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Ithaca, N. Y.,

To His Excellency, the Secretary of the Treasury,

Washington, D. C.

To His Excellency , the Secretary of Agriculture,

Washing to7i, D. C.

To His Excellency ^ the Governor of the State of Neiv York,

Albany, N. Y.

To His Excellency, the Com?nissioner of Agriculture,

of the State of New York, Albajiy, N. Y.

Sir :—

I have the honor to transmit herewith the thirteenth annual

report of the Agricultural Experiment Station of Cornell Univer-

sity, in accordance with the Act of Congress of March 2, 1887,

establishing the Station.

This document contains the report of the Director and the

special reports of his scientific coadjutors, as well as copies of

the bulletins, Nos. 1 71-182 inclusive, Nos. 2-5 inclusive of the

Nature Study Quarterlies, Nos. 6-10 inclusive of the Reading

Courses for Farmers, and Nos. 1-8 of the Junior Naturalist

Monthlies, all of which have been published by the Station dur-

ing the year, and a detailed statement of the receipts and expen-

ditures.

The increased scope and effectiveness of the Experiment

Station of Cornell University, due to the appropriations with

which in recent years the Legislature of the State of New York
has supplemented the annual appropriation from the Federal

treasury, are notable and gratifying, and to this newer side of

the work I would especially direct your attention.

I have the honor to be your obedient servant,

J. G. SCHURMAN,
Preside7it of Cornell University

.





REPORT OF THE DIRECTOR.

To the President of Cornell University.

Sir:

I have the honor to transmit herewith the Thirteenth Annual

Report of the Agricultural Experiment Station of Cornell

University. The work of the Experiment Station and that for

the "Promotion of Agricultural Knowledge throughout the

State," under Chapter 430 of the Eaws of 1899, are so closely

allied that it seems appropriate to bind together in one volume

and to transmit all of the principal publications of the Station

together with those which have been issued by reason of the

State appropriation.

The administration of the various Federal and State funds for

the improvement of agriculture has been placed in the hands of

the College of Agriculture, subject, however, to the approval of

the College and Station Council, and, in the case of the State

funds, to the approval of the Commissioner of Agriculture.

The investigations have been directed along two general

lines :—those designed to solve as quickly as possible pressing

questions, and those which have a far reaching and more scien-

tific basis. Some of the bulletins embody the results of a sin-

gle season's work, while others are the results of 3^ears of

research. In addition to the research work carried on at the

College and throughout the State, a Farmer's Reading Course

has been established not only for the purpose of giving instruc-

tion, but with the view of inducing the farmers to become inter-

ested in the experimental work. The climate and soil vary so

widely in this State that experiments carried on at the central

station are often of little value in many other localities, hence it

has been thought wise to induce the leading farmers to investi-

gate either independently or under the direction of the Station.

More than four hundred farmers are now experimenting under

the immediate supervision of the station staff. Expert field

agents are sent out to assist in mapping out the work and
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in selecting suitable ground and plantations. The agents

inspect the work from time to time, give directions for harvest-

ing, weighing and sampling, and so far as possible assist in har-

vesting the crops. This work, associated with other work of a

somewhat different character for the "Promotion of Agricul-

tural Knowledge," has been eminently successful. After three

years' experience in sending out these traveling expert teach-

ers and experimenters I am persuaded that no other line of

effort has been more fruitful in results.

The Station and University Extension staff now consists of

some thirty persons selected with special reference to fitness for

the work which the}' are called on to perform.

Appended to, and a part of this report, are the reports of the

various heads of divisions and a detailed statement of receipts

and expenditures for the fiscal year ending June 30th, 1900.

Twelve bulletins, containing 385 pages and 87 cuts, have been

issued on the following subjects :

No. 171, " Gravity or Dilution Separators."

No. 172, " The Cherry Fruit-Fly : A New Cherry Pest."

No. 173, "The Relation of Food to Milk-Fat."

No. 174, " The Problem of Impoverished Lands."

No. 175, " Fourth Report on Japanese Plums."

No. 176, " The Peach-Tree Borer."

No. 177, "Spraying Notes "

No. 178, " The Invasion of the Udder by Bacteria."

No. 179, " Field Experiments with Fertilizers
"

No. 180, "The Prevention of Peach Leaf-Curl."

No. 181, "Pollination in Orchards."

No. 182, "Sugar Beet Investigations for 1899."

Four Nature-Study Quarterlies have been published on the

following subjects :

No. 2, "A Handful of Soil."

No. 3, " Cuttings and Cuttings."

No. 4, " The Burst of Spring."

No. 5, "A Brook."

The following reading lessons for farmers have been issued :

No. 7, "Balanced Rations for Stock."
" Quiz on Reading Lesson No. 7."
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No. 8, "A Farmer's View of Balanced Rations."
" Quiz on Reading Lesson No. 8."

No. 9, "Sample Rations for Milch Cows."

No. lo, " Peter's Idea of Improving ' Worn Out ' Lands."

Two lessons for the Junior Naturalist Clubs have been pub-

lished on the following subjects :

Lesson i ,
" Seed Travelers . '

'

Lesson 2, " The Story an Apple Tree Can Tell."

In December, 1899, this publication was changed to a Nature-

Study Monthly.

No. 3, " How Shall We Please St. Nicholas."

No. 4. " Oxygen and Carbon in Partnership."

No. 5, " Waiting for the Birds."

No. 6, " The Coming of Spring."

No. 7, " The Four Chapters in an Insect's Life."

No. 8, " A Children's Garden."

Twenty-five thousand copies of each bulletin are issued except

in rare cases whep a bulletin is of a strictly scientific character

when but five thousand copies are published for the use of

scientific workers. At the present time in round numbers there

are 20,000 farmers registered in the Reading-Course, 35,000

school children in the Junior Naturalist Clubs, and 30,000 public

school teachers have applied for and are receiving the leaflets.

We are fully persuaded that all of this work is preparing the

farmer, the teacher and the child to investigate, to see and to

love the natural objects which surround every rural home.

Already many observed facts are being reported to us from the

multitude of pupils who are interested in our work.

Respectfully submitted,

I. P. Roberts,
Director.



REPORT OF THE TREASURER.

The Cornell University Agricultural Experimeyit Station^

In accoiuit with

The United States Appropriation, iSp^igoo.

To Receipts from the Treasurer of the United States

as per appropriation for fiscal year ending June 30, Dr.

1900, as per Act of Congress,approved March 2, 1887 :

lis, 500 00

Cr.

By Salaries l9.5o8 14

Labor 774 60
Publications i ,620 11

Postage and Stationery 387 59
Freight and Express 1 1 2 7S

Heat, Light and Water 90 63
Chemical Supplies 16 29

Seeds, Plants and Sundry Supplies . . 191 89
Fertihzers '.

15 60

Feeding Stuffs 205 66

Library 16159
Tools, Implements and Machinery 6 00

Furniture and Fixtures 102 28

Scientific Apparatvis 99 73
Live Stock 22 oo
Traveling Expenses I57 69
Contingent Expenses .

10 00

Buildings and Repairs 17 42

Total $13,50000

(Signed) E. L. Williams,
Treasurer.

We, the undersigned, duly appointed Auditors of the Corporation do

herebv certify that we have examined the books and accounts of the Cor-

nell University Agricultural Experiment Station for the fiscal year ending

June 30, 1900; that vs-e have found the same well kept and classified as

above, and that the receipts for the year from the Treasurer of the United

States are shown to have been 113,500.00, and the corresponding disburse-

ments $13,500.00; for all of which proper vouchers are on file and have

been by us examined and found correct, thus leaving no balance.

And we further certify that the expenditures have been solely for the

purposes set forth in the Act of Congress approved March 2, 1887.

Signed :

?r- ?; ^°n
°' . I-

Auditors.
(Seal) M. Van Cleef,

)

Attest : Emmons L. Williams,
Custodian.



REPORT OF THE CHEMIST.

To the Director of the Cornell University Agriadtural Experiment

Station.

Sir :—

The work of the Chemical Department during the past year

has been largely along the lines of the three previous years. The

investigation of evaporation of water from soils under different

methods of cultivation was continued during the summer of

1899, and is still in progress. This work, which is being done

in connection with the Agricultural Department, requires deter-

minations of soil moisture.

During the fall months the work on sugar beets was continued

with special reference to the sugar content and purity of certain

standard varieties. The subject of in'^ecticides received atten-

tion and a number of samples of Paris green and substitutes for

Paris green have been examined.

Some studies of the strawberry soils of Oswego County have

been started. Several large experiments have been placed there

by the Departments of Horticulture and Chemistry, and it is

hoped that some light may be had on the fertilizer requirements

of the strawberry plant. Complete analyses of the.se .soils are in

progress.

The work on starches for the A. O. A. C. has been taken up

and also an investigation of the pentosans.

The following table shows the substances that have been

analyzed wholly or in parts :

SAMPLBS.
Sus^ar beets ?oo
vSoils I2q

Feeds (food analysis) 26

Feeds (fertilizer analysis) 22

Gypsum 6

Manures 4
Commercial fertilizers 6
Paris green and ar.senicals 13

Arsenic i

Soaps 2

Mill waste 1

Peat 2

Ashes 1

Beet pulp I

Res])eclfully sul)mitted,

G. C. CAi.DWEr.L,
G. W. Cavanaugh.



REPORT OF THE BOTANIST.

To the Direclor of the Cornell University Agricultural Experitnent

Station :

Sir :

—

I have the honor to present the following report of the work
of the Botanical Division for the past year.

The investigations on the edible and poisonous species of

mushrooms, which have been in progress for several years, have

been continued, and considerable information upon the develop-

ment of certain species, as well as on the presence of species

new to the United States, has been gained. These investiga-

tions are of such a nature that they must be continued for many
years to come, but the new information is available for the pub-

lication of brief bulletins from time to time, in which the matter

of economic importance can be brought before our constituents.

Likewise the investigations on the diseases of timber caused by

fungi are continued, and a fund of useful information is thus

being brought together.

Mr. W. A. Murrill, the Assistant Cryptogamic Botanist

appointed for the past year, has been prompt and successful in

the discharge of his duties. He has been engaged separately in

certain investigations, and jointly with myself in others. He
published a short bulletin of inquiry on a root and trunk injury

of apple trees, "The Crown Disease of the King Apple," Cor-

nell University Agricultural Experiment Station, Oct. 31, 1899.

He has continued some investigations begun by Dr. Duggar,

on the prevention of leaf curl of the peach, the results of which

were published in one of the bulletins,
'

' The Prevention of Peach

Leaf Curl." Bulletin 180, March, 1900. Botanical Division Cor-

nell University Agricultural Experiment Station. These results

indicate that this serious disease can be checked if promptl}' and

properly treated.

Conjointly with myself he has been engaged in a study of the

troubles and diseases to which shade trees are subject, espec-

ially in cities. A great amount of interesting and important
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information has been gained which we hope to present for a

future bulletin.

Dr. Duggar, who has been absent on leave in Europe for the

past year, now returns to us after a ver^^ profitable year's study.

He has had an opportunity while in Europe to make a study of

several obscure organisms belonging to a genus which we have

found is doing considerable injury in this country, especially the

genus Rhizoctonia. He will bring with him material of several

species of this genus which he has collected on a number of dif-

ferent hosts in Europe. This will be made use of by him in a

comparative study with the American species, and will assist him
in clearing up much of the confusion which exists regarding

this organism, and others which resemble it in the vegetative

stage and in the mode of injury.

Respectfully submitted,

Geo. F. Atkinson.



REPORT OF THE ENTOMOLOGIST.

To the Director of the Cornell Uyiiversity Agricultural Experiment
Station.

Sir:—
As the Entomological work of the Station has been performed

luring the past year almost entirely by the Assistant Entomolo-
gist, I have requested him to prepare a report on it, which I

aerewith transmit.

Very respectfully yours,

J. H. COMSTOCK.

To the Entomologist of the Cornell University Agricultural Experi-

ment Station.

Sir :

—
During the past year the Entomological Division of the Station

nvestigated a new insect pest of the cherry, which did much
iamage to this fruit in our state. The insect infests the fruit,

nd there is usually no indications of its presence until the ripe

nd luscious fruit is being prepared for canning or for the table.

?he pest seems to be well protected against a warfare with

Qsecticides and it will apparently prove a serious pest and one

ery difficult to combat. The results of our investigations w^ere

)ublished in bulletin :

No. 172. "The Cherry Fruit-Fly : A New Cherry Pest."

Our extensive experiments against the peach-tree borer were

•Tactically concluded during the year and the results embodied
n bulletin :

No. 176. " The Peach-tree Borer."

An abridged edition of this bulletin was published for general

istribution. We expect to further test some of the methods
iscussed in the bulletin again this year, as it is claimed that our

esults are not obtained with similar materials in other states
;

or instance, Missouri peach-growers assert that gas tar kills

heir trees, hence we have obtained some Missouri gas tar to use

n our trees which were uninjured by the New York product.
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A serious greenhouse pest, a little moth {Phlyct<znia ferrvgalis)

whose caterpillar feeds upon the foliage of many greenhouse

plants, has been investigated by a student, Mr. Franklin

Sherman, Jr., and his observations and results may be embodied

in a bulletin soon.

We are now investigating an apparently new insect pest of

the strawberry in this State. It is a leaf- roller, and it has done

much damage in at least one locality, ruining half the crop.

We have been successful in breeding the insect in the insectary

and expect to get our results ready for publication during the

coming year.

A bulletin on canker-worms, embodying the results of our

investigations during the past two or three years, is in prepara-

tion. All of the four or five kinds of canker-worms now at

work in ,the State will be fully illustrated in the bulletin.

About 1500 photographic negatives of injurious insects and

their work have been made at the iusectary during the past ten

years, and this collection receives additions almost daily.

These negatives have furnished the excellent half-tone illustra-

tions used in our bulletins, and we are now making a series of

lantern slides, many of them colored from life, for illustrating

lectures at Farmers' Institutes and similar meetings.

The correspondence of the Division continues to increase and

requires a large share of our time. We have attended during

the year several Farmer's Institutes and delivered addresses at

the meetings of the Western and of the Eastern New York

Horticultural Societies.

Respectfully submitted,

M. V. Slingerland.



REPORT OF AGRICULTURIST.

To the Director of the Cornell University Agriculttiral Experiment
Station.

Sir :

—

The principal lines of work which are now under investiga-

tion by this division are a continuation of the tillage experi-

ments with potatoes and sugar beets ; variety experiments with

sugar beets and beans ; comparison of forage crops with reference

to their adaptability to withstand drought ; renovation of pas-

tures, and fertilizer experiments with various farm crops. A
part of the series of permanent plats which has been cropped

continuouslj^ for several years without the application of any

fertilizers has now become so deficient in humus that the pro-

ducing power is greatly reduced. An experiment has now been

planned and started looking toward the restoration to fertility of

this land by means of cover crops and green manuring. While

it could be quickly brought into condition by means of fertili-

zer or manures, the purpose is to take a crop from the laud each

year and bring it up by means of "catch crops." In carrying

3Ut this experiment an acre of land has been taken on a neigh-

boring farm, that being purposely selected which was in a very

low state of fertility. This acre has been divided into three

ireas and various means have been adopted looking toward its

improvement.

The use of silage is rapidly displacing soiling crops. A con-

stantly increasing number of inquiries are being received asking

for information concerning the construction of silos and the

growth of crops suited for ensilage. That these inquiries may
DC answered correctly investigations are being conducted to

ietermine the necessar}- losses of dry matter in silos of various

:onstruction, and also to determine the relative value of various

:rops for ensilage.

During the winter feeding experiments were conducted with
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steers, the object being to determine the relative feeding value

of beet pulp and silage and the relative value of both these

materials compared with good mixed hay. Thirty-two pigs were

fed upon various rations to determine the feeding value of

skimmed milk when fed in combination with various grain

rations. Feeding experiments were also conducted with sheep.

The experiments throughout the state conducted by this divi-

sion have been in charge of Mr. J. L. Stone. They have

largely consisted in investigations relating to sugar beets,

potatoes and beans. The aim has been in all the work to make
it of practical benefit to the farmers of the State and it is

believed that the Experiment Station is coming into closer

relation each year with those whom it endeavors to aid.

Respectfully submitted,

Iv. A. Clinton.



REPORT OF THE HORTICULTURIST.

To the Director of the Cornell University Agricultural Experiment
Station :

Sir :—
In the past year there have been no important new departures

in the work of the Horticultural Division of the Experiment
Station. The chief line of inquiry is the investigation of mat-

ters relating to commercial fruit-growing, in which New York
State excels. For many years the Cornell Experiment Station

has been engaged in a propagandist movement for the better

care of orchards, particularly with reference to clean tillage. At
first the advice to keep orchards in clean tillage was rarely

accepted ; but, at the present time, a most remarkable change of

opinion has taken place. Most of the leading orchardists are

now tilling their lands as carefully and thoroughly as they till

corn or potatoes. This movement has been coincident with the

movement looking toward the spraying of trees and the general

increased attention to the destruction of insects and fungi. The
result has been most gratifying. A number of profitable crops

have raised the hopes of the fruit-growers of the State and have

put the industry on a very profitable basis. Two or three dry

seasons have also emphasized the value of conserving the mois-

ture by clean tillage, thereby enabling the trees to bear a much
finer quality of fruit. One of the next movements which needs

to be inaugurated for the benefit of fruit-growers is one looking

to greater care and attention in the harvesting and marketing of

the produce.

At the home Station at Ithaca, experiments are continuing on

the management of orchard plantations with respect to fertiliz-

ing, tilling, pruning, spraying, and the like. In the testing of

varieties of fruits, little is now being done with the exception of

the Japanese plum and the strawberry. It is the belief of those

who are working in the Horticultural Division that the general

or promiscuous testing of varieties is of little avail. When the
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experimenter takes up one or two distinct lines of variety tests

and follows them year by year, he should be able to produce

results which are of distinct value.

Next to the pomological interests in New York State are, per-

haps, the fioricultural interests. These are being watched and

experiments are being made with many kinds of florist's plants.

Considerable attention has been ' given to the growing of Easter

lilies and to the effect of the electric light and other treatment

of the crop. These results have not been published. Coinci-

dent with these are continuing experiments on the chrysanthe-

mum. A large line of annual flowers is being grown for the

purpose of studying varieties, methods of culture, and the like.

The Station has also had a very large collection of pelargoniums

and of these, after many of the unimportant varieties are sorted

out, the number now comprises several hundred names.

Some years ago the Horticultural Division undertook a series

of systematic studies on the winter forcing of vegetables. Whilst

this subject is not now neglected, it is nevertheless the desire to

give chief attention during the winter months for a few years

to the forcing of fruits. Already nectarines, apricots, peaches

and cherries have been fruited with gratifying success, and the

problems which are associated with the industry are becoming

understood. The Division is also making a study of various

problems associated with the growing of mushrooms.

The Division is also growing a full set of the peaches which

comprise what is known as the national peach experiment.

Duplicates of these trees are growing in manj^ of the experi-

ment stations, and it is expected that results of distinct value

will be secured when the fruiting period arrives. Although

these trees were propagated in Florida, they have withstood our

climate remarkably well, only one variety having failed outright.

Some of the trees are bearing the present season.

The subjects associated with the spraying of plants are always

to the fore. The testing of new machinery and new mixtures is

carried on every year. However, the Department has taken the

ground that it does not desire to test all the new compounds
which are put on the market merely because they are new.

This position is similar to that which it has assumed in the test-
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ing of varieties. When persons send us seeds of a new variety,

we reply that we are making no effort to test all the varieties of

horticultural plants, but that if the variety in question belongs

to a group to which we are giving special attention, we will

grow it and report. When new insecticides and fungicides have

gained a sufficient standing that horticulturists ask us for our

opinion, we are ready to test them ; but there are so many of

these compounds coming into the market each year that it seems

to be scarcely worth while to give each one of them the laborious

test and scientific study which would be demanded of a thorough-

going investigation.

More and more the Division is being asked for advice by the

horticulturists of the State. We believe that a great part of the

efficiency of the Division in the future will lie in the giving of

personal advice and the answering of specific questions from

correspondents.

Respectfully submitted,

L. H. Bailey.



REPORT OF THE ASSISTANT PROFESSOR
OF DAIRY HUSBANDRY AND ANIMAL

INDUSTRY.

To the Director of the Cornell University Agricultural Experi-

ment Station.

Sir :

The work of the Dairj' Division of the Experiment Station

has been continued during the year mainh^ along the lines of

previous investigation and three bulletins, viz. No. 171, "Con-
cerning Patents on Dilution Separators ;

" No. 173, " The Rela-

tion of Food to Milk Fat ;

" and No. 178, "The Invasion of

the Udder by Bacteria," have been published. An investiga-

tion upon the usefulness for food of sugar beet pulp has also

been made during the year. This matter is exceedingly timely

at present, and the results of the investigation will be published

shortly.

A work of considerable importance in the Dairy Division has

been the supervision of butter records of thoroughbred cows at

the homes of the owners. This work has been undertaken at

the request of several of the Breeders' asj-ociations and is done

in accordance with the rules subjoined.

Conditio7is Governing Butter Tests of Thoroughbred Coivs.

The Cornell University Agricultural Experiment Station will

send an authorized representative to supervise the milk and but-

ter record of thoroughbred cows for any one desiring such tests

made, upon the following conditions :

First—All tests shall be for seven consecutive days.

Second—The person for whom the test is made will pay all

expenses in connection with the test, and the compensation for

the station representative conducti^ig the test shnll be $2 per

day for each day of the test, unless otherwise arranged. The
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person for whom the test is made will also pay the necessary'

traveling expenses and provide for the accommodation of the

station representative while conducting the test.

Third—The cows shall be wholly under the control of the

owner so far as kind and amount of food, time of milking and

general treatment are concerned, but the representative of the

Station shall have access to the cows at all times, in company
with the owner or his representative.

Foxirth—The station representative will be required to make a

report of the kinds and quantity of feed given during the test.

Fifth—The owner shall furnish a statement of the name and

herd book number of the cow, her age, and the time at which

she dropped her last calf.

Sixth—The records of all tests shall be the joint property of

the owner of the animals and of the Cornell Universit}^ Agri-

cultural Experiment Station for purposes of publication.

Seventh—Immediately after the the completion of the test, the

Cornell University Agricultural Experiment Station will give to

the owner, over the signature of its proper ofhcer, a properly

verified statement of the amount of milk and fat produced by

each cow during the test.

Eighth—The Cornell University Agricultural Experiment

Station will arrange dates, so far as possible, to suit the owners,

but it cannot agree to make a test for any one at any specified

time.

Parties having cows which they wish tested under these con-

ditions should correspond with H. H. Wing,
Professorof Dairy Hiisbandry

,

Cornell University

^

Ithaca, N. Y.

Directionsfor Station Representative in Co7iducting Official Tests

of Dairy Coivs.

First—The representative of the station shall see the cow or

cows milked dry before the beginning of the test, and the test

shall end seven days thereafter at the same hour.

Second—He must be present at each milking during the test
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and satisfj- himself that at the close of each milking the pail

contains nothing but the milk drawn from the cow under test.

Third—Under no circumstances shall more than one cow be

milked at the same time. The station representative shall keep

the milker in full view during the whole time of milking. Where
more than one cow is under test the cows shall be milked in the

same order at each milking.

Fourth—Immediately after the milk is drawn the station repre-

sentative will weigh the same on balances provided by the

experiment station and enter the exact weight of milk at once

on his records. He will then sample the milk as follows:

Fifth—Immediately after weighing, the milk must be poured

from one pail to another, then with a dipper, the milk must be

stirred at least three times, from the bottom, taking care to empty
the dipper each time. From the last dipperfull take half a pint

or more for the test sample. This test sample must remain in

the possession of the representative or under his lock and key
till the test is complete. Testing shall be done immediately

after milking except when a milking is made at or near mid-

night.

Sixth—Tests are always made in duplicate and the test sample

must be preserved until a perfectly satisfactory test of the same
has been made.

Seventh—If any of the milk or the test sample from a milking

is accidently lost or is otherwise imperfect, it must be so reported

with a note as to the character of the accident or omission.

Eighth—At the time the test of each milking is made, a sam-

ple comprising as many cubic centimeters as the number of

pounds in the milking, is taken for a composite sample of the

whole test. Sufficient preservative must be used and the repre-

sentative must be responsible for such composite sample till it is

delivered to the proper officer of the station for a check test.

Ninth—The station representative is not at liberty to waive or

vary these directions in an}' particular.

This work has been done largely by advanced and graduate

students and as it is done at the expense of the individual

owner it makes no burden upon the resources of the Station and

at the same time affords a large mass of valuable material for
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the study of milk secretion. During the past year the butter

records of about one hundred and fifty cows, for seven days

each, have been so supervised.

Under the Agricultural Extension Mr. W. \V. Hall, Instructor

in Cheese Making in the Dairj^ Course, has devoted considerable

time with excellent results in visiting and giving help and expert

advice at creamery and cheese factories throughout the State.

Sixty-five factories in thirty-three counties have been so visited

during the year.

The Dairy Division of the Experiment Station has suffered a

loss in the resignation of Mr. EeRoy Anderson who for the two
years past has been Assistant in the Division. Mr. Anderson

leaves to establish a department of Animal Industry and Dairy

Husbandry in the Unii^ersity of California. His services here

have formed an important part of the work in this Division.

Respectfully submitted,

H. H. Wing.
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CONCERNING PATENTS ON GRAVITY OR
DILUTION SEPARATORS.

In Bulletin No. 151 published in August, 1898, the efficiency

of these creaming devices was summed up as follows :

" Gravity or dilution separators are merely tin cans in which

the separation of cream by gravity process is claimed to be aided

b}' dilution with w^ater.

Under ordinary conditions the dilution is of no benefit. It

may be of some use when the milk is all from ' stripper ' cows,

or when the temperature of melting ice cannot be secured.

These cans are not ' separators ' in the universally accepted

sense of that term and cannot rank in efficiency with them.

They are even less efficient than the best forms of deep setting

systems, such as the Cooley Creamer.

They are no more efficient than the old fashioned shallow pan
;

but perhaps require rather less labor."

These conclusions .have since been abundantly confirmed

though there seem to be many who desire to use these cans on

the score of the less labor required even though there may be in

most cases some loss of fat.

One of the chief misleading features used by the promoters

of this system is the way in which the term separator is used to

imply that the dilution process is equal in efficiency to a centri-

fugal separator. This is well shown by the following quotation

from a recent circular of the " Wheeler's Gravity Cream
Separator."

" Those that keep only one or two cows, as well as the large

dairyman, can have the advantage of a separator at a small cost,

compared with the centrifugal separator or creamer."

In another way would-be users of the dilution process are

being mislead and this is in regard to the patents that have been

issued or applied for on the dilution process or on the various

styles of cans in which it is to be used. At the present time

certain parties are going about the state claiming a royalty from
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any who may be using the dilution process in any form of can

but their own. The following is a type of the inquiries we are

receiving concerning the matter.

N. Y., May 26, 1899.

Cornell University Experiment Station :

There is in this vicinity an agent for the Wheeler Gravity
Separator, who is trying to stop us from using every other

separator or can of every description except his own, claiming

that his manufacturer has a patent on the process, and that we
have no right to mix water with our milk for the purpose of

raising the cream, except by using his cans or by paying a

royalty to his manufacturer. Respectfully,

This and similar inquiries have led us to make a careful

examination of the files of the Patent Office Gazette and we find

that during the past year numerous patents have been granted

on various forms of gravity separators and creaming cans.

Briefly described they are as follows

:

The Aquatic Cream Separator.

This is manufactured under patent No. 605,252, granted

June 7, 1898, to C. L. and F. G. lyce. Its character is shown

by the following extract from the specifications and the claim

under which the patent was granted.
'

' The improved results obtained by our apparatus are as fol-

lows : The milk is poured through the strainer D into the

aerator C, whereby the sediment is removed therefrom. The
milk then passes through the perforated bottom / of the aerator

and is sprayed upon the conical top of the cover h of the cooler

B, whereby it is deprived of its animal heat, and thence passes

down the outside of the cooler. It is then allowed to stand

until the temperature thereof is reduced sufficiently in order to

prevent congealing of the same. The milk is then diluted by

the introduction of water and is allowed to remain tranquil a

sufficient period of time to allow the cream to rise to the top
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thereof, which action can be readily ascertained by means of a

sight-glass 71, secured in the side of the can A."
" What we claim is

—

An apparatus for separating cream from milk comprising a

milk-can provided with a centrally-depressed bottom and hav-

I.

—

The Aquatic Cream Separators.

ing an outlet in the center of said bottom, a cooler within

said can and provided on its bottom with feet supporting

the cooler over said outlet with passages under the cooler,

said feet serving to prevent eddying of the outflowing

liquid and causing a draft of said liquid equally from all sides

of the can to the outlet and also promoting the discharge of the

sediment from the bottom of the can substantially as described."

It will be seen that the peculiarity of this apparatus consists

in the central cooler supported upon little legs over the outlet in

the center of the bottom of the can and that while dilution is

mentioned in the specifications as essential to the "improved
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results" the claim is on the form of the can only and not upon

the dilution. As a matter of fact this "separator" was at

first made without legs to the cooler and with the outlet at the

side, thus entirely ignoring the claim. A recent letter from the

manufacturers says, " We are making the 'Aquatic' Cream
Separator under patent No. 605,252, granted June 7, 1898. We
also manufacture cheaper cans for the dilute process, but of

course know that they will not do as good work."

Thayer's Cream Separator.

This constitutes patent No. 608,311, granted August 2, 1898,

to Julius W. Thayer of Milton, Iowa.

The following extract from the specifications shows that

dilution is considered an important part of the process though

nothing whatever is said about it in the claim.
'

' In operation the milk while warm (as immediately after

milking) is strained and introduced into the receptacle, after

which water at a lower temperature than the milk.(and preferably

at a considerably lower temperature) is introduced through the

tube 8 and gains access to the interior of the receptacle at the

lowest point thereof. Obviousl}' the extension of the inlet- tube

approximately throughout the longitudinal center of the bottom

of the receptacle has the effect of chilling the contiguous por-

tions of the contents, and as the water enters and commingles

with the milk the chilling thereof results in the separation of

the cream which, rising to the top, remains supported by the

heavier contents of the receptacle until the latter have been

withdrawn through the faucet. The mixture of milk and water

may be withdrawn to lower the level of the under surface of the

cream to the most depressed point of the bottom of the

receptacle, this point in the operation being visible through the

sight-pane.
'

' It will be seen that in addition to the advantage gained by

introducing the cooling agent at the lowest point of the bottom

of the receptacle the inclination of t!:e longitudinal center of

said bottom and the lateral inclination of the side portions of

the bottom have the effect of concentrating a lower stratum of
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the contents co itiguous to the faucet, whereby in. drawing off

the milk almost the entire quantity thereof may be removed

without disturbing the cream. The usual time necessary for

accomplishing the complete separation of the cream from the

milk is from twenty to thirty minutes, as I have discovered in

practice."

" Having described my invention, what I claim is

—

I, A cream-separator having a receptacle provided with a

bottom of which the side portions are inclined downwardly and

inwardly to the longitudinal center thereof, said longitudinal

j^J.

Thayer's Cream Separator.

center being inclined downwardly from the rear toward the front

wall of the receptacle, a faucet communicating with the recep-

tacle at the most depressed point of its bottom, and an inlet-tube

having an exposed inlet end, and an extension 9 arranged

within the receptacle upon the inclined longitudinal center of its

bottom, with its outlet end located contiguous to the said most

depressed portion of the bottom of the receptacle, stibstantially

as specified.
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2. A cream-separator having a receptacle of which the bottom

is inclined laterally from the side walls toward a central longi-

tudinal line, this longitudinal center being inclined downwardly

from the rear toward the front wall, a removable cover fitted

upon the receptacle and provided with a ventilating-opening

fitted with a gauze screen, a faucet communicating with the

interior of the receptacle at the lowest point of its bottom, a

vertical sight-pane through which the contents of the receptacle

may be observed, and an inlet-tube having an exposed inlet end,

and arranged at its outlet end contiguous to said depressed point

of the bottom, an intermediate portion of the inlet-tube extend-

ing through the receptacle, substantially as specified."

The peculiar feature of this " separator " seems to be the tube

through which the water is added. A letter addressed to the

inventor was returned undelivered and it is not likely that this

machine is on the market.

Phillips' Cream Separator.

The patent on this "invention" is No. 609,461; it was

granted Aug. 23, 1898, to John E. Phillips, Central Square,

N. Y., and its operation and the claims for the patent are

described in the following fanciful language :

" By practical tests it has been found that the separation of

the cream from the milk is promoted by dilution of the milk,

and this has been usually done by pouring water into the milk

at the time of setting the same to allow the cream to rise to

the surface of the diluted milk.

" The object of my present invention is to effect the separation

of the cream from the milk more perfectly and expeditio'isly by

dilution of the milk during the process of separating the cream

therefrom ; and to that end the invention consists in causing the

milk containing the cream to fall in separate drops upon the sur-

face of a tranquil body of water or suitable diluting liquid, and

thereby diluting each drop separately and causing the cream

thereof to be gathered on the surface of said liquid during the

dilution of the drop. Said drops falling upon the water in the

can, each drop is diluted separately and the cream thereof is

detained upon the top of the water, while the milk becomes com-
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mingled with the water. In this manner the process of separat-

ing the cream from the milk is very much expedited and the

separation is rendered more positive and effectual."

"What I claim as my invention is

—

The within described process of separating cream from milk

by specific gravity, consisting in causing the creamy milk to fall

3.

—

Piiillips' Cream Separator.

in separate drops through the air onto the surface of a tranquil

body of diluting liquid, and thereby diluting each drop separ-

ately, and by the gentle diffusion of the milk of the successive

drops in the diluting liquid causing the cream thereof to become
separated from the diluted milk and form a stratum of cream
upon the surface of the tranquil liquid, and subsequently draw-

ing the diluted milk from under the supernatent stratum of

cream as set forth."

Without raising the question of the advantage or disadvan-

tage of diluting " creamy" milk, would-be users of the dilution

process may be assured that they are in danger of in fringing
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the Phillips patent only when they '

' dilute each drop separ-

ately." However desirable it may be to " dilute each drop sep-

arately," it is extremely doubtful if it can be done even by
using the Phillips can.

Rector's Creaming Can.

The patent on this can is No. 611,275. It was granted Sept.

27, 1898, to Jas. A. Rector, Lancaster, Mo. The peculiar feature

of this can seems to be the central tube or " distributing head "

_Fl-

J??^^

4.

—

Rector's Creaming Can.
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through which the water is introduced. While dilution with

water is an essential feature of the operation of this can, as is

seen by the following extract from the specifications, it will be

further noticed that nothing whatever is claimed for dilution in

the " claim " under which the patent is granted.
" In operation the milk is first placed in the can. The dis-

tributing device is then inserted. Water of low temperature is

afterward introduced into the funnel at the top of the distributer.

The water, being cold, immediately settles to the bottom, and

being distributed regularly through the apertures of the dis-

tributing-head of the distributer, rises through the bottom of

the can, carrying the particles of cream upward, while the blue

milk is assimilated, the cream floating on the top. The milk is

allowed to stand in this condition for a few moments, and the

w^ater and blue milk are then drawn off through the opening in

the bottom of the can, leaving the cream in the can, from which
it may be drawn at any time through the bottom opening.

'

' I have found that cream can be separated from the milk very

rapidly by this means and with but little trouble, the animal

heat of the milk passing off through the perforated top."
" Having thus described the invention, what is claimed, and

desired to be secured by Letters Patent, is

In a creaming-can the combination with the can -body having

a conical base formed with a discharge-opening in its apex, and
a neck, of a distributing device located wholly within the can

and consisting of a tube having a funnel-shaped upper end
positioned in the neck and a perforated distributer at the lower

end of the tube resting on the bottom, substantially as des-

cribed."

Wheeler's Gravity Cream Separator.

Although several rivals .secured patents earlier, this is

claimed to be the only "true and original" gravity separator.

On Nov. 22, 1898, a patent (No. 29,715) was i.ssued to G. T.

Wheeler, Mexico, N. Y., on the design for a can as shown in

the cut. So far as we have been able to discover the only novel

feature of this can lies in the fact that the bottom is both curved
and slanting. Up to August, 1898, this separator was made and
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sold with a flat bottom, so that the peculiar shape of the bottom

cannot be considered as essential even by the " inventors."

It is this concern that has been most strenuous as to the

advantagesof dilution and their extravagant claims as published

in Bulletin Xo. 151,

have been frequently

copied and adopted

by the manufactur-

ers of the other styles

of cans. It is the

agents of the Wheel-

er separator too,

that we have most

frequently heard of

as claiming a patent

on the process of

dilution and d e-

manding a royalty

therefor. We are

5.— Wheeler's Gravity Cream Separator. ^ -^

by the manager how-

ever, that they are not now claiming a patent on the process

and are so instructing their agents.

Hunt's Creaming Can.

•The patent on this can is No. 619,753 and it was granted Feb.

