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Sixteenth Annual Report

0¥ THK

Board of Control of the New York State Agri-

cultural Experiment Station.

TREASURER'S REPORT.

Geneva, N. Y., October 1, 1897.

To the Board of Control of the New York Agricultural Experiment

Station:

As treasurer of the Board of Control, I respectfully submit

the following report for the fiscal year ending September 30,

1897:

Maintenance Account.

Receipts.

1896.

Oct. 1. To balance on hand |8,6il 75

To amount received for produce sold. . . . 1,592 12

To amount received from Comptroller. . . 37,500 00

$47,703 87

Expenditures.

By building and repairs |3,8-3 80

By chemical supplies filM) 52

By contingent expenses 1,051 01

By feeding stuffs 1,428 60

By fertilizers 224 32

By freight and express 449 86

By furniture and fixtures 871 01

By heat, light and water 1,858 76
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By labor |13,637 46

By library 719 41

By live stock 121 20

By postage and stationery 376 02

By publications 2,440 63

By salaries 14,615 97

By scientific apparatus 986 00

By seeds, plants and sundry supplies. .

.

1,213 10

By tools, implements and machinery. . . . 504 63

By traveling expenses 1,483 16

1897.

Oct. 1. By balance ^ 678 41

147,703 87

Expense of Bulletins and Enforcing Provisions of Chapter

955 of the Laws of 1896.

Receipts.

1896.

Oct. 1. To balance on hand |922 77

To amount received from Comptroller . . . 10,000 00

1897. i

Oct. 1. Account overdravpn 1,101 19

112,023 96

Expenditures.

By chemical supplies |692 24

By heat, light and water 826 84

By postage and stationery 41 25

By publications 2,431 62

By salaries 6,609 75

By scientific apparatus 32 00

By traveling expenses 1,390 26

112,023 96



,New York Agricultural Experiment Station,

Secoind Judicial Department, Chapter 675 op the Laws of

1894.

1896. Receipts.

Oct. 1. To balauce on Land $45 88

To amount received from Comptroller. .

.

8,451 17

Expenditures.

By chemical supplies

By contingent expenses

By fertilizers

By freight and express

By furniture and fixtures

By heat, light and water

By labor

By library

By postage and stationery

By publications

By salaries

By scientific apparatus

By iseeds, plants and sundry supplies

By tools, implements and machinery

By traveling expenses

By rents

1897.

Oct. 1. By balance

Postage Account, Special Appropriation.

1896. Receipts.

To amount received from Comptroller. .

.

|500 00

$8,497 05
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Special Appropriation for Repairs to Buildings.

Receipts.

To amount received from Comptroller. . . |1,200 (X)"

Expenditures.

By repairs |1,198- 46

By balance 1 54

|1,20() 00

All expenditures are supported by vouchers, approved by the

auditing committee of the Board of Control, and have been fur-

nished the Comptroller of the State of New York.

United States Appropriation Under Act of Congress Ap-

proved March 2, 1887.

Dr.

1897.

July 1. To receipts from Treasurer of United

States, as per appropriation for fiscal

year ending June 30, 1897, as per act

of Congress, approved March 2, 1887. . |1,500 00

Cr.

By postage and stationery |0 05

By publications 155 68

By salaries 1.264 99

By scientific apparatus 8 85

By seeds, plants and sundry supplies. ... 30 27

By traveling expenses 40 16

11,500 00*

WILLIAM O'HANLON,
Treasurer.



DIRECTOR'S REPORT.

To the Honorable Board of Control of the New York Agricultural

Experiment station:

Gentlemen:— I Imve the houor to present herewith the report

of the New York Agricultural Experiment Station for 1897.

A statement of the eiforts and progress of the past year can be

no more fittingly prefaced than by an acknowledgment of the

earnest support and wise direction which you have given me as

your executive officer. I am sensible also of the loyal co-opera-

tion of the members of the Station staff in the prosecution of the

work which we have undertaken. Moreover, the press of the

State and the leaders of agricultural thought and practice have

given us most hearty and efficient assistance in securing the

means necessary to the development of our equipment; and I am
conscious that the intelligent agricultural masses have stood in

snch an attitude of sympathy towards this institution as to con-

stitute a strong stimulus to vigorous effort in their behalf. This

combination of favorable conditions has conspired to make the

record of the Station for the year 1897 one which it is pleasant

to review.

In my report for 1896, attention was directed to the need of

strengthening the work of the Station at several important points.

The recommendations which I then made have met with your

approval and much has already been accomplished towards re-en-

foning old lines of effort and establishing those which are new.

Addition to the Station Staff.

Editor and Librarian.—This most important position has been

filled by the selection of Frank H. Hall, B. S., formerly connected

with the Office of Experiment Stations in the United States

Department of Agriculture.

*Rer.rint of Bulletin No. 142.
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Mr. Hall is a native of Michigan, and graduated from the

Michigan Agricultural College in 1888.

After graduation he was elected to an instructorship in mathe-

matics in his alma mater, from which he resigned to accept a

position on the United States Geological Survey.

In 1893, Mr. Hall became connected with the Office of Exped-

ment iStations as librarian and proof reader and when he resigned

on April 1, 1897, to enter upon his present duties he was con-

nected with the editorial staff of the Experiment Station Record

as editor of the department of field crops. His fitness for the

peouliar work which he has undertaken in this institution is

already shown by the favor with which his popular expositions

of the Station bulletins have been received and by the way in

which he is proceeding to bring the Station library into a con-

dition of efficiency and availability.

Bacteriologist.—Mr. H. B. Harding, B. S., of the University of

Wisconsin, has been elected to the position of bacteriologist. He

is to enter upon his duties on January 1, 1899.

Mr. Harding is a graduate of the University of Wisconsin in

the class of 1896. For nearly three years he has been pursuing

special studies in bacteriology with Dr. H. L. Russell, chiefly

with reference tO' the bacteria of the farm. He !has had an inti-

mate knowledge of, and considerable connection with the detailed

investigations which resulted in the recent important discoveries

of Babcock and Russell concerning the curing of cheese. In

June Mr. Harding will go to Europe for study until he takes up

his work here.
!

Dairy Expert.—It was felt that this position should be filled by

some one not only entirely familiar with the best methods of the

manufacture of butter and cheese, but also with the difficulties

and problems which confront New Yoik dairymen. The quali-

fications of the gentleman selected for this work meet both of

these requirements. Mr. George A. Smith is well known in the

State of New York not only as the efficient Director of Farmers^

Institutes for three years, but also as one of the dairy experts of

the New York State Department of Agriculture. Mr. Smith is
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an accomplished cheese-maker, and through his intimate and long

continued contact with the farmers of the State, he has become

well acquainted with the peculiar needs of New York dairying.

It is felt that the confidence which the farmers of the State have

in Mr. Smith will strengthen the Station with its constituency.

Botanist.—A Station botanist has not yet been chosen. He

will be selected with reference to his fitness to take up investiga-

tions in plant pathology which, in consideration of the large

fruit and vegetable growing interests of the State of New York,

is a most extensive and important field of effort.

Other changes.—During the year Mr. W. W. Parker and Mr.

E. C. Worden, assistant chemists, have closed their connection

with the Station, and Mr. E. B. Hart and Mr. Firman Thompson

have been elected to take their places.

Mr. F. C. Stewart, mycologist at the Second Department Branch

Station, has been granted a year's leave of absence for furthep

study.

Building Equipment.

Biological and dairy building.—In accordance with the unani-

mous decision of your Board, the Legislature of 1897 was asked

to appropriate |41,000 for the erection of a new building to be

devoted to biological and dairy research. This request was

granted, there being no apparent opposition. Leading dairy-

men and horticulturists all over the State contributed to this

result by expressing to their representatives in the Legislature

their belief that this appropriation would advance the agricul-

tural interests of the State. It must be conceded, moreover,

that there is at the present time a tendency on the part of

both the National and State Legislatures to recognize generously

any just demand coming from farmers.

The money for the erection of this building became available

early in April, but the plans and specifications were not placed in

the hands of your building committee until nearly the middle of

August. Such a delay was exceedingly unfortunate because it

has obliged the contractor to proceed with his work during cold

weather.
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The contract for the erection of the building was awarded to

Mr. A. B. Morrison, of Geneva, N. Y., on very satisfactory terms,

and its construction has proceeded with expedition so that the

walls and roof are practically completed. It is hoped that the

building may be available for our use by midsummer.

The following is a summary of the facilities that this building

will afford, a somewhat detailed description of which will appear

in a subsequent report:

1. Dairy Department. This includes a milk-receiving room,

pasteurizing room, cheese-making room, butter-making room,

cold-storage room, six cheese-curing rooms and dairyman's office.

The first four rooms are wainscoted in glazed brick with vitri-

fied tile floors and are to be equipped with the very best appa-

ratus for investigation work.

The cheese-curing rooms are to exhibit some unique features

in the way of control of temperature and moisture.

2. Bacteriological Department. This includes a laboratory,

incubator room, culture room, general work room and office.

The temperature of the incubator and culture rooms will be under

automatic control, and their use will be shared with the Station

botanist.

These rooms will be supplied with compressed air, steam at

high pressure, hot aud cold water, fuel and lighting gas, and with

the most modern apparatus for bacteriological investigations.

3. Botanical Department. The rooms in this department will

be a laboratory office and museum, with a joint use of the incu-

bator and culture rooms. The equipment of compressed air,

steam^, water and gas will be the same as in the bacteriological

department, and the equii>ment of apparatus will be no less

efficient.

4. Horticultural Department. The space for this department

will include the horticulturist's laboratory, horticulturist's office,

assistant horticulturists' office, and two large museum rooms.

In many respects these rooms will be equipped similarly to those

of the other departments mentioned.

6. Entomological Department. This will contain an office large

enough to affoid laboratory facilities and a museum room.
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The heat for this building will be supplied from twin boilers

of twenty-five horse-power each, which will carry a pressure of

from sixty to seventy-five poujids, the pressure on the radiators

being reduced to five pounds. These boilers will furnish steam

for a twenty horse-powt^' engine^ which will supply power for

running the dairy machinery, the compressor of the refrigerating

plant, an automatic compressed air pump, a water pump and

other apparatus.

The building is to be equipped with one of the most approved

forms of refrigerating apparatus which will be used to secure a

low temperature in the cold storage room and such temperatures

as are desired in the cheese-curing, bacteriological, cheese and

dairy rooms.

The temperature of the building will be automatically con-

trolled by a pneumatic system of temperature regulation. In the

oflSces, laboratories and working-rooms of the dairy department,

this control will be applied directly to the valves of the radiators.

In the cheese-curing rooms, and to a partial extent in the culture

and incubator rooms, the temperature will be regulated through

the operation of dampers opening or closing hot and cold air

tubes.

New fon-imi house.—A new building has been added to the

forcing house plant, the dimensions of which are 100 by 20 feet.

This is to be utilized for investigations in plant nutrition.

Poultry house.—The facilities for poultry investigation have

been increased by the erection of a new house. The special fea-

tures of this building are an incubator cellar where uniformity

of temperature can be secured, a series of brooders warmed by

hot water, breeding pens of the most approved plan, storage for

a large variety of foods, a room for the poultryman and a cooking

room.

General repairs.—During the past eighteen mouths the build-

ings of the Station have been put in thoroughly good condition.

The two houses occupied by Mr. Beach and Mr. Wheeler have

been enlarged and renovated throughout, and have been equipped
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wdth bathrooms and new heating appai-atuses. The chemical

hiboratorj;, the three barns and other outbuildings have also

received exterior coats of paint.

Further needs.—I desire to recommend the erection in the near

future of a tool shed which shall accommodate all of the machin-

ery which is used on the farm. It will also be wise to build

potting stheds with accommodations for various mixtures of forc-

ing house soils in the immediate vicinity of the forcing houses.

Library.

The three rooms on the west side of the Director's house have

been set apart for a library. They have recently been repainted

and repapered and are now in a very attractive condition. The

largest one is supplied with the tables and chairs necessary in a

general reading room. The number of books in the library has

been largely increased during the past year by the purchase of

complete sets of the journals giving the records of investigation

and of such other literature as is useful in an institution of this

kind. It has been found possible, also, to practically complete

the sets of bulletins and reports of other American stations and

of the United States Department of Agriculture. These have

been attractively bound and form an important part of our refer-

ence library.

In view of the fact that the members of the staff should keep

in touch with the current literature of investigation, it has been

decided that one-half day of each week shall be set aside as

library day. It may be desirable to keep the library open even-

ings in order that as much time as possible may be available for

consulting the journals and other serial publications, the file of

which will soon number about one hundred.

Publications.

Reference was made in my last report to the desirability of

modifying in some respects the character of the publications from

this Station. It was there proposed that the bulletins written
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bj the members of the staff, to be called the Complete Bulletins,

should be full in detail and as scientific in discussion as appeared

desirable to the writers. It was also suggested that instead of

issuing these bulletins to the entire number of persons whose

names are on our mailing list, popular bulletins should be written

on the basis of the more complete form which should convey to

the agricultural public the results of our work in more simple and

less technical language. This plan has been put into execution,

and if we may judge from the expressions of approval which

have come to us from farmers and from those engaged in work

at other Stations, this departure is likely to prove both popular

and successful. It is decided, in addition, that the annual re-

ports shall consist only of such matter as is published in the com-

plete bulletins. There seems to be no good reason for printing

any great amount of matter in the annual report which does not

appear in the bulletins. If any fact or conclusion is worth pub-

lishing at all it is prqper to give to it the fullest possible circu-

lation among those for whom it has special value.

The Station editor also prepares press reviews, which are sent

with the bulletins to all newspapers on our mailing list. It is a

matter of gratification that these reviews are very fully and

widely printed. This plan not only secures a more widespread

attention to our bulletins but also insures accuracy of statement

in regard to our conclusions.

Mailing List.

The mailing list of this Station includes several divisions:

(1) The officers of the United States Department of Agriculture

and of all other experiment stations; (2) the newspapers of this

State and a few outside; (3) those persons who desire to receive

our complete bulletins; (4) the main list, or those who receive

the popular bulletins. The latter list now numbers about thirty

thousand names. In two years our mailing list has increased

about ten thousand names.
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Work in the Second Judicial Department.

The expenditure of the appropriation for work in this depart-

ment has been along much the same lines as in the past years.

The needs of the farmers and market gardeners in this section of

the State clearly indicate the directions in wjtiich they should

receive help. The concentration of vegetable and fruit growing,

both out of doors and under glass, in the vicinity of New York for

BO many years has brought about a corresponding concenti-ation

of injurious fungi and insects. The aid. therefore, which this

Station is able to give to the agriculture of Eastern New York is

chiefly in studying new diseases and insects and in illustrating

how these pests may be held in check. There seems to be uo

question but that the policy which has heretofore prevailed in the

management of this special work should be materially changed.

An attempt has been made to carry on at Jamaica, where this

branch effort has its headquarters, more or less scientific re-

search. Such research necessitates an equipment of apparatus

and a reference library, and if it is successfully maintained under

the present plan, apparatus and library facilities must be dupli-

cated, a policy which is certainly unwise and wasteful. There is

no question but that the concentration of the scientific work in

the laboratories of the Station at Geneva will be in the interests

of economy and efficiency. In this way much more varied and

extensive experiments, illustrative and otherwise, can be con-

ducted in different parts of the Second Judicial Department. It

is gratifying to know that one of the most intelligent and active

agricultural societies in this department has already^ by unani-

mous resolution, approved this change of policy. A very en-

couraging feature of this action by such a hodj of farmers was

the accompanying declaration that one special line of experi-

ments had already saved to the agriculture of one section of

Long Island at least |75,()()0. In view of the considerations here

presented, I shall recommend that this special fund be expended

chiefly in maintaining experiments in the field and in forcing

houses, which shaH be an attempt to illustrate the application to
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practical agriculture of the facts discovered in our laboratory

research.

It now appears probable that in 1808 attention can be most

profitably given to the potato and pickle interests of Long Island.

With this in view, arrangements are already being made to locate

€xperiments at at least eight different points, chiefly with refer-

ence to the use of fertilizers in potato growing and to the applica-

tion of a spraying mixture in controlling the diseases which prey

upon cucumbers.

Experience teaches that it is not enough merely to discover a

fact and point out its relations to practical agriculture. The

extreme conservatism of the agricultural class seems to render it

necessary to go even farther, and by illustration and by precept

«pon precept to overcome indifference and skepticism. It is true

that such instructional efforts as this are outside of the proper

function of the Experiment Station, but conditions seem to re-

quire them.

Chemical Department.

Fertilizer analysis.—The demands upon this Station for the in-

spection of commercial fertilizers are steadil}' and rapidly In-

creasing. The records show that in no other state are the

requirements for this work so heavy as is the case in New York.

During the year 1897, 184 manufactures have filed in this office the

required statements concerning 1,728 brands of fertilizers. Not

all the registered brands are actually sold in the State, but the

real number is unnecessarily and even absurdly large. There is

not a single good reason for this multiplication of names in the

fertilizer trade, but many reasons why such a state of things

should not exist. It is a cause of confusion and of unnecessary

expense and should hasten a change to a more economical system

of buying and selling plant food.

During the season of 1897 three traveling agents were em-

ployed by the Station for the collection of samples of fertilizers

in different parts of the State. These agents were at work during

about four and one-half months, and they collected 1.005 sam-

ples, representing 748 different brands. This is less than the
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entire number of brands sold. It is impossible \\itli the funds

now at the command of the Station for fertilizer inspectiou to

search out and sample in any one year every brand that is sold

or offered for sale within the boundaries of the State. As a

matter of fact, the work of this kind that is now done is really

costing the Station more than the sum appropriated for this pur-

pose. It is entirely safe to say tj^at the appropriation for fer-

tilizer inspection in New York is less in proportion to the neces-

sary work than is the case in any other state. The situation is

somewhat perplexing. It would be desirable if some means

could be devised to check this useless multiplication of brands^,

at least so long as it is necessary for the State to inspect them.

This could be done, possibly, by imposing an analysis fee upon

each brand sold or offered for sale. There are ^reasons why it

would be just to do this. For instance, one company registered

in 1897 two hundred and forty-two brands and the effort required

for the inspection of these, provided they were all sampled, is a

large proportion of the work for the year. This company imposes

upon the State an expense which is greatly disproportionate to

its sales as compared with other companies offering a greatly

less number of brands. It is very certain that if the fertilizer

trade continues its present development, either an analysis fee

must be imposed or else the State appropriation must be consid-

erably increased. As the matter now stands, a large share of the

time of the chemist-in-chief and of four assistant chemists, be-

sides a good deal of attention on the part of the Director of the

Station, is devoted to fertilizer inspection. The result is that

the efforts of certain Station officers in the direction of investiga-

tion are unfortunately limited by this burden of routine work to

an extent not justifiable from any point of view. I commend

this matter to the attention of your Board as one worthy of seri-

ous and careful consideration.

Sugar heets.—Considerable attention has been devoted to sugar

beet analysis. This was made necessary by the present active

and wide spread discussion of sugar beet production in New

York.
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About one hundi-ed and fifty samples of beets were analyzed

aud a general summary of the results is given in Bulletin 135,

showing that the average percentage of sugar in the beets was

15.3 per cent. The present indications are that this work will be

largely increased in 1898.

Plant nutrition.—Investigations are in progress concerning the

plant-food needs of fruits and vegetables and the effect of certain

compounds in fertilizers upon the quality of fruits.

The composition of cider and vinegar.—A study of the composi-

tion of cider and cider vinegar is now going on with a view to

discovering some means of distinguishing between real and arti-

ficial or adulterated cider vinegar.

Department op Horticulture.

Of the nine horticultural bulletins issued by the Station in

1897 five discuss plant diseases and the methods of treating them,

and one relates to apparatus used in treating insects and diseases

which are injurious to plants. It should not be inferred from

this that subjects relating to plant pathology occupy two-thirds

of the time of the horticultural staff, although it is true that

much attention is devoted to work of this kind.

Plum leaf spot.—For several years questions pertaining to the

treatment of the leaf spot of plum and cherry have been under

investigation. The work which Mr. Fairchild started in 1891 to

determine the best means of preventing injury to plum and

cherry nursery stock was followed until a satisfactory line of

treatment could be confidently recommended. Investigations

were then undertaken with the same disease in the orchard. A
report of the progress of this work in 1895 was given in Bulletin

98 and the Annual Report for that year. The experiments were

continued in 1896 to determine whether the disease may be con-

trolled by two treatments with Bordeaux mixture, 1-to-ll for-

mula, and if so when these treatments should be made. The

results, as set forth in Bulletin 117^, show that two timely and

thorough treatments with this mixture may control the disease

on plums in soipe seasons, but three treatments generally give
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best results. Tlhe Italian prunes, which were given this ti'eat-

meut, showed an average gain of 24^ pounds of fruit per tree at

an extra cost of less than one cent per pound.

Cherry leaf spot.—Cherries ripen so early in the season that it

has not yet been found practicable to give them the thorough

treatment which is necessary to control the leaf spot, without

spotting the fruit with the spray so as to injure its appearance

when ripe. This question is still under investigation.

Raspberry anthracnose.—In Bulletin 124 Mr. Paddock gives the

results of three seasons' work with the raspberry anthracnose.

He finds that it is best to set none but healthy plants and prac-

tice a short rotation of crops. The spread of the disease in in-

fested fields was successfully prevented by treatment, but the

yield of fruit was not increased enough to make the spraying

profitable.

Oat smut.—The treatment of oat smut can hardly be called a

horticultural operation, but the general importance of the subject

to the agriculture of the State and the need of a bulletin to

furnish correspondents with instructions for treating this disease

made it desirable that some investigations concerning it should

be undertaken. In Bulletin 131 Mr. Close sets forth clearly the

results of investigations which wei'e conducted in 1897, partly at

the Station and partly on the farm of Messrs. King and Robinson,

Trumansburg, Tompkins County. Lysol, a fungicide which has

not heretofore been tried against grain smuts, gave excellent

results. The most inexpensive treatment, soaking with 0.2 per

cent formalin solution^, cost for the material 1.4 cents per bushel

of seed treated.

Gooseberry mildew.—We have long wished to know something

definite as to the comparative value of potassium sulphide and

Bordeaux mixture for preventing gooseberry mildew. Mr. Close's

investigations on this point are published in Bulletin 133. The

best results were obtained when the treatment was begun early

in the season, and potassium sulphide proved superior to Bor-

deaux mixture, lysol and formalin for preventing the disease.
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Spnu/ pumps and mixtures.—The constant demand for elemen-

tary instruction concerning the use of spray mixtures and spray

pumps made it necessary to mal^e further tests of apparatus and

revise former instructions so as to include the most recent devel-

opments in this line. This has been done by Mr. Paddock

and the results are given in Bulletin 121 on Spray Tumps and

Spraying.

Effect of wood ashes upon apple scab.—For five years one of the

apple orchards at the Station has been devoted to an investiga-

tion of the question whether fertilizing the soil liberally with

wood ashes may make the apples more resistant to the scab.

The results in this investigation are set forth in a bulletin on this

subject in which it is shown that, with the conditions under

which this investigation was made, immunity from apple scab

is not at all increased by liberal applications of hard-wood ashes

to the soil.

Forcing tomatoes.—Methods of training and benching tomatoes

in the forcing house are discussed in Bulletin 125. The conclu-

sion is reached that, at least in this climate, single stem training

is clearly superior to three stem training in forcing tomatoes.

I'lunging small pots containing the young tomato plants in the

soil of the bench to see whether confining the roots thus would

bring the plants into bearing earlier or increase their productive-

ness, showed that practically nothing was gained by this treat-

ment and when used with three stem training it was a detriment.

Varieties of fruit at the Station.—But two bulletins have been

prepared in 1897 on the varieties of fruit which are growing at

this Station. These are Bulletins 127 on Strawberries and 128

on Raspberries, Blackberries and Dewberries, both by Mr. Pad-

dock.

The following shows the numbei' of varieties of commonly

cultivated fruits in the Station collection at the close of 1897, not

including plants which were received in the fall of 1897 nor those

currants and gooseberries which are grown here simply to illus-

trate the species to which they belong:
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Number of
Station seedliBgi
now growing.

Number of
vaiieties added
in f«ll of '96

and spring of '97

Total number of
varieties now
growing at the

Station.

Pomaceous fruits ;

Apples
Crab apples..
Pears
Quinces

Stone fruits:

Apricots
Cherries
Peaches
Plums

Small fruits:

Grapes
Currants
Gooseberries .

Blackberries .

Dewberries
Raspberries .

.

Strawberries

.

50

39

Total

446
53
256

1

43
23
53

108
1

19

27

671
22

240
11

36
75
147
243

675
102
479
34
49
123
113

,020

Department op Plant Pathology.

A new disease of sweet corn.—Mr. Stewart has given consider-

able time to the study of a new disease of sweet corn to which

the early varieties of this crop are much subject in the market

gardens of Long Island. He has demonstrated that this disease

is bacterial in its nature, which is the first step necessary to a

discovery of methods of prevention. The subject needs further

study, and no remedial measures can now be recommended. Pre-

vention may perhaps be secured by care in the selection of seed

and by the planting of resistant varieties.

Potato scab.—^The ploughing in of a crop of green rye had no

effect in preventing potato scab. The disease appeared to be

aggravated rather than checked.

Potato stem hlight.—This was not communicated by planting

diseased tubers, neither were peppers, tomatoes, egg plants or

plants of other species infected by contact with diseased potato

tubers.

Carnation rust.—The application of a solution of common salt

neither prevented the rust nor benefited the growth of the car-

nation plants.
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Downy mildew on cucumbers.—The early cucumber and pickle

industry of Long Island has been in danger of destruction from

the ravages of this disease. The experiments of Mr. Stewart in

1896 resulted in materially checking its development by spraying

with Bordeaux mixture.

These experiments were repeated at two points in 1897 with

similar results. On a small plat of early cucumbers at Floral

Park, spraying caused an increased yield of over 30,000 fruits per

acre.

On the farm of Mr. Robert Oolyer an acre of late cucumbers

was sprayed under the direction of Mr. Stewart. The resulting

crop was about 102,000 fruits, the average yield with growers

who took no pains to control the mildew being not over 20,000

fruits per acre. It is probable that other growers can produce

equally large crops when the spraying is done with equal intelli-

gence and thoroughness.

Department of Entomology. '

Insectart/.—A portion of one of the large greenhouses is being

remodeled for use as an insectary. Among other important

features it will contain breeding cages of necessary sizes and

shapes in which various species of injurious insects can be iso-

lated and their habits studied^ root cages for studying insects

which attack the roots of plants, and fumigating boxes to be

used in testing the effects of various gases upon insects in differ-

ent stages of development. A dark room also forms an im-

portant part of the equipment of the insectary.

The collection of insects.—^About 200 species have been added to

the Station collection of insects besides valuable biological ma-

terial illustrating the life histories, habits and injurious work of

some of the species already in the coillection. The collection now

numbers nearly 2,600 species.

Illustrations.—An important part of the work during the past

season has been the making of illustrations, photographs and

drawings, showing the structure, life histories and habits of in-
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jurious insects and their natural enemies. A large number of

these illustrations have been made during the past summer.

They are kept on file for use in bulletins as needed.

Inspection of nursery stock.—Nursery stock inspection has been

continued again this season, but to a less extent than the season

previous. About fifteen nurseries have been visited, with the

result than ten species of insects, all more or less injurious, have

been found on young trees about to be shipped, showing that

these insects are distributed by means of nursery stock. The

species referred to are as follows : The woolly aphis, peach tree

borer, the pistol-case bearer, oyster-shell bark-louse, scurfy bark-

louse, plant lice of various species, the bud moth, the New York

plum Lecanium, the oak scale and Aspidiotus ancylus. The San

Jos6 scale has also been found in a small nursery in Western

New York. Infested stock has possibly been shipped from this

nursery for six or eight years past. The present owner is going

out of the business and is clearing the land for fruit.

Experiments in dipping young nursery trees infested toith plant

lice.— Young nursery trees infested with plant lice cannot be

sprayed to advantage, as the lice cause the leaves to curl. The

lice congregate in great numbers on the under sides of the leaves

at and near the tips of the young trees. By dipping these in-

fested tips the insects may be killed. The object of the experi-

ment was to determine the proper strength of the solution (a

solution of whale-oil soap) to use. The expense of treating the

trees was so slight that no record of it was kept. It was shown

that whale-oil soap will kill the lice and may be safely used for

this purijose at a strength of one pound to seven gallons of water,

but that a stronger solution, one pound to three gallons, will

injure the foliage. The weaker solution kills the lice as effectu-

ally as the stronger.

Experiments in spraying young nursery trees.— One-year-old

apple grafts were sprayed with green arsenite (Scheele's green)

one pound to 100 gallons. The trees were badly infested with

the canker-worm. This application was made late in June and
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was so effectual in destroying the canker-worms that another

application was not necessary.

Young cut-leaf birch trees, badly infested with thrips, were

sprayed three times with a whale-oil soap in solution, to which

was added one ounce of flowers of sulphur to one gallon of the

soap solution. This combination proved highly successful, show-

ing that this serious pest can be controlled.

Experiments in fumigating nursery stock with hydrocyanic acid

gas.—These experiments are not yet completed, but the indica-

tions now are that nursery stook can be successfully fumigated

in large frost-proof cellars where the trees are ordinarily stored

over winter, without going to the expense of building houses for

this purpose where stock can be fumigated in small lots only.

Spraying experinwnts tvith green arsenitc.—These experiments

form a part of a series of experiments with green arsenite begun

in 1896, their object being to test the value of green arsenite as

compared with Paris green.

Fourteen large trees owned by O. L. Jackson, at Bushville,

were used for the experiments and were sprayed three times.

Examinations made soon after the first application showed that

only the young worms, those about one-fourth inch long, had

been killed by the spray. After the third application the trees

were practically free from worms, the older ones having finally

succumbed.

This indicates that green arsenite may be slow in its action but

where the trees were sprayed three times it was effectual.

Investigations and experiments with plant lice.—Four species of

plant lice have been under observation during the past season,

two infesting the plum and two infesting the currant. The work

of studying out the complete life histories of these species is not

yet complete. The best progress has been made with Hyalopterus

pruni. All stages but one have been observed and drawings

made. In all the other species studied, with the probable excep-

tion of Myzus, new facts concerning their life histories have been

brought to light, and their various forms figured for the first
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time. Nine species of the natural enemies of these insects have

also been studied and illustrations made showing the different

stages in their development.

Experiments in spraying currant bushes and plum trees showed

that these lice may be destroyed if a whale oil soap solution, one

pound to seven gallons of water, is properly used.

The cotton-wood leaf beetle.—The investigations and experiments

with this insect were finished during the past season.

The field used the previous year was sprayed with green

arsenite, former experiments having shown that this insecticide

would probably prove the most effectual of any tried. Three

applications were made, with the result that the plat was kept

almost entirely free from the insects.

In comparing the cost of spraying and running the '' bug

machines," or '' drags," it was found that the spraying could be

done at about two-thirds the expense of the other method. It

was also found, however, that under ordinary circumstances the

best results would be obtained by using the '' machine " for a

few days soon after the last application of the poison.

Department of Animal Industry.

Feeding experiments with chicles and capons.—From an extended

test of the relative efficiency of whole and ground grains in feed-

ing chicks and capons it was learned that more food was eaten

and a more rapid and profitable gain was made when the ground

grain was fed.

Source of milk fat.—An extended and somewhat elaborate

investigation concerning the source of milk fat was begun early

in the year and the results so far as reached were published in

Bulletin 132.

The data show clearly that food fats are not essential to the

formation of milk fat, and that the milk fat was not derived

wholly from the metabolism of protein; but that probably its

origin was partially in the carbohydrates of the food, as has been

demonstrated to be the case with bodv fat.
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Production of Field Crops.

An important series of experiments has been begun on the

Station farm for the purpose of studying the relative economy- of

certain systems of maintaining soil fertility.

Education in Road Building.

The U. S. Department of Agriculture, among other efforts, is

endeavoring to disseminate information concerning the construc-

tion and economy of good roads. To this end a bureau known as

the Office of Road Inquiry has been established.

As one means of accomplishing its purposes this Office is

cooperating with the Land Grant Colleges and the Experiment

Stations in building in proximity to these institutions samples of

roads which shall be an object lesson, especially to rural com-

munities.

The first of these roads was built at New Brunswick, N. J., and

the second at Geneva, The latter was built by the united efforts

of the Office of Road Inquiry, private citizens, the village of

Geneva and the Experiment Station, and is located on North and

Castle streets. It extends about twelve hundred feet along the

northern boundary of the Station property and runs the entire

length of Castle street, the whole distance being about one and

a quarter miles.

The manner of construction is what is known as MacAdam, the

covering of the road bed consisting of broken stones to the depth

of eight inches. On North street the road is eight feet wide

and on Castle street the width is fourteen feet for the greater

part of the distance, the remainder being twenty feet.

The lower five inches of the covering was obtained from com-

mon field stone, and this was surfaced with three inches of

broken Hudson River trap rock.

The cost, details of construction and other related facts will be

given in the report of the Department of Agriculture. As this

road was completed only last October it is too early to draw con-

clusions as to its quality and durability. It is satisfactory so far

and has changed the streets between the ExT)epiment Staticm

and the city from a condition which at times was almost unbear-

able and prohibitive of travel to one of convenience and comfort.
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Bulletins Published in 1897.

The following is a list of the bulletins issued by the Station for

the year 1897. All of these are included in this report excepting

Xos. 114, 115, 116, 120, 122, which were presented in the report

for 1896.

No. 114—January.—Gooseberries. S. A. Beach. Pages 48.

No. 115—January.—Director's report for 1896. W. H. Jordan,

Pages 26.

No. 116—January.—Report of analyses of commercial fertilizers

for the fall of 1896. L. L. Van Slyke.

Pages 57.

No. 117—March.—Treatment of leaf spot in plum and cherry or-

chards in 1896. S. A. Beach. Pages 9.

No. lis—March.—Alfalfa. W. P. Wheeler. Pages 10.

No. 119—March.—The downy mildew of the cucumber: What it

is and how to prevent it. F. C. Stewart.

Pages 30.

No. 120—March.—A practical method of fighting cutworms in

onion fields. F. A. Sirrine. Pages 14.

No. 121—March.—Spray pumps and spraying. Wendell Pad-

dock. Pages 23.

No. 122—April.—The pistol-case bearer. V. H. Lowe. Pages 12.

No. 123—April.—Spraying potatoes on Long Island in the sea-

son of 1896. F. 0. Stewart. Pages 27.

No. 124—April.—Anthracnose of the black raspberry. Wendell

Paddock. Pages 14.

No. 125—July.—Forcing tomatoes: Comparison of methods of

training and benching. Note on a tomato

disease. S. A. Beach. Pages 32.

No. 126—November.^—Feeding experiments with chicks and ca-

pons: The relative efficiency of whole and

ground grains as commonly fed, W. P.

Wheeler. Pages 19.

No. 127—November.—Strawberries in 1897. Wendell Paddock.

Pages 12.
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;No. 128—XoYember.—A'ai'iety tests with raspberries, blackber-

ries and dewberries. Wendell Paddoek.

Pages 11.

No. 129—November.—Report of analyses of coinmercial ferti-

lizers for the spring of 1897. L. L. Van

Slyke. Pages 71.

Xo. i'M)—December.^—A bacterial disease of sweet corn. F. C.

Stewart. Pages 17.

No. 131—December.—Results with oat smut in 1897. C. P. Close.

Pages 14.

No. 132—December.—The source of milk fat. W. H. Jordaa and

C. G. Jenter. Pages 34.

No. 133—December.—Spraying in 1897 to prevent gooseberry mil-

dew. C. P. Close. Pages 12.

No. 134—December.—Rejiort of analyses of commercial fertilizers

for the fall of 1897. L. L. Van Slyke.

Pages 39.

No. 135—December.^—The composition and production of sugar

beets. L. L. Van Slyke, W. H. Jordan

and G. W. Churchill. Pages 30.

No. 136—December.—Inspection of nurseries and treatment of in-

fested nursery stock. V. H. Lowe.

Pages 30.

No. 137—December.—Commercial fertilizers for potatoes. W. H.

Jordan. Pages 22.

No. 138—December.—p]xperiments and observations on some dis-

eases of i)lants. F. C. Stewart. Pages 18.

No. 139—December.—IMaut lice: Descriptions, enemies and treat-

ment. V. H. Lowe. Pages 20.

No. 140—December.-—^A'ood ashes and apple scab. S. A. Beach,

Pages 27.

No. 141—December.—Digestion and feeding experiments. W. H.

Jordan and C. G. Jenter. Pages 30.

No. 142—Decembei*.—Director's report for 1897. W. IL Jordan.

Pages 20.

W. H. JORDAN.
Director.

N. Y. Agr'l Exp't Station. Geneva, N. Y., Dec. 31, 1897.
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NEWSPAPERS AND PERIODICALS PRESENTED TO THE
STATION.

Acker & Gartenbau Zeitung, Milwaukee, Wis.

Agricultural Epitomist, Indianapolis, Ind.

Agricultural Gazette of New Soiitli Wales, Sydney, N. S. W.
Agricultural Student, Columbus, Ohio.

Agricultural Students' Gazette, Cirencester, Eng.

Albany W^eekly Journal, Albany, N. Y.

Allegan Gazette, Allegan, Mich.

American Agriculturist, New York, N. Y.

American Cultivator, Boston, Mass.

American Grange Bulletin and Scientific Farmer, Cincinnati.

Ohio.

American Philosophical Society, Proceedings, Philadelphia,

Pa.

American Stock Keeper, Boston, Mass.

Angelica Every Week, Angelica, N. Y.

Baltimore Weekly Sun, Baltimore, Md.

Canadian Horticulturist, Toronto, Canada.

Church and Farm, Salt Lake City, Utah.

Cincinnati Society of Natural History, Journal, Cincinnati,

Ohio.

Commercial Gazette, New York, N. Y.

Cotton Planters' Journal, Memphis, Tenn.

Dairy World, London, Eng.

Detroit Free Press, Detroit, Mich.

DeRuyter Gleaner, DeRuyter, N. Y.

Elgin Dairy Report, Elgin, 111.

Farm and Fireside, Philadelphia, Pa.

Farm and Home, Springfield, Mass.

Farm Journal, Philadelphia, Pa.

Farm News, Springfield, Ohio.

Farm Poultry Seani-Monthly, Boston, Mass.

Farm, Stock and Home, Minneapolis, Minn.
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Farmers' Advocate, London, Canada.

Farmers' Guide, Huntington, Ind.

Farmers' Home, Dayton, Ohio.

Farmers' Magazine, Springfield. 111.

Farmers' Voice, Chicago, 111,

Forester, Washington, D. C.

Geneva Gazette, Geneva, N. Y.

Gentleman Farmer, Chicago, 111.

Gleanings in Bee Culture, Medina, Ohio.

Green's Fruit Grower, Rochester, N. Y.

Herd Register, Peterboro, N. H.
.

Hoard's Dairyman, Fort Atkinson, Wis.

Homestead, Des Moines, Iowa.

Horticultural Gleaner, Austin, Tex.

Indiana Farmer, Indianapolis, Ind.

Industrial American. Lexington, Ky.

Iowa Weather and Crop Service Review, Des Moines, Iowa.

Irrigation Age, Chicago, 111.

Ithaca Democrat, Ithaca, N. Y.

Jersey Bulletin, Indianapolis, Ind.

Journal and Herald, Springville, N. Y.

Long Island Farmer, Jamaica, N. Y.

Louisiana Planter and Sugar Manufacturer, New Orleans, L;

Market Garden, Minneapolis, Minn.

Mirror and Farmer, Manchester, N. H.

Montana Fruit Grower, Missoula, Mont.

Monthly Weather Review, Washington, D. C.

National Nurseryman, Rochester, N. Y.

National Stockman and Farmer, Pittsburg, Pa.

Nebraska Bee-Keeper, York, Neb.

Nebraska Farmer^ Lincoln, Neb.

New England Farmer, Boston, Mass.

New England Florist, Boston, Mass.

New York Edition, Farm and Fireside, Springfield, 111.

New York Farmer, Port Jervis, N. Y.

New York Produce Review, New York, N. Y.
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Northwest Pacific Farmer, Portland, Ore.

Olean Herald, Olean, N. Y.

Oregon Agriculturist, Portland, Oregon.

Pacific Coast Dairyman, Taooma, Wash.

Pomona Herald, Pascoag and Providence, K. I.

Poultry Monthly, Albany, N. Y.

Practical Farmer, Philadelphia, Pa.

Prairie Farmer, Chicago, 111.

Prattsburgh News, Prattsburgh, N. Y.

Progressive South, Richmond, Va.

Queensland Agricultural Journal, Brisbane, Queensland.

Salt Lake Herald, Salt Lake City, Utah.

Sanitary Inspector, Augusta, Me.

Southern Cultivator, Atlanta, Ga.

Southern Planter, Richmond, Va.

Southern States Farm Magazine, Baltimore, Md.

Southw^estern Farmer and American Horticulturist.

State Board of Health Bulletin, Memphis, Tenn.

Suffolk Bulletin. Huntington, N. Y.

Sugar Beet, Philadelphia, Pa.

Vermont Farmers' Advocate, Burlington, Vt.

Wallace's Farmer, Des Moines, Iowa.

Watkins Review, Watkins, N. Y.

West Virginia Farm Reporter.

Western Plowman, Moline, 111

Woman's Home Companion, Philadelphia, Pa.

Wool Record, New York, N. Y.
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REPORT OF THE CHEMIST.

L. L. VAN SLYKE.

I. REPORT OF ANALYSES OF .COMMERCIAL

FERTILIZERS FOR THE SPRING OF 1897*

SUMMARY.

(1) Samples collected. During the spring of 1897, the Station

collected 735 samples of commercial fertilizers, representing 500

different brands. Of these different brands, 400 were complete

fertilizers; of the others, 32 contained phosphoric acid and pot-

ash without nitrogen; 33 contained nitrogen and phosphoric acid

without potash; 1 contained nitrogen and potash without phos-

phoric acid; 31 contained phosphoric acid alone; and 3 contained

potash salts only.

(2) Nitrogen. The 400 brands of complete fertilizers contained

nitrogen varying in amount from 0.30 to 8.08 per cent, and aver-

aging 2.23 per cent. The average amount of nitrogen found

by the Station analysis exceeded the average guaranteed amount

by 0.14 per cent, the guaranteed average being 2.09 per cent and

the average found being 2,23 per cent.

In 293 brands of complete fertilizers, the amount of nitrogen

found was equal to or above the guaranteed amount^ the excess

varying from 0.01 to 2.73 per cent, and averaging 0.30 per cent;

In 107 brands, the nitrogen was below the guaranteed amount,

the deficiency varying from 0.01 to 2.25 per cent and averaging

0.29 per cent. In 87 cases, the deficiency was less than 0.5 per

cent.

The amount of water-soluble nitrogen varied from 0.01 to 6.25

per cent and averaged 0.95 per cent.

Reprint of Bulletin No. 129.
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(3) Available phosphoric acid. The 400 brands of complete

fertilizers contained available phosphoric acid varying in amount

from 0.83 to 19.68 per cent and averaging 8.44 per cent. The

average amount of available phosphoric acid found by the Station

analysis exceeded the avei-age guaranteed amount by 0.81 per

cent, the guaranteed average being 7.63 p<?r cent and the average

found being 8.44 per cent.

In 326 brands of complete fertilizers, the amount of available

phosphoric acid found was above the amount guaranteed, the

excess varying from 0.01 to 10.68 i>er cent and averaging 1.14

per cent.

In 74 brands, the available phosphoric acid was below the

guaranteed amount, the deficiency varying from 0.01 to 3.06 per

cent and averaging 0.58 per cent. In 49 cases the deficiency wa»

below 0.5 per cent.

The amount of water-soluble phosphoric acid varied from to

12.47 per cent and averaged 4.97 per cent.

(4) Potash. The complete fertilizers contained potash varying

in amount from 0.08 to 15.58 per cent, and averaging 4.57 per

cent. The average amount of potash found by the Station analy-

sis exceeded the average guaranteed amount by 0.27 per cent,

the guaranteed average being 4.30 per cent and the average found

being 4.57 per cent.

In 297 brands of complete fertilizers, the amount of potash

found was above the guaranteed amount, the excess varying from

0.01 to 4.41 per cent and averaging 0.53 per cent.

In 103 brands, the potash was below the guaranteed amount,

the deficiency varying from 0.01 to 8.32 per cent and averaging

0.47 per cent. In 85 of these cases, the deficiency was less than

0.5 per cent.

In 88 cases among the 400 brands of complete fertilizers the

potash was contained in the form of sulphate free from an excess

of chlorides.

(5) The retail selling price of the complete fertilizers varied

from |15 to |60 a ton and averaged |28.92. The retail cost of

the separate ingredients unmixed varied from fl.80 to $34.25

and averaged |20.17, or |8.75 less than the selling price.
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INTRODUCTION.

Number and Kinds op Fertilizers Collected.

During the spring of 1897, we collected 735 samples of com-

mercial fertilizers, representing 500 different brands. The tabu-

lated statement below indicates the different classes included in

the collection.

Classes of Fertilizers Collected.

Brands con-
taining only
phosphoric

acid.
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Comparison of Selling Price and Commercial Valuation.

Giving to the different constituents the values assigned in the

schedule on page 356 for mixed fertilizers, 14 cents a pound for

nitrogen, 5^ cents a pound for water-soluble phosphoric acid, 5

cents a pound for citrate-soluble phosphoric acid, 2 cents a pound

for insoluble phosphoric acid, and 4^ cents a pound for potash,

we can calculate the commercial valuation, or the price, at which

the separate unmixed materials contained in one ton of fertilizer,

having the composition indicated in the preceding table, could be

purchased for cash at retail at the seaboard. Knowing the retail

prices at which these goods were offered for sale^ we can also

readily estimate the difference between the actual selling price

of the mixed goods and the retail cash cost of the unmixed ma-

terials; the difference covers the cost of mixing, freight, profits,

etc. iWe present these data in the following table, including

onl}' complete fertilizers.

Commercial Valuation and Selling Price of Fertilizers.

Commercial Valuation of Com-
plete Fertilizers.
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Cost of One Pound of Plant-Food to Consumers.

IN COMPLETE FERTILIZERS.
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could be bought at retail for cash in our large markets, Boston,

New York and Philadelphia. These prices also correspond to

the average wholesale prices for the six months preceding

March, plus about 20 per cent, in case of goods for which there

are wholesale quotations.

Trade-values of Fertilizing Ingredients in Raw Materials and
Chemicals, Adopted by Experiment Stations.

1897.

Ct8. per
pound

.

Nitrogen in ammonia salts 13i/^

Nitrogen in nitrates 14

Organic nitrogen in dry and fine-ground fisli, meat and blood, and

in high-grade mixed fertilizers 14

Organic nitrogen in cotton-seed meal and castor-pomace 12

Organic nitrogen in fine-ground bone and tankage 13%

Organic nitrogen in fine-ground medium bone and tankage 11

Organic nitrogen in medium bone and tankage 8

Organic nitrogen in coarser bone and tankage 3

Organic nitrogen in hair, horn-shavings and coarse fish-scraps.... 3

Phosphoric acid, soluble in water 5^^

Phosphoric acid, soluble in ammonium citrate 5

Phosphoric acid in fine bone and tankage 5

Phosphoric acid in fine medium bone and tankage 4

Phosphoric acid in medium bone and tankage 2%!

Phosphoric acid in coarser bone and tankage 2

Phosphoric acid in fine-ground fish, cotton-seed meal, castor-pomace

and wood ashes 4i/^

Phosphoric acid, insoluble in ammonium citrate, in mixed fertiliz-

ers 2

Potash as high-grade sulphate, in forms free from muriates (chlor-

ides), in ashes, etc 5

Potash in muriate 4^^

Commercial Valuation of Fertilizers.

The commercial valuation of a fertilizer consists in estimating

the approximate value or money-cost of the essential fertilizing

constituents (nitrogen, phosphoric acid and potash) in one ton

of fertilizer. This does not take into consideration cost of mix-



New York Agricultural Experiment Station. 37

ing, of transportation, storage, commissions to agents and deal-

ers, etc., but only the one item of retail cash cost, in the market,

of unmixed raw materials.

Simple Rule for Calculating the Approximate Commercial

Valuation of a Fertilizer prom the Results

OF Analysis.

Multiply the per cent of nitrogen by three and to the product add

the per cent of available phosphoric acid and the per cent of potash.

The total sum will express in dollars and cents the approximate

commercial valuation of one ton (2,000 pounds) of the fertilizer.

Example.—A fertilizer contains 3.44 per cent of nitrogen, 6.15

per cent of available phosphoric acid and 9.89 per cent of potash.

3.44 (per cent nitrogen) multiplied by three equals $10 32

6. 15 (per cent available phosphoric acid) equals 6 15

9 . 89 (per cent potash) equals 9 89

Total $26 36

LIST OF MANUFACTURERS WHO HAVE FILED STATE-

MENTS REQUIRED BY LAW.

Manufacturers to the number of 184 have filed with this Station

the statement required by law. Of these there are 61 whose

factories are located outside of New York State. These 184

manufacturers put on the market 1,728 different brands. Many

of these brands are manufactured for special parties in other

states, so that the number of different brands actually sold in this

state is short of the total given above. Within the past two

years it has become very common to have special goods made for

local dealers which have a limited sale in the dealer's immediate

locality. This method is becoming more and more common, and,

of course, increases largely the number of brands made and sold.
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Number
Names and Addresses of Manufacturkeb. of br»nd«

reported.

Acme Fertilizer Co., 62 William Street, New York City 7

American Eeduction Co., 1516 Second Avenue, Pittsburg, Pa 4

Armour Fertilizer Worlds, 205 La Salle Street, Chicago, 111 7

Edward J. Attwood, Andover, N. Y 7

Bachman & Co., Chester, Orange Co., N. Y 1

A. M. Baker & Son, Mt. Morris, N. Y G

II. J. Baker & Bro., 93 William Street, New York City 43

Addison Baldridge, MacDougall, N. Y 1

J. A. Bingham, Marlborough, N. Y 5

Bowker Fertilizer Co., 43 Chatham Street, Boston, Mass 40

Bradley Fertilizer Co., 92 State Street, Boston, Mass 39

The Bradley Fertilizer Co., Philadelphia, Pa 13

Brisbin & Douglas, Clyde, N. Y 2

Charles Brown, Mt. Morris, N. Y 1

Brunifield & Foster, Colora, Md 9

J. P. Butts, Oneonta, N. Y. .^ 4

Chandler, Russell & Chandler, Newark, N. J 9

E, B. Chapin, Rochester, N. Y 8

R. F. Chappius, Dryden, N. Y 1

Chemical Co. of Canton, Baltimore, Md 11

Chesapeake Guano Co., Baltimore, Md 3

Clark & Powers, Fabius, N. Y 1

Clark's Cove Fertilizer Co., 40 Exchange Place, New I'ork City 15

The Cleveland Dryer Co., 92 State Street, Boston, Mass 8

Club and Grange Fertilizer Co., Syracuse, N. Y 6

E. Frank Coe Co., 135 Front street. New York city 28

Colgrove & Vaun, Willow Ci'eek, N. Y 2

Peter Cooper's Glue Factory, 13 Burling slip. New York City 1

A. S. Core Fertilizer Works, White Plains, N. Y 14

Crocker Fertilizer and Chemical Co., Buffalo, N. Y 242

E. A. Cross, Hilton, N. Y 3

Cuba Fertilizer Co., Cuba, N. Y 9

Cumberland Bone Phosphate Co., Portland, Me 12

Ciiyler & Carr, Milford, N. Y 4

L. B. Darling Fertilizer Co., Pawtucket, R. 1 10

Detriok I'^ertilizer and Chemical Co., Baltimore, Md 27

Louis F. Detrick, Baltimore, Md 9

C. A. Dryer, South Lima, N. Y 3

P. P. Dunan, 310 Equitable Building, Baltimore, Md 8

Edward Dwycr, Livonia, N. Y 3

Eastern Farm Supply Association, Montclair, N. J 12

Robert D. Eaton, Norwich, N. Y 6
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Number
Names and Addresses of Manufacturers. of brands

reported.

The Elixir Fertilizer Co., 107 W. lith Street, New York City 1

Erie City Fertilizer "Works, Erie, Pa 4

Essex Fertilizer Co., Newark, N. J 2

Geo. S. Ewart, North Sparta, N. Y 1

Farmers' Fertilizer Co., Syracuse, N. Y 14

Farmers' and Builders' Supply Co., Owego, N. Y 7

W. S. Farmer & Co., Baltimore, Md 6

John Finster, Rome, N. Y 1

Henry Fitchard, Minetto, N. Y 1

Geo. B. Forrester, 169 Front Street, New York City 19

Thos. r. Gaines, Sherburne, N. Y 3

G eneva Coal Co., Geneva, N. Y 15

A. C. Geslain, 131 Rutledge Street, Brooklyn, N. Y 2

G. W. Goddard, Mt. Upton, N. Y 3

Great Eastern Fertilizer Co., Rutland, Vt 16

Griffith & Boyd, 9 South Gay Street, Baltimore, Md 9

John Haefele, Delaware Avenue, Albany, N. Y 1

H. O. Hale, Norwich, N. Y 3

Ira C. Hall, Farmer, N. Y 5

The Hallock and Duryee Fertilizer Co., Mattituck, N. Y 5

Hammond's Paint and Slug-Shot Works, Fishkill, N. Y 1

John Hardiman, New Hartford, N. Y 2

Geo. L. Harding, 205 Water Street, Binghamton, N. Y 1

Hathaway & Reynolds, Oriskany Falls, N. Y 5

Isaac C. Hendrickson, Jamaica, N. Y 2

S. M. Hess & Bro., 4th and Chestnut Streets, Philadelphia, Pa 9

J. S. Hewitt & Sons, Locke, N. Y 8

C. C. Hicks, Penn Yan, N. Y 9

Hubbard & Co., 10 Light Street, Baltimore, Md 9

Humphrey & Holdridge, Honeoye Falls, N. Y 6

Imperial Fertilizer Co., 5 Hanover Street, New York City 2

International Seed Co., Rochester, N. Y 3

Geo. A. Ives, Bainbridge, N. Y 2

F. N. Isham, Avon, N. Y 1

The Jarecki Chemical Co., Sandusky, Ohio 8

The Jones Fertilizer Co., Cincinnati, Ohio 9

F. W. Jones, Jonesburg, N. Y 4

Kinne Bros. & Howell, Ovid, N. Y 1

Lackawanna Fertilizer and Chemical Co., Moosic, Pa 4

F. R. Lalor, Dunnville, Ontario, Can 1

Lazaretto Guano Co., Baltimore, Md 45
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Number
NiMES AND AddrbssesTof^Manupactubees. of brands

reported.

Liebig Mauufacturiug Co., 26 Broadway, New York City 10

Lister Agricultural Chemical Works, Newark, N. J 27

Joseph Lister, 1158 Elston Avenue, Chicago, 111 1

Locke Fertilizer Co., Locke, N. Y 8

Lonei'gan & Livingston, Albany, N. Y 2

Long Island Agricultural Chemical Co., Long Island City, N. Y 6

George F. Lowe, LeRoy, N. Y 1

Lowell Fertilizer Co., Lowell, Mass 11

Frederick Ludlam, 108 Water Street, New York City 8

Mapes Formula and Peruvian Guano Co., 143 Liberty Street, New
York City 18

Maryland Fertilizing and Manufacturing Co., 30 South Halliday Street,

Baltimore, Md 19

Maxson & Starin, Cortland, N. Y 12

W. B. McDowell, Middletown, N. Y 2

Michigan Carbon Works, Detroit, Mich 9

Miller Fertilizer Co., 411 East Pratt Street, Baltimore, Md 7

Milsom Rendering and Fertilizer Co., East Buffalo, N. Y 20

Minot & Decker, Brockport, N. Y 4

Mitchell Fertilizer Co., Tremley, N. J 3

L. Mittenmaier & Son, Rome, N. Y 4

Moller & Co., Maspeth, N. Y 2

Francis P. Murray, Macedon, N. Y 2

National Fertilizer Co., Bridgeport, N, Y 6

Geo. A. Newcomb, Cottage, N. Y 1

Wm. Newton, Henrietta, N. Y 1

New York Fertilizer Co., 203 Broadway, New York City 1

Niagara Fertilizer Works, Buffalo, N. Y 38

Northwestern Fertilizing Co., Chicago, 111 18

Oakfleld Fertilizer Co., Buffalo, N. Y 8

Oneonta Fertilizer and Chemical Co., Oneonta, N. Y 18

Overton & Co., Reading Center, N. Y 1

Pacific Guano Co., 27 William Street, New York City 23

Packers' Union Fertilizer Co., New York City 7

Chas. D. Parks, Danbury, Conn 3

Patapsco Guano Co., Baltimore, Md 21

G. A. Pearsall, Williamson, N. Y 5

E. E. Pease, Mapleton, N. Y 1

Penfield Milling Co., Delhi, N. Y 2

A. W. Perkins & Co., Rutland, Vt 1

A, Peterson, Penfield, N. Y 5
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Number
Names and Addresses of Mancfacturkiss. of brands

reported.

J. E. Phelps, Jamaica, N. Y 7

Moro Phillips Chemical Co., 131 South 3d Street, Philadelphia, Pa. .. 17

Wm. W. Phipps, Albion, N. Y 4

H. A. Pierce & Co., Armor, N. Y 2

B. J. Pine, East Williston, N. Y 1

L. S. Pitkin, Lorraine, N. Y 1

Powers, Gibbs & Co., Wilmington, N. C 10

Preston Fertilizer Co., Long Island City, N. Y 16

Queen City Fertilizer Co., Buffalo, N. Y 15

Quinnipiae Co., S3 Fulton Street, New York City 38

Rasin Fertilizer Co., Baltimore, Md ^

Read Fertilizer Co., 88 Wall Street, New York City 35

John S. Reese & Co., Baltimore, Md 20

J. L. Reynolds & Co., Mt. Vernon, N. Y 3

C. A. Rice, Ellington, N. Y 1

J. L. Richer, New Berlin, N. Y 2

Riverside Acid Works, Warren, Pa 4

Rochester Fertilizer Works, Rochester, N. Y 17

Rogers & Hubbard Co., Middletown, Conn 10

Sessions & Leonard, Palmyra, N. Y 4

Shappee Bros., Horseheads, N. Y 1

Sharpless & Carpenter, 24 South Delaware Avenue, Philadelphia, Pa. 13

G. W. Sharretts & Co., 8th Street and 2d Avenue, Baltimore, Md 6

Chas. A. Sickler & Bro., Wilkosbarre, Pa 5

Isaac Smith, Columbiaville, N. Y 7

Spaulding & Conde, Lyndonville, N. Y 1

W. W. Sprague Co., Union Stock Yards, Chicago, 111 1

W. H. Stamp, Warsaw, N. Y 6

H. Stappenbeck, Utica, N. Y 3

Standard Fertilizer Co., Boston, Mass 18

Sterling Oil Co., Greenport, N. Y 1

G. W. Stoddard, Mt. Upton, N. Y 3

W. B. Stewart, South Plymouth, N. Y 3

Swift & Co., Chicago, 111 6

C. R. Sworts, Dundee, N. Y 7

F. W. Tassell, Williamson, N. Y 2

I. P. Thomas & Son, 2 South Delaware Avenue, Philadelphia, Pa. ... 13

Edward D. Tolles, Attica, N. Y 8

Henry F. Tucker Co., Boston, Mass 3

Geo. O. P. Turner, Churchville, N. Y 8

Ellsworth Tuthill & Co., Promised Land, N. Y 6
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Number
Names and Addresses of Manufactdrebs. of brands

reported.

George F. Tuthill & Co., Greenport, N. Y 1

J. E. Tysort & Co., 42 South Delaware Avenue, Philadelphia, Pa 8

Tygert-Alleu Fertilizer Co., 2 Chestnut Street, Philadelphia, Pa 9

F. G. Underwood, Oneida, N. Y 3

J. E. Van Benthuysen, Lishaskill, N. Y 4

J. W. VanCott & Son, Unadilla, N. Y 3

Walker Fertilizer Co., Clifton Springs, N. Y 16

Walker, Stratman & Co., Pittsburg, Pa 8

F. E. Webster, Sennett, N. Y 1

Robt. West, Hamilton, Ontario, Can 2

W. E. Whann, William Penn, Pa 8

M. E. Wheeler & Co., Rutland, Vt 10

Wickwire & Sheldon, Hamilton, N. Y - 4

Willoughby & Fletcher, Oxford, N. Y 2

Wilkinson & Co., 29 South William Street, New York City 2

Williams & Clark Fertilizer Co., 27 William Street, New York City. .

.

25

M. J. Wilson, Rushford, N. Y 1

Wooster & Mott, Union Hill, N. Y 7

C. K. Yates, Farmer, N. Y 1

York Chemical Works, York, Pa 5

Zell Guano Co., Baltimore, Md 45

TERMS USED IN STATING RESULTS OF ANALYSIS.

In the tables following, the terms used to express the results

of analysis are self-explanatory for the most part. Attention is

called, however, to two additional determinations which we have

not usually published heretofore.

One of these is " water-soluble " phosphoric acid. While

manufacturers are required to guarantee only the amount of

available phosphoric acid (water-soluble plus reverted or citrate-

soluble), yet it seems desirable that consumers should know what

proportion of the available is water-soluble. The available phos-

phoric acid being equal, one would choose by preference a

fertilizer containing the larger amount of water-soluble phos-

phoric acid.
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The amount of water-soliiblo phosphoric acid varied from to

12.47 per cent and averaged 4.97 per cent. Thisi constituted

nearly 60 per cent of the available phosphoric acid present.

The water-soluble nitrogen includes nitrogen present in the

form of ammonia salts and nitrates together with that present in

small amounts of soluble organic matter. The amount of water-

soluble nitrogen varied from 0.01 to G.25 per cent and averaged

0.95 per cent. This constituted 42.G per cent of the total

nitrogen present.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer.
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LECTED IN KeW YoKK StATE DuRING THE SpRINO OF 1897.
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Results of Analyses of Commekcial Fertilizers Col-

manufacturer.
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LECTED IN New York State During the Spring of 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUPAUTUREK.
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lected in New York State During the Spring of 1897.
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Results of Analyses op Commercial Fertilizers Col-

MANUFACTURER.
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LECTED in New York State During the Spring of 1897.
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Results of Analyses op Commercial Fertilizers Col-

MANUFACTUEER. Trade name or braud.
Locality where

sarojile was taken.

Bowker Fertilizer Co.,

Boston, Mass.
Potash bone. Brocton. 13244

Bowker Fertilizer Co.,

Boston, Mass.
Potash phosphate. Lishaskill.

Collins.

Camden.

13477
|3322

Bowker Fertilizer Co.,

Boston, Mass.
Potato manure.

I

Southampton. |3155

I

I

Bowker Fertilizer Co.,

Boston, Mass.
Potato phosphate. Brocton.

West Troy.
Gloversville.

13243
|343S

|3504
-1-

1

|3338Bowker Fertilizer Co.,

Boston, Mass.
Special formula. Fenton.

Bowker Fertilizer Co.,

Boston, Mass.
Staple phosphate. Springville.

Oswego.
3317
3702

Bowker Fertilizer Co.,

Boston, Mass.
Stockbridge cabbage
and cauliflower

West Troy. 3439

Bowker Fertilizer Co.,

Boston, Mass.
Stoclvbridge celery

special.

I

West Troy. |3441

I

I

Bowker Fertilizer Co.,

Boston, Mas
Stockbridge corn
grain, etc.

Albany. 3445

Bowker Fertilizer Co.,

Boston, Mass.
Stockbridge manure. Glens Falls.

Bowker Fertilizer Co.,

Boston, Mass.
Stockbridge onion

special.

West Troy.

339G

3442
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LECTED IN New York State During the Spring of 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring of 1897.
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Results of Analyses of Commekcial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring of 1897.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer.
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LECTED IN New York State During the Spring of 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring op 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUJTACTDKER,
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LECTED IN New York State During the Spring of 1897.
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Results of Analyses of Commercial Fertilizers Col-

MANCTFACTURER.
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lbcted in New York State During the Spring op 1897.



66 Report op the Chemist of the

Results of Analyses of Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring op 1897.
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Results of Analyses op Commercial Fejrtilizbrs Col

MANUFACTURER.
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LECTED in New York State During the Spring of 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACiUREK.
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LECTED IN New York State During the Spring op 1897.



72 Report of the Chemist of the

Results of Analyses of Commercial Fertilizers Col-

MANDFACTURER.
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LECTED IN New York State During the Spring op 1897.
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Results op Analyses of Commbrcial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring of 1897.
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Results of Analyses op Commercial Fertilizers Col-

MANUFACTURER.



New York Agricultural Experiment Station.

LECTED IN New York State During the Spring of 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring of 1897.

Pounds of
nitrogen
iu 100

pounds of
fertil-

izer.

Pounds of Pounds ot

available
j

total

phosphoric. phosplioric
acid in acid iu

100 pounds 100 pound
of fertil- of fertil-

izer, izer.

Guaranteed
Found

2.47
2.30

8
8.10

9
8. 98

Pounds of
water-solu-
ble potash

iu 100
pounds of

fertil-

izer.

Pounds of
Pounds of iwater-solu-
water-solu-

|
ble phos-

blo nitrogen phoric acid
in 100 pounds; in 100
of fertilizer, pounds of

!
fertilizer.

2
1.97

I

1.06
I

I

5.67

Guaranteed
Found

2.47
2.92 9.82

9
11.64

2
1.94 1.55

I

Guaranteed
Found

0.82
0.87

8
11.93

4
3.94 0.39

Guaranteed
Found

Below guarantee

11
7.39

3.61

12
8.55 1.33

I

I

0.67
I

0.33

1.79

1.50

Guaranteed
Found

2.05
2.09

8 9
8.60 I 10.14

Guaranteed
Found

3.15
3.96

Guaranteed
Found

1.60
1.82

8
10.29

Guaranteed
Found

0.80
0.96

9
11.34

Guaranteed
Found

2.50
2.64

Guaranteed
Found

Below guarantee

3.29
1.96

Guaranteed
Found

Below guarantee]

1.65
1.56 .09

3.25
I

3.90
I

0.96

I

10
10.87

4.50
I

5.15*
I

0..55

2.17
1

0.59

I

13.71
1

I

.

0.98 0.52

11.34 6.22

9.24 8..57='

10.48 4.83* 0.93

I

1.17
I

2.59

0.53

0.88
I

3.23

I

3.03

'Potash present In form of sulphate.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer
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LECTBD IN New York
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Results of Analyses of Commercial Fertilizers Col-

manufacturer.

Jones Fertilizing Co.,

Ciuc-iiiuati, Ohio.

Trade name or brand.

Special tobacco
grower.

Otto.

Locality -where
sample was taken.

3285

F. R. Lalor,
Dunnville, Out., Can.

Maple brand Cana-
dian bard wood
ashes.

Parrish. 3733

Lazaretto Guano Co.
Baltimore, Md.

Ammoniated bone
phosphate special

Norwich. 3545

Lazaretto Guano Co.
BalUmore. Md.

Bone and potash
mixture.

Sherburne. |3534

Lazaretto Guano Co.
Baltimore, Md.

Corn special fertil-

izer.

Unadilla.

Lazaretto Guano Co.
Baltimore. Md.

Corn and oats spe-

cial.

Sherburne.

Lazaretto Guano Co.
Baltimore, Md,

Corn, oats and grass
special.

3552

3533

Norwich. |3541

r^azaretto Guano Co.
Baltimore, Md.

Lazaretto Guano Co.
Baltimore. Md.

Lazaretto Guano Co.
Baltimore, Md.

Dissolved bone phc
phate.

Watertown. 3769

Eaton's ammoniated
bone phosphate.

I

Norwich. |3544

Eaton's special pota-

to manure.
Norwich. 3543

Lazaretto Guano Co.
Baltimore, Md.

Extra ammoniated
bone.

Amsterdam. |3490

Oswego. 13699

Lacona. 3763
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LECTED IN New York State During the Spring op 1897.
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Results of Analyses of Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring op 1897.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACrURER.
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LECTED IN New York



Report of the Chemist of the

Results of Analyses of Commercial Fertilizers Col-

MANUFACTDRER.
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LECTE-D IN New York State During the Spring of 1897.

Ptnnds of
nitrogen

ill KM)
pounds of

fertil-

izer.

Pounds of

available
plioaplioiic

iiciU in

100 pounds
of fei til-

izef.

Pounds of I'ouuds" of
total

I

Ttatei-solii-

phosphoiic ble potahb
aoid in I in 100

100 pounds pouudfc of
of fertil-

1 fei til-

Pounds of
water-solu-
ble nitrogen
n 100 pounds
of fertilizer.

Poundsof
water-golu-
ble phos-

plioric acid
in 100

pounds of
fortilizer.
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Results op Analyses op Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Spring op 1897.
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Results of Analyses of Commercial Fertilizers Col-

MANUFACTURER. Trade name or brand.
Locality where

satuple was taken.

Z. F. Magill,
Troy, N. Y,

Crematory ashes. Troy.
Fouda.

3437
3495

Mapes Formula & Peruvian
Guano Co., New York City.

Cabbage and cauli-

tlower manure.
Littleueck. |3093

I

Mapes Formuhi &: Peruvian
Guano Co., New York City.

Cereal brand. Newburg.
Bing'liamtou.

13179

3590

Mapes Formula i^- Peruvian
Guano Co., New York City,

Complete manure, Littleueck.
' A " brand. Binghamton.

|3095

1
3591

Mniies Formula iV- Peruvian
Guano Co., New Yoi'k City.

Complete manure for

light soils.

I

Newburg. |31S0

I

I

1

Littleueck. |3094Mapes Formula ^r Peruvian
Guano Co., New York City.

Corn manure.

Mnpes Formula i^- Peruvian Economical potato

Guano Co., New York City, manure.

Mapes Formula & Peruvian
Guano Co., New York City.

Grass and grain
spring top-dressing

Orient.
Newburg.
Binghamton.

1
3118
1
3178
13592

Newburg. 13181

I

^Fnpes Formuln «S: Peruvian
Guano Co., New York City.

Potato manure, L. I.

special.

I

Littleueck. |3096

Mnpes Formula & Peruvian
Guano Co., New York City.

Pure gi-ound bone.
I

Newburg. |3177

I

Maxson & Starin.
Cortland, N. Y,

Cortland Co. special Cortland. |3G20
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Results of Analyses of Commercial Fertilizers Col

MANUFACIUKER.

Maxsou



New York Agrigultuual Experiment Station. 95
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Results of Analyses of Commeiroial Fertilizers Col-

manufacturer.

Milsora Reudering and Fertilizer

Co., Buffalo, N. Y.

Trade name or brand.

Attica special.

Locality where
sample was taken.

Attica. |3348

I

I

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.
Ballsmith & Moritz'i

special.

Attica. |3349

Milsoiu Rendering and Fertilizer

Co., Buffalo, N. y.
Buckwheat special. Springville. |3316

Milsom Reudering and Fertilizer

Co., Buffalo, N. Y.
Buffalo fertilizer. Kingston.

Gloversville.
Tully.

3207
3510
3653

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.
Buft'alo guano. West Winfield.

Fulton.
3523

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.
Cyclone pure bone
meal.

Fredonia. |3229
Johnstown. |3497

Milsom Rendering and Fertilizer Dissolved bone.

Co., Buffalo, N. Y.
Gloversville. 3511

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.

Dissolved bone
potash.

I

Otto. 13284
Gloversville. |3512
Boonville. 13786

Erie king.

1

I

Kingston. |3206
Fort Edward. |3411

Tully. 13654

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.
Potato, hop and to-

bacco phosphate.
Calvertou. |3140
Fort Edward. 13413

Pulaski. 3723

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.
Rathbun's special.

1

Wellsville. |3383

I

L



NkW YoKK A<;itlC.ULTUKAL Exi'KUliMKNT StATIOX. 07

LECTED IN New York State During the Spring op 1897.



98 KEi'ciirr of tiik Chio.mist of tub:

Results of Analyses of Comjieiumal Feutilizems Coi

liNUFACTURKK.

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y,

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.

Milsom Rendering and ITertilizei

Co., Buffalo, N. Y.

I^iilsom Rendering and Fertilizer

Co.. Buffalo, N. Y.

Milsom Rendering and Fertilizer

Co., Buffalo, N. Y.

Mittenmaier & Sons.
Rome, N. Y,

Trade name or V»rand.

Scoville's special.

Special bean fertil-

izer.

Special potato fertil

izer.

Lodslif y v.here
sainplo was takfii.

I

Varysburg. |3371

Perry. |83t!r>

Philadelpliia. |3772

Calverton.
Langford.
Gloversville.

I

13138

13339

13509

-I

Vegetable bone. Springville.

Clinton.

Wheat, oats and bar-

ley phospliate.

Hop and potato fer-

tilizer.

T^Iittenmaier & Sons, jPride of America.
Rome, N. Y.

Mittenmaier & Sons,
Rome, N. Y.

Moller & Co.
Maspeth, N. Y.

National Fertilizer Co.,

Bridgeport. Conn.

Xatioival Fertilizer Co.,

Bridgeport, Conn,

Superphosphate.

Champion No. 1.

Ammonrated bone
phosphate.

Chittenden's fish and
potash.

1331.5

13746

I

-I

Fredonia.
Fort Edward.
Fulton.

3228
3412
3G90

Rome.

Rome.
Clinton.

Rome.

Jamaica.

Fonda.

Gloversvillo.

.3218

3749

3217
374.5

3751

.3090

3491

3.501
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Results of Analyses of Commercial Fpjrtilizers Col-

MANUFAUTLTRER. Tra'ie'Tiame oi brand.
Locality where

sample wai lakeu.

Natiouial Fertilizer Co.,

Bridgeport, Conn.
)bitteuden's kainit. Foster's Mea-|

dew. |30S8

National Fertilizer Co.,

Bridgeport, Conn.
Chittenden's potato
phosphate.

I
.

Springfield. 13085
Gloversville. |3502
Mattituek. |3136

1

National Fertilizer Co.,

Bridgeport, Conn,
Chittenden's root fer-

tilizer.

Springfield. |3070

I ,

I

National Fertilizer Co.,

Bridgeport, Conn.
Universal. Utica. 13522

National Fertilizer Co.,

Bridgeport, Conn.

National Fertilizer Co.,

Bridgeport, Conn,

Fish and potash.

Market garden fertil-

izer.

Mattituek. |3137

I

Springfield. |3084

I

Newburgh Rendering Co., Pure meat and bone.
Newbui-gb, N. J. 1

Newburgh. |3202

New York Fertilizer & Chemical
Co., Roselle, N. J.

Cabbage, potato and
vegetable manure.

Flatlands. 13102

New York Fertilizer & Chemical
C(>.. Roselle, N. J.

Standard potato and
vegetable manure

Flatlands. 13103

Niagara Fertilizer Co..

Buffalo, N. Y.
Grain and gras

grower.
Sprlngville. |3313
Sherburne. 13529

Williamstown. 3760

Niagara ]<Yrtilizer Co.,

Buffalo, N. Y,

Ground bone meal. Springville. |3312

!

I
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Results oe Analyses of Commercial Fertilizers Col-

MANl FACirKER.
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LEOTED IN New York State During the Spring of 1897.
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Results of Analyses of Commercial Fertilizers Col-

manufactdrer.
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Results of Analyses of Commercial Fertilizers Col-

MANUFACTURER.
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Kesults of Analyses op Commeircial Fertilizers Col-

manufacturer.
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LECTED IN New York State During the Spring of 1897.
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Results op Analyses of Commercial Fertilizers Col

MANITFACTURKR.
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Results of Analyses of Commercial Fbirtilizbrs Col-

manufacturisr.
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LECTED IN New York State During the Si'king of 1897.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer.
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Results op Analyses op Commercial Feirtilizers Col-

MANUFA(JTDRER. Trade name or brand.
Locality where

sample was taken.

Bead Fertilizer Co.,
New Yoi'k City.

Potato manure. Sj'racuse 3667

Read Fertilizer Co.,

New York City.
Practical potato spe-

cial.

Cortland.

Read Fertilizer Co.,

New York City,
Prime wheat and rye. Syracuse.

3626

3665

Read Fertilizer Co.,

New York City.
Pure ground bone. Clark sville. 3453

Read Fertilizer Co.,

New York City.
Standard. Florida.

Clarksville.

Cortland.

3196
3451
3024

Read Fertilizer Co.,

New York City.
Vegetable and vine. Syracuse.

John S. Reese & Co., jChallenge crop grow- Owego.
Baltimore, Md.l er.

3605

John S. Reese & Co.,

Baltimore, Md.
Columbia " A. Owego. |3601

John S. Reese & Co.,

Baltimore, Md.
Crown phosphate
and potash.

Fort Edward. |3408

Owego. |3606

John S. Reese & Co.,

Baltimore, Md.
Dissolved phosphate. Owego. 13607

La Grange. |3364John S. Reese & Co.,

Baltimore, Md.
Elm phosphate.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer.

John S. Reese & Co.,

Baltimore, Md.

Trade name or brand.

rilgrim fertilizer.

Locality where
sample was taken.

Fort Edward.
Owego.

3410
3604

Joliu S. Reese & Go.,

Baltimore, Md.
Potato phosphate. Owego. 3603

John S. Reese & Co.,

Baltimore, Md,
Potato special. Fort Edward. |3409

Owego. 13602

I

Jas. L. Reynolds Co.,

Mount Vernon, N. Y,

Bone. Mount Vernon. |3164

I

I

Jas. L. Reynolds Co.,

Mount Vernon, N. Y,

Complete fertilizer.
I

Mount Vernon. |3165

Riverside Acid Works,
Warren, Fa,

Grape and fruit spe-

cial.

Silver Creek. 3265

Riverside Acid Works, jBarvest moon No. 1

Warren, Pa.

Riverside Acid Works,
Warren, Pa.

Silver Creek. |32.57

I

I

Harvest moon No. 2,

1

Silver Creek. |3264

I

Riverside Acid Works,
WaiTen, Pa

Rich acre.
I

Silver Creek. |3256

Rochester Fertilizer Works,
Rochester, N. Y,

Blood and bone gua-
no.

I

Rochester. |3584

Rochester Fertilizer Works,
Rochester, N. Y.

Genesee guano. Rochester. 3585
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Results op Analyses op Commercial Fertilizers Col-

manufacturer.
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LECTED IN New York State During the Spring of 1897.



122 Rki'out of the Che.mis'J' op the

Results of Analyses of Commercial Fertilizers Col-

MANUFACTURKK.
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LEOTED IN New York State During the Spring op 1897.



124 Report of the (Jhemist of THti

Results of Analyses of Commercial Fertilizers Col-

MANDFACTUKER.
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Results of Analyses of Commercial Fertilizers Col

MiisUFACTUKKK. Tra<l<> name or bimid.

E. D. ToUes,
Attica, N. Y.

E. D. Tolles,
Attica, N. Y.

E. D. Tolles,
Attica, N, Y.

E. D. Tolles,
Attica, N. Y

Tuthill & Co.,

Promised Laud, N. Y

Baruyard iiiauure.

Dissolved bone pbos- Attica,
phate.

Locality where
saniiile was taken

Guano.

3356

3354

3357

Potato mauure.
;
Attica.

lliverliead Towu club, Riverliead.

fertilizer. I

E. Tuthill & Co.,

Promised Land, N. Y,

Southold ToAvu club
fertilize!*.

Southold.

E. Tuthill & Co., Special potato fertil-

Promised Laud, N. Y. izer.

E. Tuthill & Co.,

Promised Land, N. Y.

Tygert-Allcn Fertilizer Co.,

Philadelphia, Pa,

Tygert-AUen Fertilizer Co.,

Philadelphia, Pa

Tygert-AUeu Fertilizer Co.,

Philadelphia, Pa,

W. & L. B. Young
fertilizer.

Cabbage manure.

Dissolved S.C. phos
phate.

Potato manuie.

3355

3128

3122

East Williston.

Riverhead.

Flatbush.

Southold.

Flatbush.
Bridgehampton.

3130

3106

3123

3107
3148
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Results of Analyses of Commercial Fertilizers Col-

ma nufacturek. Trade .au,e or bra.C. ,,[^-,f^^.rf,!-,.

F.
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LBCTBD IN New York State During the Spring of 1897.



130 Report of the Chemist op the

Results op Analyses of Commercial Fertilizers Col

manufactuker.



New York Agricultural Experiment Station. 131

LECTED IN New York State During the Spring op 1897.



132 Eeport of the Chemist op the

Results op Analyses op Commercial Fertilizers Col-

manukaotdrer.
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Results of Analyses op Commercial Fertilizers Col

MANUFACTURER. Trade name or brand. Locality -where
sample was taken.

1

Zell Guano Co., High grade potato'Perry Center. 13363
Baltimore, Md.l manure. I

|

I

Zell Guano Co.,

Baltimore, Md.
Special compound for

potatoes and veg-
etables.

Solsville. 3548

Zell Guiano Co.,

Baltimore, Md,
Special high gTade
potato and cab-
bage manure.

East Rush. 3340

Zell Guano Co.,

Baltimore, Md.
Spring meadow spe-

cial.

Oswego. 13613
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II. REPORT OF ANALYSES OF COMMERCIAL
FERTILIZERS FOR THE FALL OF 1897.*

L. L. VAN SLIKE.

SUMMARY.

(1) Samples collected. During the fall of 1897, the Station

collected 270 samples of commercial fertilizers, representing 248

different brands. Of these different brands 172 were complete

fertilizers; of the others, 38 contained phosphoric acid and ppt-

ash without nitrogen; 7 contained nitrogen and phosphoric acid

without potash; 28 contained phosphoric acid alone; and 2 con-

tained potash salts only.

(2) Nitrogen. The 172 brands of complete fertilizers contained

nitrogen varying in amounts from 0.58 to 4.89 per cent and

averaging 1,69 per cent. The average amount of nitrogen found

by the Station analysis exceeded the average guaranteed amount

by 0.16 per cent, the guaranteed average being 1.53 per cent and

the average found being 1.69 per cent.

In 144 brands of complete fertilizers, the amount of nitrogen

found was equal to or above the guaranteed amount, the excess

varying from 0.01 to 0.93 per cent and averaging 0.22 per cent.

In 28 brands, the nitrogen was below the guaranteed amount,

the deficiency varying from 0.01 to 0.96 per cent and averaging

0.21 per cent. In 25 cases, the deficiency was less than 0.5 per

cent.

The amount of water-soluble nitrogen varied from 0.01 to 3.81

per cent and averaged 0.58 per cent.

(3) Available phosphoric acid. The 172 brands of complete

fertilizers contained available phosphoric acid varying in amount

from 3.81 to 12.78 per cent and averaging 9.22 per cent. The

•Reprint of Bulletin No. 134.
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average amount of available phosphoric acid found by the Sta-

tion analysis exceeded the average guaranteed amount by 0.70

per cent, the guaranteed average being 8.52 per cent and the

average found being 9.22 per cent.

In 136 brands of complete fertilizers, the amount of available

phosphoric acid found was above the amount guaranteed, the

excess varying from 0.02 to 3.85 per cent and averaging 1.01

per cent.

In 3G brands, the available phosphoric acid was below the

guaranteed amount, the deficiency varying from 0.01 to 1.86 per

cent and averaging 0.40 per cent. In 26 cases the deficiency was

below 0.5 per cent.

The amount of water-soluble phosphoric acid varied from 0.65

to 9.08 per cent and averaged 5.75 per cent.

(4) Potash. The complete fertilizers contained potash varying

in amount from 0.58 to 16.52 per cent and averaging 3.92 per

cent. The average amount of potash found by the Station an-

alysis exceeded the average guaranteed amount by 0.18 per cent,

the guaranteed average being 3.74 per cent and the average

found being 3.02 per cent.

In 118 brands of complete fertilizers, the amount of potash

found was above the guaranteed amount, the excess varying from

0.01 to 3.59 per cent and averaging 0.46 per cent.

In 51 brands, the potash was below the guaranteed amount,

the deficiency varying from 0.01 to 1.74 per cent and averaging

0.46 per cent. In 33 of these cases, the deficiency was less than

0.5 per cent.

In 18 cases among the 172 brands of complete fertilizers the

potash was contained in the form of sulphate free from an excess

of chlorides.

(5) The retail selling price of the complete fertilizers varied

from |15 to $40 a ton and averaged |25.25. The retail cost of

the separate ingredients unmixed varied from |11.26 to $29.28

and averaged $18.92, or $6.33 less than the selling price.
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INTRODUCTION.

Number and Kinds op Fertilizers Collected.

During the entire year of 1897, we collected 1,005 samples of

co'Uimercial fertilizers, representing 748 different brands. It is a

matter of) interest to notice to what extent dealers offer for sale

complete fertilizers (those containing nitrogen, phosphoric acid

and potash), com^pared with those containing only one or two of

these ingredients. It is also of interest to consider the different

forms in which incomplete fertilizers are offered for sale. The

following tabulated statement indicates the different kinds of

complete and incomplete fertilizers collected during the year.

Classes of Fertilizers Collected in 1897.

1897.
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Average Composition of Complete Fertilizers Collected.
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In the following tabulated statement we give the composition

of the different kinds of incomplete fertilizers included in our

year's collection.

Average Comi>osition of Incomplete Fertilizers Collected.

CHEMICALS AND
INCOMPLETE
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als; the difference covers the cost of mixing, freight, i)rofits, etc.

We present these data in the following table, including only com-

plete fertilizers.

CoMMKUciAL Valuation and Selling Price of Complete Frtilizers.

1897.
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Results of Analyses of Commercial Fertilizers Col-

MANUFAGTURKU.
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' '^- izer. izer. izer. fertilizer.

Guaranteed
Found
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Results of Analyses of Commercial Fertilizers Col-

MANUFACTURER.
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Results of Analyses of Commercial Fertilizers Col-

mantrFACTURKR. Trade name or' brand.
Locality where

sample was taken.

