envelopes

Bottle, corked

Bottle, paraffined

Tin ean, paraffined

Two envek)pes, onter i)araffined

Two envelopes, inner paraffined

Two envelopes, both i)araffined

Two envelopes, both paraffined and

immersed in water

Mobile, Ala., basement:

Envelopes

Bottle, corked

Bottle, paraffined

Tin ean, paraffined

Two envelopes, outer paraffined

Two envelopes, inner i)araffined

Two envelopes, both i)aranined

Dura-
ion uf
xperi-
ment.

J>ay».

27

10«

108

lOH

lOS

108

108

BeaiiH.

iW.O

80.0

98.0

97. 5

96.0

98.0

98.0

96.0

100.0

108
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acconipjiniiMl \)\ si <.,T('ji(('|- jictivity williiii tlic ci'lls, luid (tonsccjiicntly

l>N :i '.jrcalcr (Iclcrioi'jil ion of viliil force. I^'oi* this I'ciisoii tlic I'c.sults

lU'v ii<»t as Jcliiiilc as (lie coiiditioMS waiiaiil. N('V(M*th(»l('ss, soijui

iinporlaiil lads were l)r()ii«^lil out l>y (lie e.xix'riiiienls which jiis(;if3^

thi'ir heiiio- discussed and tahuhUed (in |)ai() jit tills (iine.

'r.MM.K \ \ \'l I. - \'il(i/ili/ of need prexereed in /tardjjiiied p(irk(i(/(')i.

'
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of this series of experiments wiis to deinoiistnitti tlie relsitixe \:ilne of

(litlereiit ptukii^es us a nieiins of puttiiij^* uj) seeds.

Ill Table XX\'ll it will he observed that the results obtained from

the waterproof and parchment paper envelopes have been omitted.

These omissions have been made because the results were practically

identical with those of the ordinary seedsmeirs packets; but the com-

parisons to be made betw(MMi the ordinary pa})ei- ])ackets and the

paratlined packa<»es are worthy of consideration. The cin'clopes that

were paratlined after beino- tilled with s(H'd oave tln^ best results.

This difference, however, was due not to the special treatment but

to the hio'her meltino- point of the paraffin. The average percentages

of oermination of the three samples of seed kept under trade con-

ditions in the three localities were 59.89 per cent for the envelopes

])reviously paraffined, 02.9-1: per cent for the envelopes dipped in

])aratlin after being tilled with seed, and 49.^14 per cent for the seeds-

men's envelopes.. In dry rooms the results were 61.11, 65.66, and

49.22 ])er cent, respectively. These averages were somewhat higher

than the true conditions of Baton Kouge and Mobile warrant, as the

results of the germination tests from all of the packages retained at

Ann Arl)or showed but little variation. Taking the three samples of

seed which were stored under trade conditions in Mobile, the average

percentage of germination was 24.2 for the seed from the nonpaiafhned

package and 45.5 percent for the seed from the paraffined package, show-

ing a loss in vitality of 77.8 and 49.5 per cent, respectively, considering

the germination of the Ann Arbor sample as a standard. At Baton Kouge
the results ^yvvv slightly better; the average percentages of germination

were 82.2 for the seeds from the nonparaffined and 58.5 per cent for

the seeds from the |>araffined packages, representing a loss in vitality

of 65 and 40.5 per cent, respectivel3\ While in either case the loss

was very great, still the advantages of the paraffined packages are

worthy of consideration for the reason that a prolongation of life for

oidy a few weeks is frecpicntly of the greatest importance, particularly

in districts where nmcli fall planting is done.

In this connection may be given the results of some other tests,

which really were a part of this same experiment, but included only

onion seed. This seed was put up in seedsmen's envelopes and in

paraffined envelopes like those previously described. In addition,

seed was also put up in small bottles, which were corked. These

packages were kept in a small box within a suit case carried on tw^o

trips across the Atlantic and on a tour through Central Europe, thus

subjecting them to very variable conditions. Germination tests

gave the following results: Seed from the ordinary packages, 77 per

cent; paraffined envelopes, 90 per cent; bottles, 91 per cent.

To test more thoroughly the keeping qualities of seeds in paraffined

packages and in bottles, another series of experiments was begun on

December 20, 1901. For these tests only cabbage and onion seeds
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wciMMiscd, Imt cacli willi t lii'cc (lillci'ciil dc^i-ccsor moisLui"!!: (1) Sci^d

from (lie oiii^inal ])acU:in('s, i. c, aii-dricd saiiijjlcs, tlii^ csihha^a', liiiv-

iiii^- a \\ at('i- coiid'hl of I). Si) ])(>i" (•(Mil,aii(l i\\{\ ofiioii (J.ls per cciil.

("2) Air-dii(Ml samples were exposed in a iiioistjitriiospherc under a Ixdl

jai- for (wo days, diii-in^* which time the ejihhsi<^e sihsorhed l.s:; per

eeiil of \va(ei- and lli(» onion 2.41 \nn' cent, thus raisin<^'- the watei- con-

tent to T. ('».'> and S.sil jum' cent, res])(M'tively. (;>) Air-dried seeds

wliich were diied in an incn))ator for eie-ht days ata tempei-jiturcM'siry-

int^' from 27 (-. to IV.y i\ During- this interval 2.05 pei- cj-nt of water

was (^xpcdh'd from th(^ c;il)ha<^"e and />. 1 1 per (;ont from the onion svvd,

Icavinti' a water contiMit of only 3.75 per cent in the former and 3.)>T

per c(Mit in the latter.

Kacli of the samples, treated as just described, was put u\) in three

ditl'erent kinds of packao-es: (1) Seedsnien\s reg-ular seed envelopes.

(2) Similar envelopes which were paraffined, after bein*^ tilled with

seed, at a temperature of from 70^ to 75^ C. The mcltin<^ jjoint of the

paraffin was 53'^ C. (3) In bottles which were closed with tirni cork

stoppers.

One of each of the above packages was then stored at ]\Iol)il(; under

trade conditions and in a basement; likewise at Ann Arbor in the

herbarium room of the botanical laborator}-, in a greenhouse, and in

an incubator maintained at 40^ C. The duration of this experiment

was 131 days, from December 20, IDOl, to April 30, 1902. The results

of the germination tests are given in Table XXVIII. Two percentages

have l)een given for the control sample, one for Ann Ar})or and the

other for jMobile. This was necessary since the two series were tested

at diti'erent times and comparisons can not be made interciiaugeably

between the two.

Table XXVIII.— y'daUly of cabbage and onion seed «.^• preserved in various kinds of

packages and sidtjected to different conditions of storage.

[Germination of control samples—Ann Arbor: Cabbage, 81.7 per cent; onion, 74 per cent. Mobile:

Cabbage, 88 per cent; onion, 84.5 i>er cent.]
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TABLt; \X\'lll.— ViUditij of rahhatjr iiiid onion need (in preMi'ved in various kindtf oj

]Hickat;»'M and nuhjrcled to dijf'ereid kiiuh of doraye—C'ontinued.
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iii«4" the \it:ilit vol" 1 lie seed stored in 1 lie (^i-cciiliousc at Ann A I'boi- and

under trade conditions at M()l)ile. It will he readily scten that the

vitality oi" the seed fioin tlie iinpioteeted packa^'^es was o-i'ejitly I'educed,

while those from the panillined en\(d()])es nnd I'lom the bottles <^ernii-

nat(ul nearly as widl as the controls. These dill'eicnees ai*e hetter rep

resented dia<_:raininat iealK', as follows:

I>i<i(/r<im nin'isotliiHi llir pt rcrnhn/cs of f/iriiiiiKilloji. of cdhhat/f xcid nhni Irrtif/d <m

(hscrilifil.

Kind (if
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all l)t' iii*^' bast'cl on the vitality of the t-oiiLrols, as shown by tiit; tests

inacU' at that time, the standard l)eini4- S.S per cent for the cabbage and

84.5 per cent for the onion.

A discussion here hardly seems necessary, as tliere can he no d(juht

that seeds retain their vitality nuich better in moist climates if i)ro-

tected from th(» action of the atmosphere. Tiiis ma}' be aceomplislied

by dij)pin»;" the packat^es in parallin or by putting- the seed in bottU's.

Disrej^ardini;" the expense, l)otth's surpass paratlined enveloj)es as a

means for the preservation of ^'itality, and also in the ease witli which

the seed can l)e i)ut up. The results aic more certain if care is exer-

cised in selectini>' oood corks.

RESPIRATION OF SEEDS.

1^'rom a practical point of view it lias l)een conclusively show n that

moisture is the controlline- factor in seed life. Seeds stored in a

humid atmosphere soon lose their vitality, but if carefully dried and

protected from moisture life is greatly prolonoed.

The ([uestion at once presents itself: In what way does the presence

of increased (piantities of moisture cause a prematun^ death of the

seed, or why is vitality prolonged if the water content of the seed be

reduced'^

In a measure, the answer to this question is respi7'atio7i. Seeds as

we commonly know them absorl) oxygen and give off carbon dioxid;

that is, respire." During their respiratory activities the energy

stored within the seed is readily evolved, the vital processes are

destroyed, and life becomes extinct. The intensity with which respi-

ration takes place is largely dependent upon the humidity of the sur-

rounding atmosphere, which ultimately resolves itself into the amount
of water in the seed. The respiratory activity is directly propor-

tional to the quantity of moisture absorbed hy the seed up to a certain

point, attaining its maximum during the process of germination. It

has been found that a decrease in the water content results in a cor-

responding diminution in the intensity of respiration and consequcMitly

in a prolongation of the life of the seed as such.

Bonnier and Mangin'' were the first to show that respiration in liv-

ing plants increases with an increase in the humidity in the surround-

ing air. As this is true for growing plants, it is even more marked
in stored seeds. Maquenne'' suggested that a reduction in moisture

is accompanied by a reduction in respiration, but at that time no

experiments had been made to show that such was actually the case.

« Kolkwitz (Ber. d. deiitsch. Bot. Ges., 19: 285-287, 1901) reports respiration in

recently ground seeds.

'>Ann. so. nat. bot., ser. 7, 2: 365-380, 1885.

cAim. Agron., 26: 321-332,- 1900.
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In ls;>i!, Aiiii'. rvr. I )i' C'jiiulollc wiolc in iJic, second Nolunic of his

IMiysioloyic \'('ijf('t!il«' tluit, the \'il:ili(y of seeds would he piohin^cfl ij

ihey wiM'e hniied sullicitMil 1\ (h'ej) in ihe soil lo j)i'olecj, Iheni from

oxyu'en (or aii) and nioisluic. I iiforl iinalely, I )e Candolle did not

dis('o\-ei* (he (iMie cause of this jU'olonj^'cd life. foi- nowhei'e did he

make any i(d'erence to icspiral ion. Ne\'erl Indess his o<'iieral c()nclu-

sions wei-e proptM-ly drawn. 1 )e ( 'andolle also stated (hat li^^-hl accejer-

jit(\s e\ a])oration in scmmIs and thus causes a. j)i"eniatiii-e death, ihire,

howe\(M-. his r(»sults were wrongfully iiiteipreted. 'I'h(»HO conclusiofiH

are a|)i)lical)le only in ease* of seeds tluitdie if allowed to hecoine (\\'\

.

'V\\o real ell'ect of li^ht is to causes a sli<'-htly accelei-ated i('^j)ii-al ion

and couseciuontly a o-rciiter deterionition in \ itality. Jodin" stales

that, lioht accolenitcs rospinition to Ji marked de<(ree. His e\])ei'i-

monts were with peas which containcnl 10 to lii \hm' cent of moisture.

Two samples of peas were phiced, each under a ))ell jai% o\'er mer-

cury. One sample was kept in the lioht and the othei- in the daik.

At th(^ end of 4 ^^ears G montlis and 14 days an analysis of the cou-

iined aii' from the sample kept in tin* li<»ht gav<'- the foilowino- results:

Peas, 3.452 graniH, in air, in light: Percent.

Oxygen 19.

1

Nitrogen 78. 6

Carbon dioxid 1.2

At the end of 4 3^ears 7 months and 14 days an analysis of a sam-

ple of air taken from the other chamber was as follows:

PeaH, 3.580 grams, in air, in dark: Percent.

Oxygen 20. 8

Nitrogen 79.

1

Carbon dioxid 1

The 3.452 grams of peas that were subjected to the influence of the

action of light had absorbed, in the given time, 2.4 cc. of oxygen and

produced 1.8 cc. of carbon dioxid. The seed kept in the dark showed

but little signs of respiratory activit}'. Germination tests of the

former showed the peas to be dead, while five peas from the sample

kept in the dark germinated perfectly.

While there is no question that light exerts some influence on respi-

ration, still the above results do not furnisli sufficient data to establish

the fact that respiration practically ceases in the absence of light. In

fact, experiments have shown that respiration is also (juite marked in

case of seeds stored in the dark, and the dillerence is very slight if the

same temperature be maintained.

Van Tieghem and BonniiM-, in their '' Kecherches sur la v'w latentc

des graines,'"' demonstrated that 7.976 grams of peas, sealed, in air,

«Ann. Agron., 23: 433-471, 1897.

6 Bui. Soc. l)()t. France, 29: 25-29, 1882.
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ill M tuhe, respiiod (juite- f rt't'l\ . After the hipsc of two yours an

tumlysis of tlu' coiilincd air i^si\ r tlic. following' it'sults:
I'lr <fiil.

Oxygen 14. 44

Nitrogen HI . 74

Carbon dioxid .'{. K2

These saiiu' seeds ^(M'liiiiiJitcd 45 per ccMit juid liad iiincascd .},,, of

their orioinal weioht.

In the experiments of the writer it was found tliat 40. 1150 o-rains of

air-dried ))eans li})erated 7.7 ec. of (•arl)on dioxid in 370 days. The

eoneentration of the carbon dioxid in the thisk at the time the ^as was

drawn for analysis was 1.54 per cent. This samph*. of seed o;erminated

97 per cent, and there was only a very^ slight retardation in germina-

tion, which indicated that the vitality had not been materially reduced.

During this time there was a slight decrease in the weight of the seed

—

0. lt> per cent. At the same time two check bottles were set up, one

containing 40, 11S4 grams of beans known to be dead, and the; other

bottle containing nothing except air. Analyses of the air from these

two bottles gave the same results as samples of air drawn from the

laboratory. These ])reparations were kept in subdued light through-

out the experiment.

That respiration may take place in the dark, that it is very intense

if nuich moisture be present, and that intensive respiration is accom-

panied ])v H rai)id loss in vitality is shown by the following experi-

ments. On April 8, 1900, samples of beans, ca])bage, carrot, lettuce,

and onion were sealed, each in bottles of 250 cc. capacity, and were

stored in a dark room which was maintained at a temperature of from

20° to 25° C. These samples were first carefullv weighed and then

placed in a damp cham])erfor 175 hours, so that an additional (juantit}^

of moistiu'e could \)o absorbed.

Control samples of air-dried seeds were also kept in sealed bottles

and subjected to the same subsequent treatment. After the lapse of

one year analyses of the confined gases and germination tests of the

seeds were made, the results of which are given with the general

details.

Bcfmn.—Of beans, 24.9994 grams absorbed 4.70 per cent of water

while in the damp chamber. The respiration during the year was

equivalent to 2.5 cc. of carbon dioxid. The loss in weight was only

0.05 per cent, but the vitality had fallen from 100 to ^Q per cent, as

shown by the control.

Cahhage.—Of ca})bage seed, 10 grams, with an additional 9.79 per

cent of water, were used for this test. During the year this sample

of cabbage seed had given off 24 cc. of carbon dioxid, an equivalent of

2.4 cc. of carbon dioxid per gram of seed per year. The control

sample germinated 89 per cent, but this seed was dead.
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Carrol. ()!' cMri'ot seed, In oi-jiins were allowed to jihsorh (luriiif^

1Tr» hoiiis ii!i jiddilioiial 1<>.2.') per cent of water. ! n one year 27 <•(•. of

earl)oii dioxid \\v\v pioduced, <^ivin<jf a concent !"at ion of carbon dioxid

of nearly \'l jxTcenl. TIk" deterioration in vitality \\a> fioin si to

})(M' cent, as compared with the conti'ol.

Lt'ttiU'i'.—Of air-dried lettiicii s(»ed, 10 (rrains were allowed to alisorh

an additional S.sT ])ei- cent of water. I)nrin<( the ex])ei-inient ll>.r> cc.

of carbon dioxid were formed, an (Miuivah^nt of ap|)roximat<!ly 10 per

cent of the ori^'inal Nolume of tin^ inclosed air. 'I'h(NS(i .scmkI.s wcn^ all

killed. The control sample germinated 94 per cent.

Onion.—Of air-dried onion .seed, 10 jrrams were allowed to a})sorb

an additional lo.ll per cent of water. The seed j^ave off 2r).5 cc. of

carbon dioxid (hiring the experiment and deteriorated in vitality fiom

97 to per cent.

A bottle containing -i cc. of water was also sealed at the same time

and served as a check for the other analyses. A sample of air taken

from this bottle gave the same results as the original air sample.

It is a matter of much regret that no anal3'ses could be made of the

air from the bottles which contained the check samples. These }>ottles

contained the same weight of air-dried seeds as was used for the

experiments. Unfortunately the seals on these ])ottles had become

dr}^ and admitted of an exchange of gases, so that the results were not

reliable.

Another series of experiments consisted in keeping onion seeds in

sealed bottles for 1 year and 13 days, with the following results:

(ci) Fifty grams of air-dried seed were sealed, in air, in a ])ottle of

500 cc. capacit3\ There was an increase in the weight of the seeds of

0.1091 gram—slightly more than 0.2 per cent. An analysis of the

inclosed gas gave:
Per cent.

Oxygen 12. 27

Nitrogen 85. 87

Carbon dioxid 1. 86

(Z») Fift}^ grams of air-dried seed were sealed, in air, in a 500 cc.

bottle, Avith 4 cc. of water in a small test tu))e at the })ottom of the

bottle. Nearly all of the water was a))sorbed by the seeds, there

being an increase in weight of 3.G475 grams, or 7.3 per cent. The

composition of the inclosed air was:

Per cent.

Oxygen None

Nitrogen 86. 65

Carbon dioxid 13. 35

The oxvwn had all ))een consumed and the seeds wiM'e all dead.

(r) Fifty grams of onion seed were scaled in a 500 cc. bottle, in a
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mixtureof illuiuiiKitiii<^ ^^as and ;iir. Tlu' incrcast' in \v«'i«^lit wii.s only

0.04 per rtMit. An jiimlysis of the inclosed iras was as follows:

Per cent.

Oxygt'ii 3. 23

Carlton ilioxid 1. 21

Methane and nitntgen 05. 96

((I) Another 50-iifnini sample of onion seed, ))elonj4in*^ to a di tierent

series, was sealed in a l)ottle of 300 ec. capacity, and showed the

follow int^' composition of the inclosed air:

Per cent.

Oxygen 8.02

Nitrogen 85. 17

Carbon dioxid 6. 81

In only one case was there any deterioration in vitality, namely,

where the laroe (pumtity of moisture was present. The other samples

o-erminated normally. The seed kept in the illiiminatino; gas gernd-

nated even lietter than the control.

In all of the bottles there was a marked decrease in pressure, show-

insr that the volume of oxvfien absorbed was nuich o-reater than the

volume of the carbon dioxid given off.

Durint>- respiration certain chenncal changes must be taking place

which exert a marked influence on the vitality of seeds. What these

changes are is a (piestion yet to be solved. The protoplasts of the

individual cells gradually ))ut surely become disorganized. C. De
Candolle" takes the view, in discussing the experiments of Van Tieg-

hem and Bonnier, that during respiration life is simpl}' subdued.

But the period of subdued activity, he says, is comparativclv short,

for respiration soon ceases and life becomes wholly latent. As a result

of his own experiments in storing seeds at low temperatures he con-

cludes that seeds cease to respire and become completel}^ inert; in

which case they can sufl'er any degree of reduction in temperature

without l)eing killed. The killing of the seeds experimented with

(lobelia) he attributes to the fact that the protoplasm had not become

inert, ])ut simply^ subdued, and the seeds were thus affected by the low

temperature.

As a result of later experiments 0. De Candolle,^' in keeping some

seeds luider mercury to exclude air, concludes that '' seeds can contiime

to subsist in a condition of complete vital inertia, from which they

recover whenever the conditions of the surrounding medium permits

their 'energids,' or living masses of their cells, to respire and assim-

ilate." He compares the protoplasm in latent life to an explosive

mixture, having the facult}^ of reviving whenever the conditions are

favorable. This comparison seems rather an unfortunate one; yet,

within a certain measure it is probabl}^ true.

« Revue Scientifique, ser. 4, 4: 321-326, 1895.

ft Pop. Sci. Monthly, 51: 106-111, 1897.
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\{ is now (jiiilc i^ciicially iicccptcd (lial r('sj)inil ioir is not absolutely

necessary lor Hie inainieMjiuce of ^vrd life, nolu ilhstaiidin;^- (he fact

that (ilray eoutcMuled that s(mmIs would die of suH'oeation if air w(;ro

cxeluded." The experiiuiMils ofJ Jiolioli '' in keeping seeds of Mid'Huufo

sativa iiuiuers(>(l in \aiious liipiids foi- apj)i-o.\iinately sixteen \'eai's,

after whicii many responded to germination testes, has done much
toward demonst i-alino" tiie fact that simhIs can liv(^ for a eon>ideral>ie

time in eonditions prohil)itin<;' respiration.

Kochs'* suceeedcHl in kiH^pin*^- s(mh1s for many months in the \iieuum

of a (foissler tul)(^ without bcin<^ al)le to detect the ])resenee of any

carbon dioxid, and eonseijuently lie conelu(h'd that tiienj was no f(as

given oiT ))y intramolccuhir respiration.

Komanes"' kept various seeds in vacuum in o-hiss tubes for 15 months

and the seeds were not killed. However, his vitality tests can not be

considered as entirely satisfactory. In the first place, the nuni})cr of

seeds used (ten) was too small; secondly, the variations in the results,

even in the controls, indicate that the samples were not of very good
quality.

In the experiments of the writer cabbage and onion seed were kept

in a vacuum over sulphuric acid for 182 daj^s. During this time all of

the free water had been extracted from the seed. A\'hen again con-

nected with a vacuum gauge the dial showed that there was not the

slightest change in pressure, and that consequently no evolution of

gases had taken place. The cabbage germinated 75 per cent and the

onion 73 per cent as compared w^ith 81 and 74 per cent, respectively,

for the controls.

The results of the various experiments above given demonstrate

quite fully that the vitalit}" of seeds, as we commonly know tliem, is

not interfered wnth if they are kept in conditions prohibiting respira-

tion. Brow^n and Escoml^e' hold that all chemical action ceases at

temperatures of liqidd air. They accordingly conclude that " any

considerable internal chemical changes in the protoplasts are rendered

impossilde at temperatures of — 1S0° to —190- C, and that we nuist

conse(iuenth' regard the protoplasm in resting seeds as existing in an

al)solutely inert state, devoid of an}" trace of metabolic activity and

yet conserving the potentiality of life * * * And since at such low

temperatures metabolic activity is inconceivable an innnortality of the

individual protoplasts is conceivable providing that the low tempera-

tures be maintained."

aAmer. Jour, of 8ci., 3d series, 24: 297, 1882.

6 Nature, 52: 544, 18i)5.

cBiol. Centrl)!., 10: ()7;MKSr), 1890.

f'Prof. Roy. 8oc., 54: ;«r)-.S:i7, 1893.

''Ibid., 62: lGO-165, 1897-98.
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CJii^lioli" uriivt'd sit pnictically tln^ saiiui conclu.sions when Ik; Miicl:

It is a roiiiiiMMi notion that lilV, or capacity for life, in alwayw (•«>nnt*(te(l witli con-

tinuous ihcniical and physical chanj^c * * * 'flie very existence of livinj^ matter Ih

HUi»po8e<l to imply change. There in now reason for believing that livinj^ matter

may exist, in a completely j)assive state, without any chemical chanj^e whatever,

and may therefore maintain its special properties for an indelinite time, as is the

case with ndneral and all lifeless matter. Chemical change in livinj,' matter means

active life, tlie wear and tear of which necessarily leads to death. Latent life, when

completely j)assive in a chemical sense, ou^jht to he life without death.

But i'V(Mi thoiitifh ordiiuiry respinitory exchiinj^es iire not nocossjirv

for the iiuilMtoiuinco of vitiility, luul onmtiiio- that intraiuolociilar

respiration does not oeeiir in the restino- protophists, there is no exper-

imental evidence pointino- to the fact that all chemical action ceases,

althoiio-h some writers, as has already been shown, maintain the view

that living- matter may exist in a completely passive state. If "com-

pletely passive'' meant devoid of respiratory activities none would dare

dissent; but that seeds are entirely cpiiescent under any known con-

ditions has not been proved. To conceive of all activity ceasino-

within the seed under certain conditions, and that with such cessation

of activity an immortality of the seed is possible, i. e., if such con-

ditions continue to exist, is, from our present knowledge of the chem-

istry and behavior of the living cell, impo.ssible. In Giglioli's experi-

ments respiration was undoubtedly prevented, and, according to his

own conclusions, vitality should have been preserved, for he says ''*in

the a))sence of any chemical change the special properties ma}- be main-

tained indefinitely.'' But, in his own experiments, the special prop-

erties were not maintained, for all of the seeds with Avhich he experi-

mented deteriorated very nuich, and many died. Granting that those

which suffered the greatest loss in vitality were injured by the pres-

ence of the particular gas or rupiid used there remain no means of

accounting for the deterioration in those giving the highest percentages

of germination. His experiments were made for the most part with

Medicago sativa, which, imder ordinary conditions of storage, is espe-

cially long lived. Samek '' has shown that seed of Medlcaijo sativa 11

years old was cai)able of germinating 51: per cent, (iiglioli succeeded

in getting a germination of only 56.50 per cent after a little more than

16 year.^ in hydrogen, and 8-1. i^O per cent when they had l)een kept in

carbon monoxid. Jodin <" kept peas immersed in mercuiy for 4^ 3'ears

and they germinated 80 per cent. After 10 years the vitality had

fallen to 44 per cent. Nobbe obtained a germination of 33 per cent

in peas 10 years old which had been stored under normal conditions.

Likewise the experiments of Brown and Escombe do not justify the

^'Nature, 5S: 544-545," 1895.

& Tirol, landw. Blatter, 13: 161-162, 1894.-

cAnn. Agron., 23: 433-471, 1897.
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coiuliisioiis wliicli (Ik'v li.'iNc (liawii. Il is now (Idiiiitcly known llisit

:ill cluMnical actions do no! cease ul (lie. Icnipci'alui-c of licpiid air. 'I'lms

il lan not he i^'rantcnl tliat tlu' protoplasm hecoincs inert as a li'siilt. ol"

the !*e(hietion in teni[)erature. Maipienne " njore neju'Iy expressed the

true coixiiiions a])])lieal)h', to low tenipeiatures when lie wrote that

with (hvssication, at low tenipei'atiires, seeds are transfoiined from a

eondilion of dimiinshed activity into a state of suspended life. But

th(M(>ar(> still other factors to be considered. The vejr(;tative functions

may cease, metabolic processes may be at a standstill, inti'amolecidar

respiration need not exist, yet vitality is not, nor ev(^r has Ixm'u, pre-

served; sooner or later life becomes extinct. What does this sij^nify ;<

The gradual process of devitalization means chemical chanj^ci, and

cluMuical change means activity within the cells. We must not forj^et

the tj^reat complexity of the composition of the protoplasmic bodies

which o() to make up a seed. The chemistry of the living cell is still

surrounded l)y many difficulties and is likewise filled with many sur-

prises, and ])eforc the question of the vitality of seeds can be under-

stood a more comprehensive knowledge of both the functions and
composition of the cell contents is necessary.

It is well known that all organic compounds are made up of a very

few elementary substances, but the numerous and obscure ways in

which they are put together furnish questions of the greatest per-

plexity. Substances having the same elements may differ widely as

to their properties. Moreover, isomeric substances— i. e., those hav-

ing the same elements in the same proportions, giving an equivalent

molecular weight—are usually ver}^ different in tlieir chemical reac-

tions and physiological functions. As yet this intramolecular atomic

rearrangement is but vaguely understood, and the writer ventures to

suggest that with a more comprehensive knowledge of the chemistr}'

of the living cell some such chemical activity will be discovered.

With these discoveries will come, perhaps, an understanding of the

devitalization of seeds, and with it the theory of the immortality of

seeds will vanish.

SUMMARY.

(1) Seeds, like other living organisms, respire when subjected to

normal conditions of storage.

{'2) Respiration means a transformation of energy, and conse(|uently

a premature death of the seed.

(3) Within certain limits respiratitjn is directly j)rop()rlional to the

amount of water present in the seeds and to the temperature at which
they jire stored.

(4) By decreasing the water content of setnls respiration is reduced

and vitality greatly prolonged.

«Coinpt. lii-ii.l., 134: 1243-1246, 1902.

25037—No. 58—04 <>
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(5) III most siM'tls the «(iiantity <>1 oxygen absorhrd «^n'atly exceedH

the quantity of carbon dioxid t^volvcnl.

(i) Kt'spiratioM is nearly as active in tlu^ dark as in thr lij^lit.

(7) Kcspiration apparcntl}' is not necessary for tiie niaintenanci! of

seed life.

(S) A cessation of res})i ration does not mean a cessation of chemical

activities.

ENZYMES IN SEEDS AND THE PART THEY PLAY IN THE
PRESERVATION OF VITALITY.

Durint;* the past decade the so-calh'd unori^anized ferments have

taken an important phice amono; the subjects of })iolot^ical research.

Our knowkxloe of their wide distri))uti()n has increased manv fold.

The part they phiy in both anabolism and catal)olism has furnished us

many surprises, but with all of the work that has been done our knowl-

edj^c of these most complex compounds is very limited.

The part that enzymes play in the processes of ocn-mination is of the

utmost importance. It is now (juite well understood that they are

developed as termination progresses. They act on the most complex

reserve food products, converting them into simpler substances that

can be more readily utilized by the growing seedling.

However, even in this connection there is a great diversity of opinion,

especially as to their distril)ution and enzymic action within the endo-

sperm itself. Puriewitsch," (iriiss/' and llansteen'" are cited by Brown
and Esconi))e'' as holding the view that the amyliferous -cells of the

endosperm of the grasses can digest their reserve materials independ-

ently of any action of the embr3"o—i. e., the starch-bearing cells are

living cells and secrete enzymes in the grasses as well as in the coty-

ledonous cells of Luj?hius^ PJtnseohis^ and Jiteinus. In 1890, Brown
and Morris'' did not lind such to be the case; but the results of Purie-

Avitsch, Griiss, and llansteen led to a duplication of the experiments

by Brown and Escombe in 1S98. At this time they demonstrated that

the amyliferous cells play no part in the chemical changes which take

place during the process of germination, but on the contrary that the

enzymic action in the endosperm of the grasses is confined to the

aleuron layer.

But the purpose of the present paper is not to consider the localiza-

tion of the particular enzyme, and much less the action of enz3nnes

during germination. At this time quite another question is to be

"Pringsheiins Jahrb., 31: 1, 1897.

ft Landw. Juhrbiicher, 1896, p. 385.

c Flora, 79: 419, 1894.

<?Proc. Roy. Soc, 63: 3-25, 1898.

^Joiir. Chein. Soc, London, 57: 458-528, 1890.
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considered, \ i/. In \vli:i( \\:i\ docn/vnics fnnclidii in (lie |>n ->ci\ ;if ion

of vitality^

MaiiiMMWu'" points lo liicNicw that t he \italily <»f seeds is dependent

on tlie slal)ility of (lie part ieular I'ei-nient pi-esenl. I le att rilnites tin;

prolon<^'ation of \itality in seeds llml Mie kept dr\ to llie heller preser-

vation of the enzymes. This \ iew has heen iarj^idy st l"en<^t heiied as a,

result of the iin'estiii'at ions made l)y Thompson. '' W'au^di,' Shai'pe,"' and

others, in whicii th(\v haxc shown that the. artili(Mal use of en/\in(5S

may si^reatly increase th(r })ercenta^-e of <rei-niination in some ohl seeds.

By the use of diastase the percenta^^e of <^eiini nation of r^J-yeai'-old

tomato seed has ])een increased mor(» than (>()(> ])er ccMit.

If the suf^-t^estions made ])y Macjuemie Nvere li-ue in e\-erv sense, then

dead s(hh1s shoukl he awakened intoacti\ity l)y ail iliciall\- su[)piyinj(

the necessary enzymes; ))ut this can not he, or ne\'ei- lias heen, a<-com-

plishcd. True, many expiM-iments hav(i heen recoi"(h'd in which a

greater perceiita^^e of seed has ])vvn inchiced to germinate hy the judi-

cious use of commercial enzymes than l)v the ordinary methods of

germination; ])ut this treatment is applica])h' only when; the vittd

energ}^ is simply at a low ehl) and does not in any way atl'ect dead

seeds. The experiments of the writer with naked radicles from the

emhr3'os of living and dead ])eans have shown the presence of enz^'mes

in both. The carefully excised radicles weri^ ground and macerated

in water for one hour. The liltrate was then added to dilute s(dutions

of starch paste. The solutions from the living (Muhryos gave rise to

an energetic h3^drol3'tic action. In all cases hydrolysis was sufticienti}'

advanced to give a clear reaction with Fehling's solution. The solu-

tions extracted from the radicles from the dead heans also gave reac-

tions sufficiently clear to indicate that there was still some ferment

present. ^

However, the livdrolvsis was scarcely more than l)e<'un, ui\ iiiii' oFdv

a brown color with iodin, l)ut not reacting with Fehling's solution.

Results of a similar character were obtained from portions of the seed

"Ann. A<:ron. 26: 821-332, 1900; Com])t. Hend., 134: 1243-124<5, 1902.

ftGarteiiHora, 45: 344, 189().

cAnn. Report, Vt. A«:r. Exj). Sta., 1H9(M)7, and Science, N. S., 6: 950-952, 1897.

<^Thirte(Mitl» Annual Report, Mass. Hatch Exp. Sta., Jan., 1901, pp. 74-83.

''Thi.s wa.s a Hanii)l(' of "Valentine" heans j;ro\vn in 1S97. Thi' siinie year tliey

teste*! 97.3 percent. In Manh, 1S9S, tlie same isani pie te.'^ted 87 jkt cent. At this

time they were nent to ()rland(», l-Ma., where they remained until May 8, 18V)9,

approximately fourteen months. Tlie l)ean.s were then ri'turned and numerous
germination test.s were ma<le at irre^rular intervals, hut in no case wa.s there any in<li-

cation of vitality. Several samples were also treate<l with "Taka" dia.««ta.«e (solu-

tions varying' in stren^tli from 2 to 10 jkt cent), 1)nt n<»ne was stimulated into

germination. The radicles were test4'<l for enzymes in tlie spring of 1«H)2, lu'arly

three years after the beans tirst failed to germinate, at wliich timr they were nearly

6 years old.
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takt'ii from thi" point of union of tln' axis and the cotyli'clons. TIk'ho

posst'sstnl stron<:;;t>r iiydrolytic powers, the preparations from tlie li\ inj^

and (h'ad heans each oivint^ clear reactions with Fehlin^^'s solution.