21, 1899, to Henry S. Hunt, Cato, N. Y. Its essential features

are shown in the following extract from the specifications and

the claim in full

:

" In operation my invention of improved creaming- can is used

as follows : Equal quantities of milk and water are placed in

the vessel A, being run through a straining cloth secured over

the top of the can, and the mixture is permitted to stand m the

vessel A until the cream rises thereon, during which time the

cap C is held in the position shown in Fig. 2, where the wire-

cloth c is elevated above the tube B, so as to permit the free

passage of air through said tube B for the purpose of providing
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a sufficient draft to carry off any deleterious gases which might
arise from the milk and water, or which might otherwise be

permitted to contaminate the cream."

"Having described my invention, what I claim as new, and
desire to secure by Letters Patent, is

—

In a creaming-can, the cylindrical shell A, provided with a

:3.

SP^
6.

—

HunVs Creaming Can.

bottom which slopes toward one side, and which is raised a suit-

able distance above the lower end of the shell, a faucet secured

to the bottom and inclosed by the chamber in the lower end of
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the shell, and a central draft-tube which extends vertically in

the shell within a short distance of its top, and which tube has

its lower end to extend a suitable distance below the bottom, and

7.

—

Rosback's Cream Separator.

which tube has its lower end braced by the portion A (see cut),

combined with a perforated cover D which is placed over the

lower end of the tube, and the capC placed above the end of the

tube and provided with suitable perforations, substantially as

shown and described."
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It will be noticed that nothing whatever is said in the claim as

to dilution and that the peculiar feature of the can rests in the

"ventilating" tube passing through the middle of the can.

This feature in actual practice has not only proved to be of no

advantage but is a decided nuisance in washing and handling the

can.

Rosback's Cream Separator.

This is a can patented by Joshua A. Rosback, Hermon, N. Y.

The patent is No. 624,100 and was granted Ma}^ 2, 1899. As
will be seen by the extracts below, while dilution is recommended,

the claim for the patent covers only the form of the strainer

over the port to the faucet.
'

' The mode of practicing the invention is as follows : The
milk is taken direct from the cow and placed in the can, and an

equal amount of fresh cold water is added. The can is then

placed in a cool place and is permitted to stand. The cream will

rise to the top and the milk and water will settle to the bottom

of the can."

"Having described my invention, what I claim as new, and

desire to secure by Letters Patent, is—
A cream-separator consisting of a can, a faucet located near

the bottom thereof, a convexed strainer located over the port to

the faucet, the top of said strainer being imperforate and slant-

ing at an angle toward the center of the can."

Doty's Cream Separator.

This was patented May 2, 1899, by Ellsworth P. Doty, Cato,

N. Y., and bears the number 624,194. This like all. the others

mentions dilution as a part of the process, but the ciaim is only

on an unimportant part of the can as the following extract from

the specifications shows.
" The milk poured into the concave top or hopper is strained,

falls onto the sprayer, flows over its surface, is discharged from
its edges in streams, more or -less of which fly against the con-

vexity or neck-wall of the can and are thereby broken up into

drops, which are deflected toward the center of the can or flow
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down over its innner walls and are thereby thoroughly aerated,

the heated or displaced air flowing out through the vents, carry-

ing with it the animal odor of the milk.

"If water is used to dilute the milk and expand the cream-

globules to facilitate or quicken the raising of the cream, a suffi-

cient quantity is first placed in the can and the milk falls into it.
'

'

" Having described my invention, what I claim, and desire to

secure by Letters Patent, is

—

In a cream-separator, the combination with a can having a

constricted neck of a reversible concavo-convex cover having

7i7,/,

7 —Doty's Cream Separator.

upward and downward flanges adjacent to its edge and in aline-

ment with each other, a strainer at the center of said cover,

spring-fingers separately secured to the convex side of said cover

on converging lines and diverging from it, and a concavo-convex

sprayer removably supported by said fingers adjacent to said

extremities whereby the milk is thrown from said sprayer against

said constricted neck and is thereby broken up."

In addition to these, two patents on designs have been recently

issued, one, 30,741, on May 9, 1899, to Simon Reinsberg,
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Quincy.IU., for a distributor similar to Rector's, the other 30,962

on June 6, 1899, to Frank C. Hawkins, Breesport, N. Y., for the

bottom of a can similar to Wheeler's.

A striking similarity is observable in all these patents. In

none of them except Phillips' is dilution mentioned in the claim,

and there it covers not the dilution itself but the manner of it.

In all of them, however, dilution is mentioned in the description

as an essential part of the process. It would seem, therefore,

that in patenting some minute or unessential feature of the can

these people have sought to convey to the uninformed the idea

that the whole can, process and all was subject to the patent.

This is further borne out by the attempt in some cases to collect

royalty from people using the dilution process in Cooley or other

cans. Since some manufacturers have stated that an application

has been made for a patent covering the process of diluting milk

with water to facilitate the raising of the cream, it may be well

to look into the matter of the possibility of such a patent being

granted.

In the language of the patent office an invention, in order to

receive a patent, must present "novel, useful, and patentable

subject matter." Waiving altogether or granting entirely the

usefulness and patentability of this process let us look only into

its novelty. The process was certainly well known as early as

1890, for in that year it was the subject of investigation and

report by at least three Agricultural Experiment Stations* in

widely separated parts of the country. It has been argued that

these reports, since they did not recommend the practice, should

not be considered as evidence that the process was '

' well known
and in common use." But one, at least, of the publications

citedf did strongly recommend the process, and if recom-

mendation were necessary to constitute publicity it would be

easy to find it in the agricultural and dairy press of that period.

The late Col. F. D. Curtis, to the personal knowledge of the

writer, strongly recommended the dilutive process at numerous

*Vt. Agr. Expt. Sta. Newsp.iper Bulletin No. 3; Cornell Univ. Agr.

Expt. Sta. Bull. No. 20, and Univ. of Illinois Agr. Expt. Sta. Bull. No. 12,

p. 376.

fVt. Agr. Expt. Sta. Bull. No. 3.
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farmers' institutes in this state during the winters of 1889-90 and

1890-91,.and frequently also recommended it in the press.*

Prof. E. F. Ladd, then of the State Agricultural Experiment
Station at Geneva, now of the North Dakota Agricultural Experi-

ment Station, also recommendedf it under certain conditions,

and it was frequently mentioned by other writers. It is also recom-

mended for use in connection with the Cooley creamer in circular

No. 214 of the Vermont Farm Machine Co., page 10. Under
date of May 31, 1899, Mr. N. G. Williams, the manager of the

company, informs me concerning the above. "These particu-

lars were in April, 1890, and have been published in our circu-

lars ever since. We had recommended it (dilution) before this."

The process was then well known over large portions of the

country at least nine years ago, but had almost completely dis-

appeared from public view till revived by these boomers of

patent cans about two years ago.

Conclusions.

Several patents have been granted covering unimportant

details of the construction of cans in which the dilution of milk

with water is recommended to facilitate the separation of the

cream.

Anyone desiring to use this process of doubtful utility is per-

fectly free to do so without let or hindrance from the holder of

any patent right whatever.

The Cornell University Agricultural Experiment Station will

esteem it a favor to be put in communication with anyone who
is demanding a royalty from persons who are diluting their milk

in order to facilitate the raising of the cream.

*Country Gentleman, Dec. 12, 1889, p. 945 ; July 31, 1890, p. 611, and

Aug. 21, 1890, p. 662.

\ Rural Neiv- Yorker, Aug. 16, 1890, p. 527.
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THE CHERRY FRUIT-FLY

The plnv! curcnlio, eti-

lavged. The insect which
''sting's'' or tnakes Ihe cres-
cent cut on the cherry, and
is responsible for most
" wormy'' cheiries.

Rhagoletis cingulata ? Loew.

Order Diptera ; sub-family Trypetin.^.

The growing of cherries is already an important phase of the

fruit industry of New York and neighboring states. And cherry

orchards now frequently supplement the few cherry trees often

seen in door-yards, in gardens, or along

lanes and roadsides. Everyone who
eats this luscious fruit when fresh is

familiar with the fact that cherries are

often " wormy." Most cherry growers

now understand that the cause of

" wormy " cherries is that arch enemy
of the plum—the plum curculio, shown
enlarged in figure 9.

The crescent cut or "sting" of this

little beetle is a very discouraging

factor to the cherry grower ; and the resulting white and

footless grub, with a brownish horny head, which revels in

the juicy fruit, is a familiar and distracting object to most house-

wives. In view of these discouraging facts, we are somewhat
loath to announce to cherry growers, through the medium of

this bulletin, that another, and possibly even a more serious

insect enemy, has recently appeared in at least one Massachusetts

and in several New York cherry orchards. This new cherry pest

works in the fruit, as does the plum curculio, and while it is

capable of being equally as destructive, it also works in a much
more inconspicuous manner. One can usually readily determine

when a cherry is " wormy " from the attacks of the plum cur-

culio, but this new pest gets in its work in such a way that the

fruit it infests might easily be classed among the fairest and best

on the tree, or in the dish on our breakfast table.

From the above statements, cherr}^ growers can readily under-

stand how serious a menace to their business this new pest might
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easily become, and how important it will be for them to learn all

they can about it.

As we made our first acquaintance with the pest only about

two months ago, we have had no opportunity to fully investigate

its habits, and hence cannot tell its life-story in detail. For the

same reason, we have not tested any remedial measures to con-

trol it, but, fortunately, we have at hand the literature giving

the results of experiments against similar insect pests working

in the fruits of European countries and of our antipodal neighbors

in Australia, New Zealand and South Africa. This bulletin is

therefore simply a preliminary report for the purpose of calling

the attention of cherry growers to this new pest, with an account

of what measures have been used against similar pests, all with

a view of helping the growers of cherries to understand the

nature of the enemy and to be on the lookout for it.

Characteristics of the New Pest.

This new insect enemy of cherries is very different from the

plum curculio, which has heretofore been justly accused of being

the cause of all "wormy" cherries. The grub of the plum

curculio is shown much enlarged in figure 10, while the " worm,"
which has been found in from one-fourth

to one-third of the cherries on some trees

the past summer, is shown, natural size

and enlarged, in figure 11. As a comparison

of these figures will show, this new cherry
" worm " is quite ditlerent and can be easily

distinguished from the grub (name applied to

the larva of a beetle) of the plum curculio.

This new cherry "worm " is instead a true

maggot, a name given to the larvae of the

two-winged insects—the flies, like the com-

-T^r^^ . ^ ,. mon house-fly.
10.— The grub of the '

phtm curculio enlarged fi^g shape and sizc of thcsc chcrry maggots,
Thii IS usually the cul- ^ -' oo

»

pritfoundin'' wormy'' wlicu fuU-grown, are wcU shown in figure
cherries. '-' ^

II. They are of a very light yellowish-

white color. From each side of the body near the head pro-



Plate I.

II.

—

Dorsal and lateral views of inaggot of the cherry-fly. Natural
size and much enlarged.

12.— Rhagoletts cingulata Leojv. Thefly -chich is supposed to he the
adult or parent of the cherry maggot. The fly is shown natural
size and enlarged, 7vith xvings spread and in the normal position
Tvhen thefly is at rest. The enlarged wing below illustrates a
variation in the markings.
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jects a minute, light-brown, fan-shaped organ, which is the

cephalic opening of the breathing tubes ; the caudal openings of

these tubes or trachea form two peculiar, light-brown, slightly

elevated, slit-like openings on the caudal end of the body.

The mouth-parts consist of two black, minute, sharp, rasping

jaws which usually project slightly from the pointed head.

We have as yet found no characteristics by which we can

distinguish these cherry maggots from that common pest of the

apple—the apple maggot. And we are not yet sure that this

new cherry pest is not the apple maggcJt in a new role.

These maggots, which spend practically their whole life in

the flesh of the cherry, are the only stage of the insect with

which the consumers and most of the growers of the fruit will

become familiar.

The maggots hatch from eggs laid by a pretty little fly,

resembling in shape, but somewhat smaller than the common
house-fly. We cannot know with absolute certainty just what
kind of a fly is the parent of the cherry maggot until some of

the maggots now in our breeding cages transform into the fly,

and this will not take place until next spring. But for reasons

to be given later on in discussing the identity of this new pest,

we think that the adult form of it is the fly, shown natural size

and enlarged, in figure 12. The body of this fly is black, and
its head and legs are of a light yellowish-brown color ; the

lateral borders of the thorax are light yellow ; the caudal

borders of the segments of the abdomen are whitish ; the wings
and the scutellum are crossed by four blackish bands and have a

blackish spot at their tip ; this spot is sometimes confluent with

the nearest band, as shown in the enlarged figure of a wing in

the lower part of figure 12. The peculiar arrangement of these

markings on its wings serves to easily distinguish this fly from

any of its near known relatives.

One cherry grower tells us that he saw many of these flies ofi

his trees when the fruit was being picked. He stated that the

flies were then somewhat sluggish in their movements, often

alighting on the picker's hand. Their black-banded wings ren-

der these flies quite conspicuous objects as they flit about from
cherry to cherry, so that cherry growers should be able to famil-

iarize themselves with the adult or fly stage of this new enemy.
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How AND When the Insect Works.

Unfortunately this cherry maggot works in a very incon-

spicuous manner, so that it will be a difficult matter to deter-

mine its presence until the mischief is wrought. All of those

who suffered from its ravages the past summer did not know of

its presence until their attention was called to it by the con-

13.

—

Cherries infested by the Cherry Frnit-fly. All the cherries contained
nia^_s:ots, although the upper ones shozved no external iiidications of
being infested. Natural size.

sumers of the cherries. One grower picked two basketsfull

of what seemed to be the fairest and largest cherries, and took

them home for canning. When the housewife came to pit them

she was much surprised and disgusted to find that many of them

were "wormy " with these cherry maggots. The two cherries

in the upper part of figure 13 contained maggots, although they

were apparently perfect fruits externally. If the cherries are
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allowed to remain on the tree, or are not used within a few days

after picking, the work of the maggot will result in a rotting

and sinking in of a portion of the fruit, as is shown by the five

cherries in the lower part of figure 13. When this stage is

reached, or often even before the fruit shows signs of rotting,

the maggots are usually

full - grown and soon

craw4 out of the fruits.

One lover of this lus-

cious fruit reports that

when some cherries

which had been left over

from a meal the preced-

ing day, were placed on

the table the next morn-

ing for breakfast, it was

found that several mag-

gots had crawled out

during the night. He is

now wondering how
many maggots were un-

wittingly eaten the day

before !

The work of this cherry maggot is well illustrated in the

enlarged picture of a cherry in section, in figure 14. The mag-

got:s feed upon the juicy flesh of the ripening cherry, usually

near the pit. They form an irregular, rotten-appearing cavity

which is represented by the black cavity near the pit in figure 14.

Until the maggots get nearly full-grown their work does not

show on the surface of the fruit. vSoon after "picking-time,"

however, the rotting extends to the skin which sinks in.

Usually but a single maggot is found in a cherry ; we have

sometimes found a second, but always much smaller, maggot in

the same fruit. The maggots do not tunnel all through the

fiesh of the cherry as does the apple maggot in apples.

We have had no opportunity to ascertain when this cherry

maggot begins its work in the fruit. The maggot which works
in cherries in Europe is said to begin work about the time the

^i.— Sedion of a cherry, enlarged, to show
the maggot and the nature of its work.
The small figures above show the mag-
got and its supposed parent, the fruit-

fly. Natural size.



28 Bulletin 172.

fruits are turning red, and there are indications that our new
American pest begins about the same time. It is doubtful if the

maggots feed more than three weeks in the fruit, and most of

this must be done in the month of June. The maggots may
begin their work in the latter part of May in early varieties of

cherries, and we have found them in cherries left on the trees as

late as August 5th. We also saw many of what we believe to be

the adult insect on the cherries at this late date ; Mr. Lowe
reports finding young maggots in fruits as late as August i6th.

Our Massachusetts correspondent reports that some of his

cherries began to " spoil " even before they had fully matured.

Varieties of Cherries Attacked.

The European cherry maggot is said to confine its work to the

sweet and sub-acid varieties, but its new American congener

seems to be less particular in its tastes. The Massachusetts

parties who iirst called our attention to the insect write us that
" all our cherries were badh- infested, the Downer and the black

ones, but the Morellos were the worst." At Ithaca, N. Y.,

only the early varieties are reported infested ; while at Geneva,

N. Y., the insect confined its work this year mostly to the

English Morello and the Montmorency varieties, the latter being

the worst infested. It thus seems that the pest may attack all

varieties of cherries whether sweet, sub-acid, or sour, or whether

early or late ; the Morello and Montmorency varieties seem to

have suffered the most this 3'ear.

It May Attack Plums or Prunes.

One grower at Geneva, N. Y., reports that he fears the same

insect worked in his prunes last year. Ten years ago maggots

were found working in both cherries and plums in Northern

Michigan. These were thought to have been the apple maggot,

but we believe they were identical with those which have worked

in the cherries of New York and Massachusetts this year. Our
correspondents report that thus far this year they have found no

indications of the maggots in their plums or prunes. It would
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not be surprising to find the maggots working in these fruits,

which are oftentimes grown nearby, as they are not very dissimilar

in their nature to the cherry. Thus growers of plums and

prunes, as well as of cherries, should familiarize themselves with

this serious menace to their business. Should anyone find mag-

gots or "worms" of any kind in plums or prunes, we would like

to be notified of the fact at once.

Its Distribution and Destructiveness.

We have evidence of the work of this new cherry pest this

year from Belmont, Mass., and Ithaca and Geneva, N. Y. The
fly which we found on the fruit at Geneva, and which we feel

quite sure is the adult insect, is recorded from the Middle States

only. It was doubtless the same insect which worked in

Northern Michigan ten years ago, as noted above. Thus cherry

growers in the Eastern, Middle and Northern States should be

on the lookout for the pest.

At Belmont, Mass., about one-third of a six or seven-ton crop

of cherries were ruined by the maggots this year. The pest also

destroyed from one-fourth to one-third of the crop of English

Morello and Montmorency cherries in one orchard at Geneva,

N. Y. These facts show that the new pest will become a serious

menace to cherry growing in certain sections. Another serious

phase of the matter is the fact that the presence of the pest may
not be known until the fruit gets into the hands of the con-

sumers, and such fruit will not help in making future sales to

the same parties.

Its History, Identity and Name.

So far as we can find there are recorded but two earlier instances

where maggots have been found in cherries in America.* For

more than a century European cherry growers have suffered

from the ravages of a maggot in the fruit. The first record we

*Although the bibliography appended to this bulletin includes several

references to cherries being found infested by maggots, it may be noted

that the records of Cook, Cordley and Davis all refer to the same case of

infestation.
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find of maggots in cherries in America was made by Dr. Hagen,

of Cambridge, Mass., in 1883. That year maggots were very

common in the fruit of a black cherry tree imported fron Prus-

sia and set in his garden ten years before. He found no differ-

ences between his maggots and pupae and those of the European
cherry maggot, but stated that this was not sulBcient evidence

to prove the specific identity of the two cherry pests. He
expected to raise the adult insect and thus settle the identity of

our American cherry maggot, but evidently he did not rear the

fly, as we are informed that no flies or even any of the maggots

are to be found in the collections at Cambridge. It is an inter-

esting fact that we received our first intimation of the existence

of such a pest from Belmont, Mass., which is only a few miles

from where Dr. Hagen found cherry maggots in 1S83.

In 1889, specimens of cherries and plums badly infested with

maggots were received at the Michigan Experiment Station from

northern Michigan. Brief notices of this infestation were soon

published (see bibliography) by Cook, Cordley and Davis.

Cordley stated that "from the accounts of our correspondents

describing the attack, and from a close examination of both the

larva and pupal stages of the insects received, the cherries and

plums seem to be badly infested with Trypeta pomonella (the

apple maggot). Whether these are the descendants of small

Trypetas which had formerly acquired a taste for apples, or

whether certain individuals of those feeding upon the haw-

thorn have ' dropped their plebeian tastes and adopted a more

refined table regimen,' it is unsafe to say, but from the fact that

the apple maggot has never been known to attack the apple of

northern Michigan, and from the fact that while the apple mag-

got is abundant on hawthorn everywhere in Michigan, and as

it has not attacked the cherries nor plums elsewhere, it seems

probable that a cherry and plum loving race of the apple mag-

got has developed or is being developed in northern Mchigan,

directly from those which fed upon the hawthorn." Unfortu-

nately none of the adult insects seem to have been bred, and we
are informed that even none of the maggots are to be found in

the Michigan College collection.

Some of the Geneva cherry growers noticed a few maggots
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in their cherries last year, and we are informed that they have

been seen at Ithaca for a year or more, while our afflicted corre-

spondent at Belmont, Mass., reports that they think their fruit

has been infested for the last four or five years, but not nearly

so bad as this year.

While there seems to be no evidence extant to ever enable one

to determine just what insect is responsible for these two earlier

records of maggots in cherries, yet we think the cherry maggots

we received this year are the same as those previouslj- recorded.

And we furthermore seriously doubt if this new cherry pest is

the same as the common apple maggot {Rhagolelis pomonella) in

spite of the fact that we, like Cordley, have been unable to dis-

tinguish between the maggots found in cherries and those work-

ing in apple.

The facts recorded by Cordley, as quoted above, strongly

indicate that the cherry maggot is a different and distinct insect,

and we submit the following evidence in support of this theory.

On August 4th we visited an infested orchard at Geneva, N. Y.,

and found quite a number of English Morello cherries still on

the trees, and one or two trees bore many fruits of what the

owner called a "sport " or reversion from the English Morello.

Many of the fruits contained the maggots, and we soon saw

many of the little flies shown in figure 12, on the trees, almost

always on the fruits. Several of the flies were captured and

found to be a species described in 1862 as Rhagoletis dngulata,

from the Middle States. This fly is thus a very near relative of

the apple maggot {Rhagoletis pomonella), and a still more

significant point is the fact that Eoew, in his original description

of the fly we found on the cherries, says it is closely allied to

the fly of the European cherry maggot. As Doane (1898) has

recorded, six species (one, zephyria, may prove to be a synonym)
of flies of the genus Rhagoletis have been described from the

United States. The habits are known of only two of these

flies, {R. pomonella, the apple maggot, and R. ribicola, the dark

currant fly) and the maggots of these live in fruits.

As we saw no similar flies on the cherry trees, as we found

Rhagoletis cingulata on the fruits, in considerable numbers, and

in view of the facts just submitted regarding the relationships
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and probable fruit-feeding habits of this fly, it is easj' to under-

stand why we have been lead to think that the fly in figure 12

is the adult of our American cherry maggot, and that, therefore,

this maggot is a distinct species from the apple maggot. When
the adult insects emerge in our breeding cages next spring, our

theory, outlined above, may be demolished, as w^e may get apple

maggot flies or something else entireh" unexpected, but this will

not materially affect the purpose of this bulletin to record all

we have been able to glean regarding an insect, whether old or

new, which may certainly be classed as a new cherry pest.

For this new cherry pest we would propose the popular name
of the Cherry Fruit-fly. We prefer this name to the Cherry

Maggot as it is more expressive of the insect's habits, and

similar fruit inhabiting maggots in other countries are knowai

as Fruit-flies.

Possible Natural Food-Plants of the Insect.

If this cherry fruit-fly turns out .to be the well-known apple-

maggot fly, then, of course, its native or original food-plant is

the hawthorn. But if this new cherry pest is Rhagoletis cingu-

lata, or some insect other than the apple maggot, then we must

look to the native species of wild cherries, or possibly wild

plums, and also to the species of Berberis and Lonicera for its

natural food-plants. The latter plants are mentioned as possible

native food-plants of the American cherry fruit-fl}' because the <

European cherry fruit-fly is known to breed in several species of

Berberis and Lo7iicera.

The Story of Its Life.

Having first made the acquaintance of this new cherry pest

only about two months ago, we have had, therefore, no oppor-

tunity to follow it through its }'early life-cycle. Hence, we are

unable to tell the story of its life in detail.

How it spends the ivinter.—The insect doubtless spends the

winter in the soil, usually not more than an inch below the sur-

face, in the condition shown, natural size and much enlarged, in



The Cherry Fruit-Fly. 33

figure 15. It is a dark brown, lifeless-looking object known as

a puparium. Within this hard, stiff, brown shell, which is

really the contracted and hardened skin of the maggot, the

insect changes from a maggot to a pupa. Whether the pupa is

formed before spring, we cannot 3'et say.

Emergence in the spring.—During the spring months the trans-

formation from a

pupa to the adult

insect—the pretty

little fly shown in

figure 12— takes

place. When the

time for emerg-

ence comes, thelit-

tle fly bursts open

one end of the

puparium (figure

15,) crawls out,

works its wa}' up

through the inch

or less of soil,

and then flits away to find its mate and the food-plant for its

progeny. As to when these cherry fruit-flies emerge in the

spring we have no evidence. The yellow currant fruit-fly

{Epochra canadensis) sometimes emerges in May, but the nearer

relatives of the cherry fruit-fly, the dark fruit-fly {Rhagoletis

ribicola) and the apple maggot fly {Rhagoletis poinonella) ma^^

emerge about the middle of June in the latitude of New York.

Hence, we would infer from this that the cherry fruit -fly may
be expected to emerge about June 15th, in New York. The date

of appearance of the flies on the trees will doubtless ^-ary some-

what with the latitude and the season. The flies will doubtless

continue to emerge over a considerable period, perhaps a month
or more

; the flies which we suspect are the adults of this pest

were found on the fruit as late as August 4th.

J^SS-^(^yi^K^-—We have not seen the fly lay an t-g^, but think

we have found its eggs in the cherries. We found many minute
punctures through the skin of the fruits, and obliquely just

%%

15.

—

Dorsaland ventral views of the puparia of the
cherryfruit-fly . Natural size and enlarged.
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beneath the skin in the flesh we could discern the remains of a

hatched egg. In a few cases we found an unhatched egg, but

always crushed it before we could disengage it from the flesh of

the fruit. Hence, we are unable to describe or picture the egg.

We feel quite sure, however, that the mother fly punctures the

skin of the fruit with her ovipositor and then inserts obliquely

an elongate, whitish egg in the flesh just beneath the skin.

Mr. Lowe has recorded the following observations regarding the

egg :
" Egg-laying undoubtedly begins as soon as the first fruit

ripens, as young maggots were found in some of the earliest

fruits. It continues as late as the middle of August, and prob-

ably later. We have found young maggots as late as August i6th.

On the same day an unhatched egg was found. The eggs are

placed nearly or quite under the skin. One egg was found on

the outside. A single egg measured 5 mm. (.02 inch), somewhat

broader toward one end, and about one-fourth as wide as long,

at the widest point. Beginning at the broad end and extending

about one-fourth the length of the egg, the shell is roughened

and somewhat darker ; color, a dirty yellow." The flesh of the

fruit seems to slightly thicken or harden around the egg and

adhere closely to it. Apparently the eggs are laid in any part

of the fruit. Old egg-scars are quite easily discernable on the

cherries ; the minute, round depressed spot on the right-hand

cherry of the two upper ones in figure 13 is probably an egg-scar.

Egg-laying doubtless extends over a considerable period, prob-

ably beginning in June and continuing until into August, if an}^

cherries remain on the trees so long. We have no data bearing

on the duration of the egg-stage. The eggs probably hatch in

a few days.

The viaggofs life.—As the eggs are laid beneath the skin, the

moment it hatches, the maggot finds itself surrounded with its

favorite food, the juicy flesh of the fruit. It apparently soon

makes its way to near the pit where it proceeds to revel in the

flesh, soon forming a rotting cavity, as shown in figure 14. The
maggot spends its whole life of three or four weeks in a single

cherry, and rarely more than one maggot is to be found in the

same fruit. Apparently many of the maggots are nearly full

grown about the time the fruit is ready to pick, and they find
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their way into the consumer's hands. Afflicted orchardists re-

port that but few of the infested cherries fall from the trees,

hence when the maggots emerge they doubtless drop to the

ground, where they soon bury themselves just beneath the sur-

face. Very soon after entering the ground, probably within a

day or two, the maggots contract, their skin hardens and turns

brown, and the piiparizim stage is formed. The maggots will

change to puparia in any convenient place, as the bottom of

baskets, rubbish, etc.

Number of broods.—We have some puparia which were formed

in our breeding cages as earl}^ as July nth, from which no flies

have yet emerged. Hence we conclude that the insect winters

as a puparium, and furthermore, that there is but a single brood

of this new cherry pest in a year. Evidently the insect may
spend ten or even eleven months of its life in the soil in the

puparia stage.

How THE Insect May be Spread.

As it infests only the fruit, one need have little or no fear of

receiving this new cherry pest from nurserymen. If nursery

trees happen to be grown under infested cherr}^ trees, it is possi-

ble that a few puparia of the pest might be carried away in the

soil adhering to the roots of the nursery stock.

As many of the maggots emerge from the fruits, after they

reach the consumer's hand, the insect may thus obtain a foothold

in new localities. It is quite possible that the insect may be

more readily and widely spread in this manner than in any other.

Doubtless the pest will spread quite slowly from, tree to tree

and thus from orchard to orchard, as the adult insects are slow

in their movements and are not long-fliers. This is a very im-

portant fact for it makes the checking of this new che^'ry pest

largely an individiial matter, to be zvorked out iyidependently by

each cherry-grower.

Discussion of Remedial Measures.

It is to be hoped that this new cherry pest is not widely dis-

tributed, or that it will never become a serious factor in cherry
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growing, because it will prove a very difficult pest to control.

We have not had time to test any remedial measures, hence can

only suggest possible methods, drawn from our experience in

combating other insects, from what we know of the habits of the

insect, but more especially from the experience of fruit-growers

in Australia, South Africa and Europe, where similar fruit-flies

are serious drawbacks to fruit-growing.

Apparently there is no possible chance of getting at the insect

with a spray of any kind while it is in the egg, in the maggot,

or in the puparium stages. The egg is out of reach beneath the

skin, in the flesh ; the maggot spends practically all i^-^ life inside

the fruit, only a day or two is spent in getting from the fruit

into the soil and changing into a puparium ; and this puparium

would doubtless be impervious to any liquid applied to the soil

in such quantities as not to spoil the soil or injure the tree.

If the maggots caused the infested cherries to fall prematurely,

or so affected them as to render it easy to discover which fruits

were infested, then one could do much toward controlling the

pest by removing such fruits from the trees or by picking up the

"windfalls" and destroying them. This latter method can be

successfully employed against the apple maggot, which does

cause the apples to drop prematurely and which rarely, if ever,

leaves the fruit until it does fall or is picked. But afflicted

cherry growers state that but few, if anj^ infested cherries fall

prematurely, and also that there is no way of distinguishing the

infested cherries from the others at picking time.

Hence there seems to be no practicable method of getting at

the pest while it is in the fruit, except the heroic method of

picking and destroying by boiling, burying, or otherwise, the

whole crop on the infested trees just about the time the first

fruits are ready to pick, or even before. This method, of course,

involves the loss of the cherr}- crop for a season, but it is the

only sure method we can conceive of to completely check the

pest. Usually certain trees or certain varieties will become in-

fested first, and the destruction of the crop on these few trees

would not count for much as against their being a constant

source of danger to the rest of the orchard. The pest could be

quickly stamped out in this way and as it spreads very slowly.



The Cherry Fruit-Fly. 37

it might be a long time in again getting a foothold in the orchard.

Thi.s method of destroying the crop of cherries for a season,

while it is an heroic one, it yet deserves to receive the serious

consideration of cherry growers who may be unfortunate enough

to have this cherry fruit-fly to combat.

As the insect spends ten months or more of its life in the soil,

usually less than an inch below the surface, it would seem as

though some method might be devised to check it then. iVll of

this time is spent in the pupariam stage (figure 15), and as we have

stated above, while in this form the insect would not be readily

affected by insecticides of any sort. We doubt if any of the

puparia could be killed by the application of any reasonable or

practicable amount of any insecticide, especially such substances

as the commercial fertilizers, gas lime, lime or salt. Gas lime

has been tried in Australia with no success.

As the puparia are so near the surface of the soil from July

until the following June, it would seem as if thorough cultiva-

tion might be successfully employed against the pest. But it is

evident that the usual methods of cultivation employed by

our most successful orchardists has little or no affect on the

pest, for those who suffered from it this year were good, thorough

cultivators. A possible explanation lies in the fact that the

puparia are too small to be crushed, and they are so near the

surface that the usual shallow cultivation of the orchard does not

materially change their position relative to the surface.

Possibly deep plowing, which is not often practicable in a cherry

orchard, in late fall or early spring, might bury these puparia so

deeply that the emerging flies could not get to the surface.

Where only a few trees were infested it would be practicable to

remove the surface soil to a depth of an inch or so from beneath

the tree and either bury it deeply, put in the hen yard, or in a

much-traveled roadway.

One afflicted cherrj^ grower sends the following valuable hint.

" We have growing in our hen-yard several cherry trees, and

they were not as badly infested as the trees outside of it. We
can only account for it in that the hens found the insects as

food." Undoubtedly hens would find many of the brown
puparia in the soil, and could doubtless be successfully employed
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against the pest on a few trees. Place a temporar}' wire-netting

fence around one or more trees, turn the hens loose in the

enclosure, and stir the soil every day or two to encourage them.

Do this soon after the fruit is picked and we doubt if many of the

puparia will escape the sharp eyes of the fowls.

Something can be done toward checking the pest by not

allowing any cherries to remain on the trees after the last pick-

ing. If what few " windfalls " there might be were destroyed,

all the marketable fruit picked and disposed of, and all fruits

removed from the tree at the last picking, most of the infested

cherries would be gotten out of the orchard before most of the

maggots had matured and gotten into the soil Of course,

where early and late varieties are infested in the same orchard,

this plan might not noticeably diminish the numbers of the

pest. It is well worthy of consideration, however.

There yet remains one stage of the insect against which we
have not turned our destructive batteries. One of the first

questions asked us by an afflicted cherry grower, when he under-

stood how little chance there was of getting at the insect while in

the fruit or in the soil, was, why cannot we either kill the flies,

or deter or prevent them from laying their eggs in the cherries.

He inquired if bad-smelling substances hung in the trees or

sprayed upon them would not drive the flies awaj'. Apparently

no experiments along this line have been made in this country

against similar flies, but, fortunately our Australian and South

African fruit-growers, who are sorely afflicted with fruit-flies,

have recently carried on valuable and instructive experiments

against the flies. The following summary of their experiments

and conclusions cannot fail to be of value and interest to oui

American cherry-growers.

The flies are not attracted to lights in Australia, so that trap-

lanterns will be of no avail against the pest.

Messrs. Benson and Voller made a careful and extensive series

of experiments in the orchards of Queensland, Australia last

year. The objects of their experiments were to prevent or

deter the flies from attacking the fruit, and to attract and destroy

the flies.

In the first series of experiments they sprayed the fruit and
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trees with strong smelling substances that were deemed likely to

deter or repel the fly. They sprayed with sulphide of lime, sul-

phide of soda, lime, sulphur, wood tar, bone oil, caustic soda,

carbonate of soda, whale-oil soap, tobacco, pyrthum, black leaf

tobacco extract, nicotine, and Redwood's specific. Most of the

substances were used .>-ingly and in various combinations. None

of the mixtures injured the fruit or trees to any extent. Many

of the mixtures had a very strong and persistent smell, which

was retained on the trees and fruit for at least a week after

application, and the smell was not washed out by rain, but rather

intensified for the time.

Balls of cotton waste saturated with bone oil and other strong

smelling substances were also hung in various trees to determine

if the odor will deter the flies or not. Flies were seen on fruit

within a few inches of the cotton waste, and the trees so treated

were as badly infested as any untreated ones.

No spray that was tried was a complete success, even though

numerous applications were made ; but some mixtures* seemed

to keep the flies from the fruit for a certain time after their appli-

cation, as in the ca.se of the same varieties of fruits, on trees that

were sprayed, they were unable to detect a single fly laying eggs,

whereas the flies were numerous and busy on adjacent trees.

No spray, however, was lasting, as where the applications were

made from a week to ten days apart, part of the fruit was

infested, but not to the same extent as on untreated trees, thus

showing that the applications must be frequent during the ripen-

ing of the fruit to be of any avail.

* Mixture A :—Boil two pounds of sulphur and one pound of 98 per cent,

caustic soda in two gallons of water till the sulphur is dissolved, and a

mixture known as sulphide of soda is formed. Add six pounds of whale-

oil soap, 80 per cent. ; and boil for half an hour, adding boiling water to

make five gallons of mixture ; and add forty fluid ounces of black leaf

tobacco extract. Next add water to make forty gallons, and it is ready

for use.

Mixture B

:

—Dissolve one pound of whale-oil soap, 80 per cent., in four

gallons of boiling water. When dissolved, add twenty-five fluid ounces of

bone oil and mix well ; add water to make forty gallons, and it is

ready for use.

Mixture C:—Mix equal parts of A and B.
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The experimenters record their belief that careful and frequent

sprayings with the mixtures noted above will protect a consider-

able portion of the crop, but at the same time they are confident

that to be of any value the spraying must be very carefully

carried out, and must be backed up by destroying all infested

fruit and taking every possible precaution to keep the insects

in check.

In the second series of experiments made by Messrs. Benson

and Voller they tried to attract, catch, or poison the flies. They
record that they had no success whatever, as they failed to

attract the flies. They used highly-scented sticky baits, highly-

scented poisoned baits, and poisoned fruit baits ; but, though

numerous insects of various kinds were caught or destroyed, the

fruit-flies escaped. The experimenters could not find that the

flies fed on anything, as, with the exception of seeing them

occasionally apparently sucking the juice exuding from a punc-

ture they had made in a fruit, they were never seen to be

attracted by or feeding on anything.