Bowker Fertilizer Co.,

Boston, Mass.
Special ammoniatecl

bone.
Cato.

Bowker Fertilizer Co.,

Boston, Mass.
Square brand bone
and potash.

Port BjTon.

Bowker Fertilizer Co.,

Boston, Mass.
Stockbridge vine

squasli, etc.

Port Byron.

Bowker Fertilizer Co.,

Boston, Mass.
Yates' special. Farmer.

Bradley Fertilizer Co.,

Boston, Mass.
Alkaline bone. Lockville.

Bradley Fertilizer Co.,
Boston, Mass.

Farmers' new
method.

Lockville.

Bradley Fertilizer Co.,

Boston. Mass
Fine ground bone. Fayette.

Lockville.

Bradley Fertilizer Co.,

Boston, Mass
Muriate of potash. Fayette.

3962

4000

3884

3985

3987

3920

3919

Bradley Fertilizer Co.,
Boston, Mass,

Patent superphos
phate of lime.

Jordan. 3854

Chemical Company of Canton,
Baltimore, Md

High grade standard
guano.

1

East Lansing. 13815

Himrods. |3927

I

Chemical Company of Canton,
Baltimore, Md

Potato manure. East Lansing. |3S13
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Results of Analyses of Commercial Fertilize'RS Col-

manufacturer.
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Results of Analyses of Commercial Fertilizers Col-

MANUFACrURER.
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Results of Analyses of Commercial Fertilizers Col

manufacturer.

Crocker Fertilizer & Ohemioal
Co., Buffalo, N. Y.

Trade name or brand.

Ground bone meal.

Locality where
sample was taken.

Auburn. 3839

Crocker Fertilizer & Cbemical
Co., Buffalo, N. Y,

Hanlon Bros, special
fertilizer.

Medina. 4056

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y.

High-grade ammoni-
ated wheat special.

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y

MacDougalL 13918

I

1

Landon's dissolved Poplar Ridge,
bone with potash.

3804

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y.

Phosphoric acid and
potash.

Auburn. 3841

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y.

Potash salts. Morganville. 4039

Crocker Fertilizer Sr Chemical
Co., I'^rTalo, N. Y.

Pure ground blood. Gasport. 4054

Poplar Ridge. \SSmCrocker Fertilizer & Chemical
Co., Buffalo, N. Y.

Special high-grade
ammoniated ph
phate.

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y.

Special high-grade
wheat fertilizer.

Clyde. 13990

Crocker Fertilizer & Chemical
Co., Buffalo, N. Y.

Special wheat. East Bloomfield.|3951

I

1

I

Weedsport. |39€0

1

Crocker Fertilizer & Chemical
Co.. Buffalo, N. Y.

Special wheat grow-
er.
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Results of Analyses of Commercial Fertilizers Col-

manufacturer. Trade namp or brand.
Locality where

sniDple was tuken.

Crocker Fertilizer Co.,

Buffalo, N. Y.
Tompkins County
guauo special.

East Dansing. ]3S19

Crocker Fertilizer Co.,

Buffalo, N. Y.
Toynbee Bros, spe-

cial wheat and rye.

Bowmai sville. 14052

Crocker Fertilizer Co.,

Buffalo, N. Y.

Vegetable bone su- Gasport.
perphosphate.

|4(>53

Crocker Fertilizer Co.,

Buffalo, N. Y.
Webster ammoniated
superphosphate.

Webster. |4013

Crocker Fertilizer Co.,

Buffalo. N, Y.

Webster high-grade
superphosphate.

Webster.

Crocker Fertilizer Co.,

Buffalo, N. Y.

Yates special fertil

izer.

Farmer.

|4014

13883

E. A. Cross,
Hilton, N. Y.

King superphos
phate.

Hilton.

E. A. Cross,
Hilton, N. Y.

Queen superphos-
phate.

Hilton.

E. A. Cross,
Hilton, N. Y.

Parma superphos-
phate.

Hilton.

Cumberland Bone Phosphate
Co., Portland, Me.

Bone and potash. Ithaca.

|4062

|4061

1
4060

I

I

I

13820

Cumberland Bone Phosphate
Co., Portland, Me.

Concentrated phos-
phate.

1

I

North Rose. |3977
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Results op Analyses of Commercial Fertilizers Col-

MANUFACTURER.
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LECTED IN New York State During the Fall of 1897.
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III. rONDITIONS REQUIRED FOR THE SUC-

CESSFUL GROWTH OF SUGAR EEETS.^

L. I,. VAN SLYKK.

SUM^fARY.

The following- eloments deteraiiue whether sugar beets eaii be

g'l'own at a profit: (1) Richness in sugar; (2) purity of solids; (3)

Yield of beets; [4:] eost of crop; (5) market price.

(1) Richness in sugar. Analyses of abont 1-10 samples of beets

grown in different parts of New York State during 1897 show a

Yai iation of sugar in the beets from below 12 to over 18.5 per cent,

with a. general average of 15.3 per cent. This average is some-

what higher than shown by other states.

The following conditions exercise a marked influence upon the

developiuent of sugar in beets: Climate; variety of beet; qual-

ity of seed; kind and quantity of plant food; soil; methods

of cultivation; size of beets; and time of planting and harvest-

ing.

(2) Purity of solids. The coefficient of purity is the propor

tion or percentage which the sugar constitutes of the total solids

in the juice, and is found by dividing the per cent of sugar in

juice by the per cent of total solids in juice. The higher the co-

efScieut of purity, the larger will be the proportion of sugar crys-

tallized ont in manufacture. The purity is influenced by ma-

turity of beet, kind of fertilizers used, size of beet and portion

of root. Immature beets contain sugar of low purity, also beets

grown with excess of highly nitrogenous manures. The sugar

in large beets has a lower coefficient of purity than in smaller

beets. The portion of beet growing above surface of soil has

* Partial roprint of Bulletin No. 135.

Note.—For the most comprehensive treatise published, the reader is referred to

Farmers' Bulletin No. 62 on " The Su.t;ar Beet," by H. W. Wiley, Chief of the Division
of Chemistry, U. S. Department of Agriculture, Washington, D. C.
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sijgai- of inff'rior purity. The cr>efficient of pnrity in the samples

analyzed varied from below 75 to over 87, with an averaj.fe of

82.5.

Ci) Yu-](i of beets. Twenty tons of marketable beets an acre

may be regarded as a maximum yield in commercial operation.s.

An average of 10 to 12 tons an acre may probably be expectf^d in

favorable seasons in this State.

(4) Cost of production. The cost of raising an acre of sugar

beets may be placed between S40 and 850, when all conditions

are favorable.

(~j) Market price and profits. There is good reason to exjx^ct

that beets will bnng from 84 to S5 a ton according to varying con-

ditions of sugar, pnrity, etc. In general, a profit of -$5 to 810 an

acre above all expenses may be regarded as a reasonable expecta-

tion from the croi>.

((')) General considerations. The sugar beet is to be grown as

an added crop with a comparatively small acreage at the begin-

ning, increasing as conditions favor. The educational value de-

rived from growing sugar beets is considerable. A farmer who

learns to grow sugar beets well will grow other crops better for

the exj>erience. The soil on which sugar beets have been grown

is left in better mechanical condition than by other crops.

INTEODUCTIOX.

The growing of sugar beets for the production of sugar is, at

the present time, attracting more attention in our State than any

other subject connected with agriculture. Farmers are asking for

reliable information in regard to those various phases of the sub-

ject which possess sj»ecial interest for them. They want to know

whether the soil and climate of our State are adapted to the suc-

cessful raising of sugar beets; whether they may have a reason-

able assurance of a fair r>rofit, comj^ared with other crops grown

by thf-m; and whether there is any degree of certainty that they

may be sure of a cash crop and a steady market. The chief ele-

ments which determine whether sugar beets ^an bf- grown at a

profit are the following:
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I. Kielniess in sugar.

11. Purity of solids.

III. Yield of beets an acre.

IV. Cost of raising- aud transpoitiiig cro}*.

V. Market price and profits.

VI. Ceneral considerations.

I. RICHNESS IN SUdAR.

When beets were first used as a source of sugar, Uw amount of

sugar contained in them averaged about per ceiit. As a result

of careful selection and breeding during a period of many years,

the amount of sugar has been increased to an aveiage lying

between the limits of 12 and 15 i)er cent. .Many croiss of beets

show a sugar content of over 15 per cent, while in some excep-

tional cases, the sugar has been reported as high as 20 per cent

and eA'en higher in this State. Farmers must avoid the mistake

of regarding exceptional eases as typical. When all the details

are known about remarkably high yields of sugar in beets, it is

usually found that special conditions exist which cannot i-eadily

be duplicated in commercial operations. The (juestiou of interest

to each farmer pertains to the results he ran secure ou his farm,

working under the conditions involved in growing beets on a

commercial scale. From results secured by this Station during

the past year with beets grown in various sections of the State,

we can piesent data which ought to be of value in showing how

much sugar has been obtained in beets.

Before iiresenting a summary of our data, we will ex})]ain cei'-

tain terms which it will be necessary to use. In using the term

" sugar," we mean the crystallizable sugar that goes by the chem-

ical name of sucrose. The amount of sugar is stated in two ways:

" Sugar in beet " and " sugar in juice." One hundred pounds of

sugar beets contain, on an average, about 95 pounds of juice, and

so the sugar in 100 ])ounds of beets is contained in 95 pounds of

juice, Therefore, the juice is more concentrated with respect to
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sugar, and when tlie results are expressed in percentages, the

number expressing the jier cent of sugar is higher in the juice

tlian in the beet.

We present below in tabulated form the results obtained in

making analyses of about 140 samples of sugar beets grown in

this State during 1897:

Results of An.\lt.ses of Sugar Beets Grown during the Ska.son of 1897.
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Results ov Analyses of Sugar Beets Grown in Different Counties

county.

Albany
Broome
Cayufja
Chautanqua .

Clii'ton

Coluinbiii. ...

Cortland
Erie
Geuesee
Lewis
Madison
Monroe
Oneida
On ( ario

Orleans
Oswego
Otsego
St. Lawrence
Wyoming. ...

Atuouut of
sugar iu beet.

Per cent.

16.2
14.3
12.9
14.7
15.7
16

11.4

15.5
14.1
14.8
15.7
15.2
15.4
15.5
14.6
14.3
16.3
16.1
14.7

Amount of Co-efficient
sugar in juice. of puiily.

I'er cent.

17.1
15

13.6
15.5
16.5
16 «

15.2
16.3
14.8
15.6
16.5
16

16.2
16.3
15.4
15.1
17.2
17

15.5

81
81.1
74
82.4
80.5
82
79.6
82.3
79.2
83.8
82.5
86.5
83.5
82.3
84.2
87.3
86.9
84.2
81.6

A few results are not inserted in the foregoing table, because

the beets were considerably dried when received and the results

were unduly high and misleading.

From these data it would appear that in making estimates,

farmers would be wisely conservatlYe in basing their calculations

upon beets containing an average not exceeding 15 per cent of

sug-ar. Disappointment will await most of those who, never hav-

ing grown sugar beets, expect profits from the industry based

upon figures that are much above the average actually obtained.

It miust also be kept in mind that the season of 1897 in New York

was most favorable for beet growing and the results secured

probably represent conditionis better than average.

The average percentage of sugar in beets, as reported in other

states, is as follows:
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Average Percentage of Sugar in Beets Grown in Different States.

Califoniia, averase for five year
Utah, a/erag© for five jcars
Nebraska, average for five years
Oregon
Washi ng:ton

Wiiconsin

SUGAH.

Per cent.

14.2
12.2
12.8
14.2
14.

11.8

In juice.

Per cent.

14.9
12.8
13.5
14.9
14-7
12.4

CONDlTIONxS INFLUENCING AMOUNT OF SUGAR IN

BEETS.

Numerous conditions exercise a marked influence upon the

development of sugar in beets. Among the most important, we
may mention the following:

1. Climate.

2. Variety of Beet.

3. Quality of seed.

4. Plant-food.

5. Soil.

6. Methods of cultivation.

7. Size.

8. Time of planting and .harvesting.

1. Climate.

Temperature

.

—According to extended experience, it has been
shown that the highest amount of beet sugar is commonly
obtained in places whose mean summer temperature is about
70° F.

Rainfall—The amount of rainfall most favorable to the devel-

opment of sugar in beets is from two to four inches a month dur-
ing the summer. Midsummer drought works injury to the de-

velopment of sugar beets. Rains after the crop has matured and
before it is harvested may start a new growth of the beets, by
which the percentage of sugar is materially lowered,

13
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Sunshwc.—An abundance of snushine also is essential to the

largest development of sugar in beets.

Most of tli(^ tillable portions of New York practically fulfil the

climatic conditions required for a satisfactory development of

sugar in beets.

2. Variety of Beet.

The amount of sugar present in a beet varies, to some extent,

with the variety of beet grown. Taking standaird varieties, we

find greater differences in the sugar content of the same variety

grown under different conditions than we do of different varieties

grown under uniform conditions. The varieties most commonly

grown the past year in this State have been Vilmorin Improved

and Klein Wanzlebener. Several other varieties have been

grown at this Station. We give below a tabulated statement

showing the per cent of sugar contained in different varieties of

beets grown during the season of 1897.

Sugar in Different Varieties of Beet,
Average
amount of

sugar in beef.

Variety. Per cent.

Klein Wanzlebener 15.3

Vilmorin Improved 15.3

Klein Wanzlebener (grown at Geneva) 15.7

Vilmorin Improved (grown at Geneva) 15.5

Demesmay (grown at Geneva) 12.

2

Vilmorin Elite (grown at Geneva) 14.5

Vilmorin's La Plus Riclie (grown at Geneva) 16.6

3. Quality of Seed.

The importance of using only highly bred seed cannot be over-

estimated. In Europe the production of sugar-beet seed has

become a separate branch of industry. Carefully selected and

tested beets containing from 16 to 18 per cent of sugar and of

high purity are used for this pui-pose.

4. Plant Food.

Kinds and amounts.—It is safe to assume that sugar bpets can-

not be successfully grown on many farms in this state for any

considerable length of time without the application of plant-food.
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Analyses of sugar-beet roots sliow quite a wide range of variation

in respect to fertilizing constituents, as may be rouglily indicated

in the subjoined table:

Fkutilizeu Coxstitukxts in Sugar Beets.

COJTSTITUENTS.

Nitrofjen
Phosphoric acid

Potash
Lime
Magnesia

PoDNDs IN 2,000 Pounds of Sugar Bekt«.

Pounds.
3 to 5

1 to 3

6 to 8
1 to 1*
1 to li

Average.

Pounds.
4
2

7

u
n

In basing upon the preceding average the composition of a

fertilizer to be used in growing sugar beets, one may plan to use

approximately the amount of nitrogen indicated, considerably

more phosphoric acid than the analysis gives and a little more

potash than is shown by analysis. Asa rule, most of our soils

contain enough lime and magnesia. As a general guide, we can

suggest for use in fertilizing sugar-beet crops a mixture con-

taining

Nil rogen 4 per cent.

Available phosphoric acid 6 per cent.

Potash 9 per cent.

One hundred pounds of a fertilizer having this composition

would supply plant-food needed for the growth of one ton of

marketable beet roots. It is probable that in most cases the

application of 1,000 pounds of such a fertilizer on each acre of

land would satisfactorily maintain fertility, assuming that the

soil was supplied with some available plant-food at the start.

With large yields of beets, more than 1,000 pounds of such fertil-

izer might be required ultimately.

The foregoing estimates are based upon the supposition that all

portions of the crop are returned to the soil, except the roots

sold to the sugar factory. If the leaves and crowns are not left

for the soil, the amount of fertilizer to be applied will need to be

increased considerably, since these parts are much richer in

plant-food materials Ihau the marketable roots.
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Available sources of plant-food.—Stable-manure, well rotted, has

been extensively used with good results. It should be used with

caution, however, as will be indicated later. It must be re-

membered also that the exclusive and continuous use of rich

stable-manure may ultimately result in a one-sided nitrogenous

fertilization and a gradual exhaustion of phosphoric acid and

potash from the soil. Nitrogen can be supplied by stable-manure,

nitrate of soda, sulphate of ammonia, fish-scrap, cottonseed meal,

bone meal, or slaughter-house refuse, such as dried blood and

tankage. Phosphoric acid can be furnished in the form of acid

phosphate, bone meal, dissolved bone, etc. Potash can be sup-

plied in any of the forms common in commerce and also by means

of the molasses residue of beet-sugar factories. When lime is

known to be needed, it can be supplied in the form of quicklime,

land-plaster, ground shells, etc. Magnesia, when needed, can be

furnished by the press-cake of sugar factories or in the form of

German double sulphate of potash and magnesia.

Mixtures of plant-food.—The following mixtures of high-grade

materials are offered as suggestions or illustrations of what could

be used, the amounts given being for one acre of land:

Mixture No. 1. Mixture No. 2.

Nitrate of soda 60 pounds. Bone meal 500 pounds.

Dried blood 200 pounds. Sulphate of ammonia. .100 pounds.

Fish-scrap 150 pounds. Sulphate or muriate of

Acid phosphate 400 pounds. potash 180 pounds.

Sulphate or muriate of Acid phosphate 100 pounds.

potash 180 pounds.

MiXTUBE No. 3.

stable manure, well-rotted, 8,000 pounds or more applied to the crop

preceding the beets, supplemented by bone meal, 500 pounds (or acid

phosphate, 300 pounds), and sulphate or muriate of potash, 180 pounds.

The phosphoric acid and potash can be applied to the soil at

the time of putting in the beet crop.

The cost of these mixtures will probably average from $10

to $15 for 1,000 pounds. In purchasing plant-food materials

farmers must be governed by the market conditions prevailing

nt the time of purchase and by other egoxiomi^al considerations,
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Special Suggestuyns.—il) Time of application. Stable-manure

and other similar materials are best applied to the crop preceding

the beet crop. Readily available forms of plant-food can be

ai)plied to the soil when the crop is put in or just before.

(2) Precautions. Excessive application of stable-manure or

other nitrogenous materials should be avoided, in order to secure

beets of good quality. Well-rotted is preferable to fresh stable-

manure.

(3) Rotation. Beets will, as a rule, give best results in respect

to sugar, when grown in rotation with other crops. It is

wise not to grow more than two crops in succession on the same

soil. A plan of rotation suggested by Dr. Wiley is wheat, beets

and clover, one crop of which is cut for hay and the second crop

turned under, this to be followed by potatoes, wheat and beets.

Beets do best after some cereal.

5. Soil.

As a rule, good sugar beets can be grown on any soil which

will produce a satisfactory crop of wheat, corn or potatoes.

Fairly level soil, well drained, is essential for best results.

6. Meth( js of Cultivation.

Of the conditions under the farmer's control, requisite to suc-

cess in growing sugar beets of high quality, there is none of

greater impoT-tance than the methods employed in preparing and

cultivating the soil. Plowing should be done in the late autumn

to the depth of not less than 9 inches. A subsoiler should follow

the plow, loosening the soil G or 7 inches deeper, thus giving a

total depth of 15 inches or more. In the spring only the surface

needs preparation, and this should be put in very fine tilth imme-

diately before planting. The thinning should be done promptly

when four leaves show.

During 6 to 8 weeks of the growing season, the soil should

be cultivated once a week at least and in dry seasons more fre-

quently. There is probably none of our common crops which is

more exacting than the sugar beet in its demands for careful,

prompt and regular attention, if satisfactory results are to be
realized.



Larsiv luvts aro inlVrior for sujjju' pnHliutiow. Plu^ si.o vioUl

inji uiosit ^ujiar wol^iihs* fwm ouo to n\o i>oiuuls. djoiiiil* laoiorios

tlo not nsuallv ivjtvi Invts woiiihinjr as lamh as (hroi> iHMiniis.

Tho luvis wluoh havo oouio umlor our obsorvation havo variini in

woijihr fn>n\ sovt^x ouiuHHfs to (hiw poumis aiul iwolvt' oiuu^s, [\\o

avorajio boiuj: a fraotiou of an oum't^ oviM' ouo i>i>uu(l.

v< TlMK OK Pl.AM'lNO ANO 1 1 AK V KS I I Nii.

Tlu' main oousidoratiou (o bo kopt iu uiiutl in this Siah> in

iv^i^HVl 10 liuio of plauuuji- sujj-Jir boots, is lo allow sufluitMit linio

for ivmploto umturiuii'. Takiuii- our soasous as tbov avtn-aiiv. tho

plautiuii- can usually bo douo iu May. In plautiuji lator thau Juno

1. muoh risk is iuv'urroil iu rx^toiouro to iho luopor ripoiiiuu of iho

avp.

Hot'oro Uarvosiiui:. iho boois should ripou ^-ouipUMoly. siui'o iui-

matuiv btvts ooutaiu U^s supir ihau ilio ripo ouos. Ai maiuriiy

tho loavos turn yollowish giwMi and tbo outor ouos bond di>\vu

about iho boot. It rvH|uiivs about loO days for a oroj* ti> dovoK>}>

its liighost sug-ar ooutoui. varyiu^ir. of oourso. with tho oharaotor

of tho soasou. llarvostiuji' luust lako plaoo boforo tho soooud

liTowth v'ommouoos. siivoo this dooroasos tho aiuouui of sui;ar.

11. riKirv OF SOI. IPS in .iiiok.

Whilo tho porooutajio of sujiur oouiaiuod iu a boot is hisiiily

iui];H>rtaut. it is not thoouly faoior (hat dottaauiuos tho »\uality of

tho bo<a. Tho puritu of tho siWids iu tho sutiar boot juioo uiust bo

oousidorod also. r»oot juioo ooiuaius bosidos sujiar othor sub-

stauoos iu soUuioti. To illustrato. tho juioo of a oortaiu saiuplo of

sujj:;ir boots ooutaius I'J.S por oout of sugar aud IS.- [ua- ooui of

total solids, iuoludiujr suirar aud othor luatorials. This loavos ."i.l

jHn* oout of solids not sugar, llaviug tho por oout of sugar aud

tho iHM- oout of total solids. lun\ do >Y0 stato tho purity of tho juioo?

Wo divido tho por oout of sugiir (12.8) by tho por oout o\' lotnl

solids ^IS.'J) ai\d tho produot. oxpn^sed iu pans por huudrod. is

7l); aud this wo oall tho " (^oot^ioioitt of ruriiv." which utav bo
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tUtiiiu^i liH th<r \>v<t[t<tri\ifU Of \H'.V('MiiUti:,t', which ih«; wu^ar i'/tuxti'

UiU'.H of th«; total Ko))d« ill Ih'; juJcK ThiiK, in the illuatrjitlon

i(\\'*'.u, of HMi (>JiftH of total WilidK in juic*?, th^i sugar forrru* 70

partjj.

Why in th<r <:<}"iVii:Urni of j/iiriiy ft^iinvtimi an an ijfj;x>i-tajjt eh-

ni^-nt j/i li'-Afnulinii'/ \\nt <|ijality of »ijgar l><^ftH? HfUMUi^t the

poHion which in not Hiigar ]ti'<tv('niii (j>Ui\AitiM cryaiaiU'/.iitUm and

r<-r:ov<-ry of th<; nugar in IIk; int*cjf>^H (ff UMntifaiAMia. KxjArri'jn';';

haK Hhown t}i;it for '-{J'h jx^urwl of uoixHu^at' nfAula, (nut i>ound of

Hiigar iK not r<-':ov<-r<r<J from tiM; juic^f. In t.h<; illuHtration us^^d

al>ov<-, v\'<? havff in 100 {/oundK of juic'; 12.8 pounds of sugar and

5.4 [>^>iin^l>« of nori'Hijgar >*^>lidK, lli^in, in thi^ caH^,*. we nhould

f'Xpi-.iA to r<rcov<;r only 7.4 j>ound}> of KUgar from th'^ 12.8 poundK

\)V<-M<'U\ in th<; jui':';.

'i'o givf; anoih<;r iJlrjHt.ration, 100 [K>und« of juic*; (jjiiia^^wn IIM

poun^JK of fiijgar and 10.8 poundn of total HolidK. Th^i co't-fficient

of purity iK 87.5 and th^; amount of non-Kugar Holifl« is 2.5 pounds.

From 100 j>oundH of HUf-h juic<^ 14.8 pounds of sugar could he re-

C'Overr:r<].

Ah a rule, sugar is recovered to the extent of 70 pounds for 100

IxhukIh of HUiiar in the heet r^>^>t.

From th" in<-(tn\ht4^ Hl:alem^mts, the impoKanee of the purity

of her:t juice- can he appreciat<i<J as an element in determining the

j>ractical value of sugar he<,'tj4 for sugar production.

The tahulated statern^-nt on pag^ 101 Hh'<ws the results obtained

hy us in our season's work.

To./^rj /O-H I.M-XUK.VCI.VG COKFKICIKNT OF PUJinV.

Most of the conditions which affect the percentage of sugar

contained in her-ts als^j influrmre the coelTicient of purity. Among
conditions sfK-ciaJly to he mentionf-d are the following:

1. .Maturity.

2. Fertilizers,

.'i. Kize.

4. Portion <)i' root.
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1. Maturity.

Unripe beets contain a, large proportion of nonrsugar solids

and hence a loiwer coefficient of purity than ripe beets. Such

beets have, therefore, a smaller proportion of sugar that can be

recovered.

2. Fertilizers.

The excessive application of stable-manure or other nitro-

genous fertilizers lowers the coefficient of purity. Soils contain-

ing a large amount of organie matter, like drained swamp lands,

and recently cleared forest lands, produce beets having a low co-

efficient of purity.

8. Size.

The size of beets is often closely associated with the amount of

nitrogenous plant-food employed. Excessive use of such manures

tends to produce a rapid, rank growth of beets, large in size but

poor in quality, especially in respect to coefficient of purity. Too

great distance between roots in soil also tends to promote growth

in size at the expense of quality.

4. Portion of Root.

The neck or crown of the beet root contains large amounts of

non-siugar solids. The entire portion of the beet growing above

ground is rich in those solids producing low coefficient of purity.

It is, therefore, important to have the root grow above ground as

little as possible.

III. YIELD OF BEETS.

A very important element to be considered by the farmer who

plans to raise sugar beets is the yield. However high in quality

sugar beets may be, it is necessary to secure a good yield of roots

in order to realize satisfactory money returns. Reliable data

appear to indicate that we may regard 20 tons of marketable

sugar beets of high quality as the largest yield an acre that can

be realized in commercial operations. Yields are often reported

exceeding 25 and 30 tons an acre, but such returns are open to

suspicion, so far as they represent cofloimercial conditions. Mis-

leading yields are often obtained by weighing and counting the
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beets covering a definite small area and basing the estimate for

an acre on the data so obtained. Another method employed in

figuring out large yields is to obtain the average weight of a few

beets and then assume that an acre contains forty thousand beets,

each having the same weight as the average obtained. Moreover,

reports of yields are often based on results secured in growing a

fraction of an acre of beets under conditions which are more

favorable than those met in working with several acres.

To obtain the fairest idea of yield under commercial conditions,

we can do no better than to study the results furnished by actual

operations where sugar beets have been successfully grown for a

period of years on a commercial scale. Below we present results

reported by the sugar-beet factory at Lehi, near Salt Lake City,

Utah, and by the Chino Valley Beet Sugar Company, in Southern

California, and also some data derived from German sources.

Yield of Marketable Beets Grown on One Acre.

REPORTS GIVEX BY
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Those factors which influence the quality of the sugar beet

also affect the yield more or less, among which are the variety of

beet grown, quality of seed, distance between plants, soil, culti-

vation, season, etc.

In this connection may be considered the amount of pure sugar

produced an acre. Using the same sources of information as

those given above, we have the following table:

Yield of Pure Sugar From Sugar Beets Grown on One Acre. "^
'

REPORTS GIVEN BY
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must also be cousidered. The accessibility of a factory is a pri-

mary condition which will by itself determine the practicability of

raising sugar beets. The cost of transportation is an item which

must be calculated by each farmer for the conditions existing in

his particular case.

y. MARKET PRICE AND PROFITS.

Provided a factory is accessible, there is a good degree of cer-

tainty that for years to come there will be a sure nuirket for all

the beets raised. It cannot be foreseen definitely what unex-

pected conditions may arise to affect seriously the price to be paid

for beets, but good beets ought to bring the farmer not less than

$4 a ton and from this up to |5. In general, a profit from |5 to

|10 an acre above all expenses may be regarded as a fair return

from the crop.

VI. GENERAL CONSIDERATIONS.

The sugar-beet crop is to be regarded as an additional one, to

which a farmer, properly located, may give a portion of his time.

It is not intended to take the place of other crops which one

knows can be successfully grown. In commencing, farmers will

be wise to limit their crop to one or two acres and increase it

only as they see their way clear to do so.

The educational value to be derived from groA\ing sugar beets

properly can hardly be overestimated. The exacting demands of

its successful culture require the best kind of farming. It is rea-

sonable to assume that a farmer who grows sugar beets well will

be likely to grow his other crops better than he did before raising

beets.

In addition, it is to be remembered lliat the soil on which a

crop of sugar beets has been grown is left in better mechanical

condition than by other crops and that it is in better condition for

growing other crops.
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REPORT OF THE HORTICULTURIST.

S. A. BKACH.

I. TREATMENT OF LEAF SPOT IN PLUM AND
CHERRY ORCHARDS IN 189(;-

SUMMARY.

The following report of the work in treating the leaf spot

disease of plum and cherry in 1S9G is intended as a sequel to

Bulletin 98 which contains an account of the work in 1895.

Work with Plums.

The questions investigated in 1896 were:

(1) Can the disease be controlled with two treatments of

Bordeaux mixture 1 to 11?

(2) If but two or three treatments are to be made when should

they be given?

In the case of Italian Prune, on which variety the disease was

most prevalent, the best results came from three treatments made
May 25, June 17 and July 14.

The experiments indicate that if but two or three treatments

are made the first should be given during the last week of May, or

about ten days after the blossoms fall, and the second about

three weeks later.

In seasons when the disease is no worse than it was in 1896

it may be practically controlled by two sprayings.

These experiments show an average increase in the yield of

sprayed Italian Prunes of 21i lbs. per tree at a cost of less than

one cent per pound.

Work with Cherries.

On orchard trees of Montmorency sprayed with Bordeaux mix-

ture May 14, May 29 and June 15, 1895, only a slight amount of

•Reprint of Bulletin No, 117.
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rot was found, while on adjacent trees of the same variety which

were not sprayed, from one-twentieth to one-fifth of the fruit

rotted.

On orchard trees of Montmorency sprayed June 15, 1895, with

eau celeste soap mixture, only a slight amount of rot was found,

while on adjacent unsprayed trees from one-twentieth to one-

fifth of the fruit rotted.

From the middle of June, 181)5, till the close of the season the

unsprayed trees had much more and better foliage than did the

trees which had been sprayed.

Generally the injury to the leaves in 181)5 was much greater

on the trees which were sprayed with eau celeste than it was on

the trees sprayed with Bordeaux mixture but on one group of

Reine Hortense the Bordeaux mixture caused the greater injury.

No injury to the leaves resulted from spraying orchard trees

with Bordeaux mixture in 1896, even when they were drenched

with it.

Bordeaux mixture applied as late as May 25 is liable to show

on the fruit when it is ripe and injure its appearance.

INTRODUCTION.

The leaf spot disease of plum and cherry was less destructive

in New York orchards in 1896 than it has been in some former

years, yet in some instances it did considerable damage to certain

kinds of plums. Instances were also reported in which cherry

trees lost a good deal of foliage by it, but usually they were

troubled but little.

The character and appearance of this disease are explained in

Bulletin 98 which contains an account of the investigations in

treating it which were made by this station in 1895. As there

stated, the objects of the investigations were:

1. To compare Bordeaux mixture with eau celeste soap mix-

ture for preventing the disease on bearing trees.

2. To learn what is the fewest number of treatments by which

the disease may be controlled and the best time for making them.

The results of the experiments with plums will first be con-

sidered.
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TREATME^'T OF THE DISEASE ON BEARING PLUM
TREES.

The investigations in 1895 showed that v.iiile the treatment

with the eaii celeste cher-ked the disease it injured the foliage.

The treatment with Bordeaux mixture did just as much good, or

even more, in checking the disease, and it did not hurt the foliage.

There was no good chance to compare these two remedies in

August, either in 1S95 or 1896, as the trees did not show enough

injury early in ,\ugnst to permit of a satisfactory comparison of

the two remedies. In the latter part of August and in September

and October the good effects of the early spraying which was

done in May and June showed very plainly. It seems x^robable

that if the early treatments are thoroughly made there will be

little need of spraying in August. Should August treatment be

found necessary eau celeste might be preferable because it is less

liable to show on the ripe fruit, but we are not prepared to say

that it is preferable.

The Bordeaux mixture was so much superior to the eau celeste

in the trials which were made in 1895 that no experiments in

comparing the two mixtures for early treatment were made in

189f5.

The investigations as to the fewest number of treatments with

Bordeaux mixture, 1 to 11,* necessary to control the leaf spot on

bear-ing plum trees and the best time for making them, were con-

tinued in 1896 in the same orchard of T. C. Maxwell & Bros,

which was kindly offered to the Station for this purpose in 1895.

The treatment gave marked results, especially with Italian prune,

and to a large extent confirmed the results of the work in 1895.

The weak Bordeaux mixture, 1 to 11. again j>roved entirely satis-

factory and it is confidently recommended for treating plum leaf

SJ)Ot.

Pla7i of the urjrk in 1896.—Four sei-ies of treatments were

compared, namely:
Series 1. Italian Prune, Guii and Lombard were sprayed May

14, June 3 and June 17. The first treatment. May 14, was given

soon after the blossoms fell.

•The 1 to 11 formula for Bordeaux mixture requires one pound sulphate of copper to
make eleven gallons of the mixture.

14
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iSeries 2. Italian Prime, Giiii and Lombard were sprayed May

25 and June 24.

Series 3. Italian IVnne and Lombard were siprayed May 25,

June 17 and July 14. Guii was not included in this series for it

ripened its fruit in August and the last application July 14 would

be liable to show on the ripe fruit.

Series 4. Guii sprayed May 25 and June 17.

One hundred and sixty-eight trees were included in these exper-

iments, so it appears that the tests were sufficiently extended to

insure reliable results.

Results.—Throngh the early part of the season the trees,

whether sprayed or not, showed but little of the leaf spot. Later

the disease became more noticeable, especially on the Italian

Prune. With this variety tlie trees in Series 2 showed a little

more injury than corresponding trees in Series 1 and 3 but were

far superior to the unsprayed trees.

As early as August 12 the ground under many of the unsprayed

Italian Prune was thickly strewn with fallen ica\es and in conse-

quence of this loss of foliage the fruit was prematurely ripening

and dropping. At this time the unsprayed Guii trees had lost

some leaves but unsprayed Lombard were in nearly as good con-

dition as the sprayed Lombard.

October 3 a careful estimate of the amount of loss or injury

to foliage was made from which the following summary is de-

rived.

Injury upon Spraykd and LTnspkayed Plums.
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An examination of this table shows that in the case of Italian

Prunes the best results came from the three treatments given in

Series 3, namely May 2~), June 17 and July 14. The experiments

of 1805 showed that when no more than three sprayings are given

during the season it is not best to begin before the trees blossom

but rather make the first spraying after the blossoms fall. The

experiments of 1896 indicate that it is better to put off the first

treatment till the last week of May, or till about ten days after

the blossoms fall.

The attempts to control the disease with two treatments which

were tried in 1895 and 1896 show that w^hen the disease is no

worse than it was in those years it may be practically controlled

by two treatments; but it is hardly safe to recommend this plan

unqualifiedly till it has stood the test of a season when the

attacks of the leaf spot fungus are unsually severe.

In view of the results of the investigations of 1895-6, the follow-

ing line of treatment is confidently recommended, instead of that

\vhich was suggested on page 14 of Bulletin 98.

Course of treatnteut recommended for plum leaf spot.—\Yheu but

two treatments are to be made during the season, let the first

be given about ten days after the blossoms fall—that is, usually

aboiit May 25. It should not be made later than June 1. Make
the second treatment about three weeks after the first. Better

results may be expected from three treatments and three treat-

ments are especially recommended in seasons when the disease

is very abundant. Make them as follows:

First. About ten days after the blossoms fall.

Second. Abont three weeks after the first.

Third. From three to four weeks after the second.

YIELD OF FKUIT INCREASED BY SPRAYING FOR THE
PLUM LEAF SPOT.

Aside from the results bearing directly on the questions under

investigation in 1895 and 1896 the experiments in treating plums

for the leaf spot brought out some very important and definite in-

formation as to the influence of such treatmont on the \w]d of
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trees which are subject to the attacks of this disease. It has

already been said that the injury from the leaf spot was especially

severe on the Italian Prune, sometimes called Fellenberg, a va-

riety which usually begins to ripen here the first week of Sep-

tember. Of the trees of Italian Prune which were under experi-

ment in 189G (see page 2.10), 48 were sprayed and 24 were left

unsprayed. As early as August 12 the ground under many of the

unsprayed trees was thickly strewn with fallen leaves, and con-

sequently the fruit was ripening and dropping prematurely, while

under the sprayed trees very little fallen leaves or fruit was to be

seen. The amount of fallen fruit and leaves was so much greater

under the unsprayed trees that by looking at the ground one could

easily tell which trees had not been sprayed.

Because the treated trees held their foliage much better, their

fruit ripened later and on the whole averaged larger than the fruit

on the unsprayed trees. Remembering that the later fruit, as a

rule, brings better prices, it is at once apparent that the increased

yield in this case does not fully represent the increase in receipts

from sprayed as compared with unsprayed trees. The following

is a statement of the picked fruit, drops and waste from these

trees and the date of picking. The yield is measured both by

nine-pound baskets and by pounds, except for the waste:

Yield of Plums from Sprayed and Unsprayed Trees.

date.
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Average Yield per Tree.
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The work was coutiniu'd in 1896 for the purpose of Icaruiug

whether heavy applications of Bordeaux mixture were more apt

to harm cherry leaves than light ones, and also for the purpose of

determining the fewest number of treatments necessary to control

the leaf spot on bearing cherry trees and when they should be

made. Mr. C. K. Scoon, Geneva, N. Y.. kindly offered the use

of his orchard for this work. One hundred and fifty-five trees

were included in the experiment; part of them English Morello

and part Montmorency Ordinaire.

But little leaf spot was seen, even on the unsprayed trees, so

that but little difference could be seen between treated and un-

treated trees. In October a few of the latter showed more yellow

and fallen leaves than did sprayed trees which stood near by, biit

tli€J*e w\f)s not enough difference to support any conclusions as to

the merits of the different methods of treatment.

Foliage not hurt hij spraying.—Contrary to the experience of

ISOo no injury to the foliage followed the use of Bordeaux mix-

ture in 1896, even when the leaves were literally drenched with

it. It is difficult to find any theory which offers a satisfactory ex-

planation for the harmful effect of the Bordeaux mixture on the

cherry foliage in 1895. It is the only instance in our experience

in which cherry leaves have been injured by spraying with Bor-

deaux mixture.

Fruit spotted hi/ the sprap.—In 1896 the first treatment was

given May 14, soon after the blossoms fell. The following treat-

ment w^as made in one instance May 25, in another May 29 and

In a third June 3. In all cases the fruit still showed the spots of

Bordeaux mixture when it ripened, nearly tAvo months later, al-

though considerable rain had fallen in the meantime.

The results of these tests do not give conclusive evidence as to

the best way to treat the leaf spot on bearing cherry trees and no

definite line of treatment can as vet be recommended.



11. SPRAY PUMP8 AND SPEAYING *

WENDELL PADDOCK.

SUMMARY.
^^'e are constanNj in receipt of inquiries concerning sprayin<.

apparatus and methods of spraying, which show that elementary
instructjon on this subject is still needed. The following pa-es
were prepvared to meet this want, and the bulletin is add^-es^ed
to those persons who are seeking such information.
Some of the spraying machinery now on the market that h.s

been tested at this station is illustrated and described and the
addresses of the firm, manufacturing it are given. The forn.ulas
of the principal mixtures used in spraying are given aud many
necessities and conveniences are mentioned
Important notice-Do not spray trees or plants when in bloom

it IS m no instance necessary or desirable. By so doing not only
are we liable to injure the delicate parts of the flowers, but what
IS more important, to poiso. the bees and other insects that areour friends. It would be impossible to grow some of our fruits—rcially Without the aid of insects in fertilizing the bios-

INTRODUCTION.
^nce spraying has become one of the operations of culturewith so many farmers and fruit gro..rs, it would seem as ifexp icit directions were now almost superfluons. Numerous bul-letin on the subject have been issued by onr experiment stations

:;' t!!!r " ^^:y-^^"-^ -' '-^^-^^-- P«I>e.s are ali^with discussions on the subject. However, that there •

localities in the State where the method,
understood is revealed by the nu
are received at this Station.

•Reprint of Bulletin No. 121.

ire many
« of spraying are not

merous letters of iuijuiry that
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In order to simplify correspondence, as well as to supply a

still popular demand, it was thought best to issue another bul-

letin on spraying machinery. Accordingly, a circular letter

was sent to some of the leading manufacturers requesting them

to send their pumps to the Station for testing. The majority of

the firms addressed responded to the request and kindly sent

their pumps free of charge.

In testing pumps it is not our purpose to try to decide what

one is best, as some forms are better adapted to certain kinds

of work than others. In the following pages we have tried

to point out the good and bad features as they have appeared

to us in our tests, so that the reader who intends to buy a spray-

ing outfit may have a clear idea of what the pumps are like

before he places his order. The illustrations are for the most

part quite plain, so that extended descriptions need not be given.

Many of the hints on spraying that are given have been printed

a number of times in former bulletins of this Station. However,

we still receive numerous questions concerning these points, so a

repetition of them will not be out of place here.

Selection of a pump.—When selecting a pump one should not

have in view the cheapest one that will do good work. Almost

any of the pumps now on the market will work satisfactorily for

a time, but there are a number of other qualifications that should

be considered. The durability, capacity, ease of working, ease

with which the parts may be gotten at and repaired or replaced,

and the etficiency of the agitator, are among the essentials that

should be thought of.

Work intelligently.—We sometimes receive such questions as

the following: " Isn't it about time for me to spray my orchard?"

When the questioner is asked what he intends to spray for, per-

haps the answer will be, " Oh, I don't know, only I thought it

must be about time to begin." It is safe to say that such per-

sons will not be able to see much benefit to be derived from

spraying.

Occasionally inquiries are made concerning the use of Bordeaux

mixture for poisoning insects, and the value of Paris green for
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combating plant diseases. It cannot be too strongly empha-
sized that Bordeaux mixture is used only to prevent the spread of
plant diseases, such as apple scab, though it serves as a repellent

against some insects. Paris green is used to poison insects that

chew their food, as do the potato beetle and the canker worm.
Kerosene emulsion is used to kill insects that suck their food, as do
plant lice and scales.

This brings to mind the man who has sprayed and complains
that he can see no benefit resulting from his labor. Such com-
plaints can usually be attributed to one of two causes. Either
the work was not properly done, or else insects and diseases were
not present in sufficient numbers to do any appreciable amount
of injury. This only helps to emphasize the fact that each person
must become acquainted with these pests for himself, for in no
other way can he intelligently combat them. It will not do to

follow printed instructions or spray calendars too closely, for

spraying cannot be done by rule, since the conditions are not the
same from year to year: There are a few pests, such as the
apple scab and codling moth, that are universally distributed,

and we may expect attacks from them each season. It will pay
to spray every season for such pests. We occasionally have
seasons when the weather conditions are not suitable for the
spread of insects and diseases, but they are the exception. Even
in such seasons the spray will have some value, as it will tend
to further diminisih the spread of the pests, so that they may be
more readily held in check when conditions favorable to their
increase do arise. Therefore we must not conclude that spraying
will not pay because we do not get flattering results in any one
season, for the next year may bring conditions when onr plants
wir most need protection.

A very little reading and study will enable any one to become
familiar enough with the common insects and diseases to know them
when he sees them and to learn how to combat them. The first

thing to be done, then, is to find out what we are going to spray
for, and how and when to apply the remedy. Bulletin No. 86 of
this Station gives general directions for combating the principal
fungous and insect pests, and other bulletins have been issued on
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special insectp and diseases at intervals as they have demanded

attention. A supply of many of these is still on hand and copies

may be had for the asking.

HAND MACHINES.
s

Pumps.

The Eclipse.—The style of pumps illustrated in Figures 1 and

2 is a coniparatively new idea in spray pumps. Though they

have but recently been introduced, a large number of them are

in use, and they seem to be giving satisfaction. The Eclipse,

illustrated in Figure 1, was the first of the two to be put on the

market. This pump is manufactured by Morrill & Morley, Ben-

ton Harbor, Mich., and is listed at |20. The illustration gives a

good idea of the form of the pump. All parts that come in con-

tach with the liquid are made of brass, and, as can be seen, the

pump is placed directly in the barrel. The cylinder is at the bot-

tom, and is made of solid brass, there being no stuffing-box.

The plunger consists of a short cy.linder of brass around the cen-

ter of which is fitted a small amoiunt of packing. The arrange-

ment of the parts is such that the piston cannot work clear

through the cylinder, consequently the cylinder wears more at

the center that at either end. In one season's hard use we find

that the wear becomes so great that sufficient packing cannot be

gotten in to fill up the center of the cylinder. However, a worn-

out cylinder can be quickly replaced at a cost of seventy-five

cents. ' ^

The agitator, as is shown in the cut, consists of a wide spoon-

shaped blade or paddle, which is fastened at one end by a hinge to

the lower end of the cylinder. A rod connecting with the pump
handle moves the blade up and down with every stroke. This

device is quite satisfactory.

The air chamber surrounds the discharge pipe, and is of suffi-

cient capacity to insure a steady spray.

When the cylinder or plunger needs attention the pump must

be taken from the barrel, but this is not a difficult task, since

the pump is removed by unscrewing two bolts that are entirely



Fig. 1.—The Eclipse.

Pig. 2.—The Pomona.





Fig. 3.—An Agitator.





Fig. 4.—The Caswell Pump. No. 2.
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on tlie outside of the barrel; Ibis is (luite diUcieut from the old

wa}' of loosening four or more rustj' bolts that can be reached

only through a small hole in the top of the barrel.

21ie Pomona.—The Pomona pump, illiustrated in Figure 2, is

Manufactured by the Gould Pump Company, Seneca Falls,

N. Y. It is listed at |2(). It is much like the Eclipse in its

construction, but a change has been made for the better in

the plunger and cylinder. Instead of the long cylinder and short

plunger, with packing on the latter, a comi>aratively short cylin-

der provided with a stuffing-box is used, while a long brass

plunger passes entirely through the cylinder with each stroke of

the handle. With this arrangement one part of the cylinder

cannot wear more than another.

Two styles of agitators are furnished with this x)ump. One

is worked by the pump handle as shown in the cut. The other

style is illustrated in Figure 3, which explains itself. Either one

does good work, but the liquid may be more thoroughly stirred

by the latter.

The CasiCcU.—Figure 4 illustrates the Caswell pump, manu-

factured by the Caswell Pump Company, Sandusky, Ohio. The

list price is $20. These pumps have been thoroughly tested and

have proven to be satisfactory. One of the largest fruit grow-

ing firms in this vicinity has used the Caswell for several years

and is enthusiastic in its praise. All of the parts are made of

brass, and are easy of access when any repairs become necessary.

Either of the two valves may be gotten at by unscrewing a cap.

This feature is quite an improvement over the old way of having

to take the pump out of the barrel and all to pieces before any

of the working parts can be reached. The plunger has an uj)

and down motion, but the arrangement of the handle is such

that it is similar in motion to that of a horizontal pump. Thus
the weight of the body may be thrown on both the forward and

backward strokes. The pump cannot be put on a barrel, but is

bolted to the wagon frame, or to a frame made for the purpose,

as shown in the cut. The agitator is not as good as could be

desired, and when a larger tank is to be used some other form
must be devised.
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The Advance.—The Advance pump, illustrated in Figure 5, is

manufactured by the Deming Pump Company, Salem, Ohio. The

list price is |18.

In appearance this pump is much like the ones that were first

placed on the market. The similarity is principally in appear-'

ance, as many improvements have been made. By detaching the

stuffing-box cap the plunger and the lower valve may be taken

out of the cylinder. Accordingly the pump need not be taken

from the barrel and nearly to pieces when any repairs becomes

necessary. The large air chamber, together with the large

cylinder, insures a steady spray. The agitator consists of two

blades and a plunger that are operated by a connection with the

pump handle, as shown in the cut

The pump was received so late in the season that it was im-

possible to give it a thorough test. It is certainly well made and

I>owerful, and no doubt will prove to be a satisfactory outfit.

Tlie Empire Queen.—This pump is manufactured by the Field

Force Pump Company, Lockport, N, Y. The list price is |9.

This is one of the old style pumps that must needs be unbolted

and taken from the barrel and pretty much to pieces when any

repairs become necessary. Therefore, where a large amount of

work is to be done and repairs necessarily become more or less

frequent it is likely that the improved forms will be cheaper in

the end. In smaller orchards the low price might make it more

economical than the more expensive pumps, since the wear would

be much lighter. It does good work while in repair.

The agitator, however, is not as efficient as could be desired,

as it has an easy motion and does not agitate the liquid violently

as is necessary in order to do the best work.

The Geiger.—This pump is manufactured by the Geiger Pump
Company, Rochester, N. Y., and is listed at $20. It may be

classed among the novelties in spraying machinery, and as such

only severe testing will determine its value. It works on the

principle of the semirotary pumps. All who have tried pumps

of this class know that they are very satisfactory as long as the

parts fit closely. There are no valves to get out of order; no
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Fig. 6.—The Empire Queen.
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Fig. S.—The Defender.
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leather or rubber or paeking of any form to be replaced; these

points are of great importance. However it has been our ex-

perience that one season's hard use wears the cylinder so that

it must be replaced.

The agitator of the Gieger is made to revolve by means of

gearing and a crank, and consists of a blade or paddle fastened

to a piece of tubing. The suction pipe is inside the tube and

takes up the liquids through sieves in the blade of the agitator.

As the pump was not received early enough in the season for

us to give it a thorough test we are not able to speak positively

as to its merits.

The Defender.—The P. C. Lewis Manufacturing Company,

Catskill, N. Y., manufactures the Defender pump, which sells for

$10. It is made 1o fasten on the side of a barrel, and is light

and simple in its construction, as may be seen in the illustration.

All parts that conie in contract with the liquids are made of

brass; the valves are made of leather but they are easily replaced

when worn out, as the parts may be unscrewed with the hand.

It is unfortunate that the hose couplings are of an unusual size,

as the hose that is supplied with most pumps cannot be used

interchangeably with this.

In si)ite of its small size the pump is quite powerful but it

taxes its capacity to supply four nozzles. Its convenient form

and light weight will commend it for many kinds of work, while

its low cost brings it within the reach of all.

Budget pwnps.—These pumps are made to fasten on a pail, and

are very useful where a small amount of spraying is to be done.

They are manufactured in great variety and may be obtained

from most dealers at a small cost.

Knapsack sprayers.—These machines are siiTall spraying out-

fits that are designed to carry on the back, hence the name.
There are several patterns manufactured by different firms, which
differ from each other only in minor details. In general they

consist of a copper tank, holding from three to five gallons, that

is held in place on tlie back by straps over the shoulders. A
small force pump is operated by one hand while the nozzle is

directed by tho other.
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In a former bulletin these sprayers were recommended as be-

ing almost indispensable. With greater experience we find that

so much hard, dirty work is involved in their use that we do not

feel like recommending them except in cases where bucket and

barrel pumps fannot be used to advantage.

Knapsacks may be obtained of most dealers in spraying sup-

plies at a price ranging from $10 to |15.

Powder Guns.

Powder guns are used to apply poison and repellents for

insects in the green-house or on small plantations of fruit or

vegetables. The well-known Leggett Powder Gun may be taken

as an example of these guns. It consists of a reservoir and an

inclosed fan operated by a crank, which blows the powder out

tlirough a tube. It is supplied with a number of nozzles and

tubes which are used in the different kinds of work. It is made

principally of tin, and weighs about five pounds.

Some manufacturers assert that these guns are just the thing

for poisoning bugs in large potato fields, using the clear Paris

green. Most fungicides cannot be applied in a dry form, and

since it is often advantageous to use both insecticides and fungi-

cides it would seem to be better economy where a large amount

of work is to be done to invest in a machine that will apply a

remedy for both insects and diseases at the same time.

TliG Lightning Potato Bug Killer.— This little contrivance is

quite convenient for applying poison and repellents for insects

in the green-house or in small plantations of fruit or vegetables.

It consists of a small hand bellows with a funnel-shaped spout.

The material to be applied is poured into the bellows through

the spout, through which it is puffed out in a cloud-like form.

Where small amounts of tobacco dust, pyrethrum, hellebore or

Paris green are to be applied this bellows will be very useful.

These implements may be obtained from dealers in florists'

suppliev'5 at a small cost.
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POWER SPRAYING MACHINES.

Stemn sproycrs.— It is likely that in the uear fnlure some form

of power sprayinj; machines will be in common use on our large

fruit farms. It is only about two years ago that steam was first

used in spraying, so tbere has not been sufficient time to fully

develop this form of spraying machinery. However, several firms

are now manufacturing steam spra;\ing outfits, and it is probable

that great improvements will soon be made.

The Rochester Machine Tool Works, Rochester, N. Y., manu-

facture the power spraying machine illustrated in Figure 10.

The outfit consists of a one-horse-power engine and boiler, a

small steam pump and a spray tank. The entire outfit weighs

about six hundred pounds, and may be loaded on an ordinary

wagon.

The boiler burns kerosene, and will consume about three and

one-half gallons in ten hours if run at full capacity. The pump
is powerful, but since no air chamber is provided the spray is

not as steady as could be desired.

The manufacturers appreciate the necessity of agitating the

spraying mixture, and the engine is furnished for the purpose

alone. It is to be hoped that some cheaper method of agitating

may be devised. The manner of attaching the suction pipe to the

bottom of the tank should be changed. No matter how perfect

the agitation may be the particles of the mixture will settle in a

pipe attached in this manner. Aside from the annoyance of clog-

ging the nozzles, it not infrequently happens that the suction

pipe becomes entirely stopped up. This cannot happen if the

pipe enters the barrel 'from the top.

The list price of this outfit complete is |250.

Horse-poicer sprayers.— In spraying large areas of potatoes or

truck crops where the machine may be kept in continuous mo-

tion, horse-pov.er siprayers may be used to advantage. These

machines may be divided into two classes, those that are pro-

vided with a pump, and those that discharge the liquid by force

of gravity; of the two styles the former is much to be preferred.
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since the liquid is forced throngb fine nozzles, and is, conse-

quently, more intelligently applied. From four to six rows may

be sprayed at a time, and where the machine is provided with a

pump the nozzles can usually be adjusted so that they make

satisfactory sprayers for vineyards that are located on level

ground. Where the vineyard is planted on uneven or hilly land

it is much more satisfactory to direct the nozzle by hand, even

though a power machine is used.

Before buying, the purchaser should investigate the object

thoroughly, so as to get a machine that is suited to his particular

wants. The addresses of a few of the firms who are manufac-

turing horse-power sprayers are given below:

The Caswell Pump Company, Sandusky, O.; Thomas Peppier,

Heightstown, N. J.; the Field Force Pump Company, Lockport,

N. Y.; The Riverhead Agricultural Works, Riverhead, N. Y.

The machines manufactured by these firms, except the one last

mentioned, were illustrated and described in Bulletin No. 74 of

this Station. Copies of the bulletin may still be had upon appli-

cation.

The mycologist of this Station, who is located on Long Island,

sends the following description of the Hudson Sprayer, manufac-

tured by the Riverhead Agricultural Works:
'' The Hudson Spraying Machine is designed specially for ap-

plying Bordeaux mixture to potatoes, for which work it is well

adapted. It sprays four rows at each passage. The parts are so

arranged that each row receives the spray from two nozzles,

which can readily be adjusted to suit the size of the plants. The

machine is balanced, rider on or off, barrel full or empty. The

capacity of the barrel is 45 gallons, and the liquid is drawn from

the bottom. Thorough agitation of the liquid is effected by

means of two diagonal paddles. The pipe carrying the nozzles is

placed in front of the wheels, thus making it possible for the

barrel to be filled by a man standing on the ground. The pump

is a rotary one and supplied with a small air ehamber. The

' shut off ' and ' out gear ' movements are made by one handle.

With slight alterations the machine can be adapted to orchard
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sprajing. We have tested this machine through the whole of one

season on seven acres of potatoes at Jamesport, L. I., and have

found it quite satisfactory. It is manufactured by the Kiverhead

Agricultural \Yorks, Kiverhead, N. Y. Price, $75."

HOME MADE CONVENIENCES.

Spraying is hard, dirty work at best, and any machinery or

method that will facilitate the work is eagerly sought. Many

ideas for improvement that are adapted to the needs of different

conditions will suggest themselves as the work progresses.

If in a large orchard a tank larger than a kerosene barrel la

wanted it should be made of a round form so there will be no

corners for the mixtures to settle in.

Where very tall trees are to be sprayed it may be advantageons

to build a platform on the rear of the wagon for a man to stand

on who is to spray the tops of the trees. The height of the plat-

form will depend on the height of the trees to be sprayed. Fig.

12 shows such an outfit that was made here at the Experiment

Station to be used in our orchards.

We have seen a very serviceable home made outfit for spraying

potatoes. It consisted of a barrel pump mounted in a light one-

horse wagon and by means of a hose and a few feet of gas pipe

a simple arrangement was made to fasten to the rear of the

wagon that extended out over four rows. By attaching nozzles

at proper intervals to the pipe the four rows were sprayed as the

wagon moved over them. With a boy to drive and a man to

pump, a large amount of territory may be gotten over in a day

with such an oufit. The same pump will of course serve to spray

trees as well. r>y the exercise of ingenuity the necessity of buy-

ing expensive ni)paratus may often times be avoided and the

home-made tools may be even more serviceable as they are made

to suit the conditions that exist on our own farms.

SUNDRY NOTES.

Nozdcs.—In order to do the best work a nozzle should throw

a fine mist-like sjjray tliat will float in the air and slowly settle.

With such a spray nearly all of the leaf surface may be thinly

15
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eoated with the minute particles and yet be almost unnoticed by

the casual observer.

The best work cannot be done with a nozzle that throws a

coarse spray, or by drenching the trees till the particles collect

in drops on the leaves and branches and fall to the ground.

Each season brings its array of new and modified forms of

nozzles, but for our work w^e have yet to find any nozzle that

is as satisfactory as the Vermorel^ providing that it is of the

right pattern. Various forms are on the market, but those that

have no joint between the nozzle chamber and elbow, are a

source of annoyance, as the best of them sometimes become

clogged in the elbow, and where there is no joint it is next to

impossible to reach the obstruction. Vermorels that are not

open to objection are illustrated in Figures 13 and 14.

The Vermorel produces a very fine mist-like spray, which it

can throw but a very few feet beyond its orifice. Therefore

where very tall trees are to be sprayed it may be necessary to

use a nozzle that will throw a spray to a greater distance. The

McGowen nozzle is quite satisfactory for such work. In any ease

it will be seen that where trees are to be sprayed the Vermorel

nozzle must be lifted up among the branches. The bamboo ex-

tension was devised for this purpose.

Double discharge nozzles.— For most spraying it is most advan-

tageous to use more than one nozzle on a single line of hose, as

the work can be done much quicker than when only one nozzle

is used. Various forms of connections are manufactured for this

purpose. Triple connections are also used where it is desired to

use three nozzles on the same hose.

Bamboo extension.—This consists of a three-eighths inch brass

tube inside of a bamboo pole. At the lower end of the tube is

a stop-cock and hose connection, while the nozzle is attached to

the upper end. iSeveral other methods of elevating the nozzle

are used, such as the use of small iron or galvanized pipe, but this

form is mentioned in particular for the reason that it is light

and convenient to handle. Extensions may be made of any con-

renient length.
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Bordeaux mixture.—There are several different formul«s for

making Bordeaux mixture, any one of wbich will no doubt give

excellent results if the directions are closely followed. The for-

mula given below has been used at this Station for the past five

years, and it is also generally used by the fruit growers of this

vicinity. In no case has it proven unreliable, so we do not hesi-

tate to recommend it as being one of the best and certainly the

quickest method by which Bordeaux mixtu: e can be made. Much

has been written of late for and against the practice of using

the potassium ferrocA'anide test for determining the amount of

lime to be used, and many nice points have been brought forth

as to just how this test should be applied. We still adhere to

the common method of applying it, as we have always found it

reliable:

Formula.—Copper sulphate 4 lbs.

Lime 3 lbs.

Water 4o gals.

Dissolve the copper sulphate in hot water or by suspending

in a coarse cloth or bag in a considerable amount of cold water,

BO that the sulphate is just covered. It will not all dissolve if

I>laeed in the bottom of a vessel of cold water. When dissolved

dilute the solution to two-thirds of the required amount. Next

slake the lime and add it to the solution in the form of a thin

whitewash—the thinner the better. Strain it if necessary to

keep out particles that would clog the nozzle. The mixture

should be thoroughly stirred while the lime is being added. It

is essential that the copper solution should be quite dilute before

the lime is added, otherwise a heavy precipitate is formed.

Weighing the lime.—It is easy to see that the weighing and

slaking of the required amount of lime each time a barrel full

of the mixture is to be made will require a considerable amount

of time in the course of a day, which at this busy season is quite

an item. By using the color test the necessity of weighing the

lime is done away with and enough lime may be slaked at one

time to last through the season. A convenient way to keep the

lime is to slake it in a barrel that is partially sunk in the ground.
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as is shown in Figure 15. When treated in this manner it will

keep indefinitely in the form of paste if the surface is kept

covered with a small amount of water. It will be economy to

buy a good quantity of fresh lime. Air slaked lime is worth-

less.

Potassiu7n fcrrocijanide test.—Fill the spray tank two-thirds full

with the copper sulphate solution, then pour in the milk of lime.

Stir the mixture thoroughly and add a drop of the potassium

ferrocyanide. If enough lime has been added the drop will not

change color when it strikes the mixture, otherwise it will im-

mediately change to a dark reddish brown color. More lime

must then be added until the ferrocyanide does not produce the

reddish brown color. Even after the test shows no color more

lime should be added so as to be sure that all of the copper will

be precipitated, for in case the mixture has not been thoroughly

stirred some of the copper may still remain in solution in the

bottom of the barrel while the test shows no color at the sur-

face.

An excess of lime will do no harm, while the free copper solu-

tion will injure the foliage.

The potassium ferrocyanide, or yellow prussiate of potash, is

a poisonous yellow salt which readily dissolves in water. A few

cents worth dissolved in about ten times its volume of water will

last through the season.

Stock solution of copper sulphate.—Where a good deal of spray-

ing is to be done it will be found advantageous to make up a

stock solution of copper sulphate. This may be made by dis-

solving any number of pounds of the sulphate in one-half as

many gallons of water. A gallon of the solution will contain

two pounds of the sulphate, therefore two gallons will contain

the required amount for a barrel of Bordeaux mixture. Suspend

the sul])hate in the top of the water, otherwise it will not all

dissolve if the water is cold. The stock solution must be kept

well covered in order to prevent evaporation.

Saturated solution of copper sulphate.—An up-to-date orchardist

recently suggested that a saturated solution of copper sulphate
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would be more convenient than tbe ordinary stock solution as

there would be no necessity of weighing the copper sulphate or

of measuring the water. This gentleman has followed this plan

for two seasons with good results. However this method can

only be commended to careful men who will take pains to see

that the solution is always a saturated one. A large vessel of

cold water is provided in which is suspended a large amount of

copper sulphate, more than the water can possibly take up. This

should be prepared at least a day before the solution is wanted

for use in order that the sulphate may have time to dissolve.

As the solution is taken out more water should be added to the

vessel from time to time and copper sulphate should be con-

stantly kept in suspension. By exercising a due amount of care

a fairly even solution may be maintained. One gallon of water

at ordinary temperature, 59° F., will dissolve 49 ounces of copper

sulphate. Therefore one and one-third gallons of such a solu-

tion will contain the required four pounds of copper sulphate

for a barrel of Bordeaux mixture.

Bordeaux mixture should be used soon after it is made, or

at least on the same day that it is made, as it soon begins to

deteriorate in value.

Kerosene emulsion.—Kerosene emulsion is made by dissolving

one-half pound of common soap or whale oil soap in one gallon

of soft water. Heat the mixture, and when boiling hot remove

it from near the fire and add it to two gallons of kerosene. The

whole is now thoroughly mixed by pumping continuously through

a small force pump for about five minutes. Mix until the ingre-

dients form a creamy mass that becomes thick when cool and

from which the oil does not sei)arate. When using on foliage

dilute with from ten to fifteen parts of water; when used as a

winter treatment it may be applied as strong as one part of the

mixture to four parts of water. After the stock emulsion be-

comes cold it hardens so that it is necessary to melt it before it

can be successfully diluted. It takes fire very readily, so it is

always a safe plan to have a fire out of doors wheu making the

emulsion. This emulsion is used to kill insects that have sucking

mouth i)arts; it is not a poison but kills by contact.
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When applying the mixture with pumps that have rubber balls

for valves, it must not be forgotten to replace the balls with

marbles as the kerosene soon destroys rubber. There is a large

amount of whale oil soap of poor quality on the market which

accounts for trouble that some people experience in forming

the emulsion. Only the better grades of whale oil soap should

be used.

Paris green.—Paris green is used to poison insects that have

biting mouth parts. It may be applied either in the dry form

or in a spray. When the spray is used the Paris green may be

combined with Bordeaux mixture, or it may be applied mixed

with w^ater. In either cases the same amount of poison is used.

For pomaceous fruits, such as apple and pears, one pound of

Paris green to one hundred and fifty or two hundred gallons is

commonly used. For stone fruits the mixture should be weaker,

using one pound of Paris green to two hundred and fifty or three

hundred gallons. When used with water, two pounds of fresh

slaked lime must be added for each pound of Paris green, to

prevent injury to the foliage.

The adulteration of Paris green has come to be a great source

of annoyance and loss to the farmer and fruit grower. There

should be but one grade of Paris green and that the pure article,

yet many dealers have different grades for sale. The cheaper

goods must necessarily be adulterated. Where adulteration is

suspected, if some of the poison is crushed between two pieces

of window glass or between the thumb and finger, oftentimes

the small lumps will be found to be white inside, showing that

some adulterant has been used. The ammonia test which is very

simple though not infallible may also be used. Pure Paris green

will readily dissolve in ammonia and the solution will be of a

deep blue color. If there is any residue, or if the solution does

not become blue at once, adulteration may be suspected.
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III. ANTIIRACNOSE OF THE BLACK RASP-
BEIIRY."-

WENDELL PADDOCK.

SUMMARY.

The following pages give an account of experiments in com-

bating antbracnose of the black raspberry, which were continued

through three successive years. While the treatment was suc-

cessful in preventing the spread of the disease to the new canes,

in no instance did the sprayed rows yield enough more fruit to

make the spraying a paying operation. Each person must de-

cide from the conditions existing in his own plantation whether

or not it will pay to spray for this disease.

In localities where antbracnose has been sufficiently virulent

to warrant treatment the following measures are suggested.

(1) Use only healthy plants and adopt a short rotation of

crops.

(2) Protect the new shoots in the spring by spraying them

with Bordeaux mixture .when they are about six inches high; or

better still, spray for the first time when the first few scab spots

api)ear on the young canes. Follow the first spraying with two

others, or more if it seems best, at intervals of about ten to

fourteen days. Remove all old canes and badly diseased new

ones as soon as the fruiting season is over.

INTRODUCTION.

The growing of most of our fruits of commercial importance is

attended with more or less difticiilty because of the attack of

plant diseases and injurious insects. In this respect the rasp-

berry is no exception, but it is less liable to such attacks than are

many fruits.

•Ueprint of Bulletla No. 134.
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There are only a few diseases that are widely distributed in the

raspberry plantations of New York. Of this number, orange rust

and anthracnose are particulary troublesome. Orange rust is

easily recognized by the bright orange color that its masses of

spores give to the underside of the leaves or other growing parts

of the plant on which they chance to form. Anthracnose, how-

ever, is not so easily recognized and so is all the more dangerous.

Great confusion exists in regard to the appearance of this disease

and its effect on the plant, so a somewhat extended popular de^

scription is given.

What are plant diseases?—In order that we may more readily

grasp the discussion let us consider briefly the nature of plant

diseases. The fungi that cause plant diseases are minute plants

of low order that live as parasites on higher plants. It requires

the assistance of a powerful microscoi^e to make out the char-

acters of most of these tiny plants, yet they are just as truly

plants as are the trees upon which some of them live. They

have organs called mycelium that correspond to roots and modi-

fied branches of the mycelium bear minute bodies called spores,

that are similar to and perform the same office as seeds. Under

favorable conditions of moisture and temperature the spores are

borne in innumerable quantities and they readily germinate under

the same conditions. The spores are very small and light so are

borne on the slightest breath of air. Scattered by the winds or

other agencies the disease spreads rapidly when the weather

conditions are suitable.

What is anthracnose?—The name anthracnose is a popular term

that has come to be applied to plant diseases that are caused by

one of the two groups of fungi known as Colletotrichum or

Gloeosporium. The anthracnose of the raspberry belongs to the

Gloeosporium group. The different species of this genus attack

their host plants differently. ^The one that lives on raspberries

may attack any part of the plant but is more commonly found on

the canes and it spreads principally by attacking the young

shoots. The fungus remains dormant during the winter on the

canes but as soon as suitable weather comes in the spring, spores
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are formed on the diseased areas and infection begins. It makes

its first appearance on the young canes oftentimes when they are

from six to ten inches high and at any point on them where the

spores may chance to fall. It is supposed that the germ tube of

the spores can enter only young and tender tissue, consequently

the spread of the disease is toward the tip of the cane naturally

following the tender growing part. Therefore we find the small

spots toward the top, while the larger, older ones are lower down

on the cane. The disease first appears on the new canes as small,

dark or purple colored spots, few at first but increasing rapidly

in number providing a diseased spot on an old cane is in close

proximity and the weather conditions are favorable for the pro-

duction and germination of spores. The new spots rapidly in-

crease in size, changing from the dark color to a brown or dirty

white in the center as the fungus feeds outward in all directions

and leaves the dead tissues behind. The slightly raised outlines

of the spot vary in color from dark-brown to bright puri)le. As

the cane grows older it throws out numerous layers of corky

tissue around the diseased spots in its effort to heal the wounds,

thus giving the diseased canes a rough, scabby appearance. If

badly infected the spots are so numerous on the cane that they

soon grow into one another and form large blotches or scabs

sometimes six or eight inches long, often entirely encircling the

cane and thus effectually girdling it.

This minute plant lives on the juices contained in the cells of

the tissue that lies just beneath the outer bark, the most vital

part of the plant; here the threads of the mycelium cross and

interlace and ramify in all directions absorbing nourishment that

should go to build up the cane. As the disease advances it leaves

the cells of the tissue discolored and collapsed. Where a scab

spot nearly or entirely encircles a cane the supply of sap is cut off

and the cane withers and dies. It is not known that the fungus

works into the wood but its attacks occasionally cause the canes

to crack and expose the pith.

While the anthracnose of the raspberry may be said to be pre-

eminently a disease of the canes, it sometimes attacks the leaves,
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where it produces small brown spots. The curling and browning

of the leaves is often caused by anthracnose but it is usually the

result of a diminished sap supply, caused by the attacks of the

disease on the canes below rather than by a direct attack on the

l€aves. The disease also frequently attacks the leaf stems and

small fruiting branches where it appears as small, dark or gray-

ish patches on the bark the same as on the canes. If the attack

is severe the leaves may wither and die and the fruit dry up on

the bushes.

Where a plantation is badly diseased the casual observer may

not notice that there is anything wrong with the plants the first

two years from setting. In the third year when they should bear

their largest crop of fruit the plants may still look fairly well,

the new canes make a moderate growth and the fruiting stems

give promise of a good yield of fruit, but before the berries have

a chance to ripen they shrivel and dry on the stems and the foli-

age assumes an unhealthy color. If the plants are not removed,

the next spring the foliage is scant and pale, and before mid-

summer the leaves become shriveled and dry and many of the

plants die.

Fortunately, however, it is not often that anthracnose is so

disastrous in its effects. In many localities it remains about the

same from year to year without killing the plants or causing the

fruit to dry up on the bushes. Yet the unsuspecting grower

complains that his crops are not w'hat they used to be. The

plants, enfeebled by the disease, are more liable to winter-injury;

and the constant drain on their vitality tends in many ways to

lessen the fruit production. Then, again, traces of anthracnose

may be found in a great many plantations where it has never

spread enough to do any appreciable amount of injury.

The disease is more prevalent in some locations than in others,

and some varieties of berries are more susceptible to its attacks

than are others. While anthracnose is more severe on black

raspberry it does not confine its attacks to this species but occurs

OB the other species that are commonly cultivated as well as on

the blackberry.
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EXPEEIMENTS IN TREATING THE DISEASE AT
CLIFTON.

In the spring of 1894, a communication was received from Mr.

S. A. Hosmer, of Clifton, N. Y., in regard to antliracnose on rasp-

berries. He kindly offered the Station the remains of his once

large plantation to use in experimenting with treatment for the

disease.

The plantation at one time consisted of 25 acres and was re-

garded as producing one of the most paying crops of the farm;

but through the ravages of anthracnose the acreage was yearly

reduced until scarcely three acres of badly infested plants re-

mained. Seemingly every cane was diseased, immense scabs and

blotches from four to eight inches in length and reaching nearly

or quite around the cane being not uncommon. This plantation,

consisting entirely of Gregg, was set out in the spring of 1890.

There were 50 rows in the patch remaining which occupied about

three acres of land.

It would seem that here were ideal conditions for experiment-

ing with methods of treatment for combating the disease. Ac-

cordingly experiments were planned which were carried on

through three successive years.

Plan of the crpcriinott.— Piimarily, the experiment was under-

taken to see if the disease could be successfully combated;

secondly, different solutions were used for the first treatment, so

that a comparison might be made as to their effectiveness in

treating the disease.

Knowing that a remedy for any fungous disease must be a pre-

ventive rather than a cure, and that many fungi begin their work

very early in the spring, it vvas planned to give the first treat-

ment before the leaf buds opened; at this time strong solutions

could be used as there would be no foliage to be injured; accord-

ingly the rows were treated as shown in the accompanying table:

The first three rows were sprayed with copper sulphate solu-

tion, using three pounds to eleven gallons of watcM-. The next

three with a saturated solution of iron sulphate in water, while

the next three were left unsprayed for comparison. This plan

was carried on throughout the plantation until the last two rows
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Tabi-e I.—Treatments Appi.ikd to Raspberries for Prevention

OF Antiiracxose.

Apr. 18, sprayed
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The next treatment was made May 16. The leaves were nearly

full grown, while the largest of the new canes were about eight

inches in height. The work of the fungus on the new canes was

now noticed for the first time; a few of the small characteristic

spots were seen on the new shoots where they grew close to a

diseased spot on an old cane. Immediately after this spraying

was given the severe spring rains set in which lasted intermit-

tently for 21 days.

On May 30, a fourth spraying was given. It was noticed at

this time that the previous spraying had seriously injured both

the fruit and foliage. On looking about for a cause for the injury

it was found that the capacity of the measure that was used in

making the Bordeaux mixture had been mistaken, consequently

the mixture was made much stronger than was intended. The

injury was probably due to this fact as raspberries on the Station

plats that were sprayed throughout the season with Bordeaux

mixture, using one pound of copper sulphate to make eleven gal-

lons of the mixture, were not injured. Raspberry foliage was not

found to be particularly liable to injury from Bordeaux mixture

at this strength. However, as the new canes are the only parts

of the plants that need protection, the spray should be directed

toward them alone.

A fifth treatment was given on June 21. The difference in the

amount of disease on the treated and untreated rows was very

noticeable at this time. Nearly every fruiting stem and new cane

on the unsprayed plants was attacked by anthracnose while in

the sprayed rows the appearance of the disease was much less

noticeable.

After the fruiting season was over the old canes were removed

and burned, when the last spraying for the season was given on

August 9.

The plantation was visited on November 22, when the plants of

both the sprayed and unsprayed rows were found to have made a

vigorous growth. The canes in the treated rows were nearly free

from disease while those that were not sprayed were still badly

affected.

The yields of the different rows are given below in Table IL
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Table II. — Yield op Raspbkrries Diffkuently Sprayed During the

Season of 1894.

DATES OF PICKING.

July 13.

Jiilv 16-

July 18.

July 20.
July 23.

July 25.

Total

Average per row-

Sprayed once before
li af butls opent-d
with coppei- Mil-

jihate solvition
C.lL.wpd by Qv
sprn\ iDgs with
Boiiii-aux mixture.
18 rows.

Quarts.

158
41
57
109
33

22

Sprayed once before
leaf bttds opeued
wi'h iron siilplial"

solution folli'wed
bv fivw spKiyiuus
witli Bor<lt)'aux
mixture. 15 rows.

Quarts.

137
52
67
99
47

402

26 4-5

Unsprayed.
15 rows.

Quarts.
109
225
99
83
75
27

618

41

The record of yields tends to prove nothing except that the

treatment seriously injured the fruiting canes in the treated rows.

It should be boi'ue in mind, however, that this injury was due to

the fact that the Bordeaux mixture used in a single application

was improperly made. The almost entire absence of anthracnose

on the treated rows ascoimparedto the considerable amount found

on the unsprayed rows at the close of the season goes to show that

the treatment was effective.

Experiments in 1895.

The plantation was given the same treatment throughout the

season of 1895.

Dates of spraying.—The first spraying, when the diflerent solu-

tions were applied, was given on April 26, just as the leaf buds

began to swell. The second treatment was begun May 11, but

on account of rain it was not completed until May 13. At this

time the new canes had just begun to grow. On May 24, a third

spraying was given, when the largest of the new canes were

twelve to fourteen inches high. At this time it was noticed that

the two rows that had been sprayed with the sulphuric acid solu-

tions had been seriously injured by the application. A fourth



New York Agricultural Experiment Station. 239

treatment was given on June 10. A few of the charaeteristic spoite

of anthracnose were now noticed for the first time on the new

canes in the untreated rows, showing that the disease was spread-

ing very slowly. June 24 a fifth treatment was made. It was

again noted that the disease had spread but little on the un-

sprayed plants and practically none could be found on the treated

canes. As soon as the fruiting season was over the old canes

were removed from all the rows, and a sixth spraying was given

August 15.

The yield for the season of 1895 is given below in Table III.

Table III.— Yield of Raspberries Differently Sprayed During the

Season op 1895.

dates of picking.

July 5
Jiilv 8
Jiilv 10

JiilV 12

July 15

July 17

July 19

Total

Average per row

S^pTn^ ed once before
li-af bu<ls opeu" d
Willi ciipiier sul-

phat*' Solution
loUnwed by live
hpi.iyintis with
BoKieaux uiixlure.
18 rows.

Quarts

177
210
181

201
204
66
38

1,077

59 5-6

Sprayed once before
leaf buds operied
witb iron sulphate
holutiou followed
by tivo sprayiims
witb Bordeaux
niixtuie. 13 rows.

Quaile
184
293
87
177

175
52
29

997

Unsprayed.
15 rows.

Quarts.
154
218
111
159
31
148
38

57

Again the record of yields fails to show any material gain

resulting from the treatment. The cause of the slight increase

in yield of the rows that were sprayed once before the leaf buds

opened with iron sulphate would be diflflcult to explain.

The plantation was visited on Nov. 19, when it was found that

the canes in all of the rows that had been sprayed were practi-

cally free from disease, and since the removal of the old canes in

August but comparatively little was to be found on the unsprayed

rows.
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Experiments in 189G.

Although the plantation had passed the age of greatest fruit-

fulness, the owner decided to keep it another season, and so it was

determined to continue the experiment, hoping that ideal condi-

tions, from the experimenter's standpoint, might arise when the

yields of fruit from the treated and untreated rows would show

marked results in favor of the treatment.

Dates of spraying.—The first spraying, with the strong solu-

tions, was given the plants on April 22, when the leaf buds were

swelling. The second spraying was given on May 0. The third

on May 25 and the fourth on June 8. On the latter date, a few

of the scab spots were noticed the first time on the 3'oung canes.

The new canes were now practically out of danger from attacks

of the disease because of their size and the scarcity of the scab

spots on the old canes, therefore the treatment was discontinued.

The yields of the different rows for the season of 1S9G are given

In Table IV.

Table IV.

—

Yields of Raspbkkriks Differently Sprayed During the

Season of 1X9o.

dates of pickings.*
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copper snlplmte solution falls below that of the i^nsprayed rows;

while the rows that were sprayed with iron sulphate gave a little

larger yield than the check rows.

EXPERIMENTS AT MANCHESTER.

In the spring of 189G a letter was received at the Station from

Mr. Luther Rice, Manchester, N. Y., in which he made inquiries

about treatment for raspberry anthracnose. Mr. Rice is an ex-

tensive grower of raspberries, and at times has found anthrac-

nose to be a serious pest. On visiting his place it was found that

a small plantation of one variety, consisting of thirteen rows,

about twenty rods long, was badly diseased. The plantation was

two years old, so it would seem that here were favorable condi-

tions for continuing the spraying experiments.

Plan of the experiment.—From our previous experience we had

come to doubt the advisability of giving the early spraying with

strong solutions. Therefore, in this experiment it was planned

to compare the early with the late treatment, at the same time

using the copper and iron solutions for the early treatment as

before. It became evident that spraying with sulphuric acid

solutions is too heroic a measure to be used on raspberries, there-

fore this line of treatment was dropped.

Table V. — Tkeatmext Applied to Raspberuies at Manchester for

Prevention of Anthracnose.

Apr 18, spraypil
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The rows, Nos. 1, 5, and 9 were sprayed once before the leaf

buds opened, with copper sulphate solution, using three po^mds

of the sulphate to eleven gallons of water. Rows No. 2, and

10 were spraj^ed once before the leaf buds opened, with a satu-

rated solution of iron sulphate. Rows No. 3, 7 and 11 were

sprayed for the first time when the rows that were sprayed with

the strong solution received the third treatment. Row No. 13

was sprayed for the first time when the rows that were sprayed

with the strong solutions received their second treatment.

Dates of spraijing.—The first spraying, when the strong solu-

tions were used, was given on April 18, when the leaf buds were

beginning to swell. In the subsequent treatments Bordeaux

mixture was used on all of the treated rows. The second spray-

ing was given on May 2, when the canes were in nearly full leaf.

Row 13 was sprayed for the first time on this date. All of the

treated rows were sprayed on May 12, when some of the largest

of the new canes were about two feet high. Rows 3, 7 and 11

were sprayed for the first time on this date. The last spraying

for the season was given on June 3.

Record of yields.—The record of yields for the season was not

complete, but it did not indicate that there was any increase in

yield on the rows that were sprayed. Neither did any of the

rows that received the different lines of treatment show any in-

crease in yield over that of their neighbors.

The plantation was visited on Dec. 12, when it was found that

the difference in the amount of disease on the sprayed and un-

sprayed rows was quite marked. All of the rows that had been

sprayed were comparatively free from disease, while the un-

sprayed rows were still quite badly affected. The results were

suflBciently marked so that it is deemed advisable to continue the

experiment through another season.

CONCLUSIONS.

Ordinarily it will not pay to keep a plantation of black rasp-

berries after it has produced its third crop. When such short

rotations are followed, and the best of culture is given, it would

seem that the danger from aiithracnose must be reduced to a min-

imum, providing the plants are free from disease when planted.
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In some instances, however, where raspberries are grown as a

farm crop it will pay to fruit the plantation longer. Although

the plants have passed the period of greatest fruitfulness, it may

be that for a few seasons longer they will produce crops of fruit

that will pay better than any other crop the grower might be able

to put in their place.

If anthracnose makes its appearance, the old canes should be

removed and burned immediately after the fruiting season is

over. If in the following spring the new canes are protected

with Bordeaux mixture, it is possible practically to free the plan-

tation from the disease. While the results obtained from these

experiments show conclusively that anthracnose of the black

raspberry can be successfully combated with Bordeaux mixture,

in no instance did the spraying prove profitable, and because of

this fact the question at once arises as to whether or not it will

pay to spray for this disease. In dealing with any plant disease

that does not do serious damage every season, it will pay to spray

in those instances only when there is danger of an attack that

will be severe enough to endanger the life of the plants or ma-

terially injure the crop of fruit. Each grower must decide this

point for himself.

The following letter from Mr. Hosmer gives his estimate of the

treatment for raspberry anthracnose, which is based on the ex-

periments that were conducted at his place:

" I am not cultivating raspberries so extensively as formerly,

but if I had known then what I have since learned of the disease

and the eflScacy of the treatment you have employed in my planta-

tion, it would have resulted in a saving to me of thousands of dol-

lars. I had thirty acres of fine bushes almost completely ruined

by the anthracnose in the midst of their prime.

" Yours truly,

'^S. A. HOSMER."

When to spray.—No definite rule can be given as to the exact

time when the spraying should be begun or how long it should be

continued, since no two seasons will ever bring with them the

same conditions. The experiments carried on at Manchester dur-
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ing the season of 189G go to show that the early treatment with

strong solutions is unnecessary, as the rows that were sprayed for

the first time after the new canes were several inches high were as

free from disease as were the rows that received the early treat-

ment. The treatment for any plant disease must be preventive,

for we cannot cure the diseased spots that are already formed.