A third series of tests was made })y stoppin*^ the germination of heans

when the radicles were from I to 1.5 cm. lon<^. These were then kept

quite dry for nearly seven months, after which the dessicated radich^s

were broken oti* and macerated like the above. This solution was then

allowed to act on starch paste, and the transformations were almost as

rapid and complete as when a 1 per cent solution of conunercial "Taka"
diastase was used.

These results lead one to believe that the loss of vitality in seeds is

not due to the disorganization of the enzymes present. There is some-

thing more fundamental and proba})ly more complex to which we nuist

look for this life-giving principle. True, as Macpienne has suggested,

there is a close relationshi}) between the loss of vitality in seeds and

the decomj)osition of enzymes.

In order to determine what such a relationship might signify, the

following series of experiments were made:

Beans, peas, cabbage, lettuce, onion, ])hlox, and pansy seed, with

definite (piantities of good commercial ''Taka'' diastase, were put up

in bottles of 1'20 cc. capacity, as follows:

(1) In bottle closed w ith cork stopper.

(2) In bottle closed with cork sto])per and paralHned.

(8) 0.5 cc. of water in the bottle with the seeds and the diastase, the

bottle sealed Avitli paraffin.

(4) 1 cc. of water in the bottle with the seeds and the diastase, the

bottle sealed with paraffin.

(5) 2 cc. of water in the bottle with the seeds and the diastase, the

bottle sealed with paraffin.

(6) 3 cc. of water in the bottle with the seeds and the diastase, the

bottle sealed Avith paraffin.

(T) 4 cc. of Avater in the bottle with the seeds and the diastase, the

bottle sealed with parafiin.

The water in each case was carefully added on small strips of filter

paper and never were the seeds or the diastase wet, only becoming

praduallv moist as the water was absor])ed.

These difierent preparations, each containing one of each of the sam-

ples of seeds and a definite quantity of the dry powdered diastase,

were then maintained at the temperature of the laboratory for a period

of 85 days. At the end of that time the vitality of the seeds was deter-

mined and sinuiltaneoush' the hydrolytic power of the diastase was

ascertained. The results of the germination tests are given in Table

XXIX. The effect of the increased quantity of moisture on the diastase

is given in the discussion following the table.
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Taiii.i; X \ I \ . Lass in rihiliti/ nf srnls iiifli ntri/intj dtf/rris of iiioiHlvrt' H'lini. krpl tit
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tt'stetl with iotliiie thi'iv Wiis still ii dL't'p, puiplish-MuL' roloi. In this

hist case the aveni*4t' i)eirentM*^e (>f i^eriniiiatioii had (h'creased to 37.6

per cent, as compared with T*>.<j \h'V cent for the control samples.

Moreover, in the latter ease, the onion, j)]ilox, and pansy seeds were

killed.

These results show that there is a reniarlva])le urnforniity ))etween

the loss in vitality of scH'ds and the loss in th(» en/yniic action of the

"•Taka"' diastase unch'r similar conditions, hut it does not furnish con-

clusive evidence that the loss in vitality of the seeds is in an}' way
governed by the particular enzymes present. In fact, the evidence at

hanci l)etter substantiates the opposite view. In the first place dead

seeds may still contain active ferments. Secondly, the prolonged sub-

jection of seeds to the action of ether and chloroform is generally

accompanicnl by a premature death, and if the seeds are moist the loss

in vitalit}' is nuich more marked. On the other hand, it is generally

accepted that either of these gases exerts no injurious effect on the

hydrolytic .action of the various ferments. Townsend" has shown that

the action of diastase on starch paste is even more energetic in the

presence than in the absence of ether, l)ut in germination ether usually

has a retarding influence. In some cases, however, growth is stimu-

lated by the use of ether.

In the third place enzymes can not ])e the chief factors controlling

the vitality of a seed, because the more sensitive growing point of

the radicle suffers injur}" much in advance of the other portions of

the seed. Not infrecpiently in making germination tests do we find

that the* growing tip of the em])ryo is dead, while other portions of

the seed may still be living and capable of carrying on all normal met-

abolic processes. The bean is one of the best examples for demon-

stratinof this fact. Here the radicle may be entireh' dead, vet the

cotyledons may still be able to make some growth; but in all seeds

where the growing tip is dead the remaining portion of the radicle

may be living, in which case adventitious roots may be formed and

growth may continue for a considerable time, though very rarely will

a healthy seedling l)e developed. It thus seems quite clear that the real

vital elements are closely associated with the growing point, and when
this portion of the embryo is once dead the vital energy in the other

parts of the seed is not of such a nature as to enable growth to con-

tinue for any length of time. Even though the reserve food products

are digested they can not be assimilated by the growing radicle, which

should be the case were enzymes the chief elements to which the

preservation of vitality is attributed.

Enzymes play an important part in the vitality of seeds, and are

undoubtedly necessary for the normal development of a seedling, but

the points above given show that the life of a seed is not entirely

«Bot. Gaz., 1899, 27: 458-466.
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(Icpciulcnl oil tlio stal)ilitv of lln' pai I iciihir Ici'inciil oi* rciincnts

pri'siMit. riicrc is soiiicl hiiiL;' iiioi'c remote, possihly of ;i siinplci' hut

])r()l);il)ly of a iiiorc, complex compo.silioii, to wliich we must Jittributc

the :i\V!ikeiiiii<4" of the metaholic ])r()('esses. Iveferciicc, is not mad(i

h«M-e to tile zymoL^-eiiic, siihstaiiees wiiielMh'N'elop into the pai't iciihir

f(>rmeiit, foi* wliat has Ihmmi said of tlie lattei' applies e(jnaliy well to

th(> foiiiHM". If tiie zym()o-(Mis weic peifeetly preservcfj tlie result int(

f(M'm(Mits won hi l)e (h'Vidopcd norma ily and ec-i'mi nation won hi continue

in th(^ usual mannei-.

In conchision, it may well be oniphasized that no sin<^lev cdemc^nt or

compound ran be isohited as the sole sources of \itality in seeds.

'rJK^re must l)e a combination of factors, each of which plays an

important role in the preservation of vitality. The desti'uction of

any oiw of these factors ma^^ upset the principles i^overnin^ the life

of a seed, and consequently cause a premature death.

It is quite probable that the micleus is one of the most important

oro'aiis o-()vernino- vitality, for unl(\ss it contimies to function no other

growth cjin take })lace. Other parts of the cell, howevei", may be of

equal importance. At all events all hope of future gain must come
from more critical studies of the cell contents to know their chemical

composition and possil )le reactions. A correct solution of these perplex-

ing questions is nothing less than a determination of the fundamental

principles of life. What will be the ultimate results no one is prepared

to sa3^

SUMMARY.

(1) A seed is a living organism, and must be dealt with as such if

good results are expected when put under fkvorable conditions for

germination.

(2) The first factoi's determining the vitalit}^ of a seed are maturit}^

weather conditions at the time of harvesting, and methods of harvest-

ing and curing.

(3) Immature seeds sown soon after gathering usualh' genninate

readily, but if stored they soon lose their vitality. On the other hand,

well-matured seeds, harvested under favorable conditions, are com-

paratively long lived when properh' lumdled.

(4) Seed harvested in damp, rainy weather is nuicli weaker in \'ital-

ity than seed harvested under more favora))le conditions. Likewise,

seed once injured will never regain its full vigor.

(5) The curing of the various seeds is of the utmost importance, and

great care should be taken to prevent excessive lieating, otherwise the

vitalitv will l)e o^reatlv lowered.

(0) The life period of any species of seed, granting that it has ])eei;

thoroughly matured and properly harvested and cured, is largely

dependent on environment.
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(7) The Hverati^e life of seeds, jis of plunts, varies j^reutly with diller-

ent families, ^eneni, or species, ])iit tliere is no relation l)etwt*en the

lono;evity of phmts and the via})h' period of the seeds they hear. The
seeds of some plants lose their \ itality in a few weeks oi" months,

while others remain \ iahle for a number of years.

(8) With special ])recaiitions and treatment there is no([uestion that

the life of seeds may })o orc^atlv prolonii'ed lieyond that which w «• know
at present, though ne\cr foi- centuries, as is fi*e(iuently stat(Ml. Cases

so reported can not he taken as evidence of the h)nt4"e\'ity of setnls.

(9) It is known that seeds retain th(Mr vitality much l)etter in some

sections of the country than in otiiers. Thi^ part which (tUmatic influ-

ences play in the vitality of seeds is of much more importance tiian is

generally supposed.

(10) Experiments have shown that 'utoisturc is the chief factor in

determinino- the longevity' of seeds as they are connnercially liandled.

Seeds stored in dry climates retain their vitality nuicli better than

when stored in places having a humid atmosphere.

(11) The deleterious action of moisture is greatly augmented if the

temperature he increased. Not infrequently is vitality destroyed

within a few weeks or months when the seeds are stored in warm,

moist climates. If stored in a dry climate, the question of temper-

ature within the normal range is of little moment.

(12) The storage room for seeds as the}^ are ordinarily handled

should always be dry. If seeds could l)e kept dry and at the same

time cool, the conditions would be almost ideal for the preservation

of vitality; but the difficulties to be overcome in order to secure a dry

and cool storage room render this method impracticable.

(13) ThG most feasible method for keeping seeds dry and tluis insur-

ing strong vitality is to store them in \\q\\ ventilated rooms kept dry

by artificial heat. This method of treatment requires that the seeds

be well cured and well dried before storing.

(14) If seeds are not well dried vitality is best preserved at tempera-

tures just above freezings provided that the temperature is maintained

uniformly.

(15) In no case must the temperature of the storage house be

increased unless the seed is amply ventilated so that the moisture lib-

erated from the seed can be carried off readily by the currents of warm
air. If this precaution is not taken the increased humidity of the air

confined between the seeds will cause a marked injury. For this same

reason seeds kept at low temperatures during the winter will deterior-

ate in the warm weather of spring, especially if they contain much
moisture.

(16) Most seeds, if first carefully dried, can withstand long expos-

ures to a temperature of 37° C. (98.6° F.) without injury, but long

exposures to a temperature of from 39° to 40° C. (102.2° to 104° F.)
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will cause prcinatuic Hcalli. If llic seeds ai'c kepi in a moist aliiios-

])lieie a (einpeiatiire of e\('ii IK) (
'. (80'^ F.) will soon cause a niaiked

injury.

(L7) Se(»(ls can endm'o any dcLT''*'*' ol* drying- without injui-y; Ihjit is,

by di'vinjjf in a \acniiin o\(M' sulpiuiric jicid. It is Ixdiexcd tliiiL sucli

jireduclion in llie walei- content is iioccssary il" \il;dity is to \n\ pi-e-

sciNcd [\)v a loni^- period of yeais. Ilowovor, with such ti'csitmcnt the.

seed coats hecoine \ciy liiin, and thci'c usually iollows Ji retsirdjition

in e-erminat ion as a icsull of tiie iiuibility of the seeds to sihsoi'l) wjitei*

iaj)idly en()u«4h to hrino- about. th(^ uocossary physical and clieiriical

t i-ansfoi luations for tho eaidior sta<j;'os of o-cM'ini nation.

(IS) S(mm1s tiiat ai'e to l)o sent to countries liavino- moist (-limates

sliould be put up in air-ti^ht paekacrt^s. KxperinuMits have shown

tliat ])y tlu^ judicious use of bottles and paraflined pac,ka<(es seeds can

b(^ pi-es(M-\ ed practically as well in one climate as in anotlier.

(19) It is of the utmost importance that the seeds be dry before

being sealed in bottles or })araffined packages. A di-ying of ten da^'s

at a temperature of from 30" to 8.5^ C. {S(f' to 95 F.) Avill usually be

sufficient. However, a ])etter method to follow is to (hy until no

more moisture is given off at a temperature equivalent to the maxi-

mum of the region in which the seeds are to be distributed. If this

is not done, the subsequent increase in temperature will liberate an

additional quantit}^ of moisture, which l)eing confined in the package

will leave the seeds in a humid atmosphere and a i-apid deterioration

in vitalit}^ will follow.

(20) Experiments in storing seeds in open and sealed bottles and in

packages with definite quantities of moisture and at various known
temperatures have shown a very close relationship ])etween the loss in

vitality and the increase in water content, the deterioration likewise

increasing' with the temperature.

(21) Of a series of experiments the average loss in vitality of seeds

kept in envelopes in a "dry room" was 21.19 per cent, "trade condi-

tions" 30.03 per cent, "basement" 42.28 percent, while the loss in

the case of seeds stored in bottles was only 8.08, 3.92, and 4.51 per

cent, respectively. (See Table XXV.)
(22) Seeds under ordinary conditions of storage respire quite freely,

and respiration is much more rapid if much moisture is present.

Within certain limits respiration is directly proportional to the amount

of moisture present in the seed and inversely proportional to the

duration of vitality.

(23) Respiration is not necessar}^ to the life of seeds, as the}^ can be

kept in conditions unfavorable for respiratory activity and still retain

their vitality even })etter than under normal conditions of storage.

Even though respiration be entirely prevented s(hhIs will continue to

deteriorate, and sooner or later lose their vitality.
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(*i4:) The continued deterioration in the vitality of a seed after res-

i)iration has ceased indicates a chemical activity within the cells, ofi\in^

rise to a tmnsforniation of energy which sooner or later leads to the

death of the seed.

(lif)) Respiration is almost as active in the dark as in the li^ht, pro-

vided that the temperature^ and humidity remain thi^ same.

(2()) Ferments and seeds lose all ])ower of activity under similar

conditions of moisture, and the former are imdoubtedly of the utmost

importance in metabolic activity, ))ut the evid(MH'(» at liand ^oea to

show that the life of a seed is not dependent on the preservation of

the particular ferment involved or on the z^'mo^enic substances giving

rise to the enzyme.

(27) The life of a seed is undoubtedly dependent on man}^ factors,

but the one important factor governing the longevity of good seed is

dt'i/ness.
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PREFACE

During' the past few j^ears a large numboi- of tests of grasses and

forage plants have been made by the N('))raska Agrieultural Experi-

ment Station in cooperation with the Tnited States Dc^partment of

Agriculture. The Department has furnished a part of the seeds for

these tests, and has from time to time, at the recpiest of the director

of the station, made suggestions regjirding the nature and })hins of the

work to be done. At the request of Prof. T. L. Lyon, Associate

Director of the Station, Prof. A. S. Hitchcock, of this Oflice, visited

the station during the past winter and prepared the following bulletin

from notes made by the officers of the station. It is a matter of

gratification that these notes were in such form as to render the task

comparatively easy.

The present paper contains the results of the cooperative experi-

ments and also some general information upon the forage conditions

of Nebraska, in the preparation of wliich Professor Hitchcock has

been in constant consultation with Professor Lyon.

The results of these experiments are of interest to many of the

surrounding States having similar climatic conditions and in which

many of the same forage plants are grown.

W. J. SriLLMAN,

Agrostologist.

Office of the Aorostologist,

Was/ungto?i, D. 6'., February 27^ 190Jf.
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H. I'. I—<»r>. (J. K. r. I.— io:{.

PASTl'RE. MEADOW. AND l<OI{A(ili CROFS IN NEBRASKA.

INTRODUCTION.

Th(^ v;ilii(» of llic luiy and t'ora^c crop of tlio llnitod States may best

})(^ })n»s(Mit(Ml l)v roc'itino" a f(^w facts tak(Mi fi'om the agricultural statis-

FiG. 1.

—

Localities in Nebmska whore prairie hay is f^rown. Kaeli dot represents 2,000 aeres.

tics given ill the lieport of the Twelfth Census, where it is shown tliat

in 1899, out of a total valuation for all crops of $2,910,13S,<)r)8, the

value of the hay and forage crop was ^tl:84,2o6,S4:(), or lO.O per cent.

Fio. 2.—I^ocalities in Nebraska where millet is grown, Each dot represents 100 acres.

The value of this crop is greatei" than that of any other, with the single

exception of corn, whicli liad a wiluation that yeai- of ^828,258,326.

9



lt> FoKAUK CiioPS liN NKliKASKA.

From tlu'- suine souit-o i( is Icjiriicil thai out of a total \alu}»tioii of

$U:i,05(5,5S() for all crops thrown in Nchniska in iSl^i), tin* fonij^t' crop

was worth $11,280,1)01, or 12.2 \wv cent.

Table I.

—

Stutiatics for Xebraaka <>/ Ikii/ (intl Jonujt cr<jj>» for ISOU, tnken fruin the Jiejiort

of the Twelfth ( 'ensns.

Total acreage devoted to hay and forage crops 2, H23, 652

T( >tal acreage de v( >te<l t( ) all cropH 15, 1 5.'{, t)56

Total acreage of improved land 1 H, 4.'i2, 595

Per cent of acreage of forage cru\m to that of all crops IH. 6

Per cent of acreage of forage crops to that of improved land 15. 3

Value of all crops $92. 056, 580

Value of forage croi)s $11, 2.S0, 901

Per cent of value of forage crops to that of all crops 12. 2

Average value i)er acre of all crops ^ $6. 07

Average value per acre of forage crops $3. 98

Tons of forage crops (excluding cornstalks) 3, 502, 380

Average value i)er ton $3. 19

Fio. 3.—T^x'alities in Nebraska whore alfalfa is grown. Each dot represents 100 acre.s.

During" the year mentioned Nebraska produced 2.3 per cent of the

total valuation of the foraoe crop of the United States, ranking- thir-

teenth in this respect. New York was first, with 11.4 per cent. The
records show that during the last three decades the average yield per

acre in Nebraska has decreased, while that of the entire United States

has increased:

Year.



INTKOUUCTION. li

In tommiic I lie lii^uics aic imicli ( he siiinc, No})nisk}i rjinkin*^- in ISOO

as tlic (hirtv second Stale in (lie I'nion, willi onlv <>. 1 per ccnl of the,

total: in 1S7<>, t\v<'nt\ tliiid. with o.<; j)(.r ('cnt; Issd, lift,(»onth, witli

2.2 per cent; JSJMI. ninth, witli 1. 7 |)ei-cent; llMMl, ninth, with 1.4 pe.r

cent.

Fig. 4.—LoealiticH in Nebraska where clover is grown. p]ach dot represents 100 acres.

Equally interesting are the figures showing the acreage, tonnage,

and 3^ield of the various forage crops in 1899, as classified in the census

report, as follows:

Crop.

Prairie hay

Millet

Alfalfa

Clover

other tame grasses

Coarse forage

Rank of
State.

1

2

6

15

27

9

Acreage.

2, 248, 927

191,347

115, 142

42, 447

92, 895

90,828

Tonnage.

2, 416, 408

357, 356

275, 334

72, 747

143,109

1S3, 097

Average
yield per

acre.

Tnvs.

1.1

1.9

2.4

1.7

1.5

2.0

For comparison the following table is given of the acreage of the

leading States for the above crops:

Crop.



12 FOKAdK CHOI'S KV NEliRARKA,

unci roni tliat was i-ut urccn tOr t'oi-iit^c. ll doc^ not, liowcNcr, iiichul**

corn that was cut and allowed to ripen in the shock, or what is usually

known as corn fodder.

it appears that Nelmiska also produced S,ir>r> bushels of clover seed,

valued at 5ii^H7,8:^l^ and 41, si*; hushels of other o-rass seed, vahu^d at

$82,450.

Fi«i. r».—U»crtlities in Nobrnskii where tame {jmsses are .sr^o^^^l. Kucli dot represents 100 acres.

The accompanying- maps (tios. 1-G) show graphically the distribution

of the chief forage crops of Nebraska ])y counties. The distri])ution is

based upon tiie taldes given a1)ove. Eacli large dot represents loO acres,

except in the map illustrating the acreage of prairie hay, where each

Fig. (•).—Loealities in Nebraska where coarse forage is groAvn. Each dot represents 100 acres.

dot represents 2,000 acres. From 50 to 149 acres would be represented

by one dot; 150 to 249 acres ))y two dots. Each small dot represents

10 acres and is used for acreages from 5 to 49. On the alfalfa map

the dots in certain western counties are congregated in the vicinity of

the Platte and Republican rivers, although the figures given in the

tables do not indicate the distribution within the counties.



CLIMATIC AND SOIL CONDITIONS. 13

CLIMATIC AND SOIL CONDITIONS OF NEBRASKA.

l^'or details coiicci'iiin^^ the faiiilall (he rcadci* is rcl'cncH lo Iiiillcliii

No. !.'> of (lie N('l)raska Stalion, "'I'lic Kaiiifall of NCIn-asUa." I>y

(J. 1). S\v(v,(\\ and (Jcorj^c A. LoNclaiid. Since, the ainouiit and dis-

trilmtion of {\\v rainfall is one of (he most ini))()i*taiit factors in deter-

niininii' (h(> a^rieultural possibilities of a country, it is well to

siiininari/e here tlu^ chief points as indicated in that hulletin.

The annual rainfall decreases from 84: inches ifi the extreme south-

east to 18 inches in the extreme^, southwest. However, the av(U"a<^e

rainfall does not tell the whole stor}'. ]\Iucli depends u|)on the distri-

bution of rain through the year, and especially during the growing

18 21 24 27 JO

Fig. 7.—Normal annual rainfall for Nebraska, in inches.

season. The average rainfall for the entire State is 23.33 inches, of

Avhich 16.08 inches, or 6d per cent, falls in the five months from April

to August, inclusive.

Table II.

—

Average monthly jyreclpitation for Nebraska.

Month.

January

.

February

Marcli . .

.

April

Precipi-
tation.

Inches.

0.68

.71

1.16

2.40

Month.

May . .

.

June .

.

July...

August

Precipi-
tation.

Inches.

3.62

3.93

3.51

•2. 62

Month.

September.

October

November

.

December .

Precipi-
tation.

Inches.

1.84

1.49

.68

.69

An examination of the tabh^ and of the accompanying charts (tigs.

7 and S) shows that it is onh' in the eastern tier of counties, l^^ing

approximately within the region receiving as much as 30 inches average

rainfall, that th(^ common eastern meadow and pasture grasses, such as

timothy, red clover, rcdtop, and Kentucky Ijluegrass, will thrive with



14 FOKA(iK (mors IN NKHKASKA.

a fair doiirco of ct'rtaiiity. 'I'ln' next region, iiicliuli'fl lu^tweeii '27 and

30 iiK-lit's, is one ill which thesis o;rass«s may <h) wril in favorahh' locali

ties, hut iiw inoro or h'ss luiccrtain, and arc (piitc sure to fail in dry

seasons. On account of the lower sunuuer temperature, thtise j>iashes

may extend farther west in the northern ])art of th(^ State than in the

southern portion. For this helt, oichard ijiass and meadow fescue are

more likely to he successful than timothy and clover, while hrome-giuss

Fi<i. 8.—Normal rainfall in Nebraska during the growing season, April to September, in int-hes.

is the only satisfactory cultivated pasture orass west of this. Even
brome-2frass fails in the extreme west.

TEMPERATURE.

_ rof. Georoe A. Loveland, director of the Nebraska section of the

Weather Bureau, has furnished the normal monthly temperature for

several stations distributed over the State, which data are incorporated

in the following* charts. Besides these are given the normal aimual

temperature for the same stations, the average yearly minimum and

the lowest recorded temperature for each station.
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16 FORAGK CHOI'S IN NKHKASKA.

soil,.

A full discussion of the soils of Nchiasku is ^ivc;!! in tlir report of

the o;eolowist, E. II. iKirbour, in tlic Arnuiiil Kt'poit of tlu* State Hoard

of At^riculture for iSi>4, pa*,^' Ol. It may Ih' rcniaikt'd that iUv. hasis

of tho agricultural soils of Nebraska is silt rather than <lay, such as is

found in the Eastern States. The State is divided into li\c soil rej^ions,

two of which—the Had Lands and the Western Keoion—are in the

extreme western portion of the State, and do not lie in what is now a

crop district. The other three are the Drift, Loess, and Sand liill

regions. From the cro}) stand})oint the lirst is the most impoi'tant,

as it lies in the region of greatest raiid'ull. The Drift is of glacial

origin, and is agriculturally a rich soil. The Loess, or wind drift, is

a deposit covering all the southern portion of thc^ State, and is

also a rich soil. The Sand Hills, which comprise the northern por-

tion of the State north of the Platte and extend from Holt to

Deuel counties, are les.s adapted to crops, but locally, where tlu^ con-

ditions of moisture are fav()ral)le, results show that the agricultural

possibilities are considerable.

In general, it may be said that the soils of Nebraska are highly

favorable for the })roduction of crops and the product is limited chiefly

by rainfall and to a less extent by temperature. In many parts of the

State there are small areas of soil, known as gumbo, w Inch are poorly

suited to crops, being too alkaline or too poorly drained. Hut such

areas are relatively very insigniticant.

CROPS.

East of the one hundredth meridian the rainfall is usually sufhcient

for the cultivation of crops without irrigation. This meridian is

approximately that precipitation line for the annual rainfall of 20

inches. A\\\st of this, crops of some kinds are uncertain under the

present methods of farming, although winter wheat and such drought-

resistant plants as sorghum and Katir corn are grown. The climate

here is characterized by Ixnng very hot in summer and very cold in

winter. The snowfall is usually slight. It is in this region that

irrigation has reached its greatest development, although it is practiced

occasionally in the eastern portion of the State to supplement the

rainfall.
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Tlic I'ollowiiio- (;il>l('>, hikcii from llic 'I'wrlllli Cciisiis i-cport, <rivc

llic :i\iiilal)l(' statistics t'oi* ii-iii^al ion in N(»l)raska:

TaulI': IW Aniiiltcr
<jf <icrrH irri<j<U((/, In/ romilirs, isu'.f.

Coniilx

.
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Tlio t'ollowiiit;" ltil»l«' t^ivfs tlir juie}i«4i' }iii(l \iilin* ol' tiie.se cropn for

181K>:

Taijle \' i.—.icreii(je and lalae uj cropit J'ur IH'JU.

CJrop,

Corn

AorraKe. Viiliif

7,335,187
I

$51,251,213

Wheat .1 2,538,949
I

11,«77,347

1,921,827
I

ll,3:i3,393Oats

Hay and forage

Potatoes

Vegetables :iJ,(M4 , 1,383,470

2,H23,652 11,2:10,901

79,901 i 1,734,666

Of lesser importance are rye, barley, fruit, su<^ar beets, tind broom

corn.

CLASSIFICATION OF FORAGE PLANTS.

Forage plants may be elassitied, according to duration, into peren-

nials and annuals; according to kind, into grasses, legumes, and mis-

cellaneous; according to use, into pasture, meadow, soiling, and silage

plants.

DURATION.

Perennials.—This group includes those plants which live more than

one year. The forage plants under consideration are all herbs, of

which most of the portion above ground dies during winter, but

the roots live and throw up new shoots the following spring. For

most purposes it is manifestly an advantage that a crop should yield

returns year after year without the expense of reseeding. On the

other hand, the actual yield of forage the first season is almost always

less with a perennial than with an annual, and furthermore, a per-

ennial may not lend itself to the most desirable rotation. The impor-

tant perennial forage crops of Nebraska are alfalfa, clover, brome-

grass, timothy, and bluegrass. Some of these, such as timothy and

clover, are known as short-lived perennials; that is, as a cro}) they

tend to disappear in two or three years to such an extent that they

need reseeding. This is also true of such grasses as Italian rye-grass.

Amvuah.—These are plants Avhich reach their maturit}' during the

season that the}' are ])lant(Hl and then die. Common examples of this

group are the grains, corn, sorghum, millet, cow^pea, soy bean, and

rape. Where land is valuable iind it is necessary to grow a maximum
crop upon a given area, annuals are more protitable as forage crops

than perennials; or when it is desired to produce a crop at a given

season of the year, such as early or late pasture of rye, a succession of

succulent forage for dairy cattle, or a catch crop to utilize the land,

annuals are invariabl}' used.
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Some plants, wliicli aic iioiinallv annuals, jii'c sown in (lie auhnnn,

and alter inakiiiLi a ^lowlii nl' I'oliaLic that season, lie iikhc oi- less

(loiMuant (Iui'Iul;- the wintei* a>i<l resume j^i'owt h the tOIIowinj^' s|)i'iri<^,

r(»aehini: inalui'itv in the early sunnner. 'I'iiis is ti'ue of ?ye, some

Nai'ieties ol" wheat, and some ol" the j^rjisses. 'I'he sexciity of the.

wintiM" determines in many eases whether ])lants may he used in this

way. Many crops that ai'e sj)iMno- sown in the Northern States are

fall sown in the South. 1^'ui'thermore. some pliuits ejin he made to

li\(' for an al)normally lonj^* jxM'iod l>y fiecjuent mowing, thus prc-

\(Mitin^ the production of seed.

NATUKAh (JUOUrS.

Lr(/m)iei<.—This important oroup of plants includes tho clovers,

alfalfa, the cowpea, soy l)ean, tlu*. \('tches, the o-ju-ch^n heans and j)eas,

and all similar plants, and it derives its importance from the fact that

hoth the seeds and the foliage are richer in nitrogen than other forage

])lants. Since the proteids, or nitrogen-containing materials, are the

most expensive portion of feeding rations, the growing of legumes for

forage has long been recognized as an important factor in the economy
of agriculture. Rut furthermore, as is w^ell known, the legumes have

the power, not possessed by other forage plants, of utilizing the free

nitrogen of the air by means of the nodules on their roots. (See PI. II.)

When legumes are turned under as green manure, or even if the tops are

removed b}^ mowing and the roots allowed to remain in the soil, the

nitrogen content of the latter is increased. Since nitrogen is a very

essential plant food, and is one of the first to be exhausted in soils upon

which crops are grown, and since this element is the most expensive

to add in the form of fertilizer, the importance of growling legumes in

rotation with other crops for the purpose of renovating the soil is ([uite

evident. These facts emphasize the necessity of adopting a system of

agriculture for a given region which shall include the growing of

suitable crops of legumes in the rotaticm, thus utilizing the crop as for-

ag(* and at the same time keeping up the fertility of the soil. The
leguminous foi"ag(» crops adapted to Nel)raska are alfalfa and red clover,

which are })erennials, th(* latter usually short lived, and cowpeas a?ul

SO}' beans, which are annuals. In addition to these, white clover and

alsike clover are occasionally used.

Grasses.—The great bulk of the forage plants, not includixl in the

above groupof legumes, belongs to the natural group of plants known
as grasses, which includes besides the connnon meadow and ])asture

grasses, hoth wild and cultivatinl, such plants as ih(^ grains or cereals,

sorghum, millet, and the sugarcane of the South. The grasses do not

have th(» powiM- of adding fiitrogen to th(^ soil after thi^ maimer of the

legumes. Most of oui' nati\c grasses are perennials, as are also our
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c'ulti\ ati'd pastuio {ind iiicjidow j^iiisses, sucli jis fnoiin'-p-rjiss, orcliarrl

j^niss, meadow fesc-uo, and tiiiiotliy, tlioiii^h the latter is shoit HvcmI.

j\Ii)<cellaneous.—Aside from tli(^ two lart^e j^roiips iDentioned ahovo

there are a few fora*»'e phiiits which beai- no close natural relation in

these and are most conveniently considered under this headin*^. The
only imi)ortant plant of this cate*»()rv that is adapted to Nehiaska con-

ditions is rape. Australian salt})ush helonos here and has recei\'ed soum^

attention, hut as yet it has not shown itself to he of particular valiic

in that State.

METHODS OF UTILIZTNO TIIK CROPS.

Piititures.—In oeneral the term pasture may he applied to all cases

where stock is allowed to feed directly upon the t»rowin<^ plants.

AVhere the area is unfenced and consists of native vetretation it is

called open range, or simply range. In some parts of the United

States, especially the Southern States, the range consists of forest,

but in Nebraska the range is the unfenced portion of the Great Plains

region, the vegetation consisting of native grasses. The su])ject of

the range will be considered in another part of this bulletin.

In the ordinary and popular sense pasture refers to fenced areas of

native or cultivated perennial forage crops upon which stock feeds

at will. All the perennial forage plants are used for this purpose,

although alfalfa and clover must be used with caution in order to

prevent bloating.

Another important class of pastures, especially where land is rela-

tively valuable and a more intensive system of agriculture is employt^d,

is that of temporary or annual pastures.

\\\ winter-wheat regions it is a connnon])ractice to pasture the grain

during favorable portions of the fall and winter. In this case the

pasturing is incidental. On the other hand it is a not unconnnon prac-

tice to sow wheat or, more fre(iuently, rye in the fall for pasture i)ur-

poses alone, a crop of grain, if secured at all, being secondary. Tem-
porary pastures are used for two purposes. (1) To extend the pas-

ture season over a greater portion of the year than can be done with

ordinary permanent pasture. For this purpose wheat or rye give early

and late pasture, and certain summer annuals can Ix^ used to supple-

ment the permanent pastures during the dry sununer season, which

usually occurs in July or August. (*2) By successive sowing of the

proper plants succulent feed may ])e ])rovided through the season so as to

3'ield a maxinuun crop from each area. This is particularly applicable

to dairv districts. It is often convenient and economical in growing

a succession of succulent crops to cut the green feed and suppl}^ the

stock either in the permanent pasture or in the stalls or yards, as will

be referred to imder soiling. The proper rotation of such annual

pasture for Nebraska will be discussed in a separate paragraph.
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Tlic plants NNliicli can he nsrd In a(l\ anhiLi't' in NclnMska for Icin

j)(»rai\ paslnic air llic h'I'mius as incnl ioncil altovr, I'apc, cowjx'a. and

s()\- Ix'an. riic \aiions kinds cd" sorj^lmin, csprcialK llic oi'dinai'N'

sui^'jir sorii'luim or cane, arc used in 'I'cxas and noi'lliward t'oi' lliis piir-

])()S(\ In the soulliciMi j)oi*lion of this aica sori^limn can nsiiall\ he

used for pas(in-(' witli ini|)uni(y. I)iil in N(d)rask;i its use in (his wiiy

is :itt(Mid(Hl with some risk from ])oisonin<^. v\m accountof this sul)-

jcct will 1)(^ found in l^uilclin No. 77, Ncln'siskii Kxjx'iinicnt Station.

Mcadotrx.—Tlu* term meadow is applied to land wheic the croj) is c.ut

foi" hay, whether fenced oi- unfenc<'(k Wdien t he ha\ i> cut from nat i\'e

ii'rass land, the land is called a w ild meadow. As shown hv the statistics

\\\ tho lirst part of this bulletin, the wild minidow land of Nebraska

amounts to over 2,(K)(),()()() acres and })ro(luces a])out i^,r)()().0()() tons of

hav. Nebraska leads all States in the acreajife of its wild meadows.

The o-rasses composing this wild hay will l)e discussed in another para-

ora[)h devoted to the native grasses.

The tame meadows consist in that State of alfalfa, timothy, clover,

and brome-grass. Orchard grass and meadow fescue ai'c used to a

limited extent and their wider use is to be recommended.

Some annual plants are widely used for hay, such as millet, sorghum,

Kafir corn, and corn. For this purpose the last three are sow^n thickly

in order to produce a large number of small stalks.