In South Africa the only effectual method of preventing the

fruit from attacks by these fruit-flies thus far devised is to

enclose the trees in a fine-meshed mosquito netting during the

time when the flies are about.

We may thus glean from the above summary of the results

attained in other countries in combating similar fruit-flies, that

there is but little hope of successfully combating our American

cherry fruit-fly in the adult or fly state.

No careful experiments seem to have been made in Europe

against the European cherry fruit-fly, and the recommendations

made for combating the pest are few, usually theoretical, and add

nothing new to what we have already suggested, with one excep-

tion, which may be of interest to housewives and eaters of the

luscious fresh fruit. One German writer states that " it is known

to those housewives who wish to can cherries that the maggots

leave the fruits as soon as they have been soaked in water for

several hours ; and this precaution can therefore be taken with

the cherries to be eaten fresh in those years when the cherries

are badly infested." We wish the author of this suggestion had

been a little more definite, for we are in some doubt as to what
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is to be done with those fruits from which the maggots have

emerged. Are they to be canned or eaten with the rest.

Mark Vernon Slingerland.
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THE RELATION OF FOOD TO AIILK-FAT.

Can the per cent of fat in milk be increased through changes

in the food of the cows ? This is a question about which there

has been more debate and which has been the subject of more

experimentation than any other problem relating to the

production of milk. Some experiments have seemed to indicate

that certain foods possess the power of increasing the proportion

of fat in milk, while others, and much the larger number, show

that the variations in the quality of milk are not traceable to the

food. All who are familiar with the handling of milk know that

variations in the per cent of fat do exist and this with the same

cow on the same feed and under uniform environment. Why
the quality of milk fluctuates so widely under conditions which

to all outward appearances are the same, has never been deter-

mined experimentally. The secretion of milk is so intricate and

its processes so completely hidden from view that a clear under-

standing of them seems quite impossible. Nevertheless all care-

ful experiments conducted with a view to solve the problem are

valuable even though only negative results be obtained and

although the conclusions reached maybe more or less conjecture.

Experiments conducted for the purpose of determining the

relation of food to milk production have usually shown that

where a sudden and radical change in the food has taken place,

this change has been accompanied by a more than ordinary

variation in the per cent of fat. This variation maybe either an

increase or a decrease. x\fter the cows become accustomed to

the new feed their milk returns to its former average per cent of

fat, which ma}' be called the normal per cent. Such phenomena

would seem to indicate that the per cent of fat in milk is subject

to the peculiar constitution of the cow and that she will give

milk of a certain average composition so long as nothing occurs

to disturb the " even tenor of her way."

A definite knowledge of the relation of food to milk- fat would

solve the question as to whether or not the per cent of fat may
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be permanently increased by feeding. But concerning this point

we have little information except theories based upon the results

of many experiments. One theory has been long and largely

held that milk-fat is produced from the protein in the food. If

this were the case a natural supposition would be that by increas-

ing the amount of protein in the food, the proportion of fat in the

milk would be thereby increased. Another theory is that milk-

fat is produced from the fat in the food. Then feeding an

increased amount of fat might be supposed to result in a higher per

cent of fat in the milk; or, on the other hand, a decrease in the

supply of food-fat would likewise cause a decrease in the percent

of milk-fat. A third theory, and the one which is most largeh*

entertained, is that so long as the animal is well nourished the

per cent of fat in the milk is not appreciably affected by even

wide variations in the character of the food. Experiments sup-

porting these three theories will be found in subsequent pages.

The question has a practical bearing in the economical manage-

ment of the dairy. For, if by food we may increase the richness

of the milk, then there is opportunity to enhance the value of all

our cows. Butter-fat is the most valuable constituent of milk,

and if the cow may be made to produce a milk richer in fat by

giving her certain foods, or foods containing a large proportion

of a particular nutrient, then the dairyman may increase the

value of his cows to the extent that they may be made to respond

to the particular foods by increased production of fat. In

•general this has not been found to be the case, otherwise why
should so many cows be giving milk that is comparatively poor

in fat ? And why should they possess this same characteristic

in common with their ancestors as long ago as their history is

known to man.

Again, if feeding large amounts of protein tends to an

increased production of milk-fat, then the dairyman will need to

purchase foods containing a high proportion of protein, which

foods usually command higher prices than those contain-

ing less protein. If, on the other hand, a large supply of pro-

tein is not essential to the production of milk-fat ; if the per cent

of milk-fat is dependent on the supply of food-fat ; or, if it is

mot governed by the food so long as the cow is well nourished.
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then the dair\'man is warranted in feeding those cheaper foods

which contain less protein and more carbohj'drates and fat.

A conclusive answer to the question asked at the beginning is

not attempted in this bulletin. The record is given of two long

experiments with rations having different nutritive ratios, and

also a less extended one with a ration containing varying quan-

tities of palm nut meal. Considerable space is given to a sum-

mary of the leading experiments relating to the influence of food'

on milk production with especial reference to the quality of the

milk by which is meant here its percentage of fat.

The records of these experiments are gleaned from all reliable

sources both domestic and foreign. The object is to place before

the general farmer and reader a knowledge of what has been

done to solve the mooted question of "feeding fat into milk"

b}' experimenters abroad as well as at home. In collecting this

data free use has been made of all experimental literature obtain-

able and reference is usually made to the original article. The

Experiment Station Record has been used freely, especially for

translations of foreign experiments which are reported in peri-

odicals not found in our own library. The attempt has been to

make this summary as brief as possible and yet give a fair idea

of the plan and scope of the experiment, together with the

results or conclusions obtained.

Summary of Experiments Concerning the Relation of

Food to the Percentage of Fat in Milk.

Jordan* experimented on five cows with three different kinds

of rations during three periods, the rations being made up so as

to contain varying amounts of vegetable fats, and found that the

yield of milk diminished .somewhat in passing from the ration

rich in fat to the one containing less fat, and increased slightly

after changing again to the fat rich ration. " The composition

of the milk varied but little and no more, or even le.ss, during

the three periods than is often observed when the ration is not

changed."

In a later experiment! Jordan fed three cows during three

* Maine Station Annual Report, 1H91, p. 62.

f Same, 1893, p. 73.
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periods of 35 days each on two rations, one having a nutritive

ratio of 1:6.7 ^^'^ ^^^ other 1:12.3 and found that "the yield of

milk from the nitrogenous ration was from one-fifth to more than

one-third larger than that from the carbonaceous ration. In

general the milk was materially richer while the cows were fed

the ration rich in protein. * * The composition of the milk

solids seemed to be independent of the ration. In general the

proportion of fat increased throughout the experiment without

regard to what the cows were fed, and no evidence is furnished

in support of the notion that by changing the food it is possible

to produce more butter -fat without an accompanying increased

production of the other milk solids."

Whitcher,* after studying the effect of pasture and silage,

and of changing the nutritive ratio on the quality of the milk,

found very little variation in the per cent of fat and concludes :

"I feel warranted in saying that a given animal by heredity is

so constituted that she will give a milk of certain average com-

position ; by judicious or injudicious feeding the amount of milk

may be largely varied, but the quality of the product will be

chiefly determined by the individuality of the cow."

Wood,f in experimenting on the effect of some coarse fodders

on quantity and qualitj' of milk during several experimental

periods of two weeks each, found " no variation in the quality of

the milk that could be attributed to the character of the food."

Later, J he fed three cows for two weeks on a basal ration of

silage, clover hay, vetch hay, oats and middlings. Then in

three subsequent periods of two weeks each, palm oil, cotton-seed

oil, corn oil, oleo oil, cocoanut oil and stearin were fed to differ-

ent cows at the rate of 12 ounces per 1000 pounds live weight,

making a nutritive ratio of i:6.8. The conclusions reached

were: "That the first effect of an increase of fat in a cow's

ration is to increase the per cent of fat in her milk."

"That with the continuance of such a ration the tendency is

for the milk to return to its normal condition."
" That the increase in fat is not due to the oils but to the

unnatural character of the ration."

*New Hampshire Station Bulletin 9, 1890.

fNew Hampshire Station, Bulletin 18, 1892.

:]:Sanie, Bulletin 20, 1S94.
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"That the results of this experiment tend to confirm the con-

clusions expressed in previous bulletins from this Station ; that

the composition of a cows' milk is determined by the individ-

uality of the cow, and that although an unusual food may dis-

turb for a time the composition of the milk, its effect is not con-

tinuous.''

Hills* studied the effect of heavy feeding of grains on milk

production by giving two cows for two months a continually

increasing amount of grain until they were receiving all they

would eat. He found that there was little change in the com-

position of the milk on increasingly heavy grain feeding, and

that no connection could be traced between the quality of the

milk and the food given.

Again, t in a seri-es of feeding tests covering five periods of

four weeks each, and using thirty-one cows, he experimented

with various coarse fodders, grains and mixed feeds. The

invariable conclusion was that there was no material change in

the quality of the milk as a result of the change in ration.

CookeJ in reporting an experiment in feeding sugar meal,

cream gluten meal, and germ meal to nine cows for four months

in periods of four weeks each, says :
" We are led to the conclu-

sion that sugar meal and cream gluten have a slight effect toward

an increase in the richness of the milk."

Lindsey§ fed six cows in nine and fourteen-day periods with

seven days preliminary feeding to each period on rations con-

taining amounts of protein which varied from 1.3 to 3.76 pounds

per head daily, and the nutritive ratio varied from 1:4.4 to

1:10. The periods were rather short, but the "indications are

that the composition of the milk, especially the fat, appeared to

be favorably affected by the addition of protein up to three

pounds, although there was considerable difference m the cows

in this respect."

Lindsey, Holland and Billings|| varied the nutritive ratio of

*Verniont Station, Annual Report, 1890, p. 75.

fSanie, 1895, p. 203.

JVermont Station, Bulletin 31, 1892.

^Massachusetts (State) vStation Annual Report, 1894, p. 42.

||Massachusetts (Hatch) Station, Annual Report, 1896, p. 100.
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the ration from 1:3.86 to 1:9.43 while feeding six cows in two lots

of three each, during four periods of 21 to 26 days each, with a

seven-day preliminary period. They conclude :

" That the same amount of digestible matter in the narrow

rations produced from 11.8 to 12.9 percent more milk than did

a like amount of digestible matter in the wide rations, and that

neither the narrow nor wide rations produced any decided change

in the composition of the milk.

Jordan and Jentner* changed the ration of a cow in three

ways: " (i) By decreasing the fat in the food from about the

usual quantity to practically none
; (2) by producing wide var-

iations in the protein supply and nutritive ratio, and (3) by pro-

ducing wide variations in the supply of total digestible material."

The cow was "fed during ninety-five days on a ration from

which the fats had been nearly all extracted, and she continued

to secrete milk similar to that produced when fed on the same

kinds of hay and grain in their normal condition." The food-

fat eaten during this time was 11.6 pounds, 5.7 pounds of which

was digested, while the yield of milk-fat was 62.9 pounds.

Throughout the whole experiment, "the composition of the

milk bore no definite relation to the amount and kind of food."

Wingf added ordinary beef tallovv to the usual grain ration of

ten cows, giving them at first four ounces per head, and increas-

ing the amount gradually until each cow was consuming two

pounds daily, which amount was fed for six or seven weeks.

He found " no increase in the per cent of fat in the milk as a

result of feeding tallow in addition to a liberal grain ration."

Waters and HessJ gave rations varying in nutritive ratio from

1:3,9 to 1:6.65 to nine cows through four periods of thirty days

each, and say :
" It appears that the narrower nutritive ratio

tended to increase the per cent of fat."

Farrington§ studied the effect of heavy grain feeding by giv-

ing three cows from December i to June i, in eight periods

ranging from 6 to 51 days, an amount of grain increasing con-

*New York (State) Station, Bulletin 132, 1897.

fNew York (Cornell) Station, Biilletin 92, 1895.

^Pennsylvania Station, Annual Report, 1895, p 56.

^Illinois Station, Bulletin 24, 1894.
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tinually from 12 to 24 pounds per head daily where it washeld

for two months, when it was decreased gradually until the cows

went to pasture, May i.

The nutritive ratio varied from 1:4 to 1:9.4. He found "that

the increase of feed was accompanied by a considerable increase

in the pounds of milk produced, and consequently in the pounds

of solids, fat, and solids not fat in the milk ; but with the excep-

tion of one or two days, there were no greater changes in the

percentages of fat in the milk after the increase of feed than

before it was made. '

'

Wilson, Kent, Curtiss and Patrick* compared corn and cob

meal with sugar meal by feeding them to four cows in alternat-

ing periods of 21 days each with a lo-day preliminary period,

and conclude that " quality of milk, so far as measured by its

percentage of fat, was changed by feed to a much greater degree

than was quantity. Sugar meal produced 17 per cent more fat

and six per cent more total solids per 100 pounds of milk than

did the corn and cob meal."

Armsb^^f during three periods of three weeks each with two
cows compared bran with corn meal and found that while there

were slight changes in the composition of the milk there was
" no indication that the feeding had anything to do with these

changes." Again in comparing in a similar manner bran with

oil meal there were slight changes as before, but "we may
safely conclude that whatever changes took place in the com-

position of the milk-solids were due to advancing lactation and

not to the feed."

WollJ in comparing the feeding value of ground oats and bran

for milk production, found that" the cows invariably did better

on oats, going up in milk yield when coming on oats and going

down when bran was fed, while the fat content of the milk

remained the same on an average."

Linfield§ studied the effect of two rations varying in nutritive

ratio on the per cent of fat in milk with ten cows during eight

periods of three weeks each. He concludes, " this test adds but

*Iowa Station Bulletin 14, 189 1.

tWisconsin Station Annual Report i886, pp. 115 and 130.

ifWisconsin Station Annual Report 1S90, p. 65.

^Ucah Station, Bulletin 43, 1S95.
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another item to the fairly well established fact that an increase

in the quantit}^ of concentrated food in the ration of a cow, does

not increase the richness of the milk provided the cows are well

fed to start with."

Dean* carried on experiments during several years to ascer-

tain the elTect of food on the quality and quantity of milk.

The results obtained from feeding coarse fodder with and with-

out grain, from comparing pasturage with and without grain,

from feeding slop, and from other experiments, generally agree

with this statement made in Bulletin No. 80, that "the general

conclusion would seem to be that the food does not affect the

quality of the milk to any appreciable extent so long as the

animals are in good condition."

Speirf reports at least three different experiments on the effect

of foods on milk production. He tested a large number of

different kinds of feeding stuffs both singly and in various com-

binations during periods of four to five weeks in length. Some
of his conclusions are that " an increase of oil in the food does

not seem to give any increase of fat in the milk. Rations

having an extremely high albuminoid ratio seem to have a

depressing effect on the milk yield, well mixed foods giving the

best results in this respect. Every food when first given, seems

to have more or less effect in increasing or decreasing the

percentage of fat in the milk. This effect, however, is transitory

and the milk returns to its normal composition about the end of

the fifth week."

Stohmann,J in experimenting with goats found that the fat

content of the milk was proportional to the fat content of

the fodder, but that by a great increase in the nitrogenous

foods, the milk-fat did not increase in the same way as when
the fat content of the food was increased.

Kiihn§ carried on extensive feeding trials with bean meal,

*Ontario Aojricultural College and Farm Report i.Sgr, p. 154 ; 1893, p. 148 ;

1894, pp. 147 and 148.

fTransactions of the Highland and Agricultural Society, Scotland, 1894,

p. 83; 1896, p. 269 ; 1897, p. 296.

:j:Journal fiir Landwirtschaft, 1868, pp. 135, 307 and 420.

^Journal fiir Landwirtschaft 25 ( 1877), p. 332.
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palm nut cake and malt sprouts, having in all 42 experiments

with 10 cows. The feeding periods varied from 21 to 47 days in

. length. The grains were fed separately in addition to a normal

ration and in quantities of 1.5, 2 and 3 kilograms* per head

daily. According to his results the fat content of the milk

increased proportionately with the increase of protein fed, but

did not decrease in the same proportion when the protein in the

food was decreased. He concludes "that the palm nut cake

exerted on the whole a favorable influence upon milk production

and especially upon the fat content of the milk." The bean

meal and malt sprouts did not have a like favorable effect.

He found that the addition of one-half kilogram of oil to the

ration increased the quantity and quality of the milk. But he

considered " that this added fat had no direct influence on milk

production ; that it has an indirect effect in this manner : that

a certain quantity of protein is thereby made available for milk

production which before the feeding of the fat was used in

sustaining the animal body, but the fat now performs this office

and permits the protein to be used for producing milk.'" He
concludes also "that these experiments, according to all

observations, prove in the clearest manner how greatly the milk

production, and the possibility of influencing arbitrarily through

feeding the amount or composition of the product, are dependent

upon the individuality of the animal."

HeinrichI compared peanut cake with cocoanut cake, the

latter ration containing 350 grams more fat than the former.

The rations were alternated in periods of four weeks each and

three cows were used. He found that the fat of the milk was

considerably increased, both in percentage and total amount,

when the cocoanut ration was fed, but there was much difference

in the animals regarding this point. It is his opinion that the

increased jneld of fat may be accounted for by the increased

amount of fat in the food.

Kochs and Ramm;j; fed three cows during four periods of about

four weeks each, on rations which contained practically the same

*One kiloj^rani (kg. )=2.2 pounds.

fTranslation in Experiment vStation Record VoL 3 (iSgr), p. 67.

j Landwirtschaftliclie Jarhbiicher 21 (1892) p. 809.
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amounts of dry matter, and nearly equal amounts of digestible

non-nitrogenous matter, but the amount of protein fed was such

as to make the nutritive ratio vary from 1:8. 19 to 1:5.42 to 1:4.31

and to 1:8.19 i^ the successive periods. They found that " the

proportional fat content of the milk remained unchanged by the

very wide changes in the food."

Klein^^ found that the addition of sunflower cake to the usual

ration of four cows was followed by an increased milk yield,

while it seemed to have no specific effect on the fat content of

the milk.

Maercker and Morgenf report a series of cooperative experi-

ments with farmers in which the effect of watery foods on milk

secretion was studied. Beet diffusion residue (beet pulp) was

fed alone and also with potato residue (from starch manufacture)

in addition to a basal ration of hay, straw and grain. The
amounts of residue fed daily were such as to give quantities of

water ranging from 43 to 150 pounds per head. The experi-

mental periods were ten days each. They found that the quan-

tity of milk increased regularly with the increase of watery food

up to 1 16 pounds, and that the increase in watery food was with-

out discernible effect upon the composition of the milk.

Juretschket has found as a result of the addition of 4 to 5

pounds, per thousand pounds live weight, of cotton seed cake,

rape cake, and peanut cake to a basal ration consisting of hay,

straw, brewers' grains and wheat bran, that the "milk secretion

is not directly but only indirectly affected by feeding and that the

feeding of large amounts of fat does not increase the amount of

butter-fat in the milk."

Backhaus§ found by feeding ten cows on a basal ration of hay,

straw, brewers' grains, etc. and alternating in periods of two

weeks with peanut cake, palm nut cake and cotton-seed oil cake,

that in order to bring about changes in the fat content of milk

very little can be accomplished by the kind of food, and that the

favorable effect of some concentrated foods which have been

* Milch Zeitung 2r (1892) p. 673.

t Translation in Experiment Station Record, Vol. 3 (1892) p. 557.

:|: Molkerei Zeitung 7 ( 1893) p. 518.

§ Journal fiir Landwirtschaft 41 (1893) p. 328.
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found to increase the fat takes place only when large quantities

are fed.

Soxhlet* reports some investigations on the production of

milk richer in fat. He says nothing of the plan or extent of his

experiments and gives nothing but the conclusions and a dis-

cussion of theories. As compared with hay alone, the addition

of fourteen pounds of starch, treated with malt and given as a sweet

drink, with sixteen pounds of hay made no appreciable increase

in milk yield but a noticeable decrease (about 0.7 per cent) in

fat. The fat content was practically the same when four pounds

of rice gluten containing 71 per cent of protein was fed as when

hay was fed alone. When sesame oil, linseed oil or tallow was

added to the ration in the form of emulsions thoroughly mixed

with the drinking water, the milk contained as high as 5.8 per

cent of fat. When 1.5 to 2 pounds of linseed oil were added to

18 to 22 pounds of hay the milk averaged 5.24 per cent of fat for

four days ; when i to 2 pounds of tallow were added to the same

amount of hay the milk contained from 4.24 to 5.5 per cent of

fat, the average for eight days being 4.7 per cent. The author

believes that the addition of oils to the ration in the form of

emulsions will increase the per cent of fat in the milk while the

addition of the same oils in other forms wall not so increase it,

because the oils are more easily digested in the form of emul-

sion. He does not believe that the fat of the food goes directly into

the milk, but that it forces the body fat, i. e. tallow, over into the

milk, and thus indirectly increases the quantity of milk-fat. He
further states that the fat of the food alone, and not the protein

or carbohydrates, is capable of bringing about a one-sided

increase in the fat content of the milk.

Beglarianf studied the effect of linseed oil. given in water as

an emulsion and of ground flaxseed with four cows during four

periods of eight days each. The cows shrank in milk yield while

taking the oil ration and increased on the flaxseed ration. The

author considers the results entirely negative since the oil was

not accompanied by an appreciable rise in the fat content, while

it had an unfavorable effect on the digestion and comfort of the

*Translation in Experiment Station Record, Vol. 8 (1S97), p. 1016.

f Milch Zeituiig 26 (1897) p. 522.
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cows. The ground flaxseed had no effect on the quality of the

milk and a less unfavorable influence on the animal's digestion.

Holtsmark-*^ found that feeding cows as much as 77 pounds of

turnips per he:id dail}' in connection with a liberal ration of con-

centrated feed and cut straw, caused no decrease in the fat con-

tent of the herd milk, as compared with the feeding of the

regular ration of hay, straw,- concentrated feed and a small

quantity of roots.

Rammf to study the effect of different foods on milk production

gave ten cows a basal ration consisting of 14 kg. of hay, 6 kg.

straw and 50 kg. of beets, to which, for periods of ten days

each, he added separately eighteen different foods. He found

much variation in the fat content of the milk but no marked

increase except with palm nut cake (7.91 kg.) alone and with a

mixture of equal parts (8.25 kg.) of palm nut cake and beet

molasses, this mixture being accompanied with a higher per cent

of fat and total fat in the milk than any other food. For this

reason the author thinks molasses has a greater effect on the

quality of milk than palm nut cake. He found no relation

between the fat content of the milk and the fat content of

the food.

In a later experiment, Ramm made further comparison of the

feeding value of various molasses mixtures. The mixtures used

were peat molasses (80 per cent molasses and 20 per cent peat),

liquid molasses, equal parts of molasses and palm nut meal,

molasses pulp (molasses mixed with fresh potato pulp and dried),

molasses chips (fresh beet pulp and molasses mixed and dried),

barley meal alid palm nut cake of average quality. The basal

ration consisted of hay, straw and beets. There were seven

experimental periods of 20 days each, the last five days only being

used in comparison. Eight cows were used. He found the

barley meal to excel the molasses preparations for milk pro-

duction, but concludes that the latter induce an increase in the

fat content of the milk.

* Translation by F. W. Woll in Experiment Station Record, vol. 9 (1897)

p. 92.

f I^andwirtschaftliche Jahrbiicher 26 (1897) pp. 693, 731.
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Winternitz* fed a goat on sesame oil mixed with a small

amount of iodin. He found a portion of the iodin was absorbed

by the milk-fat and thus concludes that a direct transmission of

the fat of the food into the milk may take place.

Albert and Maerckerj studied the effect of rations rich and

poor in fat, on ten cows during six periods ranging from 7 to 18

days, with preliminary periods ranging from 2 to 16 days in

length. The amount of protein in the rations was kept constant

while the fat was increased from .297 kilograms to 1.706 kilo-

grams per head daily. They found that the feeding of such

large amounts of fat increased the percentage of fat in the milk,

but reduced the yield so much as to make such feeding

unprohtable.

Kellner and Andrat compared sugar beets with dried and

ensiled beet diffusion residue by feeding them alternately to

twenty-four cows during four periods of twenty days each.

They found that ,, the substitution of 4.4 kg. of dried difTusion

residue for 27.5 kg. of sugar beets increased the milk yield .953

kg. and the substitution of 41.8 kg. of ensiled diffusion residue

for the above amount of sugar beets increased the milk yield

1. 72 1 kg. per cow (of 550 kg. live weight) without causing any

material change in the quality of the milk.
"

Friis§ reviews the co-operative cow feeding experiments con-

ducted by the Experiment Station at Copenhagen, Denmark

since 1888, with especial reference to the effect of food on the

fat content of the milk. The summary of 76 series of experiments

is given. The rations used were such as could be regarded

normal for milch cows, such as are met with in the feeding

practice on Danish dairy farms. The question whether abnormal

feed mixtures can appreciably change the fat content of milk was

not included in the investigation. The author says "it was

found that different feeding stuffs and food mixtures in a very

large measure influence the quantity of milk yielded as well as

* Zeitschnft Physiol. Cheni. 24 (1898) p. 425.

f Landwirtchaftliche Jahibiicher 27 (1898) p. 188.

:}; Landwirtschaftliche Versuchs Stationen 49 (1898) p. 402.

^ Translation by F. W. Woll in P^xperiment Station Record Vol. 10

(1898) p. 86.
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the health and general condition of the cows. The feed under

practical conditions as found in this country, exerts an entirely

insignificant influence on the fat content of the milk.

Rhodin* emulsified linseed oil in a specially constructed

machine and fed from 250 to 750 grams of the emulsion daily as a

.drink in water to each of two cows during seven-day periods in

addition to a normal mixed ration. During the first periods of

-feeding the oil, the fat content of the milk was increased, but

during the third period the per cent of fat not only ceased to

increase, but fell back to the same point as before the oil was fed.

Ramm and Winthrop f made a comparison of some new feed-

ing stuffs using five cows for six months. The foods were corn

bran, cocoa-molasses (hot molasses and finely ground cocoa

shells), blood molasses (blood, molasses and refuse of cereals)

and molasses distillery refuse (residue from manufacture of

.alcohol from beet molasses). They found a wide fluctuation in

the fat content of the milk during different periods and believe

that the molasses increased the fat content wherever it was fed,

while the corn bran seemed to reduce the fat content. When
feeding rations rich in fat they could see no relation between the

fat content of the ration and the fat content of the milk.

Hagemann J conducted some experiments to determine whether

-^ fat rich fodder produces a fat rich milk. During five periods,

varying in length from 21 to 35 days, he fed two cows on rations

containing from 175 to 720 grams of fat. In addition to a basal

ration the grains added were corn meal, linseed-oil meal, malt

sprouts and peanut cake mixed with cocoa molasses. In the

-sixth period of seven days he gave i.i pounds of sesame oil to

each cow daily as an emulsion in drinking water. He concludes

that "the proportional and absolute fat content of milk is not

-dependent upon the amount of fat in the food."

We have now reviewed the reports of forty-four separate

experiments. They may be classified in the following manner in

/answer to the question : Was the percentage of fat in the milk

increased bv the food given the cows?

* Milch Zeitung 27 (1898) p. 306; p. 323.

t Milch Zeitung 27 ( 1898) p. 513.

ifLandwirtschaftliche Jahrbiicher 28 (1899) p. 485.
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Yes. No.

4 8

3 20— 2

3 —

lO 30

A tendency
to increase.

Feeding fat

Feeding protein and mixed foods
Feeding watery foods
Feeding molasses preparations. . .

Total

Of the four experiments where the fat in the food increased

the proportion of milk-fat, one reports so great a reduction in

the yield as to make such feeding unprofitable. The noted

experiment of Soxhlet whereby he increased the per cent of milk-

fat by feeding the cows oil emulsified in the drinking water, has

been repeated many times by other experimenters, but none of

them, so far as we know, have reached a similar result. The
protein foods which increased the per cent of fat were palm-nut

meal and sugar meal. The molasses preparations may owe their

power to increase the fat content of milk to their rather abnor-

mal character.

Original Experiments.

These experiments were conducted for the purpose of deter-

mining the comparative effect of rations having different nutri-

tive ratios upon milk production. This question has been the

subject of experimentation at various times and places as has

been already noticed, but further investigation along possibly

different lines may throw more light upon the problem. Much
discussion has occurred over the matter of the length of time

during which a particular food should be tested and as to the

accuracy of conclusions drawn from feeding trials where two or

more foods were given during brief alternating periods. Some
contend that four or five weeks is sufficient time in which to

secure the true effect of a food, some think that a shorter time,

even ten days, is enough, while others hold that the longer the

period the more accurate and conclusive the result. It is well

known that, when a radical change is made in the food of a cow,

the secretion of milk is greatly affected. This is most apparent

in the fat content, which may either rise or fall, but is more apt
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to rise. How long the fluctuation may continue depends upon

the ability of the cow to accustom herself to the new feed, which

time may be only a few days or it may be weeks. And when the

cow has become accustomed to the changed feed, her milk falls

back to its normal average composition. However, if the

experiment is concluded before this time, or if the feed is again

changed, then conclusions drawn therefrom must be more or less

warped.

In order that these sources of error might be obviated, we not

only continued the experiments for a long period, but also made
no changes in the kinds of foods given during the whole time.

The feeding trials lasted through two successive winters and for

a period of twenty-two weeks during each winter. The effect of

the different rations was studied b}' comparing the influence of

each upon the average milk production of the cows used. We
think this method to be satisfactory because, in the first place,

the cows were so selected as to make the different lots fairly equal

as to age, breed and general characteristics ; and in the second

place, if a given ration will produce any particular effect upon

milk production, then this ration will show its influence on the

average composition of the milk ^rom the lot of cows to which

it is fed when compared with the average composition of milk

from other cows on other rations.

Our study is confined to the yield of milk and its quality so

far as represented by the percentage of butter- fat. The deter-

minations of fat were made by the Babcock test from samples of

milk taken from each cow during the last three days of each

week. These daily samples were tested separately and their

average taken for the average per cent of fat in the week's milk.

Each cow's milk was weighed as soon as drawn and the weekly

yield of milk multiplied by the average per cent of fat gives the

total fat produced during the week.

The rations fed were of three kinds, one with a narrow, one

with a medium, and the third with a wide nutritive ratio. No
analyses of foods were made except of the oat chop which was

fed during the first year. The amount of dry substance and the

nutritive ratio were calculated largely from the average compo-

sition of feeding stuffs given in Bulletin No. 11 of the office of

Experiment Stations.
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With one exception the same cows were used throughout the

two years of experiment. Moreover the same cows were fed

rations having practically^ the same nutritive ratio, though made

up of different foods during both years, i. e. the cows receiving

a narrow ration the first year also received a narrow ration the

second year and likewise with the cows on other rations. None
of the rations are what would be called unusual for similar ones

may be found in use on dairy farms in various parts of the

country. During the whole length of both experiments it was

the aim to give the cows all the food they could readily consume.

The records as published contain only the average data obtained

from each lot of cows. In work of this kind, the average record

of several cows is of more value than individual records taken

singly, and it is from the average record that conclusions must

be drawn. For this reason and in order to eliminate many long

tables from these pages, the individual records are not published.

The First Experiment 1895-6.

This feeding trial began November 6, 1895, and continued for

twenty-two weeks until April 7, 1896. It was conducted by

James M. Johnson then a graduate student in the college of

agriculture. The names of the cows used are given below

together with their breed, age, number of days in milk and

weight.

Name and breed.

I/OT A :

Garnet Valentine, A. J. C. C, 73873..
Belva 2d, \\ Holstein
Julia, Yi Holstein

Age.

Lot B :

Cherry, grade Jersey.
Dora, II Holstein.
Glista4th, H. F. H. B., 31408.

Num-
ber of
days in
milk.

Lot C :

Clara, grade Jersey I 3
Glista Netherland, H. F. H. B., 32442! 3
May 2d, % Holstein '

... 3

67

49
25

49
62

65

65
16

54

Weig't, Weig't,
begin- end. Gain.
ning.

873 992 119
891 1088 197

1 196 1370 174

721 849 128
1 146 I213 67
1064 1239 175

922 1063 141

1038 1 127 89
1017 1223 206
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The daily rations of the cows in each lot were made up as

follows :

Lot a :

Grain mixture 8 to 13 pounds.
Gluten feed 3 parts.
Oat chop 2 parts.
Cotton -seed meal 2 parts.

Linseed oil meal i part.
Corn silage 40 to 45 pounds.
Clover hay 8 to 10 pounds.
Nutritive ratio i :4.5

Lot B :

Grain mixture 8 to 10 pounds.
Gluten feed 2 parts.

Oat chop 3 parts.

Corn meal i part.

Linseed oil meal i part.

Corn silage 35 to 45 pounds.
Clover hay 4 to 10 pounds.
Nutritive ratio 1:6

Lot C :

Grain mixture 8 to 10 pounds.
Oat chop 4 parts.

Corn meal 4 parts.

Linseed oil meal i part.

Corn silage 35 to 40 pounds.
Timothy hay 4 to 8 pounds.
Nutritive ratio 1:9

Calculating each of these rations on the basis of 8 pounds of

grain, 8 pounds of hay and 40 pounds of silage, each cow would

receive the following number of pounds of digestible nutrients

per day :

Protein. Carbohydrates. Fat.
Nutritive

ratio.

Lot A. narrow ration

Lot B. medium ration
2.90

2.25
1.60

10.78
II.61

1.09
QT

1:4.5

1 :6.o

1:9.0I/Ot C. wide ration 12.68 .7';

Beginning with December 14, each cow received 5 pounds of

mangel-wurtzels per day in addition to the above rations.

Table I contains the average record of consumption of food

and production of milk and fat for each of the three lots of cows

named above. The data given includes the weekly average con-

sumption of dry matter per head, the average daily consumption
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per 1000 pounds live weight, the nutritive ratio, the average

weekly yield of milk and fat and the average per cent of fat.

TABLE I- 1895-6.

Average Record of Lot A. (Narrow Ration).

1

Weekly product of milk and fat.

Week.

Dry matter consumed. Average per head.

Per head Per 1000 lbs Nutritive Pounds of Pounds of
weekly. daily. Ratio. milk. Per cent fat. fat.

I 15946 23-34 1:4.53 219.50 3.64 7.98
2 164.01 23-59 1:4.50 221.33 3 20 7.08

3 164.71 23.66 1:4.50 220.92 3 35 7-41

4 166.27 23.24 1:4.51 208.67 3 55 7.41

5 170-55 23-46 1:4-43 202.42 3 52 7.13
6 171.19 23.26 1:4.38 200.33 3 42 6.85

7 f 75-05 23-65 1:4.35 196.33 3 22 6.36
8 177.32 23.72 1:4.32 199.00 3 39 6.75

9 170.55 22.61 1:4.28 191.00 3 31 6.32

10 171. 11 22.64 1:4.29 195-67 3 23 6.^2

II 171.96 22.74 1:4.29 197.08 3 39 6.68

12 174.19 22.92 1:4.24 191.25 3 26 6.24

13 173.20 22.74 1:4.20 191.08 3 47 6.63

14 178.43 23.48 1:4.26 183.75 3 60 6.62

15 180.12 23.58 1:4.27 184.42 3 61 6.67

16 180.97 23-55 1:4.28 191.33 3 50 6.74

17 180.69 23.37 . 1:4.28 186.42 3 53 6.59
18 176.73 22.68 1:4.25 169.50 3 53 5-98

19 177.44 22.57 1:4.26 176.83 3 86 6.83
20 178.71 22.56 1:4.23 177.17 3 63 6.44
21 179.13 22.45 1:4.27 166.83 3 60 6.01

22 179.16 22.26 1:4.27 166.67 3 62 6.04
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TABLE I—{Continued).

Average Record of Lot B. (Medium Ration.
)

Weekly product of milk and fat

Week.

Dry matter consumed
. Average per head.

Per head Per 1000 lbs. Nu tritive Pounds of Pounds of
weekly. daily. ratio. milk. Per cent fat. fat.

I 162.25 24.03 I 6.12 187.50 3-35 6.27
2 161.42 23.70 I 6 II 191.42 3 33 6.37

3 161.55 23-56 I 6 II 182.50 3 38 6.17

4 162.26 23.57 I 6 12 180.75 3 58 6.47

5 165.52 23.77 1 6 06 175-75 3 19 5.61
6 167.28 23.81 I 6 03 166.50 3 44 5-73

7 171.70 24.25 I 5 97 177-75 3 28 5.82
8 175.29 24.16 I 5 94 167.58 3 16 5.30

9 .167. Si 2353 I 5 89 164.75 3 05 5.02
10 163.72 22.66 I 5 89 167.33 3 07 5.14
II 171.23 23-51 I 5 96 169.25 3 45 5-84
12 168.72 23.14 I 5 96 164.92 3 32 5-48
13 170. II 23.29 I 5 95 165.67 3 32 5-49

.14 16S.18 23.05 I 5 88 152.83 3 40 5.20

15 169.63 23.47 I 5 93 154.08 3 60 5-55
16 173-43 23.44 I 5 95 162.83 3 50 5- 70
17 174.34 2349 I 5 96 159-17 3 52 5-60
18 173.46 23.21 I 5 96 156.50 3 59 5-6i

19 173.21 23.00 I 5 96 152.67 3 73 569
20 173-77 22.91 I 5 96 154.67 3 53 5-46
21 174.48 22.86 I 5 96 146.42 3 51 5-f4
22 173.35 22.50 I 5 96 125.33 3 84 4.81
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TABLE I—{Continued).