All that spraying does is to prevent the formation of new disea^^e

spots by protecting the plants with some fungicide. Therefore,

there is no need of beginning to spray much before the disease

begins to spread. At no time during the three seasons through

which our experiments have run did the scab spots begin to form

on the new canes until after they were six inches high. However,

it will require but very little attention on the part of the grower

to determine when the disease becomes active, and at the first

appearance of the small, dark-colored spots on the new canes the

first spraying should be given. Let this treatment be followed

by two or three other sprayings, as may seem best, at intervals of

ten to fourteen days. If the spraying is done intelligently and

the old canes, together with the badly diseased new ones, are re-

moved as soon as the fruiting season is over, there should be no

reason why the disease cannot be kept under control.

If there is reason to suspect that the plants are diseased before

they are planted, they should be closely trimmed and as soon as

growth begins the new shoots should be protected with Bordeaux

mixture. The spraying can be very easily and cheaply done at

this time, and in localities where attacks of anthracnose have been

severe it would, no doubt, prove to be a paying operation even

though the plants were supposed to be free from disease when

planted.

So much depends on the conditions that are met with each

successive season that it is possible to give only general directions

for treatment. The experiments show that the disease can be

successfully combated by giving proper attention to sanitary con-

ditions and protecting the young canes with Bordeaux mixture.

But the questions as to the exact dates on which to apply the

treatment, and whether it will pay to spray at all, can only be de^

cided by the grower himself.



IV. FORCING TOMATOES: COMPARISON OF
METHODS OF TRAINING AND

BENCHING.*

S. A. BKACH.

SUMMARY.

Single-stem training is clearly superior to three-stem training

for forcing tomatoes in winter— in this climate. The superiority

is seen in the larger yield of early ripening fruit and in the

larger total yield. There is but slight difference in the average

size of fruit produced under the two methods of training, but on

the whole the fruit of the single-stem plants seems to be slightly

the larger.

Plants in two or two and a half inch pots plunged in the soil

so that roots may be formed above the pot as compared with

similar plants knocked out of the pots and planted in the soil on

the bench sometimes show slight gain in yield when plants are

trained to single stem, but this treatment is a disadvantage when

plants are trained to three stems.

INTRODUCTION.

In the larger cities the demand for tomatoes which have been

grown under glass begins as soon as the supply of fruit from out

of dQors is cut off by freezing weather, and it continues till the

Florida tomatoes appear in market, which is usually sometime in

February. In local markets tomatoes from forcing houses often

bring good prices much later than this because they are really

superior to the southern growm fruit which is picked before it is

ripe, and many persons are willing to pay an extra price for the

choice forced tomatoes which are ripened on the vines and deliv-

ered fresh to the consumer.

To supply this demand the tomatoes must be ripened during

the most unfavorable season for ripening fruit, including as it

•ParUal reprint of Bulletin No. 125.
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does the short and frequently dark days of December and Janu-

ary. Unlike lettuce, radishes and other vegetables which come to

perfection in a comparatively cool temperature, the tomato de-

lights in a warm, sunny location both for setting vigorous fruit

abundantly and for ripening it. In growing tomatoes so as to

market the fresh fruit during December, January and February,

peculiar difficulties are met which do not attend the growing of

this fruit in other portions of the year when there is more

sunlight.

The inexperienced grower, eager to secure strong, vigorous

plants is quite apt to overdo the matter. Either by furnishing

an abundance of rich soil in which the plant is allowed to grow

unchecked, or by the too liberal use of liquid manure or other

fertilizers, he may produce so rank a growth that the plant is

unnecessarily slow in coming into bearing.

Those who have had more experience grow thrifty but stocky

plants for forcing. They seek a healthy growth yet hold the

plant somewhat in eheck till it has a degree of maturity favor-

able to the production of fruit. Some gardeners try to prevent

too vigorous growth by setting the plants in a very small amount

of soil, and later add commercial fertilizers or liquid manure

according to the apparent needs of the plant. Excellent results

have been secured in this way, but the soil dries out very quickly

so that it requires very close attention to the watering.

Others check the root growth by planting in boxes or pots. It

is reported that on the island of Guernsey, where large quanti-

ties of tomatoes are forced for the London market, the plants are

frequently grown in pots. In this country planting in boxes is

more frequently advocated. These may be from eight inches to a

foot wide, about a foot deep and several feet long, with plants

set every two feet. If separate boxes are used for each plant

they commonly hold from one to one and a half cubic feet of soil.

Some gardeners plant in an abundance of good soil in beds or

on benches where the roots may grow unrestrained and try to

control the growth by leading out two of the first shoots, one on

each side of the main stem, thus training the plant to three stems

as shown in Plate II. The two-foot rule near the center stem



Plate II.—Tomato Plant Showing Method of Training to Three Stems

Forcing House.





Plate III.-Tomato Plant Showing First Stages of Three Stem Training
Also Manner op Pruning off Part of Foliage to Prevent too Vigorous
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will help in forming a correct idea of the size of the plant. These

gardeners take off all other shoots and resort to severe pruning

of the foliage if necessary, to prevent too rampant growth. Some

leaves are removed entirely and others are partly pruned away as

shown in the accompanying illustration, Plate III. They hold

that the vigorous side shoots, which are allowed to grow in this

style of training, have a tendency to check the main or central

stem so that no difficulty will be experienced in getting the first

clusters of fruit to set within about a foot of the soil.

During the winters 1895-G and 1896-7 some experiments were

made at this Station for the purpose of comparing single-stem

with three-stem training. A method of checking the growth

which is sometimes used in forcing cucumbers was also tried. It

provides for restricting the roots in small pots which are plunged

in the soil so that roots may be sent out from the stem above the

pot. Plants were grown from the vsame lots of seed and were

carefully selected to get specimens as nearly alike as possible at

the start. The soils were very thoroughly mixed and evenly

distributed to the plants. In applying fertilizers equal quantities

were given to each plant. In short, the aim has been to keep

conditions affecting the plants as nearly alike as possible in all

points excepting the ones which were to be compared.

We will now consider the tests of single-stem as compared

with three-stem training, especially for forcing in winter.

SINGLE-STEM vs. THREE-STEM TRAINING.

Experiments of 1895-6.

First test.

The variety selected for these tests was the Lorillard, which is

conceded to be one of the best kinds for winter forcing. Plate IV

shows a cluster of Lorillard life size as grown in the forcing

house. Some fruits grow considerably larger than those illus-

trated here and in mid-winter they are often smaller than these.

As grown in the forcing house the flesh is quite solid and the

seeds are few as shown in Plate V. For a second crop to be

fruited in late winter or spring some other variety, like May-

flower, may be preferred.



248 Report of the Horticulturist of the

Seed of Lorillard from a- well-known seedsman was sown in

flats* August 23, 1895. The flats were filled with soil composed

of one measure of sand, one of well-rotted manure and four of

potting soil, thoroughly mixed. September 4 the seedlings were

transplanted into 2^-inch pots. The soil for the pots consisted

of sod from a clay loam piled alternately with layers of coarse

stable manure. After this was rotted it was thoroughly mixed

and used for potting the plants.

Benching.—The plants were benched September 2Gth. At this

time they varied from 1^ to 4:^ inches in height and were stocky

and healthy. The benches had perforated tile bottoms and

were given no extra drainage. Over the tile bottom a thin layer

of moss (sphagnum) was spread, then an inch of well-rotted stable

manure and lastly an inch of soil. The soil was prepared by

mixing thoroughly three measures of the potting soil just de-

scribed with two and a half measures of sand, two of good leaf

mold and two of well-rotted, mixed stable manure. One hundred

and three plants were selected for this experiment and were

divided into two lots. One lot, consisting of fifty-two plants,

was put on the side benches in the east half of the tomato house.

These plants were not taken out of the 2|-inch pots which were

set immediately on the layer of manure on the bench. The soil

was mounded around and over the pot and covered with leaf

mold up to the seed leaves (cotyledons) so as to induce the send-

ing out of roots from the stem above the pot. These plants will

be referred to on the following pages as being " in pots."

Another lot, consisting of fifty-one plants, was set on the side

benches in the west half of the same house. Each plant was

taken from the pot, the lower part of the ball of earth. attached

to it was broken and it was set on the soil on the bench. A
mound of earth was then drawn around each plant and covered

with leaf mold up to the seed leaves the same as was done with

the plants benched in pots as described above. These plants will

be referred to hereafter as plants " not in pots," meaning by that,

that they were transplanted from the 2^ inch pots to the soil

on the bench. Some of the plants in each of the two lots were

•Boxes twelve inches square and three Inches deep.



Plate IV.— Lorillard. F'ROM Life Size Photograph of Fruit Forced i!
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Plate V.—Lorillard. Showing Section of Frui
Produced in Forcing House.
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trained to single stems, all sides shoots being removed and the

others were trained to three stems. The accompanying diagram,

Plate VI, shows the arrangement of the plants.

The side benches in which these plants were grown are thirty-

four inches wide, inside measurement. The plants were set in

two rows one six inches from the back side of the bench and one

six inches from the front side, the plants in the front row alter-

nating with those in the back row. The single-stem plants stood

a foot and a half apart in the row and the three-stem plants

twice that distance. This gave to each single-stem plant two and

one-eighth square feet of bench room and to each three-stem

plant four and one-fourth square feet.

Of the fifty-one plants not in pots, thirty-three were trained

to single stem and eighteen were trained to three stems. At the

time they were transplanted to the bench, the thirty-three plants

for single stem training averaged 3.35 inches high and the eigh-

teen plants for three stem training averaged 2.57 inches high.

Thus it appears that when they were benched the single-stem

plants averaged .78 of an inch higher than the three-stem plants.

A month later, October 28th, they were still in the lead, having

an average height of 12.58 inches as compared with 11.25 inches

for the three-stem plants. The length of time from seed planting

till the first fruit ripened, the average weight per fiuit, and the

3'ield in ounces per square foot of bench room, are all summar-

ized in the following table:

Table I — Plants not in Pots. Time of Ripening First Fruits. Average
Weight i'ku Fruit, and Yield pi:r square Foot ok Bench.
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EXPLANATION OF PLATE VI.

First Test,

Three-stem plants in pots, 102 and 1 to IS.

Tbree-stem plants not in pots, 50 to G7.

Sin*i;le-stem plants in pots, GS to 108.

Single-stem plants not in pots, 103 and 19 to 49.

Second Test.

Three-stem plants in pots, 114, 115, 118, 119, 130, 131.

Three-stem plants not in pots, 112, 113, IIG, 117, 128, 129, 132.

Single-stem plants in pots, lOG, 107, 110, 111, 122, 123, 12G, 127.

Single-stem plants not in pots, 104, 105, 108, 109, 120, 121, 124,

125, 133.

The number shows the location of the plant on the bench-

Plants 18 and 133 had more room than others of their class and

Plant G7 had less. Plants 43 and 98 were accidentally injured.

All these were excluded from the experiment.

From this table it appears that the single-stem plants kept the

lead from the beginning, ripened their first fruit a few days

earlier, gave somewhat greater yield per square foot of bench

area occupied by them and produced a little larger fruit on the

average than did the plants trained to three stems.

Of the fifty-two plants in pots, thirty four w^ere trained to

single stems and eighteen to three stems. When they were put

on the benches, the plants selected for single-stem training

averaged 2.45 inches high and those selected for three-stem

training averaged 3.33 inches, so the plants which w^ere designed

for three-stem training averaged .88 of an inch higher than the

single-stem plants. A month later, October 28, the three-stem

plants were still in the lead, having an average height of 9.75

inches, which was 1.44 inches more than the average of the

single-stem plants. The time of ripening the first fruits, the

average weight per fruit, and the yield are shown in the follow-

ing table:
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Table II.— Plants in Pots. Timk of Ripknixg First Fruits, Average

Weight pi:r Fijuit, and Yikld Pkr Squark Foot of Bknch.

training.
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training was put on the bencli, then a group designed for three

stem training, then another group for single-stem training and
lastly a group of three-stem training. Half of the plants were

kept in the 2^-inch pots, and the earth was mounded over the

pots up to the seed leaves. The others were knocked out of the

pots and transplanted directly to the bench. First a plant not in

a pot was transplanted to the bench, then a plant in a pot was
placed on the bench, thus alternating the two classes till the

bench was filled. By this arrangement the differences in light

and temperature for the two classes of plants were not great

enough to materially ati'ect the results of the test.

The plants were set in two rows, those in the front row com-

ing opposite the middle of the space between the plants in the

back row. Plants for single-stem training were put eighteen

inches apart; those designed for three-stem training were set

three feet apart. As this bench measured thirty-eight inches

wide inside measurement this made the area allotted to each sin-

gle-stem plant 2| square feet and that for each three-stem plant

45 square feet.

Of the sixteen plants which were taken out of the pots and

transplanted to the bench, nine, averaging 5.94 inches in height,

were for single-stem training, and seven, averaging 5.93 inches

in height were for training to three stems. Thus it appears that

there was practically' no difference in the average height of the

two classes of plants when they were benched. The following

table summarizes their record.

Table III.—Plants xot ix Pots. Time ok Kipenino First Fnuns, Averaqb

AVeight pek Pkcit. axd Yikli) peu Squahk Foot op Hkxoh IJooini.*
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In this case the three-stem jjlants on the average ripened their

first fruits a little earlier than the single-stem plants, but the sin-

gle-stem plants yielded at the rate of twenty-seven pounds more

fruit per hundred square feet of bench and their fruits averaged

glightly larger than those of the three-stem plants.

Of the fourteen plants in pots, eight, averaging o.dl inches in

height, were for single-stem training and six, averaging 5.92

inches high, were for three-stem training. Thus it appears that

the two lots of plants averaged practically the same in height

at this time. The following is a summary of their later records.

Tabi.k IV.—Plants iv 2^ inch Pots Plcxokd on thk Bknch. Timk of

KiPKNiNf; First Fuuits, Average Weigut per Fruit, axd Yield per

fiqvAKK Foot of Hkncii.*

training.

Blnglp-stpm...

8inglH-st('m

Tll^l.•e-^tem

i. »3
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Temperature of the lioiisc during the winter.—The range of tem-

perature for the house during the winter is indicated by the fol-

lowing table which shows the daily temperature at the east and

west ends of the house taken at 7 a. m., 12 m. and G p. m. The

records are averaged by weeks from September 28, 1895 to March

14, 189G, a period of twenty-four weeks. In twelve cases, or just

half the time, the weekly average for 7 a. m. at the west end was

slightly higher than at the east end, the difference varying from

0.13° to 2.00°. The weekly average at the east end at noon was

higher than at the west end in ten cases, and one week the noon

average was the same for both ends of the house. The weekly

average for C \}. m. was higher at the west than at the east end

in but seven instances. From November 22 to February 8 the

6 p. m. average was uniformly lower at the west end. This may
be accounted for by the fact that during the short daj's of winter

the head greenhouse, into which the west end of the tomato

house opens, cuts off the sunlight from that end of the house

during the latter part of the afternoon.
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Experiments of 189G-97.

Third Test.

Seed of Lorillard for a third test was planted in flats August

15, 189G, in a soil composed of equal measures of well-rotted

manure, sand, leaf-mold and loam, all thoroughly mixed. About

half an inch of drainage was placed in the bottom of the flats.

By using a marker* to make the furrows, the seed was planted

nt uniform depth. The seeds were put about one-fourth inch

apart in the row.

On the eighth day the seeds began to germinate and all which

germinated on that day were marked for transplanting. Nearly

five hundred of the plants which germinated August 23d were

pricked off from the flats into two-inch pots September 2d, and

plunged in moss on a greenhouse bench so that the conditions

of moisture, light and heat for the entire lot could be kept as

nearly uniform as possible.

Kainy weather interfered with the proper preparation of soil

so that the plants were not transplanted to the benches till

October 22d. The plants were still in good condition but they

would have been transplanted earlier had it not been for the

delay in preparing soil for the benches.

Soil for benches.—The soil for the benches was prepared by

mixing thoroughly one measure of leaf-mold, one of sand, one of

horse manure pretty well rotted and turned several times, and

one of loam. The loam was composted sod piled in alternate

layers with manure, well-rotted and well-mixed. Enough of this

soil was prepared to fill benches six inches deep having an area

of six hundred square feet. To this was added fourteen pounds

of a fertilizer mixture composed of six parts by weight of acid

phosphate having 14 per cent available phosphoric acid and four

parts by weight ©f high-grade sulphate of potash containing the

equivalent of 50 per cent actual potash. This is at the rate of

five hundred pounds of the mixture per acre, taking into account

simply the area of bench surfate.

The marker consisted of a short board on -which were fastened parallel strips ef wood
ene-fourth of an inch thick. By pressing the marker on the soil furrows were made by
tkese striDS vrhich were uniformly one-fourth of an inch deep.
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Selection of plants.—From the nearly five hundred plants which

bad germinated in one day and which now were growing in two-

inch pots, sixty fine, healthy plants were selected for the test.

The size of the plants at this time may be seen by referring to

Plate VII, which is from a photograph of one of the plants after

it was knocked out of the i)ot and ready for transplanting.

Piuough plants for the test could not be found which were unifoim

in height so those which were selected were assigned to places

on the benches as follows:

Twenty plants each G-^- inches high for single-stem training on

the north bench.

Ten plants each 7 inches high for three-stem training on the

north bench.

Explanation of Plate VIII.

The number shows the location of the plant on the bench. On

account of their location Plants 1 and 02 were not included in

the experiment; Plant 2 was discarded because its roots found

their way under a partition into the soil of another part of the

bench, and Plants 11 and 31 were discarded on account of acci-

dental injury.

Three-stem plants in pots, 14, 15, 27, 30, 31, 42, 43, 4G, 58 and 59.

Three-stem plants not in pots, 12, 13, 10, 28, 29, 44, 45, 57, 00, 01.

Single-stem plants in pots, 2, 3, 0, 7, 10, 11, 18, 19, 22, 23, 20,

34, 35, 38, 39, 47, 50, 51, 54, 55.

Single-stem plants not in pots, 1, 4, 5, 8, 9, 17, 20, 21, 24, 25,

32, 33, 30, 37, 40, 41, 48, 49, 52, 53, 50, 02.

10 plants each G\ inches high
)
for single-stem training on the

10 plants each Oi^ inches high \ south bench.

5 plants each 7| inches hi<.h ) for three-stem training on the

5 plants each 7^ inches high \ south bench.

It will be observed that the plants for single-stem training on

the south bench averaged G|- inches, which is the height of each of

the single-stem plants assigned to^the north bench. The sequel did

not show that the slight differences in the height of the plants

when they were transplanted to the bench, made any perceptible



Plate VII.—Tomato Plant Ready for Transplanting to Bench of

FoHciNu House.
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differences in the yields.* The tests which were made the pre-

vious winter indicated that the three-stem training gives a

smaller yield on the same area of bench than the single-stem

training. For this reason the tallest plants were assigned to

three-stem training so that there might be no appearance of

favoring the single-stem plants in planning the test. For the

same reason the tallest three-stem plants were put on the south

bench as the previous season's test indicated that the shading

of the bench by a purlin made that a less favorable location than

the north bench.

Planting on henches.—October 22 the plants were moved to per-

manent places on the side benches of the tomato house and ar-

ranged as shown in the accompanying diagram, Plate VIII,

The plan of the previous season w^as followed in that no drain-

age was put on the bottom of the bench, a.s it was thought that

the perforated tile furnished ample drainage. Five (|uarts of

soil were mounded around each plant. Part of the plants were

transplanted to this soil and part were left in the pots in which

they were growing and the soil was spread under and mounded

over the pot. They will be referred to, the same as on previous

pages, as " plants in pots " and '' plants out of pots."

The plants were set in two rows, one row ten inches from the

front the other ten inches from the back of the bench. The

benches are thirty-four inches wide, inside measurement. The

plants in the front row alternated with those in the back row so

that each plant came opposite the middle of the space between

*Iii some instances slants which were the taller at the time of transplanting were
more productive and in some cases they were less producUve than the shorter plants.

The average yields are as follows:

No. of Height when transplanted: Average yield per plant:

plants. Training. Inches. Ounces.

4. Single-stem in pots 6.25 58.44

6. Single-stem not in pots 6.25 58.54

5. Single stem in pots 6.75 53.25

5. Single-stem not in pots 6.75 61.25

3. Three-stem in pots 7.25 88.00

2. Three-stem not in pots 7.25 106.125

2. Three-stem in pots 7.50 57.50

3. Three-stem not in pots 7.50 97.83

The three-stem plants which measured 71,2 inches at the time of transplanting were
less productive than the three-stem plants which measured IVi inches. This may be
partly accounted for by the fact that the former were nearer the west end of the house
and during the short days of winter became shaded from the sun earlier in the after-

noon than those towards the middle or east end of the house.

17
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two plants in the other row. The plants in pots were not grouped

as in the first test but were alternated with plants out of jjots,

first a plant in a pot then a plant out of a pot and so on through-

out the house. This was done both with single-stem and with

three-stem plants.

It was thought that in the first test the plants were crowded

too closely together, so in this test the single-stem plants were

set two feet apart in the row thus allowing each plant 2| square

feet of bench surface. The three-stem plants were four feet apart

in the row thus giving each of them an area of 5f square feet.

Adding soil to benches.— The mound of earth which was put

around the plants as they were transplanted to the benches was

covered with moss (sphagnum) to prevent the too rapid evapora-

tion of moisture. The moss served this purpose admirably. De-

cember 30, a layer of about an inch of soil was covered over all

the bench. In about a week the plants began to fill this new soil

with roots. Another layer of about two inches of soil was added

to the benches March IG, and April 19 a third layer of about two

inches. June 1, all fruit, both green and ripe, was picked and

the experiment was closed.

Plants not in jwts.— Of the thirty plants not in pots twenty

were trained to single-stem and ten to three stems. The single-

stem plants averaged 1.94 inches high when pricked off and 6.19

inches when benched. The plants for three-stem training aver-

aged 2.00 inches when pricked off and 7.20 inches when benched.

The more vigorous plants were assigned to three-stem training

yet eventually the single-stem plants gave the larger yield as

shown by the following table:

Table V.— Plants not in Pots.—Time of Ripening Fikst Fruits, Average
\\ EIGHT PER Fj(UIT AND YiELD PER SQUARE FOOT OF BeNCII.
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In tliis test tlie tlireo-stem plants were in four groups, two on

the north bench and two on the south bench, alternating with

corresponding groups of single-stem plants. This arrangement

secured more uuiform conditions than could be secured by the

plan adopted for the first test. The results here set forth are

therefore considered more satisfactory and more reliable than

those which appeared with the first test. They do not conflict

with the conclusions drawn from the first test but rather empha-

size them. The single-stem training, other things being equal,

gives decidedly better results than the three-stem training both

in yield and in average size of fruit produced. Although the first

fruits ripened on the average a day earlier on the three-stem

plants than on the single-stem plants, yet in the amount of fruit

ripened early the single-stem plants again take the lead as is

shown in the following statement of the yield by weeks for the

first six weeks after the first fruit was picked:

Table VI.— Plants not ix Pots.—Yield for six Weeks After P'irst Fruit
KlPENED.
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cause the fruit to set well. During periods of little sunshine,

especially when the days are shortest, more difficulty is experi-

enced in getting the fruit to set. The blossoms that are not

properly fecundated soon fall off as shown in Fig. 10. When the

weather is not favorable for the setting of fruit the blossoms-

should be pollinated by hand during the driest part of every

second or third day. This may be done by jarring the O'pen

flowers over a camel's hair brush or small spoon and touching

the stigma with the pollen that has thus been gathered. By
passing from flower to flower in this way the blossoms become

fertilized satisfactorily. Small and one-sided fruit which is liable

to be found on plants in the forcing house in winter, may be due

either to an insufficient supply of pollen or to close fertilization,

that is to say, to the fertilizing of the blossom with its own

pollen exclusively.*

Pla'nts in pots.—Oi the thirty plants which were assigned to

this part of the test, two were discarded because they were ac-

cidentally injured. A third was thrown out because it sent its

roots under a partition and into the soil of an adjacent part of the

bench. By its rampant growth it soon showed that it had reached

*FiDk, who has made some very interesting observations in this line,** finds that:

1. The vigor of the fruit is seen soon after pollination takes place. " Of two flowers

pollinated at about the same time, one is sometimes half grown before the other makes
more than enough growth to make certain the fact that fertilization has taken place.

The one that makes this rapid growth from the start ripens nearly as much in advance
and is larger than the one that stops growing for a tJme. * * * i think there are

two causes for this difference in development, i. c, insufficient pollination and insuffi-

cient nourishment."
2. The amount of pollen applied to the stigma fnfiuences the size and shape of the

fruit. " Tomatoes produced from large amounts (of pollen) were large and regular,

produced a large number of seeds and did not fail to come to maturity in a single

instance; while those from small amounts were smaller in size, had fewer seeds, were
not so regular in shape and several stopped growing at the size of a pea. * * * i

tried cutting off one side (of the stigma). The result is usually a one-sided tomato but
not always. * * * i also tried pollinating one side only and got one-sided fruit as a

result."

3. Pollination may be done effectively during the first four to eight days after the

blossom opens. The best time to get pollen for applying to the stigmas is about two
days after the blossoms open, when the anthers or pollen sacs begin to open. " The
pollen sacs open sooner (after the blossoms open) in small than in large flowers and
sooner in dry than in wet weather. * * * The best time to pollinate artificially is in

the driest part of the day."
4. On the whole, fruits produced by close pollination " are below average size and

usually contain fewer than the average number of seeds."

**Fink, Bruce, Pollination and Reproduction of Lycopersicum Esculentum. Bull.

Geol. and Nat. Hist. Surv. Minn., 9: 636-G13. 9 N. 1896.
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a supply of food not available to its neighbors and during the rest

of the winter it was allowed to stand as an object lesson on the

bad effects of over-feeding tomatoes in the forcing house. Of the

twentj'-seven plants finally included in this i»art of the test,

eighteen were trained to single stem. These averaged l.SO

inches high when they were pricked off and 6.00 inches when

they were benched. Nine corresponding plants designed for

three-stem training averaged 2.05 inches high when they were

pricked off and 7.15 inches when they were benched. In this

case, although the more vigorous plants were assigned to three-

stem training, the single-stem plants eventually out-yielded them

as the following table shows:

Table YII —Plants in Pots. Time of Eipening First Fruits, Average
Weight per Fruit and Yield pee Square Foot of Bench.
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Table VIII. — Plants ix Pots. Yield for Six Weeks after First Fruit

Ripened.
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Experiments of 1895-G.

First Test Using Single-stem Plants.

September 26, 1895, sixty-seven plants were put on the benches
of the tomato house for training to single stem, thirty-three of
which were transplanted to the soil on the bench. These are
referred to in this bulletin as plants '' not in pots." The remain-
ing thirty-fonr plants were plunged in the soil of the bench in
the 2finch pots in which they were growing and the soil was
mounded over the top of the pot so as to favor the sending forth
of roots from the stem above the pot. These are referred to as
plants " in pots." The an-angement of the two lots of plants may
be seen by consulting the diagram, Plate VI.
At the time they were put on the benches the plants in pots

had an average height of 2.45 inches and the corresponding plants
not in pots averaged 3.35 inches high. On account of this differ-
ence in size the two classes of plants may not be strictly com-
parable, but as they may give some indication of the compara-
tive value of the two methods of treatment, their records are
given for what they are worth.

By October 5 many of the plants in pots were sending out roots
above the pots, which soon filled the surrounding soil. They did
not make as vigorous growth as the corresponding plants out
of pots did, but it must be remembered that they were somewhat
smaller plants to start with. Besides this, they occupied one-half
of the south bench which, as has already been pointed out, page
251, is a less favorable location for forcing tomatoes in winter
than is the north bench on which the plants not in pots were
located. The arrangement of the plants may be seen by consult-
ing the diagram, Plate VI.

October 28, about a month after they were benched, the plants
in pots averaged 8.31 inches high and those not in pots averaged
12.58 inches. Their later record is summarized in the following
table
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Table IX —Sixgle-stem Plants. Time of Eipening First Fruits, Aver-
age Number of Fruits per Plant, Weight per Fruit and Yield per
Square Foot of Bench.

method of benching.
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When they were put on the bench, the phmts in pots averaged

5.91 inches high and the plants out of pots 5,94 inches. With

respect to size the two lots of plants started on practically an

equal footing, and may be considered comparable, after discard-

ing one of the plants in pots, which sent its roots into the soil

of an adjacent bench, as above explained. The table shows that

the plants in pots gave a larger number of fruits than the plants

not in pots, but they were a little late in ripening first fruits,

their fruit was slightly smaller and the yield per square foot of

bench was a little less, so that nothing was gained by keeping

the plants in pots.

/" Experiments of 1896-7.

Third Test Using Simjlc-stem Plants.

Seed of Lorillard for this test was sown Aug, 15, 1896, The

method of selecting the plants, the arrangement on the benches,

the preparation of soil, etc, are all explained on previous pages.

See pages 255 to 258. Forty plants were selected for single-stem

training, twenty to be grown in pots and twenty out of pots.

Because of accidental injury, two of the plants in pots were

thrown out of the experiment. The following statement permits

of a comparison of the growth of the two lots during the early

part of the experiment.

Table XI.

—

Sikgle-Stem Plants. Height of Young Plants.

METHOD OF BENCHING.

Id pots
Not in pott

Average Height in Inches.

1.85
1.94

6.51
6.49

H

14.40
14.81

These figures show that during the early periods of growth the

plants were remarkably uniform. The records concerning their

yield are summarized in the following table:
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Table XII. — Single-stem Plants — Time of Ripening First Fruits,

Average Numrer of Fruits per Plant, Weight per Fruit and

Yield per Square Foot of Bench.

METHOD OF BENCHING.
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the bench, as has already been explained, and the plants of the

other lot were knocked out of the small pots at the time they

were transplanted to the benches. The eighteen plants in pots

averaged 3.33 inchc-s high when the}' were benched and about a

month later, October 28th, they averaged 9.75 inches. The loca-

tion which they were given proved more favorable than that of

the corresponding j)lants not in pots. Tlie plants not in pots

averaged 2.57 inches high when they were benched and 11.25

inches October 28th. Records are summarized in Table XIII for

the seventeen jilants of each lot which were finally included in

the experiment.

Table XIII. — Three-stem Plants. Timk of PapExixG First FRriTs,

AvEKAGK Number of Fruits Per Plaxt, Weight Pek Fruit axd
Yield Per Square Foot of Bench.
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Table XIV.—Three-stem Plants. Time of Ripenixg First Fruit, Aver-
age Number of Fruits Per Plant, Weight Per Fruit and Yield

Per Square Foot of Bench.
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From the complete records of the test the following table is

derived

:

TaISLE XVI. TlIKEK-STEM PLANTS. TiME OF ElPENING FiRST FrUITS, AVER-
AGE Number of Fruits Per Plant, Weight Per Fruit and Yield Per
Square Foot of Bench.

•



270 Eeport oh the Horticulturist.

It is not to be expected, however, that single-stem plants will

outyield three-stem plants in every instance regardless of the

influences which surround them. Various things influence the

productiveness of tomato plants and the skillful gardener studies

to combine all these influences to the end that he may get a large

yield of fruit of marketable size. In the hands of a skillful

gardener plants trained to three stems may do better than the

same plants trained to single stems would do in the hands of

an unskillful man. In other words, the advantage gained by

training tomatoes to single stems in the forcing house are not

great enough to overcome the results of neglect or lack of skill.

We are confident that, other things being equal, the different

methods under consideration will give results in accordance with

the conclusions which are given below,

Single-Stem vs. Three-Stem Training.

The single-stem training is clearly superior to three-stem train-

ing for winter forcing of tomatoes in this climate, both in the

amount of fruit ripened early in the season and in the yield on

equal areas. There is but slight difference in the average size

of fruit produced but on the whole the fruit on single-stem plants

seems to average slightly larger than that on three-stem plants.

Plants Benched in Pots vs. Plants Benched not in Pots.

Plants kept in small pots and plunged in soil on the bench

as compared with similar plants taken from the pots and trans-

planted to the bench sometimes show slightly more satisfactory

results when the plants are trained to single-stem. When the

plants are trained to three-stems, keeping them in small pots as

just described seems to be a disadvantage.



Plate IX.—From Photographs of a Diseased Tomato.





V. NOTE OK A TOMATO DISEASE.

S. A. BEACH.

A peculiar disease of the tomato, the cause of which is not

well understood, has occurred in the forcing house at this Sta-

tion. Tomatoes which were attacked by what is apparently the

same disease have also been found in other greenhouses. Speci-

mens of the diseased fruit were furnished Mr. Stewart, the Sta-

tion Mycologist, at Jamaica, N. Y., who has prepared from them

the following description of the disease:

This disease has the general characters of the so-called black

rot of field grown tomatoes, which attacks the blossom end of the

early fruits and which is supposed to be caused by the fungus,

Macrosporium. tomato, Cke. It begins as a slightly depressed,

circular, brown »pot which gradually enlarges, retaining its cir-

cular form, until it frequently coverj^ as mucli as one half of

the entire surface of the tomato. See Plate IX. In the great

majority of cases the spot originates at the blossom end of the

fruit, but it may originate at any point on the fruit. In color,

the spots are at first brown; later, they become brownish black

or greenish black and are bounded by a conspicuous double ring

of light brown. In texture, the diseased tissue is leathery and

dry with the surface usually smooth and glassy but sometimes

wrinkled and velvety. The diseased portion shrivels so much

that the fruit becomes much flattened on that side. The bound-

ary line between the healthy and diseased tissue is definitely

marked. Inside, the tissues are blackened for a considerable

distance below the surface and there is somewhat less than the

normal amount of moisture.

It occurred most frequently on the early fruits of rapidly grow-

ing plants but continued to appear to some extent throughout

the season. The fruits are attacked in all stages of development,

•Partial reprint of Bulletin No. 125.
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but, as observed in the forcing houses at this Station, there are

no indications that either the stem or the leaves are attacked by

the disease.

The remarkable feature of this rot is the total absence of

fungus hyphse from the tissues of the fruits in the early stages

of the disease. Neither is there, at this time, any species of bac-

terium very abundant. Micrococci in zoogloea may be frequently

seen but not in large numbers. Old specimens often show

species of Fusa.rium and Penicillium and various bacteria. Frag-

ments of diseased tissue were taken, with sterilized instruments,

from the interior of fruits recently attacked by the disease, and

cultivated on neutral agar in Petri dishes. Nothing developed

in any of these cultures. A Petri-dish culture on agar acidified

with malic acid, likewise, gave negative results. If any organism

is connected with this disease it is one which does not grow

readily on agar.



Vr. .STRAWBEKKIES IX 1807/

WENDELL PADDOCK.

SUMMAET.
The Station has no more plants of the Hunn for distribution.

Of strawberries in- one-year beds Beder Wood was the most
productive early berry. It is also a satisfactory general purpose
rariety as it took second rank as to yield among the kinds that
were fruited in oiie-year beds. Marshall is worthy of a trial for

fancy fruit. Glen Mary was the most productive berry and pro-

duced the largest late yield.

Xone of the strawberries in two-year beds succeeded more
than moderately well, owing no doubt, to winter injury and an
unfavorable growing season. Earliest produced the largest early

yield while Robinson was the most productive and gave the
largest late yield.

IXTRODUCTIOX.
The soil at the Station gardens is not well adapted to straw-

berry culture as it is composed of a stiff clay loam. Such soil

is particularly hard to work in a wet season as some little time
must elapse after each rain before the ground is in a condition to

be worked. In the meantime weeds grow apace and if great
care is not exercised to star-t the cultivator at the right time a
crust soon forms and the soil becomes hard and compact. When
such conditions arise the ground can only be gotten in good con-

dition by cultivating at the proper time after another rain. The
amount of rainfall at Geneva during a portion of the spring was
rather large and considerable difficulty was experienced in keep-

ing the soil in good tilth and in subduing the weeds.

The strawberries are grown in matted rows. As soon as the

ground is lightly frozen in early winter the -beds are mulched.

Last winter coarse stable manure was used which had not be-

come well rotted and which became more or less frozen before it

•Reprint of Bulletin No. 127.
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was distributed oyer the beds. The result was that the plants

were killed here and there in the rows in places where the frozen

lumps chanced to fall.

The strawberry crop was not as satisfactory as could be desired

owing in part to the conditions that have been described above.

Not only were the yields of some varieties low but in many cases

the berries were smaller in size than they should have been.

These facts should be taken into consideration when the records

of yields that are given in the following pages are consulted.

The blossoms of the strawberry are either pistillate, imper-

fectly staminate or staminate. The pistillate flowers are im-

perfect in their development in that they produce no pollen and

are therefore incapable of setting fruit when planted by them-

selves. The imperfectly staminate flowers produce a small

amount of pollen but not enough to enable them to set fruit satis-

factorily; for our purpose varieties that have such flowers may

be classed with the pistillate berries. The so-called staminate

flowers are perfect in their development and so produce pollen.

Accordingly varieties that have staminate flowers are able to set

fruit when planted by themselves as well as to furnish a supply

of pollen for the pistillate varieties. When pistillate varieties

are planted it is very important that staminate varieties that

blossom at the same time be planted with them. It is the custom

with some growers to put a staminate variety in every third or

fourth place in the row with the pistillate kinds. It is no doubt

a better plan to plant every third row to a staminate variety as

this arrangement admits of the different varieties being picked

separately. Insects may be depended on to distribute the pollen.

In the description of varieties the letter P following the name

of a variety indicates that it bears pistillate blossoms and needs

to be planted near staminate kinds. The staminate varieties are

indicated by the letter S following the name.

Of the newer varieties only a few were fruited on the station

grounds this season. These have been described in full. Others

of the more common kinds have been briefly mentioned; more

complete descriptions may be had by consulting former bulletins

and reports of this Station. In all cases where the name of the

person from whom a certain variety was obtained is not given it

is to be presumed that plants can be obtained of or through any
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reliable dealer. The varieties that fruited in one-year-old beds

are discussed first after which the kinds that were grown in two-

year beds are considered.

NOTES ON VARIETIES.

The Huxx Strawberry.

As we still receive requests for plants of the Hunn strawberry

it seems desirable to state that the Station has no more jjlants

of this or other varieties of strawberries for distribution.

Before deciding to name and disseminate the variety it was

thought best to test it in another portion of the State. Accord-

ingly plants were sent to Mr. W. D. Barns, Middle Hope, N. Y.

In the season of 189G Mr. Barns was able to market some of the

fruit, when it proved to be a very satisfactory late market berry.

His report was published in. Bulletin No. 109 of this Station. In

the season of 1897 the variety was even more satisfactory. Con-

cerning it Mr. Barns writes: *' It is a matter of congratulation

that under peculiarly unfavorable circumstances it has shown

itself the most valuable strawberry we have."

Plants of the Hunn were first sent out by the Station in the

fall of 1895 and a second distribution was made in the spring of

1897. Persons who secured plants when the first distribution

was made should have quite a stock of plants by this time, there-

fore, if the variety succeeds it will soon become quite common.

Under the terms of the contract entered into with Mr. Barns he

will be at liberty to dispose of plants in the spring of 1898.

It is too much to expect that any one variety of strawberry

will succeed equally well in all locations. In fact the force of

evidence and trend of opinion point to the conclusion that certain

varieties will be restricted more and more to special localities.

If then the Hunn succeeds in a comparatively few sections of the

State we will feel that it has not been a mistake to disseminate

the variety.

Varieties ix Oxe-year-old Beds.

Beauty, P. From J. H. Haynes, Delphi, Ind. Berry medium
size, attractive scarlet color, good quality, moderately productive.

Blossoms with Beder Wood.
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Beder Wood, S. A productive, early berry of medium size

and good quality. Succeeds where many varieties fail.

Canada Wilson, S. From Birdseye and Son, Hopewell, N. T.

Very similar to the old Wilson.

Clarence, S. {Thompson No. 101.) From Thompsons Sons. Rio

Tista, Ta. Fruit above medium, scarlet color, good quality.

Moderately productive.

Columbian, S. From W. F. Allen, Salisbury, Md. Fruit me-

dium or below in size. Unproductive in this locality.

Eleanor, S. From Thompson's Sons, Rio Tista, Ta. Fruit

medium or above, good color and quality. Not very productive,

but worthy of a trial on account of its earliness.

Enormous. P. From Thompson's Sons, Rio Tista, Ta. Blos-

soms with Beder Wood. Fruit large to very large, bright scarlet

color, good quality. Banks fourth in productiveness among vari-

eties that were fruited in one-year-old beds. Worthy of a trial

on account of size, color and productiveness.

Gandy, S. Well known in many localities as a profitable late

variety. It does not succeed in some locations.

Giant, S. FrotJi W. 7. Telie, Marlboro, N. Y. Plants vigorous

and productive of large fruits. The berries are soft and of a

light color, therefore the variety cannot be recommended as a

market berry.

Glen Mary, S. From W. F. Allen, Salisbury, Md. Sharpless

type. Foliage healthy, leaves large with tall leaf stalks, runners

moderately abundant, fruit-stems long, prostrate. Fruit large

to very large, rather irregular in shape, good scarlet color. The

most productive vaiiety that fruited on the Station grounds in

1897. lEecommended for trial on account of health, vigor and

productiveness of the plants and the size and appearance of the

berries.

Greenville, P. A satisfactory berry in many localities.

Sharpless type. Blossoms with Sharpless.

Haverland, P. A standard variety. Fruits large, long conic,

showy scarlet color.
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Hersey, S. From S. Hersci/, Hingliauu Mass. Fruit small to

medium, light scarlet color, firm, fair quality. Unproductive this

season.

Htcll No. 3, S. From E. J. Hull, Oh/pJiant, Pa. Fruit large,

light scarlet color, moderately firm, moderately productive.

Maple Bank,, P. From E. B. Stevenson, Loicville, Canada. Blos-

soms with Sharpless. Fruit medium size, scarlet color, firm.

Not productive this season.

Marshall, S. Does not succeed in many localities; where it

does well it is very satisfactory. Fruit of largest size, dark scar-

let color, good quality, firm. Recommended for trial where the

best of culture can be given.

Mary, P. Plants strong but make few runners. Fruit very

large but irregular and rough, moderately productive. Blossoms

with Sharpless.

Michel, S. First early, fruit medium size, unproductive. Of

value where very early fruit is desired.

Middlefield, P. A good variety for home use; has been only

moderately productive on our grounds. Blossoms with Sharpless.

Murray, P. Fi'om Thompson's Sons, Rio Vista. Ya. Fruit

medium to large, dark scarlet color. Unproductive on our soil.

Blossoms with Beder Wood.

Omega, P. From TJiompson''s Sons, Rio Tlsta, Ta. Moderately

productive. Fruit large, light scarlet color. Blossoms with

Sharpless.

Robinson, S. From Thompson's Sons, Rio Tista, Ta. Fruit

medium to large, scarlet color, good quality. Ranks fifth in pro-

ductiveness this season among varieties that were fruited in one-

year-old beds.

Thompson, S. (Lady Thompson.) Has proven a failure on our

soil. Fruit medium size, light scarlet color, unproductive.

Thompson No. 100, S. Fi'om Thompson's Sons, Rio Vista, Va.

Fruit medium size, good, scarlet color. Unproductive this season.

Vera, P. From E. B. Stevenson, Loicville, Ontario. Canada.

Foliage moderately vigorous, runners abundant, fruit stems
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medium, prostrate. Fruit medium size, conical, scarlet color,

moderately firm, quality good. Ranks seventli in productiveness

among varieties that were fruited in one-year-old beds. Blossoms

witli Sliarpless.

Williams, S. From EUicangcr d- Barrif. Rochester, X. T. Fruit

medium to large, ratlier soft, fair in quality, moderately pro-

ductive.

Tablk I. — List of Strawberries Fruited ix Oxe-Year-Old Beds, with

A Comparative Statement of the Early and Late Yield of Each
Variety.

Sauk
as to
yield,
1897.

XAME OF VARIETY.
Yield of
66 square

feet.

Oiiu'-es.

Glen Mai V 544^
BederWi^oa 401
Haverland

'

238
Enormous 240
Kol.insou 227i
Vera

: 217i
]{.aii^v 212i
Caoada ^Yilson 208i
Omeica 204^
Giant 191
Williams..-, 188^
Marsball 184i
Clarence 182i
BitUXo.3 178
Greenville 172
Sherman 158
Marv 157

Thompson So. 100 150
Gamly 148
Eleanor l 135

Thompson Lady Thompson 127

Sharpless
I

12.3

Mnrrav 1
122^

Hersev
I

122

Maple Bai.k i 118

Mi.hllefield
'

104

Columbian !
102

Michel
' 80

Per rent
|

Per cent
ot crop

I

of crop
picked picked
before after

June 25. Julv 5.

Early Varieties in One-year-old Beds.

The date of the beginning of mid-season of strawberries in this

locality for the season of 1897 may properly be assumed to be

June 2.5. Bv referring to Table I we find that six varieties yielded
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a fiitb or more of their cioij before this date. These varieties may

be r-alled earlv for this season. Thev are I'iven below in Table II.

Tahle II.—Early Varieties Kankeu According to Yield Before June 25.

NAME OF VAKIETr.
| ^',^^[4''*



280 Report of the Horticulturist op the

Glen Mary was the most productive variety on our grounds

this season. This fact together with its hirge per cent of late

yield, its large fruit and vigorous, healthy foliage will recom-

mend it for further trial. Beauty is only moderately productive

but of excellent quality. Giant is of large size and moderately

productive but of light color and soft. Gandy is the standard

late variety in many sections. It does not succeed in all locali-

ties, Robinson is fairly productive. The berries are of medium

size and good quality. Clarence and Hull No. 3 are no improve-

ment on better known varieties.

Varieties in Two-year-old Beds.

Table No. IV— List op Strawberries Fruited in Two-Year-Old Beds,

with a Comparative Statement ob^ the Early and Late Yield op

Each Variety.

name of variety.

Robiusoii
See No. 4
Omega
Thompson
Bissell

Euonnoiis
See No. 5
Slaymaker No. 9.

See No. 3
Tubbs
Clarence
Parker Earle
mdlNo.3
William Belt
Staples
Mary
Earliest .

Murray
Maple Bank
Beecber
Hersey
Eleanor
Margaret
TJiompson No. 100
Canada Wilson...
Columbian
Slaymaker No. 8.

Allen ,

Oiiccca.

286
214
200
199^.

187
175
162
161
185
148
147
134
127
124
101
100
97
95
93
83
83
72
72
66
52
46
35m
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Early Varieties in Two-year-old Beds.

Again assuming that June 25th was the beginning of mid-

f:eason for this locality, Table IV shows that six varieties ripened

more than a fourth of their crop before this date. These varie-

ties may be called early for this season.

Table V Eaelt Varieties Fruited in Two-Year-Old Beds Eanked
According to Yield Before June 25.

name of variety.

Earliest
Staples
Margaret
Thompson Xo. 100,

Eleanor
SlaymaJcer Xo. 8 ..

Date of first

picking.

Jiuie 16
June 16

June 21
June 21
June 18
June 23

Yield before
Juno 25.

Ounces.

73
40
26
23
18
7

Total vield,

1897.

nices.

97
102
72

Rank as to

total yield,

1897.

Earliest closely resembles Michel of which it is a seedling.

Staples did not do well in a two-year-old bed as the plants lacked

vigor; but it is worthy of a trial as an early sort. Margaret is

not adapted to our stiff soil as the plants have not done well in

either one or two-year-old beds. Thompson No. 100 was unsatis-

factory in a two-year-old bed as were also Eleanor and SlaymaTcer

No. 8. A part of the failui-e of the varieties in two yea.r-old beds

was no doubt due to winter injury as has been explained above.

Late Varieties in Two-year-old Beds.

Table IV shows that seven varieties yielded over a fourth of

their crop after July 5th, therefore these may be called late for

this season. i

,

Table YI.—Late Varieties Fruited in Two-Year-Old Beds Ranked
According to Yield After July 5.

NAME OF variety.

Robinson
Omega
Bissel
Mary
Slaymaker Xo. 9
Clarence {Tliomj^son Xo. 101)
"William Belt

Date of last

picking.

Julv 9
Jui^
Julj
Jnh
Juh
Jnl'v 9
Julv 9

7
9

9

V 6

Y'ield after
July 5.

Outces.
114

14
45
38
35
33
29

Total yield,

1897.

t)inice.^.

286
200
187
100
161
U7
124

Rank as to
total yield,

1897.
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Robinson, Omega, Mary and Clarence have been mentioned

under varieties that fruited in one-year-old beds. Bissel stood

first in productiveness amonj^ varieties that fruited in one-year-

old beds in 1896. This season it takes fifth place in productive-

ness among varieties that were fruited in two-year-beds. The

fruit is medium size, good color and moderately firm.

Blaymaker A^o. 9, from Slaymaker & Son, Dover, Del., bears

fruit large in size but rather light in color and low in quality.

It is no improvement over known sorts.

William Belt received favorable mention last season. This

season it takes a low rank because of the severe winter injury

that the plants sustained.

LIST OF STRAWBERRIES RECEIVED IN 1897.

Bahcock No. 4- From D. W. Babcock, Cromwell, Conn.

Bismark. From L. J. Farmer, Pulaski, N. Y.

Bouncer. From L. J. Farmer, Pulaski, N. Y.

Bryant, From Birdseye & Son, Hopewell, N. Y.

Bubach Seedling. From W. E. Doxie, Waippinger Falls, N. Y.

Carrie. From L. J. Farmer, Pulaski, N. Y.

Clyde. From L. J. Farmer, Pulaski, N. Y,

Cumherland Triumph Seedling. From W. E. Doxie, Wappiu-

ger Falls, N. Y.

Evans. From Slaymaker & Son, Dover, Del.

Fred. Stahelin. From F. C. Stahelin, Bridgman, Mich.

Gertrude. From W. F. Allen, Salisbury, Md.

Hall Favorite. From L. J. Farmer, Pulaski, N. Y.

Holland. From L. J. Farmer, Pulaski, N. Y.

Isabella. From J. H. Hale, South Glastonbury, Conn.

Jersey Market. From L. J. Farmer, Pulaski, N. Y.

Leader. From J. H. Hale, South Glastonbury, Conn.

Lovett Seedling. From W. E. Doxie, Wappinger Falls, N. Y.

Michigan. From L. J. Farmer, Pulaski, N. Y.

More Favorite. From C. J. More, Jamestown, N. Y.

Morgan No. 1. From J. A. Morgan, Scottsville, N. Y.

Noland. From J. P. Noland, Peninsula, Ohio.
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Ocean City. From Slaymaker & Son, Dover, Del.

Ridgeway. From L. J. Farmer, Pulaski, N. Y.

Rural Gem. From J. H. Pease & Son, Thompsonville, Conn.

Sample. From C. S. Pratt, Reading, ilass.

Seaford. From L. J. Farmer, Pulaski, N. Y.

Stenger No. 1. From B. F. Stenger, Cbarlottsville, Ind.

mengcr No. 2. From B. F. Stenger, Cbarlottsville, Ind.

Tennyson. From Harrison's Nurseries, Berlin, Md.



YIL YAEIETY TESTS AVITH RASPBEERIES,
BLACKBERRIES AND DEWBERRIES/^^

WENDELL PADDOCK.

SUMMARY.

PoscJiarsky No. 15 takes first rank among black raspberries both

as to total yield and the amount of fruit produced early in the

season. Palmer has a long season as it is classed with both early

and late berries. Bahcock No. 5 and Mills were the two most pro-

ductive late berries.

Of red raspberries, Pomona gave the lairgest early yield and

ranks second in productiveness. Cline ripens most of the crop

In a few days and, as is usual with very early berries, is unpro-

ductive. Kenyou and Olathe were the most satisfactory late red

raspberries. Of the mid-season varieties Loudon, Cuthbert and

King deserve special mention.

Shaffer and Columbian are as yet the two standard varieties

€f purple raspberries.

Of blackberries, Dorchester, Success, New Rochelle and Stone

Hardy were the most productive in 1897. Dorchester' and New
Rochelle have not always been hardy here. Early King produced

the largest early yield.

Lucretia is as yet the only dewberry of importance in this

section.

INTRODUCTION.

The stiif clay loam of the Station gardens is not well adapted

to small fruit culture, but raspberries and blackberries succeed

much better than strawberries. Early in the season the ground

between the rows was plowed to a depth of about three inches

with a one-horse plow. This effectually loosened the surface soil

as could be seen by comparison with adjacent land that had not

been plowed. The influence of the plowing could be noticed as

long as cultivation was continued. After plowing the ground

Reprint of Bulletin No. 128.
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was smoothed with the cultivator and an endeavor was made
to keep the soil from becoming compact by giving frequent

cultivation.

Nearly all varieties came through the winter in good condition

and set a full crop of fruit. The dewberries alone received winter
protection which was given them by throwing a few shovelfuls

of earth on the prostrate vines. Abundant rains when the fruit

was ripening brought all the berries to maturity and thus it

happens that some of the varieties that have not usually done
well on our grounds make a good showing in the following

tables.

Descriptive notes are given of some of the newer kinds and the
older sorts have in some cases been briefly mentioned. In all

cases where the source from which the plants were obtained is

not given it is supposed that such varieties may be had of any
reliable dealer.

BLACK RASPBERRIES.

Xotes ox Varieties.

Bahcock No. 3. From D. W. Babcock, Cromwell, Conn. An at-

tractive, large berry but only moderately productive on our soil.

Bahcock No. 5. From D. W. Bahcock, CromiceU, Conn. While
the fruit is not quite as large as Xo. 3, it has been much more
productive. It takes second rank this season. Both of the Bab-
cock seedlings make a good showing among the late varieties as
may be seen by consulting Table I. For this reason both are
considered worthy of testing.

Black Diamond. From C. W. Steifart, Newark, N. Y. Fruit
large with medium grains, good black color, firm, good quality
and will evidently be productive. Its season is about with Gregg.
A promising variety.

Eureka. A standard variety in many localities. It has a long
season which extends from medium early to medium late.

Hopkins. From A. 21. Purely, Palmyra, N. Y. An early berry
of large size but only moderately productive here.

Lawrence. From A. H. Griesa, Lawrence, Kansas. Fruit very
large, moderately firm, good color and quality; evidently produc-
tive. Season a little later than Eureka. Worthy of further
testing.
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Mills. From C. Mills, Fairmount, N. T. This variety has been

favorably reported on in former reports of this Station. The

fruit is of medium size and good quality. It stands third in pro-

ductiveness this season.

Onondaga. From G. Mills, Fairmount, N. Y. Fruit large,

attractive, good quality. It was only moderately productive this

season.

Palmer. From C. Mills, Fairmount, N. T. A standard variety

in many places.

Progress. From D. B. Garvin & Son, Wheeling, W. Va. Berries

medium size, good black color and moderately firm. It ranks

fourth in productiveness this season.

Poscharsky Seedlings. From F. W. Poscliarslcy, Princeton, III.

Neither No. 3 nor No. 9 are any improvement over better known

sorts. No. 15 ranks first in productiveness and in the amount of

fruit produced early. The fruit is medium to large, firm, some-

what seedy, sweet and of very good quality. Where very early

berries are desired this variety will be worthy of a trial.

Townsenil No. 2. From G. Townsend, Gordon, 0. Fruit medium

to large, very good quality. It ranks sixth in productiveness this

season.

Table No. I.— List of Black Raspberries Fruited in 1897 with a Com-

TARATiVE Statement of the Percentage of Early and Late Yield

OF Each Variety.

2"

"Pi

1
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Early Black EAsrsERRiES.

The mid-season of black raspberries for 1897 may be regarded

as extending- from July 17 to July 23. Those varieties that

rii)eued a fourth or more of their crop before July 17 may be

called early for this season. Table I shows five such varieties.

These are arranged below in Table II.

Ta1!LK il Early Black Kasi'berries Arranged According to Their

Yield JiEFORE July 17.

NAME OF variety.

Poscharsly Xo. 15

Poscliarshy So. 3

Palmer.
Hopkius
rosch arskif So. 9

Date of first

jiickiug.

July
July
July
Jiilv

July

Yield bf fore
July 17.

On nets.

193
100
80
69
69

Total yield.

OuM'^ea.

46G

285
216
186

Rank as t

total yield.

Poscharsky No. 15 has made a good record this season. It is

remarkable in that it gives the largest total yield as well as the

largest early yield. PoscJiarski/ Nos. 3 and 9 are no improvement

on better known sorts. I*almer is a well known early variety.

Hopkins bears fruit of good size but is not productive enough on

our soil to compare favorably with better known sorts.

Late Black Raspberries.

Assuming that mid-season ended on July 23 all varieties that

ripened a fourth or more of their crop after this date may be

called late for this season. Table I shows six such varieties.

These are arranged below in the order of their yield after July 23.

Table III.— Late Black Raspberries Arranged According to Their

Yield After July 23.

name of variety.
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Bahcock No. 5 and Mills can safely he recommended for trial.

Palmer and Onondaga have not usually been as productive on

our soil as they have elsewhere. However they are standard

varieties in some localities.

RED RASPBERRIES.

Table IV. — List of Red Raspberries Fruited in 1897, with a Compara-

tive Statement of the Percentage of Early and Late Yields of

Each Variety.

2

1

a
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Table v.— Early Rfd Raspbebries Arranged According to Their Yield

Before July 16.

NAME OF VARIETY.
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Mid Season Varieties.

Loudon, from C. A. Green, Rochester, N. Y., ranks first in yield

this season among the red raspberries. It has a long fruiting

season and gives a good late yield, though the percentage of late

yield is not as large as some others. The fruit resembles the

Marlboro; the plants are vigorous and have been perfectly hardy

here thus far. Cuthbert is one of the standard red raspberries

and is perhaps more grown than any other red variety. It is not

firm enough to ship long distances.

King, from Cleveland Nursery Co., Rio Vista, Va., bears fruit

of large, fine, bright color, firm, good quality; plants vigorous

and hardy. It ranks fourth in productiveness among all the red

raspberries that fruited this season.

PURPLE RASPBERRIES.

Table VII.

—

List of Purple Easpberries Fkuited ix 1897, with a Com-
parative Statement of the Percentage of Early and Late Yield

OP Each Variety,

NAME OF VARIETV.

Smith Purple
Shatter
Addison
Columbian. ..

Teletaugh....
Beckwith
Redfield
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Shaffer and Columbian have been the most satisfactory purple

berries. There seems to be but little difference in productiveness

between the two.

Teletaugh, from J. F. Street, West Middletown, Ind., is a new

comer and has not been sufficiently tested to decide as to its

merits. The berries are large, dark purple with an abundance of

bloom that gives them a mouldy appearance. The fruit is firm

and rather tart. Its season is somewhat earlier than Shaffer or

Columbian.
BLACKBERRIES.

Table VIII.

—

Yield of Blackberries in 1897.

NAME or VARIETY.

Dorcbester
Success
New Rochelle
Stone Hardy
Early Mammoth .

Agawam
Erie
Western Triumph
Ford Xo. 1

Woodland
Ancient Briton...
Early King
Lovett
Wilson, Jr
Sandford
Black Chief
Early Harvest . ..

Child Tree
Fruitland

1893
1892
1893
1893
1892
1893
1893
1895
1892
1892
1893
1892
1893
1893
1894
1893
1895
1894
1892

Ounces.
755
606
589
588
528
467
443
438
408
371
352
330
317
211
195
187
170
122
71

In marketable
conditiou.

Jnly 26
July 30
July 26
Aug. 9
July 28
July 28
Jnl'y 30
Aug. 2

Aug. 7
Jnlv30
Aug. 2

July 30
Aug. 7
July 23
Aug. 9

Aug. 7

July 15

July 26
Aug. 12

to Sept. 2
to Sept. 7
to Sept. 2
to Sept. 2

to Aug. 30
to Aug. 30
to Aug. 7

to Aug. 30
to Sept. 7

to Sept. 2

to Aug. 30
to Sept. 7

to Aug. 30
to Aug, 30
to Aug. 30
to Sept. 7
to Aug. 17
to Aug. 21

to Aug. 30

2'?

Most of the blackberries came through the winter uninjured by

the cold. On this account some of the varieties take a high rank

in yield that have not heretofore been productive here.

Dorchester is a well known old variety. It has not always

been hardy here.

Success, from L. W. Carr and Co., Erie, Pa., received favorable

notice in our report for 1896 and this season it takes second rank

in yield. The berries are of medium size with medium grains

and small core; quality good.
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New Rochelle (Laicton), is a well known old sort. It is one of

the finest of blackberries when grown at its best but the plants

are not hardy enough to be reliable in this locality.

Stone Hardy ranked second in yield last season and takes

fourth place this year. The fruit is of medium size and good

quality.

Early Mammoth, from Cleveland Nursery Co., Rio Viista, Va.^

is said to be a hybrid between the blackberry and dewberry.

The fruit varies from the largest size to small, imperfect berries.

The plants are not usually hardy here.

Agawam is a well known variety. The plants are quite hardy

in this locality. The fruit is of medium .size and good quality.

Erie is an old variety. It has not been as productive here as

some others.

Ancient Briton took first rank in yield last year which may

account in part for its low place this season. This has been

regarded as one of the most reliable varieties. The fruit is of

medium size.

Early King, from Ellwanger & Barry gave the largest early

yield and its total yield was satisfactory for such an early sort.

The canes are of medium size and the plants are vigorous. Fruit

medium size, good quality.

Wilson Jr. belongs in the same class with Early Mammoth and

resembles that variety in bush and fruit. They both need winter

protection in this locality.

Early Harvest has been quite satisfactory in former years as

an extra early variety. Last season fully established plants took

third rank as to yield. The berries are of medium size and good

quality.

DEWBERRIES.

Table IX.— Yield op Dewberries in 1897.

Rank as
to yield, 1897.
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So far as tested here Lucretia is the only satisfactory dewberry.

Austin Improved did not come up to our expectations this season.

The berries were imperfect and sour.

LIST OF RASPBERRIES RECEIVED IN 1897.

Bishop. From B. F. Smith, Lawrence, Kansas.

Cumberland. From U. Miller, Camp Hill, Pa.

Egyptian. From B. F. Smith, Lawrence, Kansas.

Great American. From J. L. Childs, Floral Park, N. Y.

Highland Hardy. From S. D. Willard, Geneva, N. Y.

Hunger. From W. N. Scarff, New Carlisle, Ohio.

New Cardinal. From A. H. Griesa, Lawrence, Kansas.

Perpetual King. From C. J. More, Jamestown, N. Y.

LIST OF BLACKBERRIES RECEIVED IN 1897.

Clark. From M. Crawford, Cuyahoga Falls, Ohio.

Rathbun. From Fred E. Young, Rochester, N. Y.



VIII. RESULTS AVITH OATiSMUT IN 1897.^^

C. p. CLOSE.

SUMMARY.

In the experiments conducted by the cauthor in 1897 Ceres

powder, lysol, formalin and potassium sulphide were compared

with the Jensen hot water treatment for the prevention of oat

smut.

Sprinkling the seed with a 1 per rent solution either of lysol or

formalin entirely prevented smut. The seed which was sprinkled

with solution of potassium sulphide varying in strength from

1 per cent to 5 per cent gave from 0.6 per cent to 1 per cent of

smutted heads. Ceres powder used in the same strength was

even less effective, as the seed treated with it gave from 1 per

cent to 2.9 per cent of smutted heads.

In the experiments in soaking seed, the treatments which en-

tirely prevented smut are: 0.3 per cent lysol, seed soaked 1 hour;

0.2 per cent formalin, seed soaked 1 hour; 2 per cent potassium

sulphide, seed soaked 1.5 hours; and 4 per cent Ceres powder,

seed soaked 0.5 hour.

The hot water treatment kept the crop w^holly free from smut.

None of the above treatments injured the seed.

For sprinkling one bushel of seed one gallon of the solution

is required. A gallon of 1 per cent solution of lysol costs 5

cents. The same amonnt of 1 per cent formalin solution will

cost 4 cents.

In soaking a bushel of oats one hour about one and four-fifths

gallons of solution will be absorbed. This amount of 0.3 per cent

lysol solution will cost 2.7 cents, a like amount of 0.2 per cent

formalin solution will cost 1.4 cents, of 2 per cent potassium sul-

phide 5.4 cents and of 4 per cent Ceres powder 39.6 cents.

•Reprint of BuHetin No. 131.
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Ljsol sells for about 65 cents per pint; formalin for about 50

cents per pint; potassium sulphide for 18 cents per pound; and

Ceres powder in bottles of 2.2 lbs for $1.50.

The Jensen hot water treatment consists in soaking the seed

for a given time in water at a certain temperature, 133° for 10

minutes being usually recommended.

Sprinkling is done by applying the solution with a sprinkling

pot and shoveling the pile over until all the seed is saturated.

Smut is a parasitic plant which grows inside of the stalks of

oats. The black masses which appear in the heads of oats are

the spores, or seeds, by which the smut is propagated.

Oats attacked by smut are usually dwarfed, and often weak-

ened so much that many stalks never head out.

The following table shows cost per bushel of seed for chemi-

cals in the least expensive successful treatments.

Cost of Chemicals for Prevention of Oat Smut.
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temperature for a given time, many have the idea that the opera-

tion is too complicated, therefore the remedy has not come into

general use.

Soaking or sprinkling the seed with some solution may be

considered a simpler process, and should it prove to be equally

as effective, wonld probably become popular more rapidly thaji

the hot-water treatment. Prof. Jensen has lately been advo-

cating a remedy, Ceres powder, to be used in this way. This

substance is reported as giving excellent results in some parts

of Europe, and has received favorable mention in this country

by Kellerman.* A bureau has been opened in Chicago to ad-

vertise Ceres powder and push its sale. Since this remedy is

thus being brought to public notice in this country it was de-

cided to test it here and to compare it with other remedies for

oat smut. The other remedies which were tried were hot water,

formalin, potassium sulphide and lysol.

So far as known to the writer, lysol has not before been used

as a preventive of smut. In these experiments, as will be shown

later, it has given excellent results. Formalinf and potassium

sulphidef have been tried before with varying success, according

to the strengths used.

In order to give the different remedies a thorough test, some

of the treatments which were tried on the Station farm

were duplicated on larger areas under different environment

in another part of the State. The details of the work will ac-

cordingly be considered under two heads: (1) Experiments at the

Station and (2) experiments at Trumansburg.

EXPERIMENTS AT THE STATION.

A piece of ground that would give conditions as nearly uni-

form as possible was selected for this purpose. This was divided

into plats twenty feet long, each of which contained three rows,

one foot of space between the rows and one and one-half feet

•Report of Society for the Promotion of Agricultural Science, 1896; p. 64.

tBolley, H. L., N. Dak. Exp. Sta. Bui. No. 27, Kellerman, W. A., Proceedings of the

Society for the Promotion of Agricultural Science, 1S96; Kellerman, W. A., Kan. Exp.

Sta. Bui. No. 22; Wheeler, C. P., Mich. Institute Bui. No. 3; Year Book U. S. Dept.

Agr., 1896, p. 259.
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between the plats. Untreated plats were distributed so as to

form checks for each series of from three to six treated plats.

Four rows of untreated seed were sown at each end of the piece

so as to make the conditions of light, etc., of the end plats as

nearly like those of the center plats as possible.

Seeding of Plats.

Owing to heavy rains the seeding could not be done until

May 22 to 26, three weeks after the seed was treated. An equal

amount of seed was sown in each row. The seed oats used were

selected because of the abundance of smut they contained. This

fact gave assurance that the untreated seed used for checks would

produce at least an average amount of smut which could be used

as a basis of comparison for the treated plats.

Chemicals Used and Kind of Treatment.

Plats were sown with seed which had been sprinkled with 1, 2,

3, 4, 5 and 6 per cent solutions of lysol, 1, 2 and 3 per cent solu-

tions of formalin, and with 1, 2, 3, 4 and 5 per cent solutions of

potassium sulphide and of Ceres powder- Other plats were

seeded with oats which had been soakvd for 1, 2 and 3 hours in

solution's containing 1 part in 1,000 of lysol and of formalin, for

1 and 2 hours in 2 to 1,000 solutions and for 1 hour in solutions

of these same substances containing 3, 4, 5 and 6 parts in 1,000;

while the seed treated with potassium sulphide and Ceres pow-

der was soaked for 0.5, 1 and 1..5 hours in solutions of these ma-

terials containing 20 and 40 parts in 1,000.

Germination, Growth and Percentages of Smutted Heads.

Xo attempt was made to compare the yield of the different

plats, because the seeding was done so late in the spring that

the short growth and small heads were unsatisfactory for this

purpose. The percentage of smutted heads was determined by

counting the stalks. This was done at the time of harvesting,

August IG to 20. The different treatments, with their respective

germinations of seed, growth of plants and percentages of smutted

heads are given in the following table. The untreated plats are

considered normal in germination and growth.
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Eesults of Treatment of Seed Oats by Spkixklixg with Fuxgicides.

MATERIAL. Strenstli Smutted
of solution.

IjVSoI

Lysol
Lysol

Lysol

Lysol

Lysol

Per ceut.

1

2
3

Untreated

.

Formaliu.

.

Formalin.

.

Formaliu.

Untreated
Potassium sulpiride.

Potassium sulphide.
Potassium sulphide.
Potassium sulphide.
Potass iuiu sulphide.
Untreated
Ceres powder
Ceres powder
Ceres powder
Ceres powder
Ceres powder
Untreated

Per cent.

8.7
0.7
0.8
0.9
1.0
0.6
6.4
2.9
1.5
2.7
1.0
1.3
6.4

Germination and growth normal.
Germination and growth normal.
About two-thirds of the seed grew

;

it was slow in germinating but
the plants made a taller and
more stocky growth, were very
rusty, and much later in matur-
ing than where the seed was
treated with less lysol.

Less than one-fourth of the seed
grew and that gave plants like

the next above.
About one-twentieth of the seed
grew. It gave plants like those
in the 3 per cent treatment.

Only a few seeds grew ; the plants
were like those in the 3 per cent
treatment.

Germination and growth normal.
Very few seeds grew and two-

thirds of these did not produce
heads.

Even fewer seeds grew than in the
one next above and one-fourth
of these did not produce heads.

Germination and growth normal.
Geniiiuation and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.

Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination aufl growth normal.
Germination and growth normal.
Germination and growth normal.
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Results of Treatment op Seed Oats by Soaking in Fungicides

MATERIAL.
Strength
of 8oIa-
tiou.

Length
of

time.

Lysol
Lysol
Lysol
Lysol
Lysol
Lysol
Untreated
Lysol
Lysol
Lysol
Formalin
Formalin ,

Formalin
,

Untreated ,

Formalin
,

Formalin ,

Formalin
Formalin ,

Formalin ,

Formalin
Untreated

,

Potassium sul]3hide*.

Potassium sulphide.
Potassium sulphide.
Potassium sulphide.
Potassium sulphide.
Untreated
Ceres powder

Parts
in 1000.

1

2

Ceres powder.

Ceres powder.

,

Untreated
Ceres powder.

.

Ceres powder.

.

Ceres powder.

.

Untreated

20

20

20

20

0.5

1.5
0.5

1

1.5

0.5

1.5

0.5
1

1.5

Per
cent.

3.7
1.3

8
5.3
3.3
0.7
0.3
0.3

4.7
0.2

5.4
0.1

1.5
0.5

0.4

0.2
1.5

0.1
8.7

Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.

Germination
Germination
Gei-miuation
Germination
Germination
Germination
Germination
Germination
Germination
Germination
Germination
Germination
Germination

and
and
and
and
and
and
and
and
and
and
and
and
and

growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth

normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal,
normal.

About 25 per cent of seed failed

to grow
;
plants made normal

growth.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.

About 20 per cent of seed failed

to grow; plants made normal
growth.

About 20 per cent of seed failed

to grow; plants made normal
growth

Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.
Germination and growth normal.

' Record for plat from seed soaked one hour in potassium sulphide was
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What the Above Results Show.

With lysol.—The 1 per cent and 2 per cent solutions sprinkled

did not injure the seed and entirely prevented smut. The 3 per

cent solution sprinkled injured the seed so that one-third of it

did not germinate, while the plants from the other two-thirds

were stocky, very late in maturing and very rusty. Solutions

stronger than 3 per cent injured the seed more in proportion to

their increased strengths.

Soaking the seed for 1 hour with from 3 to 6 parts per 1,000

prevented the growth of smut, while untreated seed gave 8 to 10

per cent of smutted heads. When the seed was soaked in weaker

solution, the smutted heads varied from 0.7 per cent to 5.3 per

cent. None of the seed soaked in lysol solutions was injured.

With formalin.—The 1 per cent solution sprinkled on the seed

was effective and did not injure the seed. The 2 per cent solu-

tion, sprinkled, killed about 95 per cent of the seed and the 3 per

cent solution sprinkled killed even more than this. Two to six

parts per 1,000 on seed soaked one hour, and 2 parts per 1,000

on seed soaked two hours killed all smut spores without injuring

the seed. Weaker solutions gave from 0.3 per cent to 0.7 per

cent of smut, while untreated seed gave from 4.7 per cent to 8.7

per cent ol smut.

With potassium sulphide.—Seed sprinkled with from 1 per cent

to 5 per cent solution was not injured, but gave from 0.6 per cent

to 1 per cent of smut, while the untreated seed gave 6.4 per cent.

That soaked in a 2 per cent solution for 1.5 hours and in the 4

per cent solution from 0.5 to 1.5 hours prevented smut and caused

no injury to the seed.

With Ceres powder.—Seed treated by sprinkling with from 1

per cent to 5 per cent solutions gave from 1 per cent to 2.9 per

cent of smutted heads, but was not injured; the untreated seed

gave 6.4 per cent of smut. The 2 per cent treatments soaking

0.5 hour and 1 hour injured the seed about 20 per cent and gave

0.5 per cent, or less, of smutted heads. The seed soaked in a 2

per cent solution 1.5 hours gave 0.2 per cent smut; that soaked
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In a 4 per cent solution 1.5 hours gave 0.1 per cent and was not in-

jured. Tlie 4 per cent treatments, where seed was soaked 0.5 hour

and 1 hour, prevented smut without injuriuig the seed.

EXPERIMENTS AT TRUMANSBURG.

Since the experiments at the Station were of necessity con-

ducted on small plats, it was deemed advisable to duplicate a

few of them on a larger scale in a locality where the oat smut

was abundant the previous season. Accordingly, arrangements

were made with Messrs. King «fe Robinson, Trumansburg, Tomp-

kins county, by which a plat of two-sevenths of an acre was used

for each different treatment.

On April 13 the seed was treated by sprinkling in lots of one

bushel as follows:

Stkengtii of Fungicide Sprinkled on Oats.
Strength ot
solution.

Material. Per cent.

Ceres powder * 0.78

Potassium sulpliide 5

Potassium sulphide 3

Formaliu 5

Formaliu 3

Method of Treatment.

The oats were placed on the barn floor in piles of one bushel

each. The necessary amount of each chemical was put in one

gallon of water and was applied with a sprinkling pot. By spread-

ing the pile somewhat and alternately sprinkling and turning

the oats, each bushel was thoroughly saturated and absorbed

practically the whole gallon of the mixture. To dry them the

piles were spread and shoveled over occasionally for two or three

days.

Seeding and Growth.

The seed was drilled in April 21 at the rate of two and one-

fourth bushels per acre. Three check or untreated plats were

sown for the five treated plats. The seed treated with Ceres

This strength is at the rate of one ounce in one gallon of water, practically as per
directions of the manufacturers of Ceres powder, who recommended one' ounce of the
powder in one gallon of water sprinkled on 33% pounds of seed.
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powder and potassium sulphide germinated as well and made as

good growth as the untreated seed did. The experiment with

formalin was short and decisive. None of the seed germinated,

thus proving that the 5 per cent and 3 per cent solutions were

fatal to the seed. As soon as it was certain that this seed would

not grow, another bushel was given the hot-water treatment and

the plat seeded May 4, at the same rate per acre as before. This

made a fairly good growth, but rusted badly, due, no doubt, to-

late sowing. At the time of harvesting, August 3, the grain of

all the plats was flat upon the ground, having been broken down

by heavy rain and wind storms. The yields were undoubtedly

reduced a little by this condition, since lodged grain is diflSoult

to harvest, but as all of the plats were in the same condition the

yields are comparable.

Percentage, op Smut and Yield of Plats.

The percentage of smutted heads was obtained by selecting

representative parts of each plat and counting the stalks.

Treatment, Percentage of Smut and Yield per Acre of Oats.

material.
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while at the Station seed treated with the 5 per cent solution

gave 0.6 per cent. With the 3 per cent potassium sulphide solu-

tion the result at Truuiausburg is 1.4 per cent and at the Sta-

tion 0.9 per cent of smutted heads. These results show a slight

difference in favor of the work done at the Station. There was

also less smut on the untreated plats at the Station, 10 per

cent being the highest. At Trumansburg the untreated plats

gave 11.8 per cent of smutted heads.

COST OF MATERIALS.

Lysol.—This material can be purchased in small quantities

for about 65 cents per pound, or pint. In carboy lots it sells

for about 30 cents per pound.

The 1 per cent treatment, sprinkled, will cost about 5 c'lits

per bushel of seed.

In soaking the seed in a solution of 1 part in 1,000 the cost

is 0.5 cent per gallon of the solution.

Formalin.—Formalin and the '' 40 per cent Solution of

Formaldehyde Gas " are exactly the same material, but in pur-

chasing it is well to ask for the latter, because it is quoted much
lower in price than formalin.* The 40 per cent solution of

formaldehyde gas sells for about 50 cents per pound, or pint,

in small lots, and in carboy lots for about 30 cents per pound.

The material for one gallon of the 1 per cent solution costs 4

cents. A gallon of the solution 1 part in 1,000 costs 0.4 cent.

Potassium sulphide may be obtained for about 18 cents per

pound. A gallon of 1 per cent solution will cost a trifle less

than 1.5 cents. The same amount of solution 1 part in 1,000 will

cost less than 0.2 cent.

Ceres pou-der is put up in bottles holding one kilogram or

2.2 pounds. A single bottle sells for |1.50 and a lot of ten for

$10. The rate per ounce for single bottle is about 4.25 cents.

This is sufficient for one gallon of the solution necessary for

sprinkling one bushel of seed as advocated by the manufac-

turers. A gallon of the 1 per cent solution requires 1.28 ounces

and costs nearly 5.5 cents.

•De Schweinltz, E. A., Year Book U. S. Dept. Agr., 1896, p. 262.
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The cost of material for the least expensive treatments which

entirely prevented the smut is herewith given:

Cost of Fungicides for Pkevention of Oat Smut.
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necessary to sow about half a bushel* more per acre than when

untreated seed is used. This is on the basis of two and one-half

bushels per acre. Two men in one day can treat enough seed to

sow twenty acres.*

NOTES ON SMUT.

What Is It?

The so-called smut is a parasitic plant, that is, a plant which

feeds upon some other plant as a host, and grows upon, or inside

of it. It comes from a spore, which is comparable to a seed in

the higher plants, grows and produces fruit, with which to per-

petuate itself much the same as any other plant. The black

masses of smut so noticeable when the grain is ripening consist

of countless numbers of minute ripened spores, the fruit of the

parasitic plant. These spores are often blown from the oat-

head as soon as they ripen, thus leaving a naked stalk, but more

often, perhaps, they remain in black disagreeable masses.

How THE Smut Plant Grows.

Since the smut spores are microscopic in size a large number

may be attached to the kernels without being noticed. In this

way they are unayoidably sown with the oats in the spring.

While the oats are germinating and growing the smut spores are

doing the same thing, only in a little different way. Each germ-

inating spore sends out a minute tube which penetrates the little

oat plant when it is perhaps from two to four days old. After

entering the oat plant the minute tube develops into branching

• threads, which grow up within the plant. There is no evidence

of their presence until the heads are forming, but at this time

the kernels of oats are filled with these branching threads which

rob them of their nourishment and ripen myrids of new spores.

Thus, what should have been a head of oats turns out to be a

worse than worthless mass of dusty spores. It sometimes hap-

pens that only a i)art of the head or i>anicle is thus affected and

the stalks from each stool may or may not all be attacked by the

parasite.

•Holden, P. G., Mich. Exp. Station Bui. 87.

20
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Growth of Smutted Oat-plants.

Since the smut parasite robs its host, the growing oat-plant,

of much nourishment, the hitter is naturally much weakened,

and onl}- a part of the smutted plants attain the average height

of healthy ones. The others are dwarfed more or less and often

to such an extent that they grow only a few inches high. A
large number of diseased plants, especially those much dwarfed,

are so weakened that they cannot push their panicles, or heads,

out of the sheath of the upper leaf. Upon opening these closed

heads they are found to be full of smut masses. Thus it is that

the casual observer sees only the high smut and concludes that

the crop is only slightly smutted.

Infection of Seed Oats by Smut Spores.

The seed is infected in several ways. Many of the spores ripen

before the oats do, are blown about by the wind and become

lodged on the ripening grain. In case the smut ripens early

while some of the oats are still in bloom the spores are liable to

become attached to the growing ovaries of the grain in such a

position that the glume or husk of the individual oat kernels

envelopes the spores, thus making it difficult to destroy them.

The wholesale agent of infection is the threshing machine, and

the crop from a field practically free from smut is liable to be-

come infected by spores carried in the machine from an infected

neighboring field. Then the use of sacks, grain bins, etc., that

have held smutted grain helps to distribute the smut spores.



IX. SPRAYING IN 1897 TO PREVENT GOOSE-
BERRY MILDEW.^

C. p. CLOSE.

SUMMARY.

For ten years this Station has advoca'ted potassium sulphide

as the best remedy for gooseberry mildew.

In the season of 1897 potassium sulphide, Bordeaux mixture,

lysol and formalin were tested side by side.

The plantation was divided into six sections. In two of these

the spraying was begun very early, just as the buds were break-

ing; in two others eleven days latter; and in the remaining two

sections twelve days after the preceding two sections.

The first mildew appeared May 26. By June 7 portions of the

plantation were badly mildewed. At this date the lysol and

formalin seemed to have done no good. Bordeaux mixture was

more effective, but not so good as potassium sulphide where the

treatments were begun very early and medium early.

All of the fruit was picked July 6 and 7 so as to market it

green. Bushes sprayed very early with potassium sulphide at

the rate of 1 oz. to 3 gals, of water gave only 5 per cent of mil-

dewed fruit; those sprayed very early with it at the rate of 1 oz.

to 2 gals, of water gave 6.6 per cent. Bushes sprayed very early

with lysol, 1 oz. to 1 gal. of water, gave 24.5 per cent and those

sprayed very early with Bordeaux mixture gave 37.4 per cent

of mildewed fruit, while the untreated bushels gave 57.7 per cent

to 78.7 per cent.

The foliage was not injured by any of the fungicides.

At 18 cents per pound for potassium sulphide, the cost of the

solution which gave the best results is about one-fifth of one

cent per bush for the seven sprayings.

•Reprint of BuUetin No. 133.
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The Station recommends potassium sulphide, 1 oz, to 3 gals,

or 1 oz. to 2 gals, of water, as the most effective fungicide for

gooseberry mildew.

As a rule only the English varieties and their seedlings are

attacked by mildew although the American varieties are not

always exempt.

INTRODUCTION.

Potassium sulphide was first used as a remedy for the powdery

mildews in Europe about 1884. In 1886 it wais used to a. very

limited extent in this country.- In the following year, 1887, this

Station* made the first practical test of the efficiency of potas-

sium sulphide in combating gooseberry mildew, and although the

material was not applied until the mildew was well established,

the results showed that there was a beneficial effect from its use.

Since then its efficiency has been proven by successive testsf and

it has been recommended by the Station as the best remedy for

hoilding mildew in check.

After Bordeaux mixture came into general use some authori-

tiest advocated it as a substitute for potassium sulphide early in

the season, but so far as known to the writer, these recommenda-

tions were not based on comparative tests of the two fungicides.

The only record of such a comparison which he finds is that of

an undecisive test made at this Station in 1892. Accordingly, in

1897, experiments were planned so as to compare them side by

side. For comparison with Bordeaux mixture and potassium

sulphide two other fungicides, lysol and formalin, were tried.

So far as the writer has been able to find out, lysol and formalin

have never before been msed for this purpose.

Arthur. Sulphide of Potassium as a Fungicide. N. Y. Agl. Exp. Sta. Rept. 1887,

pp. 348-350.

tGoff. Potassium Sulphide for Gooseberry Mildew. N. Y. Agl. Exp. Sta. Rept. 1888.

pp. 153-154. Hunn. Gooseberries. N. Y. Agl. Exp, Sta, Rept. 1889. p. 334; 1890, p. 307;

1891, p. 474. Beach and Paddock. Gooseberry Mildew. N. Y. Agl. Exp. Sta. Rept.

1895, p. 354.

JLodeman. The Spraying of Plants, p. 292; and Spray Calendars, Cornell Univ. Agl.

Exp. Sta., Feb., 1895, and Feb., 1896. Taft. Spray Calendar, Mich. Agl. Exp. Sta.,

Apr., 1894; Green, Selby and Webster. Spray Calendar, Supplement to Ohio Agl. Exp.

Sta., Bui. 79. Spray Calendar, Md. Agl. Exp. Sta., Apr., 1896. Spray Calendar, Del.

Agl. Exp. Sta., Apr., 1895. Craig [Canadian] Exptl. Farms Rept. 1895.
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OBJECT AND PLAN OF THE EXPERIMENT.

Object.

The object of the experiment was to compare sprayings begun

very early with those begun medium early and late. Bordeaux

mixture and different strengths of formalin and lysol were also

to be compared with different strengths of potassium sulphide.

Plan op Experiment.

The Industry plantation of King & Robinson, Trumansburg,

N. Y., was used for the experiments. It consisted of 32 rows with

11 plants to the row. As shown by the diagram opposite, the

plantation was divided into six plats. Each treatment was ap-

plied to two plats separated by plats receiving different applica-

tions. This arrangement was for the purpose of equalizing for

each remedy the differences in soil and location which might

exist in different parts of the plantation.

For convenience in comparing the effects of very early with

medium and late spraying, three series of treatments were made.