These coarse plants are often grown in rows and cultivated, the

nearly mature stalks being cut hy hand or with a corn ])inder and

shocked, when the dried material is called fodder rather than hay. In

a general sense, however, it is hay and contributes no inconsiderable

amount to the sum total of dry, rough feed. The same remarks are

true of the corn fodder which results after the ears have been removed,

although such fodder if it is gathered at the time most favoi*able for

grain production from necessity is relative!}' poorer in nutrient material

than that cut earlier. Ordinary corn fodder has about the same feed-

ing value as oat straw. When corn is husked in the field the remain-

ing stalks are usually utilized b}' turning stock upon them. Aside

from the waste grain recovered such stalks have verv litth* nutriment.

In the Southern States the cowpeas and so}' ])eans ar(» widely used

for hay, but in Ne))raska th(\v have not lu^en used for this ])urpos(\ for

which they are not so well adapted as other hay plants.

S(/fli)H/ cropx. "The feeding of cut green forage to stock in {\\v stall,

yard, or pasture is known as soiling. The advantage of soiling is the

saving of fodder when compared with pasturing upon the same li<d(l. as

in the latter case there is some loss from trampling. This is especially

true of the coarse fodders, such as corn and sorghum. Other ad\ an-

tages of minor importance jii-e tliat by soiling the lations of animals

may be more definitely controlled, that fodder may i)e taken from

tields a part of which is to be used for other i)ur})()ses, and that this
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luetluKl avoids tho lU'cessity in pasturing- tln' ticlds of sulxliv idinj^- thorn

by .erectiiij^" pt'iiiiaru'iit or tciiiporarv tenet's. 'I'iie j^rcat disad\aiitao;e

of iSoilini>" is the extra expense of the hihor neeessary in cuttinj,^, haul-

int»;, and feediiio- the oroen forage. For this reason it is not i)i"aeticahh;

to utilize foraoe in this way on any hirt^t^ seah; except in intensive' farni-

ino;, more i)artieidaily dairy farniino- in Nebraska. On a small scale

almost every farmer cuts in early sununer oreen t>rain, espi^cially oats

or rye, to feed to ho^s or cattle. Later in the summer corn is cut and

fed in the same manner, supplementing- the pastures, which usually

develop a shortage in August. The sum total of forages used in this

way in Nebraska is not inconsiderable, yet in most cases it is incidental

and the crops are not sown primarily for soiling purposes; neither is

the soiling usually a definite part of the system of agriculture.

In dairy farming it may be advantageous to adopt soiling as a

definite system in order to obtain a maxinumi yield of succulent

forage from a small area. For this purpose it is best to plan a series

of 1 crops which will form a succession through the growing season.

The individual crops depend upon the locality and uuist be chosen to

suit conditions. Near large cities, where land is valual)le, it often ])ays

to have such a succession which, combined with silage during the

winter, will give green feed the entire year. Usually, however, at

least in Nebraska, soiling is resorted to onl}^ to till in the gaps of a

succulent pasture series, even in dairy farming. For example, early

and late green feed may be produced by a pasture of rye. A proper

sowino- of oats or rve mav then furnish soiling in connection with

grass pasture. If there is sufficient area of pasture this may furnish

all the feed necessary during May and June, but such pasture usual Iv

shows a marked falling oft* about the 1st of July, as is indicated b}^

the shrinkage in the milk flow. This shrinkage should by all means

be avoided, and it is therefore desirable to furnish at this time soiling-

crops for the rest of the summer in connection with the pasture.

Besides the small grains and corn mentioned, tiiere are several other

plants that can ])e used for soiling, particularly sorghum, Kalir corn,

cowpeas, soy beans, and rape. The latter is not so weW adapted to

milch cows, as there is danger of tainting the milk. Alfalfa and

clover can be used, but in Nebraska they have no special adaptation for

this purpose. Rape is an excellent soiling crop for hogs, sheep, or

growing cattle during the autumn. For further information on this

subject the reader is referred to the article in the Yearl)ook of the

United States Department of Agriculture for 1899, page 613, entitled

''Succulent forage for the farm and dair}^," by Thomas A. AVilliams.

Sn(((/e.—Forage preserved in a green state in such a manner as to

prevent decomposition or drying is called silage. The pits, rooms, or

tanks in which the forage is preserved are known as silos. The



KErtULTrt oi- KXI'KKIMKNTS. 28

advaiitaLic of silage is tlial I he lMii('lil> derived lioiii t'eedin*^ succulent

I'oraij'c luay l)c continued llirouLili llic w inler. As in llic caseof soil-

in «^' ci'ops. silaii'e is usimI clHi'lly in conneclion w il li daiiy farinin*^'. I>y

far (lie l)csl ci'op for the silo, w lieic that cvo]) can he laised, is jr|-(»(»ii

corn. As it is not (he |)ui"i)()sc of tliis hidh'tin to deal particuhirly

witli tins sul)jcct. the rea(h'i' is referred for further information to

h'arniers' liuiletin No. '.V2 of the Tnited States I)e|)artnient of Aj^i'i-

cultui'e and to otliei' puhlications dealiui^" w ith sih)s and sila^('.

RESULTS OF EXPEKIMENTS WITH GRASSES AND FORAGE PLANTS
AT THE NEBRASKA EXPERIMENT STATION.

GRASSKS AM) F()KA<iK IM-ANTS WHICH HAVE CIV EN SlCCESSFl'l. IJKSl LTS
Oii AKK WORTHY OF FURTHER TRIAL.

Bkomk-CiKass.

An extend(Hl account of l)rome-grass {Brom^ifi inerrnii<) will be found

in Bulletin til of the Nebraska Station and also in (/ircular IS of the

Di\ ision of Agrostology, United States Departiiient of Agi-iculturc.

This valuable grass has been tested over a wide area in the United

Stjites, but it finds its best development in the region from Kansas

northward in the Great Plains, and west into Montana and eastern

Washington. It gives fair results east of this region, but in the

Eastern States is unalde to compete with timothy and bluegrass. In

the Southern States it has not given satisfactory results.

Numerous trials of this grass have been made at the Nebraska Sta-

tion und(u* varying conditions, both in combination with other grasses

and with alfalfa. In general the grass has given good results and has

shown that it is better adapted to the conditions obtaining in Nebraska

than an}' other of the cultivated forage grasses, with the exception of

meadow fescue and possibly orchard grass, both of which have given

good results.*

A plot sown in the spring of 1897 (0.136 acre) yielded June 27, 1900,

580 pounds of ha}', or at the rate of 2.32 tons per acre. On April S,

1901, as the grass was turning green, the east half of the plot was

disked. Durino- the remainder of the season there seemed to be no

ditt'erence between the disked and undisked portions. In lt>03. the

plot yielded 1.82 tons of hay per acre on June 1<). Other plots yielded

at about the same rate.

One plot sown in April, 1899, and giving a cutting of hay June 27,

1900, at the rate of 3.8 tons per acre (220 pounds on \i\h_ by 7»> feet)

was treated October 5 with 300 pounds of well-r()tt(*d horse maiuu'e.

and the following spring with 10 pounds of sodium nitrate (C^hile salt-

peter). On account of the drought no crop of hay was obtained in

1901, but this plot was distinct 1\ better in ap})earan((» than untreated

contiguous plots. June ir>, VM)'.\^ the plot yielded ITo pounds of hay,
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or 5,0()t) pounds per ucrc, wliiU^ a < hcttk plot yii'ldi'd al llu' ijit<* ol

12, UJ*) pounds ptT new.

Oiii' plot sow II in sprin*4" of IDOll uiid immured in the jiutuinn of

llMil, uavt'June 23, 11)02, !.(>) tons of hiiy pei" acre, and June !;, lliOIJ,

1.7 tons, and in oach c-jiso tlio aftermath was Hne and would ha\'e

produced an excellent pastu^(^

The plots wore all t»r(»{itly affected l>y the drou«^ht in the Mimmerof
llMJl, but recovered in the autumn and showed that althouo;h they had

been dried up they wei'e uiduirt.

A sowing at the rate of 14 pounds per acre on one plot showed that

nuich more seed was produced than ujx)!! plots more thickly sown.

This plot was thoroui»hly disked in the sprino- of 11)03, with the result

that the orowth the followin<»' season was not improved.

In order to test spring and fall sowing, one plot was sown Octo})er

5, 1900, at the rate of 25 pounds per acre, upon disked land, and

another April 8, 11)01, at the same rate and upon ground prepared in

the same way. Although there Avas a good stand of grass obtained

from fall sowing, there w^as no noticeable difference the following

season between the two plots.

In order to test the time of seeding several plots were sown broad-

cast on the following dates in 1902: March 24, April 8, April 21, May
7, May 1!>, August 7, August 19, September 15, October 1, and Octo-

ber 21. All showed a good stand on May 1 of the following year and

no injur}' from winter killing, c^xcept the last sowing, which had barely

s]^routed and was then killed by the cold. With this exce})tion all

yielded good crops of hay on June 23. (See 1*1. Ill, tig. 1.)

If the soil is in proper condition it is probable that brome-grass may
be sown any time from April to the first of October.

Brome-grass was sown in 1898 with bluegrass and with red clover.

In both cases there was a good stand of brome-grass at first, Init where

com})ined with })lu(»grass the latter gradually incrtnised in proportion

until in 1903 it was estimatiHl that the plot contaiiunl two-thirds

bluegrass.

The red clover was also able to hold its own with the brome-grass

in those years favorable to the growth of clover, but the dry season of

1901 nearly exterminated the clover from the plot.

In the paragraph upon pastures it will be noted that when brome-

grass was sown with other orasses it was usuallv able to crowd out its

competitors.

RKSlI/l'S OF COOrKHATIVK EXPERIMENTS.

The United States Department of Agriculture has distributed seed

of brome-grass through the Nebraska Ex])eriment Station to a number
of farmers with the understanding that reports upon the results

obtained would be made. These cooperative distributions were made

betw^een 1898 and 1902.
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Tlicrc were 17t> replies icceixcd I'rcnii lliose who liaxc ^rowii luoiiie

oriiss, of wliieli .">(> repoiled liiiliires. ()!' lliese failiiics li<I were in the

southNvesliMii portion of tlie State, from MclMieison to ('hiise and

Frjud<rm coiinlies. 'I'hc- reasons for failure, wci'e mostly because the

s(mm1 did not n'erminate or oav<» a \'ery scattering" stand, hut s failui-es

were (hie to the depi'edat ions of orasshoppers.

The i-emaininiLi" l-'M replies Iwive been sununai'i/ed as follows: 'I'ho

present condition of the li(dd of ^rass was reportcnl o-ood b}' 100, while

ll> stated that tlie condition was poor. Sprin<4* sowing was I'ccom-

ukmuKmI by S() and fall sowini;" by '•2:i. That a stand of bronH»-grass is

easier to obtain than of other grasses was stated by 48, while 4ti thou<r}jt

that this was iiot the case. A few had tried sowino- ])rome-<»rass with

other crops but with varied results. With alfalfa, th(;re w(;re 5 suc-

cesses and 2 failures; with clover 3 successes and 2 failui-es. Three

reported a successful stand when sown upon j)rairie sod, while 5

failinl in this. That this is a good hay grass was reported by 42, while

17 tliought not. As a pasture grass, all except 2 reported favorably

so far as this point was touched upon, while 42 stated that it was good

for early and 41> for late pastur(\ Twent\^-four stated that it was good

for winter pasture. The drought resistance was reported good b}-

53 and poor b}^ only one. Th(^ reports of 14 farmers showed that it

was good for sand}- soil and 50 stated that it made a good sod.

Alfalfa.

The well-known perennial legume alfalfa (Mcd/cago Ratrva, PI. II)

is the most valuable forage plant grown in Nebraska. Every eliort

should l)e made to extend the culture of this plant to all parts of the

State. Being a legume it is highly nutritious; being a perenniid it

produces a permanent meadow; being palatable it is relished by all

kinds of stock. Although it is valuable as a pasture plant it is not

entirely suited to this purpose. Close pasturing is likidy to kill it

out in spots. The great value of alfalfa lies in the production of hay.

The ivader is referred to Farmers' Bulletin No. 31, United States De-

partment of Agriculture, for details in regard to this plant.

It may b(^ l)riefly reiuarked here, however, that in gi'()\\ing alfalfa

the ground should be well prepared, as free as possible from weeds,

and the seed should be sown when the soil is in fa\'oi"able condition

for (Termination. The s(»ed should be sown alone at the rate* of about

20 pounds per acre, broadcast or, bettcM'. in drills. Where })ossible

Nebraska-grown seed should be used, or at least s(^xh\ grown under

al»out the same conditions.
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Press Hullt'tiii No. W> i>t tilt' Nrln;i>k:i KxjM'riiin'iil Station, fiititletl

••Alfalfu KxjM'rit'iues/' j^ives the followinjr siiiimiurv of results

ohtaiiu'tl by i^ro\vor> of alfalfa in that Statr:

During tl»e winter of IWJ a li«t of l»et\veen tiOO and 700 sneresHful alfalfa raincTs in

this State was colletttMl, ami to riuh wa« nent a rejKjrt hlank t-iillini; for a «K*tinitt'

Htatenje. t n**^arilin*r n nuniluT of tlu' prcx't'sses he employtMl in ohtainiii;; his stand

of alfalfa, and al>4> rt-jrardin^ his sul>sf»ju»*nt t-are of tin* erop. More than 54K) satin-

faeti>r\ replies were reeeive<l, represent injr ^> counties in tlie State. A study of tins

lar*;f nuinU'r of re|K»rts from snceessful alfalfa raisers j;ives s<^Mne valuable inft»nna-

tion rfsj>ettin«; alfalfa culture.

There were '2SH stands reporte<l uiM>n upland, an«l 273 u|)on iMjttoin land. Kven

in the western jK)rtion of the State the amount of alfalfa on the upland is shown to

Ix' eonsiderahle, an<l very satisfactory results are evidently ol»taine<l, altho'tjfh

naturally the yiehls «»f hay are smaller than •>n the Ixjttom lands (jf that region. In

the eastern j>art »>f the State somew hat heavier yields api)ear to be obtaineil from

l)ottom land, hut loss from winter killini; or other cause is ^rreater. Twenty-three

rejKirts state that upland is more satistact«>ry than hottom land. These come jtrinci-

pally from the ea«*tern jR)rtion of the State or the irriirated land of the western

jMirtion.

An astonishin*! feature of the replies is the large amount of alfalfa that they show

to be growing on land with a tlay sul»soil. Sandy clay, clay loam, clay and lime,

etc., were not counte<l a.< clay. In spite i>f this limitation, 24.'> clay or guml><» sulv

soils are reix)rte«l. A clay or even a irumho suhsoil <l(x*s not ap]>ear t(» be a harrier

to successful alfalfa culture.

The see<l l»ed was prepartnl Ijy plowing autl further working in 373 cases, ami by

disking or cultivating in 75. Among the latter is one methtKl that api>ears to l)e

popular an«l .^itisfactory. This consists in thoroughly ilisking corn land after all

trash has l)een remove<l from the lieM. In the western part of the State there are a

numlKT of good stands of alfalfa ohtaine<l hy breaking prairie sod, disking it, and

harrowing in the .<ee<l. Also hy .lisking the unhroken sod and harrowing in the

seeil. The latter commends itself as an easy way of supplementing the native grasses

in pastures. The tendency to tlisi)ense with plowing on unirrigate<l land increases

with the distance westward from the Mi.<souri.

A study of the dates of sowing alfalfa seed in the spring shows a range from eiirly

March to late June, although where a«lvice was v«»lunteere<l it Wiis practically unani-

mous in favor of early sowing. There were only S re^Mirts of summer or fall sowing,

of which 1 was sown in July, 4 in August, and 3 in Septeml>er.

In IDS ciisesa nurse crop was use«l, while in 393 cases the alfalfa seed was sown with-

out that of any «»ther croj>. The use of the nurse irop was largely contintMl to extreme

eastern Nehniska and the irrigate<l land of the West. Many i»ei'sons wh»» u.«^e<l a

nurse crop Siiy that they would not do so again. It has heen rtvonnnendeil to use

a light seeding (»f small grain, sown earlier or with the alfalfa, to prevent <lamage by

severe winds. When sown in this way the nurse crop is mown when S or 10 inches

high, to prevent it smothering the alfalfa.

In .'v> ca.<!es the see«l was put in with a drill, and in 447 ca-^^es it was sown bn>ad-

cast. This is at least an indication that if a drill is not availahle a satisfactory stand

can he ohtaine<l !»y hroai least inir and harrowing in, j>rovided the other conditions are

favorahle.

There were 13s re}>orts «»l less than 20 i>ounds of see«l \k'T acre being u.<ed, and 336

rejMjrts of 20 pounds »»r more U'lng sown. The evidence seems to Ije in favor of the

use of at least 20 ptuinds of see<l per acre.
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( M'llu' inTsoiis »«'|tlyiiii; to (lie iiii|uirirH, L'LM li;i\ «* s(;iii<Ih of allalhi 1 li;it vi<'l<l iiKirc

iIkiii I tiiii>i>|' ciinil liay \h'v acre cacli season, while l.')7<lu not. p^t as nnieli as 4

tons ol' hay |>er acre.

Of persons haxiny: praetieed • UsU i n;^' a 1 fa ha in the si»i"in;^'or at ot her times, Ills report

that hrnelii'ial resiihs have heen ohtaine<l, w hile 7 I'eport that disk in;; has heen in(*ff('(!-

tive or injurious. I5y diskin^j; alfaU'a is meant ;;oin;; over it in the spring; w ith a <lisk

Imrrow before ;j:ro\vth starts, or durin;; siimmerinimochately after (aittinji; for hay. It

is customary to set tho disks at a slight anglo. This cuts th(^ crown root and stirs the

soil. Some of the correspondents prefer harrowing; to diskin;;. Where positive

oltjection was n\ade to disking, it was l)ased on the claim that it causi^d the crowns

to heconu' diseased. The ^reat bulk of th(» evid(Mic(> was, howevc^r, in favor of

disking;.

Of the persons who l\ave mamired alfalfa, either by i)lowin;; in the manure immedi-

ately before seeding; or by spreadin^j; it on the: tield after a sUmd had been <tl)tained,

110 obtaineil beneficial results, and 1.'} found it to be ineffective or injurious. Objec-

tions are based on the claim that plowing; in manm'c causes tlu; soil to dry out, but

o])jections to spreading manure on alfalfa are rather indefinite in their nature, except

tliat on low land it makes the growtli too rank, and the alfalfa fails down. Many
of those who advocate its use specify that the manure should be rotted and fine.

One man sutjuests harrowin^jf after spreading:, to tine it. The reports of beneficial

results from plowin^j^ under manuie come largely from the eastern |)ortion of tlu^

State, but the use of tine manure ap})lied as a top dressing \\i\y proven beneticial in

all parts.

ALF.VLFA SEED FROM DIFFERENT SOURCES.

Turkestan alfalfa.—One plot of one-fifth acre was sown alone with

5 pounds of seed April S, 1901. There was a good stand jiiul no loss

from winter killino- in l{)01-2 or 1902-3, thus showing its siip(»riority

in respect to hardiness during the winter. On the other hand, this

plot was injured ))V the wet weather in the summers of 1902 and 1903

to a greater extent than conunon alfalfa. On June 12, 1903, a crop of

hay was obtained, weighing 005 pounds (3,025 pounds })er acre), and

a second crop on July 23, weighing 500 pounds (2,500 poimds per

.acre), making 2.75 tons of hay per acre, besides fall pasturtige. It

was noted thtit this plot started one week earlier in the spring than the

ordinary tdfalfa, but did not continue growtli so late in the autunm.

At no time* did it grow^ so tall as ordinary tdfalfa, but the stand was

nnu'h thicker, and there appeared to be less tendcMicy for the crowns

to Ix'come large and crowd out weaker plants, as is the ctist^ with

ordinary alfalfa. As compared with the latter the leaves and (^spec-

itilly the stems are smaller.

A second pk)t, one-tenth acre," drilled in rows b inches ai)ait May
21, 1S98, gave a good stand, with no loss from winter killing the first

year and yielded 215 pounds of ha}^ (2,150 pounds per acre) on ,\\\\w

IT, LS99. The third year the yields of hay from one-eighth jicre wer«*

«The plots here, as in several other cases, are 66 feet by 76 feet and contiguous on

the longer sides. If the marginal growth was greater than the central, •"> feet was

mowed off each end, rtdueing the j)lots to «>() by tlti feet, or one-tenth of an acre, and

thus eliminating the marginal factor.
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as follows: Juiit' 14, 51;") pouiuls; July '20, 51)0 pounds; Au<^ust i^O,

805 pounds, or ji total for tlii^ stnison of 5.r»4 tons pn- ;i< it.

lu 11)01 the yit'ltl on the one-(»io;hth acre was: Junt; 5, J45 poundn;

July ii), U)0 pounds; August 20, 125 pounds; a total of 1^.22 tons per

acre. In ll)02 tht^ yield on June 9 was 445 pounds; in IDOI^, June 11,

475 pounds; July 28, 8()5 pounds; a total of 8.84 tons per acre. The

results of this test are especially satisfactory, as showing- that Turkestan

alfalfa is well adapted to Nebraska conditions, and that in a dry season

such as 11)01 it yields lar^'er crops than tln^ ordinjiry alfalfa.

PeruiHiin alfalfa.—Seed was obtained from C. Bonitiez, Peru,

throut^h the Division of AoTOstolot»v of the Department of Aj^ricul-

ture, and was sown on May 11, 11)00. The stand was <(ood and the

j^rowth vio'orous, but the plot was badl}^ injured each winter, till, in

11)08, there was none remaining.

SanuiTlxand alfalfa.— Sovfn May 11, 1900. The stand was g-ood and

subsequent growth vigorous, with no loss from winter killing; but the

growth was not so tall as common alfalfa, or as Turkestan alfalfa. In

1902 and 1908 crops were obtained from this plot, but tlu^ plot is too

small for an accurate estimate of the yield to be determined. Owing
to the small growth, it was estimated that the yields were less than

from the ordinary or the Turkestan alfalfa. To oti'set the etifect of

shorter growth the stand is much thicker than that of ordinary alfalfa.

It appears to be a strong drought-resisting plant, and if it is to have

any value it will be on the highlands of the West.

Seed froiii different States.—Alfalfa obtixined from five different

States—Arizona, California, Colorado, Kansas, and Utah—was tested.

The })lots were sown in 1898 by drilling the seed in rows 6 inches

apart. They all grew about equally well until the winter of 1898-99,

when the alfalfa from Arizona and California was almost entirely

killed out. At the same time the Colorado alfalfa was injured, while

the rtah and Kansas plants did not suffer so much as those just men-

tioned, though more than the Turkestan alfalfa or that from Nebraska-

grown seed.

There was no further marked loss from winter killing until the

winter of 1902-3, when the remainder of the Arizona and California

plants entirely disappeared, the Colorado crop suffered further injury,

and l)oth the l^tah and Kansas alfalfa were injured to some extent.

The conclusions to be drawn from this experiment are that it is not

desirable to brino- alfalfa seed from a southern to a more northern

region, or from an irrigated to a nonirrigated soil.

OTHER EXPERIMENTS WITH ALFALFA.

A series of experiments was carried on for the purpose of testing

the effect of planting alfalfa in rows and the effect of a few kinds of

fertilizers. Plot 48, drilled 24 inches apart, and plot 4:4:, drilled 18
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iiU'liivs ;i|):irt, were cull i\ ;i1(m1 h\ liarid. ami plot IT), diillcd »> iiiclics

apai'l, was ciiltiNJilcil hy lian-ow iii«4\ TIk' icsnlts show thai llicrc is

lit(i(* (lill'(M-(Mi((' in llic yield under 1 lie dill'ei-enl 1 ical nienls, and that

tlior(Ms no ad\ aniaii-e in planlino- aHalfa in lows and eultiva(iii<^ it,

at loast iindei- the conditions at the Nebraska Station. 'I'he indix idiial

])lants tend to ^row lare(M' and the, stcMiis fall over, tilling the space

l)(Mwo(Mi the I'ows. As the laru'er crowns with ai^'e tend to rise ahovo

tho soil, th(» niowin*;" hocomes more ditlicult and there is more loss of

foliai^o than when the seed is sown thickly. It is <piito possible that

ill tlu^ dri(M- portion of tho State the moisture could be conserNcd by

cultivation and a ci'op pi'oduced when under ordinary methods there

would 1)(^ failure. On the other hand, the extra ex[)ense of such tiTat-

nuMit is likidy to mort^ than offset any such adv^antag(\ Jn the Soutliern

States alfalfa is fi'cciuently raised in rows and cultivated, as it can thus

be more easily kept free from weeds; but such methods are used only

on a small scale.

The treatment of plots with fertilizer showed no marked advan-

taji'eous etlect. Plots It) to 41) were treated respectively with fertilizer

at the following' rate per acre: One ton gypsum, 1 ton lime cake, 2

tons lime cake, 8 tons hog manure.

In order to determine the effect of using heavy or light seed, com-

mon alfalfa seed was separated ])y a grain grader into approximately

equal parts of heav}^ and light weight. This was sown by di-illing in

1902. On June 23, 1903, a cutting was made from each plot. The
light seed yielded at the rate of 2,500 pounds per acre, and the heavy

seed at the rate of 3,000 pounds per acre. The nc^tes made at the

time show that l)oth plots were weedy the first year, but the second

year there was a much thinner stand in the plot from light seeds.

To test the effect of seeding at different times plots of common and

Turkestan alfalfa were sown by drilling and by broadcasting from
spring till fall, in 1902, on the following dates: March 10, March 24,

April 8, April 21, May 7, May 19, August 7, August 19, SeptiMulxn-

15, October 1, October 21. On account of lack of seed the experiment

with Turkestan alfalfa was discontinued after August 19. The plots of

this variety showed a good stand in almost every case and no injury

during the succeeding winter.

The sowings of connnon alfalfa during March, April, and on ^Vlay 7

gave a fair to good stand, but wei'c all seriously injured the following

winter. Later sowings gave good results and not nuich injury from

winter killing except that the sowing of October 21 was a failure, as

the plants did not reach a sufficient size to withstand the winter. It

was also observed that of th(* fall-sown plots those sown broadcast

gave a nuich better stand than those that w(m-(> diilled. (See PI. Ill,

These experiments, as well as the experience of alfalfa growers,
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show tlmt alt'ulfji imiy ho sown ut any time of the year from sprinj^ to

early fall, prox ided the soil is in thii i)ropei- condition a^ to tilth an<l

nioistuie. In the eastern part of Nehraska sunnnrr and tall sowinj^s

may he advantat»eous hecaiise of the weeds. The soil may he frec^d

from weeds durino- summer and thus the alfalfa is oivena chance toj^et

a start.

To test the relative value of sowiiig seed alone or with a nurse crop,

two one-lifth aere plots were j)lanted with 5 pounds of seed on Apiil s,

I1K)1. On plot No. 1 the seed was sown alone. A good stand followed,

with vigorous growth, though some plants were killed during the

winter of 11)02-3. The result was entirely satisfactory. The plot

was disked in the same manner as No. ^2. On plot No. '2 the seed was

sown with 2 peek of oats. On fJune 28, 11)01, 58 pounds of oats were

gathered, followed hv a tair stand of alfalfa hv October. In the

spring of 1902 the stand was very poor, l)ut after being disked and

harrowed (March 22) there was some recovery and a good stand

resulted in the spring of 1903, though there had been some loss during

the preceding winter. The results show that a good stand is more

certain to follow sowing alone, the growth of alfalfa being \ig()rous

the tirst season, while if sown with a nurse crop the alfalfa does not

reach its maxinuun till the second season and there is some risk of a

poor stand. The poor results the first season are ])artly ott'set by the

oat cro}) gained.

A third plot was treated in the same manner as No. 2, with the

intention of mowing the oats for hav, l>ut the dry spi'ing ripened the

oats prematurely. The results otherwise were similar to plot No. 2.

A series of experiments has now been in progress for three 3^ears

to test the effect of combining alfalfa with various grasses. In the

spring of 1901 plots one-tifth acre in size were sown with the following

mixtures:

Alfalfa, r> pounds; broine-grass, 'A pounds.

Alfalfa, 4 pounds; bronie-grass, 4 pounds.

Alfalfa, 4 pounds; bluegrass, 3 pounds.

Alfalfa, 4 pounds; meadow fescue, 5 pounds.

Alfalfa, 1 pound; brome-grass, I pound; red clover, .] pound; white clover, \ pound;

bluegrass, o pound; meadow fescue, o pound; orchard grass, o pound; timothy, 1 pound;

perennial rye-grass, 1 pound; tall oat-grass, ^ pound.

Alfalfa, 4 pounds; timothy, 5 pounds.

In all cases there was a good stand of alfalfa the tirst year, and

scarcely any of the grasses could be foinid. All of the plots were

disked and harrowed in the spring of 1902. During this season there

was a good growth of alfalfa and only a little grass to be seen. This

result is especiall}^ notew'Orth}' for the plot containing only 1. pound
of alfalfa, with several grasses. It was not till the third year that the

grasses began to assert themselves. In all the plots the grass consti-

tuted a considerable portion of the plots except in the case of the
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inixlurc with liiiiolliy. which Mppcais to he iiii;ihh' lo coiiipclc with

jiltah:!. Id ihc inixhiic (!' scnciiiI t^TJis^cs il was ihc oiiliard Lii'ass

that took the lead, the plot hciiiLf est iiiial ('(1 lo consist ol' ahoiit one-

third ol" this oi'ass.

Aiiothci" ph)t of aliall'a and lu'omc-^rass sown in (Mpial parts in IMM)

has had a siinihir dex'clopiiKMit, hut at the prcst^nt time the hroiiic^

t^rass lias succ(hhIo(1 in nearly ci-owdini^- out the alfalfa. In th(i ])lots

where hioine-^-rass was sown with alfalfa both the connnon and

Turkestan it was noted that th(^ "I'ass appeared nioi-e xij^oious in

tiiose places where the alfalfa Avas thickest, and that the <4i'ass inth(5se

])h)ts app(^ared also to be nioiH^ vi<»<)r()us than in adjacent plots where

tluM'e was no alfalfa. It would ap])ear that the broine-orass derived

some advautat»(^ from the fertilizino- effect of the alfalfa. (See PI.

IV. ti<r. -'•)

It w ill be of interest to record here the results obtained by two

correspondents in sowing alfalfa upon native grass in the sand-hill

region.

William Fagan, foreman of the Robert Taylor ranch at Ab})ott, Hall

County, states that he disked the sandy sod three times, lapping the

disk half each time, and sowed 20 pounds of seed per acre. This was

in thv spring of 1902. A good stand was obtained, and in 1908 a

crop of liav was cut consisting of about one-third prairie ha}^ and

two-thirds alfalfa. The alfalfa succeeded better on the knolls where

the sod w^as more thoroughly l)roken.

Mr. H. \V. Sullivan, Broken Bow, Custer C'ounty, states: ''Begin-

ning in the early spring and continuing up until August, I caused light

sandy soil to be broken. I disked this well, harrowed it dow^n

smoothly, put seed in with a press drill, 15 pounds to the acre, and got

a splendid stand on ever^^ foot of it." He remarks that the best stand

seemed to follow the August sowing.

Meadow Fkscue.

Meadow fescue {Festicca praterisis) is a native of Europe and has been

cultivated in this country for many years. It can not compete with

timothv where the latter is at its best, but being more droiio-ht resist-

ant, its range is somewhat more extended in the West, as indicated in

the paragraph upon orchard grass. It is more connnon in th(* Middle

South, where it is grown as a wintiu* grass, being sown in the autumn.

r.i Nebraska it is reconunended that it be sown with orchard grass

in the spring. It can also be sown alone or with cIovcm*, and in

Nebraska is best adapted for pasture, though it can also be used for

hay. For th(^ hitter ])nrj)()se, however, brome-gras> or alfalfa give

better returns.

Manv seedsmen sell meadow fescue under tlu* nauK'of Knglish blue-

grass, but the latter name is inappropriate, as tlu^ gi-ass is not a
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l>lut't»niss, aiul llu' tciiii Kiij^lisli l)liu'*^niss is soiin'tiincs jipplitMl to a

dirt'erent plant.

A rlusely aHird uraas is tali fescue {Fentuca tlatlor). H<)taiii<allv

they are iisiuilly considered to ))e the same species, ])iit a»^ii«ultmally

there is c()nsi(U»,rai)le ditl"(u*eiice, and, for Xehi'uska conditioir^, in fa\(jr

of the meadow fescue.

For further notes ui)on tliis orass .see the })aia»iiai)li upon i^^rass

mixtures.

One ph)t, TO by 132 feet in size, sown in the sprin^^- of llMJOand

manured in the fall of 11)01, o-ave on flune i^3, UM)2, 750 ])()un(lsof ha}',

or 3,450 pounds per acre. The orass was injured somewliat l)y the

drou»»ht of liM)l, hut recovered sutHciently to <»ive oood fall pasture.

The fourth year, ffune It), 11)03, this plot <>ave a cutting- of hay of 670

pounds, or at the rate of 2,83t) pounds per acre.

Another plot (one-eit»hth acre), drilled in rows on May i^5, 1807, j^ave

on eTune '11, ll)t)0, a cuttino- of 3t)0 pounds of hay, or at the rate of

2,400 pounds per acre. The growth in the following- years was ^^ood,

but the notes show that the orass does not start to orow^ so early in

the sprino- as lirome-grass.

Eioht growers of meadow fescue have i-eported upon their results.

All report that their fields are now in good condition, hut the reports

are e([ually divided as to the advantages of spring and fall sowing,

while tive state that it is easier to obtain a stand of this than of other

o-rass. Several have tried meadow fescue mixed with timothy, cloycr,

or alfalfa, all of which trials were successful.

Okciiaui) Ghass.

Orchard grass {Dactylis (jloinei'atci) is a native of Europe, l)ut has

been cultivated in this country since the middle of the eighteenth

century. It is a bunch grass, and when sown alone forms tufts which

in time become large tussocks, considerably raised al)ove the general

surface of the soil. This is a hindrance to the mowing machine and

also a waste of land. For this reason it is reconnnended that orchard

grass be com])ined with some other grass, for Avhich purpose meadow
fescue and brome-grass are best adapted to Nebraska conditions.

Orchard grass is one of the most nutritious and palatable of the

cultivated meadow grasses. It thrives in more shaded situations than

other meadow grasses, for which reason it is often planted in

orchards; hence the name. It withstands drought better than timo-

th}', and consequently can be grown farther west in Nebraska than

can timothy. The chief disadvantage of orchard grass is the greater

expense of the seed.

Orchard grass and meadow^ fescue, sometimes com])ined with red

clover, are to be reconnnended especially for pasture in that part of

Nebraska west of the timothy belt as far as about the ninety-ninth
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MU'iidiim. Iu'voiid wliicli 1 lie ^iiiiiiiicr condil ions hccoiiir loo scnnc. ll

is t iMic llinl lirlds of t hoc i^i'assrs iisiiidi\ di\ up iiioi-c oi' less dii ri j|o- ( |ic

middle <d' simiiiicr, lnd the smiiic is trii«' of nil a\ :iil:d)l(' pasi iii-c <rr}i.ss(\s,

it iHMiit;" lUM'cssary to sn|)j)l('iii('iil IIkmii diiiiii«j' 1 Ins season willi ^rccn

tVinl, sue! 1 as caiic oi'coni. ( )n I licot Iht liaiid,oi'ciiai(l ^rass and meadow
IVsciu* rui'insh ureiMi feed in cai'iy sprini^' mikI laic fall, seasons when

tlu* wild j)as(nrcs an\ not a\ailal)l<'. 'I'lic seed should he sown in the

spi'iiiLj' a( lli(> ra(c of ai)on( "jIo j)onn(ls of oi'diard j^i'a ss and 15 ])oiinds

oi" meadow l"escn(> per acre. I'ldess (he ground is I'l-ee from weeds it

will lt(> neet'ssary lo mow once or twice diii'ini;" the lirst season lo l<e<'p

the weeds down until the orass is well estahlished. When oTowfi for

hay th(* o-i'jiss should be cut in blossom, as at a hiU'V pei'iod the value

of the hay rapidly decreases.