Average Record of Lot C. (Wide Ration).

Weekly product of milk and fat.

Week.

Dry matter consu med. Average per head.

Per head Per 1000 Ib.s. Nutritive Pounds of Pounds of
weekly. daily. ratio. milk. Per cent fat. fat.

I 150.20 21.56 1:8.79 180.83 3-31 5-99
2 149.62 21.28 1:8.78 177.92 3.20 569
3 145-43 20.52 1:8.73 173-83 3.54 6.16

4 146.73 20.49 1:8.73 166.75 3-55 592
5 151 28 20.95 1:8.65 162.00 3-37 5.46
6 147-63 20.35 1.8.43 152.67 3 43 5-24

7 150.14 20.50 1:8.30 164.25 3-08 5.06
8 147.16 19-93 1:8.19 164.92 3.22 5.31

9 148.75 20.07 1:8.22 145-25 3-74 5-43
10 146.44 19.62 1:8.18 154-92 3-25 5.03
II 151-65 20.17 1:8.27 15425 3-30 5-08
12 146.15 19-33 I -.8. 16 153.42 3.31 5-o8

13 147-62 19-45 1:8.21 153-67 3-37 5.18
14 146.49 19.21 1:8.19 147.75 3-21 4.75
15 147-31 19.27 1:8.19 143-17 3.60 5-15
16 154-39 20.16 1-8.33 146.83 3.45 5.07
17 156.13 20.33 1:8.36 146.33 3-29 4.82
18 156.13 20.29 1:8.36 142.75 3-52 5.02

19 157-72 20.33 1:8.39 139.92 3-87 5-42
20 158.73 20.26 1:8.41 141.67 3-58 5-07
21 160.76 20.32 1:8.45 136.50 3-65 4.98
22 161.01 20.56 1:8.46 135.33 3.63 4.91

The Second Experiment, 1896-7.

This feeding trial continued for twenty-two weeks from Novem-
ber II, 1896 to April 13, 1897 and was conducted by the

writer. The names of the cows used are given below together

with their breed, age, number of days in milk and weight. It

will be noticed that these cows are the same that were in the first

experiment with the exception of Jennie 2d, in lot C who took

the place of Glista Netherland.
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Name and breed.

Lot a :

Garnet Valentine. A. J. C. C. 73873.
Belva 2d, |f Holstein
Julia, Yi Holstein

Lot B :

Cherry, grade Jersey

Dora, II Holstein
Glista 4th, H. F. H. B. 31408

LotC :

Clara, grade Jersey

Jennie 2d, Jersey-Holstein
May 2d, ji Holstein .

Age.
Number
of days
in milk.

Weig't,
begin-
ning.

Weig't,
end.

Gain.

5 74 920 1020 100

3 50 IOI2 1200 188

5 62 1247 1333 106

3 54
Calved

809 928 119

5 Nov. 20. I181 1213 32

4 60 II37 1289 152

4 68
Calved

1030 1062 32

3 Nov. 8. 857 952 95
4 44 II24 II9I 67

The daily rations of the cows in each lot were made up as

follows

:

Lot a :

Grain mixture 8 to 12 pounds.
Gluten feed 3 parts.

Cotton seed meal 2 parts.

Wheat bran i part.

Corn silage 35 to 45 pounds.
Clover hay 6 to 1 2 pounds.
Nutritive ratio 1 4- 3

Lot B :

Grain mixture 8 to 12 pounds.
Gluten feed 2 parts.

Corn meal 2 parts.
Wheat bran 2 parts.

Linseed oil meal i part.

Corn silage 35 to 45 pounds.
Clover hay 6 to 1 2 pounds.
Nutritive ratio 1:5.7

Lot C :

Grain mixture 8 to 11 pounds.
Corn meal 2 parts.

Wheat bran i part.

Corn silage 35 to 40 pounds.
Timothy hay 4 to 8 pounds.
Nutritive ratio 1 19.3

Calculating each of these rations on the basis of eight pounds

of grain, eight pounds of hay, and 40 pounds of silage, each cow

would receive the following number of pounds of digestible

nutrients per day.
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Protein.
Carbo-

hydrates. Fat.
Nutritive
Ratio.

IvOt A, narrow ration

Lot B, medium ration

Lot C, wide ration

3.08

2.37
1.56

10.63

11.67

12.96

I.I3

.87

.67

1:4-3

1:5.7

1:9-3

Beginning with January 6, each cow was fed five pounds of man-

gel-wurtzels per day, which amount was increased to 10 pounds

in a few days and so continued until the close of the experiment.

Table II contains the average record of consumption of food

and production of milk and fat for each of the three lots of

cows named above. The data given includes the weekly aver-

age consumption of dry matter per head, the average daily con-

sumption per 1000 pounds live weight, the nutritive ratio, the

average weekly ^^eld of milk and fat and average per cent of fat.

TABLE IL

Average Record of Lot A. (Narrow Ration.)

Weekly product of mill and fat.

Dry matter consu med. Average per head.

Week.
Per head Per loop lbs. Nutritive Pounds of Pounds of
weekly-. daily. ratio. milk. Per cent fat. fat.

I 167.19 22.63 1:4.15 184.42 3.37 6.21

2 169.34 22.53 1:4.11 188.33 3 31 6.24
!

3 172.81 22.67 1:4.11 1 187.75 3 27 6.14 !

4 172.98 22.32 1:4.00 178.25 3 44 6.13

5 169.36 21.82 1:3.94 ) 77.08 3 21 5-64
6 175-30 22.48 1:4.01 176.17 3 20 5.64

7 176.12 22.47 1:4.03 1
166.50 3 25 5-41

8 178.18 22.61 1:4.04 ! 169.92 3 08 5-24

9 163.61 20.50 1:3.98 153-33 3 26 5.00
10 142.36 18.59 1:4.12 150.58 3 37 5.08
II 169.11 21.52 1:4.03 161.75 3 27 5.28
12 163.36 20.74 1:3.96 152.08 3 17 4.82

13 169.52 21.56 1:3.95 147.92 3 15 4.66

14 171. 13 21.55 1:3.90 156.83 3 34 5-23
15 173.60 21.76 1:3-93 155.67 3 26 5-08
16 178.23 22.07 1:3.92 150.58 3 22 4-85
17 182.63 22.51 1:3.94 152.25 3 21 4.88
18 179.27 21.93 1:3.93 151. 17 3 41 5.15

19 176.46 21.52 1:3.92 148.83 3 32 4.94
20 174-74 21.16 1:3.91 148.58 3 31 4.92
21 175-69 21.20 1:3.91 150.75 3 37 5.09
22 174-61 20.87 1:3.90 143.50 3 36 4.83
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TABLE 11—(Conihiued).

Average Record of Lot B. (Medium Ration.)

Weeklj' product of milk and fat.

Week.

Dry matter consumed. .\verage per head.

1

Per head Per 1000 lbs. Nu tritive Pounds of Pounds of
weekly. daily. ratio. milk. Per cent fat. fat.

I *l62.22 23.96 I 5.58 *l82.75 3-67 6.72

2 *i64.89 23.76 I 5-54 ^189.25 4.04 7-64

3 *i66.i5 23-44 I 5 54 *i8i.75 3-83 6.97

4 164.90 21.87 I 5 59 221.08 3-84 8.50

5 169.20 22.42 I 5 53 227-33 3-43 7-79
6 164.48 21. So I 5 54 195-17 398 7-77

7 170.53 22.53 I 5 56 204. 25 363 7.42

8 175-99 23.20 . I 5 59 214.92 3-34 7.19

9 177.14 23-37 I 5 94 217.42 3-42 7-42

10 180.81 23.87 1 5 93 216.16 336 7.26

II 176.58 23.32 I 5 46 210.33 3-51 7-38
12 166.01 21.85 I 5 42 201.50 3-40 6.89

13 17591 23.27 I 5 47 204.58 3-47 7.09

14 178.59 23.14 I 5 46 207.08 3-51 7-27

15 184.10 23.92 1 5 47 215.92 3-50 7-55
16 186.78 24-03 I 5 47 205.17 3-57 7-33

17 186.35 23-75 I 5 47 208.42 3-43 7.16

18 186.92 23-73 I 5 47 214.42 3-45 7-39

19 182.40 23.09 I 5 46 209.00 365 7-63
20 181.98 22.94 I 5 46 208.33 3-41 7.11

21 i8r.27 22.76 I 5 46 202.25 3-62 7-33
22 181.55 22.65 I 5 46 199-83 3-55 7.09

Average for two cows.
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TABLE II—{Continued).

Average Record of Lot C. (Wide Ration).

Weekly product of milk and fat.

Week.

Dry matter consumed Average per head.

Per head Per 1000 lbs. Nu tritive Pounds of Pounds of
weekly. daily. i atio. milk. Per cent fat. fat.

I *I29.38 17-37 I 8.87 * 179-75 3-63 6.53
2 141.92 20.56 I 9.02 189.08 3-96 7-49

3 147-75 21.21 I 8-99 186.25 3-95 7-36

4 144.32 20.71 I 8.95 174.17 4.09 7.12

5 135-80 19.52 I 8.79 169.92 3-89 6.61

6 149-93 21.48 I 9.08 169-33 3-78 6-39

7 i53-«9 21.97 I 9.12 156.75 3-63 6.18

8 156.10 22.23 I 9-15 169.42 3-73 6.32

9 155-15 22.12 I 8.90 167.50 3-99 6.68

10 158.99 22.56 I 8.76 161.42 4-05 6.54
II 158.09 22.37 I 8-75 160.92 4.06 6.53
12 152-95 21.53 I 8.75 157-08 4.10 6.44
13 159-51 22.42 I 8.80 155-83 4.06 6.32

14 158.27 22.04 I 8.69 157-42 4.06 6.39

15 159-68 22.44 I 8.69 158.33 3-99 6.32
16 15:^-38 20.90 I 8.55 147.92 4.18 6.18

17 154.93 21.04 I 8.56 153-42 4.06 6.23
18 157-59 21.37 I 8.61 151.67 4.06 6.16

19 151-51 20.40 I 8.51 146.25 4.16 6.08

20 * 160.50 21.62 I 8-53 * 161.38 3-64 5-88

Average for two cows.

Before entering upon any discussion of these records it is

necessary to make a few explanations in order that a clear under-

standing of them may be obtained. The first experiment went

through without any irregularities, or illness of the cows, suJQ5-

cient to cause variations that should be noticed when drawing

conclusions. But during the second experiment there were some
irregularities that need to be noticed.

In lot A, Table II, Julia was taken sick during the ninth week
of the test and for a few days her milk yield fell oflF nearly one-

half. Her illness and slow recovery considerably reduced the

average milk and fat yield as may be seen by a glance at the

table.

In lot B, Dora did not enter the experiment until the fourth

week and was then fresh in milk. She was giving from 40 to 50
pounds of milk dail5^ which amount increased the average yield,
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as is seen in table II. During the sixth week she was "off

feed '' and her milk fell from 325 pounds, during the fifth week
to 232 pounds. At the same time her average per cent of fat

was over one per cent higher than during the week previous, as

well as during the following week. This explains the high

average of 3.98 per cent during the sixth week. She quickly

regained nearly her former flow and at the close of the experi-

ment was averaging 42 pounds per day.

In lot C, Jennie calved November 8 and entered the experiment

the second week, fresh in milk. Her coming into this lot

increased both the average yield of milk and the per cent of fat

for the second and succeeding weeks. During the twentieth

week, Clara, of lot C, was taken suddenly ill with a high fever

and died. Upon examination, she was found to have accumu-

lations of fatty tissue in close proximity to the vital organs.

During the twenty-first week, May, of lot C, was taken ill in a

similar manner to Clara, but her life was saved. It will be

remembered that the cows in this lot received a highly carbo-

naceous ration. The grain consisted of two parts, by weight,

of corn meal and one part of wheat bran, while the silage was

rich in corn and had been increased five pounds each about a

month before the cows became sick. It may be that so highly

carbonaceous a ration has a heating tendency upon the animal

bod^^ If this be the case, feeding the ration for so long a period,

might, in its cumulative effects, result as disastrously as men-

tioned above. Although Jennie 2d came through the experiment

safely on the same ration, still, when the effect upon Clara and

May is considered, we cannot help concluding that the ration is

not a good one for long, continuous feeding.

To return to the study of the comparative effect of the

three rations upon the yield and quality of milk, the results

show that there is practically no difference between them so far

as their effect on the percentage of fat is concerned. In general

there is a gradual increase in the richness of the milk from the

beginning of each experiment until the end, regardless of the

kind of food. An average of the per cents of fat for periods of

four weeks each will present the fact more clearh^ and such an

average is given in tabular form below. The first two weeks are

omitted in striking the average in all cases.
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ist four weeks,
2nd four weeks
3d four weeks.
4th four weeks
5tli four weeks

1895-6.
1

1896-7.
1

Lot and kind of ration. 1 Lot and kind of ration. 1

A B c A B c
Narrow. Medium. Wide Narrow Medium Wide.
per cent per cent per cent per cent per cent per cent

fat. fat. fat. fat, fat. fat.

3-46 3-40 3-47 3-29 3-77 3-93
3-29 3-14 3-32 3-24 3-44 3-85

3-44 3-37 3-27 3-23 3-47 4.07

3-54 3-55 3-47 3.28 3-49 4.07
3.68 3-65 3.68 3-34 3-56

An average of thi.s kind balances the variations from week to

week, and places the per cents of fat in a light where conclusions

can be more readily drawn therefrom. The reason for the high

average during the first four weeks in lot B, j-ear 1S96-7, has

already been indicated in the discussion concerning Dora's enter-

ing the experiment when fresh in milk, and later becoming

reduced in flow and increased in fat by forced feeding. Omit-

ting this period, it will be noticed that the average for the

remaining periods bear the same relation to each other as those

for lot A. In the first experiment there was an increase from

the beginning to the end with each lot of about two-tenths of

one per cent of fat. In the second experiment this increase was

about one-tenth of one per cent.

When we examine the yield of milk and of fat we do not find

the same uniformity as is observed in the per cent of fat. If an

average be taken of the yield of milk and fat for the first four

weeks after the first two, and for the last four weeks of the

experiments we find the following per cent of decrease from

beginning to end :

1895-6.
Lot and kind of ration.

1896-7.
Lot and kind of ration.

A
Narrow.

B
Medium.

18.0

12.0

C
Wide.

15-5

12.0

A
Narrow.

B
Medium.

c
W'ide.

Per cent decrease in milk 17.5

Per cent decrease in fat 12.0

17.8

15.6

3-0

6.0

14.4

10.3

The decrease for 1895-6 was the same with all rations except
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for a slight difference in favor of the cows receiving the wide

ration. During the year 1896-7 the yields are not so uniform,

but lot B shows a much smaller decrease than either of the other

lots. Taking both experiments into account it would seem that

the medium ration had a more favorable influence upon the con-

tinued production of milk and total butter-fat than either the

wide or narrow rations. Yet, if individual cases are considered, we
find Belva 2d, on the narrow ration, holding out in her milk flow

during both years as well as, or better than, any of the cows on

the medium ration.

Number of Pounds of Dry Matter Required in Each Ration to

Produce 100 Pounds of Milk and One Pound of Fat.

Lot a.
Narrow ration.

Lot B.
Medium ration.

Lot C.
Wide ration.

Milk. Fat. Milk. Fat. Milk. Fat.

1895-6

1896-7

90.2

106.6

26.0

32.3

102.8

85.2

30.1

23-9

98.3

92.8

28.7

23-4

Average . . . 97-5 28.8 930 26.6 95-7 25-9

Weight of Cows.

Whether or not the different rations had any particular effect

upon the live weight of the cows may be studied by recourse to

data already given, but an average of the gain of each lot during

the twenty-two weeks together with their average age is tabu-

lated here, for more ready reference. During the first year none

Lot a.
Narrow ration.

Lot B.

Medium ration.
Lot C.

Wide ration.

Age.
Gain per
head. Age.

Gain per
head. Age.

Gain per
head.

1895-6

1896-7 aA

163

131

3

4

123

lOI

3

3%

145

65
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of the cows had reached full age and during the second year two

of lot A and one of lot B were five years old. Since the cows

in lot A were older than the others, it might seem that the

narrow ration had a tendency to fatten the animals more than

the other rations. However, the differences are so slight that it

]S safe to say that the gains in weight are due more to growth

than to any particular effect of the food.

Charts.

In order to place the records for milk and fat presented in

tables I and II more vividly before the reader's eye the following

six charts iiave been prepared. They show the average daily

yield of milk, average per cent of fat and average weekly yield

of fat for both experiments. Passing from left to right in the

charts each division represents one week. Counting upward,

each of the small spaces represents one-half pound of milk, five-

one hundredths of one per cent fat, or one-tenth of a pound of

fat as the case may be.
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16.

—

Diagram showing the averas;e daily yield of milk for each week
during the experiment of i8gs-6. Each space between the perpen-
dicular lines represents one week. Each space betzceen the horizontal
lines represents one-half pound of tnilk.
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17.

—

Diagram showing the average daily yield of viilk for each iveek

during the experiment of iSgO-j. Each space between the perpen-

dicular lines represents 07ie week Each space beliveen the horizontal

lines represefits one-half pound of milk.
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^'^.-Diagram showivg the average per ^-^^^ offat for each week du^^^^^^^

the experiment of 1S95-6. Each space between the perpend culat

TiL's represents one week. Each space between the horizontal lines

represents five one-hundredths of one per cent of fat.
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19.

—

Diagram showing the average per cent of fat for each 7veek during
the experiment of i8g6-j. Each space between the perpendicular
lines represents one week. Each space between the horizontal lines

represents Jive one-hundredths of one per cent offat.
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20—Diaz^ am shozving the average weekly yield of butter fat during the

experiment of 1S95-6. Each space between the perpenduular lines

represents one zveek. Each space between the horizontal lines repre-

sents one-tenth of one pound offat.
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21.

—

Diagram showing the average weekly yield of butter fat during the

experiment of iSg6-j. Each space between the perpendicular lines

represents one week. Each space between the horizontal lines repre-

sents one-tenth of one pound of fat.
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Feeding Palm Nut Meal.

To carry still further the study of the effect of food upon

milk production a trial was made with palm nut meal. This

work was carried on during the winter of 1897 by George

N. Lauman, then a Senior in the College of Agriculture. An
experiment with this food has a double interest because it is the

one that Kiihn found would increase the per cent of fat in the

milk as has been seen in the summary of his work on page 52.

Palm nut meal is the by-product resulting from the extraction

of the oil from the fruit of a species of palms which are native to

the west coast of Africa. It is a highly nitrogenous product, its

percentage of digestible composition being protein 16.6, fiber

16.6, nitrogen free extract 41.4 and fat 3.6. In Europe, and

especially Germany, it has long been a popular dairy food

because of its stimulative effect upon milk production, although

not all feeders and experimenters have found it to increase the

fat content of the milk as was reported b}^ Kiihn.

The meal used in this experiment was imported from Ger-

many. Six of the University cows were chosen for the test and

divided into two lots of three each. Before giving them the

palm nut meal, their regular daily ration had consisted of from

8 to 10 pounds of a grain mixture composed of three parts

gluten feed, two parts cotton-seed meal, and one part wheat

bran, together with what silage and mixed hay they would eat.

The names of the cows in each lot, together with their age,

date of calving and weights are given below :

Name of breed.

Lot No. I.

Glista Netherland, H. F. H. B. 32442 5

Age. Date of
calving

Gem Valentine, A. J. C. C. 57881 .

Oct. 21,

1895-

Sept. 6,

1896,

Mollie, \f Holstein ' 7 I Oct. 24,

1896.

Lot No. 2.
1

Mabel 2d, Jersey-Holstein ' 2 Oct. [5,

1 1896.

Ruby, I4:
Holstein

[

8 i Dec. 26

1896
Sadie, \^ Holstein

i 5 May i,

Weight
begin-
ning.

Weight
end.

Loss.

1339 1289 50

107

1

973 98

1348 1267 81

902 832 70

1369 1191 178

1407 1386 21
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The feeding of the palm nut meal began January 20, 1897,

and continued for six weeks. During this time the ration of

lot No. I remained constant, while that of lot No. 2 was increased

as indicated below. The daily rations were made up as follows :

Lot No. I :

Grain mixture 10 to 13 pounds.
Palm nut meal 2 parts.

Gluten feed 2 parts.
Wheat bran i part

.

Corn silage 35 to 45 pounds.
Mixed hay 10 to 13 pounds.
Nutritive ratio 1:6.

Calculating this ration on the basis of 10 pounds of grain, 10

pounds of hay and 40 pounds of silage it would contain the

following number of pounds of digestible nutrients: protein 2.7,

carbohydrates 14. i, fat .96 and 26 pounds of dry substance.

Lot No. 2

:

Grain mixture.
Palm nut meal .- 4 parts.

Gluten feed 3 parts.
Cotton-seed meal 2 parts.
Wheat bran i part.

Corn silage 35 to 45 pounds.
Mixed hay 7 to 10 pounds.

The amount of coarse fodder given this lot did not vary

materially during the whole experiment. The quantity of the

grain mixture fed was increased as follows :

January February. February.
20-31. 1-6. 7-28.

Mabel 7 8.5 10
Ruby 10 12 14
Sadie 10 12 14

Calculating this ration according to the quantities eaten by

Ruby and Sadie and considering the amount of silage and hay

consumed as 40 and 10 pounds respectively, we have the follow-

ing amounts of dry matter and the number of pounds of

digestible nutrients consumed daily during the different periods :

Dry matter.

Protein.
Carbo-
hydrates. Fat.

Nutritive
ratio

Per head. Per 1000 lbs.

January 20-31. .

February 1-6. .

.

February 7-28. .

26.06

27.87

29.68

20.00

21.51

22.83

3-09

3-52

396

13-52

1442

1532

1.08

1.22

1-35

1:5-16

1:4.84

1:4.64
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On February 24 the proportion of palm nut meal was increased

from four to six parts in the grain mixture so that it made up

one-half of the grain ration. On the first of March the meal

was discontinued and all the cows returned to the same ration

which they received before the trial.

Table III contains the yield of milk and butter-fat of each

cow under experiment for six weeks before and six weeks after

the palm nut meal was fed as well during the period of feeding

the meal.

TABLE III.

Weeki<y Product of Milk and Fat of Lot No. i.

Glista Netherland. Gem Valentine. Mollie.

Ration for
each period

of six Per Per Per
weeks. Pounds cent Pounds Pounds cent Pounds Pounds cent Pounds

of milk. fat.

3.00

of fat. of milk.

157.00

fat.

5.20

of fat.

8.16 !

of milk.

334-25

fat. of fat.

Usual 204.25 6.13 2.60 8.69

ration of 217.50 3-15 6.85 176.50 5-30 9-35 347-50 2.95 10.25

silage, 207.50 3.00 6.23 145-50 5-35 7.78 321-50 3-40 10.93

hay and 211.00 3-25 6.86 116.00 4.85 5-63 313-50 3.00 9.41

grain. 202.75 3-25 6.59 118.50 4.85 5-75 305-50 2.65 8.10

201.50 3- 50 7-05 131-25 5-50 7.22 299.50 3.10 9.28

TotaL 1244-50 3-19 39-71 844.75 5.20 43-89 1921.75 2-95 56.66

Palm; nut 206.50 3.20 6.61 I27-7C S.,S2 7-05 311.00 3-17 9.86

meal 196.50 3-38 6.64 123.25 5.SS 7.25 293-50 3-26 9-57
ration. 182.25 3-41 6.21 122.75 6 00 7-37 295- 25 3-38 9.98

187.00 3-75 7.01 117-75 5-98 7.04 296.75 3-48 10.33

184.00 3-48 6.40 117.50 5-57 6.54 298-75 3-35 10.01

Total.

164.75

II2I.OO

3-75

3-48

6.18 105.50 5.85 6.17 295.00 3-53 10.41

39-05 714-50 5-80 41.42 1790.25 3-36 60.16

Usual 139-50 3-42 4-77 III. 50 5-73 6.39 285.50 3-07 8.76

ration. * 62.00
1
3.60 2.23 114-75 6.00 6.89 315.50 3-30 10.41

108.00 5-65 6.10 304.00 3-55 10.79

1 8375 5-95 4.98 307.75 3.25 10.00

93-25 5-75 5-36 294.00 3-40 10.00

93-75 5.85 5-48 290.75 3-25 9-45

Total. 201.50 3-47 7.00 605.00 5-82 35-20 1797.50 3-31 59-41

* Went dry.
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TABLE III—{Continued).

Weeki^y Product oe Mii,k and Fat oe Lot No. 2.

Mabel 2d Ruby. Sadie.
Ration for
each period

of six Per Per Per
weeks. Pounds of cent Pounds Pounds of cent Pounds Pounds cent Pounds

milk. fat. of fat.

7.17

milk. fat. of fat. of milk. fat. of fat.

Usual ra- 183.75 3.90 169.75 3.20 5.43
tion of 186.25 4.10 7.64 163.50 i 3.05 4-99
silage, 163.25 3.80 6.20 14700 3.40 5.00
hay and 167.50 3-95 6.62 336-25 3-75 12.61 141.25 3.60 5.09
grain. 176.00 390 6.86 385-25 3.80 14.64 148.00 3.45 5-11

Total

171.00 3-45 5.90 408.00 3-50

3.67

14.28

41.53

144.50 3-90 5.64

1047-75 3.85 40.39 1129.50 914.00 3-42 31.26

Palm nut 160.25 4.07 6.52! 434-25 3.26 14.16 132.25 3.22 4.26
meal 148.75 4.58 6.81 439.00 3-28 14.40 119-75 3-28 3-93
ration. 150.75 4.33 6.53

,

418.75 3-25 13.61 119.50 3-33 3-98
152.00 4-53 6.89 423-25 3.26 13.80 122.50 4.06 4.97
148.75 4-35 6.47 422.25 3-21 13-55 122.75 3-23 3-96
149.50 4.18 6.25 415.75 3-35 13.93 113-75 3-46 3-94

Total 910.00 4.34 39-47 2553-25 3-27 83.45 730.50 3-43 25.04

Usual 162.25 3.69 5.99 409.50 3.00 12.29 104.25 3.12 3.25
ration. 169.75 3.80 6.45 389-50 3.20 12.75 104-75 2.30 2.41

170.50 385 6.56 422.75 2.80 11.84 97-75 3-40 3.32
171.00 4.00 6.84 397-50 3.25 1 12.92 86.75 3-30 2.86

173.25 4-35 7-54 374-25 3-25 12.16 77-50 3.70 2.87

174.00 3-75 6-53 345-50 2.90 10.02 67-25 3-45 2.32

Total 1020.75 3-91 39-91 2348.00 3.07 71.98 538.25 3.16 17.03

A clearer understanding of the variations in the per cent of

fat during the eighteen weeks may be obtained by finding the

average per cent in periods of three weeks each. A table of

such averages is given below. In order to make the study more
complete, there is placed in the same table the average per cents

of fat found in the records of three cows which were in the

second experiment described on page 65. The per cents are

the averages for the periods of three weeks each which are

coincident with those in which palm nut meal was fed. It will

be remembered that the rations of the three cows were unaltered

during a term of twenty-two weeks.
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TABLE IV.

Average Per Cent of Fat in Periods of Three Weeks Each,

Usual ration
(Dec. 9-Jan. 19).

1st three weeks.
2d three weeks.

^"^raUon"^
"'^al

\ jgt three weeks.

(jIn.*°2o-Mch.'2V. /
2d three weeks.

( I St three weeks.
U.wal ration.... 1 j ihrpp wppVc
(Mch. 3-April 13).

I

^^ '"^^e weeks.

Ration unchanged.

December 9-29
December 30-Jan. 19

January 20-Feb. 9. .

February lo-Mar. 2

.

March 3-23.
March 24-April 13. .

Lot No. I.

Glista
Nether-
land.

Gem
Valen-
tine.

3.06

3-39

5:28

5:09

MoUie.

3-32 5:80

3.64 5:80

3-47 5:80

5:84

2.98
2.92

3-27

3-45

3-31

3-30

Lot No. 2.

Mabel
2d.

3-94

3-77

4-32

4-35

3.78

4-03

Ruby.

3-67

3.26

3-27

3.00

3-14

Sadie.

3.21

3-63

3.28

3.58

2.92

3-48

Belva 2d.
Narrow
ration.

Cherry.
Medi-
um

ration.

Clara.
Wide

ration.

3.02

2.92
5-37
5-58

5-11

530

2.94

3-14
5-75
5.52

5-68

5-44

3-23

3-23
5-55

5-47

5-45

Among the cows that were fed palm nut meal it is seen that

all in lot No. i show in general a higher per cent of fat while the

meal was fed than before, but this higher average is kept up for

six weeks after the meal was discontinued. Mabel 2d of lot No.

2, is the only cow that shows a lower average both before and

after feeding the palm nut meal than during that period, but her

total yield of fat was less on the palm nut ration than on the

usual ration. Ruby and Sadie each had a higher average before

the meal was fed and nearly as high after as during the period of

feeding the meal. Ruby's high average at the beginning is

probably due to her being fresh in milk. A comparison of the

records of all the cows in table IV shows that with one exception

(Gem Valentine) there are no greater variations among the cows

which alternated from the usual ration to palm nut meal than
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among those which were fed an unchanging ration. Thus, taking

everything into consideration we do not feel warranted in saying

that the feeding of palm nut meal increased the per cent of fat in

the milk.

Conclusions.

For two terms of twenty-two weeks, nine cows were fed in lots

of three each on different rations, the nutritive ratios of which

were about 1:4, 1:6 and 1:9 respectively. During this time the

percentage of fat in the milk of each lot increased slightly and

gradually without regard to the kind of ration.

For continuous feeding, the medium ration appeared to give

better results as to yield of milk than either the narrow or wide

rations.

When the food of the cows was changed from the usual ration

to one containing from four to seven pounds of palm nut meal

and then to the usual ration again, there were variations in the

fat content of the milk, but no more nor greater than when the

food of the cows was unchanged.
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CoRNELiv University, Ithaca, N. Y., Nov. i, 1899.

Honorable Commissioner of Agriculture, Albany.
Sir: The one perennial inquiry at an Experiment Station is

how to restore land to its original producing power. We
have made many experiments and investigations to determine

the problems at issue. A popular summary of these studies

is given herewith. The chemical part of the subject has been

prepared by G W Cavanaugh, under the supervision of Pro-

fessor Caldwell. Full reports of three years' experimenting

with fertilizers are now being compiled for publication in bulletin

form.

This bulletin comprises the following subjects

:

Part I. How to Understand the Problem.

A. Some reasons why lands become impoverished.

B. How to reclaim depleted lands.

Part II. A Crusade with the Farniers.

A. Reading-Lessons Nos. i and 2.

No. I. The Soil : What it is.

No. 2. Tillage and under-drainage : Reasons wh}-.

B. Answers to the Questions on Five Reading-Iycssons.

No. I. The Soil : What it is.

No. 2. Tillage and under-drainage : Reasons why.
No. 3. Fertility of the land: What it is.

No. 4. How the plant gets its food from the Soil.

No. 5. How the plant gets its food from the Air.

I. P. Roberts, Director.



Plan of a set of plats upon which the farmer may ask the soil and the plant

what fertilizers are needed ( See p. 95) :

S plat.

K plat. 20 lbs. muriate of potash.

N plat. 20 lbs. nitrate of soda, or 40 lbs. tankage or dried blood.

^ ^ , . (20 lbs muriate of potash, j 20 lbs. muriate of potashK JN plat.
"^ 20 lbs. nitrate of soda. °^ ^o lbs. -tankage, etc.

O plat. No fertilizer.

p , , (40 lbs. plain superphosphate with
^ ^ "

( 15% phosphoric acid.

„ p , , ^20 lbs. muriate of potashK r p a
. 1 ^^ 2bs_ superphosphate.

2c lbs. nitrate of soda, f 40 lbs. tankage, etc.

N K Pplat. \ 20 lbs. muriate of potash, or j 20 lbs. muriate of potash.

40 lbs. superphosphate. ( 40 lbs. superphosphate.

N P plat.
( 20 lbs. nitrate of soda, f 40 lbs. tankage, etc.

( 40 lbs. superphosphate. \ 40 lbs. superphosphate.

Size of plats i-io acre. Upon each plat the same crop is to be grown, care

being taken that the seed is pure and that each plat receives exactly the same
amount of seed.

S, means stable manure ; K, potash ; N, nitrogen ; P, phosphoric acid
;

O. no fertilizer.

The best arrangement is to have plats as narrow as they can

be and still carry a reasonable number of rows of the crop, and,

unless the field is too large, extending from one side to the

other, and across all unlike strips. Such an arrangement would

reduce the labor of planting and tillage to a minimum, besides

securing the probable advantage of greater evenness in results.

A set of plats seventeen and one-half feet wide would carry

five rows of corn or potatoes, with three and one-half feet

between the rows ; there would then be three rows to harvest for

the measurement of the crop, the two outside rows being rejected.

For cereals, as wheat, rye, barley and oats, plats as wide as could

be sown with the drill, with two or three feet vacant spaces

between the plats, would answer. For small fruits, plats carry-

ing three rows should be taken, the fruit of the inner row only

being harvested for the measurement of the crop.



THE PROBLEM OF IMPOVERISHED LANDS.

Pait I. HOW TO UNDERSTAND THE PROBI^EM.

"Some of my land will not produce a crop, although my
father raised good crops on it. What ^hall I do to make it pro-

ductive?"

This is a common type of question. It is easily asked, but

very difficult to answer. The first thing to do is to find out why
the land is unproductive. The remedy then follows as a natural

consequence. The disease must be diagnosed, as the physicians

say, before it can be cured.

If the cause of the unproductiveness is to be discovered, the

land itself must be studied carefully, and the history of the field

should be known. The man who is on the spot—the farmer

himself—has the best opportunity to determine the cause of the

trouble. One value of an education and of experiment station

teachings is to help the farmer to work out his problems for

himself. He can not only solve man}- of his problems better

than the experimenters can, but he derives pleasure from

the quest, and great comfort in being able to master his diiifi-

culties.

The farmer who has worn-out land must study and experiment

for himself. It is the object of this bulletin to suggest how this

may be done. We will specify some of the leading causes of

unproductiveness, and then suggest inquiries

A. Some Reasons Why I^ands Become Impoverished.

I. They may lack tillage and good care. It is significant that

impoverised lands are usually those which have been neglected.

From insufficient or improper tillage, lands become cloddy, hard,

unresponsive and foul. In such cases, it may be necessary to

resort to summer fallow to correct the errors,—to bring the land
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back into prime condition ; but it is rare that well farmed fields

need fallowing. See part II, paragraphs 7, 8, 9, 14, 16, 25.

2. They may lack humiis or vegetable mold—When in native

conditions, in regions of sufficient rainfall, lands are covered

with vegetation. As this vegetation dies it becomes incorporated

with the soil as humus, making the soil mellow, dark-colored

and rich. It enables the soil to hold moisture, lessens extremes

of temperature, hastens chemical activities, and itself supplies

plant-food. When vegetable matter is withheld from the soil,

the humus is not replenished, and it is gradually used up. The
soil then becomes hard, "dead," very dry in dry weather and

very muddy in wet weather, and is subject to great extremes of

temperature. If the original basis of the soil is clay, the land

bakes and becomes lumpy when plowed; if sand, it becomes

loose and leachy. See Part II,, paragraphs 5, 6.

One great value of stable manure is to supply humus. Green

cropping is also exceedingly useful. A rotation of crops in

which sod is one factor tends to maintain the suppl}^ of humus.

Catch-crops (sown between other crops) may be used to replenish

the humus; also cover-crops (those sown in fall for a winter

cover). lyong continued cropping with one or with similar crops

tends to deprive the soil of humus. When the farmer does not

properly care for the land, nature tries to force him into another

rotation. This is well illustrated in pastures and meadows, in

which daisies and wild carrot force out the poor stand of grass.

Most of the depleted lands in New York are suffering more for

humus than for plant-food.

To determine by experiment whether a soil has sufficient

humus is difficult because the forms of available humus-produc-

ing materials also contain plant-food. Humus may be supplied

by muck, stable manure, leaves or green-crops. All these con-

tain the different plant-food, and also a large amount of vege-

table matter. To test whether a soil needs humus, apply these

materials to several plats of ground, leaving one or more without

them for checks. Stable-manure might be applied to one plat,

muck to another, a green-crop of clover, barley, buckwheat, etc.,

turned under on another. Nature uses leaves for making humus
in the woods.
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3. They may need draining.—Under-draining lowers the water-

table (or the zone of standing water), causing the soil to become

deeper and mellower. Well-drained soil is drier in wet weather

and moister in dry w^eather than soil which is underlaid with

a high and hard subsoil. Most of the cold, wet and so-called

"sour" lands need draining to make them productive. Even
though they are not too wet for tillage, they may need the drain-

age for the purpose of deepening the soil and causing it to hold

more air and moisture. Deep-rooting plants, as clover, tend to

make soils deeper. Subsoiling has a similar tendency, but its

effect usually is not permanent. Consult Part II., paragraphs 9,

page 99.