Series I was begun very early, April 12, just as the buds were

breaking and successive applications were made at intervals of

about ten days until seven had been given. Series II was begun

April 23 when the second treatment of Series I was made. The

first treatment of Series III was applied May 5 when the third

treatment of Series I and the second treatment of Series II were

given. During the remainder of the season the dates of treat-

ment were the same for all applications. An untreated row was

left as a check for each series.

Materials Used.

Bordeaux mixture, 1-to-ll formula, was used upon one set of

bushes in each series until the fruit was large enough so that

spotting with the mixture would injure its sale; then potasisium

sulphide, 1 oz. to 2 gals, of water, was substituted for the re-

mainder of the season.

Potassium sulphide was used in two strengths, 1 oz. to 2 gals,

of water and 1 oz. to 3 gals, of water.
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Lysol and formalin were each used in three strengths, 1 oz. to 1

gal. of water, 1 oz. to 2 gals, and 1 oz. to 4 gals. These strengths

were settled upon arbitrarily for trial since there were no pre-

vious experiments which might be followed as a guide.

The foliage was not injured by any of the solutions.

Method of Application.

The first spraying was given with a knapsack sprayer, but this

was inconvenient, especially where so many different solutions

were used and the sprayer had to be washed out after each solu-

tion was applied. After the first application a bucket pump

made by the Deming Co., Salem, Ohio, was tried and gave good

satisfaction. With a seven-foot hose all parts of the plant could

be readily reached.

Division of Series and Dates of Spraying.

The table opposite shows upon which rows the different

strengths of fungicides were applied and gives the dates of appli-

cation. The division into series is shown in the diagram opposite

page 309.

RESULTS.

Development of Mildew.

The plantation was closely watched for the first appearance of

mildew and at the fifth spraying, May 26, a little was found on

the fruit, especially on the untreated rows. On the ti'eated rows

there was a very slight difference in favor of the potassium sul-

phide treatments. All of the bushes had made a good, healthy

growth and nearly all were loaded with fruit. At this time the

berries were so large that potassium sulphide, 1 oz. to 2 gals, of

water, was substituted for all Bordeaux mixture treatments so

as to avoid having spotted fruits at the marketing season.

At the time of the sixth spraying, June 7, the entire plantation

was examined to find out which treatments seemed to be most

effective. During the few days previous to this date the disease

ajppeared on the young leaves; and in the amount of mildew on

the foliage there seemed to be no difference between the treated

and untreated bushes. The fruit on the untreated bushes was
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very badly mildewed. The treatments with lysol aud formalin

in some instances seemed to have slightly checked the mildew on

the fruit. The combined treatment of Bordeaux mixture and

potassium sulphide had checked the disease, but the most favor-

able results appeared where_the potassium sulphide had been

used for very early and medium early treatments.

Picking the Fruit.

The last spraying was made June 21. Messrs. King & Robinson

wished to market the fruit grcen,so on July G and 7 it was picked.

The mildewed fruit and perfect fruit were weighed separately for

each different treatment. In order to have an accurate basis of

comparison the yields are figured so as to give the average per

plant in each experiment. The results are so arranged in the

following table that the reader can easily compare the sam*^

remedies in the different series. It must.be borne in mind that

Series I received seven sprayings beginning April 12, Series II

received six sprayings beginning April 23, and Series III received

five sprayings beginning May 5.

Table II.— Average Yield and Percentage of Mildew Per Bush for

EACH TrEATJIENT.

FUNGICIDE.

Bordeaux mixture :
*

1 to 11 formula
Potassium sulphide:

1 oz. to 3 gallous water.
1 oz. to 2 gallous water.

Pormalin

:

1 oz. to 1 gallon water..
1 oz. to 2 gallons water.
1 oz. to 4 gallons water.

Checks
Lyaol:

1 oz. to I gallon water.

.

1 oz. to 2 gallons water
1 oz. to 4 gallous water.

Check

Series 1. Spraying
beuun very early.

Seven applications.

Average yield
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From a study of Table II we see that, with the exception of

Bordeaux mixture, the very early treatments gave the best re-

sults. Where the treatment with potassium sulphide, 1 oz. to

3 gals, water, was begun very early only 5 per cent of the fruit

mildewed. Where it was begun medium early there was three

times as much mildewed fruit, while in the treatment begun late

there was a little more than two and one-half times as much.

The bushes treated very early with potassium sulphide, 1 oz. to

2 gals, water, yielded 6.6 per cent of mildewed fruit and tho.se

where the treatments was begun medium early and late gave

nearly twice as much.

Lysol ranks next to potassium sulphide in effectiveness. It

was used in Series I only and the bushes treated with 1 oz. to

1 gal. water gave 24.5 per cent of mildewed fruit; bushes treated

with the weaker strengths gave 56.8 per cent and 37.1 per cent

respectively of mildewed fruit.

The best result with Bordeaux mixture was where the spray-

ings were begun medium early and 29.1 per cent of the fruit

mildewed. With the very early treatment 37.4 per cent of the

fruit mildewed and where spraying was begun late 58 per cent

of the fruit mildewed.

Formalin seemed to have little if any effect in checking the

mildew. The bushes in Series I treated with 1 oz. to 1 gal. of

water gave 48.8 per cent of mildewed fruit. The amount of

mildewed fruit in the other experiments with formalin varied

from 52.6 per cent to 78.3 per cent, while the largest amount

from the untreated bushes was 78.7 per cent.

The average cost of the various fungicides is given in the table

below.

Table III.

—

Average Cost of Fuxgicides.
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By formalin as used in this article is meant the 40 per cent

solution of formaldehyde gas. When purchasing, it is well to

ask for the 40 per cent solution of formaldehyde gas as it is

quoted much lower than the same material under the name of

formalin.*

RECOMMENDATION.

For holding the gooseberry mildew in check the Station recom-

mends potassium sulphide as the most effective remedy. It may
bie applied at the rate of 1 oz, to 2 or 3 gals, of water begin-

ning very early in the season, just as the buds are breaking, and

repeating about every ten days, depending, of course, upon the

condition of the weather.

GENERAL APPEARANCE OF MILDEW.

The mildew is a parasitic plant, or fungus, which appears on

the surface of the fruit and young shoots. When first noticed it

is composed of glistening, white threads which give it a frost-like

appearance. As the fungus develops the threads become more

niuimerous and matted, lose their glistening color and finally be-

come a mass of brownish felt-like substance. It has now com-

pleted its growth and ripened its winter spores and can usually

be peeled off the berries without rupturing the skin.

If the attack is severe the tender young leaves and shoots will

be seriously injured, if not killed, and the growth checked. The

growth of the berries will also be checked and they are likely to

be misshapen and even to crack open thus letting in the germs

of decay.

The spores by which the fungus is reproduced correspond to

the seeds in higher plants but are very much simpler in con-

struction. There are two kinds of spores, the summer sipores and

the winter spores. The summer spores (conidia) are formed on

vertical branches of the glistening white threads which make up

the fungus. As the vertical branch grows in length a partition

appears near the upper end. This partition soon cuts off all con-

nection with the Lower part of the branch and the upper part

*De Schweinitz, E. A., Year Book U. S. Dept. of Agr., 1896, p. 262.
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develops into a spore. While this spore is developing at the tip

the branch is growing longer and the formation of new spores is

begun in the same way lower down. As soon as the tip spore

ripens it drops off, and as the branch is continually growing and

forming new spores, there is a succession of ripe spores scattered

broadcast to spread the disease. When these spores alight on

the leaves or fruit with proper conditions of moisture and tem-

perature present, growth immediately takes place; and since

thousands of these spores are formed daily the disease is spread

very rapidly.

The fertilization and development of the winter spores corre-

spond to the fertilization and development of seeds of higher

plants but are quite different and usually take place late in the

season of growth of the fungus. In certain instances where two

threads come near to or cross each other an enlargement or cell

forms on each, one partaking of the functions of the male organs

and the other of the female organs of a flower. At a certain

stage of the development protoplasm passes from the male cell

to the female cell and the latter is thus fertilized. Growth imme-

diately begins and by the time the fungus assumes a brownish

color black specks may be seen upon it; these specks are the

winter spore cases (perithecia). Within the dark covering of the

winter spore case will be found an inner spore case (ascus) which

contains eight of the winter spores. In this double covering of

spore cases the winter spores live over winter. By spring the

cases break open and the spores escape. They are blown about

by the wind and when they reach the leaves or fruit of the goose-

berry bush under favorable conditions growth takes place and

the pest is started for the season.

As a pule only the English varieties and their seedlings are

attacked by mildew, although the American varieties are not

always exempt. A comparison of the susceptibility to mildew of

the English varieties as grown at this Station is given in Bulletin

No. 114.



X. WOOD ASHES AND APPLE SCAB.

S. A. BEACH.

SUMMARY.

In an experiment including 124 trees in full bearing and con-

tinued for five years, liberal applications of hard-wood ashes did

not increase the immunity of apples from the scab. With few

exceptions, the yarieties on treated sections yielded larger per-

centages of scabbed fruit than those on untreated sections.

On the treated sections of the orchard the foliage in many

cases was improved, but it cannot be said that the improvement

was due to increased immunity from the scab.

Where the ashes were used, the color of the fruit was much

improved in some seasons with some varieties, but in a season

which favored the perfect development of the fruit none of the

varieties showed any improvement in color as compared with the

same varieties on untreated sections.

Apparently the use of ashes had a general tendency to hasten

the perfect development of the fruit. When the season was not

especially favorable to the perfect development of the fruit, it

improved the keeping quality, but in a season very favorable to

the perfect development of the fruit the ripening processes were

generally carried so far where the ashes were used that the ap-

ples did not keep so well as where no ashes were used.

The yield, except with the Baldwins, was greater on the treated

sections; but the data are not such as make it safe to draw defi-

nite conclusions as to the efi:ect of the use of ashes on the yield.

Decided differences were shown between varieties as to the

ability to resist scab, and preliminary investigations indicate that

this difference in resistant power is correlated with structural

peculiarities.

Reprint of Bulletin No. 140.
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INTRODUCTIOK

The apple stands first in importance among tlie cultivated fruits

of New York. Within the borders of this State no other fruit is

so largely grown for home use and none equals it in commercial

importance. It is more or less subject to injury both in foliage

and fruit by a disease commonly known as the scab*, which is

caused by a parasitic fungus, Fusidadium dendritkiun (Wallr.)

Fckl. Some kinds of apples are usually quite subject to injury

from the scab while others generally suffer but slightly from its

attacks. Among the varieties which are naturally susceptible to

the disease are Fameuse or Snow, Fall Pippin, Primate and White

Winter Pearmain. Among those which are resistant to the dis-

ease in a marked degree are Ben Davis, Black Gilliflower, Grimes

Golden, Hubbardston, Maiden Blush, Talman and Yellow Trans-

parent. It is certain that local conditions influence the spread of

the disease because the same variety is injured more by it in some

localities than in others. Moist locations offer conditions which

favor its development.

It is well known that the amount of injury from the scab varies-

with the season. Continued dark, wet, cool weather at blooming

time and immediately thereafter favors the growth and spread of

the fungus and may bring about such an outbreak of the scab as

to cause the destruction of large numbers of forming fruits, thus

greatly diminishing the crop. Under such conditions of light,

moisture and temperature the young foliage and fruit are abnor-

mally developed and become unusually susceptible to the attacks

of the fungus, while these very conditions favor, or at least are

not unfavorable, to the healthy growth of the fungus.

From what has been said in the preceding paragraphs it appears

that the amount of injury which is caused by the scab fungus

*This disease, as it occurs on the fruit, is so weU known that it is unnecessary to
give an extended description of it here. In very severe attaclcs it forms great brown
patches which crack open, disfigure the fruit and render it unfit for market. The
injured spots vary in size from such as these down to minute dots which easily pass
unnoticed. On the leaves the fungus forms olive-brown patches varying in size as oa
the fruit. The spots occur on either the upper or under surface and often cause the
leaf to become crumpled. The diseased tissue may finally crack and fall away, thua
giving the leaves a ragged appearance.
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varies according to the natural susceptibility of the variety to its

attacks; that with any given variety it varies ia different locali-

ties and in different seasons, and that the conditions of light, tem-

perature and moisture, especially when the fruit it setting, have

much to do with the prevalence of the disease.

So far as known to the writer, it has never been shown that the

composition of the soil influences in any perceptible degree the

.susceptibility of the foliage and fruit to attack of the scab except

as it afxects the amount of moisture. Whether the ability of

the foliage and fruit to resist the scab may be increased by the

application of a certain class of fertilizers to the soil, or whether by

the use of certain other kinds of fertilizers the liability to injury

from this disease may be increased, are questions which have per-

plexed the minds of thoughtful fruit growers, Joseph Harris

brought up this question in a paper on fertilizers at the 1891 meet-

ing of the Western New York Horticultural Society.* He said:

'' I cannot but think that anything calculated to increase the

growth, vigor and luxuriance of the trees wall render them less

liable to injury from fungous diseases. If this is true then fer-

tilizers will help us."

In a discussion in the same societyf in 1893 the idea was ad-

vanced that trees may be fed so as to fit them, to resist fungi;

that too liberal use of highly nitrogenous fertilizers, such as stable

manure, fosters conditions which render the trees more liable to

injury from fungous diseases, and that such tendencies may be

corrected by the use of plant food containing more potash and

phosphoric acid. Some were inclined to think that the applica-

tion of hard-wood ashes to- the soil increased the ability of the

tree to resist the scab. In order to discover whether liberal ap-

plications of hard-wood ashes to the soil would have any percep-

tible influence on the immunity of the foliage and fruit from the

scab fungus, an investigation was started at this Station in 1893

which has continued to the present time. The results are here

offered as a contribution to our knowledge on this subject.

*Proc. W. N. Y. Hort. Soc, Rochester, 1891, p. 100,

tProc. W. N. Y. Hort. Soc, Rochester, 1893, pp. 19, 140, 141.
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PLAN AND CONDITIONS OF THE EXPERIMENT.

Plan.

In any orchard the amount of injury from scab is liable to vary

considerably with different trees of the same variety in the same

season. It may also vary greatly with the same tree in different

seasons, being influenced by the conditions of light, tem-

perature and moisture. The investigation was planned on an

extensive scale, so that the peculiar environment of individual

trees and the varying influences of different seasons might not

lead to erroneous conclusions. Some sections of the orchard in

which the experiment was conducted were annually fertilized

with liberal applications of wood ashes and corresponding sec-

tions received no ashes. As manj- trees of a kind as possible

were included in each of the two classes, the treated and

the untreated, and the experiment has continued five years. For-

tunately for the experiment, the scab was unusually abundant

one season, 1894, and did an enormous amount of injury to apple

foliage and fruit throughout the State. The period of the experi-

ment also covers the seasons of 1895 and 1896 in which the cli-

matic conditions were generally favorable to the production of

foliage and fruit free from the scab.

To guard against the possibility of having the test ruined by

insects, the orchard w^as sprayed each year with arsenites and the

insects were thus kept under control, excepting plant lice. No
fungicides were used.* Since all sections were treated alike the

spraying did not lessen the value of the records for comparing

sections which were treated with ashes with corresponding un-

treated sections. The trees were annually pruned for the pur-

pose of removing weak or dead branches and keeping the tops

open so that spraying could be done readily. The fruit was not

thinned, because more scabby fruit might thus be taken from

treated than from untreated sections or vice versa.

•The insecticides which were used were London purple, Seheele's green and Paris
green. Lodeman has shown that Paris green has slight fungicidal value. Cornell Exp.
Sta. Bull. 48, pp. 272-273. In his tests London purple showed no fungicidal value. Cor-
nell Exp. Sta. Bull. 86, p. 60.
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Under the conditions which have been described above it is

clear that the effect of the variation in the amount of scab on trees

of the same variety in different locations, and on the same tree in

different seasons, may be largely corrected by averaging the re-

sults of a large number of trees for a period of several years. The

results which are set forth on the following pages, therefore,

form a reliable basis for conclusions as to the influence

which the use of wood ashes as a soil fertilizer may have on the

immunity of apples from the scab fungus so far as the particular

soil is concerned on which this experiment was made. The extent

to w^hich such conclusions may be accepted for other localities

must be determined by further observations. It is believed that

they will hold true generally except possibly in localities where

the soil is notably deficient in potash.

An old apple orchard belonging to the Station was selected for

this investigation in the spring of 1893. It is located about a mile

and a half west of Seneca Lake, mostly on upland, but extending

at one side down a short southern slope and including a small

portion of Castle Creek bottom land. The soil is a rather heavy

clay loam, quite well adapted to the apple, but not equal in this

respect to the best apple lands of western New York.

The oldest trees were planted in 1850, making them forty-three

years planted when the experiment was begun. They were root-

grafted trees from the nursery of T. C. Maxwell & Bros.,

Geneva, N. Y. Nearly half of the trees which were first planted

are gone and their places are now filled with trees varying in size

from those recently planted to mature trees which have been in

full bearing for many years. The orchard does not form as uni-

form a block of trees as could be desired for the experiment, but

it is readily accessible and under the Station's control. Taking

all things into consideration, it was the best one available for the

investigation. ^

Prior to 1893, the year the experiment was inaugurated, the

orchard had been in meadow for several years. During the win-

ter of 1892-3 it was given a heavy application of stable manure
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and the following spring it was plowed. Since then it has either

been used for soiling crops or has been given clean cultivation

till about August 1 and then seeded to some cover crop.

The AprLicATioN of Wood Ashes to Treated Sections.

The orchard was divided into eight sections, four of which have

had an annual application of wood ashes at the rate of one hun-

dred pounds per tree, and the r,emaining four sections have re-

ceived none. No other fertilizer has been applied to any part

of the orchard during the experiment except within two or three

feet of trees which have been newly planted to fill vacancies.

The ashes have been weighed separately for each tree and spread

broadcast to the line midw^ay between adjacent rows. They were

thoroughly mixed and carefully sampled before being spread in

the orchard. The analyses given herewith show the percentage

of potash in each application.

First application 4.13 per cent, KoO
Second "

3. 89

Third " 5.71

Fourth " 5.71

Fifth "
1. 38

Since one hundred pounds of ashes were applied to each tree

annually the above figures show the number of pounds of potash

per tree in each application. The trees are thirty feet apart each

way making forty-eight trees per acre. The amount of actual

potash which has been applied to the treated sections during the

five years is 20.82 pounds per tree or 999.36 pounds per acre, an

average of 200 pounds per acre annually. The amount of potash

commonly recommended for apple orchards varies from 50 to 100

pounds per acre annually. The amount of potash which was

applied in this experiment is exceedingly liberal, being twice as

great as the highest amount commonly recommended for apple

orchards.

The amount of phosphoric acid in the ashes which were used

in this experiment was not determined. Dr. Van Slyke* states

that the amount of phosphoric acid in wood ashes varies from

*N. Y. Agl. Exp. Sta. Bull. 94, p. 323.

21
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1 to 2 per cent. At tbe lower estimate one pound of phosphoric

acid per tree was applied each year in this experiment, or 48

pounds per acre. The application of from 30 to 60 pounds of

available phosphoric acid per acre is commonly recommended for

apple orchards. The phosphoric acid in the ashes is mostly

insoluble and becomes available slowly. It may possibly become

available as readily as the phosphoric acid of coarsely powdered

bone.

Explanation of Diagram.

Baldwin, treated, Nos. 10, 101, 102, 108, 109, 125, 126, 127, 128.

Baldwin, untreated, Nos. 81, 111, 133, 136, 137, 207.

Fall Pippin, treated, Nos. 31, 33, 34, 35, 37, 38, 39.

Fall Pippin, untreated, Nos. 1, 4, 5, 6, 8, 9.

E. I. Greening, treated, Nos. 50, 51, 52, 54, 55, 56, 58, 70, 105,

107, 129, 146.

R. I. Greening, untreated, Nos. 24, 25, 26, 27, 28, 29, 42, 43, 46,48,

62, 69, 82, 83, 162, 165, 184, 185.

Roxbury Russet, treated, Nos. 143, 145, 147, 149. >

Roxbury Russet, untreated, Nos. 150, 153, 161, 175.

Northern Spy, treated, Nos. 74, 75, 76, 77, 202, 205, 210, 212,

213, 215, 221, 223, 224, 225, 245.

Northern Spy, untreated, Nos. 116, 206, 208, 227, 228, 229, 230,

233, 234, 249, 250, 251, 253.

The shaded portions indicate sections which were treated with

ashes.

The old trees are indicated by the circles.

The Varieties.

The orchard was divided into eight sections as already de-

scribed. For convenience these are numbered consecutively from

1 to 8. iSections 2, 4, 6 and 8 received annual applications of

ashes while the others received none. The accompanying plan

gives the relative positions of the sections and the varieties of

trees included in them. The following list shows the number

of treated and untreated trees of each variety which were of

bearing age.



PLAN OF THE EXPERIMENT ORCHARD.
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the ordinary commercial grades of first, seconds and culls, but

separate account was kept of those which were thrown out of

the firsts on account of the scab injury and of those which were

thrown out of the seconds for the same reason. These records

concerning the foliage and fruit were kept for all trees in the

orchard, but only the five varieties mentioned above are reported

for the reasons already given.

Observations were also made on the color, keeping qualities

and yield of the fruit from treated and untreated sections, al-

though these have no bearing on the subject under investigation.

The Foliage.

In estimating the condition of the foliage the complete loss of

leaves was rated as 100 per cent injury. No record of the con-

dition of the foliage in 1893 was kept. In 1891 observations were

made not only in September but also in June, following three

weeks of rainy, dark weather, unfavorable to healthy growth of

foliage and favorable to the spread of the scab. The average

condition of the foliage in treated and untreated sections is shown

in Table I.

In 1896 the foliage on both treated and untreated trees was

practically perfect, even Fall Pippin showing but a very slight

injury. In 1894 and 1897 the treated Baldwin ranked slightly

better than the untreated and the two classes graded about alike

in 1895. In the treated sections Fall Pippin showed a gain every

year. Rhode Island Greening showed a slight improvement each

year, Roxbury Russet showed no improvement and Northern Spy

ranked about the same in both classes, except that in 1894 the

condition of the foliage in the untreated sections averaged some-

what better than in the treated sections. The most marked im-

provement in the treated sections appears when the June and

September condition of the foliage in 1894 are compared. From

May 16 to June 5, a period of twenty-one days, it rained every

day. During this time there was less than the normal amount

of sunshine and the temperature was lower than the average.

The trees were sprayed with London purple, 1 pound to 180 gal-
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Ions. The spray injured the foliage considerably, although lime

was added to the mixture to prevent such injury. UndL'r the

existing conditions the foliage was unusually susceptible to in-

jury from this cause. It was also very much injured by disease.

From June to September, as shown by Table I, the treated

Baldwin gained five points, the untreated lost two; the treated

Fall Pippin gained twenty-six, the untreated but eighteen; the

treated R. I. Greening gained eleven points, the untreated twelve;

the treated Koxbury Russet lost one point, the untreated lost

four; the treated Spy lost four points, while the untreated lost

nine points. Many of the injured leaves dropped in June and

new ones replaced them to a considerable extent, so that in some

instances the condition of the foliage in September was much

better than it was on the same trees in June, and the sections

which received the ashes showed a gain in every instance when

compared with the untreated sections.

Taking all years and all varieties into consideration, whenever

there was any marked difference in the September condition of

the foliage it was in favor of the sections which had received the

ashes. Since the estimates include the loss or injury from all

causes, including not only the effects of the scab but also of other

diseases, insect depredation, etc.. they do not necessarily show

that the improvement in the foliage on treated sections was due

to increased ability to resist the scab as a result of the use of

ashes as a fertilizer. The most that can be said is that in many

cases there was better foliage where the ashes were used.

The Fruit.

It was very easy to identify the scab on the fruit. During the

first three years of the experiment each fruit was graded accord-

ing to the amount of scab, and a separate record was kept of

the number of specimens in each grade for each tree. The first

grade contained fruit absolutely free from the disease. If the

slightest speck of scab was discovered the fruit was put into the

second grade. Fruit which had enough scab to affect its ordin-

ary commercial grade was put into the third grade and the

fourth grade contained all fruits which had enough scab to ren-
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der them unmarketable. All these grades were made solely

on the basis of the amount of scab and the size of the fruit was

not considered. Letting 20 per cent represent the average in-

jury from scab in the second class, 55 per cent in the third class

and 85 per cent in the fourth class, the percentage of injury which

the scab caused to the entire yield of the tree may be computed,

thus furnishing a statement by which different trees may be

compared as to the amount of injury to the fruit by the scab.

In 1896 and 1897, the fruit was sorted into the ordinary com-

mercial grades of firsts, seconds and culls and the amount of

fruit in each grade was recorded for each tree in pounds instead

of recording the number of fruits in each grade. The firsts were

required to be at least 2| Inches in diameter. An account was

kept in each cases of the number of pounds of fruit which were

thrown out of the first grade on account of the scab and of those

which were thrown out of the second grade for the same cause.

This method does not give as accurate a record of the amount

of scab on the fruit as the method used in 1893-4-5, for if the

fruit was too small to be marketable no account of the scab was

kept, nor was any record made of those cases in which the injury

from scab was not severe enough to affect the ordinary grading

of the fruit. The method does, however, give important testi-

mony on the practical question of the influence which the use of

ashes as a fertilizer in the orchard may be expected to have on

the relative amounts of firsts, seconds and culls so far as its

effect on the scab is concerned. In order to find an expression

for each tree for comparing the amount of scab on the different

varieties in 1896 and 1897, the average injury to the fruit which

was thrown out of the first grade on account of the scab is reck-

oned at 40 per cent and of that which was thrown into the culls

on account of the scab at 90 per cent.

The records which were obtained in the manner just described

form a reliable account of the amount of scab on the fruit and a

satisfactory basis for comparing the treated and untreated sec-

tions. Computing the amount of scab in the way which has

already been explained the averages are found which are shown

in Table II.
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This table shows a slightly greater injury in 1895 with the

untreated Baldwins, a greater injury with untreated Fall Pip-

pins in 1895, with untreated R. I. Greenings in 1893 and 1894

and with Roxbury Russett in 1893 than with the treated trees of

the same varieties. With these exceptions these varieties show

on the average every year greater injury from scab where the

ground was fertilized with ashes than on corresponding sections

which received no ashes.

In 1896 the season was unusually favorable to the development

of perfect fruit, yet with every one of these varieties, the records

show a greater average injury from scab on treated than on

untreated sections. If apple trees ever needed to be fortified

against conditions unfavorable to healthy growth it was in the

early summer of 1894, yet in that year, with the exception of R.

I. Greenings, every variety named in the table had a higher rate

of injury where ashes were used than where they were not used.

This orchard had been sprayed with London purple only, and

even in sections treated with the ashes had in some cases lost

over half of its foliage from an epidemic of fungous diseases and

other injuries following the long period of dark, cool, wet

weather. In marked contrast was an adjoining orchard that

had been treated with Bordeaux mixture to prevent the scab

and whose foliage had been kept in good condition by this means.

In the orchard where the ashes were used much of the fruit

dropped in June as a result of the loss of the foliage, while the

trees which were sprayed with Bordeaux mixture held both the

foliage and the fruit and matured a fairly good crop. The great

superiority of the Bordeaux mixture for preventing the scab

under most unfavorable conditions, as compared with fertilizing

the soil with ashes for the same purpose, was thus clearly shown.

CONCLUSIONS.

The investigation has extended over a period of five years, it

has included forty-seven trees in full bearing in the treated sec-

tions, comparable with the same number of trees representing

the same varieties in the untreated sections. The results show
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that with the conditions under which this investigation was

made liberal applications of hard wood ashes to the soil do not

increase the immunity of the apples from the scab.

Whether the result would be the same on soil which is natur-

ally very deficient in potash remains to be demonstrated. The

soil in the orchard which was used for this investigation has a

fair amount of potash and also of nitrogen and phosphoric acid

as shown by the following analyses.

At the close of the experiment samples of soil to a depth of

nine inches were taken in each of the eight sections of the or-

chard. A composite sample was made of the soils which had

been treated with ashes and one of the untreated soils. The

Chemist reports the following analyses of the air dried samples:

Treated with
asbes. Untreated.
Per cent. Per cent.

Nitrogen 0.186 0.214

Phosphoric acid 0.112 0.128

Potash 0.400 i 0.480

This shows the percentage of potash which was soluble in

hydrochloric acid and not the total percentage in the soil. There

was 16.9 per cent of moisture in one case and 17.5 per cent in

the other. As far as these analyses go they indicate a fairly

uniform condition of fertility in both treated and untreated sec-

tions of the orchard.

Some persons have expressed surprise that after the applica-

tion of potash amounting to 1,000 pounds per acre in five years

an analysis of the treated soil does not show a more marked in-

crease in the percentage of potash. Assuming that the soil in

this case contains 3,000,000 pounds per acre with 17 per cent of

moisture, one analysis shows 9,960 pounds of potash per acre

and the other analysis 11,950 pounds per acre in the first nine

inches of the soil. An application of 1,000 pounds of potash per

acre, supposing that none of it has passed below a depth of nine

inches, which is not probable, would not equal the difference

which naturally exists in the amount of potash per acre in differ-

ent parts of the orchard. Moreover, the errors of sampling and

analysis might obscure the effect on the soil, of an application

of 1,000 lbs. of potash per acre.
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There is one difference which should be noticed when compar-
ing the potash which is applied in the ashes with the potash
already in the soil, and that is that the potash in the ashes is

soluble in water, while that in the soil is largely insoluble in
water and is but slowly available to the plant.

SOME KESULTS FOLLOWING THE APPLICATION OF
ASHES IN THE APPLE ORCHARD.

Although the use of ashes as a fertilizer did not increase the
immunity of the apples from the disease, it showed results in some
other ways which interest the orchardist. Observations were
made on the color and keeping qualities of the fruit and the pro-
ductiveness of the trees. The general tendency to more abun-
dant and vigorous foliage on trees in the treated sections has
already been noticed.

Color op the Fruit.

Where the soil was treated with ashes, the color of the fruit
was much improved with some varieties in some seasons. In
1893 the improvement in the color of the fruit on treated sections
was noticeable with all varieties which were represented in treated
and untreated sections. The only exception was with one crate of
drops from an untreated section which were more highly colored,
no doubt because the fruit had been lying on the ground; for it

is well known that the color of apples may sometimes be increased
by leaving them on the ground exposed to the light. Even the
Roxbury and Golden Russets were smoother and higher colored
on treated than on untreated sections in 1893.

In 1894 the results were not so uniform. On the treated sec-
tions Fall Pippins were smoother and fairer than on the untreated
sections. Tompkins Kings were more highly colored on the
treated sections than on the one tree on untreated soil. Baldwins
showed but little difference, except that in a few cases fruit from
the untreated trees was more highly colored than on correspond-
ing treated trees. The reverse was true of the R. I. Greening, for



332 Report of the Horticulturist op the

where any difference was noticeable the treated trees had higher

colored fruit, with a riper appearance, more yellow color and a

tinge of red. With these exceptions, but little difference could

be seen in the treated and untreated sections in 1894 so far as

color of fruit is concerned.

In 1895 the results were no more uniform than in the previous

year. Remembering that the even numbers represent treated sec-

tions, the rank as to color is shown in the following lists where

sections are arranged in order according to color of fruit, those

having the highest colored fruit being ranked first

:

R. I. Greening—Sections 1, 5, 2, 3, 8.

Baldwin—Sections 8, 1, 3, 4, 2, 7.

Roxbury Russet—Sections 2, 3, 7.

Northern Spy—Sections 3, 5, G, 4, 7.

The Tompkins King had much finer red color where the soil

was treated, and on treated soil Spitzenburgs were somewhat

superior in color to the same variety on untreated soil.

In 1896 and 1897 there was no noticeable difference in the color

of fruit from treated and untreated sections.

The results show that an abundant supply of readily available

potash in the soil influences the brilliancy of the color in the

fruit. On soil which is naturally well supplied with potash, as

this is, and in seasons which are very favorable to the perfect

development of foliage and fruit, as was the case in 1896, the

colors may develop as perfectly without the application of potash

to the soil as with it. In one portion of the original orchard,

which has been in sod for years without the application of either

stable manures or commercial fertilizers, Northern Spy fruit was

produced in 1896 whioh exceeded in brilliancy of color the North-

ern Spys which were grown in the cultivated sections where for

four years wood ashes had been applied to the soil in liberal

quantities. A careful study of the data which have been obtained

during the course of this investigation, and which are mostly set

forth on previous pages, leads to the conclusion that when the

fruit is ready to be gathered the degree of color which it has at-
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taiiied is the result of a combination of various conditions in the

environment of the tree at different periods in the development of

the fruit. The character and quantity of available plant food, the

moisture, texture and mechanical conditions of the soil are some

of these conditions. The amount of light and its intensity at dif-

ferent periods in the season, the atmospheric temperature and

humidity and the amount of sound foliage are others. Possibly

the amount of reserve food material which was stored in the tis-

sues during the previous season may also influence the final re-

sult. This idea is suggested by the fact that the foliage during

the summer and autumn of 1895 was unusually perfect and the

trees were consequently able to store up an exceptionally abun-

dant supply of reserve food material, as is shown by the very

abundant crop of the following year. In the early summer of

1896, shortly after the fruit was set, even before it had attained

a diameter of an inch, the red color began to show on the red

varieties and when mature the fruit was exceptionally well col-

ored.

Keeping Qualities of the Fruit.

For the purpose of comparing the keeping qualities of fruit

from treated sections with fruit of the same variety from un-

treated sections, samples from different sections were put in the

fruit house and records were kept of the length of time the fruit

kept in good condition. The fruit was sorted over as often as was

deemed necessary; those fruits which had begun to decay or had

become withered and unfit for market were discarded and a record

was kept of the number discarded at each date of sorting. Know-

ing the date when the fruit was put into the fruit house, it was

easy to determine the average length of time during which the

apples kept in good condition. These records show that the char-

acter of the season has considerable influence in determining the

keeping qualities of the fruit. The following table gives the rec-

ords for 1894, 1895 and 1896. The records for 1897 are not yet

complete, while in 1893 the conditions for making comparisons on

this point was not satisfactory.
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Table III. — Keeping Qualities of Fruit.
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treated sections kept in good condition. When the difference is

in favor of the treated sections the + sign is used but when it is

in favor of the untreated sections the— sign is used.

Table IV.

—

Difference in Number of Days During Which Fruit Kept
IN Good Condition.

Baldwin
Fall Pippin
Roxbiiry Russet
R. I. Greening
Northern Spy
Tompkins King
Esopns Spitzenburg.
Reinette Pippin

1894-5.
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game variety, in the same orchard, have equal capabilities for

producing fruit even when they are of the same age and have

been propagated, planted and cultivated in the same way. With

the data now available no rigid comparisons should be made of

the treated and untreated sections for the purpose of drawing

definite conclusions as to the influence of the treatment on the

yield. It is hoped that the investigation may be continued so as

to secure more evidence on this subject.

Table V shows the average yield per tree for each variety from

1893 to 1897, and the annual average per tree for the whole

period.
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The annual average shows an increased averag-e yield per tree

with Fall Pippin, Roxbury Russet, R. I. Greening and Northern

Spy, and a decrease in the case of the Baldwin . The trees are

30 X 30 feet, making 48 to the acre. The average annual increase

per acre for the first four varieties named is shown below. The

untreated Baldwins averaged 13.44 bushels more fruit per acre

annually than did the treated Baldwins.

Table VI.— Increased Yield on Treated Sections.

Fall Pippin
Roxbury Eusset
K. I. Greening .

Northern Spy...
Baldwin

Annual
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ease, while Maiden Blush, even in a most unfavorable season, has

comparatively little of the disease. In 1894, as shown in Table

VII, the averag^e injury by scab to the fruit of six Fall Pippin

trees was 68.2 per cent. An untreated Maiden Blush averaged

but 11.74 per cent.

Mr. Paddock has recently examined foi* me a few varieties of

apples to see whether or not there are any structural differences

in the epidermis and cuticle of scab resistant varieties like Ben

Davis, Orimes G-olden and Talman Sweet as compared with sus-

ceptible varieties like Fameuse, Esopus Spitzenburg and Rhode

Island Greening. So far as he has made examination the resis-

tant varieties have thicker cuticle and thicker walled epidermal

cells. This, if it holds true generally, means that the power to

resist attacks of the scab fungus is correlated with structural

peculiarities and it is quite reasonable to suppose that these scab-

resistant characteristics may be intensified by breeding and se-

lection. Work in this direction has already been undertaken

with the orange by Mr. H. J. Webber of the Division of Vege-

table Pathology, United States Department of Agriculture, in

connection with his work for the Division in Florida. He writes

under date of January 7, 1898: "In the case of the orange we

have found very marked differences in the resistance of certain

varieties to disease; for instance, foot rot, the most serious dis-

ease with which orange growers have to contend, is controlled

mainly by grafting or budding the varieties desired on sour or-

ange stock, which is practically immune from the disease. Again,

the sour and bitter-sweet oranges are practically immune to

blight, which is also one of the very serious diseases.

" It is not alone fungous diseases, however, that may be treated

in this way. The orange rust, which is caused by a surface-feed-

ing Phytops, I feel confident could also be controlled by breeding

resistant sorts."

This line of work which Mr. Webber has undertaken in Florida,

namely, the breeding of varieties resistant to the attacks of cer-

tain insects and diseases, if followed in connection with some of

the cultivated fruits of this region might be productive of resuUs
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of great value to New York fruit-growers. With varieties of fruit

like the apple, which require several years after the seed is planted

before coming into bearing, progress by systematic breeding in

this direction must be quite slow. In the meantime there appears

to be no way of protecting the orchards against the attacks of the

apple scab fungus which is so certain to give satisfactory results.

as spraying thoroughly with the Bordeaux mixture.
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I. THE DOWNY MILDEW* OF THE CUCUMBER;
WHAT IT IS AND HOW TO PREVENT IT.f

SUMMARY.

The 1896 crop of late cucumbers in southeastern New York

was unusually small—from 17 to 25 per cent of a full crop. The

chief cause of the short crop was a disease which caused the

leaves to turn yellow and die prematurely. This disease, which

is known as downy mildew, was first observed in this country in

1889, since which time it has been rapidly spreading and has

become very destructive to cucumbers, muskmelons and water-

melons.

In an experiment made at Woodbury, Long Island, the disease

was successfully prevented by spraying once every ten days with

Bordeaux mixture. Sprayed plants remained green and con-

tinued to produce cucumbers for four weeks after unsprayed

plants in the same field had lost their foliage and ceased to pro-

duce fruit. The net profit from spraying on the experimental

plat of one and three-fourths acres was more than one hundred

and sixty dollars per acre.

It is probable that the same treatment will protect musk-

melons and watermelons against the disease.

There is no good reason for believing that the disease will

disappear; on the contrary, it is likely to become more wide-

spread and more destructive. Therefore, it is earnestly recom-

mended that farmers prepare to fight the disease as follows:

Beginning when the plants are very small, spray thoroughly

with Bordeaux mixture (l-to-8 formula) once every eight or ten

* Plasmopara ciii nsU (B. & C.) Humph,

t Reprint of Bulletin No. 119.
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days until frost. The Bordeaux mixture can be satisfactorily

applied with a knapsack sprayer, but it may, perhaps, be less ex-

pensive to use a barrel spray-pump mounted on a one-horse cart

which is hauled through the field along blank spaces felt for the

purpose.

INTRODUCTION.

In southeastern New York, particularly in Westchester county

and on Long Island, the crop of late cucumbers in 1896 was

unusually small. Farmers estimated that cucumbers grown for

pickles produced only about one-fourth of a crop; and statistics

furnished by the proprietors of various pickle factories on Long

Island show that this estimate is very nearly correct. One firm

of pickle manufacturers having six salting houses in different

parts of Long Island, contracted with farmers to purchase the

entire crop of cucumbers on 817 acres at a stipulated price per

thousand. From these 817 acres the firm received 15,759,200

cucumbers, which gives an average of 19,288 per acre. In West-

chester county the yield was still smaller. A firm having four

factories in that county reports that receipts would place the

average yield per acre at 13,000.

A fair average crop is considered to be 75,000 cucumbers per

acre, and this is the number used by picklemen in computing the

acreage capacity of their factories. Until within a few years

125,000 per acre was not an unusual yield; but during the past

five or six years the yield has decreased rapidly, reaching so low

a point in 1895 and 1896 that the crop ceased to be a profitable

one. In spite of the poor crop of 1895, farmers continued to

plant heavily in 1896, being loth to give up a crop so admirably

adapted to their soil and climate. Moreover they believed that

the season of 1895 was exceptional, and that with the return of

normal weather conditions the cucumber disease would disap-

pear and the crop continue to be as profitable as it had been in

the past. But when the disease reappeared in 1896, more viru-

lent than ever, they became discouraged and many of them de-

cided that they must quit growing cucumbers. Some of the

picklemen, too, feared that they would be obliged to close their

factories.
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CAUSE OF THE FAILURE OF THE CUCUMBER CROP.

It should be borne in mind that what is said under this head

does not apply to cucumbers in general but only to late cucum-

bers, which are grown chiefly for pickling. Such sucumbers are

planted from about June 20 to July 4, and commence bearing

about August 1. During the picking season all cucumbers more

than about one and one-quarter inches long are gathered every

other day so that none are allowed to become large and seedy.

These cucumbers are universally called '' pickles," the name

cucumber being applied only to those which are allowed to be-

come nearly or quite full-grown. The latter are sold in the city

markets while " pickles," for the most part, are sold under con-

tract to the local pickle factories. The contract binds the farmer

to grow a definite number of acres of ''pickles" and sell the entire

product to the factory at a stipulated price. The customary

price for 1896 was one dollar per thousand. Sometimes they are

sold by weight. The pickle industry on Long Island is a large

and important one.

During the month of August, 1896, the writer visited a large

number of cucumber fields in various parts of Long Island for

the purpose of ascertaining the cause of the cucumber failure

of which farmers were complaining. As there are several fungus

and insect enemies of the cucumber, we expected to find that

the trouble was not in all cases due to the same cause. It

seemed likely that in different fields different causes would be

found doing the work of destruction. Such was, in fact, the

case, but to a much smaller extent than might be expected.

The striped cucumber-beetle* was found to be doing very little,

if any, damage. This insect seldom does serious injury to late

cucumbers.

In a few fields the melon-lousef was present in destructive

numbers. This is a small, greenish insect, which feeds on the

leaves and roots of cucumbers, muskmelons, squashes and var-

ious other wild and cultivated plants. Cucumber plants in-

'Diahrotica vittata Fabr.

tAphia gosaypii Glover.
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fested by it can be readily detected by the curling of the leaves.

On the under surfaces of the curled leaves the insect may be

found in immense numbers sucking the juice from the plant. It

is to be observed that the melon-louse generally works from the

edges of the field toward the center. The explanation is this:

The insect feeds upon quite a variety of weeds, such as the

dandelion, dock, shepherd's purse, plantain, etc., which are

abundant along the margins of cultivated fields. When the

cucumber plants appear the lice leave the weeds and go to feed

upon the cucumber leaves which are more to their liking, and

thus it is that they work from the edges of the fields to the

center.

In the vicinity of Huntington some damage was done by the

boreal lady-bird beetle* which is a hard-shelled beetle, about

three-eighths of an inch long and nearly as wide, and very con-

vex. Its color is dirty yellow with black spots. Both the beetle

and its larva feed upon the cucumber leaves—^the beetle from the

upper surface and the larva from the under surface. Their work

is conspicuous and readily recognized as insect work.

A disease which did more damage that all the above named

insects is a mysterious wilt disease which is characterized as fol-

lows: At almost any time after the plants have commenced to

run they suddenly wilt without any apparent cause. In some

cases the whole plant wilts; in others a portion of the plant or,

perhaps, a single leaf, while the remainder remains healthy.

Healthy plants and diseased plants may be frequently found in

the same hill. A casual examination of plants recently wilted

reveals nothing which could cause the death of the plant and so

this disease is indeed a puzzle to the farmer. But in the later

stages of the disease a rotten spot may generally be found at the

base of a wilted leaf or somewhere on the main stem. Micro-

scopic examination shows that in the neighborhood of the rotten

spots the tissues are swarming with exceedingly minute germs

called bacteria, and these are the cause of the trouble. Dr.

Halsted, who has given considerable study to the wilt disease of

*Epilachna borealis Fabr.
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cucumbers, melons, etc., is of the opinion that the bacterium

which causes this disease of cucurbitaceous plants is identical

with the one which causes a wilt disease of potatoes and toma-

toes, common in the Southern States and not infrequently found

as far north as the latitude of New York City. But recent investi-

gations made by Dr. Erwin F. Smith* show that the wilt dis-

ease of potatoes and tomatoes has no connection whatever with

the cucumber wilt. He attempted to transmit the disease from

the cucumber to the tomato and potato by artificial inoculation

but failed in every case. Moreover, he comes to the conclusiouf

that there are two distinct wilt diseases of the cucumber. Which

one of these caused the wilting of Long Island cucumbers the

past season we do not know. Along what is known as the Port

Jefferson Branch of the Long Island Railroad the loss from the

cucumber wilt was considerable, although not so great as the

loss from downy mildew to be mentioned later.

In the present state of our knowledge of the wilt disease no

remedy for it can be recommended. Rotation of crops has been

suggested as a remedy and probably it does tend to lessen the

virulence of the disease, but it cannot be relied upon. The past

season we found a bad case of cucumber wilt in a field that had

been in grass for twelve years. It seems probable that the dis-

ease can be communicated by means of cucumber seed.

It is well known that the white grubs (larvse) of the striped

cucumber-beetle feed upon the roots of cucumber plants, and

when present in large numbers they may cause the plants to wilt.

When present they are readily detected. It is safe to say that

almost none of the wilt of late cucumbers on Long Island in 1896

was due to this cause.

We now come to the consideration of the chief cause of the

"poor pickle crop" of 1896; namely, the downy mildew. The

symptoms of this disease are as follows : The leaves show yellow

spots which have no definite outline. If the weather is warm
and favorable for the disease these spots enlarge rapidly and run

* Smith, Erwin P.—A Bacterial Disease of the Tomato, Eggplant and Irish Potato.

Bull. No. 12 U. S. Dept. of Agriculture, Division of Vegetable Physiology and Pathol-
ogy. Issued Dee. 19, 1896.

t Loc. cit. p. 6.
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together so that the whole leaf becomes yellow and soon dies

and shrivels like a leaf killed by frost. If the weather is cool

the yellow spots spread less rapidly. In the latter case the

central portion of the yellow spots becomes dead and brittle and

of a light-brown color. For an illustration of this see Plate X.

The disease invariably begins with the oldest leaves and pro-

ceeds toward the tips of the vines. Hence the disease appears

to proceed from the center of a hill outward. In a field recently

attacked, the center of every hill will be clearly marked by a

cluster of yellow leaves, so that the rows may be plainly seen

clear across the field, even though the plants are large and cover

the ground. Affected plants continue to grow at the tips and

put out new leaves, and it is interesting to note how the disease

follows at a distance of about four or five leaves behind the grow-

ing tip. After the disease is once thoroughly established, very

few cucumbers are produced although the plants may continue

to flower profusely. The few cucumbers which are formed grow

slowly and become misshapen so that they are unsalable.

Besides the downy mildew there are several other fungous

diseases which sometimes do damage to cucumbers, but the

downy mildew was the only one which did serious harm to late

cucumbers on Long Island in 1896, The anthracnose, Colleto-

trichum lagenarium (Pass.) Hals., has recently done much damage

to cucumbers in New Jersey, but it has not been destructive on

Long Island during the past season. Of the total shortage of

75 per cent in the Long Island cucumber crop of 1896 it is safe

to say that 55 per cent was due to the downy mildew, while the

remaining 20 per cent was due to all other,diseases and insects.

In the vicinity of Hicksville and Central Park practically all of

the damage was done by the downy mildew.

STRUCTURE OF THE CUCUMBER LEAF.

In order that the nature of the downy mildew and its method

of killing the leaves may be better understood, it is perhaps best

io first describe the structure of the cucumber leaf.



Plate X.—A Cucumber Leaf Affected with Downy Mildew.
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To the naked eye a piece of cucumber leaf is structureless;

but if a very thin cross-section is cut and placed under a com-

pound microscope which magnifies about 390 diameters, it is

found to be made up of numerous compartments or cells, some

of which contain many green bodies, the chlorophyll grains. Fig.

1, Plate XI, is a drawing of a small portion of such a cross-

section. Above and below there is a layer of colorless cells (a, d)

called the epidermis (a is on the upper face of the leaf, d on the

lower). The epidermis is an impervious protective covering for

the leaf. Between a andd we find cells of various shapes. Near

the upper surface of the leaf they are much elongated and are

called palisade cells (6, &). Toward the lower surface they are

more nearly spherical. In each of these cells there are several

small green bodies (e) the chlorophyll grains which give the green

color tO' the leaves. Fig. 2 of the same plate is a drawing of a

portion of the epidermis or skin, peeled from the lower surface

of the leaf. The elliptical objects (s), are stomata (sing, stoma).

Between the two cells composing a stoma there is a narrow slit

(r) which opens into an intercellular passage on the interior of

the leaf. At 7n in Fig. 1, there is shown a cross-section of the

two cells of a stoma, just beneath the intercellular passage (i).

On the under surface of the leaf the number of stomata to the

square inch is more than 400,000, while on the upper surface

there are about 165,000 per square inch. The epidermis of the

upper surface of the leaf resembles closely that of the lower sur-

face, except that there are fewer stomata. On both surfaces of

the leaf there are hairs which can be seen with the naked eye.

These hairs are of two kinds: (1) long, tapering hairs like the

one shown in Fig. 2, and (2) short hairs with large, swollen

tips, called glandular hairs.

NATURE OF THE DOWNY MILDEW.

The symptoms of this disease have been given on a previous

page. The naked eye can detect nothing about the diseased

leaves which conld cause the yellow spots and consequently they

are a pnzzle to farmers. As in the case of many other plant



352 Eeport of the Mycologist of the

diseases, the cause of which is not known, the blame had been

laid upon the weather. Fortunately the compound microscope

comes to our aid here and makes the whole matter perfectly plain.

If a fragment of leaf taken from one of the yellow spots is mag-

nified about 390 diameters, there will be seen a large number

of such things as are figured in Plate XII. These constitute the

downy mildew fungus, Plasmopara ciihensis, which is the real

cause of the yellow spots. It is not an insect. It is a vegetable

growth and is just as truly a plant as is the cucumber plant itself.

At Fig. 1 there is shown a branched sporophore (s) bearing sev-

eral young spores (sp). The sporophores are nearly colorless and

come out through the stomata on the under surface of the leaf, the

branched tops hanging downward. Fig. 3 shows one young and

one mature sporophore* coming through a stoma {st). When the

spores are mature they are violet colored and usually have the

form shown in Figs. 2, 2' and 2". These spores are readily carried

by the wind for a long distance. Should one chance to fall upon

a cucumiber leaf and find there a drop of dew or other moisture,

it will germinate in a few hours by discharging several small

protoplasmic bodies called zoospores. Each of the zoospores may

put out a germ-tube which finds it way through a stoma to the

Interior of the leaf, where it forms a net-work of colorless fungus

threads (hyphae) which run here and there among the cells. At

frequent intervals the hypae put out knob-like outgrowths which

penetrate into the cells and feed upon the cell contents. See Fig.

7, Plate XII. The fungus is, therefore, a parasite, appropriating

to its own use the nourishment which the cucumber plant has

prepared. Besides abstracting nourishment, the fungus probably

does further injury by poisoning the cells and causing them

to die quickly. After the fungus has vegetated within the leaf

for a while it forms sporophores which push out through the

stomata and produce another crop of spores. The length of time

required for the completion of this life cycle is not known, but it

is certainly short, prohably less than twenty-four hours. Thus

The Bumber of sporophores which proceed from a single stoma is small, usually

one or two; but it is not uncommon to find as many as five, and even larger numbers
are occasionally seen.



New York Agricultural Experiment Station. 353

the disease spreads from plant to plant with great rapidity. In

what form the fungus i)asses the winter is not known. The ordi-

nary conidal spores, described aboAa^ retain their germinating

cai)acity for a short time only. Some species of closely related

fungi produce, in addition to these ordinary spores, thick-walled

resting spores, which retain their power of germination for a long

time and serve to carry the fungus over the winter oir other un-

favorable period. No such spores liave been found in connection

with Plasmopara cuhensis.

The large, short-stalked spores* shown in Figures 4, 5 and G

are a modified form of the ordinary conidia. Spores of this

character are known to occur occasionally in a few other species

of Peronosporae, the family to which Plasmopora cuhensis be-

longs; but it is unusual for them to occur in such large numbers

as we have found them in this species.

The downy mildew fungus likes hot weather and a moderate

rainfall. The time of worst attack is generally in August. Dur-

ing the first half of last August there was a period of ten days of

excessively hot weather. The disease spread with such alarming

rapidity that by August 20 the majority of cucumber fields were

ruined. The influence of moisture is seen when diseased cucum-

ber leaves are placed for about twenty-four hours in a tight tin

box containing blotting paper saturated with water. In this

moist atmosphere the sporophores attain a greater length and

produce myriads of spores which give to the diseased spots a

decided violet tinge. The spores are so numerous that when a

leaf is suddenly jarred they fall like a cloud of violet-colored dust.

Under the microscope the fungus is seen to be in a state of active

* These peculiar spores do not seem to have been previously observed as they are not
mentioned in the literature of this species; The writer found them in abundance dur-
ing August on field-grown cucumbers and muskmelons. On both of these plants one
or more such spores might bo found on nearly every surface section taken from the
under surface of the leaves. They closely resemble the ordinary conidia except that
they are considerably larger. The sessile form (Fig. 5) is much more common than
the stalked form (Fig. 4). On page 311 of the Botanical Gazette for 1883, Dr. Farlow
mentions having seen similar spores in Peronospora cranii, Pk. and Prronospora
violae, DBy; and Dr. Max Cornu has described and figured such spores found in con-
nection with Plasmopara viticola. See his article, Lc Peronospora dcs Vignes.
In the opinion of the writer these spores should be considered abnormal and due to

some unfavorable condition, probably insufficient moisture. As previously stated, they
were found in abundance on leaves collected in dry weather; but they were rarely
found on leaves collected on damp days or on leaves kept in a moist chamber

23
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growth—spores may be found attached to- the sporopliores and in

all stages of growth; and the bases of the sporophores are sur-

roainded by huge masses of proto})]asm like the one shown at

Fig. 1, Plate XII. Whereas, on leaves taken from the open

in dry weather, the fungus does not produce spores in such pro-

fusion as to color the leaf spots; no masses of protoplasm are to

be found at the bases of the sporophores; and it is rare thiit im-

mature spores can be found attached to the branches of the

sporophores.

BOTANICAL RELATIONSHIP OF THE DOWNY MILDEW
FUNGUS.

Botanists have grouped the higher plants into families and

given these families Latin names. For example, we have the

Gourd Family or Cucurbitaceae, which contains the gourd, musk-

melon, watermelon, cucumber, squash, pumpkin and other similar

plants. The numerous species of fungi have been grouped into

families in the same manner, and so we have the family of smuts

or Ustilagineae, which contains all the species of smut fungi,

such as corn smut, oat smut, onion smut, etc.; the family of

Rusts or Uredineae, which contains the various species of rust

fungi, and many other families.

The cucumber downy mildew fungus has the Latin name,

Plasmopara ciibensis, and it belongs to the family of Downy Mil-

dews or Peronosporeae. This is a family which contains many

species of fungi injurious to cultivated plants. Some well knov/u

examples are: The dreaded potato-blight, PJiytophtliora infcstans,

the downy mildew of the grape, Plasmopara viticola, the spinach

mildew, Peronospora effusa, and the onion mildew, Peronospora

schleideni. But the downy mildews sho'uld not be confused with

the powdery mildews, such as gooseberry mildew and the com-

mon rose mildew. These are quite diiferent in structure and

belong to the family Erysipheae.

HOST PLANTS.

The plant upon which a fungus lives is called its host plant.

Plasmopara aihensis has several host plants, all of which belong

to the Cucurbitaceae. It was originally discovered on a wild
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plant in Cnba; and has since been found on the encumber
(Cucumis sativus), the muskmelon ((7t/,c?<mis melo), the watermelon

{Citrullus vulgaris), the squash {Cuciirbita maxima), the pumpkin
{Cucurhita pcpo) and the gherkin gourd (Cucumis anguriu). It is

likely that when the fungus becomes better known it will be

found on still other cucurbitaceous plants. During an outbreak

of the disease in New Jersey in 1891, Dr. Halsted* sought for it

on the star cucumber (Sicijos angiilatus) and the wild cucumber

{Echinocystls lobata) but failed to find it.

On both field-grown and hot-house encumbers it is exceedingly

destructive. The muskmelon, too, suffers severely from its at-

tacks. Muskmelon plants attacked by the disease lose their

leaves in much the same manner as do cucumber plants, except

that the yellow discoloration is less marked in the muskmelon

and the dead spots are dark colored. The diseased plants may
continue to produce melons but they are of a very inferior quality.

The watermelon is affected in the same way. Dr. Halsted attrib-

utesf the partial failure of the New Jersey watermelon crop in

1891 to this fungus. On the squash and pumpkin the disease

presents the same general appearance as on the cucumber, but as

yet it has not done much harm to these plants. Ilowever, it

seems to be on the increase and it is not improbable that in the

near future Long Island squash growers will have to fight this

disease or abandon the crop just as cucumber growers are doing

now.

HISTORY OF THE DISEASE.

The disease with which we are dealing has a comparatively

short histoiw. It was originally discovered on a wild plant in

Cuba and the fungus causing it was first described^ in 1869 by

Berkeley and Curtis, who gave it the name Pcronospova ctiheiisis.

For the next twenty years nothing was heard of it and then in

1889 it suddenly appeared in Japan and in N(^w Jersey. The first

announcement of its occurrence in this country is to be found on

page 152 of the Botanical Gazette for June, 18S9. Dr. Halsted,

Halsted, B. D. Notes upon Peronosporcae for 1891. Ann, Rcpt. New Jersey Agri-

cultural Experiment Station for 1S91, p. 248.

tLoc. cit.

t Journal Linnaean Society, Botany, Vol. 10, p. 363.
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the author of that article, istates that he found the fungus on

cucumber leaves growing under glass at New Brunswick, N. J.

Subsequently, he reported* that it had been found abundantly in

various parts of New Jersey in 1889, not only on forced cucum-

bers but also on squashes, pumpkins and field-grown cucumbers.

In the Botanical Gazette for August, 1889, Dr. Farlow gave a de-

tailed account of the fungus and stated that it had been found in

Japan a few montbs before by Prof, Miyabe. In the same year,

1889, Prof. Gallowayt reported having received specimens from

Anona, Fla., and College Station, Texas, in both of which locali-

ties it was abundant.

In 1890 Dr. Humphreyt studied the fungus at the Massachu-

setts Experiment Station. He made the first drawings of the

spares§ and sporophores, and the hyphae penetrating the cells of

the leaf; and because of the manner in which the spores ger-

minate he changed the name to Plasmopara cuhensis.

Following this, the fungus was reported from various parts of

the country. It began to do serious injury to muskmelons and

watermelons, and has now become so injurious to cucumbers and

melons that it must be placed in the front rank of destructive

fungous diseases. According to Ludwig|| it has not yet been

found in Europe.

It is a curious freak of nature that a fungus which had not

been observed for twenty years should appear almost simulta-

neously in two widely sepai-ated portions of the earth and so

suddenly spring into prominence as a destructive disease.

AN EXPERIMENT ON THE PREVENTION OF THE DIS

EASE BY SPRAYING WITH BORDEAUX MIXTURE.

In the season of 1896, the Station made arrangements with Mr.

R. C. Oolyer, of Woodbury, N, Y., to make a spraying experiment

• Halsted, B. D. Some Notes upon Economic Peronosporeae for 1889 In New Jersey.

Journal of Mycology, Vol. V., p. 201.

t Galloway, B. T. New Localities for Peronospora Cubcnsis. Journal of Mycology, Vol.

V, p. 216.

J Humphrey, J. E. Eighth Ann. Kept. Mass. Agl. Exp. Sta., 1890, pp. 210-212.

§ He did not, however, illu.strate the germination of the spores although he distinctly

states that the method of germination is by zoospores and because of this character

places the fungus in the genus Plasmopara. Dr. Halsted, also, has observed that the

germination is by means of zoospores, but no one has ever flgured them.

II Ludwig, F. Lebrbuch der Niederen Kryptogamen, p. 150.
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on one of his fields of late cucumbers. This field had an area of
about one and throe-fourths acres, and was planted about July 1,

in forty-two rows, each containing one hundred and three hills,

the rows being five feet apart alid the hills four feet apart in the
row. It was planned to spray a part of the field with Bordeaux
mixture and leave another part unsprayed for comparison. Bor-
deaux mixture was selected for use in the experiment because it

is known to be a preventive of the downy mildew of the grape,
the late blight of potatoes and other diseases caused by fungi
belonging to the family of downy mildews. The downy mildew
of the grape is caused by the fungus Plasmopara viticola which
is a near relative of the cucumber downy mildew fungus. Grape
growers no longer fear this once troublesome disease because
they know that Bordeaux mixture applied at the proper time
will certainly prevent it.

The writer, knowing the nature of the cucumber disease and
the value of Bordeaux mixture for such diseases in general, was
confident that the cucumber crop could be saved by spraying the
plants with Bordeaux mixture before the disease made its ap-

pearance. Acting upon this idea we prepared a brief newspaper
article in which the nature of the cucumber disc^ase was explained
and an outline given of what seemed likely to be a successful

method of treating it. This article was published in June in some
of the local newspapers, viz., the Island, published at Floral Park;
the Enterprise, published at East Norwich; and the Long Islander,

published at Huntington. It appears that no attention was paid

to this article. 'V,^ I- iiov, -jf nc iii^iaiiee in which any attempt
has been made on Long Island to prevent the cucumber disease

by the use of Bordeaux mixture, excepting, of course, our own
experiment and the cases of three or four farmers who, having
seen the results of this experiment, made an attempt to save their

cucumbers after the disease had attacked them. The Bordeaux
mixture has been used on Long Island very little for any pur-

pose. The past season several farmers sprayed potatoes and a
few have sprayed their orchards, but this excellent fungicide

should be better known here.
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Humphrey,* Lodemanf and some other writers have suggested

spraying for cucumber downy mildew, but we believe that the

only record experiment is one made by Halstedi who reports that

cucumber plants sprayed with 'Bordeaux mixture held their

leaves longer than unsprayed plants. The results of that exper-

iment M^ere somewhat complicated by the fact that the unsprayed

plants suffered severely from attacks of anthracnose§ as well as

downy mildew. Hence it seemed desirable to have more exper-

imental evidence of the efficiency of Bordeaux mixture as a pre-

ventive of cucumber downy mildew.

Let us now return to our own experiment: The forty-two rows

of cucuomber plants were divided into five plats as gihown in the

accompanying diagram.

Plan of Experimental Field.

Plat I. 10 rows ; sprayed 7 ti

Plat II. Grows; not sprayed.

Plat III. 10 rows ; sprayi d 7 times.

Plat IV. 6 rows ; center 2 rows sprayed four times, tbe otber
four not sprayed.

Plat V. 10 rows; sprayed. 7 limes.

Humphrey, J. E. Tenth Ann. Rept. Mass. Agr. Exp. Sta., 1892, p. 227.

ILodeman, E. G. The Spraying of Plants, p. 315.

tHalsted, B. D. Experiments with Cucumbers, Rept. of the New Jersey Agricultural

College Experiment Station for 1895, p. SO;!.

^Colhtolrichum lagcnarium (Pass.) Hals.
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CHKONOLOGICAL RECORD OF THE FIELD.
July 13. First Sprai/ivf/. The plants were well up, the majority

of them having- two loawi^ besides the seed-leaves. Plats I.

Ill and \- were sprayed witli .ISordeaux mixture (l-to-7 for-

mula). Thirty-six gallons of Bordeaux mixture were used
and the time consumed in making and applying it was about
three hours. Plats II and IV not sprayed.

July 24. Second Spniyiny. The plants had been growing very
rapidly and appeared to be in perfect health. Plats I, III
and V sprayed again (l-to-7 formula). Bordeaux mixture
used, 58 gallons. Tinif. .-, hours. Plats II and TV not
sprayed.

July 30. On the plants in Plats I, II! and \' many leaves were
yellow around the mar^ns, while the plants in Plats II and
IV were in perfect health and showed none of the yellow
leaves. Thus it appeared that the iujui-y was due to the
Bordeaux mixture applied on July 24. Two questions now
arose, viz.

:
Had the Bordeaux mixture been improperly pre-

pared? or, Had it been used in a too concentrated form?
August 3. Third Sprayiinj. The plants on Plats I, III and \'

still

showed decided injury. l>]ats II and I\^ were perfectly
healthy. Plats I, III and V sprayed again. Fearing that
the Boideaux mixture had been (oo strong iu the first two
sprayings, the 1-to-ll formula was used this time. Bor-
deaux mixture used, 75 gallons. Time, hours. In order
to determine whether the injury from Bordeaux mixture in
the second spraying was due to a too concentrated mixture,
the center two rows in Plat IV (^vhich ui. to this time had
not been sprayed at all) were treated as follows: One row
was sprayed with carefully prepared Bordeaux mixture of

the l-to-7 formula and the other row with Bordeaux mixture
of the 1-to-ll formula. Hereafter, these two rows will be
referred to as " test rows.''

August 7. The first appearance of the yellow spots of the downy
mildew.
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August 8. The first picking was done on this date.

August 12 and 13. Fourth Spraying. The third spraying did no

injury to the plautss. Is either had there been any injury to

either of the two test rows in Plat IV. The unsprayed plants

in Plats II and IV were now severely attacl.ed by the downy

mildew—every hill showed the characteristic yellow spots.

While on Plats I, III and V only an occasional yellow spot

could be found. The test rows in Plat IV showed more

disease than Plats I, III and V but considerably less than

the unsprayed plants in Plats II and IV. The test rows were

again sprayed as on August 3. Plats I, III and V sprayed

again (1-to-ll formula). Bordeaux mixture used, 105 gal-

lons. Time,*9 hours,

August 21. Fifth spraying hegun. On this date the contrast be-

tween the sprayed and the unsprayed plats was very strik-

ing. Plats I, III and V were perfectly green, in excellent

health and producing an abundance of cucumbers; while

Plat II and the unsprayed rows on Plat IV were yellow

throughout, many leaves were completely dead and picking

was practically finished. The test rows in Plat IV showed

no injury from spraying, and they were not nearly so badly

diseased as the unsprayed rows beside them. Plat V and

two rows of Plat III were again sprayed. This time it was

thought best to use the l-to-8 formula. A close examination

of the sprayed plants showed that the disease was getting

started among them and it was feared that the Bordeaux

mixture used in the last two sprayings might not have been

strong enough to check the disease. The experiment on the

test rows in Plat IV showed that the stronger mixture could

be safely used if it wen^ properly prepared. The quantity of

Bordeaux mixture used this time was 50 gallons and the

time required to apply it, 4 hours. On the night of August

21st, there was a heavy rain and on the 22d and 23d drizzling

rains fell so that no more spraying was done until the 24th.

August 24 and 25. Fifth spraying finislied. The heavy rains had

washed off so much of the Bordeaux mixture that it was

deemed advisable to re-spray the plants sprayed on August
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21. Plats I, Til and V were, therefore, ij^iven a tboron;;h

spraying- on August 24 and 25. Quantity of Bordeaux mix-

ture used, 150 gallons. Time, 10 hours. The test rows were

again sprayed.

Septembei' 2 and :i. Sixth spraying. At this time the unsprayed

plants had no green leaves excei)t a few at the ends of the

vines. The sprayed ])lants, on l*lats I, III and V were

considerably diseased but continued to yield about 30

baskets of cucumbers every other day. They were again

sprayed with the l-to-8 formula. Bordeaux mixture used,

100 gallons. Time, 6 hours. Less Bordeaux was required

this time because there had been very little rain since the

last spraying. Time was saved by using two nozzles, in-

stead of one, as in all previous sprayings. The test rows

were again sprayed.

September 8 and 9. Seventh sprayinq. Among the sprayed plants

the disease was slightly worse than on September 2; but,

in spite of this, two pickings had been made during the week,

the one made September 7 yielding 40 baskets of cucumbers.

The test rows on Plat IV, were now little better than the

unsprayed rows. Plats I, III and V, sprayed again d-to-S

formula). Bordeaux mixture used, 100 gallons. Time, 6

hours. Two nozzles were used as in the sixth spraying.

September 21. The vines were badly diseased but still retained

considerable of their foliage. As late as September 19,

eleven baskets of cucumbers were taken at one picking.

September 23. Five baskets of cucumbers were picked on this

date. The vines were killed by frost during the night of

September 23-24.

HOW THE SPRAYING WAS DONE.

Thirty rov.s were sprayed seven times and two rows four times

with Bordeaux mixture made by the potassium ferro cyanide test

and applied with an Eclipse knapsack sprayer. Spraying was

begun July 13, when the plants had but two leaves, and con-

tinued, at intervals of from six to eleven days, until Septembei-

9. The remaining ten rows were not sprayed at all.
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THE EXTENT TO WHICH SPRAYING PREVENTED THE
DISEASE.

The downy mildew first appeared on the unsprayed plants

August 7, and by August 21 it had injured the foliage to such an

extent that scarcely any cucumbers were produced after this

date. The damage was done almost wholly by the downy mil-

dew. The thirty-two rows of plants which had been sprayed

were in perfect health and vigor on August 21, and after this

date produced two hundred sixty dollars* worth of cucumhers which

represents approximately the benefit resulting from spraying.

This benefit would, without doubt, have been considerably

larger if no unsprayed plants had been left. On the unsprayed

plants in Plats II and lY, the fungus was alU.wed to grow un-

checked and produce immense number of spores which the wind

scattered broadcast over the sprayed plants. These spores could

not attack the leaves from the upper side becaus'^ of the Bor-

deaux mixture. Probably they dropjied to the ground and were

carried to the undersurfaces of the leaves by the spattering of

rain drops. Here there was no Bordeaux mixture to hinder

them and so they readily gained access to the tissues of the leaf.

As a result, about August 21, the yellow disease-spots could be

occasionally found on the leaves of spraj^ed plants and from this

time on the disease gradually spread and shortened the crop con-

siderably. Had all the plants in the field been sprayed, the dis-

ease could not have obtained a start. The soil on which the

plants grew could not have been originally infested by the fungus

because no cucumbers had been grown on it for several years.

Hence, the only source from which the plants could receive

infection would be the spores coming from the neighboring fields,

the nearest of which was one-fourth mile away. Under these

conditions comparatively few spores would have fallen upon our

experimental field and it is very probable that we could have

kept the plants in perfect health until frost.

*The actual amount was more than this, but exactly how much we do not know, and
desiring to be strictly within the limits of truth we will place it a little low and call

it two hundred sixty dollars. It is to be regretted that an exact record of the yield on
the different p'afs was not kept. The cucumbers were sold in the Wallabout Market,
Brooklyn, and because of the scarcity of cucumbers, they brought, on an average,

nearly four times the price which picklemen were paying for cucumbers raised on
contract.
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Tlie experimental field, beinjj; near a i)iil)lie hiiihway, attracted

a great deal of attention. Some who knew nothing of its history,

were much puzzled by its ajipeai-ance and stop])ed to inquire why

it was so " streaked." Such was the interest in it that farmers

who had heard of the experiment came from several miles around

to see what had been accomplished by spraying. The contrast

between the sprayed and unsprayed i)ortions of the field was

very striking. See Plate XITI.

EXFEXSE OF THE TREATMENT.

The items of expense are as follows:

Seven hundred and six* gallons of Bordeaux mixture at

an average cost of two-thirds of a cent per gallon. ... ^i 71

Forty-nine Jiours labor ajtplying the Bordeaux mixture

at 15 cents per hour 7 33

Expense of carting 706 gallons of water, about 2 25

Total •!1^ 31

The thirty-two rows sprayed contained 3,29G hills and covered

an area of a trifle more than one and one-half acres. The ex-

pense per acre was, therefore, |9.50. Spraying increased the

crop on this one and one-half acres by the amount of ^60, which

is at the rate of |173 j^er acre. Deducting from the latter

amount the expense of spraying one acre, $9.50, we have left

$163.50 net profit per acre.

Strength and Quantity of Bordeaux Mixture Used in the

Experiment.

It will be observed that in the course of the experiment three

different, strengths of Bordeaux mixture were used. The experi-

ment would have been more satisfactory if a single strength

could have been used throughout the season. But the second

spraying injured the plants and it was suspected that the Bord-

eaux mixture used (l-to-7 formula) had been too strong. Ac-

cordingly, the next two sprayings were made with weaker mix-

ture (1-to-ll formula). At the time of the fifth spraying it was

*This includes the 674 gallons used on Plats I, III and V, and 32 gallons used on the

two test rows in Plat IV.
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discovered that the disease was beginning to attack the sprayed

plants and it was feared that the mixture used in the third and

fourth sprayings had not been strong enough to prevent the

germination of the fungus spores; and in the meantime it had

been ascertained that the injury done by the second spraying

was due to the Bordeaux mixture having been improperly pre-

pared. So in the fifth, sixth and seventh sprayings we used

Bordeaux mixture of the l-to-8 formula.

Further experiments are necessary to determine what strength

of Bordeaux mixture will be the most satisfactory. The weaker

the mixture the less will be the expense of spraying, but, of

course, it must be strong enough to kill the fungus spores.

Judging from the behavior of the two test rows in Plat IV, one

of which was sprayed with 1-to-ll Bordeaux and the other with

l-to-7 Bordeaux, it seems probable that Bordeaux of the 1-to-ll

formula will prevent the disease just as effectually as stronger

mixtures. This opinion is strengthened by the fact that the

grape downy mildew is readily controlled by 1-to-ll Bordeaux.

The quantity of Bordeaux mixture which it is necessary to use

at each application depends upon the size of the plants, the

amount of rainfall and the frequency with which the plants are

sprayed. The quantity required for the first spraying is small as

compared with the quantity required when the plants are full

grown. If the plants are sprayed once a week and there is little

rain between the sprayings, the quantity required each time will

not be nearly as great as when the plants are sprayed at longer

intervals and heaYj rains occur.

In the experiment, the quantity of Bordeaux mixture used in

the several sprayings was as follows:

First spraying 25 gallons per acre.

Second spraying 41 gallons per acre.

Third spraying 53 gallons per acre.

Fourth spraying 74 gallons per acre.

Fifth spraying 141 gallons per acre.

Sixth spraying 71 gallons per acre.

Seventh spraying 71 gallons per acre.

Total of seven sprayings 476 gallons per acre.
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Time Required to Apply Bordeaux Mixture.

Applying Bordeaux mixture witli a knapsack sprayei' is hard

work; hence the amount of work done depends hirgely upon the

strength of the laborer. Experience gained from this experi-

ment and potato spraying experiments, shows that an active

man of average strength can malce and apply from 125 to 150

gallons of Bordeaux mixture in a day of ten hours, using an

Eclipse knapsack sprayer with a single Vermorel nozzle. This

{juantity can be increased to from 150 to 175 gallons per day by

using two nozzles, but when two nozzles are used it is necessary

to keep the pumj) handle working almost constantly, which

makes the work harder. In spraying cucumbers two nozzles can

be advantageously used in the later sprayings, provided the

laborer is strong and willing to work.

Mr. Colybr's Opinion of the Experiment.

The folloW'ing statement from Mr. B. C. Colyer, of Woodbury,

L, I., N. Y., on whose premises the experiment was made, ex-

plains itself. Mr. Colyer writes as follows:

'' The uusx)rayed vines were a failure—the blight affected them

before they commenced to pick. Th(> pickles grew crooked and

pointed so that when they were counted about one-fourth of them

had to be thrown out and the balance were unsatisfactory at the

salting-house. The blight affected them so fatally that in about

two weeks they ceased picking. The sprayed vines grew vigor-

ously—the blight did not affect them apparently. The pickles

grew perfect and all were salable. The spraying preserved the

vines until they were killed by the frost, September 24th. The

vines were yielding fairly well when the frost came. This exper-

iment with Bordeaux mixture on the pickle vines was a success.

The crop from the vines sprayed was very profitable to me. The

blight was general last year, the main part of the crop being

destroyed about the middle of August. Very few farmers w^ere

picking as late as September 1. The pickles that grew on these

vines preserved by the application of the Bordeaux mixture, sold

in Wallabout market, Brooklyn, at an average price of about
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foiu' dollars per thousand for the large ones and three dollars per

thousand for the small ones, giving me more than |260 profit

from the sprayed vines after the unsprayed vines were dead.

" I have been growing pickles for the New York market and

for salting-houses for the past sixteen years; for the first ten

years the vines grew vigorously and yielded pickles until the

vines were killed by frost (usually the last of September in this

section), yielding from 100,000 to 150,000 per acre, which made

them a very profitable crop. During the last six years the yield

has been growing less, apparently from some disease unknown

to us, the disease spreading and becoming more fatal every year.

Last year, 1896, the crop did not pay for the cost of the fertilizer

and cultivation. Many large growers have ceased to plant them

and unless a remedy had been found the crop must soon have

been abandoned here on Long Island.

" Yours truly,

" R. C. COLYER."

SPRAYING MUSKMELONS AND WATERMELONS.

Both muskmelons and watermelons suffer severely from the

attacks of downy mildew. There is every reason to believe that

Bordeaux mixture, properly applied, will as effectually protect

these plants as it does the cucumber. As in the case with the

cucumber, the spraying should be commenced when the plants

are small and continued at intervals of about te;n days until

frost. Some of the Bordeaux mixture will, of course, fall upon

the melons and spot them, but this will do no harm since the

spots can be readily removed, when it is time to market the

melons, by rubbing them with a cloth moistened with vi*negar.

In this connection it may be of interest to some to know how

the unsightly Bordeaux stains can be removed from the hands.

In making and applying Bordeaux mixture one can hardly escape

staining the hands badly, especially if the potassium ferro-

cyanide test is used in making the Bordeaux. By washing the

hands in vinegar most of the stain can be removed.
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ABE SPRAYED CUCUMBERS AND MELONS POISONOUS?

The question has been asked, may not sprayed cucumbers be

poisonous? They who ask this question reason, that, as the

cucumber gets its nourishment from the vine which takes its

food through the roots and leaves, if the leaves and the soil about

the roots are coated with a poisonous substance the plants may
absorb the poison and store it in the cucumber. This is an ob-

jection which has often been raised against the spraying of plants,

but it has been shown to be without foundation. It is true that

plants may take up copper compounds from the soil, but not in

sufficient quantity to make the fruit poisonous. Likewise, the

leaves of land plants under certain conditions can absorb liquids,

but only to a very limited extent.

A greater sonrce of danger lies in the Bordeaux mixture which

falls on the fruit itself and is eaten with it. However, expert

chemists who have made analyses of sprayed grapes and other

fruits state that the amount of fruit which it would be necessary

to eat in order to get a poisonous dose of Bordeaux mixture is so

large that there is no danger. And since copper, the poisonous

property of Bordeaux mixture, is not a cumulative poison there

i« no danger from small doses.

But the most convincing proof that sprayed fruit is not poison-

ous, is the fact that although the spraying of potatoes, grapes,

apples, pears and other fruits is quite a genera' practice in some

parts of our country, no cases of poisoning have resulted there-

from. It will be remembered that when farmers first began to

use Paris green for the Colorado potato-beetle there were many
people w^ho feared to eat the tubers of the treated plants. Now,

Paris green is almost universally used on potatoes without evil

consequences to consumers.

Sprayed cucumbers and melons are certainly not poisonous.

THE PREPARATION OF BORDEAUX MIXTURE.

The ingredients used in the preparation of Bordeaux mixture

are copiper sulphate, fresh lime and water, which are combined in
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different proportions for use on different plants. For spraying

cucumbers and melons we recommend the use of a mixture con-

taining one pound of copper sulphate, two-thirds of a pound of

fresh lime and eight gallons of water. This formula is known as

the " l-to-8 formula/' which means that each eight gallons of

Bordeaux mixture contains one ponnd of copper sulphate. In a

1-to-ll formula, one pound of copper sulphate is contained in

eleven gallons of Bordeaux mixture, and so on. This simple

method of designating the strength of Bordeaux mixture was
devised by Beach.*

Copper Sulphate.

Blue vitriol and blue stone are other names for copper sulphate.

It is put on the market in three forms: (1) in large crystals, (2)

in granulated form, and (3) in powdered form. The granulated

form is the most satisfactory because it is cheaper than the pow-

dered form and dissolves more readily than the large crystals.

Copper sulphate, in quantities of from fifty to one hundred

pounds ought not to cost more than five cents per pound. In

barrel quantities it can be purchased in New York city for four

and one-half cents per pound and perhaps less. Since it will

keep indefinitely it is advisable to buy in large quantities in

order to get wholesale rates. It is poisonous.

Dissolving the Copper Sulphate.

Select a wooden vessel (never use an iron vessel) and put into

it a quantity of water equal to about one-half the quantity of Bor-

deaux mixture desired. A barrel having a capacity of about fifty

gallons is excellent for the purpose and, in fact, this is the vessel

most generally used. See that the inside of the barrel is free from

sticks,, dirt or anything else which might clog the nozzles of the

spray-pump. Fill the barrel about one-half full of clean water.

Weigh out the required amount of copper sulphate, six pounds

*See New York Exp. Sta. Bulletin No. 84, p. 3.
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for cucumbers, put it into a loose bag ui fertilizer bag is good)

and suspend it iu the barrel in such a manner that the copper

sulphate will be near the top of the water. If allowed to rest on
the bottom of the barrel it will require longer to dissolve.

Preparing the Lime.

Take four pounds or more of the best unslahed lime obtain-

able (air-slaked lime should not be used), put It into a separate

vessel and slake it as for whitewash. It is well to have this

vessel of good size so that after the lime is slaked considerable

water maj be added to dilute and cool it. Formerly, the amount
of lime required was determined by weighing, but we now have

a chemical test called the potassium ferrocyauide test (to be

described presently) which does away with the necessity of

weighing the lime.

Mixing the Copper Sulphate and Lime Water.

When the copper sulphate is dissolved and the lime slaked,

fasten a fertilizer bag or other coarse cloth over the top of the

barrel for a strainer. Have at hand a small bottle containing a

little potassium ferrocyauide (yellow prussiaie of potash) dis-

solved in water. Kow, strain the lime water into the copper

sulphate solution until a considerable quantity has been added.

Next, remove the strainer and give the mixture in the barrel a

thorough stirring; then add a drop of the potassium ferrocyanide

solution. If enough lime has been added no change of color will

take place when the drop of potassium ferrocyauide strikes the

mixture, but if more lime is needed the drop will change to a

reddish brown color. Continue to add lime until the mixture

does not change color when tested, being careful to stir thor-

oughly each time before testing; and aftei- the test shows that

there is enough lime add yet a little more lime iu order to be sure

that there is enough. If too little lime is used the plants will be

injured in the manner described on page 359, but an excess of

lime will do no harm.
.

24
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Potassium ferroej'anide can be pnuchased {it any drug store.

The quantity needed for a season's spraying should cost but a

few cents. It is a poison.

Bordeaux mixture must be freshly prepared each time it is

needed for use. If alloAved to stand longer than a few hours it

begins to deteriorate in value.

Preparing Stock Solutions of Copper Sulphate and Lime.

Where large cjuantities of Bordeaux mixture are required it

will be found advantageous to prepare stock solutions of copper

sulphate and lime.

Dissolve one hundred pounds of copper sulphate in fifty gallons

of water. Each gallon of the solution will contain two pounds

of copper sulphate. When it is desired to prepare Bordeaux

mixture, three gallons of this stock solution will be sufificient to

make a barrel of the mixture. In this way the time consumed in

weighing and dissolving the copper sulphate can be saved. The

stock solution can be kept any length of time provided it is kept

tightly covered to prevent evaporation.

A stock solution of lime can also be prepared. Lime can be

slaked in quantity and kept in a concentrated form if care is

taken to keep it covered with water so that it can not harden.

When needed for use the required quantity can be taken and

diluted to the desired consistency.

SPRAYING MACHINERY.

In the spraying experiment reported in this bulletin the Bor-

deaux mixture was applied with a knapsack sprayer like the one

shown in Fig. 17. The following discussion of knapsack sprayers

is copied from Bulletin No. 75 of this Station:

" Knapsack sprayers, as the name indicates, are machines de-

signed to be carried on the back. These are manufactured by a

number of firms; the later patterns differ from each other only

in small, but occaisionally very essential details. In general,

knapsacks consist of a copper tank holding from three to five
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gallons, being held in place on the back by straps over the

shoulders. They are furnished with force pumps that have a

large air-chamber, making the discharge constant. In the later

patterns the puiu]) handle is so arranged that it can be made to

work over either shoulder, so that the pumping may be done by

either hand.

" In purchasing a knapsack care should be taken to select one

in which the discharge pipe enters the tank at the top. If it

enters at the bottom it invariably becomes clogged in a short

time where heavy mixtures ai-e used, so that it is a constant'

source of annoyance When furnished

with a Vermoret nozzle the knapsack is a very efficient sprayer.

They can be obtained of most dealers in spraying apparatus at a

price ranging from ten to fifteen dollars."

Spraying with a knapsack «piayer is hard work and slow, but

the knapsack can be used in a great many cases where it would

be inconvenient and perhaps impossible to use either a barrel

spray-pump or a power sprayer. On acconnt of the habit of

growth of cucumbers and melons, a sprayer on wheels can not be

used for spraying these plants except, perhaps, in the manner to

be described a little later; hence the knapsack sprayer, in spite of

its tediousuess, is sure to find favor among those who grow cu-

cumbers and other vines which require spraying. It is so useful

for applying fungicides and insecticides to various field and

garden plants that every farmer should have one even if he has

also a barrel spray-pump.

Some of the large growers insist, however, that an easier and

more rapid method should be found. To such persons we make

the following suggestions:

Plant the cucumbers in strips of from six to nine rows each,

leaving between the strips open spaces of from twelve to thirteen

feet in width. In the center of each ox)en space plant two rows

of late cabbage, cauliflower, or some other low-growing plant.