Orchard i^'rass has been <;i-own on the Nebraska Station farm for

se\-eral years and lias oiven \cry satisfactor}'' results. (See PI. IV,

tio". 1.) riie reach'r is i-eferred to the parao-rapli u[)on j^i'jiss mixtures

for furthci' information as to this o-rass.

Timothy

Timothy {PhJeum ju'((f<^))!<<^ is a native of Europe, and is said to

ha\'e ))een broug-ht to Maryland in 1720 })y Timothy Iljinson. for

wliom it was named. The history of this standard meadow grass is

somewliat o])scure, however. The name herd's erass, ))y wiiich it is

known in New Kngland, is said to have been derivtnl from a Mr. Herd,

who found it growing- wild in New Hampshire and introduced it into

cultivation. Timothy is cultivated in Europe, while in the United

States it is the common meadow grass through all the Northern States

as far west as eastern Nebraska and south to Virginia and Tennessee,

and even farther in the mountains. It is also cultivatinl in the Kooky
Mountains at high altitudes, in the irrigated districts of the Northwest,

and the moist region of western Oregon and Washington.

Timothy is a less nutritious grass than most of the other cultivated

grasses, })ut it has a great advantage from the fact that seed of good
(piality is easih' produced for the market and hence is cheap, and

because the grass mav Ix^ (nisilv o-rown and handled. In Nebraska

timoth V can be o-rown successfuUv onlv in the eastern counties, althouo'h

it is being gradually pushed westward, and there are many fields that

give fairly good results as far Avest as the ninety-ninth meridian, or

even farther when there is an abundant water supply near the surface.

How^ever, these are isolated cases and represent localities where the

conditions are especially favorable, and it can not ))e said that timoth}^

is to be depiMided upon luuch west of the line indicating 1)0 inches of

annual rainfall.

Timothy is chietly used for meadows, but may l)e also used for })as-

tures. Wh(Mi sown alone there is some danger of injury from close
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pHsturiiii^, rts stock an* lik«'l\ to pnll ii|> tin- Imlhlj-ts iit tin- l)ji>«' of \\u>

stems ami thus destroy the ci'owii. It is usually sown, when intended

for pasture, with rt'd ( loNcr. \\'he:i used for hay it is al>o fre(|uenlly

comhiruHl with clover, which is very satisfactory foi* home use, as th<^

( loNcr increases its feedinj^" \alue. I'poji the hay market, liowever,

pure timothy hriiies a iiij^her price than mixed; hence wln'n <ii"own for

sale timothy is usually sown alone.

It mav also h«' lemaiked that the soil conditions of Nebraska ai*' not

suited to the hest de\(dopment of timothy, e\<Mi w heic the I'ainfall is

sufficient, as the soil is of a sandy type rathei* than (lay. 'I'imothy

mjiv })e sown in theautunm or s{)iini»-. If sown alone it is hest to sow

in the fall, as a full crop can then he obtained the following- year. If

sown in the spring- there is not <>-enerally a full cro]) till the second

year and hence some time is lost. It is usual in Nehiaska to coml)ine

it with cloNcrand sow with a nurse crop, the object of the latter bein;;"

to obtain mori' fiom the land the first \'ear. As the timothy and clover

may not reach their full devcdopment the lirst season, the erjiin crop

is thrown in for economy. A\diere winter wheat is orown it is common
to use this as tin* nurse crop, sowin<»* the timothy and wheat in the fall

and the clo\'er the following- sprine-. The wheat and tiujothy can not

be sown mixed in a drill on account of the ditVereuce in the size of the

seed, but they may \)v sown at the same time ))y usinj^- a wlunit drill

havino- a special attachment. The timothy may \^' sown in the sprinj^-,

but in that case should be sown early, about the time the snow is dis-

a})pearine- and Avhile the <»-round is wet. If lhei"(^ is no snow and the

oround is drv the timothy is liked v to fail. The cIovim- is sown in the

spring in either case and lat(M' than is suitabh* for timothy, usually

the first part of Ai)ril.

The amount of seed used is from (J to S ((uarts of timothy and 8 to 10

pounds of clover. When c()ml)ined with orain the* timothy and clover

produce a o-ood urowth after tlu^ orass is cut, and may be lightly pas-

tured the same year. The follow ine- year one or more crops of hay

may be cut or the field may be pastured, accordine- to circumstances.

When timothy is sown alone there is some danger in Nebraska of

injur}^ to the roots after the cuttings, as they may be unduly (\xposed

to the hot sunshine during- dry weather. There is less danger of this

when clover is used in com])ination.

Clovers.

Red clover {Trifollujn pratense)^ the standard forage leounu^ of the

Northeastern States, can be grown in the eastern counties over about

the same area as timothy. As clover is usually combined with timo-

thy for both ])asture and meadow, its cultivation has ])een considered

in connection with the latter plant. In the census returns cited in the

introduction to this bulletin mixed timothy' and clo\ er are included
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imdcr "'oilier (Mine L^riisscvs." As NchrusUn Is ci-cditcd wltli 4^.000

:i«'i"('s ol" cloNcr and *>'2,(mm) acres of <»( lin- laiiic ^I'lsscs, i( is (|iii(t' lik(dy

tlial a lai'i^c proportion of (lie lallcr area is dcNoled jo 1 iniot liy and

elo\»r ini.\e<l. lve(l elo\('i" has been oi-own iij)on llie Ncdn'asUii Stilt ion

laiiii for inanv years with ^icsit success.

Maiimioth ch)\('r is a \aricty of red (doNci'of more- \ i^oi'ons orowtfi

and h)nii'er TiNcd than th(> ordinjiry kind. The seed was sown at the

N(d)raska Station in I'.'oo. and n;i\ e, a oood stand, a \ ii^oi'ons jfrowth,

withLi-ood fall pastni'e. The following year it was su})jected to a severe

t(»st l)y (li-ouiiht. hut withstood this l)etter than any other cioxci- !i{)on

the farm. It was about half winterkilled in the winter of l\H)'2-ii)(>y>.

Alsike cUnvv {/)'ifo/if//j/ /if/h/'idum) is a percMmial clover, in size

and ap])earanc(» intermediate Ix^tween red and wliite clover. It is

adapted to mor(» moist around than red clover and is recommended as

a constitucMit of wet pastures. In Nebraska it does not usually grow
tall enough for hay, hut is a tine clover for pasture. On the station

farm jilsike has given good results in low spots in pastures and has

withstood drought well.

Kentucky Bluegrass.

Kentucky ])luegrass {Poa, j)ratensU) is a native of Europe and of the

northern part of the United States, ])ut it is now widely cultivated;

it is also found as a wild grass throughout all the northern portion

of the Ignited States, except the arid regions. Bluegrass is essentially

a pasture grass and can scarcely be excelled in regions w- here it reaches

its greatest development. In Nebraska it thrives only in the eastern

counties over about the same range as timothy, though it is gradually

s2:)reading westward. However, in man}^ places lying west of the

normal range it is a common constituent of pastures, and is then usually

established in the more shaded situations. If there are shade trees or

hedges, the ])luegrass is quite certain to obtain a foothold and spread

outward, holding its own very Avell with even the native grasses. It

gives earl}" and late pasture, but dries up in summer.
The seed should })e sown very early in the spring, on the melting

snow if possible, at the rate of about 25 pounds of good seed per acre.

If the seed is chafly more nuist be used. It is customary to sow with

bluegrass a little white clover -2 or 3 pounds. The latter, however, is

usually widespread in the bluegrass region and soon comes in itself.

Results at the Nebraska Station show that ])luegrass furnishes con-

siderable pasture, especially during spring and fall, as indicated in the

paragraph on pastures.

Closely allied to Kentucky ])luegrass is Canada or Canadian blue-

grass (/W rf>mj)rey.s<f). This ditfers fi-om the former in having a

distinctiv tlatteiuKl stem, being of a hluish-oreen color, in havinof

smaller tiower clusters, and usually growing less tall. It is the com-
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moil Mut»u"niss of tlir Nt'W Kn^laiMl jukI NoillM-UNlcrii St;it«'s, ainl in

soini' locjilitit's is cuIKmI w irr iiiMss and aUo iMiiilisli hlin'i^'ni.ss. It is

athiptiMl to somewhat mor*' sl<'ril«' ^oil than Kentucky Miu'j^t.isn, Imt

oil tin' whole is scai'ccly to he ret'oninicndcd for Nchraska. The
station trial of this ^rass was unsatisfactory.

KKin'oi'.

Kodtop (.ly/v>.s7/.v (iHm and .1. mh/uris) is a riatixc of KurojH' and

also of the northern parts of North Anieriea. In the Eastern States,

esj)eeially from PennsyKania southward, this orass is more commonly
known as herd's orass. Kedtop is widely cultixated and is now found

t^rowin*^" wild throu<^h all tin* region indicated for timothy. Like

hluet^rass and white clover, it is now a common constituent of meadows
and pastures even where it was not soAvn. It is })articularly adapted

to moist soils and is always recommended as a constituent of meadows
()!• pastui(vs on low "'round. It is, howe\'er, inf(M-ior in (juality to the

other orasses mentioned, and also on ordinary dr}- oround it is inferior

to them in ({uantity. It is to ))e recommendt^d for moist metidows in

the eastern [)art of tiie Stati> and also for those localities in thc^ sand-

hills and other i)ortions of wcvstiM'ii Nebraska where the soil is too

moist for the growth of ordinary meadow i^rasses.

As the seed ()])tained in the market usually contains a large amount
of chatf it is necessary to sow a con-espondingly larg(M[uantity of s(hh1.

A half bushel of clean seed per acre is prol)a))ly sufficient, but it may
be necessary to increase this to :1 ))ush(ds if tlu! seed is charty. AVhen

sown in mixtures, as is usually the case, a much less (j[uantity may be

used. A common mixture is 8 pounds of alsike clover, -1: pounds of

timothy, and 4 pounds of redtop. Botaincaily thiM'e is a slight differ-

ence ))etween A(/i'<>sfJ.s <ilha and A. rnl<j(H'is, but the seed u})on the

market may })e of either variety. A variety known as creei)ing bent

{A. stohniifeni^ of the seed catalogues) is oftiMi used as a lawn grass in

the Eastern States. A related species, Rhode Island bent (^1. canhut)^

is also used as a lawn grass, but in Nebraska both these grasses are

inferior to })luegrass for this ptirpose.

Redtop has been grown upon the Nebraska Station farm for several

years and has been found to be entirely adai)ted to this region.

Sn)K-oAT« Ukama.

The first seeding of side-oats grama {Bonttloua c>n'tij)(:ndnhi)^ also

called prairie oats and tall grama, was made in 1897. It gave the

same j^ear a yield of hay amounting to nearly two tons per acre, and

the following year the i)roduct was nearly^ four tons ])er acre. The
grass was partially killed during the un})rcccdentedly cold winter of

1809. Being a native, it is not injurc^d ])y ordinarily cold weather.

Seed sown in 1900 produced a good stand the first year but no crop.
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I )iil"iiiL:' I ln' second sriisoii. I'.Mil, wliidi was \('i'\ (li\ (liirifi'j' the laic

siinimcr. I lie Lji'ass colli iinic( I in uood condil ion in s|)ilc of I lie dronoht
^

Miul |)rodiiced a croj) of si^i'il on Viiijii.sl 'J I and a second cfop ()c,l()h('.r

hi. at'tei' wliicli it l<ej)l o|-eeii during- 1^11. 'I'liis plot, coiilimied t()<4iv('.

o-ood n\sul(s diiiino- I'.KI-J (see 1*1. \'
1 . ijo-. I). Imt as itdoes not I'oi-ni a

close sod it L:i\('s a cliaM<'e i'oi' \:ii'ions weeds to become estahlislied

l>et wcell I lie l>iinclie>, in llMi;', llie |)lol had L;r''.'d I
\' detci'iorat ed and

tlie Ljrass was liiialh dii\('ii out l)\ weeds.

raking- excrx tiling' into consid(>rat ion this is a \'ei"\' ])roinisine- oi-jiss

for the di'ier regions of N(d)raska. It i- a nati\(', of the plains and

furnishes (^xccdlent f()rai»-(*. for pasture and also ])r()mises well for haw
An iinpoi'tant point in its favor is t\w fact that tin* plants svad abun-

dant ly and tlio seed is easily i>-ath(M-cd—of j^-ood (piality, and easily sown.

On account of tlu^ t(Mulency to <>-i-ow in bunches it may be b(^st to sow
this with souH^ otluM* ofrass, such jis ))rome-triass, or even with alfalfa.

INIuch of the success in growino- this orass depends upon securino- jrood

seed. In the experiment noted al)ove, th(^ seed was obtained from a

plot i)reviously orown upon th(^. farm. Other plots of the same* grass

sown with seed obtainc^d from the Department of Ao-riculture were

failures on account of low vitality. The Kansas Experiment Station

reports oood results in the culture of this grass (Bulletin U)'2).

AVitkat-Gkasses.

Western wdieat-grass {Agrojxjron occidentale) is cominonly found in

tJK* westcn'n portion of the (treat Plains, extending into the mountains.

It propagates by stout creei)ing rootstocks, l)ut does not form a close

sod. In the west, from Colorado to Montana, it is called ])Iuestem,

Colorado ]>luest(^m, or Colorado grass, and it forms the bulk of the

native liay of this region. It grows on ])ench land or l)ottom land,

and though the yield per acre is not large it furnishes more hay than

any oth(M' connnon grass of this region. The foliage is stitt* and

hai'sh, ])ut th(^ (juality of the ha}^ is good and it is i-(»adily eaten by
stock.

The trials on the plots at th(^ Nebraska station wer*^ satisfactory.

Where a good stand was obtaininl the plant showed that it could with-

stand drought and produce a good crop of hay. One plot of one-iifth

of an acre, sown in 1(M)1, and on account of the poor stand resown

the following year, produced on June jJ8, VM)?>, 457 pounds of hay. or

at the rate of 2,-48.5 pounds to the aci-e.

Wheat-g-*ass is in fact one of th(> most ])romisi!ig of our native

hay grasses. The seed is produced in abundance and is easily gath-

ered. Experiments at stations in the arid r(\gi()ns have usually given

good results. The rootstocks soon till the soil and the lield may require

rejuvfMiating. This c!in be accomplishcMl ])y disking or hai'rowing to

cut up the rootstocks. as is oftiMi done u])on the nati\'e meadows.
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Altli()iit»;li A(/roptjiu>n repenn^ known as (|iisick-^'niss, (juitrh-^msH,

tiiul coinh-i^riiss, is H pestiferous wcimI in I lie lOiistcrn States, yrt t'oi'

Nebnisku it sliovvs nmiiy ([luilities whicii recomnieii(l it as a hay ^rass.

Tlie i^rass is nutritious, palata))le, drought I'esistant, and thickcMis up

readily to form a ^^ood stand. It is true that it may tend to spi-ead

whei'e it becomes established, but in the semiaiid icj^ions such a quality

in an otherwise desiiable oi-jiss wouhl be readily o\crlooked. Four

years^ testing;" of this urass upon the station plots shows that it recov-

ered easily from the drou*>'ht of llMil and formed a o-ood urow th of hay

in 11MH> and 1903.

ShMider wheat-t»'rass {Agropyro)) teamn/f) is a nativi^ of the North-

western States from western Nebraska to Canada and westwarch This

lias been recot^nized in the ret»'ion to the north of \e])raska as a njiIu-

able wild orass and has alrc^idy been brouo'ht into cultivation, so that

the simmI can l)e obtained of several seedsmen in tin* Northwest. It

resem]>les .1. ocviilenUdr in many respects, but ditleis in tin* important

fact that it is a l)unch o-rass, and does not spread by creej)ino- root-

stocks. Like the othcn* wheat-*»'rasses, the scchI hal)its are oood, jnul it

oives promise of meeting- the rcMpurenuMits of a liay ^rass for the

Northwest.

One plot at the Nebraska Station, sown in 1S97, was apparently

much injured by the drought of 1901, l)ut the foUowino- sprint- it

quickly r(»co\ered and produciui a thick stand of excellent hay.

Another i)lot, one-tifth acre in size, sown in 1901, had a similar his-

tory, ) Ui it was resown in tlu^ sprint- of 190:2, producinl a o-ood stand,

and <4ave a cuttino* of hay on fluly 28 of -1:57 pounds, or at the rate of

2285 pounds to tlit^ acr(\

GrASSKS AM) l.K(ii:A[ES OF LesS Im I'OR TANCE.

B!(j hluestcm (AndrojxM/on ftircKtus).—This is one of the tall o-rasses

conunon over the prairie^ I'eoion and forms, })ro])a))ly, the most valua-

ble constituent of native hay produced in eastern Kansas, eastern

Nebraska, and Iowa. It is usually called bluestem, or bluejoint, and

is characterized by ha\ int^ the schhI in crowfoot clusters at the top of

the stem, by which it may be distinguished from the blm^joint of

Colorath), which is a wheat-oiass, and from the bluejoint of Minnesota,

which is a grass of low grounds rathei' than prairies. The station

l)lot gave rather luisatisfactory results on account of the poor stand

obtained, but the bunches that were produced grew well. Although

a valuable grass, the seed ha])its are such that it is not likely to adapt

itself to cultivation. The seed is produced in small quantity, is of

uncertain vitality, and the sec^d stalks var}^ so in height that it is not

readily harvested.

The allied ^1. scojxtrfus.wWwh is anotluM- inq)ortant native ha}^ grass,

called little bluestem, or, on the plains, ' l)unch-grass,'' has not been
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((>s|(m1 :i( jIm' N('ln-;isk;i Slalioii, hut lli(>;il)()\r I'ciiini-ks coiicci'rii ii«^ the

seed li;iltil> :i|)|)l\ iicailv :i> well lo lliis sjx'cics.

Imint II i/iuiss {Ain/rnjKK/<ni inihins). A tall ^I'uss <rr()\vin<4" in tli(i

Ejistcrn States and westward ncai'iy to the nionntains. It forms an

inijiortantconstituent of all tiic wild lia\of the prairie I'cj^ions (ixci^pl

towai'd the iioith. it is of especial \alne on account of its numerous
root lea\('s. The plot of this orass tested i^aN*^ linally a luxuiiant

i»i-()wth of folia^-e, althoui^h it was injured somewhat hy the drought

of 11K)I. TIh* poor s(MmI hal>its of this oi-ass stand in the vva>' of its

('ulti\ation. 'I'hc* seed is usually not \-erv ahundant and is often of low

vitality.

Tall oaf-(ji'(iss (Arr/ir/Kif/irfinii clafiiis). -Owq, of the European
meadow o-rasses which has heen orown on a small scale in this country

for many years. As it is a hunch t»"rass and does not form a close .sod

it should not be used alone, but d()u})tless it will be a valuable addition

to a mixture such as orchard grass and meadow fescue. It is fairh^

drought r(\sistant, and has the (pialit}^ of producing a comparativel}'

rank growth the tirst season, for which reason it has found favor as a

winter pasture grass in the South. In general, however, it seems to

be better adapted to meadows than to pastures. The station plots

gave a good growth of forage which produced excellent ba>\ One
plot, one-fifth acre in size, sown in 1901 and resown in 1902, produced

on flune 23, 110 pounds of hay, or at the rate of 2,050 pounds to the

acre. After the cutting a line aftermath was formed. In 1908 the

same plot 3delded (June 16) only 310 pounds, or at the rate of 1,550

pounds to the acre, ))earing out the experience elsewhere that a

nieado\v of tall oat-grass reaches its maximum development early and
then deteriorates.

r>l(U' graiiHi {Bouteloiia oUgosifachya).—Hlue grama is one of the

important constituents of upland grazing regions of the Great Plains

and is often called ))urt'al() grass, but it should ])e distinguished from
the true butialo grass with which it is usually associated. Blue grama
does not produce so large a quantity of seed and the seed is not so

easily gathen^d or handled as side-oats grama, ])ut ranchmen state that

it is supcM'ior to this grass in nutritive ((ualities and }^alatal)ility, and

furthermore that it forms a thick sod, while the other does not. The
growth is short, usualh' a))out a foot high, and hence this grass is not

adapted for hay except under favorable conditions, though for pasture

it is exceedingly valuable. Seed was sown on one plot in 1898 and on

a second plot in I9(M), The grass was slow to start from seed and the

growth in tin* spring was slow (»v(mi when the plot was established,

but the stand thickeninl up well, and dui'ing the dry season of 1901 it

was the onlv ijrass Ix^sides side-oats o-rama that liiiN e sullicicMit trrowth

for pasture during the period of extreme drought.
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Western hronw {Hn>niii.s curfiKitus hookerianuH).—Thr***- trials of this

^ave in'i^iitivt' rt'Milts on jicfoinit of tlic fuilunr of the seed to germi-

nate, hut one plot sown in the sprint; of WXVl with seed from the u;niss

oarden of the I)epartment of Aoi'iciilture at Washington ^aye o-ood

rtvsultsand showed that the ^^rass is at U'ast promisini^ foi* thesemiarid

^'^(•ions. 'i'l'ials at stations in the Northwest have also shown that thi^

species i^iN'es iiiiK li [)i(>mis('. This »^rass is closely allii'd to />.

niiWil unit IIS.

Wtstei'ii hroiiK' {Bromv>t inan/inatus).—Four trials of this j^rass

showed that it is well ada])ted to the conditions in Nebraska, j^fivin*:^

a ^"ood «^rowth and resisting- the dry weathei'of IDOl, and that it is not

injured in the winter. The foliai^-e is rather coarse and not as leafy as

would he desirable, hut the o-rass is well worth an extended trial.

liiift'alo </r(iss {Biilhilis ihirfijloides).— Butlalo «4i'ass is th<' conunon

"short orass" of the (ireat Plains, and forms a close, thick sod by

means of its numerous creepini^" stolons. It is entirely resistant to

drouj^ht, it is \(n-v miti'itious, and it cures upon the around, thus fur-

nisliinii' winter {(Hh\ to the rani>'e cattle. The o-niss forms the seed

close to the oround in litth^ nut-like clusters that arc likely to escape

tlie casual observer. The staminate or male llowcu-s are ])r()duced in

little spikes or Ha^s, which are raised a few inches above the o-round

and are much more easily distinouished than are the ])istillate or

f(Mnale Mowim's that j)r()duce the seed. The seed, however, is (juite

fertile, but is so ditticult to oather that it will never be practicable to

orow buffalo orass from the seed. If it is desin^d to produce a field

of })utialo t>-rass it should be stailtnl from the cuttings. For this pur-

pose the sod should be cut into small pieces and plantc^d upon prepared

soil. The pieces can be dropixul upon the surface of the soil and

forced into the o-round ])y steppino- upon them. The distance a})art

de})ends upon the desirability of obtainine- a thick stand at once. If

the pieces of sod are placed 2 feet apart each way, they w ill thicken

up between fairly well in one season. In experiments at the Nebraska

Station the seed failed to o-erminate.

Wild rye {hiytuns cdiKuloists).—A conunon orass in many parts of

the United States and extendino'over a lari»-e })art of Nebraska, where

it is found chieHy in draws and low places. It produces a laroe

amount of hay of oood (piality, tbouoh rather coarse. It resists

drouoht (luite well and seems well worth an extended trial as a meadow

gTass. One plot on the station o-rounds, sown in IDOI (see PI. VI,

fig. ^J), was cut on July 'li\, ltH)2, and yielded at the rate of 5,875

pounds to the acre (1,175 i)ounds on one-tifth acre). The same t)lot

yielded on July 28, 190o, at the rate of 8,700 pounds per acre. The

shattered seed from the plot oerminated in the autunm of 11)02 and

produced a oood stand the followino- season. The cuttino- was made

after the m-ass had headed out, but for the best hay the cuttino- should
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ln' Iliad*' iiiiicli lu'lorc llic lira(l> a|)))('ai\ I'lic loriii Iicit ciillix atcd is

soiiH'l iiiic^ n'lVi-|»'<l 1<) as I\. ifhnsf n.s.

I'Ji/iiiiis r/r</nnri(.s.- 'V\\v saiiH' I'ciiiarks appU' lo ! hi> sjx-cirs as to

A. <'<iiiiitlrns(s, luit this o-i'ass sliows (lir cHcct <»t' (lr(»n<j|ii inoi'c (|ni('kl\'

lliaii (hat species.

/'./i/iiiiis ru'</ni /(IIS siihiii n/ n-Hs. Tlie results wilh lliis \ari<'(\' ;ir(^

iiKH'e sat is|"aet()i'\ lliaii with t he spcci(»s.

l^i'iKjrosi IS ti iniis. 'Tliis o-rass hjis o-i\-(»n o-ood resnhs in IJic j)h)t.s,

and j)r()inises well as a hay <»'i"ass, aKhoiio'h the foliuiic is rathe!- \vir\'.

The o-rass is a nati\(' of sandy regions of the ])lains. and it ina\' |)rovc

valuahle ill the Sand Hills.

IIVA/ f!i!in(/ii/ {Mu/ilr))h<'r(/!(( niccnio^d).—A native o-rass found in

moist places through the Nortliern Sbitos west to the Rocky Moun-
tains. In Nebraska it is aconnuon constituent of slouo-h -o-mss Jiav.

The results upon the station plots show that this <^rass can he culti-

vated and a fair ([uality of hay produced.

JitjHinrsc hidnujiti'd iiiiJhf [Pioiicum eriis-galll).—An annual o-rass of

much nutritive value which gives a luxuriant growth of fodder suit-

able for coarse hay. The station plot of this grass, one-tifth acre,

sown ^hirch 22, yielded on ,July 26, 1902, 1,100 pounds of hay, or at

the rate of 5,500 pounds to the acre. The 3^ield should have been much
higher, but the stand was not of the best. Thei-e is no doubt that this

is a good annual hay grass for portions of Ne})raska which are not too

dry, but as it has no especial advantage over millet and is inferior to

sorghum it i)robably will not be used extensively. Some seedsmen
have sold this under the name of Billion Dollar Grass.

Switch-grass {Puiucaia virgaticm).—A bunch grass which is one of

the important constituents of prairie haj^ in Nebraska and is well worth
cultivating. The plot at the station was unsatisfactor}^ on account of

the poor stand, but the bunches present produced a good quality of

ha}'. The grass is (piite resistant to drought and })roduces a (piantity

of seed which is usually of good (piality.

Reed (•(III (Irg (jniss {PhaJaris annidmaceci).—A native of marshes and
sloughs through the northei-n tier of States. In the northern por-

tion of the (ireat Plains it forms a large part of the native hay, which
is generally recognized as of excellent (piality. Although a native of

wet soil it gives good results on comparatively dry soil. It is to be

reconuiKMided for cultivation in the States from Minnesota to Wash-
ington, and soutli proi)ably as far as northern Kansas, but in the south-

ern portion of the range is adapted only to low meadows. The great

disadvantages of this grass at present is the difficulty of obtaining good
seed. Ordinarily the seed shatters easily' at maturity. The results

of the trial at the station wei'e unsatisfactory from the fact that there

wasa very thin stand, which was ])roba))ly due to poor seed. The com-
mon ribbon grass of gardens is a variety of this species.
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Stijm rnhastd. A imtive of the Itocky Moiinhiin it'^^ions jmd the

western portion of tlu^ (irt'iit IMuiiis, wht're it i.> ii coiniiioii coiistituciit

of tlie luitive hay. Tlic station plot sown in Ln<j7 withstood tli«'<lrouu-lit

of ll>ol and ^.-ave oood crops of hay in VM)'l and P.HHi. This ^rass is

worthy of an extended tiial.

PASTURES AND MEADOWS.

NA'I I\ K (IKASSES.

Since tho native crrasses and forat»e plants play such an important

role in the at»'ri(uhiii-al economy of Nel)raska, it will not he out of

place to discuss them briefly. They have ))een very thorouj^hly studied

hv Dr. C. E. Bessey and otluu' hotaiusts of tiie State and for detailed

information the reader is referred to articles l)y Dr. Bessey in the

reports of the Nehraska State Board of Aoriculturc^ froiu 1.S86 to

189<), to the Phytooeooniphy of Ne))raska, l)y Pound and Clements,

the Flora of the Sand Hills, hy Kydbero-, and to various articles on

the onisses of Ne})raska hv Webber, Smith, and others.

The agricultural o-rasses are divided into two types, according- to

root formation—bunch orasses and sod formers. The bunch trasses

form a crown Nyhich increases from year to year and becomes in time

a raised tussock. Where bunch grasses abound there is no continuous

sod but a succession of tussocks with bare soil between which sup-

ports a variety of other plants scattered here and there. Some of the

conunon ])unch orasses are bluestem, switch-g-rass, and Indian orass.

Sod formers have rootstocks or stolons l)y which they spread, forming-

a continuous sod. Butlalo grass and Kentucky blueorass are examples

of this type.

The grasses may also be divided into those which grow tall enough

to make hay, and are sometimes called '*tall grasses,'' and the strictly

grazing grasses of the western plains, called ''short grasses."

Hay is made from the tall grasses which are found on all unbroken

prairie of the eastern portion of the State. In the wet phices or

sloughs, there are various swamp grasses (chieiiy slough-grass, Spar-

tina vijnosuroidis)^ which, when cut young, furnish ji fair, though

coarse, ha\'. The most important hay grasses are: Little bluestem

{Androjxnjoii t<copariuH Michx.), Big }A\\('':^i('\\\ [Aitdropogon /(ircatii^

Muhl.), Indian grass {Androjxx/o/i niUa/is L.), Switch-grass (Pini-

Icitrii rtrijiifinn L.), and Side-oats grama {Bontehnid curtipeiididn

Michx.). These live grasses form the great l)ulk of the prairie hay

throughout the eastern half of the State. In the western portion these

grasses are confined to the river bottoms, draws, and other moist

spots, and often are found in sufficient abundance for mowing. These

same grasses are also us(hI for native pasture. But in the grazing
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porl ions of (lie West . cxccpl I lie Sand 1 1 ills, I lie iinpoilanl j^rasscs arc:

linllalo LiTMss { lliiUt'il 'is <h(clijIuhIis Kal'. ) aii'l Idnc L;i'ania { llnnlilomt

<tl t(/n.sti((-/i(/(l '\\^V\•. ).

An important <4i'ass in the West, ('sjxM'ialiv lor hay, is tlic. wlicat-

oTass [A(ji'njH/r<>ii orcid, iifdl,). This spi'cads hy ('xtcnsivci}' d'ccpino;

undcr^Toiind stems. The foliage is still' and i-athcr harsh, ])iit ncN'or-

iludcss il t'oinis a Ncry nut lit ions hay. This <rriiss is more I'csistant

to (Iroiiii'ht than any of the hay <;Tass(\s of the West.

Tlioro arc many other ^ rasscs which iu\\ of more or loss af^ricultural

im})()i*tan('e. hut. eom])ar(Ml with those mentioned, they !ire insio"nilicant.

CARE OV NATIVE I'ASTURES ANT) MEADOWS.

Unless proper precautions are taken to prevent it, l^otli meadows
and ])asturcs t(Mid to deteriorate. In pastures the stock are contin-

ually eating- oil the most palatable plants and avoiding the others,

which are in this respect weeds. To prevent such exhaustion it is

necessary to limit the number of stock to the forage-producing power
of the pasture. The same is true of the open range. Great harm has

resulted in many instances from overstocking. Particular care must
be exercised in this respect at what might be called critical periods,

or when unfavorable conditions, such as drought, curtail the produc-

tion of grass. In pastures this exhaustion can ])e avoided b}' supple-

menting the grazing b}^ soiling crops. An excellent way to encourage

the recuperative power of the native grasses is to give the pasture a

rest l)v providing two pastures, which may be used alternatel}^ for

periods of from two to four weeks.

With meadows deterioration is less marked, as the weeds are cut at

the same time as the grass. However, it is advisable to allow the

grasses to go to seed occasionally. It is a bad practice to pasture the

aftermath during the autumn, as this encourages the growth of weeds.

The burning off of pastures or meadows is not to be recommended,
as experience has demonstrated that though a green growth can be

induced earlier th(^ final results are harmful. The crowns of the p'rasses

are injured and the fertilizing effect of the dried leaves is lost.

On i\\i\ other hand, the practice of mowing the weeds in pastures in

sunnncr is good, as they are thus prevented from going to seed.

If the number of stock limited to its capacity is allowed to use the

pasture, the manure thus distributed tends to keep up fertility: but

meadows are constantly giving up luitrinuMit drawn from the soil, the

loss of which nuist in time visi])ly affect th(^ cai)acity. Therefore,

wherever the \alue of the hay is a sutlicient recompense, it is well to

supi)ly barnyard maiuire to make up this loss.
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TAMK, I'ASTritKS A I" I'lli: NKHKASKA KX IM'UI M I.N'I" S'lA'IKtN.

A i'wUi of ;in ucn*s was sown in A[)ril, |si»t>, with ;i iniximc of

2 i)ouncls each of orchard omss, timothy, hhn'orass, tall oat-j^rass

[^cnMiiiial ryt'-t^''rjiss, and white clover, 4 pounds of i-cd cloxcr, and 1

[xuind of alsikc. 'IMircc^ pounds of alfalfa wci'c added to ."> acres of

this mixture. In 11M)(), ;*)() tons of hay weic cut and excellent pastures

was obtained throu*»h the fall. In ll'oj, the pasture was in ex<-elh'nt

condition, supportino- i};") to I-i.") head of cattle and j^iv in*^' 14 tons of line

liay. This pasture has heen to[)-(lressed with harnyaid manure ahout

every other winter, anddurino- the sununer the weeds ha\'<' heen mown
two or three times. In the sprint- of IIMM) the field was disked and

sown with hrome-o-rass arui meadow fescu(\ 44iese <»"rasses ha\'e i^ratlu-

ally o-ained the ascendency until now the alfalfa has disa[)})eared and

then' is little to he seen besides the orasses mentioned.

This tendiMicv for certain o-rasses to predominate in a mixture is

shown by the history of a 3()-acre ticdd of native pasture. About
1887 a })()rtion of this pasture on the south side was sown with blue-

o-rass and white clover. The bluegrass has o-radually spread over the

whole field, and at present the pasture appears to be mostly blu(\i»*rass,

which is especially in evidence durino- early sprint- and late fall, while

durino- the summer, particularly if the season isdi-y, the nati\(' grasses

are conspicuous. This is tlu^ usual tendency where bluej^rass is able to

thrive. It holds its own with otluM' cultivated o-nisses, and may even

crowd out its competitors; but whcMi cond)ine(l with native t»rasses,

these are able to hold theii' own in the prairie i'coion of the State.