4. The soil may become acid.—There are some cases in which

the soil becomes sour to a degree that is injurious to many plants.

This is true of some sandy uplands and sometimes is indicated

by growths of sorrel, daisies and golden rod. The acid in soil

can be detected by its reddening blue litmus paper (to be had at

drug stores or at this Station). This over- acid condition often

acccompanies a lack of humus, and sometimes may be corrected

by adding humus. It is also relieved by the use of ashes or

lime, which have the power of neutralizing or sweetening acids.

The ashes or lime should not be plowed in, but harrowed in after

plowing, as lime tends to work downward. When experimenting

with humus (see next page,) an application of ashes on an

adjoining plat may help solve the problem.

5. The soil may lack in useful plant-food.—Some of the leading

plant-food elements may be nearly or quite exhausted ; or, as is

more usually the case, they may be in an unavailable condition or

locked up. The chemist can tell if the soil which he analyzes

lacks plant- food ; but another sample of soil from the same field

may be very different in composition. There is ver}^ little

uniform soil in New York, for nearly all of it is mixed glacial

soil. But the chemist cannot tell how much of the plant-food is

available to plants. Food which is nearly unavailable when he

analyzes it, may be made available by a change in conditions or by

better tillage ; and that which is clearly available may become

unavailable the same season. In certain very pronounced cases of

depleted lands, the chemist may render much direct aid ; but in
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general he can only suggest and advise, not prescribe. The only-

sure way to find out whether more plant- food is needed is to

experiment on the land in question.

B. How to Reclaim Depleted I^ands.

1. Ifyoil think that they lack humus, apply stable manure or

turn under agreen-crop . The best general green-crop isred clover,

but it does not catch well on very sandy and very hard soils.

Then begin with any crop which will grow—rye, buckwheat, corn,

beans, anything to get a start. If the land produces weeds when
left to itself, it is good enough to produce something else. Turn

the weeds under, sow something, turn it under, sow again ; in

two or three years the results will be seen,

2. Till frequently mid wisely.—Many depleted lands need

tillage more than humus or plant-food. Usually, they need both.

Prepare the land thoroughly for the green-crop. Plow when
the land is most fit. In very hard clays, try fall-plowing.

3. If the land is so poor that it is wholly dare, determine whether it

is very acid. If it is, apply lime or ashes.—Apply some fertilizer to

enable you to get a start of plants. The start once made, the

future is yours. Plow under herbage ; add plant-food as your

experiments suggest.

We have lands which are now so completelj- run out that the

sand drifts and no plants can obtain a foothold. It is probable

that they can be reclaimed, although it is a question if the

reclamation will always pa}'. Analyses have been made of

samples of some of these lands, and it is found that they con-

tain liberal supplies of potash and phosphoric acid, but almost

no nitrogen. They are also almost wholly lacking in humus.

The soils are so leachy that an application of nitrate of soda or

other very soluble materials would probably be of little avail.

Probably the best means of recuperating these lands is to make
applications of stable manure and then to sow rj'e or some other

cover-crop for the purpose of making a body of humus in the

soil. If stable manure cannot be had, tankage will be found to

be a good substitute since it contains nitrogen in a more or less

insoluble form. We advise persons who have such lands to

experiment with a small piece and when the experiments
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prove successful to extend them to a larger area. In the Old

World, spurry is used to begin the reclamation of such lands.

Seed can be had of the leading seedsmen.

4. Experiment with the land to determine zvhat playit-food

it needs.—To test the need of fertilizers, a trial of five plats may
be helpful :

On the first, apply nitrate of soda at the rate of 200 lbs.

per acre.

On the second, 200 lbs. superphosphate.

On the third, apply nothing.

On the fourth, 200 lbs. muriate of potash.

On the fifth, 1000 lbs. lime.

The results will in sone measure indicate which of the

elements of plant-food is needed.

For a more complete and conclusive method of testing fertil-

izers, the reader is referred to Bulletin 129. The plan of

experiment, as outlined by that publication, is reprinted at the

beginning of this bulletin.

Part II. A CRUSADE WITH THE FARMERS.
In the winter of 1898-9 this Station discussed a series of soil

and fertility questions with the members of the Reading-

Course (8605 persons). Five Reading- lycssons were issued, two

of which pertained directly to soil problems ; and these two

Lessons are reprinted here. With each Lesson there was issued a

series of questions designed to bring out the points in the Lesson.

The replies which were received to these questions afford an

excellent index to the state of the popular mind on subjects

connected with the fertility of the land. The questions were

designed to elucidate underlying truths or principles, and correct

answers to them will do much towards spreading sound ideas

of maintaining and increasing the productive power of the land.

We therefore reprint the questions and give answers to them.

These questions and answers cover all the five Lessons :

'

' The
Soil: What it is;" "Tillage and Under-Drainage : Reasons

Why;" " Fertility of the Soil : What it Is ;

" " How the Plant

Gets its Food from the Soil ;" " How the Plant Gets its Food
from the Air." These answers are written by H. P. Gould,

but have been approved by specialists in the various subjects.
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A. Reading-lvessons Nos. i and 3.

LESSON NO. I. THE SOIL : WHA T IT IS.

1

.

The basis of soil is fragments of rock.—As the earth cooled,

the surface solidified into rock. The processes of nature have

been constantly at work breaking up this rock and making it

into soil.

2. Weathering is the great agency in making rocks into soil.—
Rain, snow, ice, frost have worn away the mountains and

deposited the fragments as soil. Probably as much material

has been worn away from the Alps as still remains and this

material now forms much of the soil of Italy, Germany, France,

Holland. Our own mountains and hills have worn away in like

manner.

3. Weathering is still active.—All exposed rocks are wearing

away. Stones are growing smaller. The soil is pulverized by

fall plowing.

4. The particles of soil are worn and transported by ivater.—
Every stream carries away great quantities of soil and deposits

it in the shallows and the bays. After every rain, the streams

and ponds are muddy and roily. Observe the sediment or fine

mud which remains when a "mud puddle" dries up. The

rivulet may carry away tons of earth every year
;
and this

earth is deposited somewhere, and sometimes it may perhaps,

come into use again for the growing of plants. Many of our

best and richest farm lands are the deposits of former streams

and lakes. Such lands are fine and silk-like. Most lowlands

belong to this category ; and even some of our higher lands are

formed from deposits from water. The mixed and varied charac-

ter of soils is largely due to the fact that they are the results of

transportation from different places.

Observe the flat lands about lakes. These flats are formed by

the deposition of material from the surrounding highlands ;
but

they are often exposed before their natural time by the lowering

of the water level in the lakes. All lakes and ponds are filling up.

Nearly every stream makes a delta at its mouth ; but if the stream

into which it empties is swift, the delta may be carried away.
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Observe, also, the broad rounded hillocks and knolls in valleys

and ravines. Many of them have attained their present form

from the action of moving water.

Every farmer knows that overflowed lands are rich. He has

heard of the wonderful fertility of the Nile. He should explain

these facts.

5. All productive soils also contain organic matter.—Most

organic matter is the remains of plants and animals. As found

in soils in a decaying condition, it is called humus. It is the

humus which gives the soil its dark or '

' rich '' look. It also tends

to make soils loose warm and mellow. It holds moisture. The
addition of humus makes soils loamy. A sandy loam may be

defined as a soil of which the original mineral matter is sand, and a

clayey loam is one of which the basis is clay. Soils which have

no humus are hard, " dead " and unproductive.

6. Humus is supplied by means of roots and stubble, green-crops

and barn mamires.— [f the farmer practices a rotation of which

meadow and pasture are a part, the supply of humus will be

maintained. In such cases, green-manuring is unnecessary

except now and then upon lands which are very hard or poor.

The roots and stubble, with the droppings of the animals on the

pasture, and manure applied with one of the crops in the rota-

tion, keep the land well supplied with vegetable matter. When-
ever possible, it is better to feed the crop to stock and return the

manure to the land, than to plow the crop under ; for one will

get back the greater part of the fertilizing value of the crops and

maintain the animal at the same time. In western New York,

there are hundreds of acres of refuse cabbage lands, and at this day

there are thousands of tons of herbage on the ground, and no

stock to eat it. It is wasteful.

Many soils which are said to be worn out are robbed of their

humus rather than of their plant-food ; others have been injured

in their texture by careless or faulty management. In supplying

humus, it is better to add small quantities often. Lands which are

under constant tillage, in corn, wheat, oats, potatoes, may be

supplied with humus if catch-crops are sown with the crop, now
and then, late in the season. Rye, Canada peas, crimson clover,

and the like may be used for this purpose. Plow them under as
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soon as the land is ready in the spring, even if the plants are

not large.

Observe how the forest supplies its humus. Year by year the

leaves add to the soil cover, which slowly passes into vegetable mold

or humus. The trunks finally decay and pass into the soil.

The work is effectively done, but it consumes time ;
and man is in

a hurry. When the forest is removed, the landis usually produc-

tive. It is called "virgin soil," notwithstanding the fact

that an enormous crop of trees has just been taken from

it, and that it may have grown hundreds of such crops.

The real virgin soil is the barren soil. But however rich this

forest soil may be when the timber is first removed, it generally

soon loses its exuberant fertility. The pigmy crops of the

farmer seem to be harder on the soil than the gigantic crops of

Nature. Some of this loss of productivity is due to the loss of

humus.

A rotation diminishes the exhaustion of plant-food, supplies

nitrogen in leguminous crops, one crop leaves the land in better

condition for another, the roots and stubble improve the texture

of the soil, it keeps weeds in check, provides for continuous

labor because stock is kept.

The rotation should differ with the kind of soil and general

style of farming. The Cornell rotation is :

Wheat,

Clover and timothy, i year,

Maize (corn),

Oats.

A good rotation for weed-infested land is :

Sod, I year.

Maize,

Potatoes, or some other tilled crop,

Oats or barley.

On fruit farms, rotations are not so practicable as on grain

farms ; but the fields which are not in fruit can often be worked

in rotation to great advantage. The general tendency of fruit-

farmers is to keep too little stock. If stock cannot be kept, the

humus can be maintained by catch-crops and cover crops.

7. TJic fertilHv of the Imid is Us pcnver to produce crops. It is
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deter77iinedby tlwce things : the texture of the soil, its richness inpla^it-

food, a7id its available moisture.—The texture of the soil is its phys-

ical condition,—as to whether it is mellow, loose, leachy, cloddy,

hard, and the like. A rock or a board will not raise corn, and yet

it may contain an abundance of plant-food. The plant cannot get a

foothold : and it would do no good to apply fertilizers.

Spreading potash on a lump of clay is not farming : it is the

wasting of potash. A cow will not appreciate the fanciest ration

if .she is uncomfortable ; neither will a plant. It is only on land

which is in good tilth that fertilizers pay. The better the farm-

ing, the more it will pay, as a rule, to buy plant-food : but poor

farming cannot make it pay.

8. Nature secures good texture in soil by growingplants in it.—
Roots make the soil finer, and plants supply it with humus.
Plants break down the soil by sending their roots into the

crevices of the particles, and the root acids dissolve some of it.

Observe Nature working at this problem. First the " moss " or

lichen attacks the rock ; the weather cracks it and wears it away
;

a little soil is gathered here and there in the hollows ; a fern or

some other lowly plant gains a foothold
;

j^ear by year, and cen-

tury by century, the pocket of soil grows deeper and larger
;

and finally, the rock is worn away and crumbled, and is ready to

support potatoes and smart-weed. Or, the rock may be hard and

bare, and you cannot see any such process going on. Yet, even

then, every rain washes something away from it, and the soil

beneath it is constantly receiving additions. Some soils may be

said to be completed : the rock is all broken down and fined.

Other soils are still in process of manufacture : the}^ are full of

stones and pebbles which are slowly disintegrating and adding

their substance to the soil. Did you ever see a " rotten stone"?

The longer plants are grown on any soil, and returned to it,

the richer the soil becomes. But Nature has centuries at her

disposal ; man has but a few short years and must work rapidlj',

and he cannot afford to make mistakes.

9. The texture of the soil may be improved (i) by underdrain-

ing, {2) by tilling
, (3) by adding vegetable matter, (4) by adding cer-

tain materials, as lime, which tend to change the size of the soil parti-

cles.—The reader will say that Nature does not practice tile-drain-
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ing. Perhaps not ; but then, she has more kinds of crops to

grow than the farmer has, and if she cannot raise oaks on a cer-

tain piece of land she can put in water-lilies. We have an

entire lesson devoted to drainage and tillage, and also one to

manures and fertilizers. It is enough for the present to say that

the roots which are left in the ground after the crop is harvested

are verj- valuable in improving the soil. This is particularly

true if they are tap-roots,—if they run deep into the soil.

Clover bores holes into the soil, letting in air, draining it, warm-
ing it and bringing up itsplant-food. Roberts reports (" Fertil-

ity of the Land," p. 345) that a second growth of clover, two
years from seeding, gave a yield of air-dried tops of 5,417 lbs.

per acre, and of air-dried roots 2,368 lbs. in the first eight inches

of soil. Add to this latter figure the weight of roots below

eight inches and the stubble and waste, and it is seen that the

amount of herbage left on the clover field is not greatly less than

that taken off. In this instance, the roots contained a greater

percentage of nitrogen and phosphoric acid than the tops, and

about the same percentage of potash.

Make an estimate of what proportion of the plant growth you
raise is actually taken off the field. Figure up, as accurately as

you can, the part left in roots, stubble, leaves and refuse.

Even of maize, you do not remove all from the field. This cal-

culation will bring up the whole question of the kind of root-

system which each sort of plant has. Have you ever made a

close examination of the roots of potatoes, maize, wheat, clover,

cabbages, buckwheat, strawberries, Canada thistles, or other

crops ? From what part of the soil do these plants secure their

nourishment ? What power have they of going deep for water ?

What proportion of them is root ? Because the roots are hidden,

we have neglected to examine them.

ID. The soil is plant-food ; but this food becomes usable or avail-

able slowly.—Roberts has compiled the analyses of 49 represen-

tative soils, made by American chemists, and the following is the

result :

'

' The tables reveal the fact that even the poorer soils

have an abundance of plant-food for several crops ; while the

richer soils in some cases have sufficient for two hundred to three

hundred crops of wheat or maize. The average of 34 analyses
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gives to each acre of land, eight inches deep, 3,217 pounds of

nitrogen, 3,936 pounds of phosphoric acid, and 17,597 pounds of

potash, and this does not include that which is contained in the

stones, gravel and sand of the soil which will not pass through

meshes of one-fiftieth of an inch, which, by weathering and

tillage, slowly give up their valuable constituents."

—

Roberts,

" Fertility of the Land,'' p. 16.

Fortunately, this great store of plant-food is largely locked up,

else it would have leached from the soil or have been used up
long ago. By careful husbandry, a little of it is made usable year

by year ; and the better the management of the land the more of

this food is available to the plant. When the farmer has done

his best to get out of the land all that it will give him, then he

may add fertilizers for bigger results.

Plant-food is available when it is in such condition that the

plant can use it. It must be both soluble and in such chemical

form that the plant likes it. Plant-food which is not soluble in

rain water, may still be soluble in soil water (which contains

acids derived from the humus) ; and the acid excretions from the

roots may render it soluble. But solubility is not necessarily

availability, for, as we have said, the materials must be in such

combination that the plant will take them. Thus, nitrate of

soda (Na N O3) is available because it is both soluble and in the

form in which the plant wants it. But nitrite of soda (Na NOJ
is not available although it is soluble,—the plant does not like

nitrites.

T I . Nitrogeft must probably be in theform of nitrates before it can

be used by mostplants.—Nitrogen is abundant. It is approximately

four-fifths of the atmosphere, and it is an important content of

every plant and animal. Yet, it is the element which is most

difficult to secure and to keep, and the most expensive to buy.

This is because the greater part of it is not in a form to be avail-

able, and because, when it is available, it tends to leach from the

soil. It is available when it is in the form of a nitrate—one part

of nitrogen, three parts of oxygen, united with one part of some

other element (Na NO3, nitrate of soda ; K NO,, nitrate of

potash or saltpetre; H NO3, nitric acid, etc). The process of

changing nitrogen into nitrates is called nitrification. This pro-
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cess is the work of germs or microbes in the soil : and these

germs work most efficiently when the soil is not water-logged,

and when it is well tilled. The farmer should make his available

nitrogen supply as he goes along ; and he makes it with tile

drains, plows, harrows and cultivators.

But there are some plants which have the power of using the

nitrogen which is in the air in the soil. These are legu-

minous plants,—clovers, peas, beans, vetch, alfalfa. If, there-

fore, the farmer cannot secure sufficient nitrogen by other means,

he may use these plants as green-manures. If his system of

farming will not allow him to use these plants, or if he does not

secure sufficient nitrogen when he does use them, then he can go

to the warehouse and buy nitrogen.

1 2 . The soil is not a mere inert mass : it is a sce?ie of life and
activity.—This is the new and the true teaching. Soil which is

wholly inactive is unproductive. Movements of air and water,

actions of heat and evaporation, life-rounds of countless micro-

scopic organisms, decay and disintegration of plants and soil

particles,—these are some of the activities of the fertile soil. If

our ears were delicate enough, we could hear the shuffle of the

workers, the beating of the hammers, and the roll of the tiny

machinery. All things begin with the soil and at last all

things come back to it. The soil is the cemetery of all the ages,

and the resurrection of all life. If the soil is not idle, neither

should the farmer be.



LESSON NO. 2. TILLAGE AND UNDER-DRAINAGE:
REASONS WHY.

By John \V. Spencer.

13. The difference betiveen black and white.—Two farmers are

neighbors. Mr. White has made a study of potato culture for a

uumber of years, and, as a result, now has an average yield, one

year with another, of about 200 bushels per acre from a field of

three to five acres. Mr. Black is considered a fairly good farmer,

as farmers go, but has given potato culture no special study. He
manages his crop as his neighbors do. His methods are those

which have been a tradition for several generations, and they had

their origin when the country was new and high cultivation was

impossible on account of the stumps and lack of tools, and also

because the virgin soil made it unnecessary. His annual yield is

not far from 60 bushels per acre. In other words, Mr. Black has

to plow, harrow, furnish seed, plant and cultivate about ten acres

to secure as many potatoes as Mr. White does from three acres.

Both men sell their product to the same dealer, and we will

a.ssume that they receive the same price per bushel. The cost

of producing a bushel of potatoes must be very much more

with Mr. Black than it is with Mr. White. No manufacturer

or merchant could withstand the keen competition in trade if

handicapped as Mr. Black is. When the respective farms were

reclaimed from the forest, they were considered to be alike in

character of soil, and the rain falls impartially on each.

Why the difference in cost of production between Black and

White? There are many points of difference in their methods,

but we are free to say that one of the es-sential differences is in

tillage.

14. The plant ?ieeds zvater.—When Mr. White contemplates a

crop of potatoes, he proceeds to make an estimate of what the

crop will require and how he can provide for that demand.

Perhaps the greatest of all needs is water. By turning to Cor-
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nell Experiment Station Bulletin 120, page 419, it will be seen

that in a dry season a bushel of potatoes requires about three

tons of water for its production. If Mr. White expects 200

bushels of potatoes per acre, he must somehow manage to pro-

vide 600 tons of water for each acre. He has no facilities for

irrigation, and his only resource is to make the soil a reservoir.

He must store the supply left by winter snows and spring rains,

and also the irregular rainfall that comes during the season's

growth. Speaking in broad averages, in soils most commonly
met with, this storage possibility amounts to about 300 tons of

water per acre in the first eight inches of the soil. It must be

understood that this amount is not in the form of standing water,

for water standing in the soil for an}^ length of time injures both

soil and plant.

15. The most usefulform of waterfor plants isfilm moisture.—
Water is capable of assuming many forms, such as steam, vapor,

ice, or free-moving liquid. The condition most valuable in the

soil is none of these, but is in the form of film moisture. This

film moisture can be shown by dipping a marble into water and

observing the film of water surrounding it on all sides. When
each soil-grain is covered with film moisture, as the marble is,

the ideal conditions of soil moisture exist. This form of water

is largely independent of gravitation and travels readily in all

directions, as can be seen by dipping a cube of sugar into a spoon-

ful of coffee. It is capable of transporting plant-food to the

roots of plants from remote corners, where the roots do not reach.

It will be observed that film moisture is held only on the sur-

face of soil-grains. The more the soil is pulverized, the more
soil-grains there will be, and therefore the greater amount of sur-

face to hold film moisture.

The difference in the capacity of lumpy and fine soils to hold

film moisture is surprising to one who has not given the question

study. George W. Cavanaugh, assistant chemist at the Cornell

Experiment Station, has very graphically shown this by the fol-

lowing experiment : He put small marbles in a tumbler, as

shown by Fig. 22, and the total amount of film moisture that the

marbles would carry is represented in the tube placed beside the

'
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tumbler. The soil in the other tumbler (Fig. 23) is of the same

weight as the marbles in Fig. 22, and it represents the

marbles reduced to the fineness of common sand. Its

capacity for holding film moisture is represented by the

water in the standing tube (Fig. 23). The weight of

material is the same in each tumbler, and the reason why

one holds three times more film moisture than the other

is due to the increase of surface that comes by dividing

a coarse lump into fine particles.

The marbles represent the careless tillage of Mr.

Black, and the finer particles the thorough tillage of

I Mr. White. Mr. White plows about one-third deeper

than Mr. Black, and thereby makes another addition to

the capacity of his reservoir.

The coarse soil, as represented by the marbles, will lose

its film moisture by evaporation much more readily than

the soil represented by Fig. 23, particularly if the surface

of the latter is covered by fine particles representing

an earth-mulch.

16. Tillage makes plant-food available

.

—Another differ-

ence in the culture given by Black and White is that the

better tillage enables the plant to realize more food than

all fertilizers which may be applied. There is also a

benefit in making avail-

able some of the plant-

food that nature has put

in the soil. Broadly

stated, the native plant-

food amounts to as

much as can be bought

in $2,000 worth of com-

mercial fertilizers.

The finer soil has atioth-

er advantage in afford-

ing a greater area for root

pasturage. It is not uncommon for farmers to think of plant-food

in the soil as in the condition of salt or sugar which is capable of

being immediately dissolved by water and at once appropriated by

Fig. 22.— Water held by
a coarse soil.

Fig. 23.— Water held by
a fine soil.
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the plant, or like potash in ashes that can be soaked out. Plant-

food exists in this form only to a limited extent. A man might

famish if locked in a granary filled with wheat
;

yet a

chemist would say that there was enough food near him to feed

a hundred men. This illustrates how nature has stored much of

the plant-food in the soil. It has to go through many changes

before it can be appropriated by the plant. The soil is a factory

in which the work of preparation is carried on.

17. The soil is a laboratory.—Some of the agents employed in

this factory are film moisture, air and heat ; and if these are not

furnished in the proper extent and condition, the factory runs in

a sluggish way, if it does not stop altogether. Good tillage does

much to hasten the activities of this factory by allowing free

ingress to the soil of film moisture, air and heat. Air is neces-

sary for a supply of oxygen, and heat to facilitate fermenta-

tion and other vital processes.

The imporLance of air and heat in the soil brings us to the

question of drainage. Air cannot enter a soil freely which is

filled with standing water, and growth of micro-organisms is

hindered.

18. Wet soils are cold.—Standing water is a great absorbent of

heat. If no provision is made to drain it away, it must be evapo-

rated away. Thereby heat is lost. The soil is cold. A great

many barrels of water can be standing on an acre of ground and

not attract much attention.

To appreciate the amount of heat necessary to evaporate water,

one has only to chop, split and burn beneath a caldron kettle

enough wood to evaporate a barrel of water. Every barrel that

is evaporated from the soil by the sun absorbs as much heat as

is expended by the wood used under the kettle. The soil and

plants are perhaps chilled for want of that heat. This is the

reason that a wet soil is said to be cold.

19. Drained soils resist drought.—Some farmers have the notion

that well drained soil will not withstand a drought as well as

an undrained soil. The contrary is true. Everyone who has

tilled the soil is familiar with places that are wettest in a wet

time and driest in a dry time. When these places dry at all, they

dry like a brick. A wet soil can never be tilled so as to present
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the greatest amount of surface for film moisture and give it a

mellow texture to receive a gentle saturation of air
;
and stand-

ing water robs it of much heat required by the soil and plants.

20. Drainage makes a soil reservoir.—There is a place in every

soil at which the free water stands. This place is called the

water-table. It may be three inches down, or a hundred feet.

It is the bottom of the soil reservoir, the bottom of our dish-pan.

This dish -pan, or the upper and tillable soil, is the reservoir. It is

the part in which the water is held as films on the soil particles.

These films travel from particle to particle, the general tendency

being upward because the moisture is passing off near the top of

the soil by means of evaporation and appropriation by plants.

Moisture is constantly supplied from the water-table below. We
speak of this movement as capillary attraction.

Under-drainage lowers the water -table. It lowers the bottom

of the dish-pan ; and thereby there is a deeper reservoir above it

for the holding of film moisture and the distribution of roots.

But, the reader says, if the water-table supplies moisture to

the upper soil, then it must be useful and necessary. Certainly
;

but it must not be too high, for roots of farm plants do not thrive

in standing water. If the upper soil is well tilled, capillary

attraction will bring the moisture up.

21 . Do not let the moisture getaway

.

—We want this film moist-

ure in the upper soil in order that roots may use it. The plants

do not use it, to any extent, after it has passed off into the

atmosphere. Therefore, stop this water before it reaches the

atmosphere.

How ? Put a layer of loose dry earth between the moist soil

and the atmosphere. This layer will stop the upward capillary

flow. This layer is the earth-mulch. It conserves, or saves,

moisture.

22. Dry arid hard soils 7vay be benefitted by ujider-draiyiage.—
The water-table is lowered. Air is admitted. The soil does not

puddle. It becomes fine. Under-drainage makes wet soils dry

by removing the free water ; it tends to make dry soils moist by

deepening the reservoir and fining the particles of soil.

23. What tillage tools are for.—Some tools, as plows, are to

mellow up the soil and to deepen the moisture reservoir.
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Others, as cultivators, are to tear up and to pulverize the soil to

greater or less depths. Cultivators lift and turn the soil. The
spring-tooth harrow is really a cultivator. Other tools, as har-

rows, prepare the surface of the soil. They make the seed-bed

and put on the earth-mulch. The true harrows stir the soil, but

do not lift or invert it.

24. Weeds do not presist in well-tilled lands.—The first and

greatest value of tillage is to put the soil in such condition that

plants can grow, and then to keep it so. Incidentally, it prevents

those plants from growing which we do not want,—the weeds.

Usually, the process is reversed : weeds make us till, and we get

the other benefits without knowing it. The best tillage pre-

vents weeds rather than kills them.

25. Slimmer-fallowing is a means of cleaning land and of cor-

recting ynistakes.—-It may be necessary to fallow the land in order

to clear it of stones, stumps and brush. But after the land is

once thoroughly subdued, summer- fallowing is very rarely neces-

sary if the land has been well handled. If the land has been

plowed when too wet and thereby has become lumpy, if it has

been allowed to become foul with weeds, or if it has lost heart by

too continuous cropping with one kind of crop, summer-fallow-

ing is a good means of bringing it back into condition. The
better the farming, the less the necessity of summer-fallowing.

In the old days, the poor tillage tools rendered fallowing more
necessary than it is to-day.

Fallowing is tillage ; and tillage liberates plant-food. Some of

this plant-food may leach away and be lost, although the small

rainfall of the summer months,—during which time fallowing is

practiced,—makes this loss slight.

26. The kind of tillage should vary with the soil, the time 0/

year, the kind of crop.—Too many farmers seem to think that til-

lage is tillage, no matter how it is performed. The same tool is

used for clay or sand or muck, and for fitting the land for wheat

or corn or apple trees. A harrow that is best for one field may
be worst for the adjoining field. A man would not think of

using a buggy for carrying grain to market, but he will use one

tool for many kinds of work. The work is not only poorl}' done,

but it is not economical. It costs too much. Persons who will
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economize to the smallest degree in expenditures of money may
be very wasteful in expenditures of labor and muscle.

Persons are always asking if deep plowing is best. The ques-

tion cannot be answered on general principles. Deep plowing

may be best for one field and one crop, and shallow plowing best

for another field and another crop. The same remarks will

apply to fall-plowing and spring plowing. One must first learn

principles, or the why ; then the practice, or the how, will come
easy.

Note. The reader should have other sources of information than this

Lesson. He may read our Bulletins 119, " Texture of the Soil ;" 120, "The
Moisture in the Soil :" 72, " The Cultivation of Orchards ;" and the three

bulletins on potato culture (Nos. 130, 140, 156). His library should also

have King's " Soil " and Robert's "Fertility of the Land."

B. Answers to the Questions on the Five I^essons.

NO. I. THE SOIL : WHA T IT IS.

Many of the questions in this lesson are intended merely to

call attention to certain fundamental facts and to promote thought

and discussion.

1

.

Have you ever observed the influence of iveather upon soft

slaty rockjutting out on embankjnents and in railroad cuts f

2. Have you ever taken a glass of muddy zvater from a flowing

stream, and allowed it to stand taitil the sediment had settled?

What is this sedime^itf

These questions are intended merely to call attention to this

process of soil formation and transformation.

3. Imagine a branch of this stream bringing rotted slate rock

and another bringingfine sand. When mixed in the maiyi stream

and deposited on some bar or overflozved field, zvhat kind of soil

would the mixture make ?

A sandy or clayey soil, the exact nature of which would be gov-

erned by the relative proportion of the different ingredients.

Such a mixture might also contain much decaying vegetable or

organic matter, and this would make the physical condition of

the soil such that it would be very fertile.
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4. What is iyiorganic matter ?

All matter which is not a part or product of a living organism

is inorganic or mineral matter, as a stone or a piece of iron.

The bulk of the soil is made up of finely pulverized stone and

is therefore inorganic matter.

5. What is organic matter?

Matter which has life or has been produced by living organisms.

An animal or a tree, either living or dead, is organic matter.

The humus of the soil is decaying organic matter.

6. Why are soils frorn which a thrifty forest growth has been

removed capable at once of producing goodfarm crops ?

Largely because of their good physical condition, due chiefly

to the presence of large quantities of humus.

7. Have yoil ever observed lichen {sometijnes called "moss")

growing on bare rock or 07i a tombstone f

This question is intended to call attention to the fact that

low forms of plant life are important in the early stages of

soil formation.

8. If any great amoiait of lichen should become 7nixed with the

disintegrated rock, would it be humus a7id form a weak soil that

might prodiice an order of plants a little larger and stronger

than lichen f

This mixing of the moss with the pulverized rock would be

the first step toward making a soil of good physical qualities.

9. As the higher order's ofplants come in and die down and mix
witli the soil, ivould the process increase the prodtictive power of

the soil ?

Yes, within certain limits. The more decaying vegetable

matter the soil contains, generally the more productive it is.

10. 1)1 instances in zvhich soil has been removed by grading,

could a new soil be well m.ade by adding commercial fertilizer

alone f What wouldyou apply first to such land f

The addition of humus would be of first importance. Com-
mercial fertilizers would do little good applied to a soil in

which there is no decaying vegetable matter. This would

propably be the condition in the case assumed in the question.

11. If humus in soil under cultivation is perishable, ought it7iot

to be the farmer' s first care to keep good the qtia7itity firstfoufid in

the virgi7i soil?
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Yes ; and this can be done only by adding humus from time

to time in the shape of barn-yard manure and other forms of

organic matter.

12. hi additioyi to the humus retur?ied to the soil in manure,

from, foragefed to stock, and by plowing U7ider stubble and roots,

do you think it a goodplan to S07v some cover-crop in cor7i roivs

at last cultivation, and on oat and wheat sttibble as soo7i as the

crop is off, for plowing uyider the followiyig spring f

Usually a cover-crop is desirable, and especially so if the soil is

lacking in humus.

13. What are good crops for this purpose f

Crimson clover, vetch, peas, rye, rape, barley, oats.

14. Which of these are leguminous plants? Name alt the

kinds of leguminous plants you know f

The first three named. All the clovers, alfalfa, vetch, peas,

beans, lupines.

15. Why is it advised to plow tinder the green-crops as soon as

the land can be worked iti the spring ?

These crops, if allowed to grow, would give off into the air

much moigture needed by the permanent crop ; and besides this,

if left until they had made a large growth, there might not be

enough moisture in the soil to cause them to decay.

16. Do yo7c think a rotatio7i of crops helps the soil to bear the

strain of successive cropping f If so, why ?

Yes : this practice admits of supplying humus by means of

cover-crops ; it admits of tillage which sets free plant-food ; and

as different kinds of plants require different proportions of

the various plant-foods a rotation prevents an unequal

depletion of plant-food, as might be the case if one kind of

crop was grown continuously for a long time.

17. Are you atvare thatplayitfood exists in the soilin both avail-

able and unavailablefortns , and that tvhen plants have tised up

most of the available portion we call the soil ivorn out?

Most soils, even though unproductive, contain plant-food in

large quantities, but it is in such condition or chemical form that

plants cannot get it.

18. Is it true that your soil is capable of being made a?i

active laboratory in ivhich changes will take place and some of this

U7iavailable plant-food be made usable?
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It is only when the soil is in such condition that certain

changes can take place, that the unavailable plant-food becomes

available to the plant.

19. Are you aware that when the texture ofyour soil is poor, or

in other ivords, your laboratory is out of order, the best commercial

fertilizers or stable viamires will not give the best results ?

The texture or physical condition of the soil is of first import-

ance. A stone contains plant-food, but it will not grow crops

because of its physical and chemical condition.

20. Do you know that heat and air are itnportant agencies in

the changes goi7ig on in the soil, as they also are in the cha?jges in a

barrel of cider or in yeast in a pan of dous;h ?

Chemical changes in the soil cannot take place to the best

advantage when the air is excluded, or when certain definite

temperature cannot be maintained.

2 1 . Lhes standing water on soil have a detrimental or beneficial

effect on the heat and air ? Why ?

Detrimental, because it keeps the temperature too low and

excludes the air; and soil texture is impaired.

22. Ho7V can you make the soil laboratory do the best work ?

By making and preserving the best physical condition possible.

NO. 2. TILLAGE AND UNDER-DRAINAGE : REASONS WHY.

1. What proportion offarmers in your neighborhood farm it

like Mr. Black ?

Appl}' the test to yourself, and see if you are using good,

economical business methods in carrying on your farm.

2. Hoiv isfarming to be made to pay

,

—by getting higher prices

or by cheapening cost ofproduction f

Prices are largely beyond our control ; the cost of production

very largely rests with us. At least, this is true within certain

limits.

3. Do you expect pcrmafie/itly higher pricesfor fjrm produce?

The past ma}^ be taken as a reasonably fair indication of the

future.

4. Do you set a certain yield before your mind 7vhen yov are pre-

paringfor a crop f Or do you expect to be content zvilh what comes f
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In the first case, you are farming with your head as well as

with your hands, and the aim is to control circumstances as much

as possible : the work is done on a good business basis. In the

latter case, you are allowing yourself to be ruled entirely by cir-

cumstances and your work is not conducted in a good business-

like manner. The same careful, judicious business management

is necessary in farming that is needful in a successful commercial

enterprise.

5. An inch of raiiifull weighs aborit iij to7is to the acre. About

joo tons of water is required to produce one ton of dry matter.

Do you have rainfall enough in fiine^fulyand Aiigtist to main-

tain a heavy crop of Indian cor7i or cabbage ?

In considering this question one must keep in mind the fact that

much of the rain-fall drains off into streams, especially on hilly

land ; also thai large quantities are evaporated before the plants

can take it up. On account of these losses only a part of the

rain is available for the plants. Usually the rainfall in midsummer
is not sufficient to maintain a heavy crop, and so we must try

to save, by thorough cultivation, what fell earlier in the season.

6. Does surface tillage make soil moist, or keep it moist f

It keeps it moist by preventing the soil from drying out. When
soil is left undisturbed for a long time, and it becomes packed

down, the moisture in the soil works toward the surface and is

evaporated, passing off into the air. Tillage makes a surface

mulch which the soil moisture cannot readily pass through. It

is equivalent to covering the soil with a layer of straw or a board.

Every farmer knows how moist it is under a pile of straw which

has remained in the same place for some time, or under a board.

This straw or board does not make the soil moist but prevents

it from becoming dry. This is what tillage does.

7. Why does deepfallplowing make sods '

' ivarm " <7r " early
'

'

in spring f

Land so treated tends to dry out earlier in the spring than

unplowed soils ; and soils which dry out early in the spring are

" warm " and consequently " early."

8. What proportion offarmers in your vicinity practice under-

drainage f

The important point to be considered is. Does your farm need

under-draining?
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9. How many of thefarms yieed binder-drainage ?

• There is comparatively little land which will not be improved

by under-draining.

10. Hoiv deep and howfar apart wouldyou lay utider-drains f

The distance apart should be governed in a measure by the

depth : the deeper the drains, the farther apart they may be

placed. The contour of the land and the nature of the soil will

also influence very materially in the matter. In a general way
we may say that in moderately porous soils drains three feet deep

should be from 30 to 40 feet apart.

11. Do the farmers of yoiir neighborhood have enough differ-

ent kinds of tools to enable them to till their land cheaply and

efficiently ?

This will depend upon the nature of the soil and the kind of

crops grown. It is a good question to think about.