The following diagram shows the plan of a field planted in this

manner:
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Seveu rows cucimibeis.

Two rows cabbages . .

.

-1

Seveu rows cucumbers. ..

Two rows cabbages <

Seven rows cucumbers.

Buy a good si3ray-pump (there are several good ones which sell

for about ten dollars), mount it in a fifty-gallon barrel and place

the barrel on some kind of a cart, which is to be hauled along the

open spaces by one horse. The heavy, two-wheeled, dumip carts

used by market gardeners will answer this purpose very well.

The horse walks between the cabbage rows and the wheels which

are about six feet apart, run between the cabbages and the out-

side rows of cucumbers. From the spray-pump let a lead of hose

several feet in length extend on either side. At the end of each

lead of hose attach a piece of gas-pipe* about eight feet in length

and carrying at its extremity two or more spraying nozzles. The

two-discharge and three-discharge Vermorel nozzlesf are as goiod

as any.

Three men will be required to operate the sprayer—one to drive

and work the pump and one on either side to manage the nozzles.

A fourth man and a team can, with advantage, be used to haul

water and prepare the Bordeaux mixture. If the strips each con-

•What Is knoTfii as the bamboo extension rod will serve the same purpose admirably.

tFor sale by the Gould Manufacturing Co., 16 Murray St., New York City.



Fig. is.—Sprayer on Wheels.
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lam seven rows (which number seems to us to be the most con-

venient one, all things considered) five feet apart, it will be neces-

sary for each of the men who carrj the nozzles to spray three and
one-half rows al each passage. Wiih the aid of the eight feet of

gas-pipe they should be able to spray all of the plants on the three
and one-half rows without trampling the vines to any extent.

A spraying outfit of this kind will cost from |17 to |20 in addi-

tion to the cart. It can be used for spraying potatoes in the same
manner as cucumbers.

For the first two or three sprayings, when the plants are small,
it is doubtful if this method will be more economical than spray-
ing with a knapsack, but after the plants cover the ground it will

probably be found very satisfactory.

If it is desired to omit the cabbage rows and make the open
spaces as narrow as possible, a cart of narrow tread will be
needed. The Myers' spraying outfit, shown in Fig. 18, has the
merit of being very compact. Its tread is but three feet and one-
half inch and it can be hauled by one horse or pushed by hand.
The capacity of the barrel is forty-five gallons. Price, |2d.

Manufactured by F. E. Myers & Bro., Ashland, Ohio. For sale

by J. S. Woodhouse, 191 Water Street, Kew York City. We have
not tested this sprayer in the field, but it has the appearance of

being both durable and effective.

It is not likely that a power sprayer can be used at all.

BRIEF DIRECTIONS FOR SPRAYING CUCUMBERS AND
MELONS.

Beginning when the plants are very small, spray thoroughly

with the Bordeaux mixture (l-to-8 formula), once every eight or

ten days until frost. When heavy rains occur it may be necessary

to spray oftener. The leaves should be kept constantly covered

with the Bordeaux mixture.

CONCLUSION.
It is, indeed, very gratifying to us to be able to report that a

remedy has been found for so destructive a disease as this downy

mildew. There are few plants which give such bountiful returns

for spraying as do cucumbers. It is to be hoped that farmers
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will at once apply the remedy as recommended and thereby make

cucumber growing as profitable as it was before the disease ap-

j)eared; but, judging from the history of the treatment of plant

diseases in this country, it seems probable that it will be several

years before the spraying of cucumbers will become anything

like a general practice. In the meantime those who do spray

will reap a harvest, for, in all probability, the disease will con-

tinue to spread and become siO' destructive as to drive many

growers out of the business, and thus keep up prices. While, in

any given locality, the disease may fluctuate in virulence from

year to year witJi the weather conditions, it is undoubtedly in

America to stay and may be expected to cause heavy losses in

every year.

EXPLANATION OF PLATE XI.

Fig. 1. Cross-section of a cucumber leaf.

a. Epidermis of the upper surface,

a,'. Epidermis of the under surface.

l).h. Palisade cells,

c. A chlorophyll grain,

m. Oroiss-section of a stoma.

i. Intercellular passage.

Fig. 2. Surface section from the under surfac of a cucumber

leaf.

s. A stoma.

r. The rift or opening between the two crescent-shaped

guard-cells of the stoma.

Fig. 3. A plant hair (trichome) from the under surface of a

cucumber leaf.

Note.—All the figures on this plate were drawn with the aid

of an Abb<S camera lucida under a magnification of 700 diameters

and afterwards reduced by the engraver to the present magnifi-

cation, viz.: 465 diameters.

EXPLANATION OF PLATE XII.

The cucumber downy uaWdew {Plasmopara enhcnsis).

Fig. 1. A vigorous sporophoie grown on a cucumber leaf which

had been kept twenty-four hours in a moist chamber. (Original.)



Plate XI.—The Structure op a Cucumber Leaf.
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s. The spoi'opliore proptu*.

sp. Immature sivoie.

p. Mass of protoplasm.

Figs 2. 2' and 2". ^Mature spores of the ordinary normal form.
(Original.)

Fig. 3. Shows how the sporophores come ont through the

stomata. (Original.)

s. Portion of a mature sporophore.

y. A young sporophore.

St. The stoma.

m. A fragment of the mycelium.

Fig. 4. A cluster of sporophores taken in dry weather from a

cucumber leaf grown out of dows. (Original.)

s, 8\ s'\ s'". Four stunted sporophores of the normal

branched form,

w. An abnormal unbranched sporophore bearing a mon-
strous spore.

t, t\ f. Transition forms between s and n.

Fig. 5. A cluster of very short-stalked spores from a cucumber
leaf. (Original.)

Fig. f). A short-stalked spore from a muskmelon leaf. (Orig-

inal.)

Fig. 7. Four cells of a cucumber leaf with the mycelial threads
of the fungus running between them and sending into them the

haustoria {h, h% h"). (Copied after Humphrey in 8th Ann. R -pt.

Mass. Exp. Sta.)

Fig. 8. A rare form of short-stalked spore from a cucumber
leaf. (Original.)

Fig. J). A monstrous pear-shaped spore which was found at-

tached to a well-developed sporophore after the manner of the

ordinary spores. Two other spores of this character have been

ohserved. (Original.)

Note.—All figures on this plate are equally magnified, viz.:

405 diameters; and Avith the exception of Fig. 7 all were drawn*
with the aid of an Abb6 camera lucida in the same manner as the

figures on Plate XI.



II. SPRAYING POTATOES ON LONG ISLAND
IN THE SEASON OF 1896.*

F. C. STEWART.

SUMMARY. •

(1) Potatoes on Long Island in 1896 were unusually free from

disease. In spite of this fact, spraying five times with Bordeaux

mixture increased the yield on A^'ictor Rose 4f bushels, on White

Elephant 60^ bushels, on Green Mountain 62 bushels, on Defender

16 bushels, and on Late Blush 28 bushels per acre.

(2) The total expense of spraying 8.58 acres of potatoes five

times, including all labor and cost of chemicals and an allowance

for the wear of machinery, was |34.25, or |4 per acre.

(3) The expense of applying Paris green twice to 1.09 acres of

potatoes, by means of the Leggett powder-gun, was |1.65, or $1.51

per acre.

(4) Comparing the value of the increase in yield due to spray-

ing, with the outlay required to produce that increase, it was

found that spraying had been profitable on all varieties except

Victor Rose. On the variety Green Mountain there was a net

profit of |13 per acre, allowing potatoes to be worth 25 cents per

bushel. Spraying, being profitable in such a season as 1896, must

be piofitable in almost any season on Long Island.

(5) Fungiroid, applied dry, was found to be so much inferior to

the wet Bordeaux mixture that its use as a substitute for Bor-

deaux mixture is not to be recommended.

(6) The " Lion Brand " Bordeaux mixture, likewise, proved to

be of practically no value.

(7) Bordeaux mixture (l-to-7 formula) used without any Paris

green, gave considerable protection against insects but not enough

to warrant the recommendation of its use. Paris green should

always be added to the Bordeaux mixture whenever either flea-

beetles or Colorado potato-beetles are numerous.

•Reprint of Bulletin No. 123.



New York Agricultural ExperimeiNt Station. 377

(8) It appears that three applications of Bordeaux mixture are

not sufficient for potatoes on Long Island. In the early part of

the season it is necessary to fight flea-beetles and Colorado beetles,

in midsummer the early blight mustibe kept in check, and in the

latter part of the season late blight and flea-beetles make their

appearance. The plants need protection throughout the season.

(9) One-to-eleven Bordeaux gave slightly better results than

l-to-7 Bordeaux. As a repellent of insects the weak mixture

seems to be fully as effective as the stronger mixture. Had

blight been prevalent the results might have been different. The

use of the weak mixture cannot be recommended without further

trial.

(10) Plants sprayed five times with Bordeaux mixture at the

rate of 100 gallons per acre, yielded in one case 15 bushels per

acre and in another case 27 bushels per acre more than plants

sprayed at the rate of 50 gallons per acre.

(11) A trial of the Hudson Special Bordeaux Sprayer showed

it to be an efficient sprayer for applying Bordeaux mixture to

potatoes.

INTRODUCTION.

It is a well-known fact that the ravages of the late blight or

rot blight [Phi/toplithora infestans) of the potato can be prevented

by spraying the plants with Bordeaux mixture. Many carefully

conducted experiments have been made, both in this country and

in Europe, and in almost every one of these experiments the late

blight and potato rot have been successfully controlled by spray-

ing. The amount of evidence is so great that we are obliged to

accept it as an established fact that late blight can be prevented

by spraying.

The disease makes its appearance in midsummer during warm,

moist weather and rapidly destroys the plants, whole fields some-

times being ruined in the space of three or four days. At dig-

ging time many of the tubers are found to be rotten. Spraying

should be commenced before the disease makes it appearance

and two or three applications made at intervals of about two

weeks. In cases where the disease has been severe this treat-
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nient has sometimes saved almost an entire crop at an expense of

two or three dollars per acre, which shows that, at times, spray-

lug is exceedingly profitable. It is quite generally conceded that

it will pay to spray potatoes in those seasons in which late blight

occurs.

The late blight, however, does not occur every season. In

some portions of the United States it never occurs. On Long

Island it probably occurs destructively about one year in four, on

the average. Now, spraying is preventive, not curative, and so

must be commenced before it is known whether the disease will

appear. Accordingh*, farmers have come to look upon spraying

as a form of insurance, and some have raised the question, " Can

we not better afford to lose a crop occasionally than to bear the

expense of spraying every season?" Those who ask this ques-

tion assume that spraying is of no value except to prevent the

late blight. But that is not true; spraying benefits the potato

plant in other ways:

(1) Spraying protects it against the attacks of early blight

(Macrosporium solani), a disease which attacks the leaves, pro-

ducing circular or elliptical, dead, brittle spots which are marked

with dark colored rings arranged concentrically, like the rings on

the ball of the thumb. This disease is not as comspicuous as the

late blight but, on the whole, is perhaps fully as destructive since

it is more widely distributed and occurs to some extent every

season.

(2) Spraying, if done thoroughly, will prevent the greater

part of the damage done by flea-beetles {Crepidodcra [Ejntrix]

(ucumcris).

(3) The plants can be more completely protected against the

attacks of Colorado potato-beetles (Doryphora decemlineata), than

is possible by any method in which Paris green is used alone.

(4) The danger of injury to the foliage from Paris green

poisoning is avoided.

(5) Some of the best authorities on the spraying of plants hold

that Bordeaux mixture has a beneficial influence on potato foli-

age even when no insects or diseases are present. The nature of

this influence has not yet been satisfactorily explained.



New York Agricultural ExrERuiEXT Station. 371)

All of the abovo-mentioned advantages of spraying must be

taken into eonsideratiou when discussing (be (juestion. Will it

pay to spray every season?

In most of the recorded experiments on potato spraying, the

late blight has been an important factor, and hence these experi-

ments do not fnrpish a complete answer to the present (juestion.

It is necessary to know not only the benefit to be derived from

spraying in seasons v/hen late blight is prevalent, but also the

benefit to be derived froni sitrayiug in seasons when there is no

late blight. Fortunately, the conditions have been such that our

experiments on Long Island during tlu' ])ast two seasons have

thrown considerable light ou this very point.

SPRAYING EXPERIMENT AT FLORAL PARK.

In 1895 we made a spraying experiment* at Floral Park, Long

Island. A field of potatoes containing four and one-half acres

was divided into three equal plats. One plat vras sprayed five

times with Bordeaux mixture, one plat was sprayed three times

with Bordeaux mixture and the remaining plat was not sprayed.

AA'ith the exception of spraying, the three plats were treated as

nearly alike as was possible in every respect. The Colorado

potato-beetles were kept under control by the use of Paris green.

On the sprayed plats the Paris green Avas appbfd with the Bor-

deaux mixture in the first two appJications. On the unsprayed

plat the same quantity of Paris green was used and was applied

in water by means of the spraying machine at the same time the

sprayed plats were treated the first two times.

Througlioiit the entire season there was no trace of late blight,

even on the unsprayed plat, and so it might be thougiht that our

spraying had been unnecessary. But the early blight had been

prevalent and there had also been some flea-beetles on the un-

sprayed plat. Spraying with Bordeaux mixture had prevented

these enemies from doing much damage to the sprayed plats and

as a consequence these plats gave a considerably larger yield

than the unsprayed plat. The plat sprayed tliree times yielded

52 bushels of merchantable tubers per acre more than the un

*For the details of this experiment see N. Y. Agrl. Exp. Sta. Bui. No. 101, pp. 73-76.
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sprayed plat, and the plat which had been sprayed five times

yielded 62 bushels per acre more than the unsprayed plat. No
record was kept of the expense of the spraying but there, was
certainly considerable profit.

FIEST SPRAYING EXPERIMENT AT EAST WILLISTON.

There being a demand for some definite information as to the

expense of spraying potatoes on Long Island, the Station, in 189G,

undertook an experiment along this line. The season was re-

markably favorable for the potato crop, as very little disease of

any kind appeared. This fact made our results exceptionally

valuable since they show what spraying will do for potato plants

which are apparently healthy.

From Mr. R. H. Robbins, we obtained the privilege of using

for the experiment a potato field containing about nine and two-

thirds acres on his farm near East Williston, Long Island. The

field was in the form of a parallelogram, 48 rods long and about

32 rods wide, the rows running the short way. The soil was

practically uniform and had been fertilized alike all over the

field. In 1895 the entire field was planted to cabbage. In 189G

four varieties of potatoes were planted— 64 rows of Victor Rose,

93 rows of White Elephant, 53 rows of G-reen Mountain and 73

rows of Defender. Care was taken that the field should receive

the same cultivation throughout.

Each variety was divided into two plats, one of which was

sprayed with Bordeaux mixture five times according to the ap-

proved method, and the other was not treated at all, except that

Paris green was applied twice with Leggett's powder-gun accord-

ing to the common practice of Long Island farmers. At the close

of the season the potatoes on these two plais were dug and

weighed separately.

The accompanying diagram shows the relative size and posi-

tion of the sprayed and unsprayed portions of the field.

How the sprayiny was done.— It being desired to ascertain the

expense of spraying potatoes as it should be practiced by the

average grower of late potatoes on Long Island, every part of the

work was put upon a practical basis. All of the methods used







New York Agricultural Experiment Station. 381

were such as we would recommend for actual farm practice. We
sprayed five times* with Bordeaux mixture, l-to-8 formula, com-
mencing when the plants were about six inches high and repeat-

ing the treatment at intervals of about tvv'o weeks. Whenever
Colorado polato-beetles or flea-beetles became numerous, Paris

green was added to the Bordeaux mixture at the rate of three-

fourths of a pound of Paris green to 50 gallons of the Bordeaux
mixture. The copper sulphate was purchased directly from the

manufacturer in New York in quantity (450-pound-barrel), at i-l

cents per pound. The spraying outfit used is shown in Plate

XIV. It consisted of an Eclipse No. 2 spray-pumpf mounted in

a 70-gallon barrel which was put on a stout two-wheeled cartt

having wheels five feet eight inches apart and hauled by one

horse. By means of a rubber hose the spray-pump communicated

with a three-fourths-inch iron pipe to which were attached eight

Deming-Vermorel nozzles, arranged in such a manner that each of

The dates of spraying were June 4, June 19, July 2, July 17 and July 31.

t Manufactured by Morrill & Morley, Benton Harbor, Mich.
JThe cart and barrel were obtained from a Callister Paris green sprinkler, manufac-

tured and sold by Thomas Callister, Queens, N. Y. Many Long Island farmers are
familiar with this sprinkler. An ordinary 50-gallon barrel will answer the purpose jusr.

as well except that it will require filling oftener. Any stout two-wheeled cart having a
tread of about six feet can be used. A two-wheeled dump-cart will answer the purpose.
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Victor Kose.—56 rows; sprayed.

1.9382 acres.

\ictor ItosL'.—S rows; uot sprayed. 0.2758 acres.

White Elephant.—84 rows; sprayed.

2 8817 acres.

White Eh'phant.—1) rows: not sprayed. 0.3073 acres.

(xreeu Mountain.—48 rows; sprayed.

1.(1318 acres.

Green Mountain.—5 rows; not sprayed. 0.1G<J4 acres.

Defender.—03 rows; sprayed.

2.12(J1 aces.

Defenter.—10 rows; not sprayed. 0.3358 acres.

Diagram of Expcnnient Field at East WiUistoii.
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four rows received the spray from two nozzles. Tbns. four rows

were sprayed at each passage. Oue man (an oidiuary farm

laborer) worked the ]»um]» and did the drivinii:. This same man
prepared the Boi-deaux mixture and did all work connected with

the spraying-. The water used in the Bordeaux mixture was

obtained at a farm-lionse A\hich was 40 rods from the nearest

point of the field. Therefore, it was necessary to haul the water

from 40 to 88 rods. The Bordeaux mixture was prepared at the

farmhouse and taken to the held in the spray-barrel.

Expense of the spraying.—The items of expense are as follows:

240 pounds copper suliiluite ;il 4'o ccnls per pound ¥10 80

Freight on 240 pounds copper suU)h:ile
_.

25

1 barrel unslaked lime 1 40

Carting sulphate and lime from railroad station 50

Potassium ferrocyanide 10

25 pounds Paris green at 20 cimts per pound 5 00

44 hours labor for man at 15 cents per hour (i GO

44 hours labor for horse at 15 cents per liour (! (!0

Total ¥:n 25

This 131.25 covers all labor and cost of chemicals but does not

include an}' allowance for the wear of machinery. The latter,

however, is a ])art of the necessary exi)ense of spraying and must

be taken into considi^ation; but the amount can only be esti-

mated. Considering that the first cost of the spiaying outfit,

exclusive of the cart, was less than .flT), and that it was in use

only about one-tenth of the time it might have been used, it would

seem that |o is suthcient to allow for the wear of the machine.

Three dollars added to |31.25 (cost of labor and chemicals) makes

the total expense of sprayinfj 8.58 aeres, $3.'i.25 ; or the total expense

of spraying one acre five times, $Jf : or the total expense per acre for

each spraying, 80 cents.

Any farmer can spray potatoes as cheaply as this, provided he

goes about it in the right way and is not obliged to haul water

too far. The ease with which water can be obtained has an

important bearing on the expense of spraying. V.'herc v.ater ca;)

be obtained easily and does not requii'e hauling more than a few
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rods, spraying can be done for less than |4 per acre. In our

experiment the ^^ater was pumped by hand and hauled from 40

to 88 rods, which consumed considerable time. We have also

placed the value of labor, for both man and horse, a trifle high.

Thirty cents per hour or three dollars i>er day for a man and

horse is luore than they will cost the average farmer.

The total quantity of Bordeaux mixture used in the experiment

was 1,975 gallons, or 46 gallons per acre for each application.

The quantity of Bordeaux mixture Tequired depends largely upon

the kind of nozzle used. The nozzle should throw a mist-like

spray, the finer the better. Nozzles which throw a coarse spray

waste the Bordeaux mixture. Deming-Vermorel nozzles were

used in the experiment.

Treatment of the unsprayed plats.—As previousiy stated, a few

rows of each variety were left unsprayed in order that the benefit

from spraying might be definitely determined by comparing the

yield of the sprayed plat with the yield of the unsprayed plat.

These unsprayed plats were treated as the aveiage farmer would

treat his crop.

On Long Island it has become very popular to combat the

Colorado potato-beetles with Paris green applied dry by means

of Leggett's powder-gun. The Paris green is diluted with a con-

siderable quantit}' of flower or air-slaked lime, preferably the

latter, since the lime prevents the Paris green from " burning "

the foliage. So we planned to treat the unsprayed or check

plats in this manner.

The owner of the field was asked to notify us when he thought

it was necessary to begin fighting the Colorado potato-beetles.

On June 26 he notified us that the potato beetles were beginning

to do damage to the unsprayed plats and shonld be poisoned.

The same day we applied Paris green with Leggett's powder-gun

under what we considered favorable circumstances. On the 1.09

acres there were used 1.5 pounds of Paris green mixed with 13

pounds of air-slaked lime. There was very little wind and the

morning had been misty so that the foliage was wet. The Paris

green and lime adhered well to the foliage and most of the

beetles were killed.
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On July 11 it was thought necessary to apply Paris green
again. This time three pounds of Paris green were applied with
lime in the same manner as before. The day, however, was not
so suitable for the work. There was no wind but the foliage was
dry. Most of the beetles were killed and they did not again be-

come suflSciently numerous to seem to require another treat-

ment.

The expense of treating the 1.09 acres with Paris green was as
follows:

4% pounds Paris green at 20 cents per pound $0 90
5 hours labor at 15 cents per hour 7^

Total.
$1 (>5

This makes the expense per acre §1.51, which is undoubtedly
somewhat greater than it is in ordinary farm practice. The pow-
der-gun was rusty and did not work well, which resulted in a loss
of time and waste of Paris green.

The results.—In the caseof eachof the fourvarieties the sprayed
plat and the unsprayed plat were dug and weighed separately.

The product of each plat was also divided into " merchantable
tubers " and " culls," the latter class including not only the small
tubers but also those which had been mutilated by the potato
digger. The accompanying table presents the results in a con-

densed form:

Ej-fec r OF Sprayixg witm Bordeaux Mixture upox Yield op Potatoes.

variety and treatment.

Victor Eose
j f

P^'ayed - -

White Elephant
\
p^'^J^^ --

^
( Lii.sprayeu.

Green Mountain \
^Prayed .

I Lnsprayed.

Defender 5 Sprayed .

( Unsprayed

25~

Yield per Acre.

Merchant-
able.

Bu.
167
162
185
124
253
191
194
178

Lbs.
17
30
21
47
38
33
29
23

Bu. Lbs.
15 44
9 36

14 49
11 52
13 21
11 36
8 47

183
172
200
136
266
203
203
184

5u. Lbs. Bu. Lbs.

63 31
j

60 34

63 "so 62' ""5

16 19 14
2

16 6
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No trace of late blight appeared in any part of the field.

There was some early blight on the unsprayed plats but not as

much as usual. The average observer would have said that the

plants on the unsprayed plats were free from disease throughout

the season and that it would certainly have been a wase of labor

to spray them. Flea-beetles and Colorado potato-beetles were

abundant.

In spite of the fact that the plants appeared to be free from

disease of all kinds, spraying increased the yield sufficiently to

pay all of the expense of spraying and a fair profit besides. The

fact must not be overlooked that had these potatoes not been

sprayed, Paris green must have been applied to them with a

powder-gun or in some other way to keep the Colorado potato-

beetles in check. Practically speaking then, the expense of

spraying is not |4 per acre but |4 minus the expense of applying

Paris green alone, which, in the experiment, was |1.51. We
admit that |1.51 is probably high but in the absence of more

accurate information we are obliged to use this sum. The differ-

ence between $4 and |1.51 is |2.49 which is the amount of extra

expense per acre caused by spraying.

By consulting the table it may be seen that spraying increased

the yield of merchantable tubers per acre on the four varieties as

follows:

Victor Rose, 4 bushels and 47 pounds; value at 25 cents per bushel. $1.19

White Elephant, 60 bushels and 34 pounds; value at 25 cents per

bushel 15 14

Green Mountain, 62 bushels and 5 pounds; value at 25 cents per

bushel 15 52

Defender, 16 bushels and 6 pounds; value at 25 cents per bushel. . . 4 02

Comparing the values in the last column with $2.49, the ex-

pense of producing them, it is seen that:

Spraying Victor Rose resulted in a loss of ?1 30 per acre.

Spraying White Elephant resulted in a profit of 12 65 per acre.

Spraying Green Mountain resulted in a profit of 13 03 per acre.

Spraying Defender resulted in a profit of 1 53 per acre.
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Even if the comparison is made with $4, the total expense of

spraying, there will still be a profit on all the varieties except

Victor Eosc^—12.81 loss on Victor Rose, |11.14 profit on White

Elephant, |11.52 profit on Green Mountain and 2 cents profit on

Defender.

The results of this experiment tend to show that it will pay to

spray potatoes on Long Island every season; for if it has been

profitable the past season it will be profitable any season. The

season of 189G was certainly an unusually favorable one for

potatoes on Long Island. It is rare that potato plants are so

generally free from the various blights.

THE REQUISITES OF A TOTATO SPRAYING EXPERI-
MENT.

The spraying of potatoes has never been practiced to any great

extent on Long Island. Last year several farmers tried it for

the first time and on account of the lack of blight they failed to

obtain the striking results which they had expected. They saw

no marked contrast between their fields which had been sprayed

and their neighbors' fields which had not been sprayed. In some

cases the unsprayed fields made the better appearance. Some of

the more careful ones took the precaution to leave an unsprayed

strip through the center or along one side of the sprayed field in

order to make the test a fair one. They who did this must have

observed a difference between the sprayed and unsprayed plants,

but probably considered the difference so slight as to be of no

practical importance. Had they completed the experiment by

carefully measuring the land and measuring the potatoes on the

sprayed and unsprayed portions of the field they would, most

likely, have been astonished. A difference of from 15 to 20

bushels per acre can scarcely be detected while the crop is grow-

ing or even after the tubers have been thrown out by the potato

digger, and yet this quantity is ordinarily sufficient to pay the

expense of spraying.

To those persons who doubt that spraying pays, we suggest

that they give it a fair test. A fair test requires that care be

taken to avoid all unnecessary expense and that the sprayed and

nnsprayed plants shall be under practically the same condition*.
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They must be of the same variety, planted at the same time, in

the same manner, on the same kind of soil, treated with the same

kind and quantity of fertilizer and given the same cultivation.

The spraying must be properly done, the land accurately meas-

ured and the crop weighed. Failure to comply with any one of

these conditions makes the test an unfair one.

THE PHILOSOPHY OF SPRAYING.

It is believed that, in some unexplained way, the Bordeaux

mixture has a direct beneficial influence on potato foliage, in

addition to its value as a fungicide and repellent to insects. Its

chief value, however, lies in the protection which it affords the

leaves against the attacks of parasitic fungi and insects. The

leaves of the potato plant are very essential organs and it is of

the greatest importance that they should be perfect in order that

they may do their work properly. The inorganic food substances

which the plant absorbs from the soil through its roots are trans-

ferred to the leaves and by them assimilated, or in other words,

transformed into starch and certain other organic substances

which pass down the stem and are stored up in the tubers. The

size and quality of the tubers are^ therefore, directly dependent

upon the activity of the leaves. If portions of the leaves are

eaten away by insects or destroyed by disease their capacity for

assimilation is lessened and the tubers are correspondingly

smaller.

The truth of this is recognized when there is great destruction

of foliage such as is caused by a severe attack of late blight or

by hordes of Colorado potato-beetles, but it seems certain that

the amount of damage done by leaf-eating insects and parasitic

fungi is greatly underestimated. This is proven by the results

of the spraying experiment reported in the previous pages. Ta

that case, spraying increased the yield on one variety by the

amount of 62 bushels per acre, chiefly by protecting the leaves in

the following three ways: (1) from the apparently slight injury

of the early blight fungus; (2) by affording partial protection

from the injury caused by flea-beetles; and (3) by preventing the

attacks of Colorado potato-beetles more thoroughly than could
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be done by means of Paris green applied with a powder-ojnn. No
one of these three Icinds of injury appeared great but the sura of

the three was sufficient to make spraying very profitable.

The fungi which cause the diseases early blight and late

blight, propagate themselves by means of minute spores which

may be carried from plant to plant by the wind. When one of

these spores falls upon a potato leaf and finds there a drop of

dew or other moisture it germinates and grows into the leaf,

producing a new disease-spot. If the leaf is covered with a thin

coating of Bordeaux mixture the spore is unable to germinate

and in this way spraying prevents fungous diseases. It is evident

that any leaf which has none of the Bordeaux mixture will not

be protected.

Bordeaux mixture will not kill either flea-beetles or Colorado

potato-beetles, but it is very distasteful to them. They will not

feed upon leaves covered with Bordeaux mixture if they can

avoid it; and when Paris green is added to the Bordeaux mix-

ture we have the best known remedy for both these insects. The

Bordeaux mixture, being very adhesive, holds the Paris green on

the leaves through quite heavy rains which would wash off Paris

green applied in any other way. For flea-beetles, Paris green

applied by the ordinary methods seems to be almost without

avail. It is a mistaken notion, however, that Paris green is not

poisonous to flea-beetles. It certainly will kill them if they eat

it, and it is probably that a goodly number of them are actually

killed by the Paris green applied in the ordinary way for potato-

beetles. But flea-beetles are very cautious insects »and shun the

poison. If the Paris green is mixed with Bordeaux mixture and

applied in the form of a fine spraj^, the poison will reach nearly

every leaf and stick there for a long time, keeping the flea-beetles

at bay.

From this discussion it will be seen that the degree of success

attained in fighting flea-beetles by spraying depends upon the

thoroughness with which the spraying is done. Leaves which

are kept well covered with Bordeaux mixture and Paris green

will suffer very little from flea-beetle attacks. Such leaves will

suffer slightly from attacks made on the undersides, for flea-
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beetles feed to some extent from the under sides of the leaves

where it is diflScult to reach them with Bordeaux mixture. But

all leaves which do not receive the Bordeaux mixture will be

attacked by flea-beetles and also by fungi. In spraying, then,

care must be taken that each and every leaf receives a little of the

Bordeaux mixture. With a knapsack sprayer this is easily

accomplished. There is no danger of getting on too much—the

more the better. Where the spraying is done with stationary

nozzles it is more difficult to reach all of the leaves. Experience

has shown that one nozzle per row (no matter of what kind the

nozzle may be) is insufficient. Two good nozzles per row will

cover the foliage fairly well.

While it is impossible to state with accuracy what degree of

protection against flea-beetles will be afforded by Bordeaux mix-

ture and Paris green applied every two weeks by means of two

stationary nozzles per row, observation leads us to estimate it at

from 25 to 50 per cent ; that is, plants sprayed in this way would

be injured by flea-beetles from one-half to three-fourths as much

as plants not sprayed. In view of the results of the experiment

reported on page 397 of this Report, we are of the opinion that

it will pay to use three nozzles per row in the last two sprayings.

SECOND SPRAYING EXPERIMENT AT EAST WILLISTON.

The following spraying experiment was made in the season of

189G on a farm managed by C. Burkard and located near East

Williston, N. Y.

Objects of the experiment.—The experiment was designed to

furnish inforination on several points of interest in regard to the

spraying of potatoes.

During the past two years the Station has received numerous

inquiries concerning the value of the so-called dry Bordeaux mix-

ture patented under the name " Fungiroid." This is manufac-

tured and sold by Leggett & Brother, 301 Pearl Street, New York.

It is claimed to be a remedy for potato blight and some other

fungous diseases and is to be applied in dry form with a powder-

gun sold by the same firm. The powder-gun is much used by

Long Island farmers for ai>plying Paris green to potatoes and the
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question is often asked, Will not the Fungiroid and Paris green

applied together with the powder-gun produce as good results as

the wet Bordeaux mixture applied with a spraying machine?

An answer to this question was one of the objects of the experi-

ment.

James A. Blanchard, 4 and 6 Gold Street, New York, has

patented and placed upon the market a concentrated form of

Bordeaux mixture, which is known as the " Lion Brand " Bor-

deaux mixture. It is sold in tin cans containing one gallon of a

thick, slate colored liquid. This quantity is to be added to forty-

nine gallons of water and applied with a spraying machine in the

ordinary way. This mixture also was tested in the' experiment.

In some sections of the United States three applications of

Bordeaux mixture to potatoes are considered sufficient. In other

sections it seems necessary to make five applications. In our

experiment at Floral Park, in 1895, one plat was sprayed three

times and another five times, the first three applications on the

two plats being made on the same dates. The plat sprayed five

times yielded ten bushels per acre more than the plat sprayed

three times. It was thought that the three sprayings might have

given better results if they had been made at sufficiently long

intervals to cover the entire season of growth. It was planned

to test this in the experiment.

The Bordeaux mixture used for spraying orchards and vine-

yards is made after the 1-to-ll formula, in which one pound of

copper sulphate is required to make eleven gallons of Bordeaux

mixture. But for spraying potatoes a more concentrated form of

Bordeaux mixture has generally been used; namely, Bordeaux

mixture made after the l-to-7 formula, in which one pound of cop-

per sulphate is required to make seven gallons. The weaker mix-

ture is, of course, the cheaper and consequently the more desir-

able to use provided it is equally efficient. To determine the

relative efficiency of these two strengths of Bordeaux mixture

was one of the objects of the experiment.

In the experiment at Floral Park, in 1895, it was observed that

Colorado potato-beetles shunned plants which had been sprayed
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with Bordeaux mixture containing no Paris green.* This sug-

gested the idea that perhaps Paris green might be dispensed with

and the Bordeaux mixture alone used for both " bugs " and

blight. The experiment was planned to test the value of Bor-

deaux mixture used without Paris green.

Plan of the experiment.—^In an experiment in which the char-

acter of the soil is an important factor, long narrow plats are

likely to give more reliable results than square plats or plats in

which the length and breadth are nearly equal. The narrower

the plats the less is the liability to error arising from non-uni-

formity of soil. The experiment under consideration was so

planned that differences in soil conditions were practically elim-

inated and this adds much to the value of the results.

The experiment included fourteen rows, 920 feet, or nearly

fifty-six rods in length, of the variety Late Blush.

The rows were numbered consecutively and two separated

rows received similar treatment in each case.

Eows 1 and 8 were treated five times with Fungiroid and Paris

green, half and half, applied dry with a Leggett powder-gun ac-

cording to the directions given on the caii.f

Rows 2 and 9 were treated five times with Paris green in lime

water. The lime water was used to prevent the free arsenious

acid in the Paris green from injuring the foliage.

Eows 3 and 10 were sprayed five times—the first time with

Paris green in lime water the same as was used on rows 2 and 9,

and the last four times with " Lion Brand " Bordeaux mixturej

and Paris green.

Rows 4 and 11 were sprayed four times with Bordeaux mixture

(l-to-7 formula) and Paris green. It was the original intention

to spray these rows only three times, but it was found absolutely

necessary to make a fourth application.

*N. Y. Agrl. Exp. Sta. Bui. No. 101, p. 75.

t Fungiroid may be purchased separately or mixed with Paris green, half and half,

in pound cans ready for use. We used the latter form.

$ It was planned to use " Lion Brand " Bordeaux mixture for all five applications but

the can of Bordeaux designed for use in the first application was stolen. The contents

In one of the two cans subsequently used was so thick that it could not be gotten out

of the can through the three-fourths inch hole provided for that purpose. It was neces-

sary to cut out the tOD of the can. The other can was better in this respect, but still

It was difficult to empty out the contents through the hole.
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Rows 5 and 12 were sprayed five times with Bordeaux mixture

(]-to-7 formula) and Paris green.

Rows G and 13 were sprayed five times with Bordeaux mixture

(l-to-7 formula) alone.

Rows 7 and 14 were sprayed five times with Bordeaux mixture

(1-to-ll formula) and Paris green.

The several applications were made to all fourteen rows on the

same dates, namely, June 11, June 26, July 10, July 24 and Au-

gust 7. The last application was omitted from Rows 4 and 11.

All liquids were applied with a knapsack sprayer and care was

taken that each row received practically the same quantity. In

all cases where Paris green was used (except on Rows 1 and S;,

it was used at the rate of one ounce of Paris green to four gallons

of liquid. The first application was made when the plants were

about six inches high.

Prevalence of insects and disease.—Ko trace of late blight ap-

peared and only a small amount of early blight. Flea-beetles

were moderately abundant and Colorado potato-beetles very

abundant. For a few days after the first treatment, June 11, the

potato-beetles were scarce, but by the time of the second treat-

COMPARATIVE ICfFECT OP DIFFERENT FUNGICIDES AND INSECTICIDES UPON
Yield of Potatoes.

KIND OF TREATMENT
RECEIVED.

FuDgiroid and Paris green
times ".

Paris green in lliue-water, 5
times

Paris green in lime-water,
once; "Lion Brand" Bor
deanx+ Paris green, 4 times

l-to-7 Bordeaux-I-Paris green
4 times

l-to-7 Bordeaux-|-Pari9 green
5 times

l-to-7 Bordeaux, 5 times
1-to-ll Bordeaux -f- Paris
green, 5 times

Product of the
Two Rows.

7.25

8.00

10.63

11.00
8.75

11.25

Bn.
3.00

2.50

1.75

1.50

1.25
1.50

1.00

Computed Yield Per
Acre.

Bii.

62.50

68.75

72.25

91.50

94.75
72.25

97.00

Bu.
25.75

21.50

15.00

12.75

10.75
13.00

8.50

.= .-2

Bn.
88.25

90.25

87.25

103.25

105.50
88.25

105.50

§1> «

Bu.— 6.25

+ 3.50

+ 22.75

-I- 26

+ 6 50

+ 28.25
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ment, June 26, they were again abundant. The second treat-

ment disposed of them again, but they became numerous by the

time of the third treatment, July 24. The third treatment, how-

ever, finished them for the season. They gave no trouble after

July 24. In ithis experiment the fight was chiefly against the

Colorado potato-beetles, and it was a hard fight. Throughout

the whole season it was noticed that they were the most numerous

on Rows 1 and 8, treated with Fungiroid and Paris green. Rows

2 and seemed to suffer to about the same extent as Rows 3 and

10. The rows to which ordinary Bordeaux mixture had been ap-

plied did not suffer nearly so much as the other rows, and among

the Bordeaux rows it was noticeable that the beetles had a de-

cided preference for those which had received no Paris green.

All of the plants dried up somewhat sooner than they should

have done. They did not, however, die from any disease, but

from lack of proper cultivation.

Results.—The results of the experiment are tabulated on the

preceding page.

The seven kinds of treatment arranged in the order of their

value would, therefore, stand as follows:

(1) Bordeaux mixture (1-to-ll formula) and Paris green, five

times.

{2) Bordeaux mixture (l-to-7 formula) and Paris green, five

times.

(3) Bordeaux mixture (l-to-7 formula) and Paris green, four

times.

(4) Bordeaux mixture (l-to-7 formula) alone, five times.

(5) Paris green in lime water, once; "Lion Brand" Bordeaux

mixture and Paris green, four times.

(6) Paris green in lime water, five times.

(7) Fungiroid and Paris green dry, five times.

Comments on the results.—We can see no reason why 1-to-ll

Bordeaux should give better results than l-to-7 Bordeaux. It

was expected that the position of these two treatments would be

reversed. It should be borne in mind, however, that the fight

was chiefly against insects and, consequently, the value of the

Bordeaux mixture lay, for the most part, in its adhesive prop-
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ertj wliic'li caused it to hold the Paris green on the leaves. The

1-to-ll Bordeaux adheres just as well, but no better, than l-to-7

Bordeaux. The dili'erence (2.25 bushels per acre) is so slight as

to make them practically equal. Had late blight been prevalent

the results might have been different. In a season when pota-

toes blighted badly, Prof. L. K. Jones* of the Vermont Station

found strong Bordeaux decidedly preferable to weak Bordeaux,

but he did not use the same formuhT" used in this experiment.

It was found wholly impracticable to get along with three ap-

plications of Bordeaux mixture. If any one of the first three

treatments had been postponed the plants would certainly have

been seriously injured by Colorado potato-beetles. And it would

not have been prudent to omit the fourth treatment which was

made July 24, because the plants would then have been unpro-

tected against late blight which was liable to appear any time

after July 15.

With Paris green, l-to-7 Bordeaux mixture produced 19^ bushels

per acre more than the same mixture without Paris green. This

shows that Bordeaux mixture falls far short of furnishing com-

plete protection against insects. Paris green must be used with

it. It is to be noted, however, that Bordeaux mixture alone gave

better results than Paris green ,in lime water, Fungiroid and

I'aris green applied dry, or the " Lion Brand " Bordeaux mixture

and Paris green; and this, too, when insects were the chief ene-

mies. Bordeaux mixture certainh^ has considerable value as a

repellent of insects.

The " Lion Brand " Bordeaux mixture with Paris green was a

failure, giving but 3^ bushels per acre more than Paris green in

water. The experiment does not prove that it ma^' not have

some value as a fungicide, because very little fungus was en-

countered in the experiment; but the experiment does prove that

as a spraying mixture for potatoes it is decidedly inferior to ordi-

nary Bordeaux mixture. It lacks the adhesive property of Bor-

deaux mixture.

Fungiroid with Paris green made an even worse showing. The

rows treated with Fungiroid and Paris green yielded G.25 bushels

*Vt. Agrl. Exp. Sta. Ninth Ann. Report, 1895, p. 97.
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per acre less than the rows treated with Paris green in lime water.

There being but little fungus, this difference represents the differ-

ence between applying Paris green dry and applying it in lime

water. The Fungiroid and Paris green were applied according to

directions on the can, namely, at the rate of two pounds per acre,

applied on dry foliage with a Leggett powder-gun, and when there

was but little wind. Although this experiment furnishes no in-

formation as to the fungicidal value of Fungiroid we do not hesi-

tate to state that, in our opinion, the value of Fungiroid is so

small as compared with liquid Bordeaux mixture that it has no

claim to consideration from potato growers. Our opinion is

based: (1) On the fact that Fungiroid lacks the adhesive prop-

erty of Bordeaux mixture; (2) on the results of experiments at

other experiment stations in which the merits of Fungiroid and

Bordeaux mixture have been compared; (3) on the opinions of

eminent authorities on plant diseases. Prof. L. E. Jones, botanist

of the Vermont Experiment Station, experimented with Fungi-

roid and other forms of dry Bordeaux mixture on potatoes for

two seasons. From the results of these experiments he drawa

the following conclusion:* "When these powders were applied

dry, even in the most liberal amounts, they gave so little protec-

tion that their substitution for the ordinary or wet mixture is not

to be recommended under any circumstances." In an experiment

made by Mr. H. P. Gouldf at the Maine Experiment Station,

Fungiroid applied to potatoes increased the yield 10 per cent,

while wet Bordeaux mixture increased the yield 31 2-3 per cent

under parallel conditions. Prof. Galloway,J Chief of the Division

of Vegetable Physiology and Pathology, United States Depart-

ment of Agriculture, considers powder fungicides as a class much

inferior to liquid fungicides.

The small yield on all parts of the experiment field was due to

poor cultivation. The experiment furnishes a striking! example

of the fact that spraying cannot be made to take the place of

cultivation.

* Loc. cit, p. 98.

tMe. Agrl. Exp. Sta. Bui. No. 28.

t Rural New Yorker. Vol. LV. Aug. 8, 1896. p. 528.
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ONE HUNDRED GALLONS OF BORDEAUX MIXTURE PER
ACRE VS. FIFTY GALLONS PER ACRE.

The followiiig experiment was. conducted on the farm of Mr.

H. L. Hallock, near Jamesport, N. Y.

:

Seven rows, G36 feet in length, were planted with potatoes of

thd variety White Elephant. Considerable care was taken t<.

apply the fertilizer uniformly over the seven rows and to cut the

seed potatoes in such a wny as to leave two eyes to each piece.

They were planted with a potato-planter. This was on land

which had grown corn the previous season.

During the season they were sprayed five times with Bordeaux

mixture, Paris green being added in the first two sprayings. The

dates of spraying were June 9, June 22, July 8, July 22 and

August 6, The Bordeaux mixture was applied with a Hudson

Special Bordeaux Sprayer, a cut of which may be seen in Fig.

11. This sprayer is arranged to spray four rows at a time with

two nozzles to each row, so that in going across the field and back

again eight rows are sprayed. But instead of spraying eight

rows we sprayed only seven and were thus enabled to double

spray the center row; in other words, the center row received at

each spraying exactly twice as much Bordeaux mixture as each

of the other six rows. Since the sprayer applies Bordeaux mix-

ture at the rate of about 50 gallons per acre, the six single

sprayed rows received Bordeaux mixture at the rate of 50 gal-

lons per acre and the double sprayed row or center row at the

rate of 100 gallons per acre.

At digging time the tubers on the center row were weighed by

themselves. The tubers on the other six rows were also weighed.

The double sprayed row yielded 430| lbs. mechantable tubers,

35 lbs. culls.

The six single-sprayed rows averaged 390-| lbs. merchantable

tubers, 52| lbs. culls per row.

Difference in yield of merchantable tubers, 40 lbs. per row or 15

bu. 13 lbs. per acre.
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The experiment was repeated on seven other rows of potatoes

53G feet long, planted on clover sod. The treatment was the

same and the result was as follows:

The double-sprayed row yielded 4G3f lbs. merchantable tubers,

22 lbs. culls.

The six single-sprayed rows averaged 4031^ lbs. merchant-

able tubers, 21 lbs. culls per row.

Difference in yield of merchantable tubers, 59| lbs. per row or

27 bu. per acre.

To recapitulate, potatoes sprayed five times with Bordeaux mix-

ture at the rate of 100 gallons per acre outyielded potatoes sprayed

at the rate of 50 gallons per acre. The amount of the difference

was in one case 15 bu. 13 lbs. of merchantable tubers per acre,

and in another case, 27 bu. of merchantable tubers per acre.

As in the experiments at East Williston, the fight here was

chiefly against flea-beetles and Colorado potato-beetles. There

was very little disease of any kind to contend with.

The result of this experiment confirms us in a previously

formed opinion based upon general observation, nameh;, that

heavy applications of Bordeaux mixture give much better results

than light applications, and that it will pay to use at least three

nozzles per row in the last two sprayings.

A TEST OF THE HUDSON SPECIAL BORDEAUX
SPRAYER.

Quite recently Long Island potato growers have begun to take

considerable interest in the spraying of potatoes, and one of the

greatest obstacles to progress in the practice of spraying is the

difficulty of obtaining suitable machinery for applying the Bor-

deaux mixture. For gardens and small fields of from one to two

acres the knapsack sprayer answers very well; but for the large

fields of those farmers who make potatoes their chief farm crop,

the knapsack is too tedious. In our opinion the most economical

method of spraying these large fields is by means of a home-made

outfit similar to the one shown in Plate XIV. There are, however,

many farmers who object to the labor required to operate such an
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outfit. They desire a sprayer so arranged that all of the work is

done by horse power. Sprayers of this description are necessarily

somewhat complex and consequently expensive. Several different

kinds have been placed upon the market, but they have been so

defective in various ways that farmers have become suspicious of

this class of sprayers. The perfect power sprayer for potatoes

has not yet appeared.

In the spring of 1S96, the Riverhead Agricultural Works,

Riverhead, N. Y., put out a new Hudson Special Bordeaux

Sprayer. This machine having certain new, and, apparently,

desirable features, and being manufactured and sold by a firm

located in the potato growing section of Long Island, it seemed

necessary for us to test it so that w^e might be able to answer cor-

rectly the inquiries which are certain to arise concerning it.

We used it throughout the season of 1896 fo.- spraying about

seven acres of potatoes near Jamesport, Long Island, and found it

quite satisfactory. One of the strong points of the sprayer is the

manner in which the nozzles are arranged. There are two noz-

zles to each row, and they can be readily adjusted to suit the size

of the plants. We are thoroughly convinced that one nozzle per

row is entirely insufficient, except, perhaps, for the first spraying.

We experienced very little difficulty from clogging of the noz-

zles. The Bordeaux mixture is drawn from the bottom of the

barrel and this is generally considered an objectionable feature,

since there is more liability of the nozzles clogging than there is

when the escape tube leaves the barrel from tlis top. But in the

Hudson sprayer the agitation of the liquid is so thorough thaf

this difficulty is overcome, provided a reasonable amount of care

is used in straining the Bordeaux mixture and in rinsing out the

barrel. The ease with wiiich the barrel can be filled is another

good feature of the machine.

This sprayer should give excellent satisfaction, if in operating

it the following rules are heeded:

(1) The Bordcnnx mixture must he tJioroufjhh/ strained.— The

strainer furnished with the si)rayer is entirely sufficient. Every-

thing that goes into the barrel should be passed through this



400 Report of the Mycologist.

strainer. There need be no difficulty in getting Bordeaux mix-

ture througli the strainer if the Bordeaux is properly made.

First of all, see that the barrel in which the Bordeaux is to be

mixed is free from sticks and dirt— rinse it well. Always strain

the lime water and if there is dirt in the water, strain it also.

With proper management this straining process need not con-

sume much time and in the end there will be a great saving of

time. Avoid a great excess of lime in the Bordeaux.

(2) At the close of each day's work pass a small quantity of clean

water through the nozzles and rinse the barrel.—This should always

be done but is most important when Paris green is used with the

Bordeaux mixture.

DIRECTIONS FOR SPRAYING POTATOES ON' LONG
ISLAND.

Spray every season. Begin when the plants are from six to

eight inches high and spray once every two weeks as long as the

plants continue green. If heavy rains occur it may be necessary

to spray somewhat oftener, particularly in seasons when late

blight is prevalent. Use Bordeaux mixture of the l-to-8 formula;

that is, use one pound of copper sulphate for every eight gallons

of Bordeaux mixture. When Colorado potato-beetles or flea-

beetles are abundant add Paris green to the Bordeaux mixture

at the rate of three-fourths of a pound of Paris green to 50 gal-

lons of Bordeaux mixture. Spray thoroughly. If a sprayer with

stationary nozzles is used there should be two nozzles per row in

the first three spraying and three nozzles per row in all subse-

quent sprayings. It is, however, sometimes difficult to arrange

the nozzles so that three per row can be used with advantage.

In such cases it may be advisable to use, instead, two nozzles per

row and go over the plants twice in opposite directions. By all

means, spray thoroughly in the latter part of the season.

This treatment can be depended upon to prevent early blight

and late blight or rot, keep off Colorado potato-beetles and con-

siderably reduce the amount of damage done by flea-beetles.



Plate XV.—Young Sweet Corn Plant Affected with Bacterial Disease. About
Three-fourths Natural Size.





III. A BACTERIAL DISEASE OF SWEET CORN *

F. C. STEWART.

SUMMAEY.

In the market gardens of Long Island, early varieties of sweet

aovn are much subject to a wilt disease in which the fibro-vascular

bundles of the plant are gorged with multitudes of short, yellow

bacilli. The disease is certainly different from Burrill's corn

disease and is one which has not heretofore been reported. The

yellow bacillus found in the fibro-vascular bundles is undoubtedly

the cause of the disease and brings about the death of the plant

by cutting off the supply of water. It has been artificially culti-

vated on various culture media and its behavior recorded. The

disease seems to be confined to sweet corn and is most destruc-

tive to early varieties. Field corn and pop corn are entirely

exempt. Outside of Long Island it is positively known to occur

only in Iowa, but, probably, careful search will show that it is

widely spread. It is disseminated chiefly by means of the germs

which cling to the seed, but also by manure, implements and

washing of the soil. As for remedial measures, the principal

things to be observed are: (1) Care in the selection of seed and

(2) the planting of resistant varieties. Lime and sulphur, applied

to the soil have been tried and proven unsuccessful.

INTRODUCTION.

During the past three years the writer has had under observa-

tion a bacterial wilt disease which has done considerable damage

to sweet corn in the market-gardens of Long Island. The dis-

ease was originally discovered at Queens, N. Y., on a very early,

dwarf variety of sweet corn named Manhattan. It has since been

found affecting many dilferent varieties and in all parts of Long

Reprint of Bulletin No. 130.

2Q
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Island. Certain varieties have been much more severely attacked

than have others, but the disease has been widespread on Long

Island and, in several instances, destructive, particularly in the

season of 1897. Occasionally, an entire crop has been ruined and

losses of from 20 to 40 per cent have been frequent; but in the

majority of cases the loss has been so slight as to pass unnoticed

by the farmer, although one familiar with the disease could

readily detect it in almost any field of early sweet corn on Long

Island during the past season.

Although we had here to deal with a disease of considerable

economic importance, it soon became evident that it is an unde-

scribed disease caused by a species of bacterium which is prob-

ably unknown to science. Previous to the discovery of this dis-

ease, the only known bacterial disease of corn {Zca mays) was one

described by Burrill* in 1889. Burrill's disease affects field corn

and differs so widely from the disease under consideration that

there is no doubt that the two are entirely' distinct.

SYMPTOMS OF THE DISEASE.

Some bacterial diseases of plants are very difficult to diagnose.

They have no characters by which they can be readily identified

without the aid of a compound microscope, and for some diseases

the revelations of the microscope must be supplemented by infor-

mation obtained from the study of cultures. Fortunately, this

disease of sweet corn has some distinguishing characters by

which it can be identified with certainty and without the aid of a

microscope.

The affected plants wilt and dry up without any apparent

cause. This may occur at any stage of growth but it is most

likely to occur about the time of flowering. The past season it

was observed to be very prevalent as early as June 12, among

plants which were from eight to ten inches in height. The leaves

wilt and then gradually wither. The time which elapses between

the first a])pearance of the disease and the death of the plant

varies greatly. In some cases it may be no more than four days,

while in others it may occupy a month. Sometimes an affected

Burrill. T. J. A Bacterial Disease of Corn. Ul. Agl. Exp. Sta. Bui. No. 6.
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plant will completely recover, or it may recover for a time and

succumb to the disease later. Occasionally, all of the leaves of a

plant will wilt simultaneously (this is most likely to happen with

small plants), but more often they die one after another so that

wholly dry leaves and green leaves may be seen on the same

plant. There is no abnormal coloration— it is simply a drying

up of the tissues. There is nothing abnormal about the roots and

the subterranean portion of the stem appears sound and normal

except in the case of plants v. hich have been dead for some time.

Such plants may show black decay spots on the subterranean

stem; but decay does not set in until the whole plant is dead and

even then progresses slowly. The fact that the whole interior of

the lower end of the stem is brown signifies nothing. This

browning is found in healthy plants as well as in the diseased

ones.

The most distinctive character of the disease is revealed when

the stem is cut lengthwise. The fibro-vascular bundles a]>i)ear as

yellow streaks in the white parenchyma; but in the stems of

plants which have been dead for some time some of the bundles

may be black instead of yellow. If the stem is cut crosswise and

the cut surface exposed to the air for about five ininutes,a yellow,

viscid substance exudes in drops from the ends of the vessels.

This yellow substance in the fibro-vascular bundles is composed

of bacteria. It is an invariable accoin])animent of the disease and

in plants which have died from the disease it will be sufticieutly

abundant to be seen easily with the naked eye. Thus we have

in this yellow substance a character by which the disease may be

readily identified. It should be stated, hoAvever, that in very

young plants the yellow substance is detected less easily than in

large ones with well-developed vascular systems; and, also, that

the microscoi)e will show its presence in the vessels of the plants

before it can be detected with the naked eye and before there is

any outwai-d manifestation of the disease except in the dwarfed

condition of the plants.

Fields of sweet corn affected with the disease are very uneven,

particularly at the time wlien the ears are forming. I'lants in
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various stages of the disease are intermingled with apparently

healthy plants of different sizes. It is a common thing to find

diseased plants in the same hill with healthy ones which may
continue in good health to the end of the season. There are no

indications that the disease is communicated from one plant to

another. It does not spread from an initial center, but is scat-

tered all through the field. Usually, the small plants are the first

to succumb to the disease, which fact suggests that the disease

may be the cause of their slow growth. This suspicion was con-

firmed by microscopic examination. Plants green and apparently

healthy, except for their small size, were found to contain a con-

siderable quantity of the bacterium in their vessels, while in the

larger, more vigorous plants the bacterium could not be found.

However, in wet weather the bacterium may sometimes be found

in quite vigorous plants. This feature of the disease will be dis-

cussed more fully on a subsequent page.

The bacterium invades the vessels of all parts of the plant,

including the roots. Plants which did not succumb to the dis-

ease until after the ears had commenced to form were examined

after they were dead but before they were completely dry, and

the bacterium was found in abundance in the vessels of all parts

of the stem clear up to the tassel and in the ear, where it oozed

out onto the kernels and the inner husks. The ears showed no

tendency to rot.

BACTERIA THE CAUSE OF THE DISEASE.

Since affected plants behave very much like plants suffering

from lack of moisture, except that there is little or no " rolling
"

of the leaves, careless observers are liable to think that dry

weather is the cause of the trouble. This theory is at once

rendered untenable by the fact that plants die from the disease

in wet weather as well as in dry weather. Some have attributed

the trouble to the fertilizer used, but one does not have far to

seek to remove suspicion from the fertilizer. It is also easily

demonstrated that insects are not responsible for it. Various

species of fungi may be found on the roots of dead plants but no
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species is constantly associated with the disease and fungous

hjphse are to be found on the interior of the stem only in decayed

specimens. A pink Fusarium grows in great profusion on the

sheathing bases of the leaves and Epicoccum neglectuin Desm. is

common on the dead leaves, but both of these fungi are sapro-

phytes and do not appear until the leaves are dead.

The yellow mass of baeteria in the vascular system becomes

an object of suspicion as soon as it is observed. These bacteria

make their appearance before the plant commences to wilt and

by the time the plant is wholly dead the vessels are gorged with

them. If the bacteria have nothing to do with the disease how
can their presence be explained? Russell* has shown that " nor-

mally, the healthy plant, with intact outer membranes, is free

from bacteria within its tissues." Concerniug the possibility of

saprophytic bacteria gaining access to healthy plant tissue

through the medium of wounds, the same author reports experi-

mentsf in which it was shown that, although certain saprohytio

species are capable of spreading through healthy tissue^, they do

not penetrate to any great distance nor multiply rapidly. There-

fore, on account of the immense numbers of the corn bacterium

which may be found throughout the vascular system of every

affected plant, even in tlie early stages of the disease, and its

scarcity in the tissues of vigorous, healthy plants, coupled with

the fact of the absence of any other sufficient cause, it is safe

to assume that the yellow bacterium is the cause of the trouble.

Conclusive proof of this, however, is to be obtained only from

inoculation experiments.

ISOLATION OF THE GERM.

Pure cultures of the germ are easily obtained. It grows read-

ily, at a temperature of from 21° to 28°C., on neutral beef agar,

neutral potato agar or neutral gelatin. By carefully splitting

open the stem of a freshly wilted plant and touching a sterilized

platinum needle to one of the bacteria-laden vessels it is quite

RusseH, H. L. Bacteria in Their Relation to Vegetable Tissue. A dissertation pre-

sented to the Board of University Studies of the Johns Hopkins University for the
degree of Doctor of Philosophy. Friedenwald Company, Baltimore, 1892, pp. 3-6.

t Non-Parasitic Bacteria in Vegetable Tissue. Bot. Gazette, Vol. XVIII, pp. 93-96.
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easy to obtain a Petri-dish culture wbieli is almost entirely free

from foreign germs. This can be done with small plants but it

is more easily accomplished if the plants are large and have well-

developed stems. Unless there is an undue amount of moisture

on the surface of the medium the colonies show no tendency to

spread and run together.

INOCULATION EXPERIMENTS.

Attempts to inoculate field-grown plants of sweet corn have

been unsatisfactory because it has been practicably impossible

to obtain plants which were known to be free from the disease.

Susceptible varieties have been quite generally affected, and since

the disease is one which acts slowly it is not possible to get

results of much value from inoculation experiments made upon

plants among which the disease previously existed, even to a

slight extent. Only one of the field experiments is worth report-

ing in detail. It is as follows: In 189G thirteen hills of Man-

hattan sweet corn were planted in one row. In each of the first

seven hills there was placed, at time of planting, a handful of

dirt taken from soil in which the disease was prevalent the pre-

ceding season. The remaining six hills were left untreated for

comparison. When the plants were a few inches high they were

thinned to four in a hill. A few of the plants in the inoculated

hills began to wither before they were a foot high and from this

time on they withered one by one^ until on July 20th, when the

kernels were " in the milk," all of the inoculated plants except

two were either dead or dying. At this date, not a single plant

in any of the uniuoculated hills showed any symptoms of the

disease; but later in the season several of the plants became

affected. How they came to be affected is not known. While

this experiment was not wholly satisfactory the results tend to

show that the disease is communicable.

Several attempts were made to inoculate sweet corn by punc-

turing the stem near the ground and inserting a small quantity

of the diseased tissue of an affected plant. In some of the large

varieties the inoculated plants remained healthy to the end of
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the season. In the smaller varieties the disease usually appeared

in from two to four weeks after iuoculalion, but the uiiinoeulated

plants used as a check, likewise, invariably became atfected to

a considerable extent so that no trustworty information covild

be obtained from such experiments.

Finally it became evident that the plants must be grown in

pots of sterilized soiJ if the inoculation experiments were to

furnish results of any A-alue. A quantity of soil was thoroughly

sterilized in steam sterilizers and j)laced in large pots. On July

Ji Early Cory sweet corn (grown in Iowa) was planted in the i>ots

and inoculation experiments with pure cultures of the yellow

germ were started. The pots were allowed to remain uncovered;

otherwise, all precautions were taken to prevent contamination.

Nevertheless, an undoubted case of the disease was found in one

of the check pots on August 3d, and later several others were

found. This meant that diseased seed had been used and the

experiment was worthless except to prove that infection may be

brought about by the germs which cling to the seed.

Three unsuccessful attempts were made to produce the disease

in yellow dent field-corn by iiioculation. On xVugust 2()th, 1895,

ten plants of yellow dent corn (variety unknown) were inoculated

by puncturing the stem at the surface of the soil with a sterilized

scalpel and then inserting into the puncture a small quantity of

the yellow substance taken directly from the interior of the stem

of a diseased sweet corn jjlant. These plants were under obser-

vation until frost (about October 7th) but none of them showed

any symptoms of the disease. On July 12, 1897, twenty plants

of yellow dent corn, variety Oolden Dent, were inoculated in the

same manner as in the experiment of 1895. None of these plants

developed outward symptoms of the disease, but a month after

inoculation it was found that in several of the plants the yellow

bacillus had ascended a few of the fibro-vascular bundles where

it was visible to the naked eye as far as the third node above the

point of inoculation. It was noticeable, however, th it it occurred

only in bundles which had been ruptured by the needle used in

inoculation. In 1897 a 50-foot row of the same Golden Dent corn



408 Report of the Mycologist op the

was inoculated by placing in the drill, at the time of planting, a

liberal quantity of soil in which diseased plants had grown the

preceding season. Not a single plant developed the disease.

Pep corn, also, has resisted all attempts at inoculation. In

1897 a 50-foot row of pop corn, variety Maple Dale, was inocu-

lated by putting diseased soil in the drill at time of planting.

None of the plants became diseased. Oq July 8, 1897, twenty

plants of the same variety of pop corn were inoculated by punc-

turing the stem and inserting diseased tissue into the wound a»

in the experiments with sweet corn and field corn. None of the

plants became diseased, but as in the case of field corn the germ

could be seen in some of the bundles up to the third node.

Oats inoculated by means of ditseased soil, and teosinte

[EucTilcena luxuria7is), inoculated both by- puncture and diseased

soil gave negative results.
i

'

DESCRIPTION OF THE GERM.

Morphologif.—^A short bacillus with rounded ends; usually oc-

curring in pairs with a plain constriction between the members.

A pair varies in length from 2.5 microns to 3.3 microns, and in

width or diameter from .65 micron to .85 micron. (See Plate

XVI, fig. 1.) No spores have been observed, but since an ex-

tended examination of old cultures has not been made it can not

be stated with certainty that spores are not formed. The organ-

ism is plainly motile but not actively so.

Growth on agar.—The organism grows readily on neutral agar

of the following composition: Finely chopped beef, 500 grams

^

Witte's peptonum siccum, 5 grams; agar, 15 grams; water, 1

liter; made neutral with sodium carbonate. In Petri-dish cul-

tures on this medium the colonies become plainly visible within

forty-eight hours at a temperature of 22° to 25° C. The buried

colonies soon become spindle-shaped, while the surface colonies

are circular and with nearly smooth outline. From the very

start the colonies have a light yellow color which deepens to light

orange-yellow in the course of about a week. The surface colon-

ies are smooth and shining and show no tendency to spread



Plate XVI. Fig. 1.—Various Forms of the Sweet Corn Bacim.us
Grown on Potato Agar; u and 6 are Tyi-h'al Forms. Magnifica-
tion, 1,875 Diameters.

Fig. 2.—Petri-dish Culture of the Sweet Corn Up

Showing p:ffect of Exposure to Sunlight.





New York Agricultural Experiment StatiOxN. 409

widely over tlie surface of the agar. In streak cultures there is

<:onsiderable growth at the end of twenty-four hours at the room

temperature. This growth is at first dirty yellowish-white, but

gradually changes to a deep yellow (a color expert pronounced it

'^ raw sienna "). The margins of the growth are quite strongly

lobulated, but well defined. The surface is at first smooth and

shining, but as the water evaporates from the agar granulation

takes place, commencing in the upper part of the tube. It does

not grow down into the agar nor color the agar. No odor is pro-

duced. In stab cultures there is considerable growth along the

needle-track. The " nail-head " growth is thick, its margin is

slightly irregular and of a deeper yellow than the interior. For

a considerable length of time the surface is smooth but eventually

it becomes granular as in streak cultures.

The organism grows readily, also, on potato agar which is

prepared by adding ten grams of agar to one liter of potato broth.

The color and habit of growth are practically the same as on beef

agar.

Q-roicth on gelatin.—The gelatin used was the following com-

composition: Beef, 500 grams; Witte's peptonum siccum, 10

grams; gelatin (Compte Fils k Madgebourg, first quality), 150

grams; water^ 1 liter; neutralized with sodium carbonate. On

this medium, at the same temperature, the organism grows less

rapidly than on agar. In streak cultures the growth is narrow,

quite thick, smooth and shining on the surface and smooth along

the margins. The color is a trifle lighter than on agar, and there

is no granulation until the seventh or eighth week. There is no

growth down into the agar. In stab culture the " nail-head "

growth is of small diameter, thick, smooth and shining, smooth

around the margin and of orange-yellow color. Along the needle-

track there is considerable of a dirty yellowish-white growth.

The needle-track does not become funnel-shaped. There is no

liquefaction of the gelatin.

Growth on potato.—On sterilized slanted potato cylinders the

organism grows very rapidly. Potato seems to be its favorite

culture medium. At a temperature of 2G°C. there is a copious
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growtli in twenty-four lioiirs. It spreads irregularly over the

slanted surface, is smooth, and for three or four days has the

same color as on agar, but at the end of a week it is slightly

iridescent. In 48 hours the potato cylinder begins to turn brown

and in a week it is decidedly brown. A yellowish-white precipi-

tate forms in the water at the bottom of the tube. No gas bub-

bles are formed.

GrQwtJi in houillon.—It grows in bouillon, either neutral or

made quite strongly acid with malic acid, but the growth is not

conspicuous. In bouillon containing 500 grams beef and ten

grams Witte's peptonum siccum per liter it produces, in twenty-

four hours, a slight cloudiness which increases very slowly. At

the end of three weeks some flocculent white precipitate is

formed, the liquid is moderately cloudy, and, if the tube has

remained quiet for several days, the surface will be covered by

a thin film bearing raised, yellow colonies of the size of a pin-

head.

Growth in peptone solution.—The peptone solution of Dunham

was used. The formula is as follows: Distilled water, 1 liter;

peptone (Witte's peptonum siccum in the present case), ten grams;

sodium chloride, 5 grams. In twenty-four hours there is a slight

turbidity which becomes quite pronounced at the end of a week.

There is a small quantity of dirty-white precipitate in the bot-

tom of the tube, but no membrane forms on the surface. With

age, the precipitate becomes light yellow in color.

Growth in milk.—Sterilized skimmed milk is changed very

slowly by the germ. By the fourth week there is usually a thin

layer (5 to 8 millimeters thick) of clear liquid in the upper part

of the tube, while the remainder appears unaltered.

Chemical reactions produced hy its growth.—The pale rose color

of peptone-rosolic-acid solution is slightly intensified, indicating

the presence of a small amount of some alkali, but if this is the

case the quantity produced is not sufficient to overcome the

slight acidity of the water in the bottoms of tubes containing

sterilized potato cylinders. And the behavior of tubes of litmua

milk inoculated with the germ indicate the production of acid

rather than alkali. During the first three weeks the color of
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litmus milk becomes just a shade ligLler blue, but during the

following three weeks the blue color entirely disappears, leaving

the milk very nearly the color of normal milk and with no pre-

cipitation of the casein. The cause of this peculiar behavior of

litmus milk is not known to the writer.

Peptoue-rosolic-acid solution is prepared by adding to 100 cubic

centimeters of Dunham's peptone solution (see formula pre-

viously given), 4 cubic centimeters of the following solution:

Rosolic acid^ 0.5 grams; alcohol (SO per cent), 100 cubic centi-

meters.

The litmus milk was prc^jared as follows: One cubic centi-

meter of a saturated a(iueous solution of Trommsdorf's litmus

was put into a test-tube containing ten cubic centimeters of sweet

skimmed milk and the whole sterilized. After sterilization the

contents of the tube were of a pale blue color. It was tested

with malic acid and potassium hydrate and found to react prop-

erly.

Groicth on acid and alkaline media.—The organism appears to

grow best on neutral or slightly acid media. A comparatively

slight degree of alkalinity is sufficient to prevent growth wholly,

but on the acid side there is a wider range. It grew very feebly

on 10 c. c. of agar containing 0.05 c. c. of a saturated solution of

sodium carbonate. However, on agar containing 0.02 c. c. of a

saturated solution of sodium carbonate per 10 c. c. of agar it

grew readily and with the same color and habit of growth as on

neutral agar. In sterilization, the agar containing the larger

amount of sodium carbonate browned slightly. The tests with

acid media were made in bouillon acidified w'ith malic acid. The

germ grew readily in bouillon containing as much as 1 c. c of a

1 per cent solution of malic acid per 10 c. c. of neutyal bouillon.

When double this amount of malic acid was used no growth was

obtained.

6V/.S production.—The organism does not produce gas by the

fermentation of grape sugar, cane sugar or milk sugar. Tubes

of neutral agar containing two per cent of these sugars were

inoculated, thoroughly shaken and cooled quickly. Numerous

SHnall colonies of the germ developed throughout the medium but
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in no case were any gas bubbles formed. In fermentation tubes

containing two per cent of the above sugars in bouillon there

was an abundant growth but no gas was formed.

Isfeed of oxygen.—The organism is a facultative anaerobe, grow-

ing almost, if not quite, as readily in air which has been robbed

of its oxygen by Buchner's pyrogallic acid method as it does in

normal air. The color, however, is a lighter shade of yellow.

Temperature relations.—Under this head it can only be said that

it grows vigorously at all temperatures between 21° and 30° G.

The thermal death-point has not been determined.

Behavior toivard stains.—It takes the basic aniline stains read-

ily, staining uniformly throughout.

Relation to light.—It is not injuriously affected by diffused light

but exposure for a few hours to direct sunlight kills it. Over the

cover of an ordinary Petri-dish containing a culture of the or-

ganism on potato agar, there was pasted a piece of black cloth

which had at the center a circular hole of 1.8 cm. in diameter.

The Petri-dish was then placed in bright sunlight for three hours,

after which it was incubated for 9G hours at a temperature of

about 23° C. The yellow bacterial colonies came up thickly all

over the agar except at the center, directly underneath the bole

in the black cloth. Here there were just a few colonies, most of

the germs* on this area having been killed by exposure to the sun.

Plate XVI, fig. 2, is from a natural-size photograph of the cul-

ture with the cover removed. It will be seen that the circular

area over which the bacteria are killed has a diameter somewhat

greater than that of the hole in the cloth. This is due to the fact

that the rays of sunlight did not strike the cover at right angles.

PATHOLOGICAL HISTOLOGY.

As already stated, the organism occurs in the vascular system

throughout the entire plant. It is never found in the parenchyma

cells, but in the flbro-vascular bundles exclusively, and is there

probably confined to the vessels. There is no disorganization or

discolorationf of any of the tissues.

*Prof. H. Marshall Ward has published a very interesting paper entitled, Action ot

Light on Bacteria, III. Philosophical Trans, of the Soc. of London. Vol. 185, Part II,

pp. 961-98G. 1894. On page 964 he makes some suggestions as to why (in experiments

like the above) the germs on the exposed area are not all killed.

tThe blackening of the flbro-vascular bundles, a not uncommon occurrence, is not

due to the action of the corn bacterium.



Plate XVII.—Photomicrograph of a Longitudinal Section of a Dis-

eased Sweet Corn Stem Mounted in Water, Showing the Bacteria
Swarming from the End of a Fibro-vascular Bundle.





Plate XVIII.—Photomicrograph of a Cross-section of a Diseased Sweet
Corn Stem Mounted in Water. The Structure of the Fibro-vascular
Bundles in which the Bacteria Occur is Often Entirely Obscured by
THE Bacteria.
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While it is undoubtedlj true that the germ robs its host of a

great deal of nourishment, the death of the host-plant seems to

be due, chiefly, to the cutting off of the water supply. This view

is supported by the fact that in dry weather plants growing in

moist situations suffer less from the disease than plants growing

in drier situations; and while plants may die from the disease

in wet weather it is most virulent in dry weather. If plants are

examined in periods of wet weather it will be found that the

amount of the yellow substance which they may contain in their

vessels without showing outward symptoms of the disease is

much greater than it is in dry weather. Ordinarily, it is not easy

to detect the germ in plants which show no outward symptoms,

either by wilted leaves or dwarfed size; but in very wet weather

plants seemingly in perfect health will be found to contain a

considerable quantity of the germ. It is interesting to observe

the effect of alternating periods of wet and dry weather. For

about one month preceding July 12, 1897, it was very dry on

Long Island— so dry that in the latter part of the period some

crops suffered severely. During this time the corn disease was

very destructive. Then came about three weeks of rainy weather

followed by a short period of dry weather. Many plants which

were partially dead revived during the rainy season and prom-

ised to outgrow the disease, but as soon as the rains ceased they

suddenly collapsed.

The vessels, which constitute the chief avenue for the ascent of

water, are so thoroughly plugged with millions upon millions of

bacteria that it is indeed no wonder that the plant dies from lack

of water. A good idea of the immense numbers of bacteria

which throng the vessels may be obtained by examining Plate

XVII, which is a photomicrograph of a longitudinal section of a

diseased corn stem. The bacteria swarm out of the ends of the

vessels like smoke out of a chimney. In cross-section (See Plate

XVIII), they ooze out in such numbers as to obscure the structure

of the fibro-vascular bundles.

The germ seems to have no power to pass through the walls of

the parenchyma cells. This was especially noticeable in field

corn and pop corn plants artificially inoculated by puncture. The

germ was to be found only in the bundles which had been rup-
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tured. It was unable to gain access to the vessels of unruptured

bundles because of its inability to pass through the intervening

parenchyma.

IDENTITY OF THE GERM.

It is by no means certain that this germ has not been pre-

viously described and named. Systematic bacteriology is, at

present, in such a state of confusion that, even with access to all

of the literature, one can scarcely avoid frequently falling into

error. The writer, unfortunately, has had access to only a small

part of the systematic literature and, therefore, it would be mani-

festly injudicious for him to give the organism a name which

may, perhaps, only serve to burden the synonymy. Hereafter it

will be referred to simply as the sweet corn bacillus. It is hoped

that the foregoing description is sufficient for the complete iden-

tification of the organism, so that one having the necessary

facilities may find no difficulty in referring it to its proper species

if it has already been described.

While it is possible that the organism has been previously de-

scribed, its habit of producing disease in sweet corn has surely

not been reported heretofore. Burrill's corn germ, Bacillus

cloaccD* Jordan, the only other bacterium described as producing

disease in Zea mays, is undoubtedly different. It attacks field

corn while the sweet corn bacillus attacks only sweet corn; plants

attacked by the sweet corn bacillus do not turn yellow and there

is no moist rot of the ears; the sweet corn bacillus is conspicuous

in the fibro-vascular bundles and exudes in yellow, viscid drops

from the cut ends of stems, while neither is true of Burrill's

germ; on agar, the sweet corn bacillus is yellow, while Burrill's

germ on this medium is grayish. There are still other points of

difference but those mentioned are sufficient to show that the

two organisms belong to different species.

It appears that Burrill never gave his corn germ a name and yet Ludwig (Lehrbuch

der niederen Kryptogamen, p. 95) calls it Bacillus sccalcs (Burrill), and Russell fBac-

teria in their Relation to Vegetable Tissue, p. 3G) uses the name Barillus zvw Burrill.

The studies of Dr. Theobald Smith (The Wilder Quarter-Century Book. 1893, p. 214)

and of Dr. V. A. Moore (Agricultural Science, VIII, pp. 3G8-385) have shown that it la

Identical with linciUus cloacw Jordan (Report Mass. State Board of Health; Water

Supply and Sewerage, Part II, 1890, p. 836) which is probably the proper name t«

apply to It.
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DISSEMINATION OF THE GERM.
The chief method of dissemination of the germ is, probably, by

diseased seed. That seed from diseased plants may contain the

germs, usually in great number, is certain, and we have proven

by experiment that some, at least, of these germs retain their

vitality long enough to infect the plants of the new crop. Plants

of the variety Early Cory were grown in pots of sterilized earth

which were watered, when the rain-fall was insufficient, with

sterilized water. Every precaution, except that the pots were not

covered, was taken to prevent contamination and yet several of

the plants developed the disease. In this case, the infection must

have been brought about by germs which clung to the seed. As
an item of contradictory evidence, it should be mentioned that a

pure culture of the germ on potato agai* was found to be dead at

the end of eleven months.

Another common way in which the germ is disseminated is in

the use of stable manure made by animals which have been fed

on the diseased corn stalks. It may also be disseminated by

means of the implements used in cultivation and by the washing

of the soil during heavy rains.

GEOGKAPniCAL DISTRIBUTION.

The disease occurs in abundance throughout Long Island.

The only other locality in which it is positively known to occur

is in Iowa, and the proof of its existence there is based upon the

experiment above mentioned, in which Iowa-grown seed planted

in pots of sterilized earth produced plants which developed the

disease. A wilt disease of early sweet corn has been reported to

us from Madison, N. J., but no specimens were sent. In view of

the fact that the disease may be disseminated by means of the

seed, it is impossible to believe that it is confined to Long Island.

In all probability it is widespread.

REMEDIES.

Since the cause of the disease is entirely within the tissues and

probably gains entrance through the subterranean parts of the

plant, the application of fungicides to the parts above ground
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must be absolutely without avail. In the application of fungi-

cides to the soil there is a possibility of success but it can

scarcely be said that this line of treatment is a proimising one.

Soil treatment for the fungous and bacterial diseases of plants

has been successful in only a few instances. Lime is known to

be a remedy for the club-foot disease of cabbage and the esrperi-

ments of Thaxter* indicate that sulphur applied to the soil is a

preventive of onion smut; but neither of these substances seems

to have any beneficial effect on the sweet corn disease. Two rows

of sweet corn (one row of Manhattan and one row of Early Cory)

fifty feet in length were treated with air-slaked lime by scatter-

ing the lime, at the rate of 900 pounds per acre, in the drills with

the seed. Two other rows of sweet corn (same varieties) were

treated in the same manner with flowers of sulphur applied at

the rate of 300 pounds per acre. Every plant in the four rows

died from the disease, in most cases without forming ears. Tn

the case of the lime it may be that better results would have been

obtained if the lime had been applied to the soil several months

before planting.!

The planting of non-susceptible varieties, as far as practicable,

is, of course, to be recommended. There are marked differences

of susceptibility among varieties, and this fact can often be

turned to good advantage. In case it is necessary to plant sus-

ceptible varieties it may be found advantageous to soak the seed

before planting in some germicide; for example, a weak solution

of corrosive sublimate. However, treatment of the seeds with

chemicals must be made with caution as there is danger of injur-

ing the germination. The ears of diseased plants should never

be used for seed.

* Thaxter, R. Conn. Agl. Exp, Sta. Ann. Rept., 1889, pp. 146-152.

tif air-slaked lime is applied the fall before the spring in which the cabbages are set

it prevents the club-foot to a great extent, but if applied at the time of setting it has

but little effect. A notable example of this was observed at Woodbury, N. Y., the

present season. A large seed-bed for cabbage and cauliflower was given a heavy appli-

cation of air-slaked lime just before the seeds were sown. Nearly all the plants became

affected with club-foot.



IV. EXPERIMENTS AND OBSERVATIONS ON
SOME DISEASES OF PLANTS/-"

F. C. STEWART.

SUMMARY
I. The popular opinion that green manuring with rye will pre-

vent potato scab has been found, by experiment, to be without

foundation in fact. Of the six plats employed in the experiment

three were green manured with rye, while the remaining three

(alternating with the rye plats) were used as cheeks. On all six

plats the tubers were badly scabbed, the rye plats being even

worse than the check plats.

II. An attempt to communicate the potato stem-blight by

means of diseased " seed " failed. Unsuccessful attempts were

made, alsio, to inoculate tomatoes, peppers, egg-plants, petunias

and Chinese lantern plants by placing pieces of diseased tubers

about their roots. The conclusion is that the disease is purely

physiological and that there is no danger of spreading it by plant-

ing diseased tubers.

III. It has been shown by experiment that common salt solu-

tion applied to the foliage of carnations or to the soil in which

they are grown will neither prevent rust nor give the plants a

more vigorous growth.

IV. On Long Island it is unnecessary to commence spraying

cucumbers (no matter what the date of planting) until the middle

of July. In an experiment at Floral Park spraying increased

the yield of early cucumbers at the rate of 30,450 fruits per acre.

Downy mildew is easier to control by spraying than is anthrac-

nose.

Reprint of Bulletin No. 138.

27 ,

'
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On Long Island dofwny mildew appeared earlier and was more

destructive in 1896 than in 1897, although ^the rainfall for July

and August was much heavier in the latter season. The high

temperature of August 1-15, 1896, was probably responsible for

the virulence of the disease in that year.

In an experiment at Woodbury an acre of late cucumbers which

were sprayed eight times with Bordeaux mixture yielded 101,960

" pickles." The average yield of unsprayed cucumbers in this

section was probably less than 20,000 per acre.

Plasmopara cuhensis has been found on Cucnmis moschata

(winter crook-neck squash), which is a new host for this fungus.

I. PLOWING UNDER OREEN RYE TO PREVENT POTATO
SCAB.

There appears to be a quite widespread notion among farmers

that potatoes will be free from scab (Oospora soabies) if grown on

soil in which green rye has been plowed under just before plant-

ing. Some even assert that this method will insure a smooth

crop of tubers on land which has produced a scabby crop the

previous season.

It is highly important to know if this opinion has any founda-

tion in fact, because at the present time there is no thoroughly

practical method known for circumventing the evil influence of

scab-infested soil. Halsted* has advocated the use of flowers of

sulphur, applied to the " seed " and in the drills at the rate of

about 300 pounds per acre, but for some reason farmers are un-

able, in practice, to confirm the results of his experiment.

Why green rye should have any power to prevent potato scab

is not clear. Flagg,t assuming the rye theory to be true, has

suggested, as a possible explanation, that the rye brings about an

acid condition of the soil which is well known to be unfavorable

to the growth of the scab fungus.

Although there appeared to be no good reason why green rye

should! possess the merits claimed for it, it was deemed worth

while to test the matter by experiment; for experience has shown

* Halsted, B. D. Field Experiments with Potatoes. N. J. Agl. Expt. Stas. Bui. 112;

and N. J. Agl. Expt. Stas. Rept. 1S96, pp. 309-318.

tPIagg, C. O. Green Manuring and Potato Scab. CuU. and Country Gent., Vol. LXI,

p. 779.
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that the i>opular opiuions of the people concerning agricultural

practice are usually based upon fact. Empiricism has often led

science.

The experiment was made in cooperation with Messrs, White
and Rice, of Yorktown, N. Y., and much credit is due these gen-

tlemen for the painstaking manner in which they carried out the

details of the experiment. The land used for the experiment was

in a young plum orchard and was fairly, though not absolutely,

uniform. In 1896 it had grown potatoes which were so scabby

that a large part of the crop was unmerchantable. In October,

1896, the land was plowed and harrowed, and divided into six

plats, hing side by side, as shown in the accompanying dia-

grammatic table. On October 12, rye was sown on three alter-

nating plats, three other plats being left as checks. In spite of

the lateness of seeding, the rye made a good growth, being about

six inches high when plowed under, April 26, 1897. No fertilizer

was used on any of the plats. The plats were planted April 28.

Four rows were planted in each plat and exactly 175 pieces of

" seed " (cut to two eyes) in each row. The " seed " consisted of

slightly scabby tubers grown on the same land, and was of the

variety Carman No. 1. In each i^lat two of the four rows were

planted with tubers which had been soaked one and one-half

hours in corrosive sublimate siolution, containing 2J ounces of

coiTosive sublimate in 15 gallons of water. The remaining two

rows in each plat were planted with untreated tubers.

YiBLD OF Sound and Scabby Potatoes on Rye Plats and Check Plats.

Plats.
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On all of tlie plats the potatoes came up well and produced a

luxuriant growth of foliage. When the crop was harvested it

was found that some of the tubers had rotted although the plants

had received two applications of Bordeaux mixture, but the loss

from rot was too small to materially afl'ect the results so far as

amount of scab is concerned.