The bluegrass starts to o-row nuich i^arliei- than tlu* native o-rasses and
oi\('s in eai"ly sprino; an excellent (juality of pasture. In the dry part

of the smumei" the bhieorass dries up and beconnvs doiinant while the

native trasses continue to vegetate. In tln^ autunm as the weather

bc^comes cooler tln^ blueo-rass ai^ain starts u]) and oives late pastures

The experimental i)asture had Ihmmi tot)-dressed with barnyard mamire
about everv third winter, and durin<»* the sununer the weeds \vere

mowed two or three times. In 189S, 4 acres of the abo\'e fields Avere

plowed and sown to brome-o-rass. In the sprini>- of 11)01, 8 acres of

alfalfa were added from an adjoining- field. This portion was disked

the followino- sprint- and sown with brome-orass and meadow fescue.

These grasses have drivtMi out the alfalfa, and now none of the latter

can be found in the field. Durino- the season of 19(>8 this titdd carried

40 head of cattle all sunuuer, and also 3^ielded a croj) of hay estimated

at one-fourth ton per acre.

Another field sown with timoth}^ orchard grass, bluegrass, meadow
fescue, and brome-grass is now nivarlv all brome-o-rass.
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TIIK SKKI> r.I'.l) I'Oli CirASSK-S AND ('!,( )V KK'S.

'riir idc'il mmmI IkmI foi- ui'Msscs jiikI <-1<>\ci's is :i linn Iml I'liahlc l<»\v<'l'

soil, willi loose, well lill(Ml loj) soil. To |»i'o<lii('(' lliis condilioii

iiMliiinvs carcrul (illan'c i'orscNcial ycais picccdir i; t lie sow iii;^-. 'The

soil should coMtain siiilicicMil inoislnrc (o insure 1 lie yonn<;' plants a j^ood

slai't in ('as(» there should l)e a deiieient raird'all after sowine-. S('(u\

sow II on a dry soil may iceeixc sullicient rainfall to j^ciMuinate, l)ut not,

enough to sup|)ly th(> youn<4" plants with the n(u;essary luoistun*. (jjire-

ful pi-(>j)ai"ation of (he simmI bed is more, ossc^jitijil in seedin<i' <4'i'{is.s(;s

than in setMlini: almost any other ci'op, and failure to obtain a stand

entails a *»roater loss. Land that has ])M\n planted to a cultivated crop,

for which the soil has been well tilled and which has received clean and

le\ (d culti\ation, may in most cases ])e wcdl fitted for seeding* o-rasscs

by diskinu- and harrowing- without plowint>*, provided the trash be

remoNcd. \\'hen diskino- the disk should always be lap[)ed one-half

on each round, thus coverin<»' the field twice, and generall}' it is well to

o() oN'ci- the Tudd a second time at right anodes to the first disking.

A smoothing harrow^ should follow th(^. disk. Well-cultivated land has

thes(^ adxantages: The weeds have ))een exterminated, the moisture

has been conserved, and the top soil is in good tilth. Fall plowing is

desirable on land that settles well through the winter and that does not

blow badly, but there is much soil on which fall plowing can not be

done advantageously when spring seeding is intended. In any case as

long a period as i)ossible should elapse between plowing and seeding,

but during that time the top soil should l^e ke])t loose and clean w^ith

the disk or drag. During this period the soil settles, the large spaces

are tilled, and the moisture is diffused through the plowed soil. Disk

ing the soil ))efore plowing is advisable, as it cuts up the trash if there

is any, and pulverizes the soil turned under so that it settles more
quickly. The use of the subsurface packer or the disk set straight and

run in the direction of the furrow^ also helps greatly to firm the soil.

The use of either of these implements should follow tlu^. plow ])y the

least possi})le lunnber of hours. Stubble land for fall seeding ma}" in

some cases })est be plowed and in others disked, depending on a great

variety of circumstances, l)ut in an}^ case the sooner the soil is pre-

pared after cutting the grain the better, and it is imperative that the

surface be kept stiri'ed and clean up to the time of seeding.

ANNUAL FORAGE CROPS.

S()i{<;inM.

Sorghum {Ant/rojufr/o/i sorijlnnn) is one of the most important annual

foran'e i»rasses of the UnitiMl States. It iso-rown throuiihout the South

and w ell to the west on the Great Plains. It resists drought better
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tliiih iiiiv Dtlit'i- .^urculciit foni*;*' cio^) urid ^ivcs |jir<^''»' \ irUls of oxcol-

It'Mt liav. Sorolmin may Im' used foi" soilint;- and U>v pastiiic, l»ut its

liH)st iinpoi'tant use is for cured foddci- or liay. For lliis piirpox" it

mav Ik' ^onvii thickly and inowi'd with a niowino- machine. 'V\u' Iniy

is succulent and rc([uircs some time for cuiin«i', hut in the drier por-

tions of Nel)raska it can hv thrown into Imnclies or cocks and allowed

to reiiuiin until cured.

Katir corn<a Niiriety of nonsaccharine sori^lium, is also (piite drouj^ht

resistant and is frcipiently ^rown foi- forao-e, hut iin(h'i- the same con-

ditions the soi'ohum oives a greater yield of fod(h'i-. Soiuhum can

also be planted in rows and cultivated. riie fora*;"e can then be gath-

ered by cuttin«;and shocking-, preferal)ly with a corn harvester. The

ordinary su<j;'ar sorghums, such as Early And)er, Colman, and Grantee,

are used for this reoion. Sorghum is frecpiently referred to as

''cam\"

Other races of sorghum are milo maize, Jerusalem corn, and

dhoura, but in Ne))raska none of these is eijual to sorghum for fodder.

Sorghum was tested in th(^ series of ])asture tests already mentioned

(Bulletin (Jl) of the Ne))raska Kxperiment Station), as were also white

Katir corn and milo maize. One-tifth acre of sorghum gave twenty-

five da^'s' pasturage and was, along with rye, one of the crops giving

the greatest (piantity of forage. Some experiments were also tried

with sorghum for soiling, which indicated that the ((uantity of forage

thus obtained was two to three and one-half times as nnich as when the

crop was pastured.

The possible injurious effects of pasturing sorghum liaxc already

been alluded to in another paragraph. (See also l^idletin 77 of the

Nebraska Experiment Station.)

An acre of Early Amber sorghum, drilknl with a corn planter in

double rows, 6 inches between rows, 8 feet apart, rJune 12, was cut on

September li> with a corn binder and shocked in the field. The wcMght

of this, taken December 1, was 8,715 pounds.

A similar plot was treated in the same manner, except that the seed

w^as planted with a grain drill in rows 8 inches apart. The forage Avas

cut the same as the other plot but with a mowing machin(% and was

put in cocks, where it remained till December 1. The weight was

then found to be 12,350 })ounds, or over t) tons per acre.

In the drier portions of the State where it is necessary to conserve

the moisture, it is advisable to plant the seed in rows in order to admit

of cultivation. The crop is thus made more certain.

Millet.

Common millet {Setm^a italica) is much grown in eastern Nebraska

as a sunnner hay crop and frequently as a catch crop after grain. It

can be cut in about two months from the time it is planted, and is an
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('\('(»ll(Mil liM\ piMril. It --IhMild Im' (111 hclwrcii 1 ln' 1 i liic of li(>!i(lilit( oilt

:iii(l lli.'il of late l>l(»(>iii. for if (Mil IoocmiIv the li;i\ is loo liiXJitivc. iri

ils I'llccI and if <mi( loo laic I he seed has irijiiiioii^ cllccts, especially

upon horses. 'The liav is Miccidenl and iMMniiics inoi'e tinielo ciii'e

than does liniolhv. Ahoiil one-half Imshel of >eed pei- aci-e is used.

I )i lie rent \ arielies ai-e eallecl 1 1 unitarian ^niss, (ieriuan mi I hit, Siberian

uiillel, elc.

In ihe pasl iiriuLi" lesls (see liullelin (ll> of Ihe Nehi-aska lv\ jx'i'iiiienl

Station) inillel ^j^ww ei^hleen a!id a half days' ])asturaj^e foi" onecow
and wasax ailahle at the same, time as soi'^hum, KatiicorFi, and e()wj)ea.s.

*• It (lid not ha\ (^ as fav()ra))le an (*fl'(H't u])on the milk How or l)utt(».r fat

production as did any of those crops or as did tlie mixed grasses.''

Hroom-coni millet {/*(f/iwu/jh inllidceuin) is a diffen^nt species, some-

tim(\-> called hoo- millet. This gives good results in the Dakotas and
other Northeiii States and also promises well for Nebraska. In IIH)3,

a on(^-half acre plot of MqA Orenburg (S. 1*. I. 9423) sown June 12 and

cut August 1^) yielded at the I'ate of 8,250 pounds of hay to the acre.

CoWPEA.

Cowpea ( Vifjntt ('<itj<u}</) is an annual legume which has })een grown
in oriental countries for an indefinite })eriod. It is now one of the

standard forage plants of the South, ])eing extensively cultivated as an

annual summer crop for hay, pasture, and green manure. During
recent years its range has been steadih^ pushed northward, until now
it is grown with more or less success as far north as Wisconsin and

New York. There are a large munber of varieties, difiering greatly in

their method of growth, time necessar}' to reach maturity, hardiness,

and many other characters that affect the adapta])ility to conditions.

Although one of the standard hay plants of the South, it is not

ada|)ted for hay in Nel)raska. It is difficult to cure and can not com-

pete with alfalfa and clover. It is an excellent soiling plant, but under

present conditions of agriculture it is not likely to be needed for this

purpose in Nebraska in the near future, except possibly on a small

scale in dair}^ districts. It is not w(dl adapted for silage on account of

its succulence, but has been used in this way when mixed with other

l)lants. (See Circular 24 of the Division of Agrostolog}^, I\ S. Depart-

ment of Agriculture.)

The chief field of usefulness of the cowpea in Nebraska is for pasture

during the autumn. The seed must be sown when the ground is well

wai-me(l. which in Nebraska niav not be until dune. Althouirh late

varieties, which })roduce no pods in this State, can be utilized for for-

age, yet the plant gives ))est returns when the pods are forming.

Hence, thos(^ varieties should be grown which mature at h^ast a part of

the se(Hl befoi-e frost. This is especially achisable, biM-ause of the high

price of seed. Where adaptability to climate is so important as in the
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case of tlio cowptni, ^lovvt^rs should i'lidcjixoi' lo u>r lioiin' oiow n xmmI,

whiili always aifls in such adaptation. Foi- pasture iIm- cowpi'a is well

aihiptt'd to tatth', shtu'p, and, espi'cially when tin po(|-> air ripmin*^,

to hoi^s. Poultry readily eat the seeds.

The pasture tests of VMH) (see Bulleliii NO. r,!) of tlie Nebraska

Experinn'iital Station) showed thatone-tifth acr*' tuiiiislied t wi'uty days'

pasture -rluly 24 to Au^^'ust V\. Therc^ was a hij^lily faxorahh^ etl'ect

upon the milk How and the hutter fat })i-oduced, in which icspect *Hhe

forage far surpassed all of the other crops except alfalfa, and was even

slightly sui)eri()r to that \'erv valuable f()rai»'e ])lant.'' In tlii^ test the

variety used was the Whip-poor-will.

Two ])lots of the above variety w^ere sown in L.S1>7 to test the yiidd

of fodder. riu'y wcM'e harvested on Septend)er '2'.) and i4ave at the

rate of 4.87 tons and 4.<):^ tons to the acre. A plot orown in l8tH) (rave

a yield of ^^rtuMi fodder ainountini;* to 2!2,S50 pounds per acre, or sonie-

thino- ONcr two tons of hav.

Small (trains.

For late fall and early spring' pasture nothin*;" excels the winter

orains in palatability. nutritive (Qualities, and in (piantity of forao(\

It is customary to utilize winter wheat incidentally for pasture at such

seasons of the vear in localities where this croi) is i»ro\\ ii for orain.
• I. ^^ ^

Kye is fretjuently used for pasture, and this plant is to be highly

reconunended wherever it can be orown as a winter cro}). The <»rains

can also ))e used to advanta<^e as a sprino- croj), but in this case the

pasturat»e comes later in the seaso!i when the want is less keeidy felt.

llyv sown in the autumn })roduces pasture* at a season when permanent

pastures an* dormant or tj;'ivino- only hhmljim' returns.

Ill the i)asturing tests, a one-tifth-acre plot gave about twenty-seven

days' pasturage. ''It furnished the earliest })asturaoe of any of the

annual forag(^ crops and coidd have ))een pastunnl in the fall."

The small grains make an excellent (juality of hay and in Nebraska
are not infrecpiently used for this purpose. In California the great

bulk of the ha}^ upon the city markets is grain hay made from wdieat

and oats.

Oats and rye are also used in Nebraska as soiling crops during

spring and mirly sununer. Although the amount used by each farmer

in this wav mav be small, vet the aggregate must be considerable.

Corn.

This is ])y far the most vabiable plant grown in Nebraska, as it is

also of the United States. Jt is grown chieHy for the grain, but in this

bulletin we are concerned with its forage value. Whcj-e corn is grown
for the grain there are two common methods of utilizing the stalks.

The corn may be allowed to mature in the field and the ears husked
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t'l'oin I lir slMiidiii^" s(all<s diiriiin" I lie ;uil num. oi" as soon as <'oii\niiciil .

Alter 1 li(M'ai> lia\(' l»rcn liai"\cstcd, t he rcinaiiiinj^ stalks a I'c iit ili/rd hy

t uiiiinv;' cat I Ic. s1hm'|), or horses upon tlicni to sccni'c what thcN can

Ifoni ihi' waste ^i-aiti and the dry I'oddei'. The iintriti\'e \ahie of

such fodder is sliohi, espcciallv dnrin*;' the winter. The second

inetliod of har\ (vstini^* corn is to cut tiic^ stalks a shoi't time Ix'forc^ the

i^rain i-- matui'e and while the foliage is still Lir<'<'ii. The, stalks arc.

placed in shocks to cure, al'tei" w Inch the ears are husked out and the.

riMnainijie- stalks may l)e resho(d<cd. oi" placed in stacks oi- l)ain>. and

coustitiiti' what is usually knoNvn as corn fodder or, moic ))i()perly,

corn stox'cr. Properly cui'(>d corn stover is (juit<'- nuti'itious and com-

l)arivs jjivorahly with hay. \\dien the I'odder is slinMUh'd a <4reater

proportion is utilized. There is coiisi(h»ra))le detc^rioration in the

nutritive value of sto\er during storage in the held oi- e\'en in bai'ns.

The \alue of corn grown for hay should not he underestimated.

A\'iien planted thickly so that the ears are reduced to one-half or one-

fourth tin* normal size and the stalks cut earlier than when grown f(n*

i^rain, the fodder is large in (quantity and very excellent in (piality.

Besides its value for hay, corn is one of the best plants for silage or

ensilage and for a soiling crop.

The pasturing tests at the Nebraska Station show that one-fifth acre

plot gave eighteen and one-half days' pasturage for one cow, ])ut

though "'It may be of value to furnish feed between the periods of

rye and sorghum pasturage, it is not equal to either of tliese."

Soy Bean.

Soy bean {Gltjcl.ne IdspidaY is a leguminous plant grown for forage

and for grain. F*or forage it is nuich used in the Middle South, but

has not thus far givxn much promise for this purpose in Nebraska.

For seed or grain it has given fairly good results in Kansas. (See

Bulletin No. lot) of the Kansas Experiment Station.) In that State

the Early Yellow variety has given the best returns. There is some
difficulty in harvesting the crop, as a special harvester is required if

the beans are raised on a large scale.

Sov beans (American cotiee ])erry) w^ere tested in 1S9S to determine

th(dr value as summer feed. l)ut the results were not sufficiently satis-

factory to wan-ant the continuance of the experiment. (See Bulletin

()1> of the Nebraska Experiment Station.) In 1896 a plot of soy beans

yiidded at the rate of 15,00(1 pounds of green fodder per acre.

Several varieties have becMi grow^n at the Nebraska Station to test

their seed production. I)ut the* rc^sults'were not satisfactory, as none

gave a sufficienth* high yield to ))e profitable for this purpose.

"For a full account, sec Fanners' Bulletin No. 58, United States Department of

Agriculture.
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K AI'K.

RaiH'. (Bra^sua napuH) is n siicculciit phiiit, rt',stMiil)liii«^' the tiiiiiip,

which is used for i)astiire in the cooKt parts of the Tnited States. It

has been orown upon the station fai'ni and is to ))e reconiineruh'd for

fall pasture for ho»;'s and sheej). It is also useful for calves and w;i'ow-

in^ cattle, hut there is much loss from the tramplinj^ of the larger

stock. The nulk is likely to he tainted when rapi^ is fed to cows,

although this may ))e avoided by feedinu- (soiling) just aft<'r milkinji-.

The chief value of rai)e in Nebraska, however, is as fall pasture for

hot;s and sheep. It oives succulent feed until frost or e\'en somewhat

later. A succession of pasture may be produced ))y ])lantinj4' the seed

at ditlerent dates. It is ready to use about ten weeks after plantino-.

For further information as to rape see Farmers' lUdietin No. lO-t,

United States Department of At»riculture.

Canada Fikld Pea.

(^anada field pea {Pii<nin (irren^e)^ a le^'ume, reseml)lin<'- X\\v warden

pea, has proved very successful in Canada and the cooler parts of the

United States. It is adapted to a cool, moist climate, thouo'h it can

be grown with some success in the Middle South as a winter croj). It

is usually sow^n with grain, especially oats, the grain ser\ ing to hold

up the peas, the combination being very satisfactory for forage. The

peas and oats are usually made into hay, although they may ))e used

for pasture or soiling.

Ex})eriments were tried at the station in the pasture tests. (Sec

Bulletin (59 of the Nebraska Experiment Station.) One-tifth acre })lot

of oats and peas gave twenty-one and one-half days' pasturage, which

was available in June, somewdiat later than rye. Although peas can

be used in this way in moist years, the conclusion Avas reached that

Nebraska is too far south for the best results with this crop.

Vetch.

Hairy vetch ( Vicia vlllosa) is an annual legume more drought

resistant than the common vetch and better adai)ted to sandy soils, for

which reason it is sometimes called sand vetch. It has proved very

successful in eastern Washington and is nuicli used as a winter crop

in the Middle South. It gives the best results when cond)ined with

grain. Although it can be grow^n in eastern Nebraska, experiments

show that the forage produced is inferior in quantity, and that it can

not compete with other legumes.

Spring vetch ( Yieia sativa) is not suited to Nebraska, as it requires

a cool, moist climate. Winter vetch {Zatht/rus Mrsutus) is not to be

recommended for that region.
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PLANTS WHICH CAN NOT BE RECOMMENDED.

'V\\v follow iiii^- i^rasscs and l"oiii«4(' plju'ls liaxc hecMi tested, })iit tlio

I'esults arc not such llia( (licy can l)c I'cconiiiicndcd for Ncl)i*aska.

Some of the (I'ials \vcr<' faihu'cs hccausc the seed did not <^ci"niiMat(5.

In such cases judLtincnt upon the \!ihie of t hese ])hints nnist he rcscr\(Kl.

The cxpcriinenls w(M-e based u[)on tiials (ixtendin<^', in luiiiiy cases,

o\ ('!• as many as six years:

A</i'i>j>i/rnn ('(innnnii. 'V\\v tests with this \vhcat-<;T}iss wiire unsatis-

factory on account of a mixtui'c of scH^.d, hut it s1h)\v(h1 uo evidence of

\ :due.

Aijropyrou di rciycns. -There was no stand i)r(Kluccd with this orass,

))ut experiments at other stations in the Northwest, notably at Pull-

man, \\'ash.. liave shown that it can be orowii successfully fi'om the

seed and is widl adapti^d to the seniiarid conditions of that n^.gion.

Althou<>h with seed of ^ood vitality it may prove successful here, it

pro))ably has no Jidvanta^e over Aijropijroii Occidentale. A(/r(>jrt/ron

<fic<r<jc)is inenidx was also tried, ))ut it j)roduced a poor stand and w^as

not promisino-.

Aiji'opyron violaceum.—Several trials were made, but the results

were unsatisfactory.

J<dn\H<ni (jr(is!< {Androjjogon lialepeiisis).—A common and valua))le

hay n'rass for the Southern States, hut it has shown itself to be a diffi-

cult ])lant to eradicate, and hence has become in many sections Ji ^reat

l^est. In Nebraska it will not usually survive the winter. This grass

was sown at the station in the spring of 1897 and survived the winter

of 1897-98, but it was killed out during the next winter. Other
attempts to raise it resulted in continual loss during the winter.

Sweet vernal grass {Anthoxanthuvi odoratunt).—This grass has little

forage value anywhere, but it is sometimes used in the P^astern States

to impart a pleasing odor to the hay, for which purpose a small

quantity suffices.

Australia7i salthicsh {Atriplex semihaccata).—This forage plant has

proved quite successful in California and in some other parts of the

Southwest, especialh^ in alkali soil. However, in States as far north

as Nebraska it is unable to survive the winters, and hence nuist ))C

grown as an animal, but the uncertaint}^ of germination and the rather

meager grow tli the first season render it unsatisfactory as an aniuial

forage plant. The trial at the station extended over four 3^ears, but

in no case were the results at all promising. Th^e plants were killed

out every winter except in 1900-1901. Even the second year's growth
vv^as too small to be of nmch value.

S/rff///j)-r/u'ss' {Broiinis dHafus).—The plots gave a fairly good stand,

but tlu^ plants do not thicken up in the plot, and the individuals are

coarse and not leafy enough for hay. Although this grass might be
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i^TDWii lor l»u\, it >lii)\\s iiotliin*^' to rtHoniiiicnd it to t'jivoi' (•oiiii)ar('(l

Nvitli other »^nissi's better aduptcd to tlie purpose.

Heacne i/rnfis {lirnniHs uniololdtti). —K fairly «»'oocl ^lass, hiit it will

not eiuhire the winters in Nebraska.

lihh'/otitt {('t(/<ij/i(((//'(*'st/',s (•(iiKulrnsis). This is a cominoii [)rairio

ijfrtiss of the Northern States, extendino- west into eastern Nebraska.

In Minnesota and Iowa it is a \ahial)le wild hay ^rass and there called

bluejoint (not to l)e eonfus(Hl with the bhiesteni of Nebraska, Andro-

p(K/(tn fiircatus^ nor the bhiesteni of the foot hills, A(jr<>pyron occiden-

Udt). It thrives partieularly on moist prairiiMind swak^s. Attempts

to o-row this orass from seed have usually been unsuccessful, as the

seed seems to lack vitality. At the Nebraska Station the seed pro-

duced a very poor stand.

Bermuda (/r(i.ss {Cynodon daetyhm).—The best j^rass for .summer

pasture in the South, l)ut not hardy in Nebraska.

Creded do(/s-tall (/rass {Cyiiosurus cristatuii).—No improvement

o\Qv Nebraska grasses and not to be recommended.

Florida h'</(/ar-ireed {l)esna>dl}na aiolh).—An annual leguminous

])laiit of Fk)rida and the West Indies, where it is frequently used for

foraiie. It can be orown throuohout the Southern States and even as

far north as Nebraska. For the latter State, however, it is not likely

to be grown extensively, as it docs not meet the requirements so well

as other plants. On the station plots this made quite a hea\'V growth

of woody, unpalatable forage.

F1y}nitf< (jlahrijiorus and Klyums glaucifoliuH.—A poor stand was

o})tained of both these grasses, but they should be tested further.

Krlocoma (Mspidata.—A common range grass in the Rocky Mountain

region, but it does not give promise under cultivation.

ErlocJdoa punctata.—A promising grass for the South, but scarcely

able to endure the winters of Nebraska.

Teimnte {Juichhena iitexlcana).—A tropical annual forage plant

which is often o-rown in the rich bottom lands of the Southern States

and is frequently advertised })\^ seedsmen for the North. It produces

under favorable conditions a large quantity of forage, but in Nebraska

it is far inferior to sorghum for this purpose. It is a coarse grass,

resem])ling corn.

Eurotla lanata.—This is not a grass, but a forage i)lant, well known

under the name of "winter fat.-' In the Western States, whei-e it

furnishes excellent feed upon the range, attempts to cultivate it have

not been attended with much success. Seed planted at the Nebraska

Station failed to germinate.

ILrrse hean {Eaha vulgar h^).—The common field bean of Europe,

where it is a staple forage plant; but in this country it has not given

satisfactory results.

T(dl ftHvue {Festuca elatlor).—Results unsatisfactory and plot tinally

discarded.
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li(,(l j'iscih { I'] sf nrii ( lit/ foi' (iriin</t iiUCiU). A hill loriil of hisliicd

,/>if!ni\ wliicli oi\('s Liood I'csiilts ill the Kjistcrn Stjitcs. biil is iinjch

inferior in NChi'a^ka 1(» /') sf ucd jiroh nsls, (he incadoNN Icscih'.

S/i, , jt^s j'( s<-ih {!'] st iit(n>riiKt.) A luincli j^i'ass ol" low ^^rowl li. cuiti-

\at('(l in iMirojx^ 5i?ul rccoiinncndcd I"i*('(jii(mi(1\ foi* the noi'tlicin poiiion

of tln' I'nihMl Slates. It is not suited for hay, l)iil is of some VJiluci

for pasture in mountain rej^ioiis jiud i?i theeooiei" parts of tli(M'ountry,

esp(H'iall\ in mixtui'es for stei"il(» soil. Hut it appejirs to Im*. entirely

unsuitiul to conditions in Ne})r{iskji. Scleral \ iirietios or rehitcd

sj)e('ies of this o-rass {J-^leiftaca i<ulc<ita^ Ff'siuca (lur'ni^cida^ l^^entuca

ri(ltr<f) \\\\\v been ti'ied at the Nebraska Station, but none is to })C

recoinnuMided.

Cnrh/ iiirs</ii/i {IlJhn'ia cencliToidcH).—The common upland grass

upon the plains of Texas, where it replaces bufialo grass, which it

nnich resembles in appearance. The plots gave onl}' a thin stand.

This species is not hardy as tar north as Nebraska.

Velvet grasx [irolcus liuKitus).—A native of Europe and cultivated

occasionally in this countr}^, especial!}' in the Puget Sound region, where

it is also now growing without cultivation. It has little to recommend
it anywhere, and is certainly not worthy of cultivation in Nebraska.

IIordeuDi hulhosum.—This grass gave a fair stand, but seems not

well adapted to the climate, being injured by cold winters.

Wild harleij {Ilordeum nodoswm).—Growth not sufficiently rank for

a forage grass.

Koelerki eristata.—A common native grass upon the prairies through-

out Nebraska. It is a small, slender perennial, Howcring in »June and

not sufficiently rank in its growth to warrant cultivation. The plot

of this grass g-avc a fair earl}'^ growth, but disappeared the latter part

of the summer.

Wintei' vetch {Lathyrxis hirsutus).—This vetch has not been tried at

the Nebraska Station, as it is unsuited to the climate.

Bitter vetch {LatJiyrus satIvm).—A good stand was obtained, but the

climate is entirely too hot and dr}^ in Nebraska for this legume.

Fh(t pea {LatlnjruH si/lveHtris wagneri).—A strong growing peren-

nial which has given excellent results at several experiment stations

in the arid regions. TIk^ plant seems to be very resistant to drought,

but those who have tried it report that it is not palatable to stock and

that they have ])een unable to utilize it as a forage plant.

LeptocJdoa dxdj'ai.— A grass of the Southwestern States which is not

adapted to the Nebraska climate.

Jaj>an clovei' [Lenpedeza striatci).—An annual legume, but not resem-

bling clover very closely. It is frequenth^ grown in the Southern States

but is not hardy in Nebraska.

Perennial ryr-gra-ss^ English ri/e-grass {Lnl'mut perenne).—A well-

known cultivated grass in England and other European countries. In
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the ITnited States it ha> \)vvn eultivtiti'd for intiiiy y»'ar.s. On tli«5

station i)lot tlit'iv was a ^^oocl stand produced, hut tln' «^rass was soon

run out by other phmts.

The Italian rye-i^rass {Loliutn Italicuin) was not tried at the station,

hut its characters are simihir to those of perenidal rye-grass, iioth

are short-lived i)erennials and are not well suited to i)ernianent i)as-

ture. Where the climate is adapted to their orowth, they have the

advantage of givin*;- an al)undant early growth, for which reason they

are to he recommended for mixtures, as they give a luxuriant growth

the tirst season and then give way to the other grasses. The climate of

Nebraska is too dry for successful results with these grasses.

L((jHnef< {Lt{j)r/ni.s tfj)j}.).—None of the lupines has given satisfactory

results in America.

/h/r clonr (Mtdhxif/o (hiificuJittn).—An annual clover, frequently

i»rown for winter forage in the Southern States, hut not suitcnl to

Nebraska conditions. The station plot })roduced a thin stand and

unsatisfactory growth.

Melica altisdrn((.—A fair stand was obtained, hut it soon dis-

appeared.

White sweet elove7' or BolJuira clover {MelHot us ((thus).—An excel-

lent legume for renovating clay lands, and fairl}^ drought resistant.

The great objection to its use as a forage plant in the West has been

the fact that stock will not eat the plant. However, it is not infre-

quently reported that it has been fed to stock Avith success. The

foliage contains a ))itter substance which is disagreelde to animals,

and it seems necessary that the taste for the plant he accpiired. it is

rej)orted by some that if stock aie turned into a Held early in the

spring such a taste is easily acquired. The plant has not been suf-

ficiently tested in Nebraska. Resides its possible forage value it is an

excellent bee plant.

Velvet lean {Mncuna utilis).—An annual legume which forms long

trailing vines, and is nnich used in Florida for a green fertilizer and

as a forage plant. It has been reconnnended for growing nuich

farther north; but though it produces a good growth of vine it is less

valuable than the cowpea for the same purpose. This has not been

tested at the Nebraska Station.

Samfoln {Onohrychls sutlvci).—A legume cultivated in Europe and

advertised by most seedsmen in this country. The results of the

trials in Nebraska are too unsatisfactory to reconunend it for use in

that State. In fact, there has been little success with this plant an}^-

where in this country.

Panicum hulbosum.—A native hay grass of Texas, and quite prom-

ising for cultivation in the Southwest, but Nebraska is evidentl}^ too

far north for its successful growth.
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I\ iirl III ill, I i)v j>> iirihi rill {I *< lui isi I II III sj)/c<tl mil). A coarsi^ unnujil

foiMi^c |)l:iiil. i(S('mt»lino- sor^luiin. Sonic <»xli'avii<^5irit clsiiins \\\i\{\

IxMMi niadc lor lliis plnnl. Iml llioiij^li it lias miidi lo i'ccoiiiiiicihI it in

till' Soutlici'M States, in Nchi'aska it is inlciioi- to soroliiim. Atthc.sta-

tion, ill 1IM);>, it iiiadc a larj^c orowtli of l'ora<^(*. I)ut> it was not of j^rcat

fooil \alii(\ l^'or a full account of ])carl millet the readei* is referred

to Farmers* lUilletin No. 1(18, U. S. Department of Ai^Ticulture.

J\ki l:vnf(/((f((. 'riii'cH^- years' trials show that this <rrass would f)o

oxcelliMit for i)astur(\ hut does not ^row tall enough for hay. It

show^ed *»reat dr()u<;ht resistanco during- the dry period in llMil.

SdCidith' {P(>li/(jonuiii siicJi(ifi^ie)t.He).—This plant, which resend)les a

larii'e smartweed, has ])e(Mi occasionally advertised by seedsmen, hut it

has no value as a forage plant in Nebraska.

lh(r)}i'f {Potrrium sanguisoi'hd).—A plant })elongino- to the rose

familv and uscmI in Kurope for pasture, for which purpose it has been

recommended in this country. The trials at the Neln-aska Station .show

that the plant gave a fair stand and is able to resist the winter, and

also seems fairly drought resistant. Nevertheless, its good qualities

are not sutiiciently nuirked to warrant its being reconnnended for

Nebraska. The trials at other stations have resulted much the same.

For ordinary pasture^ purposes the growth is not sufficient!}' rank nor

is the foliage as palatable to cattle as are the grasses. It may have a

place as a constituent in sheep pasture upon sterile sandy or rocky soil

in the Northeastern States, l)ut in Nebraska it is not likel}^ to be of

much value.

SI(ni(/Ji-(/r(iss {Spartinii cj/nosKro/d^'s).—A native grass, conunon in

sloughs and marshes, that furnishes considerable coars(^, hay when
mowed early. The grass is commonly used for thatching sheds and

foi- topping haystacks. In the trials at the Nebraska Station the seed

failed to germinate.

(ri((?it Hjxirvy {Sjx'rgdht maithna).—This animal plant has some value

for forage upon sandy land, but it is scarce!}' drought resistant enough
for Nebraslva.

Sjyoroboltit^ cryptandrux.—A grass especially adapted to sandy soils,

and one of the common native grasses of the Sand Hill region. It

furnishes valuable grazing when young, })ut becomes dry and coarse

by middle sununer. At tlie Nebraska Station the seed did not germi-

nate.

Sdcadoii {>Sj)o/'(jholu^ irrujldti).—An important native forage grass

of the Southwest, but not hardy as far north as Nebraska. There was
no germination on the station plot.

Crimson clover {Trifolium incarnatmii).—An excellent annual clover

for the middle South, but not hardy in Nebraska.
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Tile t"t)llo\\ in*^ pluiits wrw >«>\\

the seed failed to oenninatt^ or

Ayropyron (hi.si/sl<ich>i((iii.

Ayropyron dasystnchyinn aalnnlloxiun.

Ayropyrun rlpiinnin.

Ayi'opyium vdneyi.

AyrtJtiti^ I'.ranitii.

A 11)1teciinis occiilentdlls.

A triplex holociirpa.

Atriplex iitittalli.

Atriphx pdbulariti.

Jitckmannhi t'i'nr(iefor)niii.

I></iilih>n(t i>i>lyH((t('liy(t.

Itioiniis k'alnti.

Bramus rulyaris.

Itram h.s richdnhoii i.

Jiroina.s rirhardttoiii pallidum.

C 'alainayrostis hyperhorrn (tnicrintnn.

Dadylocladnm uustraltnisr.

Desrliampmi avxp ilosii

.

Klruslnc coraauKt.

Ely III Ks (iinhiymiK.

n, but <^u\t' iic}4titi\ t' results, hecuuse

iiJive onl\ 51 tliiii or seatteriiii:: stand:

Elylima roiideusfitiin.

ElyinuH yldiuiiif.

Elyinas inacuani.

Elynuts sinipli.r.

MtiJilnihiryld yntcills.

Pdiiicitlarin (inuririiiiK.

Pdnlrnldvia nrrrdtd.

Pdiilciint dhtdsnni.

I'lilnim dljtiunni.

Pod frndlfnaiiii.

Pod hrrlnilmis.

Pod Incidd.

l\)d iiidcrdidhd.

Pod iiri'ddensis.

I'od })rdti'ns'ts\iir. (\\'ashinj;toii bliiej^russ.

)

Poa wheeleri.

Polypoyon inonsprliensr.

Pacciuellia diroides.

IWodla niKtlcd.