12. How many different kinds of tillage tools should a man have

tofarm itproperly if he has 100 acres devoted to general farming,

of which half is clay and halfsandy soil?

This question is too general to admit of any one fixed answer.

Each farm differs in some respects from every other, and the

tools used on the one farm probably would not be exactly suit-

able in all details for another farm. Let each man answer.

13. How often wouldyou till a feld of corn orpotatoes?

Often enough to keep the soil-mulch in good condition,—that

is, light and loose. Study this question.

14. Why do you till your corn or potatoes? Are weeds the

leading problem in your mind ?

The keeping of the soil-mulch light and loose should be the

leading idea. When this is done, few if any weeds can grow.

NO. 3. FERTILITY OF THE SOIL : WHAT IT IS.

1. Do plants obtain all their foodfrom the soil?

A part comes from the soil and a part from the air.

2. What do you mean when you say that soil is exhausted,—that

it has no more plantfood in it, or merely that it fails to produce

crops ?

When a soil merely fails to produce a crop, it is usualh' said to be
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exhausted, regardless of the amount of plant-food which it may
contain.

3. May a soil fail to produce crops andyet not be exhausted of

plant-food?

Yes ; the plant-food must not only be present but it must be

in such a form that the plants can use it. The physical condition

of the soil also has much to do with the size of the crop. A soil

which is hard and lumpy, containing an insufficient amount of

humus, will not produce a good crop, even though it contains an

abundance of plant -food.

4. If there are tj plantfoods which are positively essential, why

do 2ve commonly speak of 07ily j of them asplant-foods—of nitrogen,

potash, phosphoric acid f

All the other plant-foods are sufficientl)^ abundant in an

available form in most soils, so that they do not have to be con-

sidered in maintaining the fertility of the land.

5. Do you know if there is any differeiice between phosphorus

andphosphoric acid f Write the chem,ical symbolfor each.

Phosphoric acid is a certain amount of phosphorus plus a cer-

tain quantity of oxygen. The symbol for phosphorus is P ; for

phosphoric acid, P,0..

6. Is there any difference betzveen potassium a7idpotash ? Write

chem.ical sym bolsfor each

.

Potash is potassium plus oxygen, combined in a certain definite

proportion. K stands for potassium ; K^O for potash.

7. Write the chemical symbolsfor calcium and lime.

Ca is the symbol for calcium ; CaO stands for lime.

S. Where do phosphorus, potassium and calcium comefrom,—
froin theground or from the air? Are they gases or solids?

They come from the ground. They are solids.

9. Where does oxygen comefrom?
It comes from the air ; about one -fifth of the air is oxygen

and four-fifths nitrogen.

10. Do you know if phosphorjis, potassium and calcium- exist in

nature in their pure state ?

In nature they exist only as compounds with other substances.

1 1

.

Does oxygen exist anywhere in a pure or uiicombined state ?
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Yes ; oxygen exists in the free or uncombined state in the

atmosphere. About one-fifth of the atmosphere is oxygen.

12. Of what is water cjmposed ? Write its chemical formula.

Of hydrogen and oxygen ; the symbol or formula is H,0.

13. Of what is ammonia composed ? Is it a gas or liquid f Can
you buy pure ammonix at the drug stote f

It is composed of nitrogen and h3'drogen (N H^). It is a gas.

Ammonia of the drug stores is water which has absorbed some
of the ammonia gas.

14. Does the plantfeed on a^nmonia directly ?

Very little if at all. It must first be changed to a nitrate.

15. What is the composition of a nitrate f Write the formula for

nitrate of potash and nitrate of lime

Nitrates are the result of treating substances with nitric acid.

For nitrate of potash it is K NO3 ; for nitrate of lime, Ca (NOj)^.

16. In what kind of materials does iiitrogen occur? Name some

common things which you thijik contain nitrogen.

Nitrogen occurs in organic materials, as in plants and animals.

In meat, leather, hair, milk, humus of the soil, cotton-seed

meal, etc.

17 Is nitrogen a solid or a gas ?

It is a gas.

18. Are nitrates ofpotash and soda solids, liquids or gases f

They are .solids.

19. Are nitrates soluble? Is there da^iger of their being lostfrom

the soil ?

Yes. lyoss is likely to occur, especially on land which remains

for a long time with no crop on it.

20. What is an amendment ?

A substance which, while it has little or no value as a plant-

food itself, acts in such a manner as to make plant-food already

in the soil more available, or which improves its texture.

21. Is the soil in yourgarden sour f Try it.

See Reading-IyCsson No. 3, page 7.

22. In what materials can you buyphosphoric acid for fertilizer

purposes?

The most common materials are forms of bone. South

Carolina rock and Florida rock are ancient deposits of fossilized
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bone. Ground fresh bones are sometimes used as a source of

phosphoric acid.

23- In zi'hat can you buy potash f

The common commercial forms of potash are sulfate of

potash and muriate of potash. Wood ashes is also a source of

this plant -food.

24. In what can you buy nitrogen ?

Sulfate of ammonia and nitrate of soda are common forms.

Cotton -seed meal, dried blood and tankage are some of the

organic sources.

25. Are there any home fertilizers^ of co7?imon farm materials

{aside from barn manure), in which you can get these elements?

The plowing under of green-crops, like clover, peas, vetch

and the like will furnish nitrogen ; wood ashes furnish the only

"home suppl}- " of potash; phosphoric acid must usually' be

purchased from the dealers.

NO. 4. HOW THE PLANT GETS ITS EOOD FROM THE SOIL.

1. Do the root-hairs finally become roots, or do they stay on as

the main root g rozvs f

The root-hairs never become roots. As the young rootlets

which bear the root-hairs enlarge and their tissues become hard,

the root-hairs perish.

2. Are there root- hairs o?i old roots ?

No.

3. On whatpart of the roots are the root-hairs ?

On the young, tender rootlets.

4. Where does the radish plant, which you grew in moss or

cloth, get nourishm,ent for making thefirst root-hairs ?

This nourishment probably conies from the food-material

stored up in the seed.

5. Why do particles of soil adhere to a yoiing pla?ii of wheat

or cabbage when it is pulled up ?

Because the root hairs and rootlets are so numerous and in

such close contact with the soil. The finer the soil, the closer

and more extensive this contact is.

6. What doy071 understand by a solution ?

A substance dissolved in a liquid.
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7. Give a7i example of a szibsiance which will dissolve in water,

and one which will not.

Sugar will dissolve ; sand will not.

8. May materials ivhich are insoluble in rain water be soluble

in soil water ? Why ? {Consult Less, j.)

Yes. Because the soil water contains carbonic acid gas in

solution and this increases the dissolving power of water.

9. Does warming the water increase its power to make sub-

stances soluble ?

Yes.

10. Write a definitio7i of osmosis. {Co?isult dictionary or some
school book on physics or natural philosophy.)

It is the tendency of two liquids of different density to pass

through a membrane or porous wall which separates them.

11. Why does the soil water go into the root- hair ?

It is largely on account of this osmotic tendency or action.

The outer walls of the little root-hairs constitute the membrane
;

the sap or moisture in the cells of the root-hairs and the soil-

moisture represent the two liquids separated by the membrane.

(See Reading-Lesson 4, fig. 3.)

12 Why does not the liquid in the root hair flow 07it into

the soil f

Because the sap in the hairs is denser than the water or

moisture in the soil ; that is, it contains a larger percentage of

solid matter in solution. When two liquids of different

density are separated by a membrane, the passage of the liquid

through the membrane is in the direction from the less dense to

the more dense.

13. What would happen if the liquid in the root-hair and that

in the surroundiyig soil were of equal density ?

There would be little or no movement of the water from the

soil into the root hairs and the plants would die.

14. Must all food materials in the soil be in solution before the

plant can tise them ?

Yes.

15. Does the plant ever utilize materials which are insoluble in

the soil water f How ?

Yes ; the roots of plants are slightly acid and this increases

the dissolving power of the moisture in contact with the roots.
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16. How is it that plants can live and grow in a soil which

is dust dry f

Even the soil which seems to us dust dry really contains very

minute amounts of water ; and so long as this is the case

osmotic action goes on though, of course, very slowly when the

soil is " dust dry."

17. Can your soil be so loose as to have too much airfor the good

of the plants f

Yes. This is sometimes the case in very light sandy or

gravelly soils.

18. Do you understand that you can smother the root as well as

the top of the plant f How f

Yes. The roots need air as well as the top. Soil which is

constantly soaked with water prevents the air from coming in

contact with the roots ; smothering results as one of the

effects of too wet land.

19. At what season do you suppose that corn roots absorb the

most moisture 9

When the corn is making its most rapid growth.

20. At what season do you have the least rainfall?

During the summer season when plants are growing most

rapidly.

21. Ifyou knew that you would 7iot have sufficient rainfall in

August to maintain yourpotato crop, how wouldyou plan to secure

the moisture ?

Prevent evaporation so far as possible by means of a surface

mulch. This means thorough tillage.

22. Name one way in which plants are injured by too strong

dressings ofpotash or nitrogen.

If applied in such large quantities that the soil moisture dis-

solved larger proportions than were contained in the sap—that is,

if the density of the soil moisture became greater than of the sap

—

osmotic action would be from the plants to the soil and the plants

thus giving up their moisture to the soil, would wilt.

23. If all the potash in your cornfield were to become suddenly

available, what would happen ?

The corn would be killed and heavy rains might leach much
of the potash from the soil.
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24. How mightyou apply muriate of potash so that strawberry

plants ivould be injured f

By applying in large quantities too close to the plants.

25. Would it be an easy ?natter to injure old apple trees by

muriate of potash ? Why ?

If applied in very large amounts directly over the roots, injury

might follow ; but such injury is rare.

26. If you put the fertilizer in the hill, will 7iot the roots grow

beyondand awayfrom it, as the plant grows f

Yes, to a large degree.

NO. 5. HOW THE PLANT C'ETS ITS FOOD FROM THE AIR.

1. What portion of its dry substance does the plant secure

from the soil ?

The amount is variable, but on an average about 3 per cent.

Some varieties of plants take up much more and others less

than 3 per cent.

2. What one substance or compound is taken in most profusely

by the plant f

Water.

3. How does the plant get its zvater,—throtigh roots or leaves?

Through the roots.

4. In what part of the plant does the jvater ascend—throtigh the

young ivood, or between the bark and wood f

It ascends through the young wood.

5. Where does the plant get its carbon f

From the air.

6. Hoiv does it take in its nitrogen,—by roots or leaves ?

By the roots,

7. Where is the starch m.anufactured ?

In the leaves and other green parts.

8. From what sjtbstances is the starch made ?

From carbon dioxide and water.

9. Of what elements is starch cotnposed ?

Of carbon, hydrogen and oxygen.

10. 1)1 to what is the starch changed before it is transported ?

It is changed into sugar.

J I. What use is made of the material after it is transported f
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It is used iu the growth of the plant.

12. Through what part of the plant does the starch-like material

{or
'

' elaborated sap' ' )pass f

It diffuses through the layers of the inner bark.

13. The root takes in water containing food : Can it use this

food material directly iii makiiig root-growth ? Why f

No. This food material is taken into the plant in a crude con-

dition, and it must be transported to the leaves where it unites

with other materials before it can be used in the growth of the

plant.

14. Why is starch stored hi seeds and tubers f

To be used by the seedlings or new plants when growth first

begins, and before the plants are sufficiently developed to take

their food from the soil and air.

15. Is starch stored in twigs in thefall?

Yes.

16. Are the flowers of peaches^ a7id other early blooming plants,

fedfrom food taken in at the root at the time, or from materials

stored in the twig ? {Think how the potatoes spront in the bin.)

From materials stored in the twig the year before. It is for

this reason that the condition and health of the trees this year

influence so largely the crop of next year.

17. Will mulching the roots of a peach tree zvith straic zvhcn the

ground isfrozen delay the blooming in the spring f

No ; because there is food enough in the twigs to feed the blos-

soms, and as soon as the weather is warm enough this food is

available.

18. Soil water holds very little food for plants ; the roots must

take in e^iormous quantities of water ; what becomes of some of

this tvater ?

It passes off through the leaves.

19. Is the waterwhich evaporates from the soil of any direct use

to the plant f

No, not of itself.

20. The playit needs zvater,—// sweats it out; how shall w9
manage so that the plant can have all the water it needs f

An abundance of water goes into the soil (in New York) ever}-

year, but it is not equally distributed. When the plants need it

most is the time when there is usually the least rain. The only
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way we can help the plants (unless we irrigate) is to preserve the

moisture so that it becomes available when it is most needed. This

may be done by draining the land, and in this way increase the

storage capacity of the soil (See Lesson No 2) ; and by keeping

a good earth-mulch on the surface so as to prevent, as much as

possible, the evaporation of the water from the soil.

2 1 . Write down all the substances {or materials) you know which

the plant must have in order to live and grow.

Nitrogen, phosphorus, potash, lime, iron and sulfur were given

in Lesson No. 3 as some of the necessary plant-foods. Carbon,

hydrogen and oxygen are also necessary.

2 2 . Which one of these does nature supply in sufficient abundance,

without any thought on your part ?

Carbon.

23. What ones can you help nature to supply ?

Nitrogen, potash, phosphoric acid, lime and water.

24. Name all the congenial conditions (or agencies) ivhich the

plant must have in order to be comfortable and to grozv.

A certain temperature ; a certain water supply ; a certain

amount of humus
;
good texture ; and a sufficient supply of plant-

food.

25 . What ones of these canyou help nature to supply or maintai?t?

We can influence the water supply, add plant-food and humus,

and maintain good texture.



Bulletin 175. November, 1899.

Cornell University Agricultural Experiment Station,

ITHACA, N. Y.

HORTICULTURAL DIVISION.

FOURTH REPORT ON

JAPANESE PLUMS.

By L. H. BAILEY.

PUBLISHED KY THE UNIVERSITY.

ITHACA, N. Y.



ORGANIZATION.

BOARD OF CONTROL:

THE TRUSTEES OF THE UNIVERSITY.

THE AGRICULTURAL COLLEGE AND STATION COUNCIL.

JACOB GOULD SCHURMAN, President of the University.

FRANKLIN C. CORNELL, Trustee of the University.

ISAAC P. ROBERTS, Director of the College and Experiment Station.

EMMONS L. WILLIAMS, Treasurer of the University.

LIBERTY H. BAILEY, Professor of Horticulture.

JOHN H, COMSTOCK, Professor of Entomology.

STATION AND UNIVERSITY EXTENSION STAFF.

I. P. ROBERTS, Agriculture.

G. C. CALDWELL, Chemistry.
JAMES LAW, Veterinary Science.

J. H. COMSTOCK, Entomology.
L. H. BAILEY, Horticulture.

H. H. WING, Dairy Husbandry.
GEO. F. ATKINSON, Botany.
M. V. SLINGERLAND, Entomology.
G. W. CAVANAUGH, Chemistry.
L. A. CLINTON, Agriculture.

B. M. DUGGAR, Botany.

J. W. SPENCER, Extension Work.

J. L. STONE, Sugar Beet Investigation

MRS. MARY ROGERS MILLER, Nature-
Study.

MRS. A. B. COMSTOCK, Nature-Study.
ALICE G. McCLOSKEY, Nature-Study.
A. L. KNISELY, Chemistry.
C. E. HUNN, Gardening.
W. W. HALL, Dairy Husbandry.
A. R. WARD, Dairy Bacteriology.

L. ANDERSON, Dairy Husbandry.
W. E. GRIFFITH, Dairy Husbandry.

OFFICERS OF THE STATION

I. P. ROBERTS, Director.

E. L. WILLIAMS, Treasurer.

EDWARD A. BUTLER. Clerk.

Ofl5ce of Director, Room 20, Morrill Hall.



Cornell University, Ithaca, N. Y., Nov. i, 1899.

Honorable Commissioner of Agriculture, Albany.

Sir : The Japanese plums have come to stay, but they have

come without accurate descriptions and with confused nomen-

clature. The merits of the older varieties are now fairly well

known, but the greater number of the varieties are very imper-

fectly understood. In order to elucidate these perplexities and

to spread accurate knowledge of this new class of fruits, the Cor-

nell Station has made a special eflFort to study all the varieties

from bearing trees. This bulletin is the fourth report of this

investigation. I. P. Roberts, Director.





FOURTH REPORT ON JAPANESE PLUMS.

In January, 1894, this Station issued a bulletin (No. 62) on

the Japanese plums. Subsequent issues were made in Januar}^,

1896, and in October, 1897 (Bulletins 106, 139). For five years

and more, the Japanese plums have been the subject of careful

study at Cornell, and an effort has been made to secure all the

varieties. During the past season the crop of these plums has

been large and excellent, and the following notes are made
directly from the fruits. We are still convinced that the Japan-

ese plums are a very important addition to our orchard fruits.

They will not drive other plums from the field, but they have

attributes which make them an excellent supplement to the

European and native sorts. The particular merits of the Japan-

ese plums are their great productiveness, adaptation to a wide

range of territory, beauty, earliness of many of the v.arieties,

comparative freedom from diseases and insects, and long-keeping

qualities of fruit. Most of the varieties tend to overbear, and

good fruits can be secured only by very heavy thinning. This

is especially true of the Burbank, the Abundance and the Red
June. There is great range in quality of the Japanese plums.

The poorest of them are inferior to any of the European varie-

ties. The best of them are nearly equal to the best of the Euro-

pean kinds, and all of the leading sorts are better in quality than

the Lombard if they are properly thinned and ripened.

A great merit of the Japanese plum is the fact that it is adapted

to an exceedingly wide range of territory, in this respect excel-

ling both the Domestica and native types. There are varie-

ties which thrive from Canada to the southern States, and

apparently from ocean to ocean. There has been some complaint

in the Middle states and the South of loss of blossoms from late

spring frosts, but we have never experienced this difficulty.

The buds start early ; but in New York State, at least, the

winter climate holds so late that there is practically no danger

from the early swelling of the buds.
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The Japanese plums are less seriously attacked by insects and

fungi than the common European or Domestica type is. They
are not entirely free from the shot-hole fungus, black-knot,

curculio and other difficulties ; but in our experience these

troubles have been so infrequent or of such minor importance as

not to attract serious attention. The fruit-rot is often serious on

the Japanese plums ; but in our experience, it is equally or even

more serious on the Lombard. If the Japanese plums are prop-

erly thinned, there seems to be no unusual susceptibility to the

fruit-rot fungus.

The larger part of the Japanese plum stock which is sold by

nurserymen is on peach roots ; and on these roots they seem to

thrive. However, we find that they do remarkably well when
top-worked on Lombard stocks. Theoreticall}^ we are to expect

the best results when they are worked on their own roots ; and

these plums are now so extensively planted that the time cannot

be far distant when seed can be obtained cheaply enough to

warrant the raising of Japanese plum stocks. It remains to be

demonstrated, however, whether the Japanese plum roots are

actually better than the peach or the Domestica plum roots.

In former reports, we have spoken of the great variation of

Japanese plums in respect to the period of ripening. We find

that the same trees often do not ripen their fruit in the same

sequence in different years. In some years there may be a

difference of two weeks in ripening between the Abundance and

Burbank, whereas in other years the very same trees may ripen

their fruit almost simultaneously. The period and sequence of

all fruits are greatly modified by the particular season, but the

Japanese plums seem to be particularly unstable in these respects.

Ever since we began the study of these Japanese plums, we
have been puzzled to account for the great differences in opinion

respecting the merits of individual varieties and the wide dis-

crepancies in descriptions of them. Some of these discrepancies

are traceable to a confused nomenclature ; but we now believe

that many of them are due to the fact that the same tree may bear

unlike fruit in different years. Some of the trees which we have

had under the closest observation during two or three crops seem

to have behaved in this way. For example, in our last report (Bui-
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letin 139) we thought that the Chase is identical with the Chabot.

This year, however, the fruit of the same trees of Chase was

indistinguishable from Abundance ; and yet, between Abundance

and Chabot there is normally a difference of two to three weeks

in the period of ripening, and there was this difference on our

own grounds this year. From this 3^ear's study, therefore, we
are obliged to say that the Chase is the Abundance.

Some objection has been raised to the supplanting of Japanese

names with new names. We are convinced, however, that the

dropping of the Japanese class-names and adjectives is legitimate

in the interest of perspicuity. Most of the Japanese names

have been loosely applied, and it is impossible, in many cases, to

determine any one variety to which the name may be said to

belong. To use the old name of Botan, for example, would

result in perpetuating a confusion, since any person who had a

plum under the name of Botan, no matter what it was, would

feel justified in sending it out. When, however, the different

kinds of Botans are given specific names, the person must dis-

tinguish his variety before it can be put upon the market. The
same remarks may be made for the Japanese names, Hattankio,

Yosobe, Sumomo and Wassu. (Wassu is probably a misspelling

of Wasse, or Wase, meaning early). There are two or three

Japanese names, of which Maru and Satsuma are examples,

which have been applied to one particular variet}' ; and in these

cases we have held to the Japanese vernacular.

It is usually unsafe to make a general recommendation of

varieties of any fruit. The value of a variety lies not only in

its intrinsic merits, but in its adaptation to the personal likes of

the grower and to markets, .soils, and other extrinsic conditions.

However, as a guide in the choice of varieties, I will mention

those kinds which now seem to me to be most valuable for general

uses and conditions. In the first list I place those which seem

to be worthy of general planting ; in the other list are those of

secondary value and those which must be further tested before
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they can be confidently recommended. The varieties are named
in the order in which they ripened at Ithaca in 1899

:

First list. Second list.

Engre Berger
Lutts Kerr
Red June Ogon
Abundance Georgeson
Burbank Huun
Chabot Hale
Satsuma Wickson

In the following account of varieties, we record the notes

which have been taken on the Cornell grounds during the present

season. The varieties are arranged in the order of their ripening

at Ithaca in 1899. (An index to the names will be found at the

end of the bulletin.) As already indicated, this order of ripen-

ing is not uniform year by year. By season of ripening, we
mean the date at which the first considerable numbers of fruits

are fit to be eaten from the hand. Ordinarily, the varieties

should be picked for market three or four days, or even a week,

earlier than the dates here given. It is characteristic of most

Japanese plums that even though they are uncolored when
picked, they ripen up well if kept in a cool and dry place. All

the pictures in this bulletin, except that on the title-page, are

natural size. They are made from fruits of medium and aver-

age size. It should be remembered, however, that pictures of

fruits, even though they are full size, look smaller than the fruits

themselves. The histories of the varieties are recorded in pre-

vious bulletins.

I. Earliest of All.—Fig. 24, left.

Yosebe of Bulletin 106. Wasse-Sumomo.

Small, round-oblong, with an indication of a pointed apex in

some specimens ; suture not prominent ; color when fully ripe

almost uniformly pink-red, with light bloom ; flesh light yellow

and soft, clinging to the pit, sour, with a decided almond or

bitterish flavor, skin tough ; first specimens picked July 10, but

the larger part of the fruits ripe on July 14. The fruit drops

from the stem as soon as ripe. Straw or ha};- should be spread
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under the tree to catch it. The tree is a decidedly upright

grower, with small and yellowish green deeply serrate leaves,

prominent stipules and reddish twigs. After having tested four

or five crops of this plum, we are convinced that its chief merit is

earliness and that it is too poor in quality to be recommended,

particularly since the Engre is of better quality and practically

of the same season.

25.

—

Lulls. The largesl of the very early Japanese plums.

2. Engre.—Fig. 24, right.

About one-third larger than Earliest of All, not round but

somewhat flattened endwise, the sutnre usually rather prom-

inent ; color a very little darker than luirliest of All ; flesh soft

and yellow, cling, sour but with almost no almond flavor, and

the skin tongh. Engre is practically of the same season as

Earliest of All, although this year it was about one day later.
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It is a distinctly better plum. We recommend it for being very

early. With us it has been a prolific bearer, and the fruits are

attractive. Its quality is not as good as that of Burbank and

Abundance, but its great earliness commends it.

3. lyUTTS.—Fig. 25.

Wasse-Botankio

.

Under the name Wasse-Botankio, we have fruited an excellent

early plum for two seasons. It seems to have such distinct

merit that we think it worthy general introduction, and I there-

fore take pleasure in naming it for Mr. Henry Lutts, of Youngs-

town, N. Y., who has been one of the pioneers in the culture of

Japanese plums in this State. Fruit round-oblate with a tend-

ency to a pointed apex, in general form and appearance very like

the Burbank, but running smaller ; color dark red, marked with

many very fine golden dots and covered with a heavy bloom
;

flesh light yellow and soft, cling when thoroughly ripe, with

only a tinge of almond flavor, but not sour nor bitter, the skin

rather tough. Ripe enough for eating in the present season on

the 14th of July, being four or five days later than Earliest of

All and Engre. This is the largest and best very early Japan-

ese plum which we have tested. The tree is a good grower and

with us has been productive.

4. Berger.—Fig. 26.

Strawberry. Ura-Beni. Uchi-Beni. Honsmomo, at least of some

nurserymen.

Small and cherry-like, flattened endwise, with a distinct suture
;

color bright light red, with prominent bloom ; flesh firm and

meaty, yellow, free from the very small pit and with no astrin-

gency or almond flavor, the skin not tough nor sour ; ripe this

year on the 17th and i8th of July. This is one of the most dis-

tinct of all the Japanese plums. It has the flavor of some of the

Domestica varieties. The handsome little fruits fall when ripe

and should be caught on straw or hay spread underneath the
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tree. The plums are not much larger than very large cherries,

and, coming after the sweet cherries are gone, they seem to

piece out the cherry season. The tree is a distinct and upright

grower, with rather narrow and light colored leaves, and the fruits

27.— IVillard. One of the early piu jus, but quality very poor.

are borne well down on the older wood. We believe that the

Berger is well worth growing in ever}- home garden.

5. WiLLARD.—Fig. 27.

Fruit medium to small in size, oblong, slightly angular, never

pointed, the sinus slight or scarcely any, the stem cavity rather
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deep ; color bright red with a heavy bloom and many minute

yellow dots ; flesh soft to firm, yellow, somewhat cling, with

a decidedly mawkish or almond flavor, skin sour : ripened this

year July 23-25. The fruit falls easily. The quality is ver}^

poor, and we believe that the variety is not worth growing, par-

ticularly^ since there are earlier varieties of better quality. The
leaves are also ver\' badly attacked with the shot-hole fungus,

being the worst in this respect of any of the Japanese plums

which we have grown. The branches have a straight, upright

tendency. The leaves turn red and fall very early.

6. Kerr.—Fig. 28.

Hattonkin of some nurserymen. Hattankio Oblong.

Of medium size, tending to become fairly large w^hen well

thinned, tapering a very distinct long point, the suture

usually well marked, stem comparatively short and stout ; color

orange yellow, overlaid with a thick creamy bloom ; flesh firm

and rather meaty and j^ellow^ cling, sweet and of fair to good

quality when well ripened ; ripe this year from the 28th to 30th

of July. Tree is of moderate spreading habit, much like the

Georgeson ; foliage strong, large and good. The Kerr is an

exceedingly productive variety, and needs to be well thinned in

order to produce the best results. It is one of the best of the

yellow varieties. Its chief fault is that it tends to fall before it

is fully colored, but the fruits ripen and color on the ground.

If they are picked just before they begin to loosen from the stem

and are stored or shipped, they will ripen up well.

7. Red June.—Fig. 29.

Nagate no Botankyo

Medium to large in size, cordate-oblong and distinctl}' pointed,

with a very strong suture, often lop-sided ; color deep ver-

milion red, with a thick and handsome bloom; flesh light yellow

or yellowish white, cling or partially cling, firm and moderately

juicy, slightly acid to sweetish, of good quality, though not very

rich, the skin slightly sour. We still believe that the Red June

is one of the very best of the Japanese plums, because it is very
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handsome and productive. It ordinarily needs heavy thin-

ning to bring it to perfection. It varies considerably in season of

ripening. This year the earliest fruits were read}- for eating on

July 30 and for marketing three or four days before that

time. At the time that the Red June was coming into condition

for eating, the Kerr was in a similar condition, Earliest of All

and Lutts were all gone, Georgeson showed no sign of coloring,

and the Abundance on some of the earlier trees was beginning

to turn red. The Red June and Kerr are practically of the same
season, although the Kerr begins to to fall from the tree a few

days before the Red June is ripe. The Red June is a bushy-topped,

upright grower, with yellowish green foliage and redish brown
twigs. It is a well marked type. We are fruiting it on both

peach and Lombard stocks.

8. Ogon.—Fig. 30.

Fruits medium in size or becoming large when heavily thinned,

globular or fiatened endwise, not at all conical or pointed, the

suture prominent; color a clear lemon yellow, with a heavj'

whitish bloom, rarely with the faintest indication of a blush cheek;

flesh thick and very meaty, comparatively hard, free from pit,

with a very peculiar musky almond flavor. Read}'' to eat this

year August i, although they were ready to ship, and a very few

were edible, some three or four days before this time. It is

practically the season of the Red June, although tending to be a

trifle later. The tree is a strong, upright grower with heavy

thick foliage. It does not seem to be so uniformly productive

as some other varieties, although it tends to bear very heavily at

times. It is readily distinguished from other early varieties by

its globular or flatened shape, by the cavity around the pit and

by its peculiar flavor. Its quality is indifferent—not so good as

that of the Red June nor so bad as that of the Willard. It is

said to be one of the best for canning.

9. Berckmans.—Fig. 31.

Fruit of medium size, round-oblong with a tendency to have

a blunt point, more or less angular in cross-section, the suture

not prominent; color deep bright red, especially when exposed



30.

—

Ojion. A second-early yelloiv variety.



140 Bulletin 175.

to the sun, more or less yellow-splashed on the shaded side; flesh

firm and sweet, cling or semi-cling, becoming drj^ and insipid

when fully ripe. Ripe this year on the 4th to 6th of August with

the earliest trees of Abundance. In 1896, it also ripened with

Abundance or just ahead of it. In 1897, the same trees ripened

two weeks later than Abundance. It is an upright grower, with

"l^gnt

31.

—

Berckma7is. Distinguished, when fully ripe, by its dryflesh.

yellowish green, rather small, foliage. It is readily distinguished

from all other Japanese plums which I know by the dry and

mealy character of the ripe fruit.

We doubt if the Berckmans is of sufficiently high quality to

recommend it for general planting, since the Abundance occupies

the same season. Some of the trees which have passed for

Berckmans are Abundance. The true Berckmans is distinguished

by its dry flesh.
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10. Abundance.—Figs. 32 and 33.

Yellow-Fleshed Bolan.

Fruit medium size or varying to nearly large when vigorously

thinned, round-oblong with a distinct point, the suture usually

more or less prominent; color pink-coppery -red, marked with

^^Hr"^H

Wf^'W^
*^^*3^BHI

^f^m^ }49b
"W^^^H
PI^H

^^ ^^^^^^^W^^^BBMrai^-i-' ' '."^^^B BBIf^iut t '1' ^ ,-^m^^^^^^B^I

32.

—

Abimdance. A good type. Perhaps the best Japanese piuu:.

many minute dots and a thin bloom ; flesh firm l)ut juicy,

sweet, with no trace of mawkish or almond flavor when well

thinned or well ripened, clinging to the pit. The Abundance
is a variable plum. We have stock from various sources, amongst

others from some of the original trees sent out as Abundance
by Lovett. The trees vary in time of ripening, the period ranging
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over a week or ten daj^s, but they all seem to be indistinguishable.

This year the first fruits were ripe on the 5th and 6th of August.

The ordinary, and what I take to be typical Abundance, is shown
in Fig. 32; also in Fig. i. Bulletin 106. Some trees, however,

produce an inferior grade of fruit, as shown in Fig. 33, but I

cannot distinguish that this small fruit is a different variety.

33.

—

Abundance. Small or inferior type.

This small-fruited type of Abundance is the one which I distin-

guished in our Bulletin 62 as the Babcock. When the Abun-

dance is well thinned, it is certainly an excellent plum and one

which most people delight to eat. Its great fault is to overbear,

and in that case it is very liable to the fruit-rot fungus. With
us the Abundance has been less injured with this fungus than
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the Lombard. The light pink-red color of the Abundance

will clearly distinguish the variety from all other Japanese

plums which we have fruited. The tree is an upright grower,

not so spreading as the Berckmans,with larger and better foliage.

I believe that the Abundance is the best single variety of Japan-

ese plum.

The Chase which we have heretofore regarded as identical

with Chabot was this year perfectly indistinguishable from Abun-

dance.

We now believe that the Douglas is Abundance; or, if different,

it is very difficult to distinguish. It seems to have a. somewhat

drier flesh than Abundance; but Abundance varies in juiciness.

II, Maru.—See illustration on title-page.

Written also Masu 2iVi^Massu.

Fruit medium in size, globular or slightly flattened endwise,

usually tending to have an obtuse point, the suture slight;

color dark dull red or maroon red, uniform or nearly so over

the whole surface, marked with numberless minute golden yellow

dots; flesh rather soft and deep yellow, with a decidedly musky
almond flavor, cling or semi-cling, the skin sour ; ripens with the

later trees of Abundance. It is a vigorous, upright grower

and productive, but the quality is poor, and the variety cannot

compete with Abundance.

12. BuRBANK.—Fig. 34.

Fruit medium in size, becoming large upon vigorous and well-

thinned trees, round-oblong to oblong, the point not well marked,

and the suture usually somewhat prominent; color orange-yellow

overlaid with splashes, streaks and dots of red, giving a more

or less marble appearance, but becoming more or less uniformly

dense red on the cheek; flesh firm and meaty, yellow, sweet and

rich, cling, the skin not sour nor unusually tough. The Burbank

ripened very unevenly with us this year, some of the trees matur-

ing their fruit only three or four days later than Abundance, whilst

others were ten to eighteen days later. In 1895, as compared

with Abundance on our grounds, it was a week later; in 1896,
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it was from one to two weeks later ; in 1897, it was from two to

three weeks later. The tree is an exceedingly spreading flat-

topped grower and needs strong heading-in to keep it in shape.

When well thinned, the fruit is large and of excellent qualit}^ per-

haps as good as any of the Japanese plums. It is also a good

keeper. It usually colors up on the tree some days before it is

ripe. Occasional trees ripen their fruit before the main crop of

2,\.— Burbank. A siandard mid-season variety.

Abundance is ripe. In manj' cases, the fruit does not become soft

and edible, even when apparently full ripe. Heretofore, we have

regarded Burbank as the best all-around Japanese plum, but we
are now inclined to give that place to Abundance.

The Wassu, from Normand, was indistinguishable from Bur-

bank in habit of tree and character of fruit in 1897 and 1898.

This year a part of the fruit on our tree of Wassu ripened a week
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ahead of the main crop of Burbank, but some of the fruits were

as late as the main crop of Burbank. We believe that it is the

same thing as the Burbank.

13. Georgeson.—Fig. 35.

White Kelsey. Yeddo Mikado.

Fruit medium or becoming medium to large when well thinned,

35.—Georgeson . A yellow plum of long-keeping qualities.

round or round-flattened in form, usually without a point, the

suture distinct; color deep bright yellow with a heavy whitish

bloom; flesh firm and solid, golden yellow, of fairly good quality,

cling. Ripe this year the middle of August and nearly all gone by the

time the latest trees of Burbank were ready for eating. In 1897, the

same trees ripened their fruit from the middle to the 20 of Sep-

tember. The tree is a sprawling and forking grower, intermediate
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in character between the Abundance and Bur bank. The fruit

is a long keeper and, if picked before it is thoroughly ripe,

will ordinarily shrivel before it decays. The quality is medium

;

it has a little of the mawkish almond flavor, and is usually not

prized for eating from the hand. I doubt if it is destined to be

a very popular variety. It is one of the commonest varieties.

36.— ////««. A small red ntediiim-lalc variety.

We refer the White Kelsey of Normand to the Georgeson

from specimens which we grew this year upon grafts set on

Lombard stocks. We have not fruited Mikado. One party

exhibited specimens of Mikado and Yeddo at the State Fair this

year, and these were the Georgeson. Mr. Normand, however,

in a trade circular says that the Mikado ripens fifteen days

earlier than the Yeddo. The Yeddo, as we have fruited it,

seems to be Georgeson.
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14. HuNN.—Fig. 36.

Burbank No. i.

Fruit small to medium, globular, sometimes with a distinct

short point, the suture more or less prominent; color something

like that of Abundance but less pink, and usually a deep claret

red with many minute, golden dots; flesh soft, deepj^ellow, cling,

of fair to good quality, aromatic. Ripened this year as the

Georgeson was passing out, that is, from the 20th to the 24th of

August. In 1897, it ripened also at this season, but since the

Red June ripened with us very late that year, we compared it

in season with that variety, and therefore called it an early plum.

We should now call it a mid-season to late plum. It has a slight

musky flavor, but usually not sufficiently pronounced to make it

disagreeable. We are more favorably impressed with it this

year than we have been in the last two years. It is possible

that it may deserve a place in the Japanese plums of second

importance. We are fruiting it on the Lombard.

15. Hale.—Fig. 37.

Fruit medium to large, globular or somewhat globular-oblong,

not pointed, the suture usually distinctly marked ; color deep yel-

low or orange, thinly overlaid with mottled and speckled red giv-

ing the appearance of a yellow-red fruit, bearing a thin bloom and

having many yellow specks ; flesh .soft and juicy, yellow, cling,

of good quality, but the skin sour ; ripened with us this year

on the 24th of August. The fruit has a very slender stem and

drops easily from the tree. The tree is a moderately spreading

grower, being intermediate in habit between the Georgeson and

Abundance. The fruit is of good quality, but for the last two

seasons it has failed to color well and has dropped prematurely.