It was found that the total yield of the three plats on which

rye had been plowed under was 1891 pounds, while the total

yield of the three plats which had no rye was 2135 pounds. The

smaller yield on the rye plats appears to have been due to the

rye. At least, it is safe to say that the rye had no tendency to

increase the yield.

With reference to the amount of scab, the tubers were sorted

into three classes: (1) Those entirely free from scab, (2) those

which were scabby but merchantable, and (3) those which were

so scabby as to be unmerchantable. The total yield of 1891

pounds on the rye plats was divided among these three classes as

follows: No scab, 526 pounds; scabby but merchantable, 572

pounds; unmerchantable, 793 pounds. Classified on the same

basis the yield of the plats without rye was distributed as fol-

lows: No scab, 785 pounds; scabby but merchantable, 661

pounds; unmerchantable, 689 pounds. From these figures it will

be seen that plowing under rye did not decrease the amount of

scab in the least, but on the contrary apparently increased it

considerably.

From the results of this experiment, then, it appears that the

practice of plowing under green rye to prevent potato scab is

not to be recommended, inasmuch as it tends to increase rather

than decrease the amount of scab and may, perhaps reduce the

yield.

Concerning the value of the corrosive sublimate treatment,

different plats gave different results, but on the whole the treated

were fully as scabby as the untreated. This has been the almost

universal experience and our experiment only serves to empha-

size the uselessness of treating the " seed " with corrosive subli-

mate, if it is to be planted in scab-infested soil. The corrosive

sublimate treatment did not reduce the yield.
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II. THE COMMUNICABILITY OF POTATO STEM-BLIGHT.

The iiotato stem-blight herein discussed is the one described by

the writer in Bulletin No. 101 of this Station, pp. 83-84. The

symptoms of the disease, as there given, are as follows: " First,

there is a cessation of growth. The topmost leaves take on a

yellowish, or in some varieties a purple color, and roll inward

from the edges and upward, exposing the under surfaces. This

condition is followed by wilting and complete drying up of the

entire foliage, the process taking from one to three weeks. The

tubers appear to be sound, but, when cut at the stem-end, black-

ened fibers are seen penetrating the flesh to a considerable dis-

tance materially injuring it for cooking purposes. No rot de-

velops in the tubers. The stem just beneath the surface of the

soil first shows discolored spots and later becomes dry and

shriveled."

This disease has continued to be destructive in 1896 and 1897,

but the cause of it is still unknown. Formerly, a species of

Oospora was suspected of having some connection with it, but it

is now very doubtful if any organism is responsible for the

tro.uble. The portion of the stem which is below ground is quite

evidently the seat of the disease, but no fungus hyphse can be

found in the tissues of this part of the plant in the early stages of

the disease; neither are bacteria abundant, 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 re-

sults. Because of the nature of the disease and the position of

the diseased part it is very difficult to prevent the intrusion of

foreign germs. While these cultures were in progress portions

of diseased tubers were placed in moist chambers, but without

exception they failed to develop any growth whatever. This

gave rise to the suspicion that the disease may not be due to any

organism but is purely physiological. It was, therefore, deemed

advisable to determine, by experiment, whether the disease is

communicable.
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A quantity of badly diseased tubers was obtained and planted

on land whicli had not grown potatoes for at least ten years.

The tubers were cut with two eyes to each piece and care was

taken that every piece planted showed some of the disease.

Nearly every piece of " seed " produced a i)lant, but many of

them were very slow about coming up. They appeared weak,

were of divers sizes and, up to the time of blossoming, were con-

siderably smaller than plants from healthy " seed " planted at

the same time.

It was late in July before any of the plants showed symptoms

of the disease, and at the close of the season only a few had had

even a mild attack. When the tubers were dug just a few

showed the characteristic blackening of the fibro-vascular bun-

dles at the stem-end.

In spite of their slow growth in the early part of the season

they yielded well. Five rows fifty feet long yielded 275 pounds

of merchantable tubers which is equivalent to a, yield of 266

bushels per acre. It is evident that they were not badly dis-

eased.

Were the disease due either to fungi or bacteria, diseased

tubers would, most likely, produce diseased plants. Since the

disease is located in the subterranean stem, and to some extent

in the tubers themselves, it is in the highest degree probable that

the germs of the disease would become attached to the tubers

and be distributed with them. The results of this experiment

furnish strong evidence that the disease is not communicable,

which is equivalent to saying that it is not caused by any vege-

table organism. That the weather conditions were not unfavor-

able to the disease is shown by the fact that a potato field about

thirty rods from the experimental potatoes was badly affected

and the disease was common in various localities on Long Island.

It should be stated, however, that the plants were thoroughly

sprayed with Bordeaux mixture (eight or nine times in the course

of the season); but it is scarcely possible that spraying could

prevent a disease like this in which the seat of the trouble is

certainly below the surface of the soil. Moreover, we observed,
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in 1896, a potato field which had been sprayed five times and yet

it was estimated that 33 per cent ofthe plants were affected by

the disease.

Although the experiment shows that a fair yield of healthy

tubers may be obtained from diseased " seed," we cannot recom-

mend the practice of planting such " seed." Six 50-foot rows

planted with healthy " seed " of the same variety and grown

under parallel conditions, yielded 379 pounds of merchantable

tubers, or at the rate of 305 bushels per acre, which is 39 bushels

per acre above the yield from the diseased " seed."

Attempts were made to inoculate the disease upon other

solanaceous plants. Badly diseased tubers were finely chopped

and put into the soil close about the roots of 28 young tomato

plants, 25 young egg-plants, 10 younger pepper plants {Capsicum),

10 young plants of the Chinese lantern plant {PhysaUs franchetti)

and 6 young petunias. These plants were kept under observation

throughout the season, but none of them showed any symptoms

of a disease like the potato stem-blight. In fact, all of them

except the petunias were remarkably healthy and productive.

They, too, were occasionally sprayed with Bordeaux mixture.

III. EFFECTS OF COMMON SALT ON THE OROWTH OF
CARNATIONS AND CARNATION RUST.

iSome florists have advocated the use of an aqueous solution of

common salt (sodium chloride) on carnation foliage. The salt

solution is to be applied in the form of a fine spray, and it ia

believed that the plants are benefited in two ways; (1) by pre-

venting the attacks of rust {Uromyces caryophylUnus), and (2) by

giving the plants a more vigorous growth.

Some experiments which we have conducted during the past

three years lead us to believe that salt solution is worthless for

either of the above purposes. In a previous bulletin* we have

reported a spraying experiment on carnations in which salt solu-

tion (8 lbs. to 45 gals, of water) applied once a week, failed to

prevent rust in the least, every plant showing rust at " lifting "

time; neither did the plants seem to be any more vigorous or

* New York Agl. Exp. Sta. Bui. 100, pp. 56-62.
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to have made any better growth than unsprayed plants of the

same variety standing beside them. This experiment was made

in 1895. In 1896 it was repeated, but no rust appeared on any

of the plants, not even on the unsprayed ones^ so that this

season's experiments gave no additional evidence as to the value

of salt spray as a preventive of rust; but it was again observed

that the sprayed plants made no better growth than the un-

sprayed ones.

In addition to the spraying experiment in 1896, another experi-

ment was made to determine the effect of adding salt to the soil

in which carnations are grown. On May 18, 1896, 50 rooted

cuttings, of the variety Uncle John, were potted in six-inch

pots which were sunk in the soil out of doors. They were

divided into five lots of ten plants each and treated, at intervals

of about two weeks, with different quantities of a two and one-

half per cent salt solution as follows:

Lot I. 10 c. c. salt solution, or 0.25 gram of salt per plant;

Lot II. 40 c. c. salt solution, or 1 gram of salt per plant;

Lot III. SO c. c. salt solution, or 2 grams of salt per plant;

Lot IV. 200 c. c. salt solution, or 5 grams of salt per plant;

Lot V. Check. Not treated.

The salt solution was poured upon the surface of the soil in

the pot around the base of the plant and allowed to soak down.

The dates of application were as follows: June 2, 16, 30, July

14, 29, August 24, September 9 and 26.

As in the spraying experiment of the same season, no rust

appeared. At the conclusion of the experiment the plants were

exaimined by an expert carnationist who did not know how the

different lots had been treated and hence could not possibly have

been prejudiced. He decided that the plants in Lot V had made

considerably the best growth; that Lots I and II were about

equal and second best; while Lots III and IV were about equal

and poorest. It was very evident that the salted plants had

made a less vigorous growth.

In 1897 the experiment was repeated. As before, the plants

were of the variety Uncle John, potted on May 18 in six-inch

pots which were sunk in the soil out of doors; there were ten
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plants in each lot; and the same quantities of a two and one-half

per cent solution were used. This time, however, Lot I was

omitted.

The dates of applying the salt solution in this experiment were

as follows: May 18, 28, June 11, 25, July 9, 23, August 7, 20,

September 3.

All of the salted plants were again smaller than the unsalted

ones. On August 27 four average plants of each lot, still in the

pots, were removed to the greenhouse. Up to this date no rust

had appeared, but on September 17, when the plants were next

examined, every one was found to be rusty. From this time on

the rust made rapid progress and became even worse on the

salted plants than on the unsalted.

These experiments show that it is useless to try to prevent rust

by the use of salt solution, applied either to the soil or to the

foliage, and, also, that salt is not an aid to the growth of carna-

tions. ' '

IV. FURTHER EXPERIMENTS ON SPRAYING
CUCUMBERS.

Spraying Early Cucumbers.

In the Long Island market gardens cucumbers are divided into

two classes—^early cucumbers and late cucumbers. The former

are planted as soon as danger of frost is past in spring, and the

fruits, which are allowed to attain a length of from five to seven

inches, are sold in the city markets to be eaten fresh. Late

cucumbers are planted from June 25 to July 4, and the

fruits are gathered when they are from two and one-half to three

and one-half inches in length. They are used for pickling pur-

poses, and for the most part are sold directly to pickle manu-

facturers who have established salting houses at various points

in the farming districte.

The spraying experiment reported in Bulletin No. 119 of this

Station was made on late cucumbers. In 1897 the following

experiment was made on early cucumbers. Eight rows of 25 hills

each were planted early in May. The rows were five feet apart

and the hills four feet apart in the row. The variety was White
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Spine. When the plants were well started they were thinned to

four in a hill. Throughout the whole season four of the eight

rows were kept well covered with Bordeaux mixture (l-to-8

formula) by frequent sprayings, while the other four rows were

not sprayed at all. Spraying was commenced almost as soon as

the plants were out of the ground, in order^ if possible, to pre-

vent the ravages of the striped cucumber beetle, Dlahrotica

vittata. For this reason Paris green was added to the Bordeaux

mixture used in the first three sprayings. The dates of spraying

were: May 28, June 1, 11, 22, July 2, 12, 16, 23, 30, August 7,

13, 20, 27, and September 7. In all^ the plants were sprayed

fourteen times and each time carefully so that the spraying was

of the most thorough kind.

The weather was unfavorable for cucunjbers, still they grew

fairly well. The first disease to make its appearance was a bac-

terial wilt disease which commenced its ravages about August 2,

and during the two weeks following killed perhaps 50 plants on

the unsprayed plat and only five or six on the sprayed plat.

On August 11 there were traces of anthracnose, ColletotHchum

lagenai'ium, on the unsprayed plat and from August 21 to the

end of the season this disease was very destructive on the un-

sprayed plat and also did some damage on the sprayed plat,

particularly toward the close of the season. The downy mildew

made its first appearance August 24 on the unsprayed plat where

it spread rapidly and did much damage, but it did not attack the

sprayed plat.

A careful record was kept of the number and weight of the

fruits produced on the two plats. At each picking only those

fruits which were more than three inches long were gathered.

In other words, the fruits were allowed to attain a considerable

size and most of them would pass in the market for " cucumbers "

as the large fruits are called to distinguish them from " pickles "

which are the small fruits used for pickling. The sprayed plat

yielded 3,263 fruits which weighed 1,159 pounds; while the un-

sprayed plat yielded 1,866 fruits, having a weight of 590 pounds.

Expressed in more familiar terms, the yield per acre on the

sprayed plat was at the rate of 71,100, weighing 25,265 pounds;
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on tlie unsprayed plat at the rate of 40,GoO, weighing 12,860

pounds. Hence, the increase in number of fruits per acre due to

spraying was 30,450, and the Increase in weight 13,405 pounds.

The following table gives the number and weight of the fruits

gathered at each picking

:

Yield of Cucumbers from Sprayed and Unsprayed Plats.

Number. Weight. Number. Weight.

July 26
August 2
August 7
August 11
August 16
August 20
August 24

August 27
August 31
September 4
September 8
September 10
September 14

September 18

Totals

16
89
184
184
378
256
322
234
370
298
300
151
288
193

Lbs.
3.25

22.25
60.25
60.50
139.75

73
157
117
128
38
105
60

31
112
155
158
269
220
236
124
241
108
87
43
44

LbB.
9.50
28.25
57.25
54
109.50
70.50
72
32
80
32
17
8

11

9

1,159 590

It is important to observe that in the first two pickings the

unsiprayed plants yielded more than the sprayed. This shows

that at the beginning of the experiment the unsprayed plants had

at least an equal chance with the sprayed, so that the differences

which appeared later may be justly attributed to the spraying.

Moreover, it shows that up to the close of July there was no

appreciable benefit from spraying, and this means that the six

applications made prior to July 15 were unnecessary. Spray-

ing deterred the striped cucumber beetles but slightly and this

small benefit was counterbalanced by the injurious effect of the

Bordeaux mixture on the growth of the young plants. There

was no discoloration of the foliage such as occurs when the Bor-

deaux is improperly prepared, but the sprayed plants were some-

what smaller for a considerable length of time. All observations

go to show that spraying (on either early or late cucumbers) need

not be commenced until after July 15. The past season there

was scarcely a trace of anthracnose on cucumbers anywhere on
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Long Island until after August 1, and downy mildew did not

appear until three weeks later. The time of appearance of both

these diseases is more dependent upon the weather conditions-

than upon the stage of growth of the plant. Both early and late

cucumbers are attacked at about the same time.

The very thorough spraying which the plants received gave

complete protection against downy mildew but only partial pro-

tection against the anthracnose. In the latter part of the season

there was sufficient anthracnose among the sprayed plants to

seriously affect the yield. By consulting the table on page 427,

it may be seen that the last picking was made September 18,

w^hereas there was no frost until September 28. After Septem-

ber 18, the anthracnose became so severe on the sprayed plat

that the plants dried up and produced thereafter only deformed

fruits or " nubbins." From this it appears that anthracnoise is

more difficult to manage than downy mildew, and that to prevent

it the spraying must be done very thoroughly and repeated at

short intervals. Of course this test was a severe one because of

the close proximity of the diseased plants on the unsprayed plat.

An unexpected result of the experiment was the influence

which the spraying seemed to have in checking the wilt disease.

The wilt disease killed about fifty plants on the unsprayed plat

and only five or six on the sprayed plat. Considering the small

size of the plats this difference is worthy of note.

Until near the close of the season the percentage of deformed

fruits produced by the sprayed plants was very small—much

smaller than in the case of the unsprayed plants.

Why Plasmopara cubensis Was More Abundant in 1896 Than in

1897.

Halsted* has published observations which indicate that the

Peronosporefe, in general, thrive best in wet seasons. For Plas-

mopara cubensis no such observations have been recorded, but

from the following it appears that this fungus is influenced more

by temperature than by rainfall.

Halsted, Byron D. Downy Mildews in a Dry Season. Bulletin from the Botanical

Department of the Iowa Agricultural College, 1888; and, Peronosporese and Rainfall.

Journ. Myc, Vol. V, pp. 6-11, 1889.
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In 1896, Plasmopara cubcnsis made its first appearance on Long
Island about August 7. In 1897 it did not appear until August

24, and was not nearly so destructive as in 189G. Witliout

doubt this difference was due to some diiference in the weather

conditions prevailing during the two seasons, and inasmuch as

August is the month in whi(,'h the fungus commences its ravages,

it is likely that the variable factor should be sought in the wea-

ther records of that month. The New York State Weather
Bureau has stations on Long Island at Brooklyn, Willets Point,

Brentwood and Setauket. A comparison of the records of these

stations for August, 189(5, with the records of the same

stations for August, 1897, shows that the only important differ-

ence is in the temperature for the first fifteen days of the month.

This difference is brought out in a striking manner in the follow-

ing taible of daily mean temperature* which shows that the

average temperature for the first half of August, 1896, was 7°

higher than for the same period in 1897.

Temperature Record, August 1-15, 1896 and 1897. ^

August, 1896.
August, 1897. 72°

80'^ 78°
660,700

810|83o

700 69°

15

75°

The rainfall for August was somewhat greater in 1897 than in

1896, and this alone should be sufficient evidence that the rainfall

is not the controlling factor in the development of downy mil-

dew. However, if it is desired to go back to the month of July

we find that 1897 was much the wetter. The records are as fol-

lows:

Rainfall Record, July and August, 1896 and 1897.
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One Hundred Thousand Cucumbers from an Acre of Sprayed

Plants.

In the spraying experiment against the downy mildew made
at Woodbury, Long Island, in 1896^ and reported in Bulletin !N"o.

119, the protection against the disease was not eomiplete. Toward

the close of the season the downy mildew became quite abundant

on the sprayed plats. The infection came, of course, from the

badly diseased plants in the adjoining rows which had not been

sprayed. In practice, no unsprayed rows would be left and it is

reasonable to expect even better results than were obtained in

that experiment.

For the purpose of ascertaining to what extent the disease can

be controlled when an entire field is sprayed, the following ex-

periment was made at Woodbury, on the farm of Mr. R. C. Colyer,

the gentleman who cooperated with us in the experiment made

in 1896. In a meadow of clover and timothy, equal parts, an

exact acre of land was selected. The grass was removed about

June 20 and the land immediately plowed and spread with

barnyard manure. It was then thoroughly harrowed with a disc

harrow and marked out 3^ by 4 feet. Next Males' Fruit and

Vine fertilizer, 1,000 pounds, was drilled into the rows^ 400

pounds of kainit sown on broadcast and the field again har-

ro]wed.* The seed, which was of the variety Early Cluster, was

planted June 26th. On account of heavy rains it was necessary

to do considerable replanting, some hills being replanted twice,

but eventually nearly a full stand was obtained. The acre was

sprayed eight times with Bordeaux mixture (l-to-8 formula), ap-

plied with a knapsack sprayer. The dates of spraying were as

follows: July 22, 30, August 7, 16, 25, September 4, 13, and 20.

A killing frost occurred on the night of September 28.

The cucumbers were contracted to the H. J. Heinz Company_,

which has a factory at Hicksville, at |1.50 per thousand for the

larger ones and 75 cents per thousand for the small ones, or

gherkins. Below is the factory record of receipts froon the ex-

periment acre:

*lt should not be assumed that the Station recommends this method of manuring.

The manuring and preparation of the land were left entirely to the judgment of Mr.

Colyer, who was instructed to " put the land in proper condition to grow a good crop.

of cucumbers." '
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Cucumbers from Sprayed Acre, Sold to Pickle Factory.

DATE.
Number of

small fruits or
gherkins.

August 14....

August 16
August 18. ..

August 20....

August 23...
August 25
August 28
August 30
September 1

September 3
September 6
September 9
September 11

September 14
September 16

September 18
September 21
September 23
September 27

Total

.

31,850

To the above number must be added 1,500 large ones and 13,000

small ones which were gathered on September 29th, the day after

the frost. These were sold in Wallabout market, Brooklyn, be-

cause no cucumbers would be received at the factory after frost.

They brought |19.

(Summarized, the results are as follows:

55, 610 large " pickles " at ?1.50 per thousand $83i 40

31,850 small " pickles " at 75 cents per thousand 23 85

13,000 small " pickles " ? „ ,^ ^ „, ,, ^ ^ ^ -,n ..«
, ., ^ Sold at Wallabout for 19 00

1,500 large "pickles >

101,960 $126 25

When frost came the plants were entirely free from downy

mildew and anthracnose, although both of these diseases were

abundant in most of the cucumber fields in the vicinity. The

nearest source of infection was an unsprayed muskmelon patch

about thirty rods distant.

Ordinarily, 100,000 cucumbers per acre would not be consid-

ered a large yield but for the past season it is uncommonly large.

The average yield per acre of cucumbers on Long Island in 1897
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was smaller than in 189G, when it was about 20,000 per acre. In

some sections the crop was almost a total failure. In 1896 the

downy mildew was by far the principal enemy, but in 1897 it

seemed as if all of the enemdes of the cucumber had combined

for its destruction. The weather was very unfavorable, and

downy mildew, anthracnose and the bacterial wilt disease were

all destructive. Indeed, it was impossible to determine which of

these four causes was responsible for the most damage.

Shade as a Preventive of Downy Mildew.

It is a matter of common observation that down mildew is less

destructive to cucumber plants which are partially shaded; for

example, plants growing under trees or in weeds and particularly

portions of vines which run out into the grass and tall weeds at

the borders of the field.

It was attempted to make a practical application of this fact

by planting rows of sweet corn alternately with rows of cucum-

bers. Rows of sweet corn were planted five feet apart, and when

the corn was a few inches high rows of cucumbers were planted

between the corn rows. On the same date other hills of cucum-

bers without the corn were planted close by for comparison.

As might have been expected, the unshaded plants made con-

siderable better growth than the shaded. There seemed to be

no difference in the amount of anthracnose, only a slight differ-

ence in the amount of downy mildew, and the bacterial wilt dis-

ease was decidedly more destructive among the shaded plants.

It seems improbable that shade can be advantageously em-

ployed as a preventive of down mildew.

A New Host for Plasmopara ciihcnsis.

The recorded hosts of Plasmopara eiibcnsis are as follows:

(1) " On leaves of some cucurbitaceous plant "* (from Cuba)

;

(2) Cucumis saliva L. (cucumber);!

Berkeley, Rev. M. J. and Curtis, Dr. M. A. Fungi Cubenses. Journ. of the Linnaean
Soc. Botany X, p. 363. 1869.

tFarlow, W. G. Notes on Fungi. Hot. Gaz., XIV, p. 189, Aug., 1889.
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(3) Cucurhita maxima Duchesne (squash);*

(4) Cucurhita pepo L. (pumpkin) ;t

(5) Citrullus vulgaris Schrad. (watermelon) ;$

(6) Cucumis melo L. (muskmelou)
;§

(7) Cucumis anguria L. (gherkin gourd).]

|

To this list of hosts must now be added Cucumis moschata

Duchesne (winter crook-neck squash) on which the fungus was

found in abundance at Floral Park, N. Y., during the past season.

*Halsted, Byron D. Some Notes upon Economic Peronosporese for 18S9 in New Jer-

sey. Journ. of Myc, 5, p. 201.

tHalsted, Loc. cit.

JHalsted, Byron D. Notes upon Peronosporeae for 1891. Hot. Gaz., XVI, p. 339.

Dec, 1891. I

gHalsted, B. D. Report of the Botanist. Fourteenth Ann. Rept. N. J. State Agr.

Exp. Sta. and the Sixth Ann. Rept. of the N. J. Agr. Coll. Exp. Sta. for the year

1893, p. 352.

II
Swingle, W. T. Some Peronosporaceae in the Herbarium of the Division of Vegetable

Pathology. Journ. of Myc, VII, p. 125, 1892.
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REPORT OF THE ENTOMOLOGISTS.

I. IIINSPECTION OF NURSERIES AND TREAT-
MENT OF INFECTED NURSERY STOCK *

V. H. LOWE.

SUMMARY.

Most of the nurseries inspected have been found practically free

from insect pests of a serious nature. Ten important species

have been found at different times, however, in sufficient numbers

to do serious injury. In all cases efforts were at once made to

clean out the stock thus infested. The most important insect

which attacks nursery stock in this State is the San Jos6 scale.

It is important to nurserymen not only because of the injury

which it may do to the infested stock, but because it is greatly

dreaded by both dealers and fruit growers alike. Hence, stock

from a nusery which is known to have been once infested does

not find a ready sale.

Experiments in dipping and spraying young nursery trees indi-

cate that plant lice may be controlled in the nursery by dipping

the curled tips of infested trees in a solution of whale oil soap,

one pound to seven gallons of water. The work should be done

early in the season. Flea beetles attacking young pear and apple

trees may be held in check by spraying with green arsenite, one

pound to 100 gallons of water, and the canker worm will succumb

to the same treatment.

The experiments in fumigating nursery stock with hydrocyanic

acid gas, when the stock is piled in the cellar for winter storage,

indicate that this method may prove practical, thus avoiding the

necessity of building special fumigating houses.

•Reprint of Bulletin No. 136.
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INTRODUCTION.

In the spring of 1896, the Maryland Legislature passed a law

providing that all nursery stock shipped into that state must be

accompanied by a certificate. This certificate mu&t state that

the stock has been duly inspected by an authorized ofiicial and

pronounced by him free from indications of the presence of dan-

gerously injurious insects and plant diseases. It is stated that

this law was for the especial purpose of protecting Maryland

fruit growers from the further importation Into their State of

that much-dreaded pest, the San Jos^ scale. Other States fol-

lowed suit until seven now have similar laws and the question of

similar legislation is being agitated in as many more.

Owing to this agitation and also to the fact that much has been

said and written about the San Jos6 scale, its rapid work as a de-

stroyer of fruit trees and shrubs and the ease with which it can

be transported on nursery stock, Western New York nurserymen

soon found themselves in a position where it was necessary to

have their nurseries inspected or be seriously handicapped by the

inspection laws of other states.

Although there was no evidence of an organized effort on the

part of the nurserymen to have the work of inspection put upon

a proper basis, the Station at once undertook to accommodate

them and has endeavored to do so as far as possible during the

past two years.

That there will be still further need of nursery and orchard in-

spection in the State seems very probable. The San JoiS6 scale

has been found in abundance in some sections of the State and

has already shown that it can thrive in Western New York. The
fact, also, that a small nursery has been found in the western part

of the State and others in the southeastern, in which the scale

has been thriving for several years, indicates that this insect may
have a much wider distribution within our borders than is at

present suspected. This seems all the more probable when we
reflect that just over the line in Canada the scale has been found

in a number of orchards and it is known to occur in states bor-
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dering New York on the east, south and west. At present there

is no law to hinder the importation of infested stock from all of

these directions and no provision made for a systematic effort

to prevent the further spread of this and' similar pests within the

State.

The 'insects discussed in this bulletin have been found in more

or less abundance in the nurseries from time to time. All of

them are readily transported on nursery stock and hence are of

importance to the nurseryman as well as the fruit grower.

The problem of how best to control the numerous species of

insects which attack the growing plants in the nursery is a very

important one. The few experiments noted in this bulletin are

incomplete, but it is expected that as opportunity is afforded they

will be continued until more definite results are reached. This

work will be greatly aided by the increased facilities at the

Station.

INSPECTION OF NURSERIES IN WESTERN NEW YORK.

Method of Inspection.

The immediate surroundings of the nursery were first noted

and any old neglected orchards bordering on the nursery, or neg-

lected blocks of stock were first carefully examined. On several

occasions neglected apple orchards or a few old neglected apple

trees were found badly infested with various species of injurious

insects, principally the woolly aphis. Further examinations

showed that many of the nursery trees in the immediate vicinity

were infested with the same species, the indications being that

the insects had originally come from the old trees. After the

orchard trees were examined the condition of the more immediate

surroundings of the blocks, such as the fence corners, etc., were

noted and any suspicious looking shrubbery subjected to a care-

ful scrutiny. The nursery rows were next examined, the usual

method being to go back and forth across the rows a number of

times until the general appearance of the trees was well noted.

All suspicious looking trees were, of course, carefully examined.

Where possible, the examination was repeated two or three times

during the season.
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Value of Inspection.

It is a difficult matter to estimate the real value of nursery

stock inspection. Very much depends upon the care with which

the work is done. Judging from our own experience and from

the w^ork that is being done in other states, inspection which in-

cludes not only the nursery but the orchard as well, properly

carried out, can be depended upon to bring to light the worst

oases, at least, of infestation by the San Jos^ scale and other in-

sects and plant diseases of a seriously injurious nature. Judg-

ing from our observations one of the chief benefits which has

thus far resulted from nursery stock inspection in this State, is

to make the growers and dealers more careful as to the condition

of the stock sent out. It is probably not overestimating the

value of nursery and orchard inspection to say that, properly

carried out, it will be a constant stimulus to the production of

clean, healthy stock, and will result in effectually holding in

check such dreaded pests as the San Jos^ scale.

Those Benefited by Inspection.

If inspection has a tendency to bring a better class of nursery

stock on the market, then it is evident that not only the nursery-

men, but all interested directly and indirectly, in the growing of

trees, shrubs and vines are more or less benefited thereby.

Where the inspection is extended to the orchard the benefit is

much greater. Farmers should keep this in mind and note care-

fully the condition of the trees when they come from the nursery

and watch for the development of injurious insects and diseases.

In this way each farmer can be the inspector for his own prem-

ises. Nurserymen have usually considered inspection something

of an annoyance but cheerfully take the necessary steps for their

own benefit and to satisfy their customers.

A Growing Demand for Inspection.

As previously stated, several states have recently jmssed in-

spection laws similar to the Maryland law. Hence all nursery-

men doing business in these staters recjuire certificates in order to
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prevent serious interference with their business. These restric-

tions to the trade have created a demand for nursery stock in-

spection which is far too great for a station entomologist to meet

properly without aid if he expects to carry on his regular work.

We found the demands for this kind of work so heavy during the

past season that, in order to prevent a too serious interference

with other duties, it was necessary to restrict our inspection for

the most port to Ontario County alone. As yet no provision has

been made either by State or federal law to meet this urgent de-

mand of a highly important industry.

Varieties of Trees, Shrubs and Vines Examined.

It is not necessary to give a list here of the varieties of trees,

shrubs and vines examined. It is safe to say that practically all

the varieties of plants grown as nursery stock in Western New
York, both in the field and under glass, were examined on differ-

ent occasions. By far the greater part of the sto'ck inspected,

however, consisted of the various varieties of fruit trees.

Varieties of Trees Most Commonly Infested.

These were the apple, peach and pear trees. The apple and

pear trees were most commonly infested with the woolly aphis,

and this pest was most often found on the Ben Davis and Yellow

Transparent apples and upon the standard pears. In most cases

of infested pear trees, the blocks were next to blocks of infested

apples, the indications being that the insects had come from

the apples to the pears. The peach trees were infested with the

peach-tree borer.

Species of Insects Included in this Report.

Only the more important species which are readily transferred

on nursery stock are included in this report. Ko account is

taken of the large number of species which attack the stock dur-

ing the growing season but which do not remain on the trees

after the leaves are taken off and hence are not readily scattered

over the country by means of nursery stock.

For convenience the species herein discussed may be grouped

under four heads as follows:
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I. Insects which secrete or otherwise produce a scale-like cov-

ering Scale Insects^

including the oyster-shell bark-louse, scurfy bark-louse, the New

York plum lecanium, the oak scale and the San Jost? scale.

II. Insects which secrete honey dew or a bluish-whie flocculent

substance Plant Lice,

including the w^oolly aphis of the apple.

III. Insects which bore into the trees Borers,

including the peach-tree borer.

IV. Insects which feed on the buds and leaves and which hiber-

nate on the twigs in protective cases Case-Bearers,

including the pistol-case-bearer and the cigar-case-bearer. Al-

though not a true case-bearing insect the bud moth may for

convenience be included under this head.

SCALE INSECTS.

Scale insects are among the most common of the insect pests.

The group includes a large number of species. As destructive

insects they rank among the first and are to be dreaded, not only

because of the great injury w^hich they can inflict, but because

most species are very hard to eradicate from a nursery or an

orchard after they have once become well established. As a ruh?,

however, scale insects need not become abundant in the nursery

if the stock is carefully watched and the first few trees found

infested are either treated or burned. The most important spe-

cies found are discussed in detail as follows:

The Oyster Shell Bark Louse.

Mytilaspis pomorum Bouch^.

This insect is so commonly found in the orchard that it is liable

to be considered of little importance. It is less harmful than

many other scale insects yet it is capable of doing very serious

injury, especially in the young orchard, and for this reason

ehonld be considered an important pest in the nursery, even

though the nursery trees themselves do not usually become badly

infested).
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History.—But little is known of the early history of this spe-

cies. According to our best authorities it is undoubtedly of

European origin but was introduced very early into this country.

It was first described in 173S by a Frenchman named Reaumer

who found specimens on an elm in his native country. Accord-

ing to Dr. Howard* it was known in this country as early as 1794.

The earliest account which we have seen relating to the insect

in this State was published by Dr. Asa Fitch in 1856 in his first

report as State Entomologist (p. 31). Dr. Fitch states that the

insect was then known " everywhere through the northern states

. . . infesting the orchards to a grievous extent, causing the

death of many trees and impairing the health and vigor of many
more." The same writer quotes a Wisconsin correspondent who
states that the insect was evidently introduced into Wisconsin as

early as 1840. It is thus shown that the species had a wide

distribution in this country at an early date.

Present distribution.—The oyster-shell bark-louse is known all

over the world. It occurs in more or less abundance wherever

apples and pears are grown. In the United States it is reported

from Maine to California, although it is not so well known in

many of the western states as in the east and south. It is widely

distributed throughout this State. While we are receiving speci-

mens from new localities every year, up to the present time speci-

mens have been received from the following counties: Erie,

Niagara, Monroe, Wayne, Ontario, Yates, Schuyler, Seneca,

Cayuga, Onondaga, Cortland, Jefferson, Lewis, St. Lawrence,

Columbia, Kings, Queens and Suffolk.

Food plants.—The list of food plants for this insect includes a

large number of our common trees and shrubs. In the nursery

it is especially abundant upon fruit trees, such as apple and pear,

but it should be watched for on other stock such as currant,

gooseberry, blackberry and raspberry, also on ornamentals such

as maple, birofbi, elm and lilac.

Descriptions and life history.—The life history of the oyster-

shell bark-louse is very similar to that of many other species of

scale insects. If an infested tree is examined in the winter the

•Year Book U. S. Dept. Agr. 1894, p. 255.
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scales will be found to present the appearance shown in Plato

XIX, fig. 1, which is from a photograph of an infested apple twig,

natural size. It will be observed that although differing in shape,

being longer and narrower, the scales bear a slight resemblance

to an oyster-shell, hence the name. If one or two of these scales

are turned over [Fig. 2.] they will be found to be well filled with

creamy white eggs. If, however, the eggs are not observed until

nearly ready to hatch they will have turned to a dark reddish-

brown color. There are usually between forty and fifty, although

the number may vary greatly. We have found as few as thirty

and more than sixty under different scales. The shriveled body

of the feonale scale will be found occupying a portion of the

smaller end. The eggs vary in shape as shown at Fig. 3, which is

from a photomicrograph showing a number of the eggs greatly

enlarged, but in general appearance slightly resemble miniature

hens' eggs. They also vary in size, but from a number of meas-

urements we found that an egg of average size would measure

about 0.3 mm. by 0.18 mm.

The eggs remain protected by the scales all winter. In this

climate most of them have hatched by the first of June. In some

seasons they hatch earlier than others. Last year many newly

hatched lice were observed on apple trees in the vicinity of the

Station as early as May 7.

The newly hatched lice are very small, measuring only about

0.4 mm. in length and half as broad. A good idea of their shape

is given in Plate XX, fig. 1, c. Their bodies are nearly flat and

light yellow in color. They wander about for a short time, vary-

ing from a few hours to a day or more, finally settling down,

most of them on the new growth, where they begin to suck the

sap by means of their sharp, thread-like mouth parts. They

probably never go to the leaves and only one or two cases have

been reported where the scales were found on the fruit. It is

probable that when once settled on the bark the^lemales never

move.

The scales grow rapidly and by the latter part of July are

mature. Most of the scales grow to have the appearance already
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referred to and shown at Plate XIX, fig. 1. These are the female
scales and they are in a very large majority. The male scales are

much smaller, and more regular in outline. The posterior portion

of the scale is also very ditlerent in that it is hinged so as to

allow the mature male to escape.

In color, the male and female scales are similar, both finally

becoming an ash gray tint. The mature male is a delicate two-

winged insect very different in appearance from the female. A
mature male is shown in Plate XX, fig. 1, a, and a mature female,

with her scale removed, at e.

The eggs are laid during the middle of the summer, the body
of the female gr-owing smaller as each one is produced until

finally there is little left but a withered skin. The eggs remain
under the scales all winter, finally hatching in the spring as

previously stated.

Means of (listributlo7i.—As the scale passes the fall, winter, and
part of the spring in the egg stage, the eggs being protected by
the scales, it is evident that the insect may be easily distributed

by means of infested stock. When the trees are not badly in-

fested the scales are easily overlooked, and thus as each scale

protects thirty or forty eggs, a nursery tree even slightly infested

may finally harbor enough scales to do very serious injury in the

orchard.

Remedial measures.— BadU' infested nursery trees should- be

dug up and burned. Where especially choice trees or shrubs are

infested they may be successfully treated either by applying a

wash during the winter or by spraying in the spring while the

young lice are active. For a winter wash either kerosene emul-

sion or whale oil soap may be used. The kerosene emulsion

should be diluted with three parts of water, and the w^hale oil

soap* used at a strength of one pound to two gallons of water.

Before applying the wash the infested parts should either be

scraped gently or rubbed with a stiff scrubbing brush to loosen

the scales. This allows the insecticide to reach the eggs which

would otherwise be protected by the scales. For spring treat-

*ln buying whale oil soap much pains should be taken to get a g6od article. Much
of the soap on the market is very poor. The Leggett brand has proven of good quality,
also that manufactured by Jas. Good, Philadelphia, Pa.
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ment, spray the trees as soon as the young lice appear. Either

kerosene emulsion or whale oil soap solution may be used. The

former should be diluted with seven parts of water and the latter

used at a strength of one pound to seven gallons of water.

Where practical the winter treatment is preferable, as many of

the young scales may be easily missed. In case of badly infested

trees, however, both the winter and spring treatment may be

given with excellent effect.

The Scurfy Bark-louse.

Chionaspis furfurus Fitch.

Like the oyster-shell bark-louse, this species occasionally be-

comes sufficiently abundant to do serious injury. We have seen

it in the nursery as often as the other species, and have found it

doing veiy serious injury in at least one large pear orchard in the

State.

History.—Although this species is less frequently mentioned in

the writings of early American entomologists, it was well known

at an early date as an injurious species. B. D. Walsh and other

writers on American entomology mentioned it as early as 1860.

Since that time it has ibeen frequently mentioned by American

writers. '
'

,
i

Present distribution.—According to Dr. Howard* this species Is

now known to occur in the District ofl Columbia^ and twenty

states, including Massachusetts on the east, Georgia on the south

and southern Galifornia on the west* The isame writer also states

that it has been recently reported in England. It is undoubtedly

widely distributed in this State. Up to this dat^ we have re-

ceived specimens from Erie, Niagara, Monroe, Wayne, Ontario,

Yates, Schuyler, Seneca, Cayuga, Onondaga, Columbia, Queens

and Suffolk counties.

Food plants.—The most common food plants for the scurfy

bark-louse are apple and pear. In the nurseries we have found

it more abundant on pear trees than on any other stock. In one

instance nearly all the trees in a small block of standard pears

*Year Book U. S. Dept. Agr. 1894, p. 259.
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were very badly infested, a majority of them being seriously in-

jured. We have found it upon apple, pear, crab apple and quince.

In addition to these food plants Dr. Howard* gives black cherry,

choke cherry, currant, mountain ash, Japan qi3ince and peach,

the last named having been sent from two localit:es in Georgia.

Descriptions and life history.—The general appearance of the

mature female scales is shown in Plate XIX, Fig. 4, which is from

a photograph of an infested pear twig. They are dirty white in

color. The life history of this species is very similar to that of

the oyster-shell bark-louse. The eggs are found under the scales

during the winter, but usually in less numibers than in the pre-

ceding species; also, instead of being cream white, they are pur-

plish red. The young scales hatch in the spring at aibout the

time the young oyster-shell bark-lice appear, which they resemble

very closely. The male scales are much smaller than the female

scales, and, unlike them, are brilliant white. They are also quite

different in shape, the sides being nearly parallel with two longi-

tudinal ridges extending along the upper surface.

Means of distribution.—This insect is distributed by means of

infested nursery stock in the same manner as the preceding

species. Owing to their lighter color, however, they are more

easily seen, and hence there is less excuse for sending out infested

stock.

Remedial measures.—The treatment recommended for the

oyster-shell bark-louse will prove equally effective for this insect.

The New York Plum Lecanium.

Lecanium cerasifex tFitch(?).

The sudden appearance of this insect three years ago in over-

whelming numbers in some of the large plum orchards of west-

ern New York is, doubtless, fresh in the memory of orchard-

ists and nurserymen throughout the State. Very little is heard

of this scale now, however, owing to the fact thai it disappeared

almost as suddenly as it came. But it may still be seen occasion-

*Year Book U. S. Dept. Agr. 1S94, p. 260.

Identified by Mr. Th. Pergande.
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ally in most plum orchards and during the past season we found

it scattered in several nurseries, hence it may yet be considered

a pest which should be carefully watched with a view to prevent-

ing other serious outbreaks.

History.—Previous to 1803 but little was known of this insect

in this State, although it seems to be the prevailing opinion

among prominent fruit growers that the insect has been in the

plum orchards of western New York for twenty years or more,

but not in sufficient numibers to cause special comment. During

the seasons of 1893 and 1894 the insect did great damage to

western New York plum orchards, but in the spring of 1895

comparatively few of the scales could be found, most of them

having succumbed to the attacks of parasites, predaceous insects

and climatic changes.

Present distribution.—Accurate data as to the present distribu-

tion of this insect is wanting. This or a very similar species,

however, is known in the south and a species which is probably

identical is reported from England. Judging from our observa-

tioins during the past season, the scale is at present scattered

through many of the larger plum orchards in western New York

and may be occasionally seen in the nurserieS; but in only a

few cases have we found it in sufficient numbers to do serious

injury. We have observed the species in the following counties:

Niagara, Orleans, Genesee, Monroe, Ontario-, Seneca, Cayuga, On-

ondaga, Richmond and Queens.

Food plants.—^As its name indicates, this species is especially in-

jurious to the plum. It has ateo been reported upon apple, pear,

maple, Cissus, cherry and peach. In addition to these food plants

the writer has found a very closely allied if not identical species

upon quince, apricot, cultivated blackberry, cultivated grape,

honey locust, black ash and iron wood [Ostryia].

Descriptions and life history.—A detailed account of this insect

is given in the Fourteenth Annual Report of this Statioc, pages

574-593. As comparatively few of the reports are left for distri-

bution, however, it may be well to repeat the life history of the

insect substantially as given therein.
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The general appearance of the insect is shown at Plate XIX, Hg, 5.

At a the mature scales are shown enlarged and at h the mature

and young hibernating scales, natural size. Unlike the two pre-

ceding species, this scale passes the winter in the larval state.

After the first few warm days of spring, the young scales begin to

move about, but soon find a suitable place to setlle down to again

suck the sap of their host plant. They soon begin to grow with

astonishing rapidity. Previous to this time the male and female

scales are very much alike, but as the season advances the female

scales are seen to grow to large oval fleshy scales, while the males

are much smaller, oblong and slightly oval in shape. A delicate

white waxy scale is their only protection. The mature male is a

delicate two-winged insect, in general appearance resembling the

males of the two preceding species. Under this delicate covering

the male undergoes its transformations, finally, about the time the

female becomes full grown, emerging as a mature insect.

About the middle of May or early in June the females are ma-

ture and egg laying begins. The eggs are oblong oval in shape,

pearly white and have smooth shells. They are laid under the

mother shell, which is only the hardened integument of the parent

insect, the mother scale herself literally turning into a mass of

eggs. The number of eggs produced by a single scale varies

greatly, probably from five or six hundred to over two thousand,

the writer having counted over twenty-one hundred under a single

female.

The newly hatched scales remain under the n\other shells for a

time varying from a few hours to two or three days. At this time

they vary in size from 0.5 to 0.75 mm. in length and are a little

more than half as broad as long. Their bodies are also very thin

and slightly curved above.

As would be supposed, a sv/arm of little scales is produced from

a single mother. After leaving the mother shell they travel abont

apparently aimlessly for a time, but within a fevvdiiys settle down,

most of them upon the under surface of the leaves along the mid

ribs and larger veins, although many may be found upon the

nj)per surface as well. Still others, however, may be found scat-

29
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toriHl about promiscuously on both surfaeos of tlio loaves, and it is

not unusual to find some that have remained behind on the ne>Y

and tender twiirs. When attacking the leaves of the quince, (hey

seem to prefer the upper surface, for out of a large number of

quince leaves examined only an occasional scale could be found

on the under surfaces, >vhile the upper surfaces were moderately

infested. It should be remembered that these young scales are

very small at this time, and as they closely resemble the leaf iu

color and are almost semi-transparent, they are easily overlooked.

Hence in examining the leaves for them it is well to use a small

magnifying glass.

The scales grow slowly during the summer and gradually

change to a dark, reddish brown color. During all of this time,

however, they suck the sap vigorously and secrete much honey

dew, causing the leaves, branches and fruit to become sticky and

unsightly.

During the latter part of August or early in September the

young scales migrate to the twigs and branches and even the

trunk to seek shelter for the winter. On badly infested trees they

may frequently be found overlapping one another and in sheltered

places, as in crevices in the bark, it is not unusual to find them

two or three deep. In this condition they remain until spring,

when activity is again renewed and the life cycle completed.

Me<ins of distrihutloii.—The hibernating scales are easily car-

ried about on nursery stock. Young nursery trees probably sel-

dom become badly infested. All of the infested trees which we

have seen had but comparatively few scales on them and these

were scattered about on the trunks and branches and were usually

hidden in scars on the trunks and near the buds so elTectually

that they were easily overlooked. Thus the young scales, al-

though not protected by a scaly covering, are not easily rubbed

off and hence may remain on trees shipped long distances without

injury.

Remedial measures.—In the report above referred to we havt^

given a detailed account of a series of experiments with kerosene

emulsion as a remedy for this species. It was found thaf kero
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Houc (lUiuWiou, diliitw] with from fonr to Hix parts of water, coold

b{- (lepeiided upon to kill the hibernating scaler when applied to

the infested trees in the form of a spray. When the spray is to

be directed against the newly hatched lice, the emulsion should

not be dilutee] with more than nine parts of water.

The Oak .Scale.

AHterodioHpiK fju/;rcif:oUi Bouch'?.

There are but few references to this insect in the writings of

American entomologists. In his report for 1880, p. 3.30, Prof.

J. H. Ojmstock, who was then Entomologist of the United States

Department of Agriculture, published a descripition of the male

and female, the former being taken from Signoret. Another ref-

erence is in Insect Life, Vol. II, p. 41, in which Dr. L. O. Howard

states that this scale is found almost solely upon American oaks

in a grove in the Department grounds, previously referred to by

Professor Comstock in his report for 1880. In Insect Life, Vol.

VII, p. 120, Mr. 0. L. Marlatt gives the result of experiments

against thift insect. He found that the newly hatched yoang

could be killed by spraying the infested trees with kerosene emul-

sion, one part to thirteen parts of water. In the same volume,

page 428, a brief reference is made to a note by Mr. E. Newstead

in the Entomologist's Monthly Magazine for April, 1895, in which

he states that, although birds are not usually sui>i>osed to feed on

scale insects, he had found that the blue tit and longtailed tit

feed on thifi and certain other sj^ecies.

It is probable that, except in isolated cases, the species has

never been a serious pf:rst in this country.

As its name implies, this scale attacks the oak. >Some idea of

its general apiK^arance can be had by referring to Plate XIX,

fig. 6. This figure is from a photograph of an infested twig,

natural size. The female scales are nearly circular and somewhat

conical. They are dark or yellowish green in color. "WTien one of

the mature scales is removed, it will be found to have made a pit-

like depression in tlip bark. The mature female scales will meas-

iirf from 1 mm. to nf^arh 2 mm. in difun^'tpr. According Vj 8ig-
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iioret, as quoted bj Comstock, the male scales are oval and usu-

ally smaller than the females, measuring but 1 mm. in length.

But little is known of the life history of this speeiee.

We have seldom found this scale in the nursery. It may do

serious injury on large trees, however. A good illustration of

this is on one of the principal streets of Geneva, where most of

the English oaks, Quercus robar, which line the streets for two or

three blockei on either side, have been either killed or nearly so

by this scale. So far as we know its only food plant is the oak.

The San Jose Scale.

Aspidiotus perniciosus Comst.

At present this is the most important of all the species of in-

sects which attack nursery stock. It is important, not only be-

cause of the injury to the trees which it is capable of doing, but

because nurserymen and fruitgrowers are afraid of it, and hence

hesitate to buy stock from a nursery in a locality where the scale

is known to exist. It is also of especial interest to nurserymen

and fruit growers in this State because it is being found each

season in new localities within our borders. The finding of the

scale in a small nursery near Union Springs probably means that

it has been sent to numerous localities within the State. Much
has been written about it and it has been described and its life

history written over and over again. Yet a very large majority

of the nurserymen and fruit growers of the State seem to have

but little idea of the true nature of the insect. It may be well,

therefore, to give a. somewhat detailed account of it in these

pages.

History.—The original home of the San Jos6 scale is not posi-

tively known. Some writers think that it originally came from

South America while others believe that its native home may
have been Japan or possibly Australia. But wherever its original

home may have been it is said to have been known in the San

Jos^ Valley, California, as early as 1870. In 1880 Prof. J. H.

Comstock described it and gave it its scientific name. It was

not discovered in the east until 1893 when a few trees in an
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orchard at Charlottesville, Va., were found infested. Subsequent

investigations showed that these trees came originally from a

New Jersey nursery. In 1894 the scale was found on Long Island

and other points in this State.

Present distrihution.—According to Messrs. Howard and Mar-

latt* the scale was known in 1896 in Alabama, Arizona, Califor-

nia, Delaware, Florida, Georgia, Idaho, Indiana, Louisiana, Massa-

chusetts,- Maryland, New Jersey, New York, New Mexico, Ohio,

Oregon, Pennsylvania, Virginia, Washington, West Virginia and

British Columbia. In addition to the above states it is now

known to occur in several localities in Michigan and in the prov-

inces of Canada. In this State it has been found in the following

counties: Suffolk, in several orchards; Queens, in three nurseries;

Kings, in one small orchard near Brooklyn; Orange, in an orchard

at New Milford (Dr. Lintner) ; Dutchess, in an orchard near Pough-

keepsie; Columbia, in an orchard near Germantown and two at

Kinderhook; Tompkins, on ornamentals on the campus of Cornell

University; Seneca, two trees, which have been burned, in an

orchard near Farmer; Cayuga, in an old nursery near Union

Springs.

Food plants.—Th« following list of food plants, which includes

those observed up to 1896, is given by Dr. J. B. Smith.f It will

be of especial interest to nurserymen and hence is given here in

full. Linden, enonymus, almond, peach, apricot, plum, cherry,

locust, spiraea, raspberry, blackberry, rose, hawthorne, cotoneas-

ter, pear, apple, quince, flowering quince, gooseberry, currant,

flowering currant, persimmon, acacia, elm, osage orange, English

walnut, pecan^ hickory, alder, chestnut, oak, birch, weeping wil-

low, laurel leaved willow, Kilmarnock willow, sumach and grape.

A list published in July, 1897, by Prof. F. M. Webster| includes

black walnut, Carolina poplar, lombardy poplar, golden leaf

poplar, European willow, cut leaf birch, flowering peach,

flowering cherry, American linden, European linden, hardy

catalpa and mountain ash in addition to those given above.

*U. S. Dept. Agr. Div. Ent. Bui. 3, new series.

tN. J. AgL Exp. Stas. Rept. 1896. p. 547.

I Ohio Agl. Exp. Sta. Bui. 81. p. 184.
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From the above lists it will be seen that the scale may be

found on practically all classes of nursery stock grown in the

east. It is not known to attack citrus fruits.

Descriptions and life history.—A good idea of the general ap-

pearance of the scale is given in Plate XXI, figs. 1 to 4. Here the

scales are shown natural size and enlarged on both twigs and

fruit. The female scales are greatly in excess of the males, which

is the case with most other scale insects. The following

description is taken from Bui. 3 (new series), U. S. Department

of Agriculture Division of Entomology, by Howard and Marlatt,

p. 46: " The scale of the female is circular, very slightly raised

centrally, and varies in diameter from 1 to 2 mm., averaging

about 1.4 mm. The exuviae is central or nearly so. The large

well-developed scales are gray, excepting the central part

covering the exuviae, which varies from pale to reddish yellow,

although in some cases dark colored. The scale is usually smooth

exteriorly or sometimes slightly annulated, and the limits of the

larval scale are always plainly marked. The natural color of the

scale is frequently obscured by the presence of the sooty fungus

[Fumago salicina].

The microscopic characteristics of the mature female are

shown at Plate XX, fig. 2. At 6 the ornamentation of the anal

plaite is shown. This is of especial value in determining the

species. Those who wish to make microscopical examination of

the insect to determine the species, will find that the character-

istics of the anal plate can be brought out by boiling the insect

for a few minutes in a weak solution of caustic potash, then

washing, then, after placing in alcohol for a short time, cleaning

in oil of cloves or other convenient cleaning solution. The speci-

men should then be mounted in balsam. The male scale is darker

than the female scale, " oblong oval " in shape, " nearly twice

as long as wide and about half the diameter of the female scale."

(Howard and Marlatt.) The mature male is a delicate two

winged insect, orange yellow in color excepting the head, which

is somewhat darker.

The main points of the insect's life history may be briefly

stated as follows: In this climate, if an infested tree is ex-
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amined during the wiuter the scales will be found varying in size

from less than half grown to fully matured. On badly infested

trees they are crowded in great numbers very close together.

On trees not badly infested they will be found in groups of from

two or three to many more with numerous individuals scattered

about on the bark. The writer has not had an opportunity of

studying the life history of the scale in western New York until

within the past few weeks, and hence no observations have been

made as to the time the females first begin producing young in

the spring. On Long Island, however, the males mature in

April and during the following month the females begin giving

birth to young. Unlike most scale insects, the young are

brought forth, in nearly all cases, alive. According to Howard

and Marlatt the average number of young produced by a single-

female is 400. The period during which an individual female

will continue producing young lasts for six or seven weeks. The

newly born scales are nearly microscopic in size, with bodies

oval in shape^ when viewed from above, and orange yellow in

color. They remain under the mother scale for a short time,

finally coming forth to wander about until a suitable place is

found to insert their sharp thread-like setse by means of which

they suck the sap. By this time thread-like waxy secretions

have begun to appear on the back of each little scale. These

waxy secretions together with the cast skins form the scales.

At first there is no difference in appearance between the male and

female scales, but according to Howard and Marlatt* the differ-

ence becomes apparent after the first molt. Owing to the com-

paratively long period during which young are produced it is

difficult to ascertain the number of generations. Judging from

the scales, as they appear in the winter, however, it is probable

that young are produced until the latter part of the summer or

early in the fall. After all their young have been brought forth

the old females die, the young surviving to continue the species.

Means of distribution.—Locally the active scales are undoubt-

edly carried about by birds; insects, such as beetles; and prob-

ably on the clothing of persons working in the infested nursery

*U. S. Dept. Agr. Div. Ent. BuL 3, new series, p. 46.
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or orchard. An illustration of this was noticed in one of the

nurseries previously referred to. In this nursery it is evident

that the scales were first introduced on a few trees. These are

very badly infested, those in their immediate vicinity less so and

those four or five rods away still less. Along the road border-

ing this nursery and about forty rods away are a dozen or more

pear trees which have been in bearing about two years. These

are healthy, vigorous trees and are only very slightly infested

having evidently become infested only within the past year. It

seems veiy probable that the only way the scales could have been

brought to these trees was by some of the means above referred

to.

It is undoubtedly safe to say that the scale is sent broadcast

over the country by means of nursery stock more than in any

other way. It is true that infested pears from California -have

frequently been found on fruit stands in some of our eastern

cities, but there is very much less chance of spreading the scale

in this way than by infested nursery stock. Infested trees dug

either in the fall or spring will carry dormant scales.

Remedial measures.—Various insecticides have been tested in

the east against this insect. Eight of the most important of

these are discussed in Bulletin No. 87 of this Station. The insec-

ticide which has proved the most successful in the east is whale

oil soap. This should be applied at least twice to the infested

trees in the fall after the leaves have fallen, at a strength of two

pounds to a gallon of water. Another application should be

made in the spring before the buds begin to swell. A portion

of an infested plum orchard which was carefully sprayed with

whale oil soap at this strength was practically freed from the

scale after two applications. It is important to have good whale

oil soap. That manufactured by Leggett Bros., 301 Pearl Street,

New York, and by James Good, 514-518 Hurst Street, Philadel-

phia, is highly recommended. Dr. J. B. Smith* recommends a

fish oil soap, which can be made after the following formula:

Concentrated lye 3% pounds.

Water TY2 gallons.

Fish oil 1 gallon.

• N. J. Agr. Exp. Stas. Rept. 1896, p. B69.
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The lye should be dissolved in boiling water and the fish oil at

once added. This mixture should be kept boiling for two hours

and then allowed to cool. This soap should be used at a strength

of one pound to one gallon of water.

Pure kerosene oil has been used as a winter application with

varying degrees of success. It will kill all the scales with which

it comes in contact, but unless the tree is very hardy or the con-

ditions are just right it is liable to kill the tree also. It should

not be used except in extreme cases.

When the trees or nursery stock are to be fumigated with

hydocyanic acid gas, the gas may be generated after the follow-

ing formula:

Fused cyanide of potassium (98 per cent) 1 oz.

Sulphuric acid, commercial 1 oz.

Water 3 ozs.

Pour the water and the sulphuric acid into a glass or glazed

earthenware dish. When this is placed where it is to remain

add the cyanide of potassium. This will generate enough gas for

150 cubic feet of space. Much care should be taken that the

operator does not breathe any of the fumes.

Fumigation is not considered the most practical method of

treatment for infested orchard trees here in the east, but it may

be used for infested nursery stock. On another page reference

is made to treating nursery stock in large cellars. A convenient

house for fumigating a small amount of nursery stock is shown

ut Plate XXII. These may be built any convenient size. They

are built of a double thickness of boards with building paper be-

tween to make them as nearly air tight as can be conveniently

done. The door is made to fit very tight. The stock is piled in

the house in such a manner as to allow the gas to circulate freely.

One generator with enough material to fill the space is placed

about the middle of the floor and as soon as the cyanide is added,

the door is shut and the stock left for an hour. When the fumi-

gating is done on a cool, cloudy day or at night, there is practi-

cally no danger of injuring the stock as shown by the fact that

various varieties of fruit trees, also currants and gooseberries,
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have been exposed in the building shown in the plate and in

others in their immediate vicinity, all night without the least

apparent injury.

A closely allied species common in New Yorh.—This insect,

Aspidiotus ancylus Putn., resembles the San Jos^ scale in gen-

eral appearance and is frequently mistaken for it. It is not a

serious pest in this State, however, but in the south it may occur

in sufficient numbers to do serious injury to the infested plants.

Its life history has not been worked out for this locality.

We have frequently found this species in the nursery, usually

on young plum trees, but in no instance were the scales in suffi-

cient numbers to injure the trees to an appreciable extent.

According to Prof. T. D. A. Oockerell* this scale is found up-

on ash, maple, beech, linden, oak, osage orange, peach, hackberry,

bladder nut and water locust.

PLANT LICE.

The nature of these insects in general need not be enlarged

upon here as the principal prints in their development will be

touched upon in another bulletin. These insects were unusually

abundant last year in both nurseries and orchards. One of the

species, nyalopterus pruni, which was abundant on the plum last

season is shown at Plate XXIV, fig. 5. This species was also

very abundant in some of the nurseries examined last season but

will be discussed more in detail in the bulletin above referred to.

The Woolly Louse of the Apple.

ScMzeneura lanigera Hausm.

The writer has found this species more common in New York

nurseries than any of the other injurious insects. As a rule

apple trees were the worst infested, but blocks of pears or quince

trees growing next to blocks of infested apples, were also usually

infested.

The life history and habits of this insect together with its im-

portance as a nursery stock pest are discussed by the writer in

the Annual Report of the Station for 189G, pages 570-577, and

hence it will be unnecessary to discuss these points in detail here.

U. S. Dept. Agr. Dlv. Ent. Bui. No. 6, technical series, p. 20.
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It may be stated, however, that in some sections of the State this

species of woolly aphis is doing very serious injury every year

both in the nurseries and young orchards. The insect and its

work are illustrated at Plate XXIII, figs. 1 to 5. All of the

photographs for this plate were made from an infested apple

tree taken from a nursery at Geneva. The insect works on both

roots and branches. Those infesting the former are referred to

as the root inhabiting form and those on the branches as the

aerial form. The injury to the roots caused by the lice is shown
at Fig. 3. The larger roots are more or less deformed and are

covered with galls. A nearer view of some of the galls is shown

at Fig. 4. Fig. 1 shows the appearance of a badly infested twig.

The lice collect on the under sides of the limbs and twigs and

secrete a bluish white cottony substance which completely covers

them. If these lice are removed it will be found that they have

formed numerous galls and pits on the bark. At Fig. 2 one of

these galls and some of the lice, with most of the cottony sub-

stance removed, are shown enlarged to about four times natural

size.

The lice are distributed in the nursery or orchard by means of

the migrating females, but they are distributed over the country

by means of infested nursery stock. Many trees with infested

roots are shipped, but the lice are frequently found in the scars

along the trunks of the young trees as shown at Fig. 5. The
lice hibernate in these scars and other similar places on the

trees. The winter eggs may also be frequently found among
these hibernating lice. In a large majority of cases the infested

trees found on the packing grounds during the past two seasons

by the writer, were harboring the lice in these scars on the

trunks only, very few of them having infested roots. It is im-

por-tant that nurserymen and buyers take x^ains to avoid selling

or planting stock thus infested. The lice can be easily and

quickly killed by touching these infested scars with a cloth

saturated with kerosene oil.

This insect is widely distributed throughout the United States

and is well known in Europe. It is probably found in this State
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wherever apples are grown. Our records show that it has been

either observed by the writer in injurious numbers or reported

to the Station from the following counties: Chautauqua, Mon-

roe, Wayne, Ontario, Yates, Seneca, Cayuga, Columbia, Dutch-

ess, Queens and Suffolk.

t BORERS.

This group includes a number of the most serious pests in nur-

sery and orchard trees. By " borers " is usually meant those in-

sects which bore into the roots, trunks or branches of the in-

fested plant. As the larvae are most active in the injurious work

the term refers especially to them. The only species of borer

which was found doing serious injury in the nurseries is the

peach tree borer.

The Peach Tree Boreb.

Sannina exitiosa Say.

This insect is also discussed at length in the Annual Report

of this Station for 1896, pp. 559-567, and hence need be only

briefly mentioned here.

The nature of the insect is shown at Plate XXIV, figs. 1 to 3.

The injury is done by the larvae which bore into the trunk or

roots, feeding largely on the sapwood. One of the larvae is shown

at Fig 1. At Fig. 2 the pupa (a) and male (6) and female (c) moths

are shown. Both figures are from photographs showing the

originals natural size. At Fig. 3 an upper and side view of one

of the larvae slightly enlarged is shown.

In some sections of the State this insect is usually very abun-

dant. The borers were much less frequently found the past

season than the season previous.

This insect has also a wide distribution and is well known in

all parts of the State. We have found it especially abundant iu

Monroe, Wayne, Ontario, Seneca and Cayuga counties.

CASE-BEARING INSECTS.

Under this head may be included two species of insects which

have done serious injury in the nurseries and orchards, especially

the latter, in this State during the past two seasons. These are
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commonly known as the pistol-case-bearer and the cigar-case-

bearer. They are called case-bearers because the caterpillars

construct cases for themselves which they carry on their backs

and which serve as protection to the owners.

The Pistol-Case-Bearer.

ColeopJiora malivordla Riley.

This insect should receive the careful attention of both nursery-

men and fruit growers as it is becoming a very serious pest. It

is especially injurious to the apple and pear and Is known to

attack the quince. The principal injury is done to the buds and

expanding leaves. The young caterpillars construct pistol-

shaped cases soon after hatching. They hibernate in these and

during the winter the cases may be seen attached to the twigs,

as shown at Plate XXIV, fig. 4. The case-bearers are more no-

ticeable during the spring or early summer as their cases are

much larger and their injurious work more apparent. This

insect is discussed in detail In Bulletin No. 122 of this Station.

The pistol-case-bearer is probably distributed over a consider-

able area in the eastern states. It is especially Injurious in the

apple orchards of western New York. The writer has observed

it in seriously injurious numbers in some of the large orchards

in Orleans, Monroe, Wayne, Ontario and Seneca counties.

Cigar-Case-Bearer.

ColeopJiora fetcTierella Fernald.

A closely allied species is the cigar-case-bearer. The case of

the mature caterpillar resembles a miniature cigar, hence the

name. The writer has not observed this species in the nursery

as frequently as the other, but it is well known as a serious pest

in the apple orchards, especially in the western part of the State.

The hibernating case-bearers of this species are not as easily de-

tected as those of the other. Their cases are smaller, usually a

little lighter colored and bent in the shape of a crescent moon.

They are usually found close beside the winter buds or partially

hidden in a fold in the bark or the angle made by a branching

hvig. It is as widely distributed as the former species and is

found on the same food plants.
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The Bud Moth.

Tmetocera ocellana Schif.

Although not a case-bearing insect the discussion of the

species may be placed here for convenience.

History.—This species is probably of European origin. It was

known as a serious pest in this country nearly fifty years ago.

Since then it has been recorded as a serious pest in various parts

of the eastern states.

Present distribution.— It is probably well distributed through-

out the eastern states. It is also well known in Canada. It has

been found in Missouri and as far west as Idaho.

Food plarvts.—The writer has observed this insect upon apple,

pear, plum and peach trees. According to Prof. M. V. Slinger-

land,* who has made a careful study of this species, it also

attacks the cherry, quince and blackberry.

Descriptions and life history.—The life history of this insect has

not been studied out by the writer. As given by Prof. Slinger-

land, in the bulletin above referred to it is briefly, as follows:

Usually the nurseryman or fruit grower is not aware that this

insect is injuring his trees until he finds that many of the leaf

buds fail to produce leaves in the spring. Upon examination the

little brown caterpillars may be found eating out the tender

centers of the swelling buds. Later in the season they attack the

unfolding leaves, drawing them together with silken threads as

shown at Plate XXIV, fig. 6. By June the caterpillars are full

grown. The pupa stage is passed in these nests, " in a tube of

dead leaves," and lasts about ten days. The parent insects are

dark ash gray moths marked with a cream white band across the

front wings. In three or four days after emerging the moths lay

their eggs. The eggs resemble minute drops of water and are

laid singly or in clusters on the leaves. The eggs hatch in from

seven to ten days. The young caterpillars soon begin to feed on

the skin of the leaf. They also make for themselves tubes of silk

usually along the midrib of the leaf. They continue to feed dur-

ing July and part of August, devouring only the soft parts of the

Cornell Univ. Agl. Exp. Sta. Bui. 107, p. 67.
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leaf. During August the caterpillars migrate to the twigs where

thej spin silken cases on which to pass the winter. These cases

are about one-eighth of an inch long, and as they lie close to the

bark and resemble it in color are not readily detected.

The writer has quite frequently found these cases with their

hibernating caterpillars on nursery trees about to be shipped

from the packing grounds. It is in this manner that the insect is

most readily distributed over the country.

Remedial measures.—Where practicable the trees should be

thoroughly sprayed with Paris green, 1 pound to 150 gallons of

water, before the buds open in the spring. Two applications will

be found better than one, the object being to keep the buds

coated with the poison so that the first meal of the caterpillars

in the spring will be a poisoned one. Experiments at this Sta-

tion have shown that the bud moth can be held in check in this

way.

In nurseries and in orchards, also, serious injury may be pre-

vented by cutting out the nests which are rendered conspicuous

by the partially dead leaves. This should be done before the

moths come forth, thus reducing the numbers of the next brood.

EXPERIMENTS IN TREATING INFESTED NURSERY
STOCK.

Dipping Young Stock Infested with Plant Lice.

As noted on a previous page, plant lice have been unusually

abundant during the past season. Their injurious work has been

especially evident in the nurseries. The greatest injury was

usually caused to seedling and one-year-old fririt trees. The lice

attacked the tender leaves at the tips of the young trees soon

causing them to curl so badly that the insects could not be

reached with a spray. In the nursery in which the experiments

were made the infested trees, principally sweet cherry, apple and

pear trees, showed serious injury from the effects of the lice

The experiments were undertaken with a view to determining a

practical method of checking the injurious work of the lice. It
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was evident that spraying would not be a success and so dipping

the infested trees in a solution of whale oil soap and water was

resorted to. It might at first seem that this method would be

impractical because of the time and labor involved, but it should

be remembered that the lice appear on comparatively few trees

first, others becoming infested from these later in the season, and

hence if they are successfully treated more serious injury by the

lice may be prevented.

All of the trees used in the experiments were seedlings, one-

year-olds and two-year-olds. As the lice were congregated on the

leaves at the tips it w^as necessary to wet only this portion of the

tree. The dipping of the stock was found to be a very simple

matter. Three or four men carrying pails filled with the solution

passed through the blocks and, picking out the infested trees,

bent them over carefully and dipped their tips into the solution,

taking care to hold them long enough to wet all of the lice. It

was found unnecessary to spend more than two minutes to a tree.

Eceperiments.—About a thousand trees were used in experi-

ments, which for convenience may be divided into six blocks.

Blocks I and II were sweet cherries badly infested with the black

cherry aphis, Myzus cerasi. Blocks III and IV were apples also

badly infested, but with the apple aphis. Aphis mali. Blocks V
and VI were standard pears infested with a species of plant lice.

Aphis sp. Blocks I, III and V were treated the same day, a bright,

warm day about the middle of July, with a solution of whale oil

soap, 1 pound to 3 gallons of water. Blocks II, IV and VI were

treated within two days of this time, under practically the same

weather conditions, with a solution of whale oil soap, 1 pound

to 7 gallons of water. But one application was made in each

case.

Results.— In nearly every case where the stronger soap solu-

tion, 1 pound to 3 gallons, was used, the leaves were more or less

injured. The pears were injured most while there was not much

difference between the apples and cherries. So far as could be

ascertained, all of the lice on these trees were killed. The weaker

solution, 1 pound to 7 gallons, did not injure the foliage in any
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instance, but proved fully as effectual as the stronger solution in

killing the lice. These treated trees were not seriously infested

again during the season.

Conclusions.—The above experiments indicate that, when young

nursery trees become so badly infested with plant lice as to make

spraying impractical, they may be successfully treated by dipping

the curled tips in a solution of whale-oil soap, one pound to seven

gallons of water. The expense and labor were so slight as to be

factors of but little importance. When thoroughly done but one

treatment is necessary under ordinary circumstances.

Spraying Young Grab^ts.

Most of these experiments were conducted against a large

species of flea-beetle, Si/stena hudsonias Forst. The beetles were

very abundant during June and July on apple and pear grafts in

a nursery near the Station. The beetles fed voraciously on both

upper and under surfaces of the leaves, eating away the tender

tissue and causing them to wither and die. About twenty-five per

cent of the grafts were killed before the experiments were com-

menced, and a whole block of 20,000 apple grafts was seriously

threatened. The beetles were also doing serious injury in a small

block of two-year-old apples and a large block of two-year-old

pears in the same nursery. Green areenite was used in all the

experiments, and in each case sufiicient lime was used to make

the mixture " milky " in appearance. A barrel and pump,

mounted on a small stone boat which could be easily hauled be-

tween the rows by one horse, was used. To each lead of hose a

V was attached so as to support two short lengths of hose. Two
men followed the pump, spraying two rows at a time, thus requir-

ing three men to do the work. Improved Vermorel nozzles were

used.

Experiments.—Block 1; one-j-ear-old apple grafts sprayed June

16, with green arsenite, 1 pound to 150 gallons of water. June 18

this block was again sprayed, but the poison was used at a

strength of one pound to 100 galloiis of water. June 25 a third

application was made, the poison being used at the same strength.

30
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Block II; two-year-old apple trees sprayed June 18 and again

June 25, with green arsenite, one pound to 100 gallons of water.

Block III; two-year-old pear trees sprayed June 18 and again

June 25 with green arsenite as in Block II.

Block IV; one-year-old apple grafts badly infested with canker

worms. This block was sprayed early in June with the green

arsenite, one pound to 100 gallons of water. A second applica-

tion of the poison was unnecessary.

Results.—The green arsenite at one pound to 150 gallons of

water had but little effect on the beetles. Where the^ stronger

mixture was applied the effect was very apparent, after the second

application. But few live beetles could be found, and after the

third application no further injury to the stock was noticed. Al-

though most of the spraying was done on a bright warm day, the

most tender leaves did not show the slightest indications of hav-

ing been burned by the green arsenite.

Block IV was freed from canker worms by one application of

the poison at the strength stated.

Conclusions.—While these experiments should be carried fur-

ther before final conclusions are reached, the results indicate that

young grafts may be safely sprayed with the green arsenite, one

pound to 100 gallons of water, provided enough lime is added to

give the mixture a " milky " appearance. It may be here stated

that it is important to add the lime as it not only makes the mix-

ture spread and adhere to the leaf better^ but prevents burning

the foliage.

Spraying Cut-Leaved Birch.

These trees constituted a small block in one of the Geneva nur-

series. Nearly all of the trees were badly infested with thiips

[Thrips sp.] These are very small, almost microscopic insects,

which feed on the soft parts of the leaves, soon causing them to

wither and die. They are frequently very injurious, and are well

known to both gardeners and fruit growers. They are hard to

reach with insecticides, as they fly away as soon as disturbed by

the spray mixture. The trees in question were beginning to show

the injury which the insects were causing before the spraying was



New York Agricultural Experiment Station. 467

done. In all cases much pains was taken to wet both upper and

under surfaces of the leaves.

Experiments.—About the middle of June the block was sprayed

with a solution of whale-oil soap, one pound to seven gallons of

water. After waiting two days no beneficial results were appa-

rent. The block was again sprayed with whale-oil soap, one

pound to four gallons of water. This had the effect of keeping

the insects away for a few days, but injured the foliage slightly

during one or two warm bright days which followed the applica-

tion of the soap. In about six days from this last application the

trees were again sprayed, this time with whale-oil soap, one

pound to seven gallons of water, with the addition of flowers of

sulphur, one ounce to each gallon of solution. This proved much

more effectual than either of the other applications. Another

application of the soap solution with the sulphur added was made

a week later. Although this species of thrips continued abundant

throughout the season on other ornamentals in the immediate

vicinity of the block of birch, no further injury of a serious nature

resulted to the sprayed trees.

Conclusions.— These experiments indicate that thrips can be

held in check by a whale-oil soap solution, one pound to seven

gallons of water, with the addition of one ounce of flowers of

sulphur to each gallon of the solution when attacking trees simi-

lar to the cut-leaved birch. It should be remembered that it is

important that the leaves should be drenched on both upper and

under surfaces.

Experiments in Fumigating Nursery Stock.

These experiments have only just begun, and hence require but

brief mention here. Fumigating nursery stock is usually done

for the purpose of killing the San Jos6 scale. If fumigation can

be made practical in the large cellars used by nurserymen it will

be an inexpensive way to treat a large amount of stock, and a

preventive to the spread not only of the San Jos6 scale, but other

insects, such as the woolly aphis, bud moth, pistol-case-bearer and

other injurious species. Experiments along this line are being
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conducted in the insectary at the Station and in one of the large

frost proof cellars of the Chase Nursery Co., at Rochester. The cel-

lar is 80 feet long, 40 feet wide and 16 feet high. This was filled

with fruit trees of all varieties and fumigated with hydrocyanic

acid gas. Before the gas was generated, twigs infested with the

woolly aphis and the pistol-case-bearer were placed in different

parts of the cellar including the remotest parts and under some

of the piles of trees. The trees were exposed all night, fourteen

hours. The temperature in the cellar, was a little above freezing.

The twigs were carefully examined and all of the lice were dead.

The pistol-case-bearers are apparently dead, but are being kept

in the insectary awaiting results when it becomes time for them

to revive.
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EXPLANATION OF PLATES.

Plate XIX. Fig. 1, the oyster-shell bark-louse, natural size;

2, view of under surface of some of the scales showing eggs, en-

larged; 3, photomicrograph of some of the eggs; 4, scurfy bark-

louse, natural size; 5, plum lecanium, a, enlarged, 6, natural size;

6, the oak scale, natural size.

Plate XX. Fig. 1, the oyster-shell bark-louse; a, adult male;

b, foot of same; c, young larva; d, antenna of «ame; e, adult fe-

male taken from scale

—

a, c, e, greatly enlarged, h, d, still more

enlarged.

Fig. 2. The San Jos^ scale, adult female before development

of eggs; a, ventral view showing very long sucking setae; &, anal

plate, showing characteristic ornamentation of edge, greatly en-

larged,

(L. O. Howard and C. L. Marlatt, United States Department of

Agriculture, Division of Entomology.)

Plate XXI. The San Jos6 scale. Fig. 1, infested pear [Duchess

d'Angouleme] ; 2, portion of the pear enlarged, showing scales

about four times natural size; 3, infested pear tAvig, natural size;

4, section of the same, enlarged.

Plate XXII. Small house for fumigating nursery stock.

Plate XXIII. The woolly louse of the apple. Fig. 1, infested

apple twig, natural size; 2, section of the same twig enlarged,

showing gall and lice; 3, roots of young apple, showing galls

made by the lice; 4, some of the galls, natural size; 5, scar on

trunk of young apple tree in which lice have congregated.

Plate XXIV. Fig. 1, plum root showing work of peach tree borer;

2, a, pupa case with chrysalis emerging; 6 and c. male and female

moths; 3, larva, two views. [Fig. 2, natural size; Fig. 3, slightly

enlarged. From photographs by Mr. F. A. Sirrine.] 4, pistol-

case-bearers hibernating on apple twig, natural size; 5, plant lice,

Eyalopterus pruni, on under surface of plum leaf, enlarged; 6,

young apple leaves drawn together by larva of bud moth.



lUfPLANT LICE: DESCRIPTIONS, ENEMIES AND
TREATMENT.'=^ .

V. H. LOWE.

SUMMARY.

Plant lice are among the most important of (he injurious in-

sects. They may be found every year in the orchard and garden,

but seldom in such numbers as during the past season.

Plant lice do not devour the tissue of the host plant, but suck

the sap by means of their tube-like mouth parts. They swarm

upon the open leaf-buds and on the under surfaces of the leaves,

causing them to curl and to become otherwise distorted. These

insects multiply with great rapidity, but are held in check to a

certain degree by numerous predaceous and parasitic insects. In

most species the young are born alive during the spring and sum-

mer, eggs not being produced until fall.

As plant lice suck their food, Paris green and similar poisons

cannot be depended upon when used in the ordinary manner.

Some external irritant must be used instead. Numerous insecti-

cides of this nature are recommended. One of the most impor-

tant is good whale-oil soap. Experiments during the past season

show that one pound of whale oil soap to seven gallons of water

will kill plum and currant lice. The solution should be applied

in a fine spray to the under surface of the leaves. It is impor-

tant that the work be done very thoroughly. The first appli-

cation should be made as soon as the lice appear in the spring,

which will be soon after the leaf-buds open. A second or third

application may be made, as occasion demands.

•Reprint of Bulletin No. 18».
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INTRODUCTION.

Plant lice are among the most important of the injurious in-

sects. They infest all kinds of fruits, vegetables and ornamental

plants. Although present every year, some i^easons are more

favorable for their development than others. The past season

has been one of this kind, and various species of plant lice have

caused serious injury throughout the State, especially to orchard

and bush fruits. The large number of inquiries received at the

Station asking for information concerning the nature and habits

of these insects, together with the best-known methods of com-

bating them, indicate the wide-spread injury caused by the lice

and the need of information concerning them^

Plant lice are also among the most difficult insects to study.

To work out all the details concerning the life history of any

one species would, under ordinary circumstances, require more

than a summer's work for a single individual. Observations on

the species referred to in this bulletin were not begun, systemat-

ically, until last spring. The work is, therefore, necessarily in-

complete; yet the existing circumstances are such that it seems

best to publish a portion, at least, of the results thus far obtained.

PLANT LICE.

Classification.

Plant lice are true bugs. They belong to one of the larges:

and, from an economic standpoint, one of the most important

orders of insects, namely, the Hemiptera. The mouth parts of

insects of this group are modified into beak-like tubes, by means

of which they suck their food. They are thus also classed with

the suctorial feeders, as distinguished from those insects which

masticate their food.

How Plant Lice Obtain Their Food.

By carefully observing a plant louse when feeding, either from

directly in front or from the side, it will be observed that the

beak is extended so as to touch the surface of the leaf or is
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thrust slightly into it. The beak incloses the tliread-like nunilh

parts Avhieh the louse forces from the apex into (he tissue, pro

ducing a wound which causes the sap to (low. This li(iuid food

is pumped through the beak into the insect's body by means of

suctorial muscles. Thus each plant louse is literally a minute

pump, which robs the host ])lant of a portion of its sustenance.

Nature of the Injury Caused by Plant Lice.

Although all plant lice suck the sap of the host plant, the

direct injury which they do may be manifest in different ways.

Thus in some cases galls or pit-like depressions are formed on

the parts attacked, as is the case with the woolly aphis, and cer-

tain species which produce galls on the leaves. Most species,

however, which attack the leaves of cultivated fruits, cause them

to curl, and, if the lice are ^ery abundant, to -either and finally

drop off.

An indirect injury caused by these insects is through the honey

dew which they secrete. On badly infested trees the branches,

leaves and fruit become coated with this sweet liquid, which, in

the process of drying, becomes sticky. This sticky coating soon

turns black, because of a black fungus which readily grows in it.

Thus both the trees and fruit soon become unsightly, and, not

infrequently, the latter is made unfit for market.

Life History.

As the life history of these interesting insects is not usually

well understood by those not especially interested in the study of

insects, it may be well to state briefly the main points in their

development. The life history of different species varies, but

the following will serve as a general illustration:

If a colony of plant lice is examined in the late spring or

early summer it will be found to consist of winged and

wingless females in all stages of development, from the newly

born larviB to the full grown individuals. The mature females

give birth to living young with astonishing frequency.

All of the young of these broods are females which mature
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in an incredibly sboit tinrie, ^ving birth, in turn, to female

young at an equally rapid rate with their parents. Winged

females are produced from time to time, ajji^arently as occasion

demands, for the dissemination of the species. These winged

lice fly to other food plants or to other leaves on the same plant

and start new colonies. This is continued dur-ing the summer.

Jn many cases the lice migrate to new food plants for a portion

of the summer. In the fall they may return to food plants of

the same species as the original. These migratory broods con-

sist of winged females. A generation of sexual forms, true

males and females, is produced sometime during the fall. After

j>airing. each female produces one or more eggs. The eggs are

usually placed on the twigs near the buds. They remain dor-

mant all winter, hatching early in the spring into agamic females

which, as they start the first broods of the season, are known as

•' stem mothers." It will be noticed that no male insects are

produced throughout the season until fall. Reproduction is by

a process knov,n as budding. The following forms enter into

the life cycle of a species during the season. The wingless and

winged agamic female, the sexual female, the male, the winter

f^gg and the " stem mother."

The Peincipal Insecticides Used in Combating Plant-lice.

These kill by contact. Internal jjoisons, such as Paris green

and London purple, will not kill plant-lice when sprayed upon

the leaves. The reason for this will be ai>parent when it is

remembered that these insects suck the sap from beneath the

surface of the leaf instead of devouring the leaf itself. The in-

secticides used for this purpose include kerosene emulsion, the

kerosene-water mixture, whale-oil soap, tobacco in various forms,

pyrethrum powder and hot water.

Kerosene emulaum.—This insecticide may be made after the

following formula:

^Vat(•r 1 gallon.

Soap, whale-oil soap preferred 14 pound.

Kerosene oil 2 gallons.
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Dissolve the soap in the water by heating to the boiling point.

When all the soap is dissolved remove from the fire and, while

the solution is boiling hot, add the oil and agitate violently.

This may be conveniently done by pumping the mixture through

a small force pump. When suflBciently emulsified the mixture

will have the appearance of milk. If allowed to cool it becomes

thick like loppered milk. This is standard emulsion and may be

diluted with water as desired. For ordinary use against such

soft bodied insects as plant lice, 1 part of emulsion to from 10

to 15 parts of water is strong enough.

The kerosene-water mixture.—This is the simple mixture of

kerosene and water without the use of soap or oil. The mix-

ing is done in the pump and nozzles of the spraying outfits

prepared especially for this purpose. The kerosene is held in

one tank and the water in another. The pump draws from both

tanks. The proportions of water and oil can be regulated at

will.

The kerosene-water mixture has been used with good results

against both plant-lice and scale insects. When applying the

mixture to the foliage, care should be taken that injury to the

tender leaves does not result from the separation of the oil and

water.

Whale-oil or fish-oil soaps.—These soaps, when properly made,

are among the most valuable of this class of insecticides. They

may be made from any of the numerous fish oils on the market,

but are usually sold under the name of whale-oil soap. The

value of the soap as an insecticide lies, largely, in the caustic

it contains.

Whale-oil soap was first used as an insecticide in this country

nearly sixty years ago. It was recommended as a remedy for

the rose bug and was used for this purpose at a strength of 1 lb.

to 7^ gals, of water. The success which has attended its use

against the San Jos6 scale in the east, has brought it into quite

general use during the past few years. It now bids fair to take

the place of kerosene emulsion.
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One of the principal difficulties in the waj of obtaining good

results with the so called whale-oil soaps, is the fact that much

of the soap of this nature sold on the market is of little or no

value as an insecticide. Among the brands of whale-oil soap

which have proven satisfactory in the hands of careful experi-

menters is that known as Good's Caustic Potash Whale Oil Soap

No. 3, manufactured by James Good, 514-518 Hurst Street, Phila-

delphia, Pa. Also Leggett and Brother's Anchor Brand whale

oil soap, manufactured by Leggett and Brother, 301 Pearl Street,

New York. The price of strictly first class whale-oil soap varies

from 3^ to 4 cents per pound in wholesale quantities.