Trifoliion involncrdlniii.
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57
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Dactylic ylomcrata 32

Dactyloctetiium aii.stndense 50

Desmudiu7)i tnollc 52

DescJunnpmi (Wftpitosd 50

Dhoura 40
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Elymus ambiguus 50
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I'll inn IIS f/hiiK'iis •">
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53
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Medicago denticutiitd 't\
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I'OllllIlOll - l*»
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Peruvian alfalfa : 28
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Poa ronipresfta 35
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Po/i/po(jon inon.speliniife 5(5
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Redtop 30

Reed canary grass 41

Reed fescue 53
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Tall fescue 32,52
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inrolucratum 56
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Turkestan alfalfa 27

Velvet bean 54

grass 53
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I 'icid s/itlra 50

ri//(}sa 50
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Washington hluegrass 56

Western bronie 40
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Wheat-grasses 37, 43
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Wild harlev 53

rye.". 40

timothy 41

Winter fat 52

vetch 50, 53





PLATES.

63



DESCRIPTION OF PLATES.

Plate I. Frontis^tiir,. (iras.s piidfii at the Nebraska KxiKiiiuciit Station. 'I'lu;

forajjje plants are tirst tested on thesi^ plots, whicli are .') feet S(jnare. Tliost

whicli ^'ive favorable results are ^'iven a further trial on lar<:er plots, some of

whieh are seen in the hai-kj^round.

ri.vTK II. An alfalfa plant from seed sown August 11>, HH)2, and du^' up .\pril 1.;,

U)0.'>, showinjj: tlu* tubercles upon its roots by means of which nitro]t^en is gath-

ered from the air.

Plate 111. Fi«;. I.—Three plants of brome-grass {BrornuH hwrmh) from seed sown
Augnst 19, Septend)er U), and October 1, 1902, resi)ectively. They were taken

np and photographed April 18, 1908. The i)lant at the right from the last sow-

ing had l)arely enough vitality to survive the winter. Fig. 2.—Three alfalfa

plants from seed sown at the sanu'dateas the brome-grass, and also taken up and

photographed April 18, 1908. A later sowing, October 21, was almost entirely

winter killed, as the young i)lants had not sutiicient vitality to withstand the

cold.

Plate IV. Fig. 1.—Plots of Brotiins iucrmis showing the effect of fertilizers. The
plot at the left is a mixture of brome-grass and alfalfa; the i)lot at the right is

brome-grass fertilized with s(»dium nitrate; the plot in the center is brome-grass

alone and unfertilized. The effect of an admixture of alfalfa is about the same

as an api)lication of sodium nitrate. This seems to indicate that the brome-

grass is able to share with the alfalfa the nitrogen which the latter obtains from

the air. The plots were sown April 21, 1899, and {)hotographed June 12, 1908.

Fig. 2.—A pasture containing orchard grass, showing the growth of this grass

upon low land. The pasture was seeded in 1898 with several grasses, among
which was orchard grass, but in this part of the field the latter was especially

rank. The photograph was taken in June, 1901.

Plate V. Fig 1.—A field of brome-grass sown in the spring of 1898 and broken in

the fall of 1901. The picture was taken in January, 1902. Brome-grass forms

a thick, firm sod, resembling that of native prairie. Fig. 2.—A field of brome-

grass. The seed was sown in the spring of 1902, and the picture was taken June

15, 1908.

Plate VI. Fig. 1.—A field of side-oats grama {Boiiteloua curtipaidaid) just before

ripening. The seed was sown in the spring of 1900, and the ])hotograph taken

July 17, 1902. Fig. 2.—A field of wild rye {J'Jh/iiins c(in(tdeniii.s). The seed was

sown in the spring of 1901, and the photograph taken July 17, 1902.

o



Bui. 59, Buronii of Plant Industry, U, S. Dupt. of Ai?ricultufo. Plate

Alfalfa, Showing Nitrogen-gathering Tubercles.





bul. bJ, Buro:iu of Plrtiit lndu..tiy, U. S. Dopt. of Agriculturo. Plate III

Fig. 1
.—Brome-Grass Planted in the Autumn.

Fig 2. - Alfalfa Planted in the Autumn.





Bui. 59, Bureau of Plncit Industry, U. S. Dept. <( Agriculture. Platf. IV.

Fig. 1
.— Brome-Grass, Fertilized and Unfertilized.

Fig. 2. Field of Orchard Grass.





Bui. 59, Bun-nu of PInnt Induitty, U. S. Dupt. of Agflculturo. Plate V.

Fig. 1
.— Brome-Grass. Newly Turned Sod.

Fig. 2. Bkome-Gkass. A Hay Field.





Bui. 59, Bureau of Plant Industry, U. S. Dopt. of Agriculture. Plate VI.

Fig. 1.—Side-oats Grama, Grown from Seed.

Fig. 2.— Elymus canadensis, Grown from Seed.
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LlHTl-K Ol- TRAXSMITI \I..

U. S. Department of AcnacuLXUKE,

Bureau of Plant I>'I)ustry,

Office of the Chief,

Waslihi(it<m, I). C, Mnn-h -iU 100J^.

Sir: I have the honor to transmit herewith the manuscript of a

technical paper submitted ])y the Pathologist and Physiologist on ''A

Soft Rot of the Calla Lily," by Dr. C. O. Townsend, Pathologist, Vege-

table Pathological and Physiological Investigations, and recommend

its publication as Bulletin No. GO of the series of this Bureau. The
accompanying nine plates and seven figures are necessary to a clear

understanding of the subject-matter of the text.

Respectfull3\

B. T. Galloway,
' Chief of Bureav

.

Hon. James Wilson,

Secretary of Agrioflture.





i'Ki;i-.\c]-;

Growers of the callji lily luive suHVihhI serious losses for several

A'ejirs from n soft rot which frequently destroys the phuits just ))efore

or during the flowering period. A ])aeillus has been separated from
the decayed portion of the calla in pure cultures and by repeated inocu-

lations has been shown to be the cause of this destructive disease.

In addition to the principal morpliological and physiological char-

acters of the organism which are descri))ed in this bulletin, several

preventive measures are suggested which hnw ])een found to })e

satisfactor}' in holding the disease under control. As the bacillus

producing this disease is also capable of attacking many of our food

plants, growers of vegetables should guard against any possible con-

tamination of the soil with it.

A. F". AVooDS,

l*(it}i<>hKi'isf and PJii/sHtlfK/lst.

Office of Vegetable Pathological
AND Physiological Investigations,

W<ishington, 1>. C, March 30, 190Jf.
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n. 1*. \.—w. V. I'. I', i.—iio.

A SOIT ROT OF TIIF. CALLA LILY.

INTRODUCTION.

rndor favorable conditions the calla lily lias hoivtofore been one of

t\\o most satisfactory i)lants produced cither in the ojx'n or under

glass. In most parts of the United States the calla will orow out of

doors and will live and thrive from year to ycjir even in the northern

latitudes, especially if th(^ conns" are protcM-ted durin<( the winter

season. As a marketable product, however, it is more protitable if

grown under glass, where under prop(»r conditions the plants may be

forced and the flowers consequently produced in great a})undanc(^ at

the time when they will be in greatest demand. It is under these con-

ditions of forc(Hl growth that th(^ ])lants seem to be most susceptible

to disease.

The protits which arise from calla growing are derived either from
the sale of the corms or of the flowers, or from both. A bed of a

thousand corms, for example, will uiuler normal (onditions produce

5,000 flowers, which ordinarily will sell for about SIjmio. The corms
are grown either in solid beds or in pots. As a rule the b<>st results

both as regards the size and th<> number of flowers produced are

obtained from the solid bed. The flowers are always delicate and can

not be satisfactorily shipped long distances, whih* the corms. on the

other hand, may be transported for thousands of miles without injuiv.

There are several diseases to which the calla i^ susceptible. Imt the

most serious one with which the growers h;i\c had to contend is the.

soft rot that forms the subject of this bulletin. This disease has

recently made its appearance in the various parts of the Tnited States

where callas are cultivated and has caused enormous losses to the

growers, rendering the production of this hitherto ])roHtablc phmt
very uncertain.

The soft rot of the calla was brought to the attention of the w riter

in the autunm of \s\\\K aiid it has been under his observation and

study since that time. While there are some points that need further

"Tlie true l)otanical name rorm is use<l in this hullctin inst«'a<l of the coniiiion l)nt

incorrect term hu/h.

11



12 A SOFT HOT <»F TIIK taLLA LirV.

investigation, it has hetMi deemed hest to phue the follcjwing rt»sult«

before the public*, with the hope that the .suggestions herein contained

may l)e of vakie.to tiie industry.

CAUSE OF THE CALLA ROT.

Upon examining microscopic-ally the decaytxl portions of the calhi

conns myriads of bacteiia were found to be present. In order to

obtain cultures of tlic organism in the best pcxssible condition a partly

decayed coiin was thoroughly washed with taj) water, then with cor-

rosive sublimate (1 part in 1, ()()()), and afterwards with distilled water.

A small opening was then made with a sterile knife through the sound
part of the c*orni into the iimer marginal part of the dcH*ayed spot. A
little of the soft tissue just at the border between the dec-ayed and
healthy portions of the corm was obtained on a sterile needle and
placed in stei'ile })eef broth. Agar plates were tlien made from this

culture, and but one kind of colony was obtained, indicating that the

organism was prt\sent in the recently decayed portion of the corm in

a pure culture. A few days after the colonies had formed, subcultures

were made in beef broth and minute portions of these were introduced

into various parts of healthy callas. The inoculations were made by
placing a drop of the beef-})roth culture on the part of the plant to be
inoculated, and with a sterile needle punctures were made through
these drops into the tissues of the plants. For control, punctures
were made in similar pai'ts of lundthy i)lants without adding the broth

culture. In a few days the inoculated spots had turnc^d brown and
decay had begun, while the controls in all cases remained healthy.

Plate cultures were again made from the inoculated spots after decay
had begun, and apparently the same organism in pure culture was
obtaincnl This process was repeated manv times— i. e., until there was
no (loul)t that this organism was the cause of the soft rot of the calla.

V\M)\\ looking up the literature regarding calla diseases it was found
that Ilalstcnl had discovercnl a soft rot of the calla corm in 181)8."

Although Halsted's description is ver}- brief, he undoubtedly refers to

the same disease as that which forms the subject of this bulletin. He
ascribes the cause of the affection to a bacterium which is found in

great abundance in the diseased portions of the corm. A disease of

similar nature is also mentioned by Selby.'' This is referred to as a

root rot of the calla, and as no description is given either of the dis-

ease or of the organism producing it, it is impossible to determine

whether this is the disease now under consideration. The soft rot of

the calla and the organism producing it have been observed by Dr.

Erwin F. Smith, the pathologist in charge of the laboratory of plant

pathology of the United States Department of Agriculture, and b}^ Mr.

« Diseases of Calla. New Jersey Experiment Station Report for 1893, p. 399.

^Selby. Calla. In Condensed Handbook of Diseases of Plants in Ohio, 1900, p. 21.



(IKNKltAL AIMM'-AKANCK <>1' TH K DISKASP:. l.S

NoNVtoii 1>. Pierce, the j):il Ik »l<)L:i>l in cliarLic <»t' tin- 1 'arilic coast laho-

ratorx' of tlir I JcpaiMinnit. and |)i()l»alil\ Ity (>lli('i'>. iml ><> fai'asraii

\)v (Ictci'miiHMl if lias not liilliciMo n'cci\c(| careful iii\('st iL*":!! ion.

GENERAL APPEARANCE OF THE DISEASE.

Sevei'al i^reenliouses where I he disease was icpoitcMl lo he jjrcsent

were \ isited 1)\' llie wriler, who found llie e.illa'^ inllinL:' oil' n--nally at

or just helow (lie surface of tlie t^round, (he disease sometiines exleiid-

ine- down into the conn, sonietiines upwind into the leaves, and fre-

(pieiUly in holh dinH'tions. Occasionally the disease .seemed to start

in tlu^ edo-e of the* leafstalk (lii^-. 1), in the tlowor stalk, or in some under-

ground part of the corm, tliough

as a rul(^ it started at the top of

tho conn just ahovc* l)ut near the

surface of the oround. It was

also noticed that the disease was

worse and spread more rapidly

in those houses where the callas

were grown in solid beds.

AVhen a diseased corm was cut

open it was found that there was a

distinct line between the heaUh}^

and the diseased portion of the

corm (tig. 2). The healthy por-

tion of the corm is lirni and nearly

white, while the diseased part has

a decidedly brown color and is soft

and watery. A^'hen the disease

extends upward into the leaves it

is the edge of the petiole that

first becomes involved, the afl'ected

part ))ecoming slimy witliout im-

mediately losing its green color. As the disease progresses it extends

inward toward the center of the petiole and interferes with tin* trans-

ference of material between the corm and the leaf, the edges of the

leaf becoming pal(% then brown. Pal(» spots iKcoming ))rown then

appear in other ])arts of the leaf hlade. and linally the whole loaf

becomes brown and dead. Frecpiently the disease develops so rap-

idly that the leaf rots off at the base and falls over before it has time

to lose its green color. A\'hen tln^ disease* has progresscHl far enouLih

to attack the Hower stalk, the tlower turns brown and the stalk,

without ha\ing lost its color and fi-ecjuently without having decaved

upwai-d nioie than a fraction of an inch, eventually falls oNcr. When
the disease works downwaid through the corm it sooner or later

reaches the roots, which become soft and ^Wmy within. \\ hile theepider-

FiG. 1.—A slightly (lisuused calla pliint.
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mis rt'inains iiitait, lliiu pirM'ntiiii^- tin- ;4)iH'ariinc(' of thin-walled tubes

tillt'tl \N itli II soft sul»staiu*e. The roots rciiiaiii attached to tlie coriu and

eventually the slim v contents dry uj) and only the dead skin of the roots

remains. When the disease begins its attack below the surface of the

ground the lower portion of the corm freijuently rots away, causini^ the

plant to fall o\ er without ha\ in»^- previously j^ivcn any indication of dis-

ease. An examination of the decayed corm shows that only a small part

of the ui)p(M* })ortion of the corm, with :i few side roots, remains. The

Fui. 2.—X partly decayed calla corm.

latter become less and less iuuium-ous us the disease advances, until at last

they are unable to sui)port llu^ weioht of the leaves and iiower stalks.

If the conditions for the development of the disease are unfavorable

after th(^ corms are affected, the softened spots will dry down, sinking

below the surrounding portion of the corm and becoming darker col-

ored. In these spots the disease will often remain dormant until the

conditions for the development of the organism again become favor-

able. In this way the disease is carried over from season to season,

and it may be transported long- distances.



KKFKCT ON TJIK CALL A.

EFFECT OF THE ORGANISM ON THE CALLA.

15

As ali'ciuly stilted, tlir pai't of tlir plant ii--nall\ attacked lii->t i> tho

upper poitioii ol" the eoriii at oi* jii.^t l)el<»\\ the sii|-|"aee ot" the <j'i"(>niid.

A niici-oseopie examinatioii of the alleetiMl |»art, uhelhei- root, eorni,

loal'stnlk, or flower stalk, show > that t lie oiyanisiiis oeciipN' t he iiil('i"<-el-

lularspaeesand hy soMH^ means dissolxc the intercellular hiver, causin<(

the cells to se})arat(MMisily, sj that when the diseased lissu(^ is ])la('ed in

a liijuid each cell floats out hy itself. The cell wall, howevei-, remains

intact, hut the cell contents arc contracted. The liipidity with which
the disease advances depends to a lai-o-e ext(^nt upon the external con-

ditions suiToundine- the ])lants. rndci- laxoiable condition> a warm

Fig. 3.—Calla leaf twenty-two

hours after inoculating with

the calla organism. The point

of inoculation is .shown bv X.

Fig. 4.—Calla flower stalk twenty-two hours after

inoculating with the calla organism. The point

of inoculation is shown bv X.

atmosphere and an ahundance of moisture— the disease maycompletely
rot the conn in from three to four days, while under less favorable

conditions it may be several weeks in destroying the corm.or, indeed,

the progress of the disease may be entii-ely arrested for a period of

several months. While the organism usually attacks the corm first,

it may also attack either the leafstalk or the tiower stalk and cause it

to })ecome discolored and d(M'ay(Hl. (See tigs. 8 and -i.)

MORPHOLOGICAL CHARACTERS OF THE ORGANISM.

The organism which causes the rotting of the calla corm is a very

short rod, with rounded ends, as shown in figure 5, and also in

Plate II, figure 1. The width of the rods is verv nearlv uniform.
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Ill a 1^4 lioiu-oKl IxH't-lnotli cultiuv they iiieasure ulxmt ().r>// in width.

In the same ciiltiin' the h'u^th vaiitvs from :j// to ?>ju. Tlie very short

ones, as sliown l)y the nieasiirenients, are round, oi* nearl}' so; these

eventually elongate, heconunj^ rods. After the orj^anisnis have elon-

gated, cross wails are formed and as a rule they soon

break in two, forming- separate oi^anisms; hut occa-

sionally they remain intact until a lono- chain is fornx'd,

J which may tinally hreak up into individual cells (PI. II,

tig. I). This orj»*anism moves with a gliding motion,

Fig. o.— Bari!iu.^ ^nj upon staining for tlagella it is found to possess
aroidtif with thi- x • i i. ai ii *.*. i i.i

geiiax about (500. iroui two to eight wavv tlagella scattered over the sur-

face of the body (PI. II. tig. 1). The tlagella vary in

length from 4/< to IS//, i. e., two to six times the average length of the

bodv. No spores belonging to this organism have been found in any

of the artificial cultures or in the diseased plants.

PHYSIOLOGICAL CHARACTERS OF THE ORGANISM.

Certain physiological characters of the organism have been deter-

mined by growing it on ditferent media and under various conditions

of light, heat, etc., as described in the following pages.

NUTRIENT MEDIA.

In studying the ph^^siology of this organism the following media

have been used, viz, beef broth, agar, gelatin, Uschinsky's solution,

Dunham's peptone solution, peptone water with rosolic acid, peptone

water with methylene blue, simple peptone water,'' milk, litmus milk,

indigo-carmine peptone, and o^g aU)umen. All these culture media

were carefully prepared. The beef-broth stock was made froin lean

beef, the chemicals were ''c. p.," and only distilled water was used.

In addition to these media the following vegetables and fruits were

used, viz, potatoes, onions, turnips, celery, cucumbers, peppers (green

fruits), pieplant, beets, radishes, cauliflower, cab])age, eggplant, toma-

toes, salsify, carrots, parsnips, apples, pineapples, and bananas.

In nearly all cases both the fruits and vegetables were used raw,

but in some instances the vegetables were cooked. Usually the raw

fruits and vegetables wei'C sterilized by removing the outer layer with

a sterile knife and washing thoroughly with corrosive sublimate (1

part in l.ooo) and then with sterile water. They were then cut in

thick slices and placed in deep petri dishes and inoculated with one or

more loops of a 24-hour beef-broth culture of the organism, When
the vegetables were cooked they were cut into cylinders and pilaced in

test tubes with distilled water, then thoroughly sterilized, and when

cool inoculated with fresh cultures of the organism.

«Witte's Peptonum slccam was the only peptone used.
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Bcff-hmfJi.—Ten <'u))i(' ('ciitiiiiclci's ol' sl;ni<l:ii<l Im-cI" hi'ol li inociilalcd

with }i 1-mm. looj) of :i Ircsli cullurc lliiid of 1 lie ofjanisni was dis-

tinctly cIoikUhI in from foiii* to ciiilitfcii lioni's at a Icinpnal iiic of 85^

to IS ' C\ If tlu» tcMiipcialin'c was raised or lowered 1 lii'oii<^li sincnil

(leo'r(M*s al)o\(' or Ixdow tiie limits indicatetl oi- if the inoculation was

madi' from a loss active culture, the clouding" took place less i-apidiy.

Indeed, the cloudin<( was delayed indelinitely l)y lo\v» rinii- I he tem-

perature to 5'-^ C. or l)v raising- the temperature to II
(

'. If the

becfhroth was kept at room temi)erat ui'e (IS ' to 24 (!.) the orj^an-

isni remained alive for several weeks and a nearly white, deposit

se^eral millimeters in depth t'oi-miHl in the )){)tt()m of the tulx'.

Aijiir plate cidtin-ex.—On the ordinary nutrient a^'ar poured i)lat(!.s

made from a 24-hoiir-old beef-broth culture colonies were distinctly

visible in twenty-four hours at room temperatures of 18^ to 20'^ C,
and plates made in the same way and kept at 30"' to 35 C. showed

colonies distinct!}' in from tifteen to eighteen hours. The form and

size of the colonies on the agar plates depended upon certain condi-

tions—e. g. , if the colonies were numerous they were small and round,

while if there were but few^ colonies in each plate they were some-

times round and sometimes radiating-. They were usuallv radiating

if the plates were made from fresh cultures and kept at a temperature

of from 22^ to 35^ C. On the other hand, if the plates were made
from an old culture or if they Avere kept at an abnormally higii or an

abnormally low temperature the colonies w^ere round, even if there

were but few in each plate, Agar plate cultures made from Uschin-

skj^'s solution or broth cultures that had been kept dormant for sev-

eral months produced round colonies, ])ut after a f(!W transfers from

the dormant state to fresh media the agar plate cultures became cliar-

acteristically radiating (PI. II, figs. 2, 3, 4, and 5, and PI. Ill, fig. 1).

The foregoing applies to the surface colonies, but in addition to

these there were some embedded colonies in practically' all poured

plates. The embedded colonies were all spindle shaped unless viewed

end on, when they appeared to ])e round, with sharp, distinct out-

lines. Thev had a faint yellow^ tinge, and were iiuich smaller than the

surface colonies. If the embeddc^d colonies broke through the sur-

face, they spread out and b(dia\(Hl in the same manner as if they had

been originally surface colonies. (See the small colonies on PI. II,

figs. 2 and 5.) Some of the colonies lying at the extreme bottom of

the agar—i. e., between the agar and the bottom of the petri dish

—

spread out, forming a thin layer wjiich e\ (Mitually gave to the plate a

milky ai)pearance when held u^) to the light. (See PI. II, tig. 2, and

IM. III. tig. 2.) The surfaci* colonies, whetln^r round or radiating,

had a shiny whitc^ surface and were only slightly opalescent. If radi-

ating, th(\v usually had a central body, from which tln^ branches radi-

ated (PI. III. lig. 1). The cenlial Ixxly was moi'e deii>e than the arms

or hiaiiches and the whole colony \\as slightly ele\ated above the sur-

27501— No. ()U—04 '1
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fact' of the jiuar. Tlic oiitliiu's wcri' sliMrp iiiid wlicn jiiiij^riit'K'il l-jf)

times tlie 4s-li()iir-()ld colonics hud a granular appearance.

Aijar stnaX' cultures.—In addition to heef broth, i)eptone, etc., soiDe

of the ai»ar tubes contained 5 per cent of onipc sucrur and others con-

tained 5 per cent of i>*lycerin. These were shmted and inocuhited by

dii)pini^' a sterilized needh' in a ^-t-hour-old bcef-})roth culture and

drawin*^- it liohtly over tlie surface of tlie shmt aj^ar. Streaks becanui

distinctly visible in twenty-four hours at 20^ to. 25^ C. in all the

tu})es inoculated. Tht^ outlines of the streaks were entire at first,

))ut became more or less irreo-ular in from two to four days at 18^ to

25^ C. Growth was elevated a])ove the surface of the aoar and had a

shiny appearance, as if wet. It was of a white or grayish-white color

and (lid not discolor tlie agar nor tend to grow into it. The condensa-

tion water became distinctly milky and more or less deposit was

formed in it. On the other agars the organism remained alive for

several months at room temperatures (20° to 25° C.) if the culture was

not allowed to become dry.

Agar stah cultures.—At room temperatures (20° to 25° C.) growth

was apparent in from eighteen to twenty-four hours near the top of

the stab, and within twentv-eio-ht hours it was distinctlv visible

throuohout the entire length of the stal). The stab increased in size

from day to day and in a week was from I to '1 mm. in diameter,

slightly tapering toward the bottom. The "nail head" gradually

increased in size and in from three to five davs covered the surface of

the agar in the tube. This growth was slightly elevated, grayish-

white, with a wet, shining surface and an entire margin. It was

thicker in the center, forming a convex laver on the agar. Growth
continued for several weeks, with no change in the coloi* of the agar

and no change in the stab or line of growth except that it graduallv

increased in size, retaining its tapering form and its slightly serrate

outline with no elongated projections into the agar.

Beef agar., icith iron suJjj/iate.—Several slant tubes containing 10 c. c.

of nutrient agar plus 1 drop of a saturated solution of ferrous sulphate,

and several slant tubes containing 10 c. c. of nutrient agar plus 2 drops

of the iron sulphate solution, were inoculated with a fresh culture of

the calla oroanism, Avhile several tubes of each were left for control.

In fort3'-eight hours the organism had spread over the surface of the

agar in all inoculated tubes and the inoiulated surfaces showed a copi-

ous growth for several weeks, but no change was produced in the

color of the medium.

Gelatin stah cultures.—These cultures were made with gelatin of dif-

ferent kinds. The first was —10 on Fuller's scale, the second was neu-

tralized with sodium h3'droxid, while the third was the same as the

second except that another kind of gelatin was used. Growth was

a])parent within twenty-four hours (at 18° to 22° C.) in all the tubes
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inociiliitcd. Al 1 1m' ciitl of I w ('111 \ -foiii- li()iir> (lie sl:il)s were disl incl I

y

xisiltlc iIhoiiljIkmiI (heir cnliiT Icii^lli in nil IIh- iii()<-iil;i(('(| liihcs (1*1.

I\ . Ii_u". 1. A). Ill lOrlN ci'^lil lioiiis from llic (imc of iiiociihil ion tlio

i^'clatiii ill :ill the (iihcs hconii lo li(|iirt"y (1*1. I\ . I'l!^-. i. W). Ij(|IIcI":ic-

(ion !i(l\ :iik*(,mI most nipidly in NO. ."> :in<l Iciist rapidly in N<». 1. In

tlinu* days Ts'o. .'> h;:<l (Milirdy li(|ii('rKMl. and in fiNC days No. I and No.

lMuuI also li(|U(di(Hl (PI. IWli.^-. 1,('). A flcr 1 lie o«'lal in had licjuclicd

a cloudy mass lloatcd al)on( in (lie clcai- Ii(juid. Tliis linally sctllcd,

fonnini^' a ('oj)ious while (l('j)osil. The deposit \Na.s most al»nndant in

No. H, hut in No. 1 i( fonned a layer from '2 lo .'> mm. deep.

/u/(/ <f/ht//jirjt.-^{^\Will tuhes of solidified (*e-^- alhunien were inocu-

latod ^vitll a frosli culturt^ of the ore-anism. hut onlv !i feehle o-rcnvth

api)eared and no chan<^e had Ixhmi produced in ihe color of (he

alhunien at tlu^ end of ci^ht wcM'ks.

2[ilh.—Thi.'> medium was stiM'ili/ed \)\ heating- for ten minutes at

100° C. in a steam sterilizer on three successive days, the milk having

IxMMi pre\iously placed in test tu])es (10 c. c. in each tuhe). and the

tul)es closed with cotton plu^s. The milk was inoculated b\- placin<r

a l-iiim. loop of a :^4-hour-old heef-brotli culture in each of sev(!ral of

the tubes. The curdling of the milk l)egan to take place in fi'om two
to three da3's in all parts of the inoculated tubes. Two (\si\^ later the

entire 10 c. c. of milk was solidified and a layer of whe}^ about 1 mm.
deep rested upon the top of the curd. These experiments were
repeated from time to time, with the same results. Whe}' continued

to ])e separated for several days until from one-third to one-half the

space formerl}^ occupied by the milk was occupied I)}- the liquid; ])ut

no abnormal coloring- was produced in any of the tubes. None of the

control tubes curdled in an}- case.

Lltiiius milk.—This medium was prepared in the same manner as

the milk, except that a few drops of strong litnms solution were added

to each tube of milk before sterilizing. Several of the tubes were
inoculated with a 1-mm. loop of a 21-hour-old beef-broth culture.

Within forty-eight hours the blue began to give w^ay to a reddish color

near the surface, which within three da3"S had (extended throughout

the inoculated tube. At the end of five days f-rom the time of inocu-

lation the red color had decidedly faded throughout, so that the tubes

that Avere litmus Idue wIkmi inoculated were now only faintly pink, and

the milk had curdled throughout. The curdling of the milk and the

separation of the whey took place in the same manner as if the litnms

had not ])een ])resent. In nine da^'s even the pink color had dis-

appeared, w ith the exception of a faint rim near the surface. These
discolored litnms tu))cs were then allowx^l to stand until the organism
had died. The red litnms color, eventually becoming blue, gradually

returned, although tin* milk remained curdled and the whey separated

—

about one-half whev and one-half curd.
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Litiiins inill' in ultnxjrn. It wu.s noticed tliat the liliiiii.s milk tuhes,

wht'tluT thoy liHcl lu'cii inoculated or not, contained ji deposit of l>lnc

litmus. The calla organism that bleached the litmus in the milk failed

to attack this deposit, so that it remained ))lue. It was suggested that

the milk possilily contained an anaero})ic ))acterium that was not

destroyed by sterilizing and that it favored the formation of tht^ l)lue

deposit. The two control tu))es of litmus nnlkwere placed in a bottle

holding a))out a (juart. The bottom of the })ottle was covered with

pyrogallic acid (powder) to a depth of a))out one-half inch. To this

50 c. c. of a 10 per cent solution of caustic potash were added, and

the bottle was (quickly sealed Avith Darwin's wax. The mixture was

shaken for some time to enable it to take up the oxygen without form-

ing nuich carbon monoxid. If the deposit were due to an anaerobic

bacterium, it should increase farther up in the tubes. At the expiration

of twelve months the jar was opened. A lighted match thrust just

below the level of the opening- in the jar was immediately extinguished,

showing that the jar still contained nitrogen and had not allowtnl oxy-

o-en to enter durino- this time. An examination of the tulx's showed

that tlie ])lue deposit had not changed. This indicated that the deposit

Avas luidoubtedly a mechanical one and was not due to the presence

of an oroanism. The inoculated tubes that were left in the ordinary

air gradually regained their blue color after the organism died. The

return of the color (first red, then blue) was apparent whether the

oroanisms were left to die of their own accord or whether they were

destroyed by heating ; e. g. . if an inoculated litnuis tube had entirely

faded and was then heated for ten minutes at 100^ C, the color

returned within twent3^-four hours.

Uschinshifs solution.—Several tubes of Uschinsky's solution were

inoculated with a 1-mm. loop of a ^.t-hour-old beef-broth culture.

Seventeen hours later at 25^ C. all inoculated tubes were slightly

clouded. Thirty-six hours after inoculation the tubes were decidedly

clouded throughout, with a slight whitish deposit in some of them.

The cloudiness was not uniform in all parts of the same tube, but was

somewdiat stratified. Both the cloudiness and the deposit increased

from da}^ to day, until at the end of one week the solution was uni-

formly clouded, milk-white, w ith a copious white deposit in the bot-

tom of the tube. Even at the end of three months at normal room

temperatures the organism was still alive, as indicated by the fact that

the tubes were still clouded and a 1-mm. loop placed in beef-broth

caused a distinct clouding in twenty-four hours. At this time the

precipitate was 3 mm. deep. Plating and inoculating into callas

showed it to be the calla organism. This experiment was repeated

several times with identical results both in regard to the clouding of

the Uschinsky solution and the longevity of the organism in this

medium.
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I)un/n(iii\^ sol 11/ !n>i. ScNcial IiiIm'S()I' I )uii1i:imi"s soliil ion \v<'i(' iiHx;-

uhitt'd with :i 1 iiiiii. loop of a '1\ hour old cullinc, of llic; calhi rot

()r^*aiii>in in hccf hrol h. 1 n I wnil y-fotic hours at liO '
(

'. a fainl dondi-

lU'ss was |)('r(('j)til)l('. 'IMiis increased slii^hliy fioni day lo day foi*

a)H)iit. six days. The ((Miiperatiire durin<( this time lan^^ed fioni Ls

'

to 'if) (\ The (dondin(\ss then seemed to remain ])iact ically eori'-^tant

foi" ;il)oiil one week. A deposit, was j^Tadnaliy foi'med. and in one

month from the time of inocidation the solution became almost clear,

showiuLi" that the oi'i^'anism had ceased to li\('. 'IMie deposit formed

was about I mm. in depth and luid a faint hrowinsli tin^e.

I)u)ih((iiis ^olntion.^ with dcidfnchsin

.

—This solution was inocuhited

the same as above. At the end of ono w(Md< the solution in the inocu-

lated tubes was lij^hter coloi'ed than in the control tubes. At \\ni end

of one month after inoculation the bleaching seemed to have ceased.

The organisms were nearly all dead, as indicated by the fact that the

li(|uid was practically' clear. While the solution in the inoculated

tubes was somewhat pinkish in color, it was decidedly lighter than the

solution in the conti'ol tubes. The deposit w^as the same in color and

in (juantit}' as in the Dunham solution given above.

DioiluDiis ^oluilon^iirith in(lujo-cartivmi'.---'^Xj^v\\i^ tubes of this solu-

tion were inoculated in the same manner as the Dunham's solution.

In two da3\s the inoculated tul)es were slightly blue when seen by

reflected light. This color deepened from day to day for about one

week, after which time it remained practically constant. The inocu-

lated tubes were only slightly clouded at the end of two weeks, and a

small (juantity of deposit w ith a faint brownish tinge had foi'iiKnl in

the bottom of the inoculated tubes.

Ptj^tone solution^ with tohoUc acid.—A nutrient solution containing

rosolic acid was inoculated w^th al-ram. loop from a 24-hour-old beef-

broth culture, and at the end of one week the solution had a milky

appearance, due to the presence of a large number of organisms. Ten

days later there was no change, except the formation of a small

amount of white deposit. At the end of thirty da3's after inoculation

the tubes were still slightly clouded, ))ut no change in color was

apparent. The deposit had increased and had assumed a faint brown-

ish tinge.

J)iinJ((fin\s sohidov^ with mtthylene hliie.—Two preparations con-

tainmg peptone and methylene blue were used. The tir>t consisted of

a 1 per cent solution of Witte's peptone, to which was added 0.5 per

cent c. ]). sodium chlorid and ?> c. c. of a 1 per cent acpieous solution

of methylene blue. Sterile tubes of the solutioji were inoculated

with puie 2-i-hour-old beef-broth cultures of the calla-rot germ.
These inoculated tu})es weie compared with the controls for two
months subse(iuent to inoculation, but no change in color could be

detected.
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The second pre}janitioii was the same as the first, except that ittoii-

taiiied 1 pt^r cent of ^nipti suoar. Three days after inoculation then*

was no apparent chant't* in c()h)i% l)ut at tht» end of hve (hiys thc^ ino(;

uhited tubes had a j4reenisli tinj^c. This became more distinct from

day to day for several weeks, and at the end of two months tlu^ inocu-

lated tubes were entirely j>;reen, while the control tid)es rtunained bine.

The })hie color of the inoculated tubes was not restored upon slnikint^.

Stediiu'd piddto ct/l / ndcrs.—Potato cylinders were sterlizcMl by steam-

ino- on three consecutive days in tln^ sterilizer. Somc^ of th(»se were

inoculated with a I mm. looj) of a 24-hour-old cultur(M)f the calla-rot

organism in beef broth. Twenty-four hours after inoculation the

organism had spread over about two-thirds of the slant surface of

the inoculated cylinders. The rate of growth was slow as compared

with that on other media. The surface of tlu^ growth had a shin}'

apt)earance and a faint tinge of A^ellow which corresponded very closely

to Ridgway's Cream Color, No. 20, Plate VI, or Saccardo's Cremeus,

No. 27, Table II. The inoculated cylinders began to turn gray toward

the inoculated ends. P^ven in twenty-four hours the discoloration

extended from oni^-third to two-thirds of the length of the cylinders.