The trees have not been very productive, although they have

borne for three consecutive years. From its behavior thus far,

we are of the opinion that the Hale should not be put in the

first or leading list of Japanese plums for western New York.

It follows the Georgeson, being in condition for eating when the

last specimens of the Georgeson are passing.
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16. WicKSON.—Fig. 38.

Fruit very large, tapering from toward the base, and long

heart-shaped with a deep strong suture ; color usually a deep

37. —Hale. Of excellent quality ; medium-late.

maroon red, but sometimes tending to yellowish red ; flesh very

firm and meaty, dull yellow, rich but with an aromatic almond-

like flavor, cling, the pit small. The tree is a very narrow
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upright grower with narrow yellowish green leaves. The fruit

is borne far down on the old wood and not in clusters. Although

it is said by Mr. Burbank that this plum was grown from

Burbank seed fertilized by Kelsey pollen, I believe that it has

Simonii blood. The character of the foliage and bloom, the

habit of the tree and its method of fruit-bearing, together with the

38.— IVickson. The largest of the hardy varieties.

texture of the flesh, all point to Simonii as one of its parents.*

The tree is perfectly hardy with us. It impresses us as being

a shy bearer, although our trees are not yet of sufficient age to

enable us to have tested this point. It certainly does not come

into full bearing as early as other varieties of Japanese plums.

From its habit of bearing far down on the old wood and the

comparatively small amount of wood surface which it makes,

* An opinion shared by Professor Waugh. See "Hybrid Plums," Bull.

67, Vt. Exp. Sta.
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it promises not to be a very prolific variety. Prunus Simonii

itself has been a shy bearer with us, except one year

when the trees bore exceedingly full and the branches

needed to be propped. It is possible, therefore, that when the

Wickson trees arrive at a greater age, they may bear full crops.

Most of our Wickson fruits—of which we had few— were ripe

39.

—

Chabot. An excellent late variety.

on the 8th of September; some of them were ripe five days before

that time.

17. Chabot.—Fig. 39.

Bailey. Yellow Japan. Fiinigiya. O-Hatankyo. Uchi Benioi some.

Fruit medium to large, oblong-conical, lacking the point, the

suture usually pronounced, the the stem thick and strong ;
color
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deep orange, heavily overlaid with light cherry red or the sunny

side becoming deep dark red, with a whitish bloom and many

minute golden yellow dots ; flesh soft to firm, yellow, with no

almond flavor, sweet, of excellent quality, cling ; ripe with us

this year, fit for eating, from the 7th to the loth of September,

and ready for shipping a week before that time. The Chabot is

a strong, upright grower, prolific, the fruit handsome, good and

long keeping. It is one of the best of the Japanese plums.

18. Satsuma.— Fig. 40.

Blood. Yonenwuw.

Fruit medium to large, round-oblong or round-conical,

with a short blunt point and deep suture ; color very dull dark

brown-red with a heavy bloom, mottled with greenish dots ;

flesh hard and blood -red, very tenaciously clinging to the small

pit, acerb but becoming rich and pleasant when fully ripe.

This season the Satsuma was edible and also fit for market, but

••till hard, on the 8th and loth of September. For the last three

years the Satsuma has been a very prolific plum with us.

When the trees were young they bore sparingly. Some growers

complain that even when the trees are nearly mature they

do not bear. It is a very long keeper. We believe that it is

one of the coming Japanese plums. The red flesh may be against

it in many markets. It seems to be an excellent plum for

culinary purposes. The tree is a moderately spreading, but

strong grower, and is distinguished from most varieties of

Japanese plums by its habit of bearing spurs and short branches

all along the main forks or branches of the top.

19. The NoRMAND Hybrid Plums.

J. L. Normand, Marksville, La., has distributed a number of

so called Japanese plums under numbers ranging fom one to

twenty. They are hybrids of apparently unrecorded parent-

age. Mr. Normand advertizes (1899): "Out of over

30,000 seedling Japan plums we have fruited the past three

years, we have selected 20 varieties. * * ^ Most of these



40. —Satsunia. The latest of theJapanese pliiins in New York.
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plums are a cross between the Japan and our native plums."

One of these (No 15) we named Louisiana in our Bulletin 139,

giving a picture thereof. In naming this plum, we did not

recommend it ; but since these numbered plums are offered

to the trade, it seems to be necessary to name them. This

41.

—

Georgia {Nortnand No. 20). An evident hybrid.

year we have fruited two others of these numbered plums, and,

with Mr. Normand's consent, we have given them names.

Georgia (Normand No. 20). Fig. 41. Fruit of medium size

but variable, oblong, very blunt or sometimes with a cavity at the

apex ; color green or light greenish yellow when first ripe but

becoming pinkish, with a very thin nearly white bloom ; flesh soft,
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watery, sweet, cling, with a peculiar breaking skin ; ripe Aug,

24, some days in advance of the lyouisiana. The tree has the

habit and fruit of the Ivouisiana, but that plum is more distinctly

heart-shaped. In common with others of these hybrids, Georgia

drops when it is still green in color, although it is edible at that

time, and a pinkish color appears if it is allowed to lie on the

ground. The tree is a spreading, twiggy grower, with slender,

gloss}^ half-zigzag branchlets and foliage suggestive of some of

the native plums.

Alabama (Norniand No. 5).— Fruit of medium size, round-

conical or heart-shaped ; color light bright yellow when ripe, with

perhaps a faint pinkish cheek, covered with a very thin bloom
;

flesh soft, sweet and juicy, cling: ripe the 14th of September.

The latest of the plums reported in this bulletin. The fruits

drop before fully ripe, but develop an excellent quality after they

have fallen. On account of its lateness, it is possible that this

plum may have commercial value. The habit of the tree is like

that of the Georgia.

Index to Varieties.

Abundance No. lo Masu No.ii
Alabama ^ 19 Massu 11

Babcock 10 Mikado 13
Bailey 17 /Vai^ate no Bolankyo 7

Berckmans 9 Norman 1 Hybrids 19
Berger 4 Nortnand A^o. 5 19
Blood 18 Normand No. 15 19
Burbank 12 Normand No. 20 19
Barbank No. I 14 Ogon 8
Chabot 17 O-Hatankyo 17

Chase ... 10 Red June 7
Douglas 10 Satsuma 18

Earliest of All i Strawberry 4
Engre 2 Uchi Beni 4, 17

Ftiru^iya 17 Ura-Beni 4
Georgeson 13 IVasse-Bofankio 3
Georgia 19 IVasse-Sumomo i

Hale 15 IVassu . ._ 12

Hattankio Oblong 6 White Kclsey 13
Hattonkin 6 Wickson 16

Ho7isnw}no 4 Willard 5

Hunn T4 Ycddo 13

Kerr 6 YeUow-Fleshed Botan 10

Louisiana 19 YellowJapan 17

Lutts 3 Yonemotno 18

Maru II Yosebe i

L. H. Bailey.
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THE PEACH-TREE BORER.

Sanninoidea exitiosa Say.

Order Lepidoptera ; family Sesiidae.

FTER having made a careful study of the horti-

culture of New York State, I am convinced that

the peach industry suffers more from careless and

unscientific methods than any other pomological

interest. The greatest fault lies in the cultivation,

or, I might have said, in the lack of cultivation.

The seco7id fault is inattentio7i to borers and yellows.
'

'

Since 1894, when Professor Bailey expressed the

above opinion, the peach industry in New York has increased

until now there are probably 13,000 acres of peach orchards in

the State, and many of them are receiving better care and cultiva-

tion. But every commercial grower of this luscious fruit realizes

that his success oftentimes largely depends upon his ability to

prevent the weakening or destruction of the trees by that king

of all peach insect pests—the peach tree borer.

One of America's most noted peach-growers, J. H. Hale, has

said that ' 'the peach-borer has killed more trees than all other causes

combined." We suppose that but comparatively few of the

peach-trees, which have been planted east of the Mississippi River

during the last quarter of a century, have lived to produce a crop

of fr.uit without suffering more or less from this dreaded borer.

The peach-tree borer has ranked as one of the standard and

serious insect pests of the United States for nearly a century,

hence, naturally it has been much discussed in our literature ; the

bibliography of more important writings concerning it, which is

appended to this bulletin, will serve to show how voluminous is

the literature regarding it. By far the larger proportion of this

literature deals with methods of preventing or controlling the pest.

Thus, this exercise of the ingenuity of American peach-growers for

a century or more has resulted in perhaps as many, if not of more.
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dififerent schemes to circumvent the ravages of the peach-tree

borer than has been devised for any other of our insect pests.

And yet there are recorded but few thorough, scientific, exten-

sive, and conchisive experiments with any of the methods recom-

mended. This fact led Professor Comstock to plan, several years

ago, an extensive series of experiments with many of the so-called

" remedies." A peach orchard of nearly 400 trees was set near

the insectary in 1893 for the sole purpose of experimenting

against the insect. Portions of this orchard are shown in figures

52 and 53. These experiments have cost much in time and labor,

but no efTort has been spared to render the results reliable and as

conclusive as possible.

The principal aim of this bulletin is to record the results of

these careful and extensive experiments which cannot fail to be

of direct practical value to every peach-grower. But to fight an

insect the most successfully one should know the details of the

story of its life, hence we have also aimed to make this bulletin

a complete and up-to-date compendium of information on all

phases of the peach-tree borer.

ITS HISTORY AND DISTRIBUTION.

The peacli-tree borer is an American insect, and has been found only

in the United States and Canada. The peach-tree, a foreign plant, had

doubtless been in cultivation for a century or more, before we find any definite

record of its being attacked by the borer. The note quoted on the title-

page is the first reference to this insect we have been able to find in the

literature. This testimony of Kalm (in 1749) would indicate that the insect

must have attained a liking for the peach-tree about two hundred or more

years ago ; and before the middle of the last century, or a hundred and

fifty years ago, it had become a serious menace to the growing of this fruit

in New York State. Twenty years later the insect was recorded (Cooper,

1771) as "prejudicial to the peach-trees" in New Jersey. During the

first decade ofthe present century (1800-1812) it became a serious menace to

peach growing in New Jersey, Penn.sylvania and Virginia, and many meth-

ods of preventing its ravages were tried. In 1823, it was common and

destructive in Massachusetts and North Carolina, and northern and eastern

nurseries were accused of sending many infested trees into Maryland.

Fifteen years later, the peach-growers of Tennessee were suffering from

its ravages. By 1850 it had become a serious menace to peach growing

from the Atlantic ocean to the Mississippi river, and by 1871 it had attained

a similar reputation in Canada. It is said to have been recognized in Kan-
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sas as early as 1873. During the past ten years it has been sent into New
Mexico and California on nursery stock from Alabama and Missouri, and

has obtained a foothold in New Mexico. Aside from these two instances,

there is no definite evidence that the peach-tree borer of the Atlantic

States occurs west of the Rocky Mountains except in Colorado. The peach-

tree borer of the Pacific coast is a different but very closely allied species

{Sanninoidea opalesce7is).*

In brief, this native American insect found the imported

peach tree to its liking, perhaps two centuries or more ago, and

before the middle of the last century it had attained the rank of

a serious pest of this fruit-tree. For more than a hundred years

it has been recognized as a serious menance to peach growing in

the north-eastern portion of the United States, and since 1850 it

has sustained this reputation in most of the peach growing sec-

tions of the country east of the Mississippi river. At present

it has to be fought bj- every successful peach-grower in nearly

every State in the United States east of the Rocky Mountains,

from Maine to Texas, and also in Canada. Apparently it has not

yet established itself on the Pacific coast, and occurs west of the

Rocky Mountains only in Colorado and possibly in New Mexico.

It seems to have first attracted attention as a peach pest in

New York, and thence soon assumed a similar role to the south-

ward, eastward and westward.

ITS NAME.

The destructive or " borer " stage of this insect was doubtless known to

peach-growers in the first half of the last century. The adult or moth stage

of the pest seems to have been known since about 1770. By 1800, some
peach-growers had obtained a fairly accurate knowledge of its life, but it

apparently received no scientific name until 1804 or 1805. In 1804 Dr.

Barton received the Magellanic premium from the American Philosophical

Society for an essay on "A Number of the Pernicious Insects of the United
States." Harris recorded in 1826 that Dr. Barton named and described the

insect asZygccna persiae in this essay, of which Dr. Mease haJ published

*In 1897, Cordley published an account of the Atlantic or eastern peach-tree borer (S.

«.ri7ioja) as THE peach-tree borer of Oregon, which had been introduced nearly twenty
years before. Dr. L. O. Howard has recently carefully investigated the distribution of

this pest and he writes us, after an examination of Oregon specimens, that he has " no
evidence that .San ni'noz'rf^a cxiliosa now occurs on the Pacific coast. Those introduced
into California on nursery stock in 1891 do not seem to have established themselves."
Mr. Cordley also tells us that all the moths he reared were opalescens.
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an extract ;* we have been unable to discover if this essay was ever pub
lished. Dr. Barton used the name oi persicae for this insect in 1805, but if

he published a description in connection with this name, it has not yet been

found ; hence the peach-tree borer's first and very appropriate scientific

name oi persiccr has been supplanted by another. It is of interest to note

that the name persiccs or persica was also independently proposed for the

insect by Harris in 1823 and Thomas in 1824.

In 1823, specimens of the moth of the peach-tree borer were

submitted to Say, and he named and described them as exitiosa ;

and the insect is now known by this specific name the world over.f

* Harris says: "Barton having first described this insect, the name which he has

imposed has the priority, and must be retained." He then describes the male and female,

using Barton's name ; he refers to Say's name in a preceding paragraph. And yet four

years later we find Harris using only Say's name, and never referring to Barton's name in

any of his subsequent writings. We can find no explanation by Harris for his rejection

of Barton's name.

fJBibliographical references showing the different scientific names which
have been applied to the peach-tree borer and the different genera in

which it has been placed, arranged by Mr. Beutenmiiller.

Zygcsna persiccT. 1805. Barton, B. S., Phil. Med. and Phys. Journal I.,

pt. ii, p. 29. No description of moth.

Aegeria exitiosa. 1823. Say, Jour. Acad. Nat. vSci.,111., 2i"6. Original

description.

Apis persica. 1824. Thomas, American Farmer, YL, 37.

Paranthrene pepsidifortnis. 1825. Hiibner, Zut. Exot. Schmett., p. 32,

figs. 533-534. Good figures of female.

Aegeria persiccE Barton. 1826. Harris, New England Farmer, V., 33.

Sphinx exitiosa Say. 1832. Brown, Book of Butt, and Moths, p. 17, fig. 63.

Trochilium exitiosum Sa.y. 1856. Fitch, Third Rept., 356.

Trochiliuvi exitiosa Say. 1862. Morris, Synop. Lep. N. Am., p. 140.

Sesia xiphiaeformis. 1874. Boisduval, Suites a Buffon, Nat. Hist. Lepi-

dop., Het. I., p. 409. Description of female.

Sannina exitiosa Say. 1874. Butler, Ann. and Mag. Nat. Hist., p. 408.

Sanninoidea exitiosa Say. 1896. Beutenmiiller, Bull. Am. Mus. Nat.

Hist., Vni., 126; and Vol. XII., 1899, p. 160.

FEMALE VARIETY fitchii.

Aegeria exitiosa var. fitchii, 1882. Edwards. Papilio, II., 55.

MALE VARIETY luininosa.

Sannina exitiosa var. luininosa. 1894. Neumoegen, Ent. News,V., 331.

FEMALE VARIETY edwardsii.

Sanninoidea exitiosa var. edwardsii. 1899. Beutenmiiller, Bull. Am.
Mus. Nat. Hist., XII., 160.

This bibliographical foot-note shows that the insect has received two other

specific names {pepsidifortnis by Hiibner in 1825, and xiphiaeformis by

Boisduval in 1874) in Europe, and it has also been placed in several differ-

ent genera, being once described as a wasp {Apis persica). The latest

student of this kind of insects, Mr. Beutenmiiller, has formed a new genus,

Sanninoidea, for this insect and a few closeh- allied forms. Hence the

peach-tree borer now bears the scientific name of Sanninoidea exitiosa Say.
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The insect was popularly known as the " peach worm " or

"the peach-tree insect" in earlier writings.'^ Sometime before

1850 it had received the name of "peach-tree borer," and

usually under this popular name it has since been discussed.

Almost every peach-grower east of the Rocky Mountains under-

stands what insect is referred to as the "peach-tree borer".

However, the peach-tree borer of the Pacific coast States is a

different kind of an insect, bearing the scientific name of Sanninoi-

dea opalescens. Hence, when exitiosa obtains a foot-hold in these

States, which is liable to occur at any time, it will doubtless be

designated as the Eastern peach-tree borer to distinguish it from

the Pacific species.

The specific name exitiosa means "destructive," hence it is aptly

applied to such a pest as the peach-tree borer. Emmons (1854), doubtless

freely translating this name, called the insect the " Mischievous Egery,"

the latter part of this being a popularization of its first generic name of

Aegeria.

As the bibliographical foot-note, referred to above, indicates, three varia-

tions of the adult forms of this insect have been described as distinct varie-

ties. Thus we have the female varieties, fitchii and edwardsii, and the

male variety, liiminosa. These will be discussed when the appearance of

the insect is being considered.

ITS CHARACTERISTICS.

Most peach-growers have seen this insect in its destructive or

" borer " stage, and doubtless but few have ever seen it in any

other form. However, the peach-tree borer, like all the butter-

flies, the moths, the beetles, and flies and some other insects,

passes through four different stages (see figure 57 on last page)

during its life. It begins life as an egg, from which hatches the

larva or " borer,'' which has to pass through a/?^/>a stage, from

which the adult or moth form of the insect emerges. The egg and
pupa stage will be described in telling the story of the life of

the insect.

The "borer"—When full-grown, the larva or caterpillar of the peach-tree

borer a is very light yellow, worm-like creature whose general characteristics

are well shown in figure 42. It measuresabout an inchin length, and inaddi-

tion to its six well developed thoracic or " true " legs, it has five pairs of

"false" or pro-legs on the third, fourth, fifth, sixth and last al)doniinal

segments. The true jointed legs are of a light brown color, and terminate

in a sharp, dark brown claw ; all of the pro-legs are furnished with two
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rows of recurved brown booklets, except the last pair wbich bas but one row.

The body is sparsely clothed with brownish hairs arising from smooth,
slightly elevated tubercles, and arranged according to a definite plan.

The " borer's " head is of a shiny, dark reddish brown color with its strong

mandibles or jaws nearly black. The dorsal portions of the first thoracic

and the last abdominal segments bear a very light brown, shiny, chitinous

shield. The spiracles or breathing holes along each side of the body are

nearly circular, dark brown with a black border, the first and last ones be-

ing considerably larger. The "borer" is well illustrated, both natural

size and enlarged in figure 42, and is also represented natural size in its

burrow in figure 47.

The younger larvae or " borers " present practically the same character-

istics as the full-grown one just described, except that the hairs on the body
are comparatively longer. We have seen no indications that young peach-

tree-borers present such striking differences from the older ones as do those

of the closely allied squash-vine borer. (See Bull. 19, U. S. Div. Ent.,

p. 35-36.

)

The adult insect.—The adult form or the parent of the peach-

tree borer is a moth. The moth belongs to a remarkable family

of insects known as the Clear-winged Moths, many of the mem-
bers of which resemble bees or wasps in appearance more than

they do ordinary moths, a resemblance due to their clear or

unsealed wings and in some cases to their bright colors. DeGeer,

writing more than a century and a quarter ago, sa3'S of one of

these wasp-like moths :
" When I saw the moth for the first

time, I dared not take it with the naked hand, so sure was I that

it was a wasp." (DeGeer's Abh. zur Gesch. der Insekten,

German Translation, Vol. II., p. 163.) A glance at figure 43
will show how easily one might mistake the moth, especially a

male, for a wasp, so striking is the resemblance. It is not

strange that the adult insect was regarded as a wasp by some of

the early writers and was once so described and named {Apis

persica, by Thomas in 1824).

In figure 43 it will be noticed that two of the moths there

illustrated have a very different appearance, resembling wasps

much less than do the other two moths. All of the moths in the

figure are peach-tree borer moths, and simply represent the two

sexes, the male and female which differ so strikingly in

appearance that one may well wonder if they can belong to the

same species of insect. Could the figures have been colored true

to life, the remarkable unlikeness of the two sexes and the



i^2.— The larva of the peach-tree borer, natural size and enlarged.
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—

Mollis of the peach-tree Imrer, natural size. The upper one and the

one at the right are females.



44-

—

Male and female moths of the peach-tree borer ^ natural size at n ; m,
tnale moth; f, female >noth, northern form (variety edccardsii) ; t. f.

,

typicalfemale moth, southernform ; i. f., body of a7i intergrade form,
offemale moth ; in, f, t. f., and i. f. are all about twice natural size.
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striking resemblance of the male to a wasp would have been

more vivid.

The male moth is represented, twice natural size, at ni in figure 44, and

natural size, by a large and a small specimen, at n in the same figure. Its

general color is a deep steel-blue with a glossy lustre like satin ; all the

dark portions of the figures are of this blue color. The four wings are

transparent and glass-like, with a light tinge of smoky yellow ; their veins,

margins and fringes are steel-bhie, the margins sometimes scaled more or

less with yellow. The lower sides of the palpi are light yellow ; there is a

paler yellow spot on the vertex of the head and a deeper yellow, transverse

stripe at the base of the head both above and beneath. The thorax has a

similar light yellow stripe on each side of the dorsum, a transverse one at

its base which is slightly interrupted in the middle, and a short, broader

one on each side beneath the bases of the wings. The caudal borders of

the dorsal and lateral portions of the second, fourth, fifth and sixth abdom-
inal segments are light yellow ; sometimes one or more of these narrow

yellow bands are absent or become indistinct, especially where the speci-

men has become greasy, as it often does in a collection. The anal tuft is

wedge-shaped and tipped with white laterally. The legs are light yellow at

the joints. Most of these light colored markings are represented by white

in the figures of the moths. The males vary in size from three-fourths of

an inch to an inch and a quarter from tip to tip of their expanded wings
;

the two males at n in figure 44 differ considerably in size.

Fitch described seven varieties of the male moth based entireh- upon
variations in the light colored markings. Neumoegen ( 1894) has described

a beautiful variety of the male which has the borders of the wings heavily

scaled with yellow ; it bears the varietal name of luininosa.

The female moth of the peach-tree borer is shown twice natural

size with wings spread at y" and/./., and natural size by one

specimen at n in figure 44 ; two females are also shown natural

size and at rest in figure 43, one at the base of the leaves and the

other at the tip of the upper leaf. They are a little larger than

the male moths, their wings expanding from one inch to an inch

and a half: The female is wholly of a deep steel-blue color with

a satiny lustre, except a broad, orange-colored band extending

nearly around the abdomen on the fourth, or on both the fourth

and fifth segments. The front wings are opaque, being entirely

covered with the deep blue scales, while the hind wings are

transparent over about half of their area, being heavil}' scaled

with deep blue at the base and along the costal margin, and

sometimes also between the two veins nearest the inner margin.
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A glance at f and t.f. in figure 44 will show that the female presents a

striking variation in the width of the orange band on the abdomen. In the

typical form [t.f.) this orange band occurs only on the fourth segment,

while the female at f has both the fourth and fifth segments thus banded.

Rarely a specimen is found with the fourth segment and a few scales on the

sides of the fifth segment of an orange color, as shown at i. f. in figure,

thus forming a '

' connecting link '

' or intergrade between the typical female

{t.f.) and the one shown aty in the same figure. In his original descrip-

tion of the female, Say stated that "Ca^ fifth segment bore this orange band,

but his figure shows the fourth segment orange ; no specimen with only

the fifth segment orange has ever been found. We have been unable to

find anj' structural differences between the form with only one segment

orange and the one with the orange band on two segments, and the fact

that an intergrade (/. f. in figure 44) exists, is quite conclusive evidence

that they are simply striking variations of the same species. A similar

variation occurs in the male of Sannina urocerifonnis, the persimmon-

root borer.

The fact that all of the scores of females of the peach-tree borer moth
which we bred here at Ithaca, N. Y., with the exception of one intergrade

form, were like f in figure 44, while all those which were bred on Long
Island and New Jersey by Professor Smith, were like t. f. in this figure, led

us to make inquiries regarding the geographical distribution of these two

forms of the female. The results indicate that the females with only the

fourth segment orange are a southern form or geopraphical race occurring

south of latitude 40 to 42 degrees, while north of this latitude only the

variety or race with the orange band covering the fourth and fifth segments

occurs ; the intergrade form {i. f in figure 44) has been found at Ithaca,

N. Y. , and near New York City. Mr. Beutenmiiller (1899) has recently

given the name of edwardsii to this northern form of the female moth.

Another variety of the female with onh' the fourth abdominal segment

orange and " the space between the two inner veins of the hind wings is

nearly, or quite, covered with blue-black scales, forming a stripe which

divides the transparent disc into two parts " was usmx^A fitchii by Edwards

(1882).

Prof. J. B. Smith (1898) has illustrated some interesting structural char-

acteristics of the moth of the peach-tree borer. The scaly vestiture on

different parts of the body and wings present striking differences in size and

character. " At the base of the last segment in the female there is a brush

of hair ordinarily lying close to the body like a pencil, but capable of being

expanded at the will of the insect. Giving this the usual interpretation we
may take it to be a scent organ. The virgin female soon after emergence

from the pupa fixes herself at rest, elevates the abdomen, projects the

ovipositor with the genital organs directed downward, the tufts expanded,

and awaits the male. The antennae show considerable differences between

the se.xes. In the female the joints are not furnished with tufts of hair on
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the inner side as is the case of the male. At the base of the antenna the

differences between the male and female are yet more marked, and }^et here

the greatest modification is found in the female." On the basal segment of

the antenna occurs a sensory fovea " in the form of a considerable opening

covered by a tight, drum-like disc. A series of sensory punctures is found

at the base of the second segment, and just above the sensory fovea there

is an excavation which leaves that structure entirely free. In the male the

large sensory fovea is present, but hardly as well developed as in the

female, and there are no sensory punctures on the second segment. It is

probable that this fovea is auditory in function. The maxilke of the

mouth-parts differ quite strongly in the sexes at the base."

Mr. Beutenmiiller writes us that only two others species of these clear-

winged moths might be easily mistaken for the moths of the peach-tree

borer. Both the males and females of Sesia pictipes* look much like the

males of the peach-tree borer, but are readily distinguished by the presence

of a narrow yellow band across the venter of the fourth abdominal segment,

which is not present in the peach-tree borer. Both sexes of Sannina

uroceriformis, the persimmon-root borer, resemble the female peach-tree

borer, but the hind wings of the former are entirely opaque, except a small

transparent area at the extreme base.

FOOD=PLANTS.

The peach-tree borer apparently has a decided preference for the peach-

tree, as no other plant is so often and so destructively attacked. The borer

does not seem to discriminate in favor of any particular variety of the peach,

all, whether "old relics " or young nursery trees, apparently suffering alike

under similar circumstances. But the insect does not confine itself to the

peach. As early as 1S23, Harris reared it from the cultivated cherry in

Massachusetts.! In 1854, Fitch found it working in his cultivated plum-

trees in New York, and Glover recorded that " nectarines and apricots are

as liable to be attacked by these worms as the peach." In 1880, Fuller dis-

covered that the cause of the death of several of his dwarf flowering almond

shrubs was this peach-tree borer working in the roots. The preceding year

it was recorded by Milton as working in the roots of azaleas which had been

grown during the summer out doors in pots near badly infested peach-trees.

In 1882, Edwards described the female variety fitchii from a specimen

apparently reared from the roots of wild cherry in Wes.t Virginia, and

Devereaux (Clyde, N. Y.) has recorded (1890) in Packard's Forest Insects

seeing this borer " in the trunk near the ground and in the bark of the

* Its larva lives under the bark of oliini, wild cherry, June berry, and beach plum. We
have also bred it from peach-trees. ,

fin 1826, Harris records fretjucntly seeing the borers in "those tubercles which
deform the limbs of the cherry-tree." And in 1841, he states he has " repeatedly obtained

both sexes of the moths from borers inhabiting these excrescences." Whether these

excresences were the well-known Black Knot fungus or not is not quite clear from the

context. Webster bred the moths from cultivated cherry in Indiana in 1891.
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roots of young wild cherry-trees. " Townsend states (1891) that the insect

works in apricot as well as peach in New Mexico, and New York plum and
prune-growers suffer from the pest, but not to such a serious extent as those

who grow peaches.

In brief then, the peach-tree borer \?> par excellence a peach pest, but may
also attack both the wild and cultivated varieties of the cherry, the culti-

vated varieties of the plums or prunes, nectarines, apricots, flowering

almond shrubs, and azaleas.

As the peach-tree borer is a native of America it must have lived upon
some native plant previous to the introduction of the peach into this coun-

try. The fact that he found the borer working in his plum-trees, led Dr.

Fitch to think it quite probable that our indigenous species of plums were

its original food-plants. Marlatt (1896) and other writers have accepted

this suggestion, but Devereaux's observations of the insect working in wild

cherry led Packard (1890) to suggest that "this was undoubtedly the native

food-plant of the insect before the importation of peach-trees." In 1896,

" G. E. M." of Virginia recorded that his Japan plum-trees on Myrobolan
or Marianna plum stocks were as badly infested as his peach-trees, whereas

when budded on Chickasaw or other native varieties, they were entirely

exempt. This evidence, in connection with the fact that we have found no

record of the peach-tree borer having been found in our native wild plums,

would indicate that the wild cherry is more likely to have been its original

food-plant than the wild plum
;
perhaps it originally fed upon both these

plants. Whatever may have been its original food-plant, it has evidently

almost entirely forsaken it for the peach.

HOW IT SPREADS.

The '

' borer
'

' or caterpillar probably never leaves the tree

upon which it is born from the &%^ laid on the bark, and the

insect spends nearly eleven months of its yearly life-cycle on or

in the tree. It thus can be easily transported for long distances

on infested trees, and this is doubtless the way in which it

usually reaches new localities. In the spring and fall, when
trees are usually transported, many of the " borers " are quite

small and easily escape casual observation. As large peach-trees

are rarely moved, the growers of nursery stock are most respon-

sible for the introduction of the insect into new localities. As
early as 1806, Peters had "discovered the worms in or near the

roots of the smallest stocks taken from the nursery." In 1824,

Thomas states that he believed the pest was introduced into the

neighborhood of Baltimore on nursery stock from Northern and

Eastern nurseries, for manj^ of the trees received from there
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were infested. It has been found on nursery stock sent into

California from Southern nurseries, and it doubtless reached New
Mexico and Colorado in a similar manner. Mr. Lowe (1897),

states that "it is a too common occurrence in our own State

(N. Y.), to find many young peach-trees in the packing shed,

waiting to be shipped, which are infested by borers. Within the

past few months hundreds of such trees have been found which

were about to be packed and shipped to some distant State." It

is doubtful if there is a peach nursery to-day east of the Rocky

mountains that is not more or less infested with the peach-tree

borer. It is one of the most serious of the insect pests that are

now being sent out by nurserymen.

When the pest once gets a foot-hold in an orchard or locality,

it may be slowly spread from orchard to orchard by the adult

insects or moths, which fly readily, but apparently not for very

long distances.

Peach, plum, prune, apricot or cherry-trees from a nursery

should always be carefully examined for "borers" before setting

them.
APPEARANCE OF INFESTED TREES.

Peach-tree borers often kill young trees by girdling them

with their burrows just beneath the bark underground and thus

rendering their destructive work very conspicuous. Many
infested trees, even young trees, survive the attacks of the borer,

but thev are usually easily recognized by their weakened, sickly

appearance when compared with perfectly healthy trees. The

recuperative powers of a peach-tree from the ravages of borers

are sometimes wonderful. We have seen a peach-tree, only one

and a half inches in diamater, support nine borers nearly to

maturity in a single season and yet survive. And some of the

trees in the older peach orchards of the country, and some of the

"old relics" in door-yards or gardens, have furnished suste-

nance to hundreds of borers and are yet producing fair crops of

fruit. But every borer weakens the tree more or less, the

damage done depending much on the age of the tree, and whether

it is well fed and cultivated. We have yet to learn of a successful

and progressive fruit-grower who thinks he can afford to let the

peach-tree borer have its own way in his peach or plum orchards.
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One can usually quickly determine if a peach-tree is infested

with borers. The work of the borer always causes the tree to

exude a large amount of a mucilaginous matter which forms a

gummy mass around the infested portion. We have seen at least

two tablespoonfulls of this gum result from the work of a single

borer in a peach-tree.

This gummy mass

mixed with particles

of bark and the excre-

ment of the borers is

frequently visible on

the surface of the soil

close around the base

of the tree. In figure

45 is shown a small

peach-tree surround-

ed by a ring of this

gum resulting from

the work of borers.

By this tell-tale evi-

dence, the presence of

this gum at the base,

one can usually deter-

mine at a glance if a

peach-tree is suffering

from borers.

Where the peach-

tree borer attacks plum or prune trees, however, there is but a

slight, if any exudation of this gummy substance, hence one

cannot so readily detect its presence on these trees. It is thus

more difficult to find the borers in plum or prune trees, and this

makes it harder to combat them in these trees.

THE STORY OF THE PEACH=TREE BORER'S LIFE.

Not many creatures pass through such varied, complicated

and interesting experiences in their life-time as do the insects.

The most common of them, those -that we meet almost every

day, could unfold to us many a wierd and fascinating tale of

45- -Base of an infested peach-tree, showing the
giininiy mass surrounding the tree.
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their haps and mishaps in life could we but patiently watch their

daily life. It is a curious fact, however, that when most of us

see an insect of any kind, our first impulse is to devise some
method of taking its life, or literally of committing an insecticide.

And especially is this true when the insect happens to be one

which injures our plants, as does the peach-tree borer. But few

peach-growers stop to marvel over the wonderful transformations

exhibited by this insect in passing through the four stages—the

egg, the " borer " or larva, the pupa and the adult moth—of its

life-cycle. These four stages are illustrated in figure 57, used as a

tail-piece on the last page ; and how few peach-growers ever saw

the insect in any except the " borer " or second stage of its life.

And yet, our more successful fruit-growers are fast realizing that

they must know more, and, in fact, cannot know too much, about

the lives and habits of their insect foes in order to fight them the

most successfully.

The peach-tree borer, like most other insects begins life as an

egg, and logically we should begin the story of its life with this

stage, but for various reasons, we prefer to start with the insect

in its winter quarters.

How and where the winter is spent.—The peach-tree borer

always passes the winter in the larva or "borer" stage; this

seems to be true wherever the insect occurs, even in the extreme

South. In most of the Southern States the borers apparently get

most of their growth before winter, and thus the hibernating

larvae are mostly large or nearly full-grown. In the Northern

States and Canada, however, most of the hibernating borers are

usually less than half-grown. Sometimes, during a long and

favorable .season in the North, many of the borers will attain

one-half or more of their growth before winter ; this happened in

New York in 1898, so that many of the borers we found in hiber-

nation at Ithaca on January 5, 1899 were large, some of them
three fourths grown. In most localities, however, both North
and South, borers of all sizes, from those only one-eighth grown
to those nearly full-grown, may be found in the trees during the

winter.

Our observations indicate that in New York State most of the

larger borers hibernate in their burrows just beneath the bark
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and below the surface of the soil. While most of those which

are less than half-grown pass the winter curled up in a thin,

half cocoon-like structure built over themselves on the outside

of the bark in the exuded gum, usually at the upper end of their

burrows and at or near the surface of the ground. This winter

home or hibernaculum of the peach-tree borer is a thin affair,

wnth a smooth interior, and is made of bits of frass or particles

of bark fastened together with silken threads, which simply

covers the borer as it rests curled up on the bark. As these

hibernaculums are usually surrounded by the sticky gum which

exudes from infested trees, their principal use maybe to protect

the borers from the gummy mass, thus giving them a more com-

fortable home during the winter. In exceptional cases we have

seen nearly full-grown borers in winter curled up in a hiber-

naculum on the outside of the bark, just at the head of their bur-

row which had become filled with the gummy mass. But usually

in New York the larger borers hibernate in their burrows beneath

the.bark and the smaller ones, those less than half-grown, pass

the winter in hibernaculums on the outside of the bark in the

gummy mass ; there are exceptions, however, in both cases, as

just noted in the case of the larger borers, and some of the small

ones apparently hibernate on the bark or in the gummy mass

without any hibernaculum. This peculiar method of hibernation

of the smaller borers is of considerable importance economically,

as several northern peach-growers have discovered that they can

quickly remove most of the borers a safe distance from the trees

during a warm spell in winter by simply hoeing away the exuded

gum from around the base of the trees.

The peach-tree borer apparently eats nothing during the win-

ter, at least in the Northern States.