It is sometimes desirable to make the soap at home. Accord-

ing to Lodeman* a good fish-oil soap may be made after the

following formula:

Crystal potash lye 1 pound.

Fish oil 3 pints.

Soft water 3 gallons.

" Dissolve the lye in the water, and when boiling add the oil

and boil for two hours."

Tobacco.—As an insecticide tobacco has a wide range of use-

fulness. It may be used dry or in the form of a decoction. If

used dry it should be finely powdered, the finer the better. To-

bacco decoction may be made after the following formula:

Refuse tobacco 1 pound.

Water 2 to 3 gallons.

The mixture should boil for thirty minutes or more, or until

a dark brown tea results. It should be kept covered until cool

and may be sprayed, undiluted, upon the infested plants.

Concentrated extract of tobacco.—There are several preparations

of this nature now on the market each of which is sold under a

different name. A brand called " Nikoteen," manufactured by

the Skabcura Dip Co., Ninety-ninth Street and Torrence Avenue,

Chicago, 111., has been used at the Station with excellent results.

This insecticide may be used either in the form of a vapor or as

a spray. For use in the latter form against plant lice, 1 part

nikoteen to 600 parts water is recommended.

• Spraying of Plants, p. 14«.
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Pyrethrum.—Tliis is sold under the name of "Persian in-

sect powder " or " buhach." It is a valuable insecticide and is

especially adapted for use against plant lice and similar insects.

It is one of the most powerful contact poisons and may be applied

pure or mixed with two or three times its own bulk or diluent.

When used in this way it is especially adapted to small con-

servatories.

Pyrethrum has also been used with kerosene emulsion either

as a kerosene extract or mixed directly with the emulsion.

Hot water has been successfully used against plant lice. Its

use is considered practical only on a small scale. Most plants

will not be injured by the application of water heated to 130° F.

This treatment is fatal to the lice. Where practical, the whole

plant may be dipped.

EXPERIMENTS AGAINST PLANT LICE.

Spraying Experiments with Whale-oil Soap.

These experiments w^ere conducted in the Station plum orchard

and in the garden on red currant bushes. The principal object

of the experiments was to demonstrate whether whale-oil soap

could be depended upon to check plant-lice when used as a spray,

and thus avoid the necessity of preparing kerosene emulsion.

Both the plum trees and currant bushes were badly infested, the

foiTner principally with Eyalopterus pruni and the latter with

Myzus rihis. Both of these species are treated in detail on sub-

sequent pages. The currants were sprayed first as follows:

On May 15, with a solution of whale-oil soap, 1 pound to 10

gallons of water. Although much pains was taken to apply the

spray so as to reach all of the lice, there was but little noticeable

effect from the application.

On May 30 the currants were again sprayed but with a stronger

solution of soap, 1 pound to 7 gallons of water. The leaves were

badly curled, but by drenching them with the spray directed from

below most of the lice were reached. The effects of this applica-

tion were soon apparent.



,j*

/,

.']«





New York Agricultural Experiment Station. 477

During the first week of June the bushes were sprayed again

with the same solution of whale-oil soap, with the effect that they

were practically freed from the insects.

Had the first solution been stronger, two applications would

probably have been sufficient. Two rows were left unsprayed

with the result shown at Plate XXV. At the time the photo-

graph was taken, in early June, but few leaves were left on the

bushes as a result of the work of the lice. The treated rows

showed much less injury from the insects.

The plum trees were not sprayed until June 4. They were

badly infested at this time, and the young leaves were so badly

curled as to make it very difficult to reach all of the lice. The

whale-oil soap solution, 1 pound to 7 gallons of water, was used

on all of the trees. The effects of this treatment were at once

apparent. Practically all the lice were killed on the leaves which

were not so badly curled as to prevent the spray from reaching

the insects.

Before the trees were sprayed a second time, about a week

later, some of the worst infested trees were trimmed. The tips

of the branches having the most curled leaves were cut off. This

removed large numbers of lice and left but little refuge for those

that remained. The trees were again sprayed with the whale-oil

soap solution, as in the first instance, immediately after being

trimmed, with the result that, in a short time, but comparatively

few live lice could be found.

Recommendations.

Do not wait for the leaves to become curled, but spray thor-

oughly as soon as the first few lice are observed. Much depends

upon the thoroughness of the first application.

Direct the spray from below so as to drench the under surface

of the leaves.

Use a solution of good whale-oil soap, not weaker than 1 pound

to 7 gallons of water.

When the spraying has been neglected until the leaves have

become badly curled, trim oft' the curled tips and spray at once

with the whale-oil soap solution, This applies especially to fruit

trees.
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In the case of currants and gooseberries, it will sometimes be

found practical to pick off and destroy the leaves which are first

infested in the spring.

NATURAL ENEMIES OF PLANT LICE.

Plant lice are preyed upon by both predaceous and parasitic

insects. These insects may be classed among those friendly to

the farmer, because of the good they do by checking the increase

of noxious species.

Among the most prominent of the predaceous insects which

feed upon plant-lice are the lady bird beetles. Both the larvae and

mature insects devour the lice. These insects will always be

found where plant-lice are abundant. The following are among
the species observed during the past season

:

Predaceous Insects.

Anatis ocellata Linn. {15-punctata Oliv.).— This insect undoubt-

edly feeds on various species of plant lice. Although common on

the currant bushes, the writer found it much more common dur-

ing the past year upon the plum trees. During the latter part of

May and until the middle of July, the insects could be found

upon the trees in all stages of development. At Plate XXVI,
fig. 7, the larva is shown natural size and enlarged, the pupa at

Fig, 8 and the mature insect, natural size, at Fig. 10. Fig. 9 is

from a photograph of a plum with one of the pupse attached.

These pupae do not seriously injure the fruit. The skin of the

plum is not broken, as the larva, when about to pupate, attaches

itself to the fruit merely by a. gummy secretion from the tip of the

abdomen.

There are a number of other species of lady-bird beetles which

attack both plum and currant plant lice. The following are

among those which were observed as being most common last

season: The nine-spotted lady-bird beetle, Coccinella 9-notata

Hbst.; the two spotted lady-bird beetle, Adalia hi-ptinctata Linn.;

8 small reddish brown oi- brick rpd sppoios ha^ing a black dot in
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each elytra; the ten-spotted lady-bird beetle, Megilla maculata

DeG. This species is red with ten black spots on the elytra.

Plant lice are also preyed upon by syrphus fly larvae. A photo-

graph of a common species, natural size, is shown at Plate XXVI,
fig. 11. The egg, attached near the base of an opening apple

leaf bud, is also shown, enlarged to about four times natural size.

These larvai suck the juices from the bodies of the plant lice, thus

quickly causing their death. When full grown the larva forms

an oblong green or brown puparium, larger at one end, and

usually attached to the under surface of the leaf. In a few days

a two-winged fly emerges. This is the mature insect which lays

the egg.

Another species of syrphus-fly larva which has been much more

common on the plum trees during the past season than the spe-

cies referred to, is smaller and of a yellovv'ish brown color.

Specimens which appeared to be about full grown were measured

July 20. The average dimensions were 2.4 mm. by 0.78 mm.

Eggs were also found on this date. They were pearly white,

oblong, slightly oval, rounded at each end and measured 0.87 mm.

by 0.33 mm.; the shell brittle, and sculptured with heavy parallel,

longitudinal lines of a dull white crossed by oblique parallel lines

of the same shade. Every attempt to breed this species in the

laboratory failed and neither pupae nor the mature insects were

observed. The larvae were very abundant. From May until Octo-

ber a few of them could be found upon almost every infested leaf.

Frequently they were entirely hidden from view by the large

number of plant lice and the white powdery substance with

which the lice are dusted so that the only indication of their

presence was the brown, shriveled skins of the dead lice. It is

probably within bounds to say that these larvae destroyed nearly

forty per cent of the plum lice in the Station orchard last season.

There are still other kinds of. insects which feed upon plant

lice. Among them the most common are the aphis lions. These

ferocious creatures are the larvae of delicate winged Insects

known as the lace-winged flies. The mature insects are very

dolicate and liav^ finclv voincd irvfi'u wings The eggs are
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laid singly on the tips of stiff stalks of silk which are

fastened to the leaf in an upright position. The stalks are

about half an inch high. When full grown the larva rolls itself

into a little ball of white silk from which the mature insect finally

emerges. These voracious larvas suck the juices from their vic-

tims, holding the plant louse or other prey at the tips of their

long jaws and sucking the liquid by means of their peculiarly

arranged mouth parts. A drawing of one of these larvae, greatly

enlarged, is shown at Plate XXVI, fig. 12. When about full

grown a larva of this species measures about 4.4 mm.

Parasitic Insects.

The work of these little insects was much more apparent upon

the currant plant lice than upon those under observation on the

plum trees. No parasites were reared from the latter,

ApMdius poli/gonapMa* Fitch.—This minute insect belongs to

a large group of beneficial insects which are classified in the same

order with the wild and tame bees, namely, the Hymenoptera.

This parasite seems to have a special liking for the currant plant

louse, Myzus ribis, although it is a common parasite on other

species. The egg of the parasite is laid on or just under the skin

of the plant louse, and when this is once done the unfortunate

louse is doometl. The egg soon hatches and the,minute larva

feeds upon the tissue just beneath the skin, taking care at first

not to touch a vital organ. By the time it has become full grown,

however, nothing remains of the host but the integument. The

larva transforms to the pupa within its host, the mature insect

cutting its way out. A parasitized plant louse soon becomes in-

active, and swells up until it is somewhat larger than the largest

of its fellows. The integument becomes hard, finally almost

brittle, and turns pearly white. At Plate XXVI, fig. 1, some of the

parasitized lice are shown on the under surface of a currant leaf.

Although present during the entire time that the plant lice

were common upon the currant, they were especially abundant

•Identified by Mr. WiUiam Ashmead.
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during the latter part of May and the middle of June. June 17,

the writer had a good opportunity to watch some of these minute

parasites in the act of ovipositiou. They were flying or walking

nervously about the infested leaves as if looking for just the

right lice upon which to deposit their eggs. The female appa-

rently selects a suitable part of the body of her victim upon which

to place an egg, straightens her legs somewhat so a&' to raise her

body, and brings the tip of the abdomen forward between them as

far as necessary. In doing this the abdomen may be lengthened

to twice its natural length and extended half its length or more

beyond the head. The lice usually place the eggs upon the ab-

domen of the plant louse, but this is not always the case. Upon

one occasion out of six parasites under observation, four placed

the egg upon the abdomen, one upon the thorax and one upon

the head. In all of these and many lother cases under observation

the plant lice upon which the eggs were laid were not more than

half grown.

The time required for the eggs to hatch and the insect to

mature was not observed. Both larvae and pupse were dissected

out of parasitized lice. A drav/ing of the former, greatly en-

larged, is shown at Plate XXVI, fig. 4; of the latter at fig. 5;

and photographs of the mature insect at figs. 2 and 3.

June 18, a number of the parasites hatched from specimens

kept in the laboratory. In all the cases observed the developed

parasite was on its back within the body of the louse, with the

head near the posterior extremity. When ready to emerge the

imprisoned insect begins to cut through the walls of the abdomen

with its jaws, cutting a round opening large enough to admit

its body. As a rule the piece is not cut clear around, thus leav-

ing a hinge as shown at Plate XXVI, fig. 6. It takes but a very

short time for the parasite to make its way to liberty, about four

minutes being the time required for those under observation.

Other species bred from Myzus ribis by the writer are Isocratns

vulgaris Walk, and Pachi/neuron aphidivorus* Ashm. These spe

cies were not abundant.

Identified by Mr. WiUIam Ashmead.
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SPECIES OF PLANT LICE UNDER OBSERVATION.

Tlif^so include two, IfijaUjpterus pruni Fab., which lias bfMj

very .abundant on tho plum during the past s^.-ason, causing soriou«

injury to tha trcf-s, and Myzus rihis, which has been equally

abundant and injuiious on ilif- <-urrant.

Attackino the Plum.

Ilyal/jptcruH pruni Fab.

This species attacks the leaves of the plum, collecting in large

numbers on the under surfaces. The lice multiply rapidly, be-

coming so thick as to cover the entire under surface of the leaves

(Plate XXVII, fig. lOj, causing them to curl and wilt. Their

bodies are covered with a bluish-white, mealy jKjwder. Much

injury was caused in both orchards and nurseries by these lice

last season. In the Station orchard all of the varieties of plums

were attacked during the time when the lice were naturally rnosr

numerous, but toward the latter part of the season but few could

be found excepting on the native varieties.

History and present distrihutkM.—So little attention has been

given this insect by writers on economic entomology that it is

difficult to learn its history. It is probably of European origin.

It was first described by Fabricius who lived in the latter part of

the seventeenth century. According to Bucton this sj^^cies wan

also mentioned by several early European writers.

The insect is now known to occur in Germany, England, Aus-

tralia and New^ Zealand, and is probably distributed over a con-

siderable portion of the eastern United States. It has been found

as far west as Iowa. It occurs in abundance in the western part

of this State.

Food plants.—The plum seems to be the principal food plant of

this species. It is said to infest the leaves of the grape, peach,

nectarine and apricot in fhirope. It is known to migrate from

tile plum to a species of grass, Phragmitis communis. According

to H. Osborne and F. A Sjrrine* it ,'»I.<o infests the choke cherry.

*Ingect Life. Vol. I, p. 235.
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Descriptions and notes on life history/.—The writer's attention

was first called tol this species early in Jnne. At this time most

of the plum trees in the Station orchard were very badly infested

with this and other species of plant lice. Moist of the lice of this

species were wingless and were present in all stages of develop-

ment. Pupce and winged forms were much less numerous.

The larva.—The very young larva of average size measures about 0.5

mm. in length. The lateral margins of the body are nearly parallel, but

the body is usually slightly broader near the posterior extremity. The

general color is pale green with a slightly bluish tinge. The antennae are

six-jointed. Joints I, II, are shorter and sub equal in length. Eyes red,

legs stout, nectaries about as long as thick. The larvae, like the mature

lice, are covered with a bluish white powder. (Plate XXVII, fig. 1.)

Apterous viviparous female.—Size of body 2.67 mm. by 0.99 mm. (Jeneral

color pale or yellowish green, with slightly darker green mottling. A
medio-dorsal line of darker green, widest at about the middle, extends

from the head to the cauda. Eyes dark reddish brown. All appendages

nearly colorless or vei-y light green, with the exception of the anterior

half of the fifth and the entire sixth joints of the antennae, the tips of the

posterior tibiae and the tarsi, which are dusky. Rostrum reaches nearly

to the second coxae. Antennae slender, about two-thirds length of body.

Joints III, IV and V sparsely tuberculated. Length 1.77 mm. Joints I,

II and VI shortest (III, 0.45 mm.; IV, 0.3 mm.; V, 0.25 mm.; VI, 0.125

mm.; VII, 0.45 mm.). Nectaries dusky; very short, 0.09 mm. in length,

about half as broad, and slightly restricted at base. Legs slender, cauda

prominent, slightly curved upward, 0.18 mm. in length by 0.12 mm. at

base, tapering toward the tip and furnished on either side with two slen-

der backward curved hairs. (Plate XXVII, figs. 5 and 6.)

The apterous females were found on the native plume in the

Station orchard until the latter part of September, when only an

occasional individual could be found.

Wiufjed viviparous female.—Body more slender than apterous female.

Size of body 2 mm. by 0.74 mm. General color the same as the apterous

female. Head and prothorax usually somewhat darker gi-een. Antenna}

slender, slightly dusky with the exception of the basal third of the third

joint, which is pale green. Prothorax and thoracic lobes darker green.

Apical third of femora and tibiae, entire tarsi and nectaries slightly dusky.

Abdomen pale yellowish green with four to six triangular medio-dorsal

green marks ranged transversely. Front of head not conical. Measure-

ments of antennae about the same as in apterous female. Wings hyaline,

expanse 6.9 mm., veins yellowish green; stigma narrow. Nectaries and

cauda as in apterous viviparous female. (Plate XXVII, figs. .3 and 4;

pupa shown at fig. 2.)
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The winged females were on the plums in more or less abund-

ance during the entire summer. During the latter part of July,

August and most of September but few winged females were

found and most of these were on the native plums with colonies

of young.

During the early part of September (September 8) the lice were

observed to be more abundant in the Station orchard. A few

scattering colonies of winged females and young were found on

all varieties of plums. These colonies evidently became more

numerous toward the middle and latter part of the month. Ovip-

arous females were first iobserved about the middle of October,

and could occasionally be found on the trees until the first

of December. The males were not positively identified. The

first winter eggs were found November 11. They were on the

twigs, most of them near the winter buds as shown at Plate

XXVII, fig. 9.

Oviparous female.—Body oblong, rounded above and tapering to pos-

terior extremity. Size of body 1.33 mm. by 0.5 mm. General color pale

green. A medio-dorsal line of darker green extends from the head to

about two-thirds the entire length of the abdomen and two faint, green

sub-dorsal lines close to the lateral margin, extend the entire length of

the abdomen. Antennre six-jointed; length 0.72 mm. (Ill, 0.05 mm.; IV,

0.23 mm.; V, 0.05 mm.; VI, 0.22 mm.) Plate XXVII, figs. 7 and 8.

Winter egg.—Color pale green at first, varying to darker shades. Meas-

urements 0.6 mm. by 0.25 mm. Oblong oval in shape, slightly curved and

obtusely rounded at the ends.

Partial hibliograpMcal list:

1857. Koch, C. L. Die Pflanzenlause—Aphiden, pp. 22-23. Descrip-

tions of larva and apterous and winged viviparous females. Figures of

apterous and winged viviparous females.

1877. Bucton, G. B. Monograph of British Aphides, Vol. II, pp. 110-111.

Descriptions and figures of apterous and winged viviparous females.

1892. Herbert Osborne and F. A. Sirrine. Insect Life, Vol. V, p. 23G.

Hyalopterus arundinis Fab. (equals pruni Fab.) on plum and choke cherry.

Other species attaching the plum.—Six or more species are known'

to attack the plum. Among those observed by the writer last

season are the following:

Hyalopterus arundinis Fab. This species closely reseml)les the

preceding. According to Bucton. it differs in boih size and habits
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from E. pruni, being smaller and more active. Other structural

differences are very slight, if any. The markings on the thorax

are slightly different. This species was found closely associated

with n. pruni.

Apliis pruni* Fab. A common species on the plum. Numerous

early in the season. Winged females (migratory brood) with

young scattered through the Station orchard during the latter

part of September and early in October.

PJiorodon liumuli. During August, September and October oc-

casional individuals were found in the plum orchard. August 26

a few apterous and winged females with larva? were found on

the plum leaves.

Attacking the Currant.

Myzus rihis Linn.

This species is especially injurious to the red currant. The

lice cause red bladder-like galls to form on the leaves. A badly

infested leaf becomes greatly distorted and curled as the result

of these gall formations, as shown in Plate XXVIII, fig. 5. The

degree to which the leaves are distorted by the lice seems to be

influenced by the variety of currants. In the Station garden the

leaves of Fay and Cherry currants were distorted by the lice

much more than those of the Loudon Red, although all three

were infested equally and by the above species.

The injury caused by the lice was very apparent in the Station

garden. The leaves dropped from the bushes and the fruit was

injured both by premature ripening and by the black fungus

which grows in the honey dew secreted by the lice.

History and present distribution.—This species is probably of

European origin. It is widely distributed throughout the eastern

part of the United States, occurring from Maine to Illinois and

probably further west. It is also well known in Canada.

Food plants.—Besides the red currant, it infests the black cur-

rant and gooseberry.

Descriptions and notes on life history.—The winter eggs hatch

soon after the leaves open. Last year by May 13 the lice had be-

*IdenUfled by Mr. Th. Perfande.
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come quite numerous on the currant bushes in the Station gar-

den. The galls had just begun to form and some of them were

tinged with red. Each of the galls was occupied usually by but

one female with three or four young. The lice were multiplying

very rapidly at this time and toward the latter part of May had

become sufficiently abundant tO' do serious injury.

The apterous and winged viviparous females have been de-

scribed by Bucton* as follows:

Apterous viviparous female.—^Size of body 2.14 mm. by 1.01 mm.; length

of antenna? 2.27 mm.; length of cornicles 0.37 mm. Long oval, shining

green, with darker green mottlings. Front flat, garnished with short

bristles, as also are the sides. Antenna? long and very fine. Cornicles

cylindrical and pale green. Eyes bright red. Oauda obtuse. Legs yel-

low or greenish. Bristles capitate.

Winged inviparous female.—Expanse of wings 7.62 mm.; size of body 2.54

mm. by 1.13 mm.; length of antennae 2.27 mm.; length of cornicles 0.50

mm. Bright greenish yellow. Head pale olive. Eyes red. Three ocelli

obvious. Antenna? fixed on small tubercules. Prothorax with an in-

dented olive band. Thoracic lobes brown. A stellate spot is seen on the

post thorax, succeeded by six or seven irregular transverse bands Q;a the

abdomen of varying thickness; four or five spots on each lateral edge.

Cornicles green or olive, cylindrical, or at least very slightly lavate. Legs
green, with olive femoral points and tarsi. Wings broad with yellow

insertions, greenish cubitus and veins.

During the latter part of July nearly all the lice disappeared

from the cunrants and gooseberries. There still remained, how-

ever, an occasional apterous female on the old leaves.

These females couM be occasionally found as long as the leaves

remiained on the bushes and were always accompanied by from

two to four or five Iarv;e. They were very light green in color

and about two-thirds as large as the apterous viviparous females

found earlier in the season. (Plate XXVIII, fig. 3.)

The male lice were first observed toward the latter part of Oc-

tober (Oct. 21).

Tlie male.—Size of body 1.15 mm. by 0.45 mm.; expanse 5.95 mm. Yel-

lowish green. Head dark or olive green. Meso-thorax mottled with

irregular dark green spots, and the abdomen with from three to six dark

spots along the lateral dorsal margins, and a broad, broken transverse

dorsal band of the same color on the posterior half.

•Monograph of British Aphides, Vol. I, pp. 180, 181.
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Antennse olive green, slender, 2.85 mm. in length (Joint III, 0.65 mm.;

IV, 0.4 mm.; V, 0.4 mm.; VI, 0.125 mm.; VII, 1.1 mm.). Tbii-d, fourth

and fifth joints tuberculate. Seusoria very numerous. Eyes deep red.

Legs yellowish green with the exception of the anterior third of the

femora, tips of the tihire and the tarsi, which are dusky. Nectaries yel-

lowish green, cylindrical, slightly dilated, 0.22 mm. in length. Veins dark,

stigma light yellow or yellowish gi-een, 8 mm. in length. (Described from

one specimen in balsam.) Plate XXVIII, figs. 1 and 2.

The eggs are shining black. A few were found on the twigs

during the latter part of October. They were much more numer-

out about a month later.

Partial UhliograpMcal list:

1857. Koch, C. D. " Die Tflanzenlause—Aphiden," pp. 39-40. (Rliopalosi-

phmn ribis Linn.) Descriptions. 111. apterous . and winged viviparous

females.

1867. Walsh, B. D. Practical Entomologist, Vol. II, p. 106. Method of

work.

Ibid, pp. 109-110. Gives account of work of Coccinellidse against

plant lice.

Riley, C. V. Prairie Farmer, Vol. V, n. s., p. 69. Means against.

1869. Walsh. B. D. American Entomologist, Vol. I, p. 250.

1870. Riley, C. V. Second Missouri Report, p. 110.

1873. Riley, C. V. Sixth Missouri Report, p. 46.

1876. Bucton, G. B. Monograph British Aphides, Vol. I, pp. 180-181.

Descriptions apterous and winged viviparous females and pupa. Illustra-

tions of apterous and winged viviparous females.

1878. Thomas, Cyrus. Third Report (Eighth Annual Report of the

Entomologist of 111.) pp. 76-78. Gives Bucton' s descriptions with notes on

possible varieties of M. ribis.

1883. Saunders, J. H. Insects Injurious to Fruits, p. 351. Brief notes,

1887. Oestlund, O. W. Synopsis of the Aphididse of Minn., p. 73 (Bui.

No. 4 Geological and Natural History Survey of Minn.) Technical descrip-

tions.

1894. Harvey, F. L. Annual Report Maine Agricultural Experiment

Station, 1894, p. 109. Notes, injury caused to gooseberry bushes.

Other species attacMng the currant.—Rhopalosiphmn rihis* Linn.

This species is especially common on the black currant.

It also attacks the red currant. The black currants in the Sta-

tion garden were badly infested last season. During the latter

part of July the lice left the currants. Return migrants (Plate

XXVIII, fig. 4), appeared on the bushes early in October. The

•Identified by Mr. F. A. Slrrlne. I
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oviparous females and the males were first observed October 21,

and the former were found until late in November.

Several females of this migratory brood were measured with the follow-

iug results: Size of body 2.05 mm. by 1 mm. Expanse 8.9 mm.; length

of antennae 2.95 mm.; cornicles 0.45 mm. The markings on the thorax

and abdomen vary. In some instances the spots are more irregular and

broken than shown in the figure. The lateral dorsal edges of the abdomen

are also marked with small, irregular black spots.

Oviparous female.—Size of body 1.6 mm. by 0.7 mm. General color dull

or olive green. Tips of femora, tibia and the tarsi reddish brown. An-

tennse 1.9 mm. (Joint III, 0.52 mm.; IV, 0.3 mm.; V, 0.25 mm.; VI, 0.1

mm.; VII, 0.6 mm.) Eyes red. Cornicles, 0.45 mm.; dilated near middle,

restricted at base, dusky on extreme tips. Cauda prominent, light green,

0.15 mm. in length. (Described from specimen in balsam.)

Male.—Size of body 1.55 mm. by 0.85 mm. General color yellowish

green. Head dark green or brown. Meso and meta thorax and abdomen

mottled with darker brown or black. From three to four dark spots on

lateral dorsal margins of abdomen. Eyes red, antennae on slightly raised

tubercules. Length, 3.05 mm. (Joint III, 0.75 mm.; IV, 0.5 mm.; \, 0.4

mm.; VI, 0.15 mm.; VII, 0.95 mm.) Legs yellowish or light green with the

exception of the anterior third of the femora, tips of tibiae and the tarsi,

which are dark brown or black. Cornicles yellowish or light greeu, dilated,

restricted at base, 0.45 mm. in length. Cauda same color as cornicles,

0.15 mm. iu length, tapering, obtusely rounded at apex. (Described from

specimen in balsam.)

The eggs are shining black and are placed on the twigs.

Several other species occasionally occur on the currant, but

none of them were noticed during the past season in sufficient

numbers to do serious injury.
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PART I.

I. THE SOURCE OF MILK FAT.^

W. H. JORDAN AND C. G. JENTEB.

SUMMARY.

(1) A cow fed during ninety-five days on a ration from which

the fats had been nearly all extracted, continued to secrete milk

similar to that produced when fed on the same kinds of hay and

grain in their normal condition.

(2) The yield of milk fat during the ninety-five days was 62.9

lbs. The food fat eaten during this time was 11.6 lbs., 5.7 lbs.

only of which was digested, consequently at least 57.2 lbs. of the

milk fat must have had some source other than the food fat.

(3) The milk fat could not have come from previously stored

body fat. This assertion is supported by three considerations:

(1) The cow's body could have contained scarcely more than 60

lbs. of fat at the beginning of the experiment; (2) she gained 47

pounds in body weight during this period of time with no in-

crease of body nitrogen, and was judged to be a much fatter cow

at the end; (3) the formation of this quantity of milk fat from the

body fat would have caused a marked condition of emaciation,

which, because of an increase in the body weight would have

required the improbable increase in the body of 104 lbs. of water

and intestinal contents.

•Reprint of Bulletin No. 132.
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(4) During fifty-nine consecutive days 38.8 lbs. of milk fat was

secreted and the urine nitrogen was equivalent to 33.3 lbs. of

protein. According to any accepted method of interpretation,

not over 17 lbs. of fat could have been produced from this

amount of metabolized protein.

(5) The quantity of milk solids secreted bore a definite relation

neither to the digestible protein eaten nor to the extent of the

protein metabolism. In view of these facts it is suggested that

the well-known favorable effect upon milk secretion of a narrow

nutritive ratio is due in part to a stimulative, and not wholly

to a constructive, function of the protein.

(6) The composition of the milk bore no definite relation to the

amount and kind of food.

(7) The changes in the proportion of milk solids were due al-

most wholly to changes in the percentage of fat.

INTRODUCTION.

Among the problems important in agriculture that are most

difiicult of solution are those which pertain to animal metabolism

They are diflScult because the field of chemical activity where the

processes of digestion and reconstruction of compounds occur is

inaccessible to the ordinary direot means of study and observa-

tion. For this reason such questions as the sources of the fats

and other compounds that are formed in the animal body are still

only partially answered. Especially inconclusive is the knowl-

edge pertaining to the formation of milk fats. A widespread

popular belief is that they as well as other fats must first exist in

the food, the function of the animal organism being merely to

collect and transfer them into the adipose tissue or milk. Apart

from certain experimental evidence which proves the possible

formation of animal fats in other ways, there is one fact that ap-

pears to render this view untenable, which is that great unlike-

ness exists in the mixtures of fats that different species construct

from the same foods. There seems to be no possibility, either, of

simply transferring from any ordinary ration a mixture of fats

similar in kind and proportions to that found in tallow, lard or



New York Agricultural Experiment Station. 493

milk. Moreover, the 'construction of animal body fats from the

carbohydrates of the foods is now experimentally established be-

yond reasonable doubt. The investigations of Lawes & Gilbert,

Henneberg, Soxhlet, B. Schulze, Tscherwinsky, Chaniewski, E.

Voit, Lehmann, Munk and Rubner, sho^v most clearly that with

sheep, pigs, geese and dogs the body fat accumulated could not

have come w^holly from the protein and fats in the food eaten,

and, therefore, must have been formed in pan. at least, from

starch and similar compounds.

It should be said, however, thai neither these nor other experi

ments demonstrate that food protein and fat may not take part

in the construction of body fat, but prove simply that carbohy-

drates do. The possibilities of food protein and fat in their re-

lation to fat formation in the animal body are not yet clearly un-

derstood.

Concerning the sources of milk fat our knowledge is less defi-

nite. The experiments of Boussingault, Voit, Wolff, G. Kuhn
and M. Fleischer are the ones that have been lio far carried on for

the purpose of obtaining information upon this particular point.

The evidence which they furnish is entirely negative, because in

ail cases the fat of the foods plus the possible fat from the meta-

bolized protein was, according to the interpretatioms of the sev-

eral investigators, wholly or nearly sufficient to account for all

the fat in the milk. In fact, none of these experiments was so

planned or so long continued as to make safe conclusions possible.

Soxhlet has recently declared his belief that under certain condi

tious milk fat may in part be formed from body fat, but his con

elusion must be regarded as inferential, for he presents no ex-

perimental proof of his theory.

It must be admitted that the production of milk fat involves

some conditions not pertaining to the formation of body fat. The

former is, according to the general concensus of opinion, the pe-

culiar product, like all other milk solids, of specialized tissues

called the mammary glands, the immediate location in these

glands of these particular metabolic changes being the epithelial

cers of the alveoli. A histological study of these cells when in a
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state of activity has led some physiologists to believe, not without

a show of reason, that milk is the result of the breaking down or

liquefaction of proteid tissue in the udder, the food serving merely

to rebuild this tissue. Certainly such a theory cannot be regarded

as unreasonable in view of the observations which appear to show

the formation of beeswax from protein, the fatty degeneration of

proteid tissue under the influence of phosphorus poisoning and

the apparent production of fat from protein by ily maggots. We
have, besides, the generally oibserved and well-established fact

that an increase in the supply of protein in the ration of milch

cows often stimulates the secretion of -milk in a marked manner,

even though there is no increase in the total digestible food con-

sumed.

It must be confessed, however, that the data so far recorded

concerning the source of fat are confusing and inconclusive when

we attempt to apply them to the narrower question of the forma-

tion of milk fat.

It has been for some time the opinion of the writer that in or-

der to reach definite conclusions as to the source of milk fat

through experiments conducted without the use of a respiratioii

apparatus, the following conditions, among others, must be se-

cured:

(1) The use of foods either fat-free or containing such small

percentages of fat that, if the milk w^as formed in the usual quan-

tity, a large balance must come either from the cow's body or

from the other two classes of food compounds, viz. : protein and

carbohydrates.

(2) The continuation of the experiment over so long a period

of time as to show conclusively whether, in the absence of food

fat, the cow did or did not draw upon a previous store of body

fat for the production of milk fat.

(3) The variation of the protein of the food from a quantity be-

low to one above the actual needs of the animal in order to dis-

cover, if possible, the minimum protein metabolism necessary to

the maintenance of a given production of milk fat.
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(4) The observation through this entire long period of time

of such data as would enable the experimenter to keep nitrogen

and fat balances, which of necessity would include a determina-

tion of the urea nitrogen or the amount of" metabolized protein.

THE PLAN, MATERIALS AND PROCEDURE OF THE
EXPERIMENT.

During the past year an attempt was made at this Station, with

a gratifying degree of success, to conduct an experiment in ac-

cordance with the conditions previously outlined, the main object

of which was to discover the necessary relation which may exist

between any class of compounds in the food and the production

of milk fat.

The Plan of the Experiment.

The plan of the experiment, as finally executed, involved the

following:

(1) The feeding of normal foods for a period of about two

weeks, followed by the same foods from which the fats had been

extracted during ninety-five days, all of which were weighed and

analyzed especially for nitrogen and fats.

(2) Changes in the rations from a minimum of 15 lbs. of air-

dry food to a maximum of 22| lbs., and from a minimum of 1.3

lbs. of total protein to a maximuim of 3.06 lbs. These changes

were so arranged that during a certain period a decrease of pro-

tein was accompanied by an increase of carbohydrates.

(3) The analysis of the milk for one hundred and two days.

(4) The collection and analysis of the urine and feces from the

experimental animal for sixty-six days, this being done continu-

onsly during fifty-nine days of the time in which extracted foods

were fed.

(5) A study of the distribution of certain mineral constituents

of the food in the milk, urine and feces. (Incidental and not com-

pleted.)

(6) A study of the distribution of the energy of the food in

the milk, urine and feces. (Incidental and not completed.)
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The experimental animal stood iu a stall the fioor of which was

covered with metal, the trench behind being practically a metal

lined box, this construction making it possible to recover any

excreta that through accident might fall to the floor.

The daily ration was fed in three equal portions, morning, noon

and night. Water was offered at stated times, and the animal

was weighed at the same hour each day. Two men were employed

for the collection of the urine and feces, one during the night and

the other during the day. The excreta were caught in tin ves-

sels, the one used for the urine being so constructed as to prevent

loss of the liquid by spattering. As far as known there was loss

of these materials in but a single instance and that was small.

The weights of urine and feces represent that which was voided

during twenty-four hours from six o'clock a. m.

The Foods.

The first matter requiring attention in the experiment herein

reported was the selection or preparation of foods containing

small quantities of fat. In certain grain foods, such as rice, bar-

ley and peas, the percentages of fat are comparatively low, and if

these could have been fed unaccompanied by any coarse fodder the

selection of a ration would have been a much simpler matter.

Under the circumstances, it was decided to attempt to extract the

fats from some of the ordinary cattle foods by treating them witb

a light benzol. It was clearly impossible to do this by any means

at our command, and, therefore, we sought the cooperation of

some manufacturer engaged in the extraction of vegetable oils

The Cleveland Linseed Oil Company, of Cleveland, Ohio, very

kindly undertook to do the work for us, and, consequently, we

shipped to their works at South Chicago a thousand pounds of

finely chopped hay and about fifteen hundred pounds each of corn

meal and ground oats. The extraction of these materials evi-

dently was found to be troublesome, requiring repeated treat-

ment, and while the fats were not entirely removed, this Station

is under great obligations to this company for giving the work

such faithful and efficient attention as to make our experiment

possible.
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The following is a statement of the composition of these foods

before and after extraction. It is seen that the amount of fat left

in the treated materials was so small that it was possible to feed

the animal a fairly generous ration that contained not over thir-

teen hundredths of a pound of petroleum ether extract daily, prob-

ably not all of which was pure fat or oil. In order to control the

protein supply in the ration, use was made of wheat gluten, which

contained, as the analyses show, from seventy-two to seventy-

four per cent of protein.

Composition of Foods.

^i
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she possessed was depended upon to secure entire consumption of

the foods which had been treated in such a manner as to render

them somewhat less palatable. It is a, matter of congratulation

that the regular consumption of the rations was acioomplished

with a very satisfactory degree of suocess, considering the con-

ditions under which the experiment was carried om The healtli

of the animal did not appear to be impaired by the food and

treatment which she received.

Composition of the Rations.

The ingredients and quantities of the several rations are given

in detail below

:

Rations.

INGREDIENTS.
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Transition period. From noon May 18 to morning May 23.

During tliis period tlie wheat gluten was decreased ^
lb. per day and the corn meal was increased by the

same amount, the purpose being to diminish the

amount of protein and to increase the proportion of

carbohydrates up to any probable requirements of

the animal for maintenance and milk production.

Ration 4. From noon May 23 to morning May 31.

Differed from No. 3 in that the wheat gluten was
withdrawn from the ration and 1^ lbs. daily of corn

meal was added.

Ration 5. From noon June 1 to morning June 20.

Similar to No. 4 only one-third smaller. It was ex

pected that this ration would be considerably below

the needs of the cow.

Transition period. From noon June 20 to morning June 24.

^ lb. wheat gluten added to No. 5 each day.

Ration 2. From noon June 24 to morning July 30.

During this period the food was the same as during

the two weeks succeeding April 26.

The Methods of Sampling and Analysis!.

The rations were weighed out at several different times during

the course of the experiment, and each time this was done sam-

ples were taken of the various foods. The similarity in composi-

tion of these several portions indicates that the mixing and sam-

pling were thorough.

The milk, urine and feces were taken directly to the laboratory

and immediately weighed and sampled, excepting fhat the night's

milk was kept in an ice box until morning when it was mixed

with the morning's milk and a sample was then drawn from the

mixture. The feces were thoroughly stirred and samples (4 lbs.)

of the fresh material were taken for drying and for the nitrogen

determination. The feces were dried over steam coils at a tem-

perature not exceeding 60° C.

In general the methods of the A. O. A. C. were followed in the

analyses, the only exception being that petroleum ether was used

instead of sulphuric ether in extracting the fats from the foods

and feces.
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The justification of this change is found in the following

figures, the only reasonable explanation of which is that the

petroleum ether takes out less material that is not fat or oil than

does the sulphuric ether. Certainly the petroleum ether would

not fail to remove all the fats or oils, and therefore gives figures

nearer the truth than does the usual solvent.

COMPAKISON OF RESULTS OF EXTRACTION OF FaTS WITH SULPHURIC AND
Petroleum Ethers.

61
62

316
317
309
310
311
312
313
314
315
9G
99
102
108
124
127
130
133
136
139

TiiiiotJiy hay
0;its

Timothy hay (extracted)
Corn (extracted)
Feces (normal ration).

.

Feces (normal ration)..

Feces (normal ration) ..

Feces (normal ration) ..

Feces (normal rati')u) ..

Feces (noimal ration) ..

Feces (normal ration) ..

Feces (extracted lation)

Feces (extracted ration)

Feces (extracted ration)
Feces (extracted ration)

Feces (extracted ration)

Feces (extracted ration)

Feces (extracted ration)

Feces (extracted ration)
Feces (extracted ration)

Feces (extracted ration)

Sulphuric
ether

extract.

Per cent.

3.29
4.71
1.77
.51

3.58
3.58
3.87
3.78
3.87
3.84
4.07
1.17
1.18
1.18
1.16
1.46.
1.32
1.36
1.45
1.46
1.41

Petroleum
ether

extract
40-60°.

Per cent.
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Effects of Drying upon
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Weights and Partial Composition of Milk, Ukine and Fkces.
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WKIGHTS ANl Partial Composition op Milk, Urine and Fecks.

{Couiinued).
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Digestibility of Rations.

April 19 to 26
May 3 to 11

26 to 31
June 10 to 20

Per cent.

68-1
63.5
60.1
55.6

Per cent.

28.9
27.3
21.8
16.9

Protein.
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Fat Balance,

Dailji for Periods.

Eatioii 1. Normal foods
Preliiiiinary i)eriod ; Ration 2
Ext met fd foods
Extinct ed foods
Transi'ioii period
Extracted foods
Estrarted foods
Transition peiiod
Exti-actcd foods
Extracted foods

Eatioii 2.

Ealiou 3.

Ration 4.

Ration 5.

Ration 2.

Ration 2.
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The Food Fats and Body Fats as Sources of the Milk Fats.

The results of this experiment appear to demonstrate conclu-

sivelv that food fats bear no necessary relation to the formation

of milk fats.

In the ninetj-five days that this cow ate rations from which

the fats were largely extracted, she produced 62.9 lbs. of milk

fat. The quantity of fats in the food during the same time was

11.6 lbs., only 5.7 lbs. of which was digested, leaving 57.2 lbs. of

milk fats in excess of the food fat supply. It is very clear that

the milk fats were not taken as such from each day's rations.

Could they not have come from the body fat already deposited in

the animal when the experiment began? This is so highly im-

probable as to justify a positive negative answer. At the begin-

ning of the ninety-five days the cow weighed 867 lbs. She was

quite lean and certainly could have been no fatter than the well-

fed ox which Lawes and Gilbert found to contain 7.1 per cent of

fat. The total fat in her body could, therefore, scarcely have

exceeded 61 lbs., and was probably less. Practically all of this

possible maximum would have been required to produce the 57.2

lbs. of milk fat and it is not reasonable to suppose that the cow

lost all her body fat when we see that during the period under

consideration she gained 47 lbs. in live weight. There could not

have been a large increase of flesh, for during 59 days of this

period the nitrogen income and outgo were about evenly

balanced.

It may be suggested that a change in the water of the body

and in the contents of the intestines might cause large variations

in body weight, which would obscure a loss of body fat. In this

case, however, such a criticism would not be rational. Not only

must 57.3 lbs. of fat be replaced by water or an intestinal food

residue but an addition to the body weight of 47 lbs. must be

accounted for in the same way, a total of 104 lbs. Such a result

would Ixave necessitated a very marked condition of emaciation

and a noticeably full condition of the intestinal tract, the reverse

of which was true. As before stated the cow apparently grew fat

steadily during a large part of the experiment. We are therefore
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impelled to the conclusion that the milk fat which this cow pro-

duced while under experimental obserration had some other

source thaji either the food fat or the previously stored body fat.

I)ii> THIS Milk Fat Come prom the Protein or prom the

Carbohydrates?

In discussing this question we must confine ourselves to the

data obtained for the fifty-nine consecutive days during which a

record was kept of the income and outgo of both the nitrogen and

fat. These data show that in this time 38.8 pounds of fat was

found in the milk. If this fat was formed through the metabo-

lism of protein, the most generally accepted theory is that urea

would be a product of the chemical changes necessary to produce

this result. This view being correct, the production of 38.8

pounds of fat would, according to several theorizers such as

Wolff, Henneberg, Voit and Foister, require a minimum of from

75.5 to 95 pounds of protein. As a matter of fact, the nitrogen of

the urine during the period under consideration was only 2,417.5

gram®, equivalent to 33.3 lbs. of protein, assuming protein to be

N X 6.25. Osborne's and Ritthausen's results show that N x 6 is

probably more nearly correct, which would give 32 pounds of pro-

tein. If we adopt Henneberg's (also Wolff's) fait factor for pro-

tein, viz.: 51.4 per cent, which is the highest suggested, 33.3

lbs. of protein would furnish 17.1 lbs. of fat, leaving 21.7 lbs. to

be accounted for in some other way. In this fifty-nine days the

digested food fat was only 3.3 lbs. and the weight of the cow

increased 33 lbs. with the nitrogen Ixalauce slightly against her

body.

It is noteworthy, moreover, that during twenty consecutive days

of the fifty-nine, the daily nitrogen in the cow's urine was equiva-

lent to only 0.4 lb. of protein, while the average daily production

of milk fat was 0.58 lb. Granting that none of this protein wa«

metabolized for maintenance purposes, which is unlikely, it is of

itself gi-eatly insufficient to account for the milk fat, as it would

theoretically be equivalent daily to not over 0.2 lb. of fat.
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There is no way of explaining how milk fat could in any way

proceed wholly from metabolized protein in this particular case,

but by the improbable theory that the protein joins with other

compounds in synthetical changes of which we «o far have no

hint.

Certainly, in this experiment, protein metabolism, as ordina-

rily understood, can account only for a minor part of the fat

secreted in the milk, because without the aid of other compounds

protein must form considerably less than its weight of fat. Some

nitrogen compound must be split off which would take part of

the carbon and hydrogen with it.

The only rational conclusion which these data seem to offer is

that the milk fat, as previous experiments have demonstrated to

be the case with body fat, was produced, in part at least, from

carbohydrates. Such data do not constitute evidence that pro-

tein or food fats may not under other conditions be the source of

milk fat, but only that in this experiment they were an utterly

insufficient source, either directly or indirectly.

The Stimulus of Protein upon Milk Production.

If further investigations, which are now planned for the iname-

diate future, should ratify the apparent outcome of this one, the

explanation of the well-knowm stimulus of an abundant supply of

protein upon milk secretion must rest upon some other basis than

that so much protein is necessary as a source of milk building

material. It is generally held, from the standpoint of both sci-

ence and practice, that considerably over two pounds of digesti-

ble protein, two and one-half pounds being the amount agreed

upon, should be fed in connection with a sufficient supply of car-

bohydrates (12^ lbs.) to a cow in the full flow of milk, if a maxi-

mum food efficiency is to be attained.

Experiments have shown that the food efficiency of a unit of

digestible matter is actually augmented by increasing the pro-

portion of protein up to approximately the quantity named, as

for instance when oil meal or gluten meal is substituted for a

portion of the cereal grains in a ration otherwise made up wholly

of home grown foods. Surely if protein takes no necessary part,
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as our results indicate, in providing raw material for the secre-

tion of milk fat or milk sugar, a large part of this generous pro-

tein supply is not needed for constructive purposes.

When fed what is sometimes called the German balanced ra-

tion, a cow may sometimes yield thirty pounds of average milk,

generally less rather than more. This milk would contain not

over one pound of protein, leaving one and a half pounds or three-

fifths of that in the ration unused, so far as known, for any neces-

sary constructive purpose. We desire to propose as a rational

explanation of the notable influence upon milk secretion of an

abundant supply of digestible protein in the ration, that it is due

to the influence of protein upon metabolic activity rather than

because so much was needed from which to form milk solids.

This view would not minimize our estimate of the importance of

the nitrogenous constituents of cattle foods, but simply empha-

sizes more fully one reason, and perhaps the main one, why they

should be supplied in such generous proportions.

Certain data from this experiment should be considered in this

connection.

It appears that the daily dige(stible protein in the ration varied

in the diiferent periods between 1.85 lbs. as a maximum to 0.41 as

a minimum. There was a corresponding, though not so wide, va-

riation in the urea nitrogen, and it is interesting to note the rela-

tion between the protein supply, protean metabolism and the

secretion of milk solids, as shown both by the figures and by the

diagram.

Relation Bktween Proteix Supply, Puotein Metabolism and Secretion

OF Milk Solids.

Digestible pro-
tein eaten daily.
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Fig. ]9.—Delation of Food Supply to Quality of M
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The extent of protein metabolism seems to be influenced mainly

by the protein supply rather than by the quantity of milk solids

secreted. When in the first periods the digestible food protein

varied between 1.42 and 1.85 lbs. daily and there was an increase

of body protein, the milk solids were from two and six-tenths to

three times the protein equivalent of the urine nitrogen, but when

the available protein in the food fell to 0.41 lbs. daily, so that the

animal's needs forced a body loss of 0.44 lbs. of protein daily, the

milk solids were four and two-tenths greater than the protein

broken down. In view of these figures, it is not easy to avoid the

conclusion that in some way the abundant metabolism induced

by a generous supply of protein in the ration had a stimulative

rather than a constructive (building) function in its relation to

milk secretion.

The Relation Between the Food and Quality of the Milk.

The evidence on this point is incidental to the main purpovse of

the experiment, but is none the less emphatic.

Changes were made in the rations in three ways: (1) By de-

creasing the fat in the food from about the usual quantity to

practically none; (2) by producing wide variations in the protein

supply and nutritive ratio; and (3) by producing wide variation.-?

in the supply of total digestible material.

Were there changes in the constitution of the milk correspond-

ing to any or all of the variations in the kind and quantity

of the food supply? A careful examination of the accompanying

graphic display (Fig. 19) of the amounts and kind of food eaten

and of the composition of the milk, during sixty-six days, does

not reveal any such relation. To be sure, when the ration was

changed from the normal to the extracted foods there was quite

a marked drop in the percentage of milk solids, but in a few days

the milk recovered its former richness. Neither a deficiency in

the protein of the ration nor a depression of the digestible nutri-

ents to about 5.5 lbs. per day caused the cow to produce poore:*

milk. The only apparent effect was in changing the quantity

of product. The percentages of milk solids and fat varied greatlv



522 Rrport of the Department of Animal Husbandry.

from day to day, usually without definite relation to any known

causes. This bit of experience does not establish a law, but is in

itself an event worth noting.

Total Milk Solids and Milk Fat.

In this experiment the variations in milk solids were due almost

wholly to changes in the percentages of milk fat. The corre

sponding rise and fall of the total solids and the fat, and the uni

form percentages of nitrogenous compounds are certainly remark-

able and are strikingly shown in the diagramatic chart (Fig. 20).

This is not a new observation, for it has been noticed repeatedly

that the fat of milk is its most variable compound in percentage

relations.



I. DIGESTION AND FEP:DING EXPERIMENTS.

W. H. JORDAN AND C. G. JENTKR.

SUMMAEY,

I. The New Corn Product.

The claim that the removal of the pith from corn stover modi

fies the composition and increases the digestibilrcy of the remain

ing portions of the stalk and leaves is not substantiated by inves

tigations at this Station, (a) The pith was found to be much like

the whole stover in composition. (6) In a trial with three sheep,

corn stover with the pith was only on€^-half of one per cent les-j

digestible than similar stovc-r without the pith.

II. Actual a.vd Calculated Digestibility.

In digestion trials with two fairly elaborate rations quite un

like in origin, the actual digestible matter closely approximated

in both cases to the quantities that were calculat'"*d by the use of

figures from feeding tables representing the average composition

and digestion coeflScients of similar materials.

III. Comparative Value of Rations from Unlike Sources.

In an extended feeding trial with two rations in which the com

pounds that were the source of the digestible carbohydrates were

quite dissimilar, the ration containing the less fiber and a nitro-

gen-free extract richer in starch and sugar showed no superiority

over the other. Also by-products such as malt sprouts, brewer's

grains and gluten feed were successfully vsubstitnted for oats

and peas.

I. THE '' NEW CORN PRODUCT."

The cattle feeder is beset on every hand with new feeding

stuffs—new in name if not in kind. One of the latest of these is

"Marsden's Stock Food,'" otherwise called "A New Corn Product."

•Reprint of BuUeUn No. 141.



524 Report of the Department of Animal Husbandry of the

This is a finely ground product, a refuse from the utilization of

the pith of the stalk. The leaves are stripped from the stalk, thi.

pith is removed, and the remaining portion, or the outside of the

stalk, is ground into meal.

The attention of the writer was called to this food so long ago

as December, 1896, through an inquiry from a correspondent of

the New York Tribune, and in response to a request from the

Agricultural Editor of that paper, the following statement wa-i

made:

" Meal which is made by grinding dry corn stalks has entirely

the same food properties as the corn stalks themselves, the only

possible advantage being that the animals are saved from chewing

them; and also because of its fineness the meal may possibly be

a little more digestible than the stover. There is no real merit in

this meal which gives it any superiority over hay, corn stover

or silage in so far as these latter materials are eaten and thor-

oughly masticated."

Since the above statement was made, this new product has re-

ceived considerable attention, notably by two bulletins from the

Maryland Agricultural Experiment Station* and by an article in

the Country Gentleman'^ from Hon. Edward Atkinson.

The important general conclusions which Patterson draws front

the Maryland Experiment Station work are that (1) the '' New
Corn Product ' is more digestible than corn stover even if finely

ground, and that (2) this product may be successfully substituted

for other rough fodders and hay in a fattening ration and in feed

ing horses. Patterson's discussion of his data leans to the view

that the presence of the pith actually depresses the digestibility of

the other parts of the stover, and he offers as a reason for this the

wholly hypothetical explanation that the pith so freely absorbs

the digestive juices as to leave a quantity insufficient to act eflB-

ciently upon the other poTtions of the plant.

Atkinson discusses this new food from the economic side, but

bases much of his reasoning upon what he seems to regard as two

established facts, viz.: that the pith of the corn stalk is practi-

•Nos. 43 aid 51.

tissue December Ifi, 1897.
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cally pure cellulose and that its presence depresses the digesti-

bility of the other portions of the plant by absorbing ^' the saliva

and the gastric juices, thus clogging the intestines ."

All that has been said in regard to the great saving that would

result from a complete utilization of the entire corn product, grain

and stover, can be entirely accepted by every person well informed

in cattle food matters.

The supreme importance of maize in animal husbandry and the

availability and high food quality of every portion of the plant

when properly harvested do not need to be established by further"

investigation. These are now facts of common knowledge amon;^

well-informed farmers.

Any process, therefore, which tends to a completer utilization

of maize stover should be heartily welcomed. It is the opinion of

the writer, however, that whatever benefit may accrue to agricul-

ture from the Marsden process, in so far as it touches cattle feed-

ing, will come wholly from the saving in a useful form of a val-

uable food material which is now largely wasted. No conclusive

evidence seems to be yet secured that this '' New Corn Product

"

possesses unusual food properties, or those which differ in any

way from well cured, well prepared corn stover.

There are serious doubts whether the corn pith is so greatly

unlike the remainder of the plant that its removal materially mod-

ifies the composition or digestibility of the portion that is left, and

the hypothesis that this pith retards or prevents digestion by

absorbing and holding the gastric juice (to say nothing of the

intestinal juices) is so far too nearly guesswork to have much

weight, and may be as far from the truth as the assumption that

the pith is " pure " cellulose. The chances are that the " New
Corn Product " is nothing more or less than ground corn stalks in

all the essentials that pertain to digestibility and lo food function

or value.

This question is of sufficient importance, however, to make it

desirable to secure evidence concerning the points under dis-

cussion, and for this reason this Experiment Station has been

investigating the matter somewhat.
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The Experiments at this Station.

In order to show that the removal of the pith froto maize stover

is beneficial from a food standpoint it must be demonstrated that

the pith either contains compounds directly injurious to the ani-

mal or that in its absence the remaining portions of the plant are

moi"e fully utilized than would otherwise be the case.

Certainly the compounds in the outside stalk and leaves are

not in any way changed by the presence or absence of the pith.

This investigation was directed to two points, therefore, viz.:

(1) the composition of miaize pith as compared with the rest of

the plant, and (2) the effect of removing the pith upon the digesti-

bility of the leaves and remainder of the stalk.

The Relation in Weight of Different Parts of Maize Stover.

About 200 lbs. of well-cured, bright corn stover, all of which

came^rom the same lot of corn, was selected for the experiment.

The leaves and husks were first stripped from one-half of eack

bundle and then by the use of instruments specially made for the

purpose the pith was removed from the stalks.

The following are the weights of the several parts in the air

drv condition:

Weights and Proportion
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Composition op Corn Stover.
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This analysis of maize pith does not furnish any reason why
its removal from the stover should be favorable to increased

digestibility, or why the pith itself should not be nearly as di-

gestible as the remainder of the stalk, leaves and husks.

The Comparative Digestibility of Maize Stover with

AND Without the Pith.

It was deemed essential that in order to get reliable evidence

on this point the materials compared should be entirely alike in

origin and treatment. The well known variations in digestibility

caused with coarse fodders by the conditions of growth, the period

of harvesting and the manner of curing, demand that this prob-

lem shall be studied with the use of stover from a single lot of

corn, harvested at the same time and cured in the same manner.

The lot of stover used satisfied all these requirements.

As before stated, the pith was removed from one-half of each

bundle of stover, the other half remaining in its ordinary condi-

tion. These materials were ground in an iron feed mill, not to so

fine a condition as is the case with the New Corn Product but

sufiSciently so to allow very thorough mixing and sampling.

Four young healthy wethers were selected for the digestion

experiment. They were fed 600 grams of material daily. The

preliminary period of feeding occupied eight days and the feces

were collected during five days.

The composition of the stover has already been given and the

other essential data are shown in the tables which follow.
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The comparative digestibility of the stover with and without

the pith is more readily seen by bringing together the coeflScients

showing the average results.

Digestibility op Corn Stovkr.

Stover with pith ...

Stover without pith

Dry
matter.

Per cent
53.5
55.1

Organic
matter.

Per cent.

56.7
57.2

Per cent
16.6
20.5

Per cent.

64.3
62.7

Nitrogen-
free

extract.

Per cent.

56.8
. 56.6

Per cent.

76-2
72

We do not have here any evidence that the removal of the pith

of the maize plant materially increases the food value of the

remaining portion. One sheep digested more from the stover

containing the pith and two digested less, the average being not

greatly different in the two cases.

The real test of the digestibility of a feeding stuff is the digesti-

bility of the organic matter, because in the case of such materials

as eorn stover the accidental mineral matter is a modifying factor.

One-half of one per cent more of organic matterwas digested from

the stover without pith than from that with pith, a difference so

small as to be well within the limits of eri*or of such work.

It is fair to observe that in Patterson's trials the stover and

ground products had a similar origin only in one instance, and

that in ascertaining the digestibility of the whole stover like that

from which the New Corn Product was made, the coefficients

obtained for dry matter differed 8.5 per cent with the two animals

used, a fact which detracts somewhat from the value of the data.

11. THE CALCULATION OF THE VALUE OF RATIONS.

During the past fifteen or twenty years farmers have had their

attention directed to the so-called feeding standards, which they

have been urged to follow more or less closely in making up

rations for various purposes. In order to ascertain whether any
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given ration approximates to a desired standard it is necessary to

determine the amounts and proportions of digestible nutrients

which the proposed mixture of foods contains. A knowledge of

the exact composition and digestibility of the feeding stuffs to be

used is not possible, usually, certainly not in ordinary practice,

and the computation of the amounts of digestible compounds

must be based upon the average composition and digestibility of

similar materials. It is assumed that figures reached in this way
are sufficiently accurate for all practical purposes.

The compounding of rations from a variety of foods to cor-

respond to certain standards, as usually done, involves another

assumption, viz.: That a pound of digestible material, carbohy-

drates for instance, has a uniform value no matter what its

source.

Probably well-informed agricultural chemists do not assent io

this statement, and doubtless they are agreed that this assump-

tion is possibly an element of weakness in the effort to compound

equivalent rations from greatly different mixtures of feeding

stuffs.

Much of the doubt on this point pertains to the nitrogen-free

extract. Great uncertainty exists as to the relative nutritive

value of the sugars, starches, pentosans, cellulose and other com-

pounds, some of which belong to the hexose group, K)thers to the

pentose, etc. We do know, however, that there is a marked

variation in the proportions in which these carbohydrates and

other compounds are found in the nitrogen-free extract of feeding

stuffs, especially when the coarse fodders are compared with the

cereal grains.

Moreover, the protein of cattle foods is a collective name for a

mixture of nitrogenous compounds and there is good reason for

believing that N x 6.25 does not always represent the same nutri-

tive value, as for instance in roots, in green crops and in the oil

meals.

It is proper to inquire, therefore, to what extent these possible

variations of composition and food values of different com-
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pounds of the same class may cause actual differences in the rela-

tive eflSciency of two rations combined from unlike foods, but

similar in aimount of digestible material and nutritive ratio when

calculated on the basis of average composition and digestibility.

The writer is not aware that any comparison has so far been

made of the calculated and the actual digestibility of rations, nor

between the nutritive effect of the two rations with especial refer-

ence to the points which are discussed in this connection.

The Calculated and the Actual Digestibility of Two
Rations.

Two rations quite unlike in origin were selected for an experi-

ment by this Station. In one the proportion of timothy hay was

large and the grains were entirely by-products. In the other

corn silage was freely used and the grains were entirely ground

oats and ground peas. The hay, silage and oats were home

grown and the other materials were of the usual commercial

grade. Without knowing the composition of these feeding stuffs,

the digestible nutrients they would supply were calculated from

the averages of feeding tables.

Average Composition and Digestibility of Certain Feeding Stuffs.
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Th'e calculated digestible niitneuts iii two rations, based upon

the toregoing figures would be as follows:

Digestible Nutrients in Contrasted Rations.

Carbohydrates.

Bation 1.
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Constituents and Amounts op Rations Compared.
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These coefficients can be more easily seen by bringing them

together as averages.

Average Digestibility of Rations.

c
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Digestible Nutrients in Two Rations as Calculated and as Actually

Determined.
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THE RELATIVE NUTRITIVE EFFECT OF RATIONS FROM
UNLIKE SOURCES.

The main reason why a unit of digestible material from unlike

sources may not have a fixed food value has already been dis-

cussed, viz.: the great variations in the character of the protein

and nitrogen-free extract. For instance, in the grains, the nitro-

gen is almost wholly albuminoid, and the nitrogen-free extract is

largely starch, while in coarse fodders and roots, much of the

nitrogen may come from amid compounds and the nitrogen-free

extract contains a generous proportion of pentosans and other

bodies not so well understood. Even among the grain foods

there are important differences of this kind. Certain of the com-

mercial feeds are residues of the manufacture of beer, glucose

and starch from the cereal grains, the starch of the barley and

corn having been largely extracted. This results in a concentra-

tion of the nitrogen compounds as a whole, and of the nitrogen

free compounds that are not starch or sugars. May these un-

doubted differences have an appreciable influence upon the nutri

tive effect of two rations?

The two rations under discussion in this connection were

selected for a feeding experiment because they illustrate the

facts we are now considering. We have shown that they con-

tain practically the same amounts of digestible material with

very nearly the same nutritive ratio. The actual compounds in

the two rations are in part quite unlike, however. It is well

to call attention, in this connection, to the fact that the hexose

sugars and the starches as found in cattle foods possess certain

characteristics that distinguish them from any other of the com-

pounds which make up the nitrogen-free extract. The sugars

either require no changes through digestion in order to be di-

rectly absorbed into the circulation, or only a change from one

sugar to another, while starch, through the action of diastatio

ferments easily suffers complete hydrolysis to one form of sugar.

In other words, these carbohydrates are readily and wholly
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transformed, without waste, into a sugar which is completely

absorbed into the blood. It is true at least that repeated trials

have failed to reveal the presence of either sugar or starch in

the fecal residue, which indicates complete solution and absorb-

tion. Other compounds which contribute to the so-called digest-

ible carbohydrates, such as cellulose and pentosans are digested

in part only, and we are not able to declare whether that which

is digested serves the purposes of nutrition as eflSciently as the

hexose sugars and the starches. The writer has been inclined

to regard the high comparative value of grain foods as partly

explained by the kind and not wholly by the proportion, of com

pounds digested.

The percentage of total sugars and starches was determined in

the several materials that were used in compounding the two

rations previously given. AH the carbohydrates soluble in an

extract of malted barley grains were assumed to belong to these

compounds in Rations 1 and 2.

The Starch and Sugar in Certain Feeding Stuffs.

^1

17
45-49

20
21
16
18
19

Timothy hay
Corn silage
0;.tS

Pe:i8

Malt s|)if)uts

Brewer's grains
Buffalo gluten feed

In Water-Feke Materials.

Total
nitrogen free

extract.

Percent.
51.9
55.3
65.3
63.5
49.2
43.8
59

Soluble in
malt extract.

Percent.
15.7
26.4
50.3
53.9
22.9
12.9
37.1

Insoluble in
malt extract.

Per cent.

36.2
28.9
15

9.6
26.3
30.9
21.9

Per cent
nitrogen free

extract
notHtarchand

sugar.

Percent.
70
52.3
23
15.1
55 5
70.5
37.1

After having carried our analyses to this point it is possible

to calculate the amounts of these two classes of nitrogen-free

comx>ounds in Rations 1 and 2.
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Starch axd Sugar in Rations Compared.

Dry matter
fed.

Percentage of
starch and

sugar.

Amount starch
and sugar fed.

Bation No. 1.

Timothv hay
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It appears that in Ration No. 1, 64 per cent, and in Eation No.

2, 42 per cent of the digested '' carbohydrates " consisted of

starch and sugar.

Of the nitrogen-free extract not starch and sugar. 37 per cent

and 42 per cent were digested in the two cases, the amount being

nearly twice as much in Ration No. 2 as in No. 1. In Ration

No. 1, 20.7 per cent and in Ration No. 2, 80.2 per cent of the

digestible carbohydrates came from the fiber. From a theo-

retical point of view, when we consider that the pentose sugars

formed maybe less assimilable than the hexose,and that cellulose

digestion may in part be due to destructive fermentations, it is

reasonable to admit the possibility of unlike nutritive values for

a unit of digestible material from these two sources; but the

demonstration of this fact, if it be a fact, is a difficult matter.

and must be secured through some kind of experiments with

animals. A large difference in the value of twr rations may be

shown, perhaps, by ordinary feeding trials, but small differences

may be obscured by the errors to which such experiments are

subjected. The experiment subsequently described should not

be regarded, therefore, as furnishing evidence of the highest

character. This experiment was planned because of a desire to

learn whether the milk-producing capacity of a ration is modified

by the sources of the digestible compounds, other conditions be-

ing uniform.

The Experiment.

Rations similar to Nos. 1 and 2 in the kinds and proportions of

fodders and grains were used in an experiment with ten cow'S

selected from the Station herd. Some of the animals were in the

early stages of lactation, and none of them were so far advanced

as to endanger the reliability of the data.

They were not all fed the same quantity of food, but the weight

of the ration varied with the appetite, size and production of tb/~

several cows,

35
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The preliminary feeding began February 25 and the experi-

ment was concluded on May 10. This time was divided into

two periods, and the ten cows into two lots. During the first

period Lot 1 was fed Ration No. 1 and Lot 2 Ration No. 2. In

the second period this order was reversed. All the necessary data

were recorded, such as the weights of foods, the weights of the

animals and the weight and composition of the milk. The com-

position of the foods and the digestibility of the rations have been

stated on previous pages.

The maximum rations fed were those previously given:

Constituents and Amounts of Rations Compared.

Ration No. 1. Ration No. 2.

Timotliy hay 5 pounds. 15 pounds.

Corn silage 40 pounds. 25 pounds.

Oats, ground 5 pounds.

Peas, ground 6 pounds.

Malt sprouts, dried 2 pounds.

Brewer's grains, dried 3 pounds.

Buffalo gluten feed 3 pounds.

These rations, as before stated, were modified in quantity to

suit the needs of the different animals, the proportions of the sev-

eral materials being maintained unchanged.

Without stating the data in full detail, we give herewith the

important part in a condensed form, showing the amount of each

food and of the digestible matter which each cow ate and the

yields of milk and milk solids.
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C^UANTiTiEs OF Food Eaten.

Weirhta
of

co\v«.

Hay.

First period—30 days, March 2 to April 1.

Ration 1

—

Lot I. j Lbs.

Neth. Constaneu 1,072
Rachel 1,068
Myra 1 96.5

MaiitonBelle ' 1,057
Barbara Allen ....! 1,032

. Ration 2—Lot 2.
\

Beantv Pledge
|

1,101
Betsey lOtb 1,320
Dinah 924
Junietta Peeileas 964
Couutes3 Flavia

I
814

Lbs.

L,087.4

1,080
L,074.7
L,200
L,045.7

750
647.7
674.9
748.5
547.3

Lbs

146.8
134
133.5
1.^)0

129.9

447.9
392.5
.360.7

442.3
317.7

Second period—33 days, April 8 to May 10.

Lbs.

330
300
330
300
291

240
210
202.3
221.2
176.7

Ration 2—Lot 1

Neth. Constance
Rachel
Myra
Manton Belle
Barbara Allen

Ration I—Lot 2

Beauty Pledge
Betsey lOtb
Dinah
Junietta Peerless

Coun tess Flavia

1,090
1,117
977

1,098
1,081

1,095
1,324
919
975
825

772.6
742.5
741.8
825
735.7

1,320
1,184.5
1,183.6
1,318.3

426
425.2
297.9
493.3
392.8

165
147.3
140.1
163.7
125.3

214.1
231
226.1
263.9
203.2

361.5
330
260.7
3.52.1

277.2
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Digestible Matter Eaten.
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Digestible Matter Eaten and Milk Solids Produced.

Neth. Constance.
Rachel
Myra
Mantoii Belle
Barbara Aileu...

Beauty Pledge.. ..

Betsey 10th
Dinah
Juiiietta Peerless.
Countess Flavia..

Totals, 5 cows in 63 days
Daily average, 1 cow
Digestible nutrients for 1 lb. milk solids.

Ration 1.
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Moreover, a much larger percentage of the digestible dry mat-

ter of the ration was supplied in timothy hay and silage in Ratioi'

2 than in Ration 1, the proportion being about 70:55 in the two

cases, but as has been stated, no evidence appeared that Ration 2

was inferior to the other. Such an outcome is encouraging to

those farmers who wish to avoid the purchase of cattle foods by

feeding largely of home-grown fodders and purchasing sparingly

of such grains as are best calculated to supplement hay and

silage.
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REPORT OF THK DEPARTMENT OF ANIMAL

HUSBANDRY.

PART IL

I. ALFALFA.-^

W. p. WHEELER.

SUMMARY.

Alfalfa is not suited to all kinds of soils, and is probably not

hardy much north of the central portion of this State. It is, how-

ever, a plant of such decided value that it is well worth a trial in

any locality where there is a fair prospect of its growing.

ALFALFA.

Since the publication of a bulletin in November, 1894, in

which were stated results accompanying the feeding of alfalfa

at this Station, this fodder has constituted during two more

summers a larger or smaller part of the rations for milch cows.

The favorable opinion then expressed concernin.ti alfalfa has been

strengthened by the further experience. Many rations contain

ing this fodder have been as efficient and economical as those

used in the fourteen feeding trials reported in the bulletin, and

the good crops obtained each year warrant a recommendation of

its more general trial.

The chief value of alfalfa for this State lies in its excellence

as a soiling crop. In palatability it ranks high, and is not in-

ferior in this respect to corn. It is readily eaten by all farm

•Reprint of BuUetln No. 118.
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stocJ^. Three or more cuttings can be had in a season. It fur-

nishes a fodder rich in nitrogenous matter, and is well consti-

tuted to supplement our great fodder crop, Indian corn, which

is, both in the grain and entire plant, somewhat lacking in this

essential class of constitutents.

Alfalfa has proved a reliable crop at this Station for several

years, although on soil apparently not best suited to it, and, while

not hardy enough to endure the winters of some portions of the

State, it has never been winter-killed here except on small areas

where water remained on the surface over little depressions of

the field.

HiSTOEY.

This plant, under the name of lucerne, is said to have been

introduced into New York State nearly eighty years ago, but

its value was apparently recognized by very few until alfalfa,

which was brought into California from South America thirty

years later, proved such a marked success in the West. Possibly

this was because the alfalfa, early taken to Mexico, from there

carried to western South America, finally to California, and from

there elsewhere, became more thoroughly acclimated; for the

alfalfa from the West is said to be hardier and to grow larger than

the lucerne from Europe.

Alfalfa, or lucerne [Medicago sativa), is probably a native of

the valleys of western central Asia, and has been in cultivation

for a long time. It was introduced into Greece by the Persians

in 490 B. C. It was highly esteemed and largely grown by the

Romans, and later cultivated by the natives of southern Europe.

It was, in the time of the conquest, carried by the Spaniards into

Mexico under the Arabic name of alfalfa, the one then commonly

used in Spain.

Characteristics.

Alfalfa is a perennial—the root living many years. The an-

nual upright and branching stems when cut do not sprout,

but die back to the crown, where new shoots start and grow

rapidly. TTie roots extend much deeper than those of most

plants, and alfalfa is, therefoire, not obliged to feed altogether
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near the surface. In fact, although nodules or excrescences

caused by the micro-organisms are common on the roots near

the surface, there are few of the small fibrous roots except at

the greater depths reached, where they are abundant. This indi-

cates a power of deep feeding. At the same time alfalfa re-

sponds readily to a top dressing of fertilizers, and abundant rain-

fall or surface irrigation is necessary to assure the largest crops.

Old plants, will, however, make a fair growth in times of drought

seriously affecting many crops. The normal root seems to be a

single long tap root running to the depth of three or more feet

before dividing into branches which run to greater depths of

even twelve feet or more, although they will not extend below

the permanent water table, nor more than a few inches into the

permanently saturated soil.

Alfalfa is often able to adapt itself to soils where the roots

cannot extend deeply, and plants transplanted when young, off

which the tap roots have been cut at the depth of less than a

foot, have endured well.

Under favorable conditions the yield of alfalfa increases up

to three or four years, and good crops follow for ten years or

more. Often, however, such grasses as c^uack and June grass,

and plantains, dandelion and similar weeds spread over the field

to the increasing injury of the crop, although many weeds are

subdued by the frequent cuttings. Ordinarily it will pay to plow

up the field after about six or eight years. Sometimes the al-

falfa appears able to hold its own indefinitely. A small plat

seeded to alfalfa about twelve years ago still gives two or three

good cuttings each season, although it has been densly over-

grown with grass for several years, and probably for the whole

time. There was never more than a very scattering stand, but

there appears no decrease in the number of plants.

Average Yield,

The average of five crops of four cuttings each obtained at

this Station during the three past years was over seventeen tons

of green fodder per acre. This was from fields one to three

years old.
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Crops in Different Years.

There was cut in 1894, from a field of 2.3 acres seeded in 1890,

a total per acre of 28,085 pounds green fodder. The total dry

matter was 7,406 pounds, containing 1,119 pounds of protein, of

which the albuminoids constituted 899 pounds. The first cut-

ting was in June, beginning on the 1st, the second was begun

July 28th, the third September 8th, and the fourth October 15th.

The first crop was a very heavy one, the second much lighter,

and the last two were very light. The season was very dry.

There was cut in 1894, from a field of 1.3 acres, seeded in 1893,

a total of 33,803 pounds. The dry matter was 8,116 pounds, con-

taining 1,660 pounds of protein, of which the albuminoids consti-

tuted 1,278 pounds. The first cutting was in May, commencing

on the 11th. The second cutting begun July 9th, after very dry

weather; the third begun September 1st, after severe drought,

and the fourth on October 18th.

There was cut in 1895 from the field of 1.3 acres seeded in 1893,

a total of 37,129 pounds. The dry matter was 8,666 pounds, con-

taining 1,452 pounds of protein, of which the albuminoids con-

stituted 1,120 pounds. The first cutting began May 15th, the

second June 15th, the third July 30th, and the fourth on Septem-

ber 9th. The last crop was light, and others all good.

There was cut in 1896, from the field of 1.3 acres, seeded in

1893, a total of 34,991 pounds. The dry matter in the crop was

8,527 pounds, containing 1,522 pounds of protein, of which the

albuminoids constituted 1,167 pounds. The first cutting began

May 27th, the second June 29th, the third August 13th, and the

fourth on October 1st. The last crop was light, the others all

good, the first and third being the heaviest.

There was cut in 1896, from a field of about one and one-

(luarter acres, seeded in 1895, a total of 36,514 pounds. The dry

matter in the crop was 7,461 pounds, containing 1,302 pounds

of protein, of which the albuminoids constituted 1,054 pounds.

The first cutting began May 12th, the second June 13th, the

third July 22d, and the fourth September 8th. The second crop

was the lightest, although containing more dry matter than the

last. All were good.
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Occasionally, when conditions are favorable, quite a crop can

be cut the same season the seed is sown. In 1895 there was

cut from a field of about one and one-quarter acres, seeded in the

spring, a total of 13,558 pounds. The dry matter was 3^330

pounds, containing 548 pounds of protein, of which the albu-

minoids constituted 416 pounds. The field was cut twice. The

first cutting began July 9th, and the second August 26th.

Food Value op Several Fodder Crops.

In order to show the high feeding value of the alfalfa from

an acre, the average product obtained at this Station during the

three years past is stated in the following table in comparison

with the food supplied by several of our best common fooder

crops. The average of the five alfalfa crops was 34,104 pounds

of green fodder, or 8,035 pounds of di'y matter, containing 1,411

pounds of protein, 1,103 pounds of this being albuminoids.

Food Value of Fodder Crops.
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parison the average composition of the mature fr^esh corn fodder

fed during the last three seasons is also stated."

Alfalfa Cor...

Moisture, per ceut 75 . G 73

Ash, per cent 2.1 1.2

Crude protein, per cent 4.4 2.3

Albuminoids, per cent 3.4 2

Crude fibre, per cent 6.5 5.3

Nitrogen- free extract, per cent 10.

1

17.1

Crude fats (ether extract), per cent 1.3 1.1

Soil.

Alfalfa grows well on varying kinds of soils, provided the

subsoil is open and porous. The most favorable soil is a rich,

somewhat sandy loam, warm and friable, with a deep and loose

or gravelly subsoil, well supplied with lime. A dense clay or

hardpan subsoil is most unfavorable. Although a. rich soil is

of course the best and gives the largest crops alfalfa sometimes

does unexpectedly well on poor, gravelly land.

The plant consumes much water, but will not survive long

in a saturated or flooded soil, and much w^ater in or on the

ground during winter is fatal. If water stands for any con-

siderable time within a few feet of the surface the crop will be

injured.

Food for the Plant.

An abundance of lime in the soil is especially desirable, and

much iron is injurious. The plant is a heavy feeder and will

not be productive on soils deficient in plant food. It is a legu-

minous plant and can obtain nitrogen not available to many

plants, although it responds ({uickly to applications of nitrog-

enous manures. The extent of its power to obtain atmospheric

nitrogen is not certain, but it is important to utilize it so far

as possible and feed the crop mainly potash and phosphoric

acid.

Improvement of Soil.

Although so rank a feeder and large producer alfalfa is less

exhaustive to the soil than many plants of lighter producing

power. Where the crop is fed on the farm, as it should be, and
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the manure returned to the hmd, there is a very noticeable in-

crease of fertility, which may be made more permanent by

moderate applications of potash salts and phosphatic fertilizers,

which are well paid for by the increased yield.

In the west the great improvement in fields where alfalfa has

been grown is a commonly recognized fact, although the crop is

not always fed on the field. Improvement, however, cannot be

lasting when plant food is continually removed. Much of the

plant food left in the soil has been brought from an unusual

depth. The stubble and roots of manure growth contain, on an

acre, of the essential fertilizing constituents, an amount ithat

would require about thirty-five dollars to purchase. The me-

chanical condition of the soil is also left improved when an

alfalfa field is broken up. A crop of alfalfa virtually deepens

the soil and extends the feeding ground of subsequent crops.

Seeding.

The seed should not be sown unless the soil has received care-

ful thorough preparation, for it is very important to secure a

full and uniform stand, especially if hay is to be made. The

seed should be sown in the spring, after danger of severe frost

is passed, and when the ground would be considered in the best

possible condition for planting garden seeds. The treatment of

the field for the preceding season should have been such as to

have most effectually subdued all weeds, and caused the sprout-

ing and destruction of any seed in the ground. The seed should

not be sown with grain, but alone, although a good catch is some-

times secured when sown with oats, only about half the usual

quantity of grain being used. If sown with grain the young

plants are likely to be killed by the sun after the grain is cut.

It is best to sow about thirty pounds of seed per acre to in-

sure a full stand. Some consider twenty pounds of seed ample.

If the seeds were evenly distributed, and all would germi-

nate and grow there would be several times the number of seeds

necessary in this smaller quantity to produ(;e a thick stand

But all conditions of soil, moisture and seed cannot always be
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favorable, and it is well to sow liberally. An uneven stand is

very unsatisfactory. An even stand, where the plants are sev-

eral inches apart, will give as large a crop as a much thicker

stand, but generally where hay is made, a thick stand is desired.

The seed should be covered, but the covering of soil should

be as thin as possible, except on very light soils in a dry time.

Although several methods of sowing the seed have given good

results at this Station, the method usually foliov»'ed has been to

sow the seed broadcast and follow with a very light or brush

harrow. Sometimes a very successful method is to drill in the

seed and harrow very lightly across the drill marks. Sometimes

simply rolling after broadcast sowing is desirable.

It will not pay to sow late in the summer. June sowing is

perhaps as late as should be risked. The young p'ants are hardly

able to endure the winter until they have had several months

growth, although mature plants appear able to withstand very

cold weather if the soil is not wet. The first winter is the hard-

est.

Seed.

Pure seed is essential. Only bright, plump, clean seeds should

be sown, for shrunken seeds may produce weak and worthless

plants. The seed resembles that of red clover, but is larger.

Fresh seed has a greenish-yellow color, but afler it has been

kept in the light for a time it becomes reddish brown. Good seed

retains it« vitality several years if kept under favorable condi-

tions.

The presence of the seed of narrow leaf plantain it is of vital

importance to avoid. This is a long brownish seed, like a diminu-

tive date seed, and is easily detected without the aid of a glass

by any one familiar with it.

Early Treatment.

In order to check the growth of weeds a mowing machine can

be run over the field of young alfalfa with the cutting-bar raised

to avoid cutting near the crowns of the young plants. If the

clipping is not too heavy it can be left on the field, and will serve
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as a mulch during the dry weather. On rich soil sometimes two

crops can be secured the first summer, but on poor soil, or in a

dry season, no crop can be expected until the second year.

Established Fields.

Alfalfa should be cut every time it begins to blossom, whether

the growth is short or tall, unless a seed crop is desired. The

second crop of the season is better for seed than the first, probably

on account of the greater number of insects that assist in fertil-

izing the blossoms.

The chief value of alfalfa, before stated, is as a soiling crop

to be cut and fed fresh. From a field in area suited to the

number of animals to be fed, there can be obtained a fairly regu-

lar succession of cuttings of green fodder. By cutting each day

across the field there will be, by the time the field is cut over,

a new growth where the first cutting was made. The field that

will produce ample fodder during the dry weather of late sum-

mer will yield an excess during the more favorable weather of

spring. This surplus can be made into hay—for the crop should

always be cut when the purple blossoms show. The first crop

of the season will, as a rule, prove much the heaviest if allowed

to reach full development, the later cuttings being light. For

this reason it may often be found preferable to begin the first

cuttings when the fodder is rather imature, in rhis locality early

in May.

Pasturage.

Alfalfa is not a safe pasturage for cattle a'ld sheep, for it is

liable to cause bloat. Where cattle and sheep are allowed to eat

all they will, the fodder should be allowed to wilt before it is fed.

Horses and pigs can be pastured on alfalfa, but by pasturing

heavy animals, many of the crowns are broken by the hoofs and

the plants are injured. Sheep cut off the crowns too close to

the ground. When used to supplement dry pastures it is best

to cut the fodder and carry it, when wilted, to the nearest place

where it can be fed.
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Silage.

Alfalfa silage compares well in chemical composition with

clover and similar forms of silage. It is said to usually have a

disagreeable odor and taste, although it is freely eaten by cattle.

No experiments in the use of alfalfa silage have been made at

this Station. The green fodder has been in such continual de-

mand for feeding that not enough has been available at any time

to fill a silo. Alfalfa, like clover, would require more careful

packing and a greater depth of silo for best results than is neces-

sary for corn.

Hay.

Alfalfa hay is an excellent fodder. It is palatable and very

nutritious. Experience and good judgment are required, and

much time and care are necessary, to make good hay. If handled

too much when dry all the leaves and small Stems are liable to

fall oft", and if not thoroughly cured it is liable to mold and mil-

dew. The hay will not shed water well, and stacks, when left

long, should be well covered. Hay caps are often of great serv-

ice. The hay suffers much deterioration in feeding value by ex-

posuTe toi rain.

The leaves constitute in weight about half the plant—from

forty to sixty per cent. Sometimes the loss of leaves and small

stems amounts, with careless handling, to much more than half

the weight of the crop. The ordinary loss with careful handling

in about one-fifth or one-sixth. The leaves contain from three to

four times as much protein and fat as the stems, and more

starchy substance, while the stems contain three or four times as

much woody substance as the leaves. It can be understood from

this that the best part of the crop may be lost unless great care is

taken. As the ash content of the leaves is also very high, the

surface soil is enriched by their decay, but their great feeding

value is lost.
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IT. FEEDING EXPERIMENTS WITH CHICKS AND
CAPONS*

THE RELATIVE EFFICIENCY OF WHOLE AND GROUND
GRAINS AS COMMONLY FED

W. p. WHEELEK.

SUMMARY.
A ration consisting mostly of the ordinary ground grain foods

and containing no whole grain was more profitably fed to chicks

than another ration consisting mostly of whole grain and con-

taining no ground grain.

Capons from the one lot afterward made a somewhat cheaper

gain in weight on the whole grain ration, but the grain was too

slow to compensate for the more rapid growth which had been

made, as chicks, by the lot having the ground grain ration.

Of two other lots of capons, those having the ground grain

ration made the more profitable gain during several months.

In every trial more food was eaten when the ground grain was

fed than when the whole grain was fed.

Neither the chicks and capons having only the whole grain

nor those having only the ground grain showed any lack of health

and vigor.

INTRODUCTION.

A number of experiments have been made at this Station to

obtain information concerning the economy of feeding ground

grain to poultry. The results from several of these tests with

laying hens were published in Bulletin No. 106. The results of

some other feeding experiments made at that time with young

chicks and with capons seem of interest enough to warrant sepa-

rate publication in this bulletin, for many inquiries are made

concerning the relative advantage of feeding groun<i and whole

grain to young stock.