The color deepened from day to day until at the e!id of two weeks the

upper ends of the cylinders were distinctly brown, the color fading

into a gray toward the lower ends of the cylinders. All the many
inoculated cylinders retained their shape, and the control cylinders

renrained firm and white throughout the experiment.

In testing the potato cylinders for starch the reaction was immedi-

ate in both the inoculated and the control cylinders and the color

was nearly the same, but less puri)le and more blue in the control

than in the inoculated tubes. These tests were made at the end of

the second week and later. The odor of the inoculated cylinders at

the end of two weeks was sour and disagreeable, resend)hng spoiled

paste.

Raw 2)otato.—A fairly smooth potato was selected and thoroughly

washed with tap water to remove the surface dirt. It was then

washed with distilled water and the surface was sterdized with a solu-

tion of corrosive sublimate (1 part in 1,000), after which it was rinsed

with sterile w\ater. It was then cut with a sterilized knife into

slices about 2 cm. in thickness. Each slice was divided into four

parts and placed in a deep sterilized petri dish. Several petri dishes

were prepared in this manner. Two of the pieces in each were inocu-

lated with a 2tlr-hour-old beef-broth culture of the calla organism by

placing several drops of the beef-broth culture on the surface of the

pieces and then stabbing through these drops into the potato with a

sterile needle. Two pieces were left for control. In twenty-four

hours the inoculated and control pieces showed a slight discoloration

owing to the action of the air, but only the inoculated pieces decayed.
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At (lio (Mul of li\(' (l;iys \\\v decayed portions (dos(dy reseinhled Kidy^-

ways Broccoli lirowii, NO. 1.'), IMale III. !l was not (jiiile as dark as

Saccardo's rinln'iiius. No. II, Tahle I. Ilie inocnlalecl pieces had the

odor of decay iiii^' \'e<4'etal)les and weie alkaline lo liliiiiis.

lunr <(/(/jf/(nif. A ripe fruil of the e<i;"eplaiit was obtained from the

inai"k(^t, tli(^ sm-faec was washecl and sterili/ed as dex-rihed above;,

and it was thiMi cut witli a sterile Uiufe into slices of thickness suital>le

for ])hiciniif in jx^tri dish(\s. In some instanc(»s tin* slices wei'c jnired

with a stiM'ih^ knifc^ so as to I'cmove the outside skin, and in other ciises

the skin was left on. All slices wer(», cut into four pieces, two of

which were inoculated w ith a '^l-houi'-old culture of th(» j^erm in hec^f

broth and two were left for conti'ol. \\ ithin eij^hteen houi's at from
20^ to 2-i^ C the inoculated pieces were; discolored, and in forty-eij^ht

hours the discoloration had (wtended entir(dy throuj^h them. In three

daj's some of the inoculated pieces were somewhat split and shrunken,

as shown in Plate IV, tigure 2. In color the interior— i. e., the part

that was the center of the fruit—was Broccoli Brown, No. 15, IMatc

III, of Kidgway's tables, a little lighter than Saccardo's Unibrinus No.

9, Table I. The portion toward the margin was nearly Clove Brown,

No. 2, Plate III, Ridgway's tables, or a little darker than Saccardo's

Castaneus, No. 10, Table I. There was no sharp line between these

two shades of brown, but one graded into the other. The inoculated

pieces at the end of three days had a decidedU' soapy odor and the

reaction was alkaline to litmus. The checks remained perfectly sound.

jRaw caidiflowe7\—A large head of caulitiower that had been three

weeks in cold storage was obtained from the market. A portion of

the main stalk w\as thoroughlv washed with corrosive sublimate, and

then with sterile water. With a sterile knife the outside was pared

off and the remaining part w^as then cut into slices that could l)e con-

veniently placed in petri dishes. These Avere then inoculated with

the calla-rot germ from a pure culture in ))eef broth, leaving a num-

ber of pieces for control. The culture used in this case was three

da3'S old. In twenty hours at 20° to '1\' C. the inoculated pieces

began to show a faint discoloration, turning slightlv l)rown. This

continued until at the end of a})out two and a half days the whole of

each piece inoculated had l)ecome discolored. At this time the inocu-

lated pieces were decidedly alkaline in reaction, gave a very strong

odor of decaying vegetable matter, and on comparing with Ridgwa^^'s

plates the color was found to correspond v(Mt closely to the Ecru

Drab, No. 21, IMate III, or to Saccardo's Avcdlaneus, No. 7, Tal)le I.

The control pieces were still healthy. In several cases the inoculations

did not take. Several luanehes fiom the head \\('re sterilized and the

lower part was inoculated with the same germ. In all these cases the

inoculation was successful, \\iili the same characteristic odor, color,

and reaction.
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JRtiLC ntdLs/t.—Several red, so-ealletl *' white til)," round radishes

were obtained from the market. These were washed and the surfaces

sterilized in the same manner as the raw potatoes. They were then

pared witli a sterih' kiufe, cut in half, and plac«'d in petri dishes, four

halves in each disli. Immediately after preparinj^ these specimens,

two in each dish were inoculated with the calla-rot organism, usino- a

i^4-hour-old }>eef-broth culture, and in eighteen hours at ^2i)^ to ''25'^ C.

all the inoculated pieces showed slight discoloration. In foity-eij^lit

hours the disease had advanced so that tlu^ whole of each inoculated

piece was discolored. None of the uninoculated pieces showed any

signs of disease. Some of the inoculated pieces were inoculated by

contact and others by stal). The disease progressed as rapidly in

the contact as in the stab cultures. The inoculated pieces only were

affected; color, Cinnamon, No. 20, Plate III, Ridgway, a little lighter

than Saccardo's Umbrinus, No. 9, Table I. In reaction the discolored

pieces were stronglv alkaline to litnuis, and had the very disagnn^able

odor of decaying vegeta})les. All the inoculated pieces were involved

(see n. V, tig. 1), gradualh' disintegrated, and settled down upon the

bottom of the petri-dishes, as shown in IMate V, figure 2.

Iicnr et(Ci(?/ihe?'s^ sliced.—A green cucum])er about 5 inches in length

was thorouH'hlv Avashed with distilled water and the surface sterilized

with corrosive sul)limate (I part in 1,000). The outer rind was peeled

off with a sterile knife, and the material was then cut into slices from

IJ to 2 cm. in thickness. Each slice was divided into two parts and

placed in sterile petri dishes, four pieces in each dish. Two of these

pieces in each dish Avere inoculated with the calla disease germ, using

a 24-hour-old beef-broth culture. All the inoculated pieces began to

show slight discoloration in eighteen hours at 20^ to 25^ C, and in

forty-eight hours the disease had progressed rapidly, having discolored

in some cases the whole of each inoculated piece. The color of the

inoculated pieces at this time was light brown or yellowish, closely

resembling Ridgway's Buff, No. 13, Plate V, or Saccardo'sOchroleucus,

No. 28, Table II. Th(^ inoculated pieces had a p^^ppcry, pungent odor,

and were stronglv alkaline to litnms.

J2aw cucunthers^ '}r/toIe.—The effect of the calla germ on whole

cucumbers fresh from the vines was tried by taking nearly i-ipe cucum-

bers, sterilizing a spot near the stem b}" washing with corrosive subli-

mate (1 part in 1,000), and then Avashing Avith sterile water. Several

punctures were made in the sterilized spot with a sterile needle to the

depth of from one-half to 1 inch, and tAvo 1-mm. loops of a 24-hour-

old ])eef-broth culture of th(^ calla organism were applied to the sterile

surface OA^er the punctures. For control several cucumbers Avere

treated in exacth' the same manner, except that the organism was not

applied. At the end of twenty-four hours ;it 2<) to 25^' C. a Avatery

spot about one-half an inch iii dituiKH;^' appcnii'cd around the punctures
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ill I lie cucmnlMM-s that wrvv iiiociihitc*!. In lliicc days I'l-oiii the (iinc

of iiiociilat ion the ciiciimhci's wci'c .suit alxxil one lialf tlicir l('n<^tli,

aiul ill li\(' (lays tlicy wci'c soft lln'ou^houl. 'I'lic skin. liowcNcr,

rcMiiaiiuul intact, so that the inocuhitvd ciiciimhcrs iM^pi'csciiUHl closdd

sacks containiiii,'" a watery, pidpy mass (IN. \'I). If an opcnin*^'- were

made in tlu* siu k the co?itents would How out, lea\ in^' a semitranspjir-

ent haii' which could he filled with water and lian<lle(l. All contiols

remained eii(ii-ely unallected. A dioj) of the watery sid»>tanc(' from

one of the inoculated cucumheis j)laced undei* a low power of t\n\

microscope showed that the cells had become separated so that each

individual c(dl floated out by itscdf. The c(dls theMis(d\('s were not

collaps(»d, however, showin*^ that the action of ilu) oi-<^anism had been

ui)()n the lanudla connectmo- the cells, causin<»- thcMu to dissohc. This

action was apparent not only upon the cucuml)er but upon all the raw

vet^etables which were rotted under the influence of this or<^anism.

The color of the cucumbers, both upon the surface and in the interior,

remained unchanoed. Th(» odor of the soft contents of the inoculated

cucumbers was strikin^dy like that arisinj^" fi'om cucumbei's that some-

times soften when pickled in brine. The reaction was distinctly- acid

to litmus.

To determine whether the organism that had caused the softening

of the inoculated cucumbers was the calla-rot germ, a spot was steril-

ized on the surface of one of the soft cucumbers before the skin was

broken. With a sterile needle a puncture was then made in the ster-

ilized spot in the skin and a loop of the soft interior was removed

with a sterile needle and placed in 10 c. c. of beef ))roth. In the

usual wa}^ eight poured plates of beef agar were at once prepared

from the dilutions of this beef-broth culture. In from twenty-four to

forty-eight hours at 20^ to 25° C. colonies appeared in all the plates.

These colonies were all radiating and were ahke in all respects, indi-

cating that the cucumV)er contain(>d a pure culture of an organism

similar at least to the calla-rot germ. Twelve callas were inoculated

with 24-hour-old beef-broth cultures made from these colonies, and in

twenty-four hours the characteristic calla rot appeared in all cases,

as indicated in the wateiT discoloration around the inoculated spots

and by the subsequent decaying of the parts inoculated. In twenty-

four hours more the inoculated leaves had entirely rotted oH. The
only part of the interior of the inoculated cucum})ers not softiMied was

the portion innnediately beneath the spot sterilized for inoculation

(PI. VI, A). Here the interior remained tiiin, sometimes to a de[)th

of one-half inch or more, showing that the corrosive sublimate had

penetrated to a considerable depth and that the organism was uiiable

to attack this part of the cucumbei- e\-en after sev(M*al days.

This seri(»s of exi)eriments was repeat(Hl many tunes uitli practi-

callv the same lesults. Snmeiimi^s the action was a little slower and
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soinetinies a littlt! iiU)Fe nipid. It was found tliat the action was more
rapitl it" tiie ciKiuiibers were ni'arly ripe liefore iiioeiilatioii and when
the tenii)eratm'e of the air in which they were kept after ino(;uhition

was about 30 C. Some of the experiments were carried <jn in the

dark and some in diffused li^ht, but there was no a|)parent difference

in tli(^ time reiiuired for the inocuhition to take, nor in the rat(i of

progress made in softeninu- the cucumbers in the two cases. The rate

of disintegration was the same on })oth the upper and the h)wer sides

of the cucumbers.

Rinr (jnen pr/z/hrs.—These peppers were obtained from tlie market,

tlioroughly washed with distilled water, and afterwards with corrosive

sublimate, and again rinsed with distilled water. With a sterile knife

they were cut into slices and placed in sterile petri dishes, two pieces

in each dish. One piece in each dish was inoculated innnediately with

the calla-disease oi-ganisuL In twenty-four hours at 20^ to 25^ C. it

was seen that the inoculated pieces were slightly attacked by the germ,

and in forty-eight hours the disease had progressed, although not as

rapidly as in the cases of the cucumber, potato, carrot, and some other

vegetables. The oiganism attacked both the central and the outer

parts of the pep})er, l)ut the change in color was not sufficient to show
in a photograi)h even aftm* live days. The inoculated parts were all

darker than the controls (Uidgway's Parrot Green, No. T, Plate X, or

Saccardo's Atro-virens, No. 34, Ta))le II), while the original was nearlv

grass green toward the outside. The interior of the pepper, originally

nearl}^ white, was changed to Cream Buff', Ridgway's No. 11, Plate V,

or Saccardo's Cremeus, No. 27, Table II. The inoculated parts were

also soft, had the odor of decaying peppers, and were strongly alka-

line to litmus.

lu/tr iiKiturc oni<))i htilhs.—The outside layers were removed and the

onion was then cut into pieces of convenient thickness and placed in

petri dishes, three pieces m each dish. Two of these pieces were inoc-

ulated with a 24-hour-old culture of the calla germ and one was left

for control. Several dishes were prepared in this manner. The
organism grew on the onion, but not rapidly, and at the end of ffve

days at a temperature of from 20^ to 25^ C. the deca}^ was apparent,

altliough the layers of the onion were not broken down. The color

was Cream Buff, No. 11, Plate V, Ridgwa}", or Saccardo's Cremeus, No.

27, Table II. The odor was that of decaying onions. In reaction the

inoculated pieces were moderately alkaline to litmus.

12(1(0 young o?u'o/hs.—Several onions were grown from seeds, and

when the young plants were about two weeks old they had produced

three leaves each and the lonoest of the leaves measured from (> to

8 inches. These plants were inoculated with the calla organism by

placing a drop of a 21:-hour-old beef-broth culture on a leaf wiih a

sterile needle and puncturing the leaf several times through the drop
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of l>;i('t(M*i:i-l:i(l('ii Itiolli. No sion of discjisc Mj)j)ciirc<l in uny cii.se,

altlioULfli the ()l:uits were kepi tiiidcr <)l)S('i"\ :il ion U>v scxcral wctiks.

This cxpcriiiit'iil wms iciM'atcd scvcriil tiiii"s uitli iicojitivc rcisuKs,

iii(lit*atiii<jf that this oi^anisfn is not a pi'odiiccr of disease, in y(nii\<!;

^HMMi onions.

/^<nr />/> />/(f /I /.— ^{n\ks <)( law pieplant were waslied with e()ri'o>l\'e>

Sllhliniate and then in dislilh'd watei'. With a stciilc knife the out,-

side ^^as reiuoxcd and the stalks were then eid into slices al)ont 'A em.

thick and four ])laced in each [)etri dish, 'i'wo of eaeli foiii- wen;

inoeidated with a lil-hour-oid l>eef-hi-()tii cidtiire of the calla «4-ei*in.

In two eases only was there any <(rowth, and this was vei'y feehle,

resulting- at the end of five days in a sli^^ht ])rown dise()h)ration. The
experiment was re})eat(Hl several times, })iit in all eas<vs the j^rowth

was very feeble and hardly i)ei-ceptihlc.

I2afn cnhhaxic.—^Cal>l)ai»(; heads were obtained from tin; mark(;t, the

outer leaves were pulliMl off, and inoculations were made; into the

stumps and leaves of several plants, using a 24-hour-()ld beef-ln-oth

culture of the calla t>(rrm, several heads Ix'ing' left for control. In

twenty-four iiours the inoculated spots were sli^-htly discolored. The
color deepened for nine days (temperature, 18'-' to 27^ C), at the eiid

of which time the rot had sprcMid oxe^- the whole surface of the stunn)s

and entirely thi'ouoh them. The color was Dral), No. 18, l^late III,

Rido'w'ay, or somewhat darker than Saccardo's Avellaneus, No. 7,

Table I. At the same time the deca}' progressed in the leaves, pro-

ducing* the same color and advancing from leaf to leaf until at the end

of nine days the whole of each inoculated head was affected. None of

the control plants was aft'ectted during this time*. The decayed speci-

mens had the odor of rotten cabbage and in reaction were stronoflv

alkaline to litmus.

In addition to these experiments with ca))bage, pieces of stumps and

leaves were washed with corrosive su))limate, then with sterile water,

and plac(Hl in petri dishes, four pieces in each dish, two of which

wer(^ immediateh" inoculated with a 2-1-hour-old beef-broth culture of

the orofanism and two left for control. In twentv-four hours at 2(H

to 25^ C. the inoculated pieces began to show discoloration and in five

days the inoculated pieces were decayed throughout. The control

pieces remained sound, except in a few instances in which the exuding

juice from the decayed pieces came into contact with the controls, in

which cases the latter decaycMl. The color, odor, and reaction were

the same as in the experiments with thi^ whoh^ heads, as previously

described.

Rnw jxn'Kn'ips.—Raw })arsnips were obtained from the market and

treated in the same way as the; raw potatoes. \\\\.\\ a sterile knife

pieces of convenient thickness wen^ cut and j)laced in sterile jx'tri

dishes, four pieces in each dish. Pwo pieces in each dish were inocu-



lilted with the callarot i;eriM, iisino- u 1^4- hour-old hccf- broth culture.

At the end of twenty-four hours after iiioeulatioii the inoculated

pieces bei»aii to show discoloration at the points of infection, and at

the end of three days (temperature, IS^ to 25-" C.) the disccjloration

was very marked (IM. VII, ti^-. I). The inoculated pieces had a i)un-

^ent, sweetish ()(U)r and were plaiidy alkaline to litnuis. The color

corresponded to Ividj^vvay's Munnny Brown, No. 10, Plate HI, or nearly

to Saccardo's Fulioineus, No. 1 I, Table 1.

liittr ear/'ots.— Sev^eral roots of carrots were o})tained from the

market and prepared in the manner indicated above. Slices of suit-

able thickness to he placed in ])etri dishes were then cut off with a

sterile knife. Four pieces were placed in each petri dish, and as in

the other experiments two out of each set were inoculated with the

calla-rot oroanism and two h^ft for control. In twenty-four hours

at 20° to 22° C. the inoculated ])ieces began to discolor at the points

of inoculation, and in threi^ days the discoloration was very striking

over the entire surface of the inoculated pici'cs (PI. VII, tig. 2). In

the central ]virt of the root the discoloration had (^xtend(^d entirely

through, a distance of 2 cm., while toward the outer surface the

progress was not so rapid, the discoloration having extended onh^

about 1 cm. The color of the inoculated pieces three days after inoc-

ulation was Vandyke Brown, No. 5, Kidgway's Plate III, or nearly

Saccardo\s Fuligineus, No. 11, Table 1. The decayed part was dis-

tinctly alkaline to litnuis. At the end of eight davs the inoculated

pieces were entirely discolored and soft, while the uninoculated pieces

still retained their normal color and were sound. At this time the

inoculated pieces had changed in color from Vandyke Brown or Fulig-

ineus to Olive, No. 9, Ridgway's Plate III, or to Saccardo's Oliva-

ceus. No. 80, Table II.

I^aw turnips.—A firm, white turriip was obtained from the market,

prepared for the petri dishes, and inoculated in the same manner as

the other veaetables. In twentv-four hours discoloration was dis-

tinctly noticeable at the points of inoculation, and in three days the

discoloration was very striking and had progressed downward from 2

to 8 mm., while the uninoculated pieces were still white and sound

(see PI. VIII, fig. 1). Tlie color of the inoculated pieces at this time

closely resembled Ridgway's Olive, No. D, Plate III, or Saccardo's

Olivaceus, No. 89, Table II. The discolored parts were strongly

alkaline to litmus and had a striking odor of decayed turnips.

Hato sahify.—Several roots of salsif}' were obtained from the mar-

ket and the same method was used in preparing and inoculating them

that was employed with the other vegetables. In twentv-four hours

the inoculated pieces were discolored and in three days all had discol-

ored l)ut only the inoculated pieces had decayed, and as these kept

their shape it was impossible to bring out the dili'erence in color by
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iiU'Miis of :i |)li()t()L;r:i|)li. i lie <4 rowt li of ( he orn'tuiisiii. Iiowcnci', was

appMrciillv iii>l as lapid in the salsify as in llic |)ai'siii|)>, carrots, clc.

'^riic inoculated pieces \\«'i"e alkaline to liliniis and had an odoi' of

decaying- salsify.

Ii((tr loninhhs^ I'ijh. SeNd'al lipe tomatoes were inoculal<'d witii a

24-li()iir-()ld l)(Md'-l)r()tli culture of the calla e<'nu. liefore iiuxadat ine-,

a spot about owv inch in dianietei* on t he surface of t lu^ fruit was washed

with a dilute solut ion of cori"osi\-e sul>liniate and t hen with >terile water.

A loop of the cult u re was then placed on t he sterili/ed spot and a stcrilo

neodh^ was used to ])uncture the skin through the di'op of he<d'-])r(>th

culturo. Some of the tomatoes so inoculated were hd't in ditlused li<^lit,

some were placinl in a dark room, jind all wcm'c maintained ;it a tempera-

ture of about is C. Twenty-four liours after inoeulation each infected

spot was surrounded b}- a watery area about 1^ inches in diamc^ter. Thci

contents of the inoculated tomatoes softc^ned lapidly, so that at the

end of four days after inoculation opeinues wen^ made in the skins of

some of the infected fruits and the contents were pourcul out, leavin<^

the skins intact. The cell contents of the inoculated tomatoes were

ap])arently acted upon b}^ some substance that dissolved the inter-

cellular la3'ers and allo\ved the individual cells to become entircdy

separated, as in the case of the cucumbers already cited. The cell

contents did not seem to Ixv affected, nor did tlie substance act upon

the skin of the tomato.

Rata tomatoes^ green.—Some tomato plants ^rowino- in the Depart-

ment greenhouse bore a number of unripe tomatoes varyin<^' from 1

to 2 inches in diameter. Six of these w(n'e inoculated on the plants in the

same manner as the ripe tomatoes described al)ov(\ Twentj'-four

hours after inoculation (temperature, a))out 30^ C) all the infected toma-

toes had small watery spots at the point of inoculation. Twenty-four

hours later the watery spots appeared suidvcn and whitish. In another

twenty-four hours the spots began to turn brown, the skin cracked,

and the juice began to ooze out. Jn twelve days after inoculation the

contents had oozed from all the inoculated tomatoes, leaving the skins

still clinging to the ^•in(^s. Plate \'1II, Hgure 2, shows a photograph

of one of the skins (No. 2) and of an uninoculated tomato (No. 1) on

a piece of one of the vines. The skms did not (ding tii-ndy to the

vines, but could Ix^ easih^ removed. The stems to whi( h the skins

w(Me attached had a discolored and dead appearance, but were not at

all soft. (Ireen tomatoes brought into contact, either artiticiall}' or

naturally, with a decayed tomato did not take the disease. While the

general effect of the organism is the same upon the green as upon the

ripe tomato, the progress is much more ra])id in the case of the idpe

fruits.

Rmv aj/jjlcs (York Imperial). The outside of the apple was washed

with corrosive sublimate (1 part in 1,000) and then with sterile water.
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Several pieci's were iIumi lut out witli n .sterile knife :unl pluced in

sterile petri <.li.slie>., four pieces in each disli. Two piece-, in each di-li

were inoculated with a if4-hour-olil cultuic of tlii' ealla-rot ^'erni in

beet* broth and two pieces weri' left for control. After four days a

slight urowtli was noticealjle, but the rate of orowth was very slow.

Rmi' ptntapjjlt'ii.—The outside was removed and several pieces were

cut from the interior with a sterile knife. As in the previous case,

four pieces were placed in each of se\'eral jx'tri dishes. Two pieces in

each dish weie inoculated as abo\'e jind two left for conti"(jl. 'i'hesc

preparations were kept for about ten days, hut no i^rowth appeare([ on

any of tlu^ pieces.

liair yellow IxuKUuts. The outside of the bananas was carefully

peeled ofi', and with a sterile knife cross sections from IV to 2 cm. thick

were cut oil" and plactMl in stei'ile i)etri dishes, four in each dish. As
in the preceding- cases, two pieccvs in each wei'e inoculated with a 24-

hour-old culture of the calla-rot Lj(»rm in l)eef l)i-oth and two were left

for control. After t(Mi days no orowtii ^vas noticcnible on any of the

pieces.

GAS.

To determine whetlKM- or not the calla-rot oro-anism is a j^as pro-

ducer, six solutions were used, viz, peptone water -|-1 jku" cent man-

nite, peptone water +1 i)er cent maltose, peptone water -[-1 per cent

dextrose, peptone water -|-1 per cent cane sugar, pi^ptone water -f-1

per cent milk sugar, and peptone water +1 percent glycerin. A half

dozen fermentation tubes were tilhHl with each of these solutions, and

after sterilizing for fifteen minutes on three consecutive days several

tubes of each set were inoculated with a 1-nnu. loop of a i^-t-hour-old

beef-broth culture of the calla-rot organism. A part of each sc^t was left

for control. In eighteen hours after inoculation of the infected tubes

(temperature, 20^ C.) the}^ were clouded in the bulb, and the cloudmg

extended from one-half to 1 inch into the closed ends of the tubes.

In forty hours the clouding extended to the top of the closed end of

each inoculated tube, ))ut no gas had formed in an}- case. (Fig. 0.) The
control tubes were all clear and free from gas. These tul)es were kept

under observation for t^vo weeks, but no gas formed in anv of the

tubes, and the control tubes were still clear and free from sediment.

The inoculated peptone-mannite tubes began to clear at the top of the

closed ends in from twenty to thirty weeks after inoculation. The
deposit formed from a settling of the sediment was cream butf in

color, as seen ))v reflected light, and corresponded ver}' nearh' to

Ridgway's No. 11, IMate Y. The reaction of the contents of the tube

was slightlj'acid to litmus at the close of the experiment. The inocu-

lated peptone-maltose tubes began to clear in from ten to twelve

weeks, and by the end of twenty weeks were entirely clear. The
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(l('j)()sit IOiiiumI was oiiK- ahoiil onr-liall" IIh' l)ulk of (lie, deposit in I Ik;

})('|)l()iH'-inaiini(e tiilx's. It was of a diah coloi-, coiTcspoiKlin^;- nci'v

c'losciv to Kidi^w ay's Mcni l)ral>, oi- a little dai-kei* tluiti Siic('}ir(l()''s

Avellaneiis, No. T, TaMe I, when \ie\\(Ml hy r(;llected li<,'-lit. The, reae-

tion of the contiMits of th(^ tnhes w :is slii^iitly alkaline to litmus at the

close of the ex])(M-ini(Mit. The ])ej)tone-dexti*ose tu))eH ix'o-jiu to eh^ai*

in from ten to twelve weeks after inocula-

tion, and in twontv weeks wei'(^, entirely

clear. A lariLi'(» j)art of the sediment clmiLj"

to the hack of the upi-it^ht part of the tuhe

instead of settlin(>' completely, as in the

other inoculated tubes. Tlie color of the

deposit was also drab, correspondinjr very

closely to Kidtj^way's P]cru Drab, No. 21,

Plate III, or a little darker than Saccardo's

Avellaneus, No. 7, Table 1, when s(>en ])y

reflected lio-ht. The reaction of the con-

tents of the tube jit the close of the experi-

ment was sliohtl}^ acid to litnms. The cane

sugar, milk sugar, and glycerin tulx^s

cleared in from one to six weeks. Tlie

gl3"cerin tube cleared fij'st, then th(» milk-

sugar tube, and lastl}^ the cane-sugar tubes.

The deposit was heaA'iest—about 4: mm.
deep— in the cane-sugar tubes, about 2 mm.
deep in the milk-sugar tubes, and only 1

mm. deep in the gl3xerin tube. The color

of the deposit w^as the same as in the other

cases, viz, Ridgw^a^^'s Elcru Drab, No. 21, Plate III, or a little darker

than Saccardo's Avellaneus, No. 7, Table I. Each inoculated tube

gave an acid reaction with litnms at the close of the experiment. No
gas formed in an}' of the tubes. It is therefore apparent that the

calla-rot organism is not capable of splitting up mannite, maltose,

dextrose, cane sugar, milk sugar, or glycerin so that a gas will form.

Fig. G.—Fermentation tube ten

days after inoculating with the

calhx organism.

ACTION ON LEAD ACKIATE.

Slant tubes of hictose agar, colored with litmus, were inoculated

with the calla-rot organism, and at the same time slips of iilter paper

saturated with lead acetate were introduced into the tu))es. These

paper strips were held at one end by a cotton plug, so that they did

not come into contact with tlie medium. In twenty-four hours the

color began to fade from the litnuis-hutose agar, and in three days

the agar was practically colorless, except a small area n<'ar the top,

which was still slightly tinged. At the same time the lead acetate

pai)er began to blacken ai'ound th*' edges. Tw(Mity-four hours latm*

the margins of the paper strips were still darker and the discoloration
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exteiult'd u littU' furthoi tiom th(; edge. At the cud of cii^lit days

from the l)e«4iiiniiu^ of the experiment the coh)r hud entirely disa})-

l)eari'<l from the inoeuhited tubes, while it remained uiH;haii*^«'<l in the

coritrols. The lead-acetate papers were })lackene(l about three-fourths

of an inc-h from the lower end upward, the color fadinj4- out and lea\'-

in*^' no sharp line of demarcation. The li((uid that settled in the ant^Kj

of the inoculated tubes at the end of ei^ht da3's had beconu; nearl}'

cream color, corresponding- closely to Uidoway's No. 20, Plate VI, or

Saccardo\s C^remeus, No. 27, Table TI, while in the control lubes tlu^

rujuid was still litnuis color. At the expiration of twent^'-seven days

from the beiiiniunii' of thi^ ex])eriment the color be^jan to return in thc^

aiiar, and se\'en days later the orioinal color had returned throu^ihout

the agar and also in the li([uid that had previously been cream color.

As soon as the color bcoan to return to the agar the discoloration of

the lead-acetate slips ceased to develop. The black color in the lead-

acetate papers was undoubtedly due to the formation of hydrogen sul-

phid, which develops on certain media during the activity of the calla-

rot organism. As soon as the organism became inactive the hydrogen

sulphid ceased to form, and what had formed passed oli' from the agar,

allowing the litnuis color to return. Beef broth inoculated with the

calla-rot organism discolored the margins of lead-acetate paper in

twenty-four hours, the discoloration extending abojit one-fourth of an

inch from the margin. This gas forms nuich more rapidly in beef

broth than in litnuis-lactose agar, while the organism growing on

potato c3'linders produced no blackening of lead-acetate strips, even at

the end of three weeks after inoculation.

INDOL.

Several tubes of peptonized Uschinsk3^'s solution were inoculated

with fresh cultures of the calla-rot organism. The inoculated tubes

clouded within twenty-four hours, and tests were made from day to

day for indol, using concentrated sulphuric acid and sodium nitrite,

but even at the end of twenty-four days no trace of indol could be

detected, although the tubes wcie heated to 80"^ C. after the application

of the acid and tlu^ nitrite.

NITRATES KKDlCKI) TO MTRITES.

Four tubes of nitrate l)ouill()n wcr(> inoculated with the calla germ.

These became distinctl}^ clouded in tlu^ usual time, and at the end of

two days Avere tested for nitrites as follows: To 10 c. c. of the clouded

bouillion 1 c. c. of starch solution and i c. c. of potassium iodid solu-

tion were added. One drop of sulphuric acid Avas then sufficient to

give an intensely Idue color, indicating that the nitrates had been

chano-ed to nitrites. The control tubes treated in the same manner

gave no reaction.
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M A \ I M r M IKMI'KKA ri i: I :.

Ill (l(»lorniiiiiiis4' (he inaxiinmn Icmjx'i'iihii'c al wliicli tlic calla-rot

or<;'jinisiii will yrow st^vcral media were usvd, \iz, aj^ai', ^clalin, hcof

))roth, and I'scliiiiskx 's soliu ion. 'I'hcsc iikmIIm wcic inoculated willia

24-hoiii'-()ldcid(ui(M)t' lli(M-alla-rot oi'jjfanisni in hccf" hi-olli.and scNcral

tubes of (^acli nicdinin wen* placed in an iiicid)a(oi' wiiicii rc^istorc^d

40 ' (\ At th(M*xpira(ion of for(y-ci<(Iit hours the, t('ni})ci-a(ui'(^ still

rouiaiiunl at 4(1 (\, and thcn^ was no visible oi-owth in any of the

uiedia. Growth was a])])arent in all {\\o control tulx's at tin' (uid of

twenty-four hours after inoculation. On the thiid day after the tu})CS

were placed in the o\(mi the temperature fell to 38^^ C, and at the

expiration of twenty-four hours tliereaftei- there was a visi])le cloud-

iut^ of the beef brotli and of tlu^ l^schinsky solution, but no growth

aj)peared on the other mediji. When the incubator had again i)ecome

steady at 40^ C, fresh cultures were introduced, includin<4-, in jiddition

to the above mentioned media, milk, litmus milk, and poured-agar

plates. At the end of forty-eiolit hours there was a slitrht (douding

of the beef broth and of the Uschinskv solution, but no growth was

yet apparent in the other media. Twenty-four hours later the clouding

in the beef broth and in Uschinsky's solution had increased jind miimte

colonies began to appear in the poured ])lates, slight growth Inking

ap})arent also on slant agar and stab gelatin cultures. At the end of

another twenty-four hours the milk was slightly curdh^l and the

litmus milk was beginning to redden. The temperature remained

constantly at 40^ C, and growth advanced slowly in all cases for

several days. The colonics in the poured plates increased in size until

they were from 2 to 3 mm. in diameter. It should be noted that all

the colonies produced on the agar plates at this high tcnnperature were

round, none of them showing any tendenc}^ to radiate as they did

under temperatures from 20^ to 30^ C. While 40^ C. retards the

growth of the organism it does not prevent it. TIk^ incubator was

next regulated at 41^ C. and fresh cultures of the organism on the

various media were placed in it. After forty-eight hours there was a

slight growth in the Uschinsk}' solution and on the slant agar, but it

was ver\' slight as compared with the controls. No growth appeared

in the other media. At the end of another fortv-eight hours, growth

in the agar and in the Uschinsk}' solution was not perceptibly advanced

and no growth appeared in any of the other media. Upon removing

all these cultures to conditions of normal temperature at the end of

the fourth day, growth advanced rapidly in those cases where it had

started and appeared in all the other media used within twenty-four

hours after removal. When fresh cultures were kept constantly at

42^ C. no growth appeared, but exposure to this temperature for

twenty-four hours did not destroy the life of the organism, as evidenced

27501—No. 60—04 3
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I)\ tht» fact that wlien tho cultures vvero roiiioNt'd fioiii the iiK iiliator

at 42 hikI kept at 20-^ C u:rovvth bej^faii within a frw liours. It' fresh

cultures were phu-ed in the incubator at 43 C life was not destroyed

within tifteen hours, })ut cultures removed at the end of twenty-four

hours and j)laced under normal conditions failed to ^row. If the

temperature was kept constantly above 4i C no growth appeared in

any of the media used. Hence after many repeated tests it was

decided that 41 " C. is the maximum temperature at w hich this organism

will grow

\

MINIMUM! TEMPEUATURE.