* Reprint of BuUetin No. 126.

36
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GENERAL CONSIDERATIONS.

While opinions have differed somewhat among poultrymen in

regard to the manner of feeding and form of grain to be used,

the different grain foods have almost necessarily, as a rule, con-

stituted much the greater portion of all rations. In common

practice there is a considerable saving of time and labor by feed-

ing whole grain; and when it is necessary to insure exercise, as

with laying hens and breeding stock, whole grain can be fed to

good advantage. But by-products, much cheaper than whole

grain, and, if desired, much more nitrogenous, are usually avail-

able for part of the ground grain rations. If the food consists

largely of the whole grains which can ordinarily be obtained, it

is not possible to secure a ration as nitrogencus as is by many

considered essential.

As generally found, then, rations in which whole grains largely

predominate will, unless special effort is made to prevent, have

wider nutritive ratios than rations containing much ground grain.

The difference is more pronounced whenever certain by-products

are used and animal meal mixed with the ground grain.

So in general practice a change from '* whole grain " to " ground

grain " or vice versa, involves also considerable change in chem-

ical composition of the food.

RATIONS FED.

In the feeding experiments here recorded only ordinary foods

were used and such foods omitted as would make a pronounced

difference in the chemical composition of the rations. There

were, however, some of the usual differences in composition, al-

though in much less degree than ordinarily occurs. An attempt

to avoid any difference would have prevented the use of many

common foods and this was not desired.

STOCK USED.

Two lots of chicks were fed for three months during the sum-

mer and four lots of capons for about seven months during the fall

and winter. The two lots of chicks were hatched in incubators
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and reared in out-door lamp-brooders. They were taken from two

hatches, from which many of the chicks were used for other pur-

poses, and, although the two lots were entirely comparable, the

chicks in each lot varied a week or more in age. They were

of several breeds, the Light Brahma, Dark Brahma, Buff Cochin,

Partridge Cochin and some of Cochin-Game cross. The records

of feeding and of growth were kept from the time the chicks were

hatched until they were three months of age. The cockerels were

then caponized and were fed during the winter. The pullets were

also fed the contrasted rations for a while, but were too few in

number to make the results satisfactory, and were not carried

through.
FOODS.

The grain food for one lot of chicks. No. I, consisted from the

start entirely of ground grain, and that for lot No. II, entirely of

whole or cracked grain. Both lots were fed skim milk freely.

Lot No. I had dried blood. Lot No. II had cut, fresh bone, all

the chicks would eat, twice a week, and what dried blood they

could be induced to eat with the whole grain. Of these animal

foods not enough was eaten, however, to bring the amount of

nitrogen in the whole grain ration entirely up to that in the

other. Each lot was kept on a small enclosed grass run, sur-

rounding the brooder, from which their green food was obtained.

In some preceding experiments it had been found that the dry

matter of the green food eaten by the chicks was so small that

its consideration would not affect the averages for short periods.

The cost also of the green food was so small as not to appear in

the average estimates, but only in the aggregates for long periods.

For this reason, although green food is of great importance in

feeding, account of it does not appear in the data which follow.

The grain mixture. No. I, fed to the chicks, consisted of two

parts by weight of corn meal, two parts of wheat bran and one

part each of wheat middlings, old process linseed meal and ground

oats. The mixture. No. II, fed to the capons, consisted of ten

parts by weight of corn meal, two parts wheat bran, and one part

each of wheat middlings, ground oats and ground barley.
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Chemical Composition.

The grain mixtures and other foods averaged in composition as

follows

:

Composition of Foods.

Crude
fats.

Grain mixture No. 1 .

.

Grain ujixturc No. 2 . .

Oat meal (•4raiiulate(l)

Ground oats
Corn meal
Wheat
Corn
Barley
Oats '.

Dried blood
Skim milk
fresh bone

Water.



New YoiiK Agricultural Experiment Station. 565

(M i-H CO 03 IM CO CC -O IftlO

To! p'ooT'.o^" 00 le^coco^^coco^co^^co^..

e A 1 1 s p u 11 o d
001 qoBa joj Xsp
jad pooj aajj-jajBAV

:'<J<t-t-tOC0I<l-*mt-COlft'-l

^ l^ lO CO •^' -H O d C3 00 t-" t-^ CO l»

ui ninS punod
9110 JOJ paoinsaoo
poo J eajj-aajBAV

•pouad Sntjnp
jjoiqo j^d aqSiaAi
ui niB3 aaeaaAV

K ic CI :<i GO lO CO x CO 00 •-< uo -^

2 CO oi c^i i-I CO c<i CO ci CO -* CO oi CI

* t~ to 00 -* CO 'i* I

Od 1-H iM CI M CO CO •

Ol^B.! SAP
-u^na ajBuuxo.iddv

c-tceooo'-Dco cocj'-ic^ieoeo

(M <-i CI CI Cq (M CO <M C^ Ift CO 10 lO

•jC^P jad pooj
JO 'JSOO i«lox

•XbP .lad pooj
eajj-ja^B.ii

aiBinixojddv

ofo H< lo CO 00 ci ci -r lo >n t- lO Ioooo o

o5r:-rj(cot- cixci'-i'-i-^cot--

Qo ' ' '.-i^-^--cicicieqc<i

j^cooooo c- t-ci>o THcoifl
pooj tB}OX iS cm" 00 ^ <M '^ CJJ C^" ^ >0 ^ ^ t~^ M

0^'"^^^;5Jii(^,cv-,(Mcqco<Meo

^. ,(M-*-^^iot--coaoc^-^T-<

•pooiq paua

•jBain n.i03

Od -H ' ' 1-1 r-i i-I CI Cl 1-1 -H

j^iO^fH -* 00 t- CO -rff ,-( t- 00

)_; ',J-JrHC1COCOlO»f5>OCOt-

•s^Bo punojf)

•aiBjS paxijc

•SJioiqo JO .laqinnK

wcocococooot-iocot-eooo t-

Od >-< -H r- CI Cl C« Cl

i^oooococ;-^coMiM-<*co-^QO
^d'-i-ic^co-^iftcocodooGOO

•poi.iad JO Sum
-mSaq %v sjjoiqD

, ^
JO e3B aaT!J9AY | ^

t-t-cieoeo-rit-"*-'*-^-^-^-*

d 'i-JcieO'*»ocot^aoo>o^

B !s S
t^QOl'-t-t^t-t-t-t-t-t-t~t~



566 Report of the Department of Animal Husbandry of the

n\vS panod qoBa
10} pooj }0 isoo

.O « CD OJ «> I- t-- ^_ l> lO 00 <M t~

•P9J
}q3[9M. 9A1I 'isqi

001 qo«8 .loj A'up

u\ niwS punod
aao joj patun^juoo
p o o J aajj-jai^Ai

•pou^d Snunp

ui
' aivS »:SujaAv

OUBJ »AI}
•jJina'ejBuiiioJddy

•jS:«P J9d pooj
JO ISOD iwjox

iMi-^t^dodododt-co

-*-X)t-00l>«3Mt-O5t>(MlCi

CO lo lO la ic CO •* irt 'i* ic -^ CO >.o

^spjadpooj

oiutaixojddy

coro«3iooot-aot-c05:c<ioo<x>

O .-' rJ rH I^I .H (N

lftO0iC0TH,HlMM02in?D--IIM
I'^iot-^odococoi-HO'-IrHi-i-*
s -H rl r-H IM (M C<l CO CO CO

ujoo panovjQ

•jBaqAi puB
^BoqAi paJiOBJO

p95T?(naBJO

93{0}qo JO J9qnin>i

o
:

cscO'H'-^adt-^adaJt-^-^cw

!o im' M .-1

coco tC oq !M

^-q.t-t-comoieooocot--w03H<
iSo iHT-ic^ico-*-<i<»cmt-

^05 CO -dl i-H 05COU5COlf5

JO'HT-i(MC<J'-^C^05mQ0CDC0t>»

jOO C005<M t-r-J

?d r-l r-5 ' 1-1 'iH

(B «# (N Tj<

rtdrH
o

•poiJ9 ! JO Snm
-ui3eq 1« sjioiqD
jo' oSv eS«J9AY

^•-"t't-Ncoco-^-^-"*-^'^-^-

|d 'i-Iesico-<i<iocot>odo5d'

t-oot-t-t-t-t-t-t-t-t-t-t-



New York Agricultural Experiment Station. 567

.MOON -^W Mioeo 050000
'-.-^ la t~ so Oi <z> ^ oi CO n -^ in

THrH.-H00t-'-O00:OM(M OJ

Ma,
i8«1

oinoio

eg
IS^2

;
•* -^ ifl «i CO t- 00 35 d ^ im' CO in

;rHr-HCV100-*!fflQO CSIOOONCO
I

O

' ^ rH T-l r-J (m' n" eO

^di-Hi-ico-^mcDt-oooiOi-HMM

>-i iM e«5 CO r; in 00 t^coostfj

lO^Xlt-OOOTOT-IMtO-^-^iO

> -5^ -^^ ^ o

25

t--eocq 05—'(M ccrio5
di-icvicoco->*ddt-ooo505

i-(iHi-lrHe^(M(MC<JCCl

ITS CO 05 CO -^ e<3 •>* in 00 .-i co

>#ioiocot-ooo50i-ieo-«j<in

in iH (N CO "* CO 00 CO in 00 ^ 05 CO

JO -H r-l iH rH (M (m' (m' CO



568 Report op the Department of Animal Husbandry of the

Cost of Oil and Food.

The oil required by each brooder during the ten weeks that

they were heated amounted to 4^ gallons. Considering only the

cost of oil and food, the cost of the gain in weight made by Lot

No. I during the three months would be 3.98 cents per pound.

The cost of the gain made by Lot No. II would be 4.5 cents per

pound.
Relation of Food to Growth.

The food eaten during the three months by Lot No. I, having

the ground grain ration, contained 31.2 pounds more dry matter

than that eaten by Lot No. II and the gain in weight was 8.9

pounds greater. For every pound gain in weight made by Lot

No. I there were 4.56 pounds of dry matter in the food consumed.

For every pound gain in weight made by Lot No. II there were

4.4 pounds of dry matter in the food.

Cost of Food for Growth.

By Lot No. I one pound gain in weight was made for every 3.33

cents worth of food consumed. By Lot No. II one pound gain was

made for every 3.76 cents worth of food.

At the average weight of one pound the food had cost per

chick for Lot No. I, 3 cents and for Lot No. II, 3.7 cents. At the.

average weight of 1.5 pounds the food h«d cost per chick 4.9

cents for Lot No. I and 5.8 cents for Lot No. II. At the average

weigh! ;if 2 pounds the cost per chick for Lot No. I was 7.2 cents

and for Lot No. II 7. 3 cents. At the average weight of 2.5 pounds

the cost per chick for Lot No. I was 8.6 cents and for Lot No. II,

9 cents.

Rapidity of Growth.

The chicks in Lot No. I averaged one pound in weight at six

weeks of age and in Lot No. II at seven weeks of age. In Lot

No. I at ten weeks of age the average weight was 2 pounds and

in Lot No. II, 1.8 pounds.

Cost of Production.

Rating the cost of hatching (including the cost of eggs, etc.)

at the average cost found in former experiments, and considering

the cost of food and of oil for brooders, gives as the total cost per
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chick at twelve weeks of age lo.3 cents for Lot No. I and 15 cents

for Lot No. II. The average weight per chick at this age for

Lot No. I was '2.[) i)ouiids and for Lot No. II, 2.G pounds. In

the -accompanying tables will be found stated the "total cost''

at different ages and weights. This total cost represents only the

cost of eggs, of hatching, of heating brooders and of food. It

does not account for labor or the rent of buildings or losses.

There was however in no lot during this experiment any loss from

disease. The chicks, and later the capons, remained in good

health throughout Under either ration.

FIRST EXPERIMENT WITH CAPONS.

The cockerels from these two lots of chicks were caponized and

fed these same contrasted rations during the winter. The records

of feeding are given in the following tables calculated to the

average per fowl for periods of two weeks.

Loss Due to the Operation.

During the first period recorded all the birds in each lot were

caponized ; but notwithstanding this temporary disadvantage the

average gain made for the period was a good one and at little cost

for food. The average loss in weight per fowl caused by the

necessary fasting and the operation was a little less than 11 per

cent, not quite one-half pound each. The twelve capons in each

lot were kept in one pen until January 1, and eight were fed in

each lot for the rest of the winter.

Relative Food Consumption.

During the first few weeks the ground grain ration had some-

what the narrower nutritive ratio and for the remainder of the

feeding trial somewhat the wider ratio. The food eaten during

the six months by Lot No. I having the ground grain ration con-

tained 52 pounds more dry matter than that eaten by Lot No. II,

but almost exactly the same total gain in weight was made; the

gains being 81 pounds and 80.6 pounds respectively. After Janu-

ary 1 the gain in weight was slow and there was very little differ-

ence in the amount of food consumed. For the first 16 weeks
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fpom September 10 to December 31 most of the difference in food

consumption for the trial occurred. For this time the dry matter

in the food was about 50:5 pounds more for Lot No. I and the

gain made by this lot exceeded that made by the other by about

2.5 pounds.

Gain in Weight and Food Required.

From September 10 to December 31 Lot No. I having the

ground grain ration gained one pound in weight for every 6.5

pounds of water-free food consumed, and Lot No. II having the

whole grain ration, gained one. pound for every 6.0 pounds of

water-free food. During the six months Lot No. I made a pound

gain for every 8.06 pounds of water-free food consumed and Lot

No. II one pound gain for every 7.45 pounds of water-free food.

Cost of Food for Gains Made.

For the first four months the cost of food for each pound gain

in weight made by Lot No. I was about 7.2 cents and for each

pound gain made by Lot No. II 6.9 cents. For the six months

the food cost per pound gain made by Lot No. I was 8.6 cents and

for that made by Lot No, II was 8.3 cents.
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Age and Size Related to (Iains.

Although the birds in one lot were of the same age as those in

the other, the average size at the start was greater with Lot No. 1,

for the chicks in Lot No. I had grown the faster. The average

weight of the cockerels at the start was about 3.9 pounds in Lot

No. I and 3.7 pounds in Lot No. IL A difference in weight was

generally maintained until the capons were fully grown, the

average weight of 10 pounds being attained much sooner by Lot

No. I, and also the average weight of 11 pounds several wc-eks

sooner than by Lot No. II.

While the gain was made much of this time at less cost by the

capons having the whole grain ration it was made by birds of

smaller size; and although by capons of the same age a gain was

made at less cost per pound under the whole grain ration it was

not the case with birds of equal size.

In this feeding experiment, as in others, the cost of any in

crease in weight was greater as the birds approached maturity,

the most profitable gains being made by the young birds under

four pounds in weight.

Cost at Different Ages.

At five months of age the food from hatching for each bird in

Lot No, I having the ground grain had cost 35.5 cents and for

each bird in Lot No, II 34 ce^nts; but the average weight was 8.1

pounds in Lot No. I and 7.5 pounds in Lot No, II. Up to 6^

months of age the average cost for food was, for Lot No. I, 54

cents and for Lot No. II 52.2 cents; but the average weight at this

age was 10 pounds in Lot No. I and 9.5 pounds in Lot No. II.

In the accompanying tables will be found stated the cost of

food up to different ages and weights.
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SECOND EXPERIMENT WITH CAPONS.

Two other similar lots of capons were also fed these conti-'asted

rations for about five months. These were from a lot of young

birds that had been hatched under hens and grown by the ordi-

nary methods. The food and care had been alike for all until

after the cockerels were caponized and separated for this feeding

trial. The capons were of the same breeds used in the trials just

reported. Record of feeding was not begun until some days after

the cockerels were caponized. There were 12 capons in each lot

until January 30, and then 8 for the rest of the trial. At the

beginning of this trial the capons in the two lots averaged exactly

alike in weight, a trifle less than 5^ pounds each.

Rations.

Lot No. Ill was fed the ground grain ration like that fed to

Lot No. I, and Lot No. IV was fed the whole grain ration like that

fed to Lot No. II. With both rations the nutritive ratio was nar-

rower at the commencement of the feeding trial and wider toward

its close. The average nutritive ratio was the same for each lot.

Relative Food Consumption and Gain.

During the whole time of feeding, Lot No. Ill having the ground

grain ration consumed 13.4 pounds more water-free food than Lot

No. IV having the whole grain ratiop and gained 12 pounds more

in weight. Lot No. Ill made one pound gain for every 8.3 pounds

of water-free food consumed and Lot No. IV made one pound gain

for every 10.1 pounds of water-free food.

During the last 8 weeks there was very slow increase in weight

with both lots. During the first eleven weeks Lot No. Ill con-

sumed 15 pounds more water-free food and made 3 pounds more

gain in weight than Lot No. IV. One pound gain was made for

every 6.8 pounds of water-free food by Lot No. Ill and one pound

gain for every 6.9 pounds by Lot No. IV. The cost of food for

each pound gain made by Lot No. Ill was 7.2 cents and for Lot

No. IV. 7.8 cents.
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GENERAL REMARKS.

In these feeding trials all the fowls remained in good condition

throughout, the capons as well as the young chicks, and no differ-

ences were noticeable in the general vigor. The birds in the two

lots were fed from hatching up to weights of from 10 to 14 pounds

each at ten months of age, the one lot having had no whole grain

and the other lot no ground grain, without any difference being

apparent except in the amount of food eaten and rapidity of

growth.

At the prices of foods assumed for the season 1896 (mentioned

on page 564) the ground grain ration gave the greater profit in

general. There was a somewhat more profitable gain made for

several months by the one lot of capons with the whole grain

ration, but the birds were enough longer in reaching marketable

maturity to make the profit greater with the contrasted lot.

The rations which contained only the ordinary foods, showed

some of the usual differences in composition, but these differences

were much less than usually exist betw^een rations of whole and

ground grain.

The capons marketed after the close of the feeding experiment

sold readily at retail in the local market for 20 cents per pound.

The loss of weight in dressing was small, being almost entirely

due to the fasting necessary to empty the crop. At this price

there was a good margin over the cost of food under either ration.

The accompanying illustration is from a photograph of a number

of these capons ready for market.
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THE OUTLOOK iOIl THE SUGAR BEET
INDUSTliY*-f

W. H. JORDAN.

SUMMARY.

The following faots may be regarded as favorable to the snc-

cessful j>roduction of beet sugar:

(1) The experience of 1897, so far an a single season can show,

api)ears to demonstrate that our cliniatic and soil conditions are

adax^ted to the growth of beets which are satisfactory in quantity

and quality of yield.

(2) The cultivated lands of central and western 2»ew York may

be so managed as to comj>ete ^ith any in the United States in

those lines for which they are adax>ted.

'.3j The ability of the American farmer to take uj> a new enter-

prise successfully is a heljiful factor. American inventive genius

may also be relied ui»on to provide implements necessar-y to cheap

cultur-e.

(4j At i»resent there is an unlimited home market at good

jirices for all the sugar that can be produced; but it cannot be

definitely known how long this condition may la.st.

lo) An added cash croj* yielding fair returns is most desirable

for our farmers.

The following facts must also be considered in connection with

those preceding:

a) To cultivate a plant so sensitive in regard to its content of

sugar as the sugar beet requires such careful attention to details

as is demanded by no other crojj commonly grown on our farms.

•A reprint, larz^y, frcra an article ki tie C^^wntry GtntUm<in, I>ec. 30, l^??.

-partial r€j»rliit of EiilletJn Ko- i^.
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(2) There is danger of regarding exceptional yields as repre-

senting the average. An average of 12 tons of beets an acre for

the first few years may be regarded as a fair average, if we are to

judge by results secured in other places.

(3) There is danger that capital may be inefficiently directed

in the erection of factories, as this is a line in which our eastern

business men have had no experience. Beet-sugar manufacture

should be entered upon with great caution and only after exhaus-

tive study of the problems involved. Farmers should be cautious

about taking stock in factories, unless the men who control the

enterprises are personally known to and trusted by them.

(4) The question of home and foreign competition must not be

ignored. Strong competition will come from the Pacific States

until their soils become exhausted. We shall be brought into

competition with the lower wages paid in Europe, if at any time

the strong sentiment existing in favor of free sugar comes to find

expression in tarifi' regulations.

Taking all facts into consideration, farmers may not expect to

realize unusual profits for any long period of time from the grow-

ing of sugar beets. The crop promises to become one which will

give satisfactory returns to those w^ho learn to grow it success-

fully.

FAVORABLE CONSIDERATIONS.

The forecasting of the future of any new industrial enterprise

is a difiicult matter. This is so because the conditions affecting

production, manufacture, competition and market prices, which

are sure to prevail for any length of time, cannot be definitely

known; and the discussion now going on throughout the entire

State of New York relative to the establishment of beet sugar

factories in our midst deals with the usual number of indefinite

factors.

The situation is such, however, that all who attempt to influ-

ence the public opinion should take a conservative position ia

this matter, one that will be justified by future events.

There are some facts which are regarded as favorable to a suc-

cessful production of beet sugar. The experience which has been
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gained in the season of 1897 certainly indicates that our soils and

climate are favorable to the growth of beets which are satisfac-

tory in quantity and quality. Of course figures in great variety

have been reported from a large number of experimental plain,

varying from very low yields to those which are suspiciously

high. The experience on the Station farm this year in the culture

of two acres of beets indicates that by proper methods the best

farmers may possibly produce in favorable seasons from 15 to 18

tons of high grade beets. The average crop will doubtless be

considerably below this. It must be confessed, however, that

one season's experience is not enough upon which to base final

conclusions.

It is unquestionably true that the cultivated lands of central

and western New York are capable of a high rate of production

of almost anything which is adapted to the conditions there pre-

vailing. These lands, managed by intelligent farmers, may com-

pete with any in the United States, and this is entirely favorable

to success in growing sugar beets, after it is established that the

conditions are suitable to this crop.

The capacity of the American farmer is cited as an evidence of

his probable success in whatever he undertakes. This is, cer-

tainly, a strong argument. In intelligence, industry and capacity

to master the details of new methods, even expert methods, he is

not excelled by the farmers of any civilized country. We mi\j

expect, moreover, that the inventive genius of American manu-

facturers will meet the farmer half way in providing the imple-

ments necessary to cheap culture.

The enthusiastic advocate of this new enterprise claims the

certainty of an unlimited market for the sugar. It is true that

we now buy from eighty to a hundred million dollars' worth of

beet sugar from France, Germany and other countries, and so

long as a protective tariff places the foreign producer at a disad-

vantage, we may reasonably expect to be able to sell at fair prices

all the sugar we can produce for some time to come. Regarded

with reference to the immediate future, this argument appears to

have weight. The doubt here lies with the continuation of exist-

ing conditions.
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It will be an undoubted gain, too, if we can add another cash

crop to those which we already regard as yielding fair returns for

the labor expended and a moderate rental for the land. Crops

which find a steady sale at living prices are needed by the Ameri-

can farmer. Every new, successful crop also tends to prevent

overproduction along other lines.

THE OTHER SIDE.

There are many facts to be considered on the other side of this

question, which, while not necessarily arguments against an at-

tempt to produce and manufacture beet sugar in this State, never-

theless are worthy of the most careful attention.

In the first place, the sugar beet is a highly bred plant, sensi-

tive, so far as content of sugar is concerned, to the conditions

under which it is grown. The farmers who cultivate it success-

fully must be those who are willing to adhere faithfully to defi-

nite, careful methods. This does not mean that a minority of our

farmers will not succeed, but that the average results are almost

sure for a time to be disapfpointing,and it is average results which

will determine the success of the business when broadly con-

sidered. Beet-sugar factories cannot be maintained unless the

average experience of farmers in the growth of this crop is satis-

factory.

We are greatly elated over the high percentages of sugar which

have been found in New York beets this season, but we must

bear in mind that high quality and a large production, as some

regard production, are not consistent.

Some samples which have been sent to this Station for analy-

sis have been accompanied by a statement that the crop of beets

produced was at the rate of thirty tons per acre. It is probable,

either that the method of estimating these crops was not a safe

one, or that the beets were not properly grown. Erroneous and

greatly excessive figures are very likely to result from computa-

tions based upon the theoretical possibility of growing a certain

number of a certain size of beets per acre, or from the weight of

a short section of a row of beets. Nothing short of the weighing
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of the entire actual product from a fairly exteriHive area will

give safe figur^rrs.

The yield this year on the Station farm from a two-acre field

was at the rate of sixteen and a quarter tons pf^r acre, which

quantity, after cutting off the toj) of the beet in the manner re-

quired at the factory, and making due allowance for dirt, was

considerably reduced. This field of beets was on some of the best

land the Exi>eriraent Station farm contains, and was ^ven thor-

ough cultivation and the best of care. The sugar content in this

crop was very satisfactory.

It is significant that during the j>ast five year-s the average pro-

duction in Belgium, and also in Germany, has varied from about

eleven to approximately thirteen and a half tons per acre. To be

sure these are averages, and while averages are not a measure of

what the best farmers may do, they are the standards by which,

as before stated, the success of a business must be gauged. We
should not expect the American farmer to do much better than

the Euroj>ean farmer, where this industry has for a long time

existed, esi^ecially at first. New York farmers, if they enter upon

the i>roduction of sugar beets, will have occasion to congratulate

themselves, if, for the first two or three years they reach an aver-

age of twelve tons of high grade product per acre. This is not

necessarily a condemnation of the business.

We must remember still further that it is necessary for the

farmer and the manufacturer to be. mutually prosx>erous, and

there certainly are some facts which seem to warrant careful

consideration, by the farmer, of the manufacturers side of th'-

business.

There is great danger that much of the capital which is likely

to be invested in this new enterpri.se will be inefficiently directed.

The manufacture of beet sugar is something with which ea.stern

bu-siness men have had no experience, and no careful .study of

means and methods will take the place of the knowledge which

comes from experience. Disasters to capital which may cause

lo.sses to farmers are to be feared. It behooves business men,

therefore, to proceed with the erection of beet-sugar factories
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with great caution and only after the most exhaustive study of

the problems involved.

Doubtless farmers will be invited to invest in beet-sugar fac-

tory stock. They will be told not only that the stock will be

profitable, but also that it is their duty to share in the risks.

They should be very careful in this matter. If the professional

boomer appears among them, they should give him a wide berth.

He may be resourceful in plausible argument, and it may be hard

to resist the fascination of his apparently sound reasoning; but

unless the farmers resist his appeals, history will repeat itself,

and shares of worthless stock will be very widely distributed

among those who cannot afford to suifer the loss. This does not

mean that under certain other conditions farmers may not wisely

own a share of the factory. If local business men of unquestioned

integrity and sound business judgment take the lead in the new

enterprise—men who as the directors of banks and other financial

organizations have won the confidence of the community by their

successful and honorable methods—^then perhaps the farmer may

as safely entrust his money to them in this enterprise as in some

others.

In discussing this matter we should ignore neither home nor

foreign competition. The immense factory which Spreckels is

erecting in the West to be sustained from cheap western fertility,

is a significant beginning. Certainly if beet-sugar production and

manufacture are at first unusually profitable we may expect to

see this industry rapidly develop to a condition of the usual com-

petition.

Prof. Brooks, of Massachusetts, has recently pointed out the

fact that we can hardly compete with the lower wages paid in

foreign countries, but he failed to note that the necessary fuel

and limestone are much cheaper in the United States than in

France and Germany. Probably European producers will have

no advantage over us so long as we have a protective tariff, but

we know how strong a sentiment there is in this country in favor

of free sugar, and political revolutions are likely to make changes

in the tariff conditions affecting this commodity. It seems prob-
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able, though, that the existence of a new industry in the early

stages of successful development might modify or prevent legis-

lation that would otherwise take place.

There is, however, a law of compensation operating in the

world's industries to which we must give proper weight. We
cannot safely leave out of account the rest of the world in esti-

mating what may be done through a period of years along any

line of production. It is a narrow view which only discovers that

we are not producing our own sugar.

CONCLUSIONS.

What conclusions, then, shall we draw from all these facts and

conditions? It seems very probable that farmers will not realize

unusual profits for any extended period of time from sugar-beet

growing. The facts appear to justify the belief, however, that

this crop may come to rank among those which for some time

will be regarded as giving satisfactory returns. It will be a

business of moderate profits and one that will not spring into

uninterrupted success. If it is a success at all, it will become so

by growth, through education and experience. Above all, the

manufacturer must guard the interests of the farmer, and the

farmer must be able to have confidence in the manufacturer, and

both must have a patient faith in the final triumph of intelligent

means and reliable, conservative methods of management.



11. THE STATION EXPEKIMENTS WITH SUGAR
BEETS.*

W. CHURCHILL.

SUMMARY.

(1) Soil used. The soil was a heavy clay loaiL., in good condi-

tion of fertility and cnltivation.

(2) Planting, cultivation and harvesting. The land was

ploughed and subsoiled 14 inches deep on May 7 and S. Commer-

cial fertilizer was applied at the rate of 950 pounds an acre. The

surface was given careful preparation and the seed sown on May

17 at the rate of 15 pounds an acre. About June 1 the rows of

plants were distinguishable and a hand cultivator was run

through them, which was soon followed by hoeing and partial

thinning. On June 15 a horse cultivator was used and the final

thinning commenced. This was followed by two more cultiva-

tions. Harvesting began September 22.

(3) Cost of crop. On a basis of wages commonly paid for labor,

the cost amounted to JJ75.S0 an acre; on a basis of cheaper labor,

the cost was $51.30.

(4) Yield. The yield was 32,548 pounds an acre or about IG:^

tons. For 1,000 pounds of beets, the loss of weight caused by cut-

ting off the crowns was 73 pounds; and the loss of weight caused

by washing off the dirt was 49 pounds. This would make a yield

of marketable beets equal to 15.1 tons an acre.

(5) Size and composition. The average weight was 12 ounces.

The beets contained 15.2 per cent sugar, equivalent to 16 per cent

sugar in juice, having a coeflficient of purity equal to 81.

(6) Influence of fertilizer. The yield was increased about 6

tons an acre by the use of fertilizer.

Partial reprint of Bulletin No. 135.
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SOIL, PLANTING AND CULTIVATION.

The field selocted for the experirnent with Mu^ar heet.H Ib a clay

loam bordering on what is usually termed heavy, having a ten-

dency to '* puddle " when overcharged with moisture, and to

cake or crust over when quickly dried by a hot sun and wind.

If not disturbed in times of drought it will soon seam or crack

open.

These features are characteristic of a large portion of the farm

lands of this section, and render the growing of small seed crops

more difficult and expensive than on sandy or porous loams.

From a farmer's point of view, this soil would be considered to

be in a good state of cultivation and fertility. The crops in the

rotation that have been grown on it during the i>ast ten years

have yielded fully up to, if not above, the average of the farm

lands in this section of the State.

The two-acre plat which was selected had been used for fertil-

izer experiments with potatoes in 1896.

On May 7 and 8 the land was ploughed and subsoiJed to the

depth of fourteen inches, and the surface was workwl down with

springtooth harrow, followed by a Thomas smoothing harrow,

and finished by rolling.

On May 11, after working down with the springtootli harrow,

and before smoothing, 9o0 i>ounds per acre of the following mix-

ture of commercial fertilizers was sown broadcast:

Sulphate of potash 2.yj poun^ls, T/) per cent K ^ O
Acid rock .^/j pounds, 14 p<;r cent P2O r.

Dried blood 2'/j pounds, 10 per cent N.

Nitrate of soda 2(Xj pounds, 1.5 per cent N.

Tot^l '.)-}{) pounds.

After the fertilizer had been sown and thoro'ighly worked in,

the ground was smoothed and rolled. A marker to be drawn by

one horse was then constrncted from an old corn marker so that

five rows could be lined out at one time, at a distance of twenty

inches apart.
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The teeth were fitted at the bottom with shoes about eighteen

inches in length and three inches deep, made from one and one-half

inch plank. These were fastened by cutting a notch out of the bot-

tom of the tooth one and one-half inches wide and about three

inches deep. Holes were bored through the teeth at right angles

to the shoes. Bolts passing through these holes and a correspond-

ing hole in the shoe fastened the latter and the tooth together.

The first plan for having the shoes work freely on the bolts as

pivots was modified by nailing beveled blocks or the back of the

teeth just above the shoes, making them stationary. The difficulty

encountered in the loose shoe was that when any resistance wa&

met by the forward part, it would tip down, and in digging into

the soil raise the rear end out of the ground, thus throwing the

whole marker out of line. After this change the marker, though

crude, worked to our entire satisfaction, making a mark about

one inch deep and two inches wide, which could be followed with

ease by the seeder.

After seeding six rows an unexpected and very heavy shower

of rain so saturated the ground that it was impossible to continue

the work until May 17.

It was a mistake to completely fit the entire plat before com-

mencing to sow the seed, for we were obliged to again harrow

and roll the ground before seeding could be resumed. The only

safe way is to prepare the ground as needed, thus avoiding the

extra expense of re-working after every rainfall.

Another mistake was made which was a source of annoyance

throughout the season. Because of haste to complete the seed-

ing as soon as possible, the small stones scattered over the plat

were not picked. While these did not affect the growth of the

beets, they were a hindrance in seeding, and, later, in the cultiva-

tion of the crop. It would have been economy in the end if they

had been removed. Any obstruction in the way of the seeder

will give it a jerky motion which will bunch the seed. The mo-

tion should be smooth and continuous in order to allow an even

distribution of seed. Later the stones interfered with hand and

horse cultivation and more or less with hoeing and thinning the

beets.
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The seed was sown with an " Improved Model " Mathews hand

drill. It was found that by attaching the ends of a rope to the

seeder, and fastening a short strap to this,maJj;ing a device similar

to a " breast collar " used in single harness, that two men, oae to

draw and the other to push and guide the seeder, could accom-

plish more than double the work of one man alone, and with

greater ease and efficiency. Doubtless seeders will be used that

will sow several rows at one time.

With the exception of six rows sown at an earlier date, two

men sowed the two-acre plat in eight hours. The only fault that

could be found with the seeding was the bunching of the seed in

places where small stones or clods were encountered by the drill,

causing it to slacken motion or to stop altogether. When this

happened, several seeds were dropped within a very small com-

pass, and before the seed commenced flowing again the machine

had moved along, leaving a space without any seed.

Fifteen pounds of seed were sown to the acre. The ground was

moist and in good condition for promoting quick germination,

and vegetation commenced in about ten days from the time of

seeding. About June 1 the plants were large enough for the

rows to be easily distinguished and the hand cultivator was

started, the machine used being a " Buckley," having several

combinations of blades.

The arrangement that was found to work to the best advantage

at this time was a broad V-shaped blade set in the center of the

frame in front, and two smaller ones set on the right and left sides

of the frame well to the rear of the machine. These latter are flat

pieces of steel sharpened on the edges, and made to form a right-

angle turned so that the points extend toward the center of the

row, and as they are about eight inches in length they nearly meet

in the middle, forming what is commonly termed a " a scarifier."

One advantage of this form of blade is that the crust can be

broken very near to the young plants without throwing the dirt

over them. Soon after this cultivation, hoeing and the first or

partial thinning were commencefd. For the work of partial thin-

ning the blades of ordinary hoes were cut down to four inches.
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By cutting across the row with such a hoe, bunches were left

which could be thinned, leaving the plants from six to nine inches

apart. At the same time the soil was loosened around the plants

and all of the weeds removed.

On June 15 the beets were cultivated with a one-horse Syracuse

harrow-tooth cultivator, and the final thinning commenced.

It was intended to have the beets left eight inches apart in the

rows. It was found necessary in some cases, however, to vary

these distances on account of the spaces left by the seeder, and in

order to preserve the strongest plants.

After the final thinning, the beets received another cultivation

to loosen the ground, as it had become more or less compacted by

rain and the passing of the men while thinning. After this but

one more cultivation with the horse cultivator was given, for the

beet tops covered the ground to such an extent that a horse could

not pass through without doing serious damage. The subsequent

hand labor was small, and would not have been considered

necessary by many growers, but in order to adhere to strictly

clean culture, men were sent through the field once to pull the

weeds that had escaped previous cultivation. This consumed

less than one day's time for two men, and at the time of harvest-

ing the crop the field was entirely clear of weeds.

HARVESTING AND RESULTS.

The harvesting of the beets began on September 22. Two

methods were tried; first, plowing three furrows for each row,

the third furrow turning out the beets, and plowing two furrows

for each row, after which the beets were pulled by hand. The last

named method seems preferable where the beets do not have too

long tap roots, because in the first method the small beets are

covered by the furrow and it is more work to uncover them by

hand than it is to pull them out when they are standing upright

and in plain sight.

As the beets were pulled out they were thrown in heaps, and

men followed aud cut off the tops. The harvesting, which in-

cludes pulling, topping and hauling, was found to be the most

expensive operation connected with the growing of this crop.
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It should be borne in mind that the very best of culture was

given throughout the season and no expense spared in either

hand or team labor, and that a liberal allowance has been made

in all cases wherever estimates were necessary. Some mistakes

were also made which were costly, and which can be avoided in

the future. On the whole, therefore, it is probable that these

figures err on the side of too great cost, and that with the

experience gained in this season's work, we can cheapen the cost

of growing an acre of beets quite materially.

In the table below we give the cost of growing one acre of

sugar beets, based on hand labor at |1.25 per day for hoeing and

thinning, and team at |3.50 per day; and on hand labor at |0.75

and team at $3.00

:

Cost Per Acre of Growing Sugar Beets.

Expensive
labor.

Fitting ground $7 00
Sowing fertilizei- 1 12

Sowing seed 1 25

Hoeing, thinning and weeding 23 43

Harvesting 24 25

Horse cultivation 2 OO

Hand cultivation 3 75

Seed 3 OO

Fertilizer 10 OO

Total .*?75 80

labor.
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1,000 lbs. was thoronghly washed and dried, after which the

crowns were removed.

Weight of beets taken 1000 pounds.

Loss by washing 49 pounds.

Weight of crowns 73 pounds.

Weight of washed beets without crowns 878 pounds.

At this rate the yield of topped, washed beets was 14 tons 577

lbs.; of topped, unwashed beets 15 tons 200 lbs. At |4 per ton

the returns per acre would not be over |60.

The shape of these beets was very satisfactory. With but few

exceptions, they were symmetrical and sent down a tap root to a

good depth.

The average size was rather small, being not over three-fourths-

of a pound. This was the result of close planting, as the average

distance between the beets was probably less than eight inches.

The beets grew wholly in the ground, no special precautions

being necessary to secure this result excejiting the subsoiling.

A careful chemical examination of these beets gave the following

results

:

'

Sugar in beets 15.2 per cent.

Sugar in juice 16 per cent.

Coefficient of purity 81

According to these figures about 12 lbs. of sugar could actually

be made from 100 lbs. of washed topped beets. This shows that

the yield of manufactured sugar from the Station farm would be

3,429 lbs. per acre.

An observation was made on the value of an application of

commercial fertilizer in sugar beet growing. The plat from

which the two acres of ground was measured for the experiment

recorded contained an additional area of four-fifteenths of an

acre. This ground was prepared with the two-acre plat and re-

ceived the same treatment, except that it was not fertilized in

any way. The seed was sown at the same time and the crop re-

ceived the same treatment, only that it was the last to be reached

in thinning. From the start a marked difference was noticed
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in favor of tlie fertilized jilants. The young plants did not vege-

tate so quickly on the unfertilized plat, and afterwards they were

not so vigorous as on the fertilized area.

The yield of beets on the unfertilized portion of the field was
between 7^ and 8 tons per acre, which shows that the fertilizer

caused an increase of at least 6 tons of beets. At four dollars

per ton this increase would pay for at least twice the amount of

fertilizer used.



III. COMMERCIAL FERTILIZERS FOR
POTATOES*

W. H. JORDAN.

SUMMARY.
In experiments on four farms including eight acres of land and

eighty plats, the production of potatoes from the application of

500 pounds, 1,000 pounds, 1,500 pounds, and 2,000 pounds of com-

mercial fertilizer per acre was ascertained.

(1) The use of 1,000 pounds of fertilizer per acre gave the

greatest profit. The slightly larger yield caused by increasing

this application to 1,500 or 2,000 pounds, cost in fertilizer ex-

pense considerably more than the market value of the potatoes.

(2) The fertilizer cost of the increased yield of potatoes where

500 or 1,000 pounds of fertilizer was used per acre was 20 cents

per bushel in those experiments that proceeded without unfortu-

nate conditions.

(3) The yield of tubers from the L, I. formula was somewhat

larger than from a formula compounded with reference to the

composition of the potato plant.

(4) The evidence obtained in these experiments concerning the

relative effect of the muriate and the sulphate of potash upon

the composition of the potato tuber is inconclusive.

(5) The proportions of the valuable plant-food compounds

found in the potato tubers were not influenced appreciably by

the amount or kind of fertilizer used.

INTRODUCTION.

The economical purchase and use of commercial plant food is

at present one of the very complex problems of Agriculture.

This is especially the case where intensive methods of culture are

followed and where the larger part of the materials needed for

the production of crops must be obtained from some source out-

side the soil.

Reprint of Bulletin No. 137.
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There are at least three important factors which should be

considered in an attempt to buy and use commercial fertilizers

with profit.

(1) The quantity of fertilizer to be applied should receive care-

ful consideration. Where a rapid rotation of crops is followed,

with severe cropping, this amount should not exceed that which

is necessary to secure the maximum profitable increase of the

immediate crop. The largest possible crop is not necessarily the

most profitable and a great excess of unused available plant

food, especially of nitrogen, at the end of the growing season

does not conduce to economy.

(2) The fertilizer should be purchased, so far as possible, with

reference to both soil deficiencies and the needs of the crop. As

a rule the soil is the controlling factor.

(3) The fertilizer applied should be one that will promote the

highest quality in the crop to be grown.

With our present knowledge it is easier to state these princi-

ples than to point out their application to specific cases, and

much of the experimental work now being conducted in the field

of plant nutrition is directed towards answering the questions

which relate to these fundamental considerations.

The farmers of Long Island are especially interested in all that

pertains to commercial fertilizers. In no part of New York are

these manures more largely purchased in proportion to the acre-

age of tilled land, and in but few localities do the conditions so

fully justify the very large money expenditure which this in-

volves. In the first place these farmers are in close proximity

to one of the world's largest markets, requiring an enormous

supply of market-garden and forcing-house products. Land so

situated must be worked intensively, which requires a liberal

and continuous use of manures. In the second place, much of

the soil in this locality does not possess great original fertility.

Its natural supply of available plant food is small, even with the

best of culture. Long Island farmers are obliged, therefore, to

go to the markets for a large part of the plant food which they

need in such generous quantities. An outlay of |800 to .fl.OOO
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for commercial manures on a fai*m of forty or fifty acres is not

unusual. It is probable, therefore, that in this locality there is

no direction which offers so promising an opportunity for the

practice of economy.

The Quantity of Fertilizer.

It is fair to inquire, first of all, whether the quantity of fertil-

izers which is used on Long Island farms is not often excessive.

In many instances as much as one ton of high grade superphos-

phate is used per acre. Potato growers often fertilize their land

at this rate. Is this profitable? The results of two years' experi-

ments reported by Dr. Van Slyke, in Bulletins Nos. 93 and 112,

indicate that it is not, when only the immediate crops are con-

sidered. In these experiments three quantities of fertilizer were

applied, viz., 1,000 lbs., 1,500 lbs. and 2,000 lbs. per acre and in

every instance the largest profits resulted from the use of 1,000

lbs. Slightly larger crops were obtained with 2,000 lbs. than

with 1,000 lbs. of fertilizer, but the greater yield from the former

quantity did not equal the greater cost. Moreover, the second

year's effect of the different quantities of fertilizer, although quite

marked, was practically the same with 1,000 lbs. and with

2,000 lbs.

These facts are not surprising when we consider the quantities

of plant food which are applied to the soil in one ton of fertilizer

as compared with the amounts of nitrogen, phosphoric acid and

potash actually removed by a fairly large potato crop. Assum-

ing that the tops are returned to the soil, the average of analyses

herewith reported shows that a potato crop of 200 bushels re-

moves from the soil about 36 lbs. nitrogen, 13 lbs. phosphoric

acid and 60 lbs. potash.

If the fertilizer used is made after the formula so commonly

in favor on Long Island, viz., 4 per cent N, 8 per cent Pa O5 and

10 per cent K2 O, the needs of the crop and the plant food suij-

plied by 2,000 lbs. would compare as follows:
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IXGKEDIKXTS APPLIED IX FKBTILIZEK AND REMOVED BY TCBERS.

I Kitrogen. "'^S'^'^ Potash.

Pounds. Tounis. Pounds,

Contained in fertilizer ^J 16m 200

Ktmoved by tubers '^^j 1-^ ^^J

Excess in fertiliz«ir 44 147 140

Of conrse much larger crops of potatoes are sometimes raised,

but it would seldom be the case that the increase of crop over

what the soil would produce with no fertilizer would exceed 200

bushels. In fact that is probably more nearly an average total

crojj, and when we take into consideration what the soil itself

will furnish of plant food, it becomes a serious question, even if

considered wholly from the theoretical standjioint, without the

aid of experimental evidence, whether the constant addition to

the soil of such an excess of the valuable manurial ingredients is

profitable. It is certainly of the highest imjKjrtance that farm-

ers shall learn the truth in regard to this matter.

EXPERIMENTS ON LONG ISLAND.

The Experiments now in Progress.

The ultimate effect of any system of fertilizing the soil cannot

be ascertained without a long and continuous series of observa-

tions on the same x^iece of land. It is entirely possible that while

the application of a ton of fertilizer per acre would not be war-

ranted by the returns from a single crop, the larger returns

throughout an entire rotation might justify it. In view of these

facts, the x>resent series of fertilizer experiments has been

planned with reference to their continuance for a jieriod of years

sufficiently extended to form the basis of .safe conclusions. The

X>ossible large errors in plat experimentation are clearly recog-

nized, but it is believed that with the precautions which are

taken to minimize these errors they certainly cannot obscure any

important effect of a particular system of manuring the land.
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The Questions Asked of the Experiment.

The main object of this experiment is to get information in

regard to the profitable quantity of fertilizer to be used, but there

are certain incidental problems which may be studied in connec-

tion with the main one without diverting the work from its chief

purpose.

Three questions are asked, therefore:

(1) What is the profitable amount of commercial fertilizer to

apply in potato growing?

(2) Shall we apply plant food in the proportions used by the

potato plant or in some other?

(3) Is the sulphate of potash preferable to the muriate for use

in growing potatoes?

The Fertilizers Used.

The purposes of this experiment require the use of four differ-

ent mixtures of fertilizing materials, the ingredients and actual

composition of which are given below.

Formula No. 1.—This formula is supposed to contain plant

food in nearly the proportions used by the entire potato plant

excepting that the phosphoric acid is in considerable excess; and

was mixed as follows:

Potato Formula A.

Ingredients. Composition.

Nitrate of soda 192 pounds. Nitrogen 6.6 percent.

High grade dried blood SOO pounds. Available phos. acid 4.75 per cent.

Acid phosphate 570 pounds. Potash 10.31 percent.

Muriate of potash 400 pounds.

Land plaster 38 pounds.

2000 pounds.

Formula No. 2.—This formula was intended to contain the

same percentages of the three ingredients as Formula No. 1, the

only difference being that the potash is supplied as the sulphate

instead of the mutriate.
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Potato For.iiuLA B.

Ingredifiits. (Composition.

Nitrate of soda 192 polinds. Xitrojren G.5 per cent

High grade dried blood SOOpi-unls. Available phos. aciJ 4.9 percent.

Acid phosphate STOpoundis. Potash 10.1 percent.

Sulphate of potash. . . . 400 pounds.

Land plaster 38 pounds.

2000 pounds.

Formula No. 3.—This formula is an imitation of the one so

commonly followed by clubs of farmers on Long Island who pur-

chase their fertilizers on the cooperative plan.

L. I. FOBMULA A.

Ingredients. Composition.

Nitrate of soda 127 pounds. Nitrogen 3. 8 per cent.

High grade dried blood 440 pounds. Available phos. acid 8.0 percent.

Acid phosphate 1000 pounds. Potash 10.4 percent.

Muriate of potash 400 pounds.

Land plaster 33 pounds.

2000 pounds.

Formula Yo. 4-—This formula is similar to No. 3, except that

the potash is supplied as the sulphate instead of the muriate.

L. I. FoBiirxA B.

Ingredients. Composition.

Nitrate of soda 127 pounds. Nitrogen 4 percent

High grade dried blood 440 pounds. Soluble phos. acid.. 8.4 percent

Acid phosphate 1000 pounds. Potash 9.2 per cent

Sulphate of potash. . . . 40O pounds.

Land plaster 33 pounds.

2000 pounds.

It was intended that approximately one-fourth of the nitrogen

furnished by these mixtures should be nitdc, and three-fourths

organic nitrogen. The manufacturers who mixed the fertilizer

were also instructed that the phosphoric acid should be as largely

soluble as possible. The analyses of the four mixtures showed

that these conditions were secured.
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The Area and ARRANGEMEisfT of Plats.

The total area under experimental treatment is eight acres,

divided into eighty plats of one-tenth acre in size.

This area is distributed equally on four farms, the arrangement

of the plats and amounts and kinds of fertilizers being the same
in each case.

Fertilizers Applied on Plats.

Plat No. 1, no fertilizer. Plat No. 11, no fertilizer.

Plat No. 2, 5<)0 lbs., formula No. 1. Plat No. 12, 500 lbs., formula No. 3.

Plat No. 3, 1000 lbs., formula No. 1. Plat No. 13, 1000 lbs., formula No. 3*

Plat No. 4, 1500 lbs., formula No. 1. Plat No. 14, 1500 lbs., formula No. 3.

Plat No. 5, 200O lbs., formula No. 1. Plat No. 15, 2000 lbs., formula No. 3.

Plat No. 6, no fertilizer. Plat No. 16, no fertilizer.

Plat No. 7. 500 lbs., formula No. 2. Plat No. 17, 500 lbs., formula No. 4.

Plat No. 8, 1000 lbs., formula No. 2. Plat No. IS, 1000 lbs., formula No. 4.

Plat No. 9, 1500 lbs., formula No. 2. Plat No. 19, 1500 lbs., formula No. 4.

Plat No. 10, 2OO0 lbs., formula No. 2. Plat No. 20, 2000 lbs., formula No. 4.

Location and Management of the Experiment.

Land is leased of four farmers:

W. A. Fleet, Cutchogue; W. L. Jagger, Southampton; H. L,

Hallock, Jamesport; R. H. Robbins, East Williston.

Arrangements have been made with Mr. Fleet to give general

supervision to the experiments on all these farms; and with each

farmer, to do the necessary work.

The following directions for conducting the experiments were

placed in Mr. Fleet's hands:

Directions for Field Experiments with Fertilizers.

1. Select about two acres of land that Is as uniform in character as pos-

sible, and which has received no manure for several years (run-out land if

you have it).

2. Before the pUits are laid out plow the whole piece, and pulverize

thoroughly. ,

3. Make the size of each plat one-tenth of an acre.

4. Measure off the plats and drive permanent stakes at each corner,

leaving a strip of land two feet wide between the plats. If the land is

inclined, the length of the plats should be up and down the slope.

5. Number the plats from 1 to 20.

6. Put no fertilizer on plats 1, 6, 11 and 16, and no fertilizer on any plat

except that contained in the bags.
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7. Put the fertilizers on the plats numbered to correspond to the num-
bers on the bags. Put bag No. 2 on plat No. 2, etc., etc.

8. Apply the fertilizers in the method which you have practiced.

9. Make the same number of rows on each plat, with the same number
of hills in each row if possible.

10. Put the same amount of the same kind of seed on each plat.

11. Plant the seed (or sow) on the same day on all the plats, if possible.

12. Cultivate the plats while the crop is growing, as nearly at the same
time as possible.

13. Spray the crop as needed to prevent insect and fungous pests,

14. Weigh the crop carefully on each plat—both grain and straw if

grain is sown, both corn and fodder if corn is planted (that is, find weight

of grain and straw separately) or both large and small potatoes,

15. Carefully report any misfortune to the crop on any plat, and keep a
record of the appearance of each plat.

Conditions Affecting the Experiments.

These experiments were subject to- certain unfortunate con-

ditions which rendered the results on at least two farms of less

value than otherwise would have been the case. In the first

place the seed proved to be somewhat inferior and as a result the

plants were tardy in establishing vigorous growth, being some-

what sickly in appearance at first. Later the dry weather, early

blight and the rot also entered as disturbing factors. These

several conditions, one or all combined, greatly diminished the

accuracy of the data from the experiments on Mr. Bobbins' and

Mr. Jagger's farms, so that conclusions derived from Mr, Fleet's

and Mr. Hallock's experiments are more reliable than the average

results from the four farms. The following data are important:

Crop preceding the experimental crop.— Experiment of W. A.

Fleet, corn stubble; H. L. Hallock, timothy sod; W. L. Jagger,

timothy sod; R. H. Bobbins, corn stubble.

Care of crop.—W. A, Fleet sprayed six times, H, L, Hallock

five times, R, H, Robbins twice, and W. L, Jagger once. All the

fields were well cultivated and kept free from weeds.

Groicth of vines.—Vines weak at first, some hills missing. On
July 3 vines green and healthy, excepting on farm of Mr. Robbins

where they seemed to have about finished growing and were

inclined to ripen.

August 7, vine growth improved, excepting on Robbins' field

where the vines were about dead.
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The fertilizers bad a marked effect on the size of the vines.

On the plats receiving 500 lbs. of fertilizer per acre they were 1^

to 2 times larger than on the plats with no fertilizer. Those from

1,000 lbs., 1,.500 lbs. and 2,000 lbs. of fertilizers per acre did not

differ in sizes and were about three times as large as on the

unfertilized plats.

In one instance the vines from the " potato formula " were

darker green than from the " L. I. formula " and in two other

cases the " L. I. formula " caused the vines to grow one-fourth

larger.

Prevalence of disease.—On Mr. Fleet's and Mr. Hallock's farms

the vines were healthy with very little blight or rot. Either dry

weather caused premature ripening of Mr. Eobbins' potatoes or

else the early blight killed the vines. Mr. Jagger's crop was

badly affected by rot.

Eesults of the Experiments.

In order to answer the questions asked of this experiment, both

the weight and coimipo'sition of the product must be known. In

the several tables of figures given herewith can be found a state-

ment of the yield of potatoes from the different mixtures and

amounts of fertilizers and also the content in dry matter, starch

and the important plant food constituents of the potatoes grown

by Messrs. Fleet and Hallock.

Table I. Yield of potatoes on tenth acre plats.

Table II. Average yield of potatoes per acre from different

amounts of fertilizer.

Table III. Partial composition of potatoes.
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Relation of Yield of Potatoes to the Amount op Fertilizer

Applied.

The figures given below show the average results from all the

experiments, and also from the two experiments, that, because

of the freedom of the vines and tubers from disease, and other

favorable conditions, proceeded in the most satisfactory manner.

Table IV.—Increase of Yield from Different Quantities of Fertilizers.

Number of
Plats Avkraged.
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It is interesting to note the relative yields from these two

mixtures, the essential differences between which is that the

former contains much more nitrogen and much less phosphoric

acid than the latter, the potash being the same.

Table V.

—

Eelative Yield from Potato Formula and Long Island

Formula.

AMOUNT
of fertilizer
per acre

None
500 pounds.

1,000 pounds.
1,500 pounds.
2,000 pounds.

Average ...

AVKRAQK OP THRKB ExPEillMKNTS.

Potato
formula.

Long
Island

formula.

84.8
99.3
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Table VI.—Financial Side of the Experiments.

Average of All.

AMOUNT OF fertilizer PER ACRE.

None
500 pounds.

1,000 " .

1,500 " .

2,000 " .

Acre value
tx)tal crop.

Dollars.

54.20
75.00
89.97
95.27
95.15

Valueincrease
from each 500
pounds fertil-

izer added.

20.80
14.97
5.30

Bushel cost of
potatoes from

each 500
pounds fertil-

izer added.

0.22
0.33
1.12

Average Hallock and Fleet Farms.

None
500 pounds

.

1,000 "
1,500 " .

2,000 " .

Dollars.

68.82
93.95
118.95
123-85
12,'^. 75

Dollars.

"'6'.26""

0.20
2.23
1.01

Note.—The cost of the fertilizer is assumed to be $25,00 per ton.

It is eyident that if we consider tlie first year's crop only the

application of one ton of fertilizer per acre, or even 1,500 pounds,

was considerably less profitable than the use of 1,000 pounds.

The fertilizer cost of the small increase of product caused by

applying more than 1,000 pounds of fertilizer was much greater

than the market value of the potatoes, even in this year of good

prices.

On the other hand the use of 1,000 pounds was very profitable,

the fertilizer cost of the increased yield on the Fleet and Hallock

farms being only 20 cents per bushel. Even if the merchantable

potatoes had been sold at 40 cents per bushel, there would still

be a reasonable margin of profit. It should be kept in mind that

these figures refer to the light soils and market conditions of

Long Island.

The Influence of the Potash Salts upon the Composition

OF the Potato.

Much investigation has been carried on to determine whether

a liberal application of muriate of potash has a depressing effect

upon the proportion of dry matter and starch in the potato. The



612 Report of the Department op Field Crops of the

testimonj so far secured is conflicting. In many cases the quality

of the tubers as expressed by the percentages of dry matter and

starch has been found to be lower with the use of the muriate

than where the sulphate was applied. In a recent number of Die

landioirtschaftUchen Versuchs-Statlonen, Pfeiffer and others re-

view the data bearing upon this point and give results from well-

planned experiments of their own. Their conclusions are that

the muriate free from other compounds has no injurious effect

upon the composition of the potato tuber, but that the depression

in the proportion of starch which has been noticed is due to the

impurities in the commercial potash salts, notably magnesium

chloride. These authors even claim that the addition of chlorine

to the soil may under some circumstances be beneficial to the

quality of the tubers.

The Proportion of Dry MATTEk and Starch.

About one bushel of potatoes was sent to the Station from each

one of the experimental plats on the Hallock and Fleet farms.

Tubers to the amount of about ten pounds were carefully selected

from each lot, w^ere sliced and dried at a temperature between

50° and 60° C. Determinations were made in each sample of the

dry matter, starch, nitrogen, phosphoric acid and potash. These

results are given in detail in Table III and are summarized in

the succeeding tables, Nos. VII, VIII and IX.
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Table VII.—Influence of the Potash Compounds upon the Amount op

Dry Matter ix the Potato.

AMOUNT
OF fertilizer
PER ACRE.

Hallock's Farm.
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Table VIII.

—

Influence of the Potash Compounds upon the Amount of
Starch in the Potato.
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Table IX— Proportions of the Important Elements of Plant-Food in

THE Fresh Tubers.
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The Utilization of Plant Food.

It has been noticed in some eases that the peroentages of cer-

tain plant food compounds taken up by a crop are increased by

liberal manuring. This does not seem to be the case in these

experiments as the figures in Table IX clearly show. Neither

the kind nor the amount of fertilizer applied caused noticeable

variation in the percentages of nitrogen, phosphoric acid and

potash found in the tubers.
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Summary op Direction op Wind for 1897.
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Summary of Maximum, Minimum and Standard Air Thermometers.

January .

.

February.

.

March
April
May
June
July
August
September
October . .

.

November.
December.

Ave.
31.4
33.2
42.6
55. a
65.1
72.9
83.2
78.8
75.3
65.1
47.2

Ave.
15
19
25
34.9
43.7
51.8
63.9
56.4
49.4
40

30.5
40.6
51.5
59.7
68.9
61.6
54.9
46.2

51.6
61.2
69.9
79.7
74.7
70.6
59.3
41.9
33.1

6 p.

Ave.
23.7
27.6
35.5
47.4

76.4
71

556
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Alfalfa 551
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early treatment 558

feeding 557

food value 555

hay 560

history 552
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plant food required 556
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soil 556

yield 553

Analyses, fertilizer. (See Fertilizer analyses.)

Anatis ocellata attacking plant lice 478

Animal Husbandry, Department of, report 489

work in 22

Animal metabolism, problems 492

Anthracnose, appearance on cucumbers 426

damage to cucumbers 350

raspberry. (See Raspberry anthracnose.)

Aphidius polygonapMa parasitic on plant lice 480

Aphis pruni on plum 485
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comparison of trees fertilized with ashes and untreated
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wood ashes on 17
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fruit 325

Apples, effect of ashes on yield 335

color 331

scab-resistant varieties 338

susceptibility to scab 317

Arsenite, green. (See Green arsenite.)

Ashes, effect on apple scab 17

color of apples 331

keeping quality of apples 332

yield of apples 335

Aspidiotus ancylus in New York ' 458

perniciosus. (See San Jose scale.)

Astcrodiaspis qnercicola. (See Oak scale.)

B.

Bacterial disease of sweet corn 401

dissemination 415

geographical distribution 415

germ 405

description 408

inoculation experiment 406

pathological histology 412

remedies 415

symptoms 402

wilt disease of cucumbers 426

Bacteriologist, appointment 6

Balance of nitrogen and fat in milch cow. 509

Bamboo extension 226

Barley, composition 564

Beetle, cottonwood leaf. (See Cottonwood leaf beetlp.)
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Beetles, lady bird, attacking plaut lice 478, 479

Beets, sugar. (See Sugar beets.)

Benching tomatoes 248

Bibliography, partial, of Uijalopterus pniiil 484

Myzus ribis 487

Biological and dairy building, appropriation for 7

facilities lu 8

Birch, cut leaved, spraying for tbrips 466

Blackberries, notes on Agawam 292

Ancient Briton 292

Dorchester 291

Early Harvest 292

Early King 292

Early Mammoth 292

Erie 292

New Rochelle 292

Stone Hardy 292

Success 291

Wilson Jr 292

received in 1897 293

variety test 2,*4

yield 291

Blight, potato stem. (See Potato stem blight.)

Blood, dried, composition 564

Body fat, formation of 492

Bone, fresh, composition 564

Bordeaux mixture, amount required for spraying potatoes 384

and eau celeste soap mixture for plum leaf spot,

comparison 208

beneficial influence on potato foliage 378

for plum and cherry leaf spot 207. 209

leaf spot, number of treatments 209

prevention of gooseberry mildew 308. 313

raspberry anthracnose 236

formula 227

large vs. small quantities for spraying potatoes. .. 397
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Lion brand, experiment 391
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number of applications required on potatoes 395

potassium ferrocyanide test for 228

precautions in use 399

preparation 227, 367

of lime for 227

prevention of cucumber downy mildew by 356

late blight of potato by 337

stock solution of copper sulphate for 228

strength required for spraying potatoes 394

V use 216

Borers on nursery stock 460

Brands of fertilizers, unnecessary number 13

Brewer's grains in ration 546

Bucket pumps, description 221

Bud moth, descriptions and life history 462

history, distribution and food plants 462

on nursery stock 462

remedial measures 463

Buffalo gluten feed in ration 546

Buildings, new 7

Bulletin No. 117 207

118 551

119 345

120. (See Annual Report 1896.)

121 215

122. (See Annual Report 1896.)

123 376

124 231

• 125 245,271

126 561

127 . 272

128 284

129 31

130 401
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C.
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whole grain 572, 577

market price 578

relation of age and size to gain 573

relative food consumption and gain on whole or ground

grains 575

whole vs. ground grain for 561

Carbohydrates as source of milli fat 518

Carnation rust, effect of salt on 18, 423

Carnations, effect of salt on growth 423

Case-bearing insects on nursery stock 460

Caswell spray pump, description 219

Ceres powder for prevention of oat smut 296, 300, 302

Chemical Department, report 29

work in 13

Chemists, assistant, appointment 7

Cherries spotted by spray 214
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treatment 16, 207, 213
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production on whole and ground grain 568

gain on ground grain 565

wliole graiu 566

rapidity ox' growth on whole and ground grain 568

relation of food to growth 568

whole vs. ground graiu for 561

CMotmspis furfurus. (See Scurfy barli louse.)

Cider and vinegar, study 15

Cigar case bearer, notes on 461

on nursery stocli 461

Classes of fertilizers collected 33, 133

Climate affecting sugar in beets 193

Clover, red, food value 555

Coccinella 9-notata attacking plant lice 478

Coefficient of purity 199

conditions influencing 199

Coleopliora fletclierella. (See Cigar case bearer.)

malivorella. (See Pistol case bearer.)

CoUetotrichuiii layenarium, damage to cucumbers 350

Color of apples, effect of ashes 331

Commercial fertilizers for potatoes 596

valuation of fertilizers 36

rule for calculating 3T

Complete bulletins, character 11

Comparison of selling price and commercial valuation of fertilizers. . . 140

Composition and yield of milk 506

of alfalfa 555

corn 556

feces 528, 535-
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Composition of—(Continuetl). paoh.

feeding stuffs 534

fertilizers 33, 138

incomplete fertilizers 140

potato, influence of potash salts 611

sugar beet 191

partial, of potatoes 607

urine, milk and feces 504

Concentrated extract of tobacco for plant lice 475

Control of temperature in biological and dairy building 9

Copper sulphate, saturated solution 228

stocli solution for Bordeaux mixture 228

Corn, composition 556, 564

food value 555

stover. (See Maize stover.)

Corrosive sublimate treatment for potato scab, value 420

Cost of plant food in fertilizers 34

production of sugar beets 189, 202

at Station 593

Cottonwood leaf beetle, repression 22

Cucumber beetle, striped, damage to cucumbers 347

crop, failure, cause of 347

downy mildew 345

appearance 428

botanical relationship 354

climatic conditions favoring 353

damage by 349

expense of treatment 363

gain from prevention by Bordeaux mixture. 362

history 355

host plants 354

nature 351

prevention by Bordeaux mixture 358

shade as a preventive 432

treatment 19

weather conditions affecting 428

leaf structure 350
41
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Cucumbers, damage from downy mildew 346

damaged by lady bird beetle 348
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spraying experiments 425
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Cultivation of sugar beets at the Station 589

methods 197

Currant, plant lice attacliing 485

D.

Dairy building. (See Biological and dairy building.)

Expert, appointment 6

Defender spray pump, description 221

Department of Animal Husbandry, report 489

Chemistry, report 29

Entomology, report 436

Field Crops, report 579

Vegetable Pathology, report 343

Second Judicial. (See Second Judicial Department.)

Dewberries, notes on Austin Improved 292

Lucretia 292

variety test 284

yield 292

Digestible matter eaten and milk solids produced 549
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of maize stover with and without pith 528

rations 5'^8, 536, 538

Digestion and feeding experiments 523

Dipping nursery stock infested with plant lice 20, 463

Director, report of 5



Index. 643

PAGE.

Diseases of plants. (See Cucumber downy mildew, Oat smut, Potato

blight, Plum leaf spot, etc.)
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Downy mildew, cucumber. (See Cucumber downy mildew.)
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E.

Eau celeste for plum leaf spot 209

Eclipse spray pump, description 218

Editor and Librarian, appointment 6

Education in road building 23

Empire Queen spray pump, description 220

Enemies of plant lice 478

English Morello cherry, spraying experiments 214

Entomological Department, work in 19

illustrations, preparation 19

Ethers, sulphuric and petroleum, comparison in fat extraction 500

Experiments, benefit from, in Second Judicial Department 12

with fertilizers, directions for 602

sugar beets 588

Extraction of fats with sulphuric and petroleum ethers, comparison.

.

500

r.

Fat and nitrogen, balance sheet for milch cow 509

balance in milch cow 515, 516

body, formation 492

milk. (See milk fat.)

-poor foods, preparation 496

Fats, extraction with petroleum and sulphuric ether 500

of food and body as sources of milk fat 517

Feces, composition of 528, 535

effect of drying on nitrogen content 501

partial composition 504

Feeding experiments 523

with chicks and capons 22, 561
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starch and sugar in 542
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commercial valuation 36

experiments on sugar beets 594

formulae for potatoes 600

sugar beets 196

ingredients, trade values in raw materials and chemicals. .. 35

quantity for potatoes 598

rule for calculating value 37

Fertilizers, analyses in 1897 44-135, 142-187

brands of, unnecessary number 13

classes collected 33, 138

commercial, for potatoes 59ft

comparison of selling price and cost of ingredients. .32, 34, 137

composition 33, 138

field experiments with, directions for 602

for sugar beets, cost 196

precautions In use 197

incomplete, composition 140

manufacturers of 37

nitrogen in 31, 136

phosphoric acid in 32, 136

potash in 32, 137

samples collected 31, 33, 136

used on sugar beets 589

yield of potatoes with 605, 606

Fertilizing ingredients in potatoes 599

Field Crops, Department, report 579

production 23

Flea beetle, spraying nursery stock for 465

Food for chickens, composition 564

plant, cost in fertilizers 34

relation to quality of milk 521

value of fodder crops 555

Foods poor in fat, preparation 496
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temperature i264

tomatoes 17, 245

Formalin for prevention of gooseberry mildew 313

oat smut 206, 300

Formation of fat in body 492

milk fat 493

Fruit, varieties at Station 17

Fumigating nursery stoclc 21, 467

Fumigation for San Jose scale 457

Fungicides for prevention of gooseberry mildew, cost 313

oat smut 298, 299

Fungiroid, experiment witli 390

a.

Gas, hydrocyanic acid. (See Hydrocyanic acid gas.)

Geiger spray pump, description. 220

Gooseberries, susceptibility to mildew 315

Gooseberry mildew, experiments in prevention 309

fungicides for prevention 307

general appearance 314

prevention 307

treatment 16, 314

Grain, ground, gain of capons on 571, 576

chicks on 565

or whole, cost of gain of capons on 574

whole, gain of capons on 572, 577

chicks on 566

or ground, cost of gain of chicks on 567

relative efficiency of whole and ground 561

Green arsenite, spraying with 21

Ground grain, cost of gain of capons on 574

gain of capons on 571, 576

chicks on *. 565

vs. whole grain for chicks and capons 561

Guii plum, spraying experiment 209
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pruni, descriptions and life history 48S

history, distribution and food plants 482

on plums 482

partial bibliography 484

Hydrocyanic acid gas, fumigating with 21
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I.

Illustrations, entomological, preparation 19

Improvement of soil by alfalfa 556

Industry, sugar beet, outlook for 581

Injury by plant lice, nature 472

Insectary, new 19

Insecticides used in combating plant lice 473

Insects, collection 19

found on nursery stock, classification 442

parasitic, affecting plant lice 480

predaceous, attacking plant lice 478

Inspection of nurseries 437

method 439

nursery stock, notes , 20

Isocratus vulgaris parasitic on plant lice 481

Italian Prune, increase of yield from spraying 207

spraying experiment 207, 209
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Judicial Department, Second. (See Second Judicial Department.)

Keeping qualities of apples, effect of ashes 333

Kerosene emulsion for plant lice 473

preparation 229

use 217

oil for San Jose scale 457

-water mixture for plant lice 473

Klein Wanzlebener sugar beet, composition V.)l

Knapsack sprayers, description 221

use 222

li.

Lady bird beetles attacking plant lice 478, 479

damage to cucumbers 348

Leaf spot, cherry. (See Cherry leaf spot.)

plum. (See Plum leaf spot.)

Lecanium cerasifex. (See New York plum lecanium.)

Librarian, appointment 5

Library, additions to 10

refitting 10

Lice, plant. (See Plant lice.)

Lightning potato bug killer, description 222

Lime for Bordeaux mixture, preparation 227

in sugar beets 19o

Lombard plum, spraying experiment 209

Long Island. (See also Second Judicial Department.)

fertilizer experiments on potatoes 599

formula for potato fertilizer 601

yield from 609

pickle industry in 13

potato industry in 13

Lorillard tomato, forcing experiment 248

Lucerne. (See Alfalfa.)

Lysol for prevention of gooseberry mildew 313

oat smut 296, 300
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M.

Macrosporium solani. (See Potato blight, early.)

tomato, note on 271

Magnesia in sugar beets 195

Mailing list, classification 11

number on 11

Maize stover, composition 526

digestibility 529, 530

with and without pith 528

nitrogen-free extract in 527

relation in weight of different parts 526

Malt sprouts in ration 546

Mangels, food value 555

Manufacturers of fertilizers 37

horse power sprayers 224

Marker for planting sugar beets 590

Market price of sugar beets 189, 203

Marsden's stock food. (See New corn product.)

Maximum and minimum readings of thermometers 626, 627

McGowen nozzle 226

Megilla maculata attacking plant lice 479

Melon louse, damage to cucumbers 347

Metabolism, animal, problems 492

Meteorological record for 1897 • 617

Mildew, downy, on cucumbers. (See Cucumber downy mildew.)

gooseberry. (See Gooseberry mildew.)

Milk, composition 506

partial 504

fat, carbohydrates as source of 518

formation 493

protein as source of 518

source of 22, 491

variation in percentage 522

fats, food and body fat as source of 517

production, stimulus of protein 519

skimmed, composition 564

solids produced from digestible matter eaten 549



Index. 649

Milk, solids—(Continued). paoe.

secretion, relation of protein supply 520

variation in percentage 522

quality, relation of food to 521

yield of milk solids 506

Minimum readings of thermometers 626, 627

Montmorency cherries, spraying experiments 207, 214

Muskmelons and watermelons, spraying 366

Mycologist, leave of absence granted 7

report of 345

Mytilaspis ponwrum. (See Oyster shell bark louse.)

Myzus ribis attacking plum 485

descriptions and life history 485

history, distribution and food plants 485

partial bibliography 487

N.

Needs of Station 10

New corn product, character 524

digestibility and feeding value 523

letter from Edward Atkinson concerning 524

work at Maryland Station 524

New York plum lecanium, descriptions and life history 448

history, distribution, food plants, etc 448

on nursery stock 447

remedial measures 448

Newspapers and periodicals presented to the Station 26

Nitrogen and fat, balance sheet for milch cow 509

balance in milch cow 513

content of feces, effect of drying 501

-free extract in maize stover 527

in fertilizers 31, 136

in sugar beets 195

Nozzles, double discharge 226

for spraying 225

Nurseries, inspection 437

method of inspection , 439
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Nursery inspection, classes benefited 440

demand for 440

value 440

stock, fumigating 21, 467

infested, experiments in treating 463

treatment of 437

with plant lice, dipping 463

insects found on 442

inspection, notes 20

states requiring 438

spraying for flea beetle 465

trees, young, spraying 20

Nutrients in ration 541

Nutrition of plants, work in 15

Nutritive effect of rations from unlike sources 542

O.

Oak scale, notes on 451

on nursery stock 451

Oat meal, composition 564

smut, cost of fungicides for 303

description 305

experiments in prevention 296, 301

fungicides for 294

hot water treatment for 295

methods of infection 306

results of treatment by sprinkling with fungicide 298

treatment 16, 294

Oats and peas, food value 555

composition 564

ground, composition 564

infection by smut 306

Orange rust of raspberry, recognition 232

Oyster shell bark louse, descriptions and life history 443

history, distribution, food plants, etc 443

on nursery stock •. . .

.

442

remedial measures 445
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Pachyneuron apJiidivorus parasitic on plant lice 481

Parasitic insects affecting plant lice 480

Paris green, adulteration 230

rate of application 230

use 216, 230

Pasturage of alfalfa 559

Peach tree borer, notes on 460

on nursery stock 460

Periodicals presented to the Station 26

Permanency of alfalfa 559

Phorodon humuli on plums 485

Phosphoric acid in fertilizers 32, 136

sugar beets 195

Phytophthora iufestatis. (See Potato blight, late.)

Pickle industry in Long Island 13

Pickles, yield 431

Pistol case bearer, notes on 461

on nursery stock 461

Plant diseases. (See under particular diseases.)

nature 232

food, cost in mixed fertilizers 34

for sugar beets, sources 19&

required by alfalfa 556

sugar beets 194

trade values of in chemicals. 35

utilization by potatoes 616

lice attacking currants 485

classification 471

descriptions, enemies and treatment 470

of species 482, 485

dipping nursery stock infested with 20, 4G3

experiments against- 476

insecticides ilsed in combating 473

investigations and experiments 21

life history 472

natural enemies 478
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Plant lice—(Continued). page.

nature of injury by 472

on nursery stock 458

recommendatious for repression 477

parasitic insects affecting 480

predaceous insects attacliing 478

repression 477

species prevalent in 1897 482

nutrition, work in 15

Pathology, Department, work in 18

Planting and tiarvesting sugar beets 198

sugar beets at tlae Station 589

Pl«sniopara cubensis 345

nature 352

new host 433

(See also Cucumber downy mildew.)

Plowing under green rye to prevent potato scab 18, 418

Plum leaf spot, number of sprayings required 208

injury by 210

prevalence 208

treatment 15, 207, 211

plant lice attacking 482

Plums, amount of injury from leaf spot 210

Pomona spray pump, description 219

Popular bulletins, character 11

Potash In fertilizers 32, 137

sugar beets 195

salts, influence upon composition of potato 611

Potassium ferrocyanide test for Bordeaux mixture 228

sulphide for prevention of gooseberry mildew SOS, 313

oat smut 296, 300, 302

Potato blight, early, prevention by Bordeaux mixture 378

late, prevention by Bordeaux mixture 377

composition, influence of potash salts .^. 611

industry in Long Island 13

scab, plowing under green rye to prevent 18, 418
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Potato scab—(Continued). '^oh.

value of corrosive sublimate treatment 420

stem blight, not communicated 18, 421

Potatoes, commercial fertilizers for 596

comparison of fungicides and insecticides 393

directions for spraying 400

expense of spraying 383

fertilizer formulae for 600

fertilizing ingredients in 599

number of applications of Bordeaux mixture required 395

large vs. small amounts of Bordeaux mixture for 397

partial composition 607

quantity of Bordeaux mixture required 384

fertilizer 598

relation of yield to fertilizer 609

spraying 376

experiments 370, 380, 390

strength of Bordeaux mixture required 394

utilization of plant food 616

yield from different amounts of fertilizer 606

on sprayed and unsprayed plats 385

with different fertilizers 605

Poultry house, new 9

Powder guns, description and use 222

Power spraying machine 223

Precipitation, record 619

Predaceous insects attacking plant lice 478

Press reviews, use 11

Profits of sugar beets 20&

Protein as source of milk fat 518

balance in milch cow 514

stimulus on milk production 519

supply and secretion of milk solids, relation 520

Publications, notes on 10

Purity, coefficient of 199

of solids in sugar beets 188, 198

Pyrethrum for plant lice 476
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Quality of milk, relation of food to 521

sugar beet seed 194

B.

Kainfall for growth of sugar beets 193

record 619

Raspberries, black, early 287

late 287

notes on Babcock No. S 285

Bahcock No. 5 285

Black Diamond 285

Eureka 285

Hopkins 285

Lawrence 285

Mills 286

Onondaga 286

Palmer 286

Progress 286

Poscltarsky Seedlings 286

Townsend No. 2 286

yield 286

purple, notes on Addison 290

Columbian 291

Shaffer 291

Smith Purple 290

Teletaugh 291

yield 290

received in 1897 293

red, early 289

late 289

notes on Cline 289

Cuthbert 290

Kenyon 289

Kiug '^0

Loudon 290

Olathe 289

Pomona 289
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Raspberries, red—(Continued). pagk.

yield 288

variety test 284

Easpberry antliraenose 231

Bordeaux mixture for 236, 'Ml

cliaracter 232

copper sulphate for 241

description 233

experiments in treating 235, 241

injury from 234

iron sulphate for 236

method of treating 242

sulphuric acid for 236

treatment 16

orange rust of, recognition 232

Eation, nutrients in 541

Rations, calculated and actual digestibility 533

calculation of value 531

digestibility of 508, 536, 5138

from unlike sources, nutritive effect 542

normal and poor in fat 498

Reine Hortense cherries, spraying experiments 208

Repairs 9

Report of Chemical Department , 29

Department of Animal Husbandry 489

Entomology 435

Field Crops 579

Vegetable Pathology 343

Director 5

Horticultural Department 205

Treasurer 1

Rhopalosiphum ribis attacking currants 487

Road building, education 23

Rotation including sugar beets 197

Rule for calculating value of fertilizers 37

Rust of carnations. (See Cai-nation rust.)

Rutabaga, food value 555

Rye, green, plowing in for potato scab 18, 418
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Salt, effect on carnation rust 18, 42a

growth of carnations 423

Samples of fertilizers collected 81, 33, 136

San Jos6 scale, descriptions and life history 454

distribution 453

food plants 453

history 452

in New York State 438

means of distribution 455

on nursery stocli 452

remedial measures 456

Sannina exitiosa. (See Peach tree borer.)

Saturated solution of copper sulphate 228

Scab resistant varieties of apples 338

Scale insects on nursery stocls 442

Scliizoneura laniyera. (See Woolly louse of the apple.)

Scurfy bark louse, descriptions and life history 447

history, distribution, food plants, etc 446

on nursery stock 446

remedial measures 447

Second Judicial Department, benefit from experiment 12

change in character of work 12

work in 12

Seed, sugar beet, quality I94

Seeding alfalfa 557

Selling price and cost of ingredients of fertilizers 32, 34, 137

of fertilizers 140

Silage from alfalfa 560

Size of beets for sugar production 198

Skim milk, composition 564

Smut, oat, (See Oat smut.)

Soil for alfalfa 556

potting tomatoes 255

sugar beets I97

Improvement by alfalfa 556

temperature 628 634

thermometers, readings 628, 634



Index. 657
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Solids of milk, variation in percentage 522

Source of milk fat 22, 491

Sources of plant food for sugar beets 196

Species of plant lice prevalent in 1897 482

Spray pumps and spraying 215

selection 216

Spraying appliances, notes 17

conveniences, home made 225

cucumbers, time required 365

cut leaved bircli for thrips 466

for flea beetle on nursery stock 465

plum leaf spot 211

increase in yield of plums from 211

machinery, notes on 370

machines, power 223

mixtures, notes 17

muskmelons and watermelons 366

nozzles for 225

potatoes 376

directions for 400

prevention of insect injuries by 378

profitableness of 386

with green arsenite 21

philosophy of 388

young nursery trees 20

Staff, additions to 5

Starch and sugar in feeding stuffs 542

Steam sprayers 223

Stover, maize. (See Maize stover.)

Strawberries, early varieties on one year old beds 279

two year old beds 281

late varieties on one year old beds 279

two year old beds 281

list of varieties received 2S2

method of growth at Station 272

42
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Strawberries—(Continued). page.

notes on 273

Beauty 275

Beder Wood 276

Canada Wilson 276

Clarence 276

Columbian 276

Eleanor 276

Enormous 276

Gandy 276

Giant 276

Glen Mary 276

Greenville 276

Haverland 276

Hersey 277

Hull No. 3 277

Maple Bank 277

Mary 277

Marshall 277

Michel 277

Middlefield 277

Murray 277

Omega 277

Robinson 277

Thompson 277

Thompson No. 100 277

Vera 277

Williams 278

yield on one year old beds 278

two year old beds 280

Sugar beet crop, educational value 203

industry, conditions favoring, in New York State 582

outlook for 581

unfavorable conditions 584

seed, quality 194

beets, analysis 14, 191

available sources of plant food 196
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Sugar beets—(Continued). page.

conditions for growth lyg

cost of fertilizers 196

production 189, 202

per acre at Station 593

experiments
\^ 588

fertilizer constituents in I95

experiments 594

formulae for 19q

food value 555

grown in different States, sugar in I93

harvesting 592

marker for planting 59O

market price 203

methods of cultivation I97

plant food required 194

planting at Station 589

precaution in use of fertilizers I97

profits 203

purity of solids 188 198

results at Station 592

richness in sugar 188 190

rotation 197

soil, planting and cultivation at Station 589

required 19j

time of planting and harvesting 198

varieties I94

yie^'^
189, 200

at Station 593

in beets, climate affecting I93

conditions influencing 193

grown in different States I93

feeding stuffs 543

production, size of beets for 198

richness in of beets 188, 190

yield per acre
, 202
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Sunshine for growth of sngar beets 194

Sweet corn, bacterial disease 18. 401

Syrphus fly larvae attacking plant lice 479

Systena hudsonias on nursery stock 465

T.

Temperature control in biological and dairy building 9

for growth of sugar beets 193

of forcing house 254

record G24

Thermometers, maximum and minimum readings 626, 627

soil, readings 628, 634

standard air, readings 624, 626

Thrips on cut leaved birch, spraying for 466

Timothy, food value 555

Tmetocera ocellana. (See Bud moth.)

Tobacco, concentrated extract for plant lice 475

for plant lice 475

Tomato disease, new 271

Tomatoes, benching 248

forcing 17, 245

experiment, yield 249

methods of benching, comparison 270

potting soil 255

single stem vs. three stem ti'aining, test 247, 270

temperature for forcing 254

transplanting to bench vs. keeping in pots 262

Trade values of plant food in chemicals 35

Training tomatoes, comparison of methods 270

single stem is. three stem, test 247

Treasurer, report of 1

XT.

Urine, partial composition 504

V.

Valuation of fertilizers, commercial 140

Value of rations, calculation 531
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Varieties of fruit at Station 17

sugar beets 194

Variety tests with raspberries, blacliberrles and dewberries 284

strawberries 271

Vermorel nozzle 226

Vilmorin Improved sugar beet, composition 191

Vinegar, study 15

W.
Water, liot, for plant lice 476

Watermelons, spraying 366

Whale oil soap for plant lice 474, 476

solution for San Jos6 scale 456

Wheat, composition 564

Whole grain, cost of gain of capons on 574

gain of capons on 572, 577

gain of chicks on 566

vs. ground grain for chicks and capons 561

Wilt disease of cucumbers, damage by 348

Willow beetle. (See Cottonwood leaf beetle.)

Wind record 620

Wood ashes and apple scab 316

effect on apple scab 17

Woolly louse of the apple, notes on 458

on nursery stock 458

Y.

Yield of plums increased by spraying 211

sugar beets 189, 200

at Station 593

tomatoes In forcing experiment 249, 251, 252, 258, 259, 261, 262
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