To determine the low^est temperature at which the calla-rot organ-

ism will grow, fresh cultures were "placed in the ice box at different

elevations, Avith as little variation as possible in the quantity of ice,

so that the temperature remained fairly constant for each set of cul-

tures, but varied for the diti'ercnt sets from al)out 3^ to 9° C. Set 1

consisted of cultures of beef broth, Uschinsky's solution, gelatin stab

cultures, and slant agar, and was kept at a temperature between 3°

and 5^ C. for twenty-four days. The control cultures at room tem-

peratures of i20 ' C. produced growth as usual within twenty-four

hours, while the cultures at the low temperature showed no signs of

o-row th until tliev were removed from the ice box at the expiration

of twenty -four days, when all produced growth within twenty-four

hours. Set 2 was kept at approximately 0° C for nine days, at the

end of which time growth appeared, slightly clouding the beef broth.

The temperature sometimes fell to 5° C, but did not at any time dur-

ing the nine days exceed 0^^ C. Set 3 was kept at approximately 9° C.

Slight orowth began in from two to four davs. Beef broth was the

first to show the growth in the low temperatures, w hile in the high

temperatures it was usually the Uschinsk^^ solution that clouded lirst.

Six and one-half degrees centigrade seems to be the lowest tempera-

ture at which growth will take place. At 9° C. growth takes place

slowly and the colonies in agar-plate cultures at this temperature are

small and round, as was found to be the case in the high temperatures.

OPTIMUM TEMPERATURE.

The calla-rot organism grows readilv between 15° and 37" C.

Fresh cultures of beef broth, Uschinsky's solution, and agar inoculated

with a 1 nun. loop of a 24-bour-old beef-broth culture, placed in an

incubator at 37. 5° C. , showed signs of growth within six hours. Simi-

lar cultures at 35° C. showed a distinct growth in four hours. As it

is sometimes difficult to compare culture solutions accurately with ref-

erence to the intensity of clouding, agar-plate cultures were also used.

The fresh cultures were placed at different temperatures—some at 20°,

some at 30°, some at 33°, some at 35 , and some at 37.5° C. In

tifteen hours the plates at 35° C. showed the colonies most distinctly.
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Tlic colonics measured Iroiii 1 to ;i iniii, in diaineUM". Colonics wen^

also \ isihic in (he |)la((»s n( 'Jo and :')•» and at, I^T-H'^C, hut they were

smaller scarcely lai'n'cr than pin |>oint>. Siniilai' tests wore nuide of

other teinj)eralni-cs ahoN'c an<l lielow :>.') (
'. with like results. Sincoall

j^Towth al)o\(' and helow 85 ' C is slowei- than at this temperature, it

appears that 8.') C. is th(» optimum tcmperatui'e for the growth of the.

calla-rot or^^aiilsm. In thirty-four hours the colonies at. I>5 ' C. had

th(» characteristic radiating- form, while thoscwit and above H7.i)'^ C.

W(Me round.

THERMAL DEATH TOINT.

The thermal death point is the low(»st tempiM'ature at which the life

of th(^ ore-anism will he destroyed when a fresh cultui-e is exposed to

that temperature for ten minutes. To determine that point with the

calla-rot organism fresh beef-broth cultures were made from a 24-hour-

old culture of beef broth, each culture consisting of 10 c. c. of broth

inoculated Avith a l-mni. loop of the '24-hour-old culture. The tu))cs

containing these fresh cultures were placed in water at constant tem-

perature for ten minutes. In tlu^ first experiment three sets of tubes

were used. One set was exposed to a temperature of 40^, another set

was exposed to 49.20^, and the third set was exposed to 49.40^ C.

After exposing the tubes to these temperatures they were placed at

room tem[)erature of a))out 20^ C, and at the expiration of eighteen

hours all control tubes were clouded and all exposed tubes were clear.

Six hours later set 1 (49-' C.) was clouded slightly; sets 2 and 3 were

still clear. Twenty-four hours later— i. e., forty-eight hours from the

time the tubes were exposed to the heat— all inoculated tu])es were

clouded. In the second experiment three sets of tubes were again

used. After inoculating in the same manner as above, one set was
exposed for 10 minutes to a tcmpiu'ature of 49.50^, another to 50^,

and a third to 50.20^ C. Several inoculated tubes were left untreated

for control. At the expiration of twenty-four hours all control tubes

were clouded, and all exposed tubes were clear. Twent3''-four hours

later four tubes in set 1 (49.50^ C.) were clouded and two were clear.

All tubes in sets 2 and 3 (12 \n all) were still clear. At the expiration

of two weeks all tubes in sets 2 and 3 were still clear, and the two

tubes in set 1 were also clear. Agar plates were made from the clouded

tuV)es that were heated to 49.50^ C, and in all cases pure cultures of

the calla organism were obtained, as indicated by the shape of the

colon}' and b}- the fact that inoculations into calla plants produced the

characteristic symptoms of the disease. Several sets of cultures were

subsequently exposed to a temperature of 50- C. for ten minutes, })ut

always with the result that the}' all remained clear indetinitely, w hile

a part, at least, of the cultures exposed below 50"^ C. clouded in a

longei- oi* shoiter time, showing that 50^^ C. is the thermal death point

for this organism.
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DlFl I SKI) Ll(;ilT.

i)itliisi>(l lioht liml IK) cllVct 14)011 the (li'\clopinnit of the organism

in any of the nunlia used, i. e., heef l)roth and other li(iui(l media,

clouded or otherwise, showed the presence of the organism as readily

under one condition as the other, and in the aj^ar plates thti colonies

fornied as (puckly and trrew as rapidly in ditliised lit»ht as in the daik.

DIRECT SUNLIGHT.

To determine the etl'ect of direct sunlight ui)on the organism several

tubes, each containing 10 c. c. of agar, were inoculated and i)oure(l

into thin petri dishes. One-half of each dish was covered with black

paper and the dishes were then exposed to the direct sunlight. Some

of the dishes were removed from the direct suidight at thi^ end of five,

ten, tifteen, twenty, and sixty minutes. In those dishes that were

exposed live minutes only, colonies appeared in all points of the plate

in twenty hours. The colonies appeared just as readily and grew just

as rapidly in the exi)osed as in the unexposed part of the plate, but

were a little less numerous, showing that a few of the organisms had

been killed by the direct light in Hve minutes. In the plates that

were exposed ten minutes colonies appeared in the covennl part of

the plate within twenty-four hours, but none appeared in the exposed

part of the ])late until nearly forty-eight hours after being placed

in diti'used light. The colonies which finally formed in the exposed

part were much less numerous than those in the shaded part. In the

covered part of the plate that was exposed tifteen minutes colonies

appeared within twenty hours, but no colonies appeared in the ex})Osed

side, even at the end of a week, except a few around the edge of the

plate, which were apparently protected slightly either by the shadow

of the margin of the petri dish or by the organism being several deep

around the margin of the plate, so that the upper la3^ers protected

those below from being- destroyed by the direct rays of the sun. The

same was true of the plates exposed twenty minutes. It appears, there-

fore, that from five to tifteen minutes of direct sunlight are sutlicient to

destro}' the life of the organism, but that a very slight protection only

is necessar}' to prevent them from being destroyed. Even in the

plates exposed for sixty minutes the organisms around the margin

of the plate were likewise protected. In all cases colonies appeared

close to the dividing line betw^een the exposed and the shaded part of

the plate, and growth extended in every instance from these marginal

colonies into the exposed part of the plate, showing the characteristic

radiation of the colonies when not crowded.

EFFECT OF NITROGEN.

Several tubes of beef broth were inoculated with the calla-rot germ

and the tu))es were placed immediately in a jar from which tiie oxygen
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was nMn<t\(Ml by the aid of j)yr<)<ifallic acid and ><)diuiii li\ dralc thus

l('avin<»* practically an almosplicr*' of rii(r<)<^''<'ii. I'lic jai- was j)la(('d in

dilluscd lioht at a ((Miipn-al uic of I'loni is ' to lir>
(

'. A I the ('\j)irti-

tion of llnr(y-H\(» days it was opcrird and the IxM'f hrolli w:is as clear

a> if i( iiad not Ix'cn inoculated, sliowin^j^ that no growth iuid taken

place in llic al)sence of o\yo-(>n. Twenty-foui' hoiii's aftei* the jar was
optMH>d tlie tnl)cs were clouded as deeply as if the inoculation had been

made the day t lu^jai" was opened instead of t hi iMy di\(' days piioi- to

(hattinie. llenc(\ while nitron-en will not enable the oi'ji-anisni to ^I'ow,

its lif(» is not dc'stroyed by tlu^ action of this o-jvs, and when inocula-

tio!is werc^ niad(^ from these cultures into callas the disease prom[)tly

appeared, and in foi'ty-(Moht hours the inoculated leaves and ilower

stalks had rotted oil. Agar-poured plates made from the clouded tubes

and from the diseased portion of the inoculated calla showed the same
characteristic pure cultures composed of radiating colonies. To deter-

mine how^ nuicli longer the organism would live in the absence of oxy-

gen, cotton -plugged tu])es of beef broth, Uschinsky\s solution, and a

mixture of Dunham's and Uschinsky's solutions (half and half) were
inoculated with the calla organism and were kept in an atmosphere of

nitrogen two hundred and sevent3^-five days, in the manner described

above. At the expiration of this time the tubes, all of which were
clear, Were exposed to the air at room temperature, i. e., 18 ^ to 25^^ C,
the same temperature at which they had ])een kept in the atmosphere

free from ox3'gen. The atmosphere in the jar would not support com-
bustion at the moment it was opened, indicating that the oxygen had
not diffused into it. In twenty-four hours after exposing the tubes to

the air the Uschinsky solution and the mixture of the Uschinsky and
Dunham solutions were all clouded, but the beef-broth solutions were
not clouded. The clouding increased for several days in those tubes

in which it had l)egun, but no growth appeared in the beef broth even

after several weeks of exposure to the air. Poun^d plates and inocu-

lations into health}^ callas from the clouded tubes showed that this was
the calla organism.

EFFECT OF CARBON DIOXTD.

Freshly inoculated tubes of slant agar, Uschinsky's solution, nitrate

bouillon, and connnon bouillon were placed in an air-tight jar into

which carbon dioxid was passed. Before the gas entered the jar con-

taining the tubes it was passed through solutions of potassium per-

manganate, sodium hydrate, and distilled water. After being filled

and exhausted six timers, to insure an atmos])here of pure carbon
dioxid, the jar was tilled with the gas, sealed, and allowed to stand for

fourteen days. At th(» ex])iration of this time it was opened and the

tubes were examined. The slant agar showed a thin, pur(^ white growth
the whole length of the streak and a small amount of whitish precipi-

tate in the fluid in the angle foi-?]ied bv the a«nir and the side of the
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tulu'. 'l\w, iimoiiiit of t.r()vvth was only niodt'ialc. The L'schiiisky'H

solution showi'd no tirowth at tliis timt'. In twcntv-four hours the

tulu's of rschinsky's sohition were still clear, hut at the end of forty-

ei^lit hours after exposure to the air the solution was distinctly

clouded, showint^ thiit free oxygen is necessary for the growth of the

calla organism in Uschinsky's solution.

In the nitrate bouillon there was only a moderate amount of growth

at the time the jar was opened, but the solution was distinctly clouded.

There was a white prtM'ipitate 7 mm. in })rea(lth, but no pellicki or rim

had formed. The nitrates were reduced to nitrites, as shown by the

usual test. The common bouillon was distinctly and unifornd>' clouded.

Apparently the growth had been twice as rapid as in tlu* nitrate bouil-

lon, as indicated hy the degree of cloudiness of the tubes and by the

large amount of white prtM'ipitate, which was fully twice as ai)undant

.is in the riitrate ]K)uillon tubes. No rim or pellicle formed in any of

the tubes.

EFFECT OF HYDROGEN.

Tubes of slant a^'ar, rschiiiskv's solution, ordinary ])()uill()n, and

nitrate bouillon were inoculattnl with the calla organism and placed in

a hydrogen atmosphere. The hydrogen was generated by the action

of dilute sulphuric acid upon zinc. The gas thus produced was

passed through solutions of silver nitrate, potassium permanganate,

sodium hydrate, and distilled water into a cham])er containing the

inoculated tubes. The chamber was filled and exhausted six times,

thus insuring practically a pure atmosphere of h^'drogen. The cham-

ber was then sealed and left undisturbed for twenty days, at the end

of which time the following results were noted:

. The organism had made a. feeble growth on the slant agar, as indi-

cated b}" a ver}^ faint streak along the surface of the medium, and a

small amount of whitish precipitate to the depth of 2 mm. had been

deposited in the angle between the agar and the side of the tube.

Uschinsky's solution was feebly clouded throughout. A small amount

of deposit to the breadth of 7 to S mm. had formed in the bottom of

the tube. The ordinar^^ bouillon was feebly clouded throughout and

a white precipitate 8 mm. in breadth had been deposited. The nitrate

bouillon was feebly clouded, with a small amount of white deposit 12

nun. broad in the bottom of the tube. No rim or pellicle had formed

in any of the fluids.

COMPARISON OF CALLA-ROT GERM WITH SIMILAR ORGANISMS.

Bacillus carotovorus «Jones.^—Upon comparing the calla organism

with the carrot-rot germ, as described by Jones, it is found to differ in

"Jones, L. R. A Soft Rot of Carrot and Other Vegetables Caused by Bacillus

Carotovorus, Jones. Thirteenth Annual l\o[)ort of the Vermont Experiment Station,

1900, p. 299.
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several par(i< uLns i. .., ih. r.lla rot does not,M ih. lallxM- do,.

produee -as. 'Hh. fonurr is not allVHc.l )»y diHus.d 1.^ it, wh.U'^ the

latter is amvt.d, .tc-. Ti,. sl.ap. of eoloni.s dill(.s. 1
here are of

coiirso, nuMHM-ous points in wi.icli tlie two o.-anisn.s a-n^s hut they

ditV.r in enough essenliai lH,ints (o show ll.al th.y ..v not the same.

Baril/.s olmur:. Hanison/'-Cultunvs of this or<ran.sni were ob-

tmned,ancl repeatc.l inoculations w(Mv .nndr with froshrultures into

various parts of calla i>knts. At the same tinu' paraUrl n.ocuhitions

were made with sin.ilar cultunvs of the caUa-rot ^.nn. ^j^
twenty-

four hours after inocuhition nearly all the plants inoeulated wit^i the

calla oerm showed the characteristic symptoms of disease, and t^e

decay continued to progress until the plants

were practically destroyed. On the other

hand Harrison's organism did not affect the

plants in any way, showing that the two

organisms are not identical.

llelnzs hyacinth germ, {Bacillus hyacinthi

septicvs)J'—In order to learn the effect of

the calla organism on hyacinths, more than

100 hyacinths were inoculated with fresh cul-

tures of the calla germ. The leaves, flower

stalk, and flowers were inoculated. Most of

the inoculations were made in plants grow-

ing in the open when the Aveather was bright

and warm. A few hyacinths were potted

and placed in a greenhouse. The flowers

were inoculated by dropping a single drop

of a 2tl:-hour-old beef-l)roth culture into the

flower. The leaves and flower stalks were in-

oculated l)V scraping a quantity of the fresh

o-rowth of the organism from a slant-agar fig. 7.-Hothousc hyacinth inomi-
glO^in Oi tue uiga

,
,. , , lated in a flower with the calla

surface, applying it to the diseased spot, organism.

and then puncturing the plant with a sterile

needle through the mass of organisms. None of the plants in the open

showed any svmptoms of the disease whatever, although they were

watched daily ^for more than two weeks. The inoculated plants in the

greenhouse did not show any symptoms of disease until the expiration

of five davs, when a few of the leaves and flower stalks began to

soften. The affected parts gradually decayed throughout (fig. <).

Pure cultures of the calla organism were obtained from these diseased

parts of the hyacinths. The ditficulty with which this organism

aHarrison F C. Preliminarv Note on a New Or<ra„isin Prodiicinp: Rot in Cauli-

flower and Allied Plants. Science, n. s., Vol. XVI, July 25 1002, p. 152

^Heinz, A. Ziir Kcnntniss der Rotzkrankheiten der Pllanzen. Centralblatt f.

Bakt. u. Parasitenkiinde, Bd. V, 1880, p. 535.
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atlects tlie hyacintlis iiulicaUvs that it is not the saiiK^ as Iltunz's

hyacinth i^t'ini, which attacUccl the phmts readily and destroyed tlieiii

ra[)idly wiien inoculated by eitlier of the inetliods used in these tests.

lleinz\s organism {lidcillua Injdcinthi septicui<)i\oiiii not li(|uefv j^ehitin,

while the opposite is true of the calhi orj^anisuL The colonies in

plate cultures are round and when ^rown on sterile potato they art; a

dirty yellow color. The colonies of the calla organism arc; usually

radiatint>- and on potato they produce a })rownish color.

I\>tfci'''s IWiuhniionas ilestnictdihs.'^—l*otter's oro-anisni, wlicn thrown

in a solution containino- suoar, liberates carbonic }icid ^as. The calla

organism is not a j^as producer. Colonies in plate cultures are round,

and when orown on veo'ctables the end reaction is acid. The calla

ort»anisin usually produces radiatint^ colonies, and on vegetables the

end reaction is oenerallv alkaline. Pf<eu<Joni())i((s iL.stnictans has but

one tlao-elluni while the calla organism has several fiagella.

Likewise in comparison with other forms the calla germ does not

agree in all particidars with any oth(U- known organism, and the

writer therefore proposes for the calla-rot germ the name lidri/his

aroldei».

ORIGIN AND SPREAD OF THE DISEASE.

The calla rot has been reported from the Western, Central, and

Eastern States, i. e., from the Atlantic to the Pacific. It therefore

appears to have spread over the entire calla-grow^ing section of the

United States, but it is much more destructive in some portions of

the country than in others. It causes a loss of thousands of dollars

annually and has become so destructive in some sections that the

growers have either abandoned the calla altogether or have greatl}^

reduced the space and time that they have heretofore devoted to this

plant. It is therefore of the highest importance that the grower

should know the source of this disease and the ways in which it may
spread from place to place and from plant to plant.

Calla corms that ai'e attacked late in the season go into their resting

stage in a partly decayed condition. If the attack has been slight the

infected spot will dr}" down and may be overlooked when corms are

selected the following season for growing calla plants. When callas

begin to grow from such corms the organisms which have remained

dormant during the resting })eriod of the corm are revived and deca}^

is started afresh. Since this organism may remain dormant for

months without its life becoming extinct, it may be spread from one

locality to another, and even from country to country, wdienever dis-

eased corms are transported. It is undoubtedly in this manner that

the disease has become so widespread in this country.

« Potter, M. C. UeV)er eine Rakterienkrankheit der Ruben. Centralbkitt f. Bakt.

u. Parasitenkuiide, Bd. YII, 11. Abt., 190' -u. 2S2, 353.
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TIk^ spread of (lie disease l'i"<im plaiil lo plant in (lie sanx' house,

seoins (() he aeeoliipliNheil inaiiiU ihioiiLih (he soiL ()iie reaches this

conclusion from the fact (hat healthv ealla jdanls <4'i'<)win<»- in pots and

standing* near diseased eallas are h'ss likely to become infected than

when similar healthy i)lan(s ai'c; «^i'()\vin<4' in a solid heel with disejised

conns. Furthei'mor(\ it is almost always the, case that the disease, if

undisturlxHl, lii-st attacks the coiin henealh oi" just at the surfac(M)f

the jifrouiid.

Usually the first season that the disc^ise a])pears only a few of the

])lants ar(^ actually destroyed, hut the millions of or^juiisms which are

produc(Hl during" the process of decay I'emain in the soil, and some of

them reach corms that were perfectly healthy when i)laut(Ml. These
infections, as alread}^ indicated, often produce the hold-over cases,

which develop the following season. The organism may be carried

from plant to plant by stirring the soil jifter some of the corms have

become well rotted, or simply by walking about on the bed in cutting

the flowers.

The nature of the soil apparently has nuich to do with the spread of

the disease in the bed. A soil that is rich in vegeta))le matter is a bet-

ter medium for the organism to grow and spread in than a soil that is

poor in such material. Furthermore, a soil filled with humus retains

the moisture better than one that is lacking in vegetable matter, a con-

dition that greatly aids the multiplication of the organism. It often

happens that the roots reach from corm to conn through the soil of

the solid bed. Usuall}^ the corms are placed about 12 inches apart

each way, and it is not uncommon for the plants to produce roots from
6 to 12 inches in length. Plate IX shows a small plant with a root

more than 6 inches long. The vvriter has f requentl}' been able to fol-

low the progress of the disease through these roots from plant to plant.

The contents of a calla root att'ected with this disease become soft,

while the epidermis remains intact. The diseased roots are also some-

what darker than the healthy ones, so that they can be distinguished

readily by sight as well as })y touch. These appear to be the princi-

pal methods by whicii this disease is spread from plant to plant in the

solid bed.

The only insect that has been ol)served by the writer in connection

with the diseased plants is the so-called bulb-mit(% ))ut in no case has

this insect been found on any part of a healthy plant and only on the

decayed part of the diseased plants. To determine whether or not

those insects were at all responsible for the spread of the disease a large

number of mites were placed in petri dishes containing pure cultures

of the calla organism. After the mites had come into contact with the

colonies of bacteria they were ti'ansferred to healthy eallas. Some
were placed on the corms, others on the leaves, and still others on the

ll()W(M- stalks, but in no case did any of these plants develop the rot
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REMEDIES.

Various nu'thods have, Irhmi used with th(^ hopc^ of fiiidinj^ some

reiiu'dv hy w hich the prot^Tcss of tiie disease could ht^ stopped after

the phints heiauie infected. With this end in view the; foHowiiif^

treatments were used: The partly decayed coruis were treated with

the folk)win<;- sul)stances, viz, air-shiked lime (two parts of the same

with one part sulphur), formalin (varying; from 1 to In [)vv c<'nt),

ct)rrosive suhlimate, Bordeaux mixture, and copper sulphate solution.

These were used on plants in ditlerent stages of decay. In some eases

the soft part of the hull) was scrai)ed away with a clean knife hefore the

suhstance was api)lied, and in other instances tlu^ material was placed

on the decayed part without in any way distui hin^' it. Sometimes

the softened part was scraped away and nothin*^- was applied, simply

leaving the exposed surface to dry (U)wn. None of the treatments,

however, was entirel}" successful. The lime and the lime and sulphur

retarded the progress of the disease, hut in a few cases only did the

disease seem to he entirely eradicated. The solutions used appeared

to make no impression upo!i the disease unh^ss they were of sutlicient

streno'th to kill the plant. A few of the plants that w(Me scraped and

left without further treatment did not sutler further decay, but the

percentage of cases of this kind was very low\

The successful treatment of the diseased plants in the bed was con-

sidered impracticable, and preventive measures were then resorti^d to.

The soil was all removed from the solid bed in which practically all

the callas had decayed, and this was replaced with fresh soil. At the

proper time a new set of corms was o))tained, l)ut they were not

planted directly in the bed. They were first carefully examined and

all that showed suspicious dark-colored spots were discarded. The

remainder' were started in pots and then transplanted. This made it

possible to discard all plants which showed any indication of the rot

after growth began. As a result no disease appeared in the bed of

1,000 callas during the entire season. The same soil was used the sec-

ond and third years and the same piecautions were taken in regard

to putting into the bed oidy healthy bull)s, so far as possible, with

the result that while a few diseased plants appeared successful crops

of callas were o-rown. Plate 1 shows the third consecutive lot of

callas in the same bed since the crop was entirely destroyed by the

soft rot. Very little of the disease has appeared owing to the pre-

cautions that were taken in changing the soil and in selecting healthy

corms.

It is safe, therefore, to state that the soft rot of the calla ma}" be

prevented or held in check sufficiently for all practical [)urposes by

changing the soil every third or fourth year, depending upon the

ntunber of cases of rot that appear, and by exercising due caution in

selecting only health}- plants for the bed. Diseased corms may often
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])e dotiM'tcd. even in 1 lir doiiiKirit state, l)y ('\:iiiiiniii«4' foi" discoloi-cd

spots, hut it is said- to >tait llic j)laiits in pots, ('\<'ii aftci" t lie corms

liavinn" discoloicd areas \\;i\v hccii lejcctcd, to iiisuic o(»ttint^ jis l'(;w

disiMised plantsas possible in the Ix'd, since expei'ience shows that soino

conns are so slight Iv all'ected tliat the. disease is not easily' detected in

thi' (h)nnant stati\ Some o-i-()W(m*s ])r(»t'er to k(M'p their ])hintH in ])ots

throne'hout tlie seiison as a pi'e\cntixc ineasnic a<^''ainst the I'ot, Imt as

a ride callas i^row ti in this manner (h) not, prodncc as hii'^e th>\vers as

when LiTown in a solid hed. Hence, if the trade demjiiids si lartj^o

llower. the solid hed is pi'eiei'ahle.

Jn coiu hisioii, the writer wishes to express his acknowledj^-ment to

Dr. Krwin F. Smith, patholo(^ist in charg'e of the lahonitory of plant

j)atholoo-y, for his many helpful suj^gestions and his assistance in

carry int»' on this work, and also to Mr. Alexander B. (Jarden, of Ana-

costia, D. C, for his kindness in allowinj^ free access to hiscalla house

durino' the past four years.

SUMMARY.

(1) The soft rot of the calla is a bacterial disease.

(2) The organism that produces the calla rot is a short rod l)earinf^

peritrichiate Ha<j;(dla.

(8) The organism occupies the intercellular space in its host and

dissolves the lajers that connect the cells, causing the affected tissue

to ])reak down into a soft, slimy mass.

(•ir) The organism is able to attack a large nund)er of raw vegeta-

bles, and is capa])le of producing soft rot in many of our useful plants.

Care should therefore be taken not to throw an\' decayed or partly

deca^^ed callas or the soil from a bed in which callas have decayed in

an}^ place where the vegetables mentioned in this bulletin are to be

grown.

(5) It does not attack tree fruits readily, and hence is not likely to

Y^roduce fruit rots.

{()) It grows readily on beef agar, forming jit room temperature (IS^-^

to 25" C.) radiating colonies, while on the same medium at extreme

temperatures (S^ or 87°) the colonies are usually round.

(7) It liquefies gelatin.

(8) It coagulates milk, and first reddens, then bleaches l)lue litmus

milk.

(!) A 1-nnn. loop of a fresh iluid culture of the organism placed in

lt)c. c. of beef l)r()th will distinctly cloud it in four hours at 85^ C.

(10) The organism do(\s not ])r()duce gas u hen grown in a peptone

solution contaifiing 1 ])er cent of cane sugar, mdk sugar, glvcerin,

maltose, dextrose, oi- maimite.

(11) It bleaches litnuis lact()>e agar.
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(12) It will not t^rou at a tcinpcniture billow C, nor at a toin

perature above 41 C, and ^rovv.s best at 85^ C
(lo) The life of the organism is destroyed if it is kept for ten nmi

utes in tul)es of beef broth at or above 50 C
(14) Its orowth is not ati'ected by diti'used light, but direct .sunliii"ht

will kill the organism in from tive to tifteen minutes.

(15) It will not oTow in an atmosphere from whieh the oxygen has

been removed, but will remain alive for many months in this c-ondition

at a room temperature of 18^ to 25^ C.

(10) It does not grow well in an atmosphere of i)ure hydrogen.

(17) Its growth is very slight in an atmosphere of car))on dioxid.

(18) When grown on vegetables the end reaction is usually alkaline

to litmus.

(19) The organism may remain dormant for many months in partly

decayed eorms, a condition which enables the disease to be transported

long distances and to be held over from year to 3"ear.

(20) The soft rot of the calla may be prevented by a careful selec-

tion of sound corms and by changing the soil in the calla beds at

intervals of three or four years.

(21) Brief description of the organism:

B. aroidciv n. sp. A short rod willi rounded ends, generally single or in doublets

or 4'y, l)nt nndtu- certain conditions growing in chains. Usual length when taken

from a beef-broth culture 24 iiours old 2jii-'A/i, breadth about 0.5// and fairly constant.

Organism motile, flagella 2 to 8, peritrichiate. Growth white or nearly so on the

various solid media. Aerobic and facultative anjerobic. Not a gas j)roducer.

Liquefies gelatin; reddens litmus milk, separates the casein from the whey and

solidifies the former. Grows slowly on potato cylinders, where it is white with a

tinge of yellow, the potato being distinctly grayed. Growth good and vitality long

in L^schinsky's solution. No indol produced. Nitrates reduced to nitrites. Methy-

lene blue in Dunham's solution is changed to green on addition of grape sugar. Does

not grow in nitrogen but remains alive many months. Grows feebly in hydrogen

and carbon dioxid. ^Minimum temperature for growth about G° C. ; optinunn, o5° C.

;

maximum, 41° C, thermal death point, 50° C. Surface colonies on agar, round at

temperatures near the maximum and mininunn, but fimbriate at optimum tempera-

ture.

B. arokleiv was isolated from rotting calla corms and is the cause of a soft rot of the

corm, petiole, and flower stalk of the calla lily. It also causes a soft, dark colored

rot when inoculated into many raw vegetables, such as carrot, potato, turnip, iadi>^h,

cabbage, and cauliflower. It also causes a soft rot of certam green fruits, sucli as

the tomato, eggplant, and cucumber.
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DESCRIPTION OF PLATES.

Plate 1. Frontispiece. Culhi bod in which all the luUas, 1,000 in luimlKT, were

destroyed by the soft rot four years ajj;o. Since that time three successful crops

of the plant have been grown in this bed under the writer's direction, this being

the third crop.

Platk II. Fig. 1.—The organism that i)roduces the soli mt ot the culla, showing the

form of the indiviiUial, the development in chains, an<l the presence of Hagella

(X 1,000). Fig. 2.—Development of colonies of the soft-rot organism on agar

plates at 18° to 25° C. The organism with which the.se plates were inoculated had

been ke[)t dormant for two hundred and seventy-live days by withholding oxygen.

Nearly all the colonies are round. Only a lew show a slight tendency to radiate.

Photographed three days after the ]»lates were poured. (Natural size.) Figs.

I), 4, and 5.—These figures were made from agar plates which were inoculated

with the same organism as figure 2, but after it had been for a longer time exposed

to the air and had been transferred several times to fresh sterile beef })roth.

These })lates were three days old and had been kept at a temperature of from
18° to 25° C.

Platk III. Fig. 1.—Agar plate colony of the calla oiganism three days old at room
temi)erature of about 20° ('. The organism had been grown in beef broth

previous to making the agar i)late. (Natural size. ) Fig. 2.—Agar plate colonies

of the calla organism three days old. (irown at a temperature of 87° C. for three

days, then kept for two days at about 20° C. (Natural size.) Fig. 3.—Tubes

from which agar plates were ]>oured photographed three days after pouring the

j)lates; temperature, about 20° C. The agar was inoculated with a beef- broth

culture of the calla organism. (Natural size.

)

Plate IV. Fig. 1, A.—Stab culture of the calla organism in neutral gelatin twenty-

four hours after inoculation at 18° to 20° C. Fig. 1, B.—Stab culture of the

calla organism in neutral gelatin three days old at 18° to 20° C. Fig. 1, C.—Stab

culture of the calla organism in+ 15 (acid) gelatin twenty-four hours after inocu-

lation at 18° to 20° C. Fig. 2.— Raw' eggplant in petri dish. Pieces 1 and 4

were inoculated with the calla organism, while pieces 2 and 'A were left for con-

trol. The })hotograph was made three days after inoculation.

Plate V. Fig. 1.—Raw radish in petri dish. Nos. 2 and 3 were inoculated with

the calla organism, while Nos. 1 and 4 were left for control. Photographed

three days after inoculation. Fig. 2. —Side view of same plate nine days after

inoculation. No. 2 was inoculated and No. 1 was left for control.

Plate VI. A.—A cucumber inoculatenl with the calla organism. Photographed

two days after inoculation, when the contents were soft throughout, except the

spot near the stem end where the cucumber was inoculated. B.—A cucumber

used for control; i. e., it was treated in the same manner as A, except that the

calla organism was not applied to the punctures.

Plate VII. Fig. 1.—Raw parsnip root in petri dish. The discolored pieces at

right and left were inoculated, while the upper and lower pieces were left for

control. Photographed three days after inoculation. (Natural size. ) Fig. 2.

—

Raw carrot root three days after inoculation with the calla organism. Pieces 2

and 3 were inoculated, while pieces 1 and 4 were left for control. (Natural size.)
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A
Pi, All: \' I 1 1. liL'. I. \l.\\\ liiiiiip luol in pit ri ili.>-li. 'I'lic discohtrcfl pieces wen;

ill(»cul;ile<l uilli ||iec;ilia or;^MIii.-lii, while the other pieces were lej'l f< i|- C( dit lot.

As show M ill this li^Mirc it is the center of th«' root that is most rejulily attacked

hy the ortjanism. Ki^. *J.

—

(Jreeii toiiiat(t fruit infected on the phnit. The

shrixeled fruit shown at the liase of the stein wjis inoculated with the calla

oriranisni. I'liotoirniphed ten days after inoculation. The; fruit at th(! left of

the one inoculated remained sound in spite of the tact that it was in contact

with the disi'ased fruit.

Pi.A'rr. IX. Small calla |>lant, showinjj: roots ah<»ut S inches in len^'th. The c<»rm

shows scars w Iumh' it had evidently been attacked hy the soft rot aixl had either

recovered or the organism was dormant at the time the photo^'raph was taken.
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Bui. 60, Bureau of Plant Indust^, U. S. Dept. of Agriculture. Plate II.

**J^t





Bui. 60, Buronu of Plant Industry, U. S. D(^pt. r.f Agriculture Plate

Fig. 1.—Agar Plate Colonies of the Calla Organism Grown at 2b' C.

ijlpl

'





Bui. 60, Bureau of Plant Industry. U. S Dept. of Agncuituro. Plate IV.

B

FiQ. 1.—Stab Cultures of the Calla Organism in Gelatin.

Fig. 2.—Raw Eggplant Inoculated with the Calla Organism. (Natural Size.)





Bui. 60, Bureau of Plant Industry, U. S. Dept. of Agriculture. Plate V.

FiQ. 1.—Raw Radish Three Days After Inoculating Pieces 2 and 3 with
THE Calla Organism.

Fig. 2.—Side View of Pieces 1 and 2 Nine Days After Inoculating
No. 2.





Bui. CO, Bureau of Plant Imiustry, U. S. Dont. of Afrriculturn. Plate VI.

Effect of Calla Organism on Cucumber: A, Inoculated; B, Control.





Bui 60, Bufcftu of Plant Industry, U. S. Dopt. of Agriculture. Plate VI

Fig. I.-Raw Parsnip Three Days After Inoculating Pieces 1 and 3.

Fig. 2.—Raw Carrot Three Days After Inoculating Pieces 2 and 3.





Bui. 60, Bureau of PInnt Industry, U. S. Dept. of Agriculture. Plate VIII.

Fig. 1.—Raw Turnip Three Days After Inoculating Pieces 1 and 3.

Fig. 2.—Green Fruit and Branch of Tomato: No. 2, Inoculated; No. 1

Control. (One-fourth Natural Size. >





Bui. 60, Buroiiu of Plant Industry, U. S. Dcpt of Ajfriculturo. Plate IX.

Small Calla Plant, About Tvvo-thirds Natural Size.
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