Habits of the borers in the spring.—In the latter part of April,

1895, we found that some of the borers had already awakened

from their long winter's nap, and had broken the winter's fast by

beginning to feed on the bark. Yet some of them had not

awakened or begun feeding by May ist, but still lay curled up in

their hibernaculums. Climatic conditions in the spring will

doubtless varj- these dates somewhat, but usually the borers

cease hibernation and begin feeding earlier than this in the spring,

possibly feeding nearly all winter in the extreme South.
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As the borers usually hibernate, either in hibernaculums at

the upper ends of their burrows, made the preceding summer

and fall, or in their burrows, they oftentimes simply begin work

in the spring where they left off to go into hibernation. The

smaller borers often feed over an irregular area in the outer bark,

but soon burrow into the

inner bark and gradually

excavate a burrow from

one-half to an inch or more

wide and two or more

inches long, just under the

outer bark in the inner

bark and sapwood.* At

w b, in figure 46 is shown

the work of a single borer,

with part of the resulting

gummy mass, g, just

above.

Usually the borers con-

fine their destructive work

to the trunk or roots of the

tree a short distance below

the surface of the soil
;

sometimes one is found in a

root six or eight inches un-

derground. Occasionally,

however, a borer is found

in the trunk above ground.

We found one borer work-

46.— IVork of a siiis:/e /lorer in a peach-
tree, natural size ; w b, bnrroiv

of borer; j?, p;u'nifny mass; p,
pupa projecting fiom cocoon.

ing in a large root-gall on a peach tree.

Oar observations indicate that in most years the peach-tree

borer does more feeding, and is thus more destructive, in the

spring than in the preceding autumn in New York ; this is

*vSmith (1898) states that the borers " travel little and simply keep a

clear chamber about them, mostly cut out of the bark, and in this they lie,

subsisting largely upon the plant juices." It may be that the borers do get

much of their food from the juices which exude from the wounds they make
with their jaws, thus necessitating their making a comparatively small

burrow, but from what we have seen of their work we do not reach such a

conclusion.
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doubtless also true in most Northern States and in Canada. As
the borers begin feeding about May ist, it is during May and

June that the peach-tree borer gets in its most destructive work
in the North ; in Canada apparently much feeding is also done

in the first half of July. The above statements are based some-

what upon data furnished by the following table which has been

compiled from our "digging-out" records and those of Mr. Bur-

rell in Canada.

Some Data Obtained FROM " DiGGiNG-OuT " Records.

No. of No. of
No. of borers No. of borers No. of
borers about borers K to borers No. of

Dates of "digging- Vito K 'A J^ to ?i full in co- No. of adults
Year. out." grown. grown. grown. grown. coons pupse. emerged.

21 March 40 28 25 5
7 May 2 4 9

1894 I to 5 June
13
26-27 "

5

I

12

3
10 4

25-29 April 1 10 13 12 2

I May 37 13
23-25 May 12 21 16 I

1895 12 June 14 9 2

17-18 June 6 21 6 I

27 June to 3 July 3 4 25 I

16 July 2 4

5-6 June 46 15
lo-ii June 2 5 121 55 I

1896
12 "

15

17

8-13 July

40
41
28
2

18

27

I

3
2

I

22 June I 4 30 33 6

1897
25 "
29 "
I July

I 41

3

5

29
6

5

8
I

I

8

I

1898 27-29 June 3 32 71 45 3 I

1899
26-27 May I 24 7 2

30 June 7 19 12 21 II

Similar data by Burrell in C anada.

19 July 63 63 48 22 I

i897| 16 August 19 ]8 23 9 several

1

29 Sept. 6 15 9 I



47-

—

IVork of the peach-tree borer, natural size ; h, h, borers i>i their
burrows; c, c, eocoons in the place ivhere they xcere inade hv the
borers; p, empty pupa skin fro>n which the moth emerged.



i.
— Cocoons of the peach-tree bor-

er, natural size.

49.

—

Piipcc of the peach-tree borer; iiatural size at n ;

111, male pKpa, enlarged ; i, female pupa, enlarged.
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The above table indicates that usually by far the larger pro-
portion of the borers get less than half their growth before going
into hibernation in New York and northward. They are natur-
ally hungry after their long winter's fast and their strong jaws
are kept busy during the spring in satisfying this hunger and
providing for the rapid growth of their body. It is surprising
how rapidly the smaller borers grow in the spring. Some of
the borers we dug out on April 19th, 1895 were so small, only
one-fourth of an inch long, that we were loath to believe that
they would get their growth and develop into the perfect or adult
insect that season. We transplanted some of these small borers
onto trees in cages in the insectary on the same day they were
found, April 19th. They soon got to work and grew so rapidly
that in the next ninety days, or by July 20th, they had not only
grown into caterpillars an inch long, but these had spun cocoons,
transformed to pupae, and the adult insect or moth had emerged.

This question of when the peach-tree borer does most of its

damage has a very important bearing on one of the most success-
ful methods of combating it. In the South, the borers apparently
get most of their growth or do most of their damage in the
summer and fall, as most of them pass the winter as nearly fnll-

grown borers.

The Cocoon.—In New York, and probably in most Northern
States some of the peach-tree borers attain their full growth in
most years by June 5th, while others do not reach this stage until a
month or more later

; in 1899, however, some of them must
have become full-grown by May 15th, for we found pupse on
May 26th. When full-grown the borer leaves its burrow under
the bark and proceeds to make around itself what is known as a
C0C0071. This is a rough, brown, elongate-oval capsule with
slightly pointed ends and is about an inch in length. It is con-
structed by the borer of its excrements and particles of bark,
these being bound together with gum and a thin smooth inner
lining of silk. A cocoon is shown natural size, where it was made
by the borer, at c in figure 47, and two others are also shown in
figure 48 ;

the one in the right of this figure is of unusual length.
It takes the borer from two to threedays to complete its cocoon.
The cocoons are usually attached to the outside of the bark of
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the tree at or near the surface of the soil, but occasionally one is

found two or three inches below the surface or lying loosely in

the soil.*

Within this cocoon the larva or borer soon sheds its skin and

is transformed into an entirely different looking creature known
as a picpa. We have not determined just how much time is spent

in the cocoon by the borer before it changes to a pupa, but it is

at least from three to five days. Usually we have not found the

the cocoons earlier than June 5th at Ithaca, N. Y., but in 1899,

some must have been made by May 20th, as they contained

pupae six days later. They are made much earlier, in April, at

Washington D. C, or even in March in the extreme South.

They may be found, containing borers or pupae in most parts of

the country, from these dates until September, even into October

in Canada.

The pupa.—The third or pupa stage into which the peach-tree

borer transforms is shown natural size at in and enlarged at f
and m in figure 49. These well illustrate the size, form and
general features of the pupa. It is of a dark brown color, con-

siderably lighter when first formed, and measures about three-

fourths of an inch in length. The male and female pupae are

readily distinguished. The female pupa is larger and more
robust, and it has but one row of spines across the back of the

seventh abdominal segment (the segment bearing the last or

caudal spiracle) while there are two rows of these spines on this

segment in the male pupa. These sexual differences in the

pupae of the peach-tree borer are clearly shown in figure 49, the

male pupa at m and the female at /. When nearly mature,

the female pupae are also readily distinguished from the males by

the fact that the fourth or the fourth and fifth abdominal seg-

ments assume a dark orange color ; the orange-colored segments

of the female moth developing inside, simply show through the

skin of the pupa.

*In one case on a tree we had protected with tarred paper, the borer had
first eaten a round hole, through the paper, and had then capped the hole

with silk and particles of bark, before spinning its cocoon beneath the paper

near the hole. This is an interesting case of instinctive foresight in the

borer in thus providing for the sure exit of the adult or moth.
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Usually the peach-tree borer does not transform to a pupa in

New York much before June 15th (May 26th is the earliest date

we have found one), and pupae maybe found from this date until

September, probably the most in July. Add about two weeks to

these dates for Canada, but at Washington, D. C. and southward,

some pupae must occur as early as April, or even in March in

the extreme South.

In the pupa stage most of the tissues of the borer or larva are

built over into the moth. No food is taken, the pupa spending

its whole life quietly within the protecting cocoon ; it can move
its abdomen slightly when disturbed. The statements regarding

the duration of the pupa stage are quite at variance. They vary

from " a few days " (Marlatt, 1896), or " eight to ten days "

(Cocke, 18 13) to from three to four weeks. Most writers who
have recorded definite data from breeding experiments agree that

the pupa stage of the peach-tree borer* lasts about three weeks
;

Ashmead (1888) says eighteen to twenty-four days for Florida,

Smith (1897) records about twenty days for New Jersey, and

Fitch (1855) found it to be at least three weeks in New York,

while Burrell reports it as twenty-eight days for Canada. Our
breeding experiments indicate that at Ithaca, N. Y., the insect

is in its cocoon from twenty-five to thirty days, from three to

five of these being spent as a larva, thus making the pupal

period about three weeks. Possibly it is shorter in the South,

but Ashmead 's record would indicate that it is but little shorter

even in Florida.

The emergfence and habits of the adult or moth.—When the

pupa is fully mature, or when the adult insect is ready to emerge,

the pupa uses the hard, sharp, beak-like prominence on its head

to break through the end of the cocoon, and then by means of

the rows of spines on its back, it moves or hitches itself forward

until it projects for half its length or more out of the cocoon,

as is well shown at p in figures 46 and 47. This movement of

the pupa out of the cocoon, and the wise precaution of the borer

to build its cocoon near the surface of the soil, usually results

in bringing the projecting pupa out of the soil. Thus the adult

insect or moth, which is delicate and soft when it first emerges,

finds itself at once in its favorite element, the open air.
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At/ in figure 46 is shown a pupa projecting from its cocoon

ready for the emergence of the moth. And at/ in figure 47 the

moth has emerged, leaving the empty pupa skin still sticking in

the cocoon ; the same thing is also seen in figure 48. The moth

bursts through the pupa skin, which splits down the center of

the back for a short distance. After carefully drawing out its

wings, legs, antennae, and tongue from their pupal sheaths, it

may crawl a short distance, where it rests for from twenty minutes

to half an hour to let its wings expand and dry. It is then

ready for active flight.

All records agree that the moths of the peach-tree borer emerge

in the day-time, usually early in the day about 8 a. m., and they

are also most active during the day, doubtless flying but little,

if any, at night. Most moths in other families emerge and fly

mostly at night. One familiar with the moths of the peach-tree

borer can usually find them flitting about from tree to tree in a

peach orchard during the month of June or July. Those we
have seen were rather easily disturbed and always flew rapidly

and close to the ground, usually to the base of another tree not

far distant. They visit flowers, Fyles (1898) having captured

one on the blossoms of Spirea salicifolia in Canada. Unlike most

moths, they are not attracted to lights.

The dates of emergence of the moths vary much in different

parts of the country, and somewhat in different years. As all

sizes of the borers occur in the trees in the spring, and as all of

these get their full growth before fall, it naturally follows that

the resulting moths must continue to emerge over quite a long

period, or from two to four months.

The records from our breeding-cage experiments and other

observations at Ithaca, N. Y., are given in the following table :



The Peach-Tree Borer. 177

Some Records of the Emergence of the Moths at Ithaca, n. Y.

1895- 1896. 189S.

Date. Male. Female. Date. Male. Female. Date. Number.

15 July--

17 '• ..

18 " ..

29 " ..

5 Aug..
6 "...
8 " ..

I

T

5
2

2

I

2

2

I

I

9 July
ID "

II "

13
"

14 "

15
"

16 "

17
"

18 "

19
"

20 "

21 "

I

I

3

9
I

6

4
I

3
2

6
2

2

4
4

3
8

2

4
8

5

3

27 July 3

1899.

30 June
6 Aug.

II

2

9 9 39 43

Most of the moths in the above table, except for June 30th,

1899, were reared from borers dug out of peach trees in June.

In examining our trees on June 30, 1899, we found that eleven

moths had already emerged, some of them possibly a week or

more before, so that in exceptional years the moth may appear

as early as June 15th in New York. But our records for the

four years preceding 1899, indicate that usually no moths
emerge in New York before July ist, while most of them appear

from July 15th to August 15th. We have no data as to the

emergence of the last stragglers in autumn ; Kellicott (1881)

has recorded rearing the moths late in September near Buffalo,

N. Y. Thus the time of the emergence of the moths in New
York may range from June 15th to nearly Oct. ist, or over
three months.
We have endeavored to compile, in the following table, all of the records

which seem to be based on definite knowledge of the time of flight of the
moths in dififerent localities or States :
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Table Showing Recorded Times OF Flight of the Moths in
Different States.

Authority and Date
of Record. state or Locality. Time of Flight.

Ashmead (1888). Florida. Appears early in ApriL
Weed (1891). Mississippi, April and Sept.
Grossman (188S). Arkansas. June to Sept.
Lancaster (1839). Tennessee. None June i, but few cocoons 18

July.
McCarthy (1893). N.Carolina (Central) Moths disappear by 15 July.
Cocke (1813). Virginia. 15 July, through Aug. and Sept
"G. E.M."(i896). First pupa Jtily i, moths about

15 July.
"H. F. H."(i888). Kentucky. 6 June to Oct., mostly 15 July

to 15 Aug.
Riley (1869). Missouri. 20 July, possibly last of May.
Stedman (1898).

" May until well into July.
Kellogg (1892). Kansas (Southern). May and June.
Faville (1898). (Northern). 16 June to Sept.
Thomas ( 1S77). Illinois. Usually July, but May or June

in S. 111.

Comstock (1880). Washington, D. C. May 10.

Fulton (1870). Delaware. 15 June to Oct.
Cooper ( 1808). New Jersey. About Jul}^ 15.

Smith (1897). " " Last of June to Sept. i.

Worth (1823). Pennsylvania. 15 July through Aug. and Sept.
Bateman (1876). Ohio. Not before 15 June.
Smith (1897). Long Island N. Y. 20 June to Sept.
Harris (/ 841). Masssachusetts. June to Oct., mostly July.
Fitch (1855). New York (.\lbany). 14 July to 15 Aug.
Lintner (1888). " " Earliest moth on 27 June.
Glover (1855). " (Hudson R.). About June or July.
Kellicott (1881). " (Buffalo). As late as late in Sept.
Lowe (1897). " (Geneva). Not before Juh' i, usually.
Cook (1875). Michigan. Jul}', Aug., and Sept.
Burrell (1898). Canada. 19 July to Nov., mostly 15 Aug.

to 15 Sept.

It will be seen from the above table that the moths of the peach-tree

borer may be found flying in some part of the country from early April

(Florida) to November (Canada). Most writers previous to 1880 had
recorded that the moths fly from about June 15th to October in most parts

of the countr}'. But Comstock's observations of the moths laying eggs as

early as May loth, in 1880, at Washington, D. C, created an impression,

which was quite general for many years, that the moths emerged in most
localities much earlier than the early writers had led us to suppose. It also

led to the recommendation to apply remedial measures much earlier in

most parts of the country.

There is need of more definite data from many localities,
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especially in the South, before one can make a general statement

that will apply to all parts of the country. Marlatt (1896) has

given the best generalization of this kind, which we would change

but little, as follows : The moths begin to appear early in May
in the latitude of Washington, D. C, and southward, over what
approximates the lower austral region ; in the Gulf Strip of this

region they are recorded as appearing a month earlier. In the

upper austral region roughly comprising the States above the

cotton belt and below the northern tier, the moths do not usually

appear until after the middle of June ; in the southern portions

of some of the States in this region they are recorded as appear-

ing in May. In the transition region, which comprises the

northern tier of States, together with most of New York and

New England, and also including Southern Canada, the moths

appear chiefly in July and later, rarely emerging however, as early

as June 15th, and belated individuals as late as October, or even

November in Canada. June and July are therefore the worst

months for the moths over the principal peach districts south of

the fortieth degree of latitude, while north of this the moths are

the most numerous during July and August, and in Canada from

August 15th to September 15th.

Our breeding experiments indicate that the two sexes of the

moths are produced in about equal numbers, but we have no

conclusive evidence that the males emerge "a few days earlier

than the females " as some record. Smith (1898) states that " the

adult life is short, perhaps no more than a day or two." We
have had them live for three or four days in cages before we killed

them, but there seems to be no definite data as to how long they

live, probably it is not more than a week.

Oviposition, and description of the egfgf.—The moths may copu-

late very soon after they emerge from the pupa ; copulation may
last for half an hour or more, and we have seen a mated pair fly

from tree to tree meanwhile. Our experience, like that of others,

indicates that the sexes will not mate when confined in cages.

Egg-laying may begin in three or four hours after the females

emerge. Smith (1897) states that if the eggs are not fertilized

by the male within twenty-four hours, the females lay them
unfertilized to get rid of them ; these eggs do not hatch, how-
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ever. The eggs are laid in the day-time, usually, it is said, from

II A. M. to I p. M.

Most of the eggs in the body of the female when she emerges are full

size, and have a hard, brown shell, hence it is not a difl&cult matter to dis-

sect them out and count them. This has been done by some, and the

results show how many eggs may be laid

by a female of the peach-tree borer. In 1820

"W. T.," of Washington, D. C, counted

678 eggs in one female ; this is the largest

number thus far recorded. In 1897, Smith

dissected from a female, only two hours old,

500 eggs with a hard, brown shell, and fully

100 more white or less mature ones ; and

in another female he counted 625 eggs,

"all but very few of them brown and of full

size." In a small female we found the 244

eggs shown natural size at in in figure 50.

Thus one female is capable of laying

from 200 to over 600 eggs. As Smith ( 1898)

states: "Evidently there in an enormous

discrepancy between the reproductive power

of the female and the actual number of

larvae or borers produced," else our peach

A^^ orchards would suffer much more severely

^^ttj^^^ from borers than they do. No plausible

^^^^^^ cause for this apparent discrepancy has yet

been suggested. Smith found that many
eggs had been broken into after they were

laid, but could not discover the agent. Pos-

sibly many unfertile eggs are laid, or the

females may often die before laying their full

quota.

Worth published a very brief description of the egg of the peach-tree

borer in 1823, but it was first characterized in detail by Comstock in 1880.

An egg is shown enlarged at / in figure 50 (from a photograph), and in fig-

ure 51 is shown an egg greatly enlarged (from a drawing). The eggs

average .02 of an inch in length and are a little more than half as wide ;
many

are shown natural size at ;« in figure 50. They are of a light chestnut or

mars brown color and are subellipsoidal in form, slightly flattened with an

oval-shaped depression, as shown in figure 51 and at / in figure 50. One

end of the egg is either squarely or somewhat obliquely truncate, with a

slight depression in the middle where the micropyle is located, as shown

in figure 50 at ni, which gives a much enlarged view of this end of the egg.

The whole surface of the egg is so sculptured as to have the appearance

of being laid with irregularly shaped paving stones, the stones being sep-

50.

—

Eggs of peach-tree
borer, natural size at

n ; one egg, enlarged
at 1 ; micropyle end of
egg, greatly enlarged
at m.
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51. — Egg 0/ peach -tree
borer greatly enlarged.

arated by slight ridges ; this peculiar sculpturing of the shell is well

shown at / in figure 50, or in figure 5[, and still better at ni in figure 50.

Several persons have seen the female moth depositing her eggs. Com-
stock (1880) saw one female "deposit upwards of twenty eggs upon dif-

ferent parts of the trunk of one tree, usually about one or two feet from the

surface of the ground, in the space of

about one hour. The eggs were deposited

singly, and were stuck to the surface of

the bark on their sides by a gummy secre-

tion." Smith (1898) records that Walker,

at Jamaica, Long Island, saw a female be-

gin laying eggs immediately after mating.

She "moved aljout actively over every

portion of the trunk, and even on the lower

branches, touching her abdomen constantly

to the surface. She was engaged in that

way two hours and more. On examination,

he found the eggs laid in all sorts of places,

without special selection, singly or in

groups, the greatest number found to-

gether being ten, while in several places

three or four were observed together."

Smith then states that in his own ex-

aminations he found that " as a rule the eggs were laid singly, and
most of them within six inches of the soil. None were found at the

immediate surface, although this point was particularly examined. They
were found more scattered higher up the trunk, and, as a rule, few above
from twelve to eighteen inches. Groups of three or four were occasionally

observed, and in one instance I found nine within a space of half a square
inch. A few eggs were scattered up to a height five feet, and on one
tree I found some on the main branches. It may be justly said, however,
that above eighteen inches from the surface the eggs were " scattering."

They were laid apparently without selection of locality ; some on the per-

fectly smooth bark, some among the lichens covering the trees in parts and
some among the bark scales. No one locality seemed to be especially

selected, and it seemed rather a haphazard seeding down, the moth depend-
ing rather upon the number of eggs laid than any method of protection.

As to the number on a single tree, I cut out twenty that were most conven-
ient, observed at least as many more without close examination, and feel

safe in asserting that more than fifty were then present within eighteen
inches of the surface."

Smith further states that " the length of time during which
the insect remains in the ^%% state is not yet accurately deter-

mined. Mr. Walker has found larvae just hatched beneath the

empty egg-shells about ten days after observing the moths ovi-
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positing, and believes that to be near the actual period. Dr. L.

O. Howard informs me that their records indicate seven to eight

days."

How long it takes a female to lay her quota of eggs, if she

does lay all of them, is not known. Probably most of the eggs

are laid in July and August in New York.

Habits of the newly-hatched borer*—Comstock (1880) states

that " the young larvse when first hatched are very active and

have many long, stiff bristles on their bodies. Instead of bor-

ing through the bark they seek a crack, and an almost incredi-

bly small one will suffice." This last statement, as we shall see

later, has a very important bearing on the question of preventive

applications for this pest. Smith (1898) records on this point

that "Mr. Walker states from his observations, and my own
agree in this point, that the young larvae may enter the bark at

almost any point on the trunk, and that they will try to work in

very close to the egg, if possible. I found several cases during

the summer of burrows almost immediately below the egg, well

up on the trunk. But in such cases the larva does not remain

long and soon migrates toward the base. Mr. Walker says that he

has actually seen such a migration and found the young larva

crawling down the trunk. It is possible that in this way many
are killed in the very early stages by unfavorable surroundings

before they get to the base of the tree."

Habits of the borers in the fall.—The young borers continue to

feed on the inner bark from the time of hatching in summer or

early fall until they go into hibernation for the winter. We have

no data on the time when the borers cease feeding in the autumn

and prepare for hibernating. Perhaps the freezing of the soil

is the signal for them to begin their winter's nap.

Number of broods yearly.—As we began the story of the

peach-borer's life with it in hibernation, we have now finished

its yearly life-cycle. One early observer (Thomas, 1824) thought

there were two broods of the insect in a year, but it is the unani-

mous experience of all others that it always takes the insect a

5^ear to go through its life-cycle, even in the extreme south.

Its life story briefly told,—In New York the moths (figures 43

and 44) begin to appear in the latter part of June and continue
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to emerge until September. A few hours after emerging the

females lay their small, oval, brown eggs (figures 50 and 51) on

the bark of the trunks of the trees from six to eighteen inches

from the ground. From these eggs there hatches, in a week or

ten days, a minute larva—the young borer—which at once works

its way into a crevice of the bark, and soon begins feeding on

the inner layers of the bark. It continues to feed in this manner,

gradually enlarging its burrow under the bark, until winter sets

in, when it stops feeding and hibernates during the winter, either

in its burrow or in a thin hibernaculum made over itself on the

bark near the surface of the soil. The winter is always spent

as a larva or borer, a few of them being nearly full-grown, but

most of them being considerably less than one-half grown. In

the spring, usually about May ist in New York, they break their

winter's fast and grow rapidly for a month or more, most of them
getting their full growth in June. They then leave their bur-

rows and spin about themselves a brown cocoon (figure 48 and c

in figure in 47) at the base of the tree, usuall}- at the surface of

the soil. A few daj^s after its cocoon is made, the borer changes

to a pupa (figure 49) in which stage it remains for about three

weeks, usually in June in New York. From the pupa the moth
emerges, thus comoleting its life-cycle in a year, fully ten months
of which are usually spent as a borer in the tree, the remainder

or a little more than a month being spent in the ^%^, pupa and

adult stages. About the middle of July all stages of the insect

may be found in some orchards. The above brief sketch of the

life of the peach-tree borer will apply in general to most locali-

ties in the United States north of Washington, D. C. In Can-

ada the moths do not begin to fly until about a month later,

while in the South they appear a month or more earlier, so that

the dates in the above sketch will not apply to these regions.

ITS NATURAL ENEMIES.

As the peach-tree borer spends most of its life under the l)ark beneath

the surface of the soil, it is not readil}' accessible to enemies. But it does

not entirely escape, for several insects have discovered a way to include

this serious peach pest in every course served to their growing progeny.

At least eight different enemies of the peach-tree borer have been found,
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and all of them are parasitic Hymenoptera. In 1872, the Ichneumon,
Phaeogenes ater Cresson, and a Braconid, Bracon n.sp., were reared from
the peach-tree borer in Missouri (Insect Life, II, p. 349 and III, 152). In

1880 Comstock recorded that "four species of parasites have been bred

from the peach-tree borer the past season—two chalcids and two small Ich-

neumonids, the one belonging to the genus 3ficrogaster a.nA the other to

the genus Bracon."' Dr. L. O. Howard writes us that the Braconid men-
tioned is undoubtedly Bracon nigropictus Riley, but that the Microgaster

cannot be found.

In 1889, Popenoe recorded (The Industrialist, June 8, 1889, XIV, 153)

that "specimens of the pupae and larvte of the peach-tree borer collected

in the College orchard, were enclosed in a breeding-jar which now, a few
days after the collection, is alive with specimens of the two sexes of a

honey-yellow Braconid fly, measuring in the female about one inch, in the

male about one-half as large. From the abundance of this parasite in the

jar where the dozen larvae and pupae were confined, it may be inferred to be

a common insect in this locality."

We have reared two other kinds of these little parasitic enemies. On
June irth, 1896, we found in its cocoon a dead peach-tree borer. A minute

insect was seen to dart away from the cocoon, and we found manv long,

narrow, white eggs laid near one end of the dead borer.

B}' June i6th, there had hatched from these eggs small, white, maggot-

like creatures which had evidently been feeding on the dead body of the

borer for a day or two. Three days later the maggots or grubs had entirely

devoured the dead borer and had spun cocoons around themselves both on

the inside and on the outside of the borers' cocoon. On June 29th and

July 4th, the adult parasites issued from these little cocoons. Dr. L. O.

Howard kindly determined them as Bracon niellitor Say. We bred these

little Braconids from two different specimens of the peach-tree borer, both

of which were dead when found. Is it possible that the Braconid fly kills

its victim before laying its eggs near the body, or does it attack only those

borers which have died from other causes ? It is apparently not an internal

parasite of the peach-tree borer as we saw its grubs feed only externally

upon the dead bodies of the borers. In July, 1898, we also bred the same
Braconid from the cocoon of a peach-tree borer which we found packed full

of the cocoons of this little enemy.

About August 1st, 1899, we examined some plum trees at Geneva, N. Y.

,

and found four cocoons of the peach-tree borer. From two of these there

emerged a male and a female moth of the borer, but from the other two
cocoons we reared two large parasitic flies. One of these emerged August
17th and was determined by Mr. Ashmead, through the kindness of Dr.

Iv. O. Howard, as Ephialtes irritator Fab. This Ichneumon fly has not

been before recorded as a parasite of the peach-tree borer. From the

remaining cocoon, there emerged on August 21st, the same Ichneumon
parasite

—

Phaeogenes ater—which was found at work on the pest in Missouri

in 1872, as noted above.
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The following insects are thus known to be enemies of the

peach-tree borer : Phaogenes ater, Ephialtes irritator, Bracon n.

sp., Bracon nigropidus^ Braco7i mellitor, Microgaster s^., and two

Chalcids ; whether the Kansas Braconid is a species distinct from

any of the above, we do not know. The grubs of the first

species devours, or is parasitic upon the pupa, while all the

others apparently feed upon the larvae of the peach-tree borer.

The fact that, from two of the four cocoons collected from

plum trees at Geneva, N. Y., parasites emerged, would indicate

that in some localities the enemies of the peach-tree borer may
play quite an important part in checking the normal increase of

the pest.*

* Sometimes minute white larvae are found in the gummy mass exuded

from peach-trees infested by borers. These white "worms" are not

enemies of the borer, and they develop into a Fungous-gnat ( Mycetophila

persicse). See Am. Ent. I., 223 (1869) ; Glover's Rept. of U. S. Ent. for

1872, p. 114 ; Lintner's 2nd Rept., p. 6 (1885). The worms probably feed

upon the gum or some decaying matter in it.



HOW TO FIGHT THE INSECT, Including a
Discussion of Previous Recommendations and
a Detailed Account of our Extensive Experi =

ments Against it.

For nearly a century and a half American peach-growers have
been fighting the peach-tree borer and the proverbial Yankee
ingenuity has been freely exercised to devise methods to circum-

vent the pest. The result has been that more than a hundred
different remedial measures have been recommended. We
doubt if any other American insect pest has had its life

threatened with so many different kinds of machinations. And
yet peach-tree borers are now, after being besieged for more
than a century by such an army of man's devices, apparently as

numerous and destructive in most peach orchards as in the days

of our forefathers.

We shall not attempt to discuss all of the methods which have
been recommended, for, although we have made a critical and
extended search through our American insect literature, doubt-

less some suggestions have escaped our notice ; and again such

a discussion would require too much space, and much of it

would be of no practical value to peach-growers. Manj' methods
will only be mentioned in connection with some similar methods
used in our extensive experiments.

Some early recommendations and experiments.—In ijyi a paper was sub-

mitted to the American Philosophical Society "On the Nature of the

Worms so Prejudicial to the Peach Trees for Some Years Past and a

Method for preventing the damage in Future " (see the Bibliography,

Cooper, 1771). We have found no methods recommended for combating this

pest earlier than this, and not having access to this article, we are not

sure of the nature of the method then proposed. But apparently the

same author stated in 1806 that he had successfully used for many years

a combination of the " digging out " and " mounding " methods, and that

he had tested the " freezing " method in 1779, injuring his trees and not

the worms ; hence it is probable that the " digging-out " and " mounding "

methods were among the first to be used against the insect.
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About the year 1800, John Ellis received a prize of I30.00 offered by the

American Philosophical Society for an essay on the best methods of

preserving peach-trees. Ellis' method consisted in putting a band of

straw, three feet long and an inch thick around the tree from the roots

upward when the tree was in blossom, then removing the band in autumn.

In February, 1806, Mr. Peters read a paper before the Philadelphia

Society for the Promotion of Agriculture in which he gave some remark-

able experiences in combating the insect. The remedial measures

employed against the peach-tree borer in the early part of this century are

so well brought out in Mr. Peters' article that we quote from it as follows :

"I have failed in many things, in which others are said to have

succeeded. Straw and bass, or paper, surrounding the trees, from the

root, at all distances, from 6 inches, to 3 or 4 feet

—

whitewashine;
,
painting

,

urinous applications, brine, soot, lime, frames filled with sand, oil, tar,

turpentine, sulphuric acid or oil of vitriol, nitrous mixtures, and almost

every kind of coating. Teguments of straw or bass make the bark

tender ; the more dense coating stopped the perspiration. The oil invited

mice and other vermin, who ate the bark thus prepared for their repast

and thus killed the tree. I planted in hedge rows and near woods, I paved,

raised hillocks of stone—I have suffered them to growfrom the pit only,

grafted on various stocks and budded, hilled up the earth in the spring and

exposed the butt in the fall—I ha.\& scrubbed the stocks or trunks with hard

brushes, soap suds and sand, scraped them with proper instruments : I

have, for a season or two under various experiments, amused myself

with the persuasion, that I had discovered an infallible />a«af^a. I had

temporary success, but final disappointment.

I remove the earth a few inches around the tree in August or September.

I pour around the butt of the tree, beginning about one foot above the

ground, a quart or more (not being nice about the quantity) of boiling hot

soap suds or water. This kills the egg or worm lodged in the tender bark ;

and of course prevents its ravages the next season. I frequently plunge

nursery stock into boiling water, before planting. I lose very few, and

do not attribute the losses to the hot water. I have the trees bared at the

roots, exposed to the winter. I have lost some in this way, but still con-

tinue the practice."

It will be seen from the above that a hundred years ago quite

an arsenal of insecticidal devices had been brought to bear upon

the peach-tree borer. And the methods most frequently recom-

mended to-day are the same or but slight modifications of these

methods which otir great grandfathers devised and used. Fur-

thermore, although it is anticipating a little, it is a curious and

interesting fact that the results recorded by Mr. Peters in 1806

are not strikingly unlike those we have recently obtained in our

extensive experiments against the pest.
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Cultural methods. -It is doubtful if any of the cultural methods practiced

by peach-growers exerts a great influence in keeping their trees free

from borers.

In our extensive experiments, budded stocks and trees grown from pits

were used. Naturally there was no noticeable difference in the number of

borers attacking each, for the borers usually worked below the inserted bud

on the stock grown from the pit. However, in the case of plum-trees, it is

stated by " G. E. M." (1896) that in his experience, Japan plum-trees on

Mvrobolan or Marianna stocks were as badly infested as peach, but when

budded on Chickasaw or other native varieties they were entireh- exempt.

Has anyone had a similar experience with plums? Apparently the insect

does not discriminate between the different varieties of peaches, attacking

all with equal relish.

In New Mexico and neighboring States, irrigation is an important factor

in the growing of fruit, but Townsend (1892) reports that the "peach-tree

borer does not seem to be affected by irrigation, even though the water be

allowed to stand for a considerable time and be given thorough access to

the roots."

Those peach-growers who thoroughly cultivate and feed their

orchards, scarcely allowing a weed to grow in them during the

summer, still have to exercise eternal vigilance to keep the num-
bers of borers below the danger limit. We feel quite sure that it

would not lessen the numbers of borers to allow such cultivated

orchards to grow up to weeds or grass, but we have found no

conclusive data on this point. Both cultivated and uncultivated

peach orchards may suffer severely from the peach-tree borer,

but the one who cultivates has several advantages ; his orchard

is always an advertisement to his thrift ; it usually pays the best

;

and it is much easier to fight the borers in a cultivated orchard.

Some general details regarding our experiments.—Realizing

the lack of definite experimental information regarding the so-

called "remedies" for borers, Professor Comstock planned in

1892 the most extensive and detailed experiments against the

peach-tree borer * ever attempted. In the fall of 1892 an orchard

of nearly 400 peach-trees of five different, leading varieties was
set near the insectary. As the sole purpose of the orchard was

*The plans also included experiments against the apple-tree borer

{Sapcrda Candida) and the experimental orchard was started, but owing
largely to lack of the borers, and also to the fact that the peach-tree borer

experiment took so much of our time, we have not yet tested any remedial
measures for the apple-tree borer.
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for experiments against the borers, and as the space was limited,
the trees were set in seven long rows six feet apart and only
three feet from each other in the row. The location proved to
be well adapted to our purpose. The trees grew well and several
badly infested, "old relics" of peach-trees adjoining the experi-
mental orchard insured a good crop of borers in the orchard each
year. This last condition was a very important factor in the
success and relative value of our experiments. The trees were
budded stocks from the nursery, and about one third died during
the winter of 1892-1893, while about one half of the remaining
buds failed to start in the spring. The dead trees were replaced
by more budded stock in the spring of 1894, thus the experi-
mental orchard consisted of 275 budded stocks (about half of
which had just been set) of five of the leading varieties, and
about 125 trees of natural varieties grown from the pits, when
our experiments with remedial measures were begun in the sum-
mer of 1894. The experiments were carried on during 1894,
1895, 1896 and 1898, no applications being made in 1897. The
make-up of the orchard remained practically the same during
these years, except that a few young trees were set in each year
to replace those which were killed by certain applications, and in
1897 the trees being so large, every other one in the rows was
removed, thus reducing the number of trees one half. Figure
52 is a view of this experimental orchard looking east down the
rows in May, 1897 ;

some of the different applications put on the
trees in July, 1896, are well illustrated, here. Figure 53 is a
view of the same orchard looking south across it in May, 1897.
The literature of the insect was critically searched and the

different methods which have been recommended for combating
it were carefully considered. As many of the methods were
simply slight variations of others, only representative ones were
selected to be thoroughly tested in our experiments. To these
were added a few new ones which occurred to us. We thor-
oughly tested about twenty-five methods for from one to three
years each.

In treating the trees each method would be applied to a row
of seven trees across the orchard, as shown in figure 52, where
the first row is treated with tarred paper, the third row with
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some white substance, and so on. Beginning at the west end of

the orchard we would usually treat each of the first four rows

of seven trees each by a different method, and then leave

the next two, or the 5th and 6th, rows untreated for a check

experiment The next four rows, or the 7th, 8th, 9th, and loth

rows would then be treated, usually each by a different method,

and the next two, or the nth and 12th rows, left untreated as

checks This method was continued on through the orchard,

duplicating each method at some other portion of the orchard

in order to give each as fair and complete a trial as possible. All

applications were made about the same time, usually during the

latter part of June, and everything was kept cultivated during

the growing season. The following spring every tree, treated

or untreated, would be carefully examined, and a note made of

the numbers and sizes of the borers found in each tree. All

this involved a great deal of time and labor each year, but nothing

was spared to give each method a thorough and scientific test.

Most of the work has been done by the writer, and every detail

of it under his direct observation and supervision. We had

no favorites among the methods tested ;
we tried to make

each do all it was recommended to do ;
and we confidently

excepted to find one or more sure methods for controlling the

ravages of the pest. We doubt if so extensive and thorough a

series of experiments were ever made against borers of any kind

in any country, and surely not against the peach-tree borer,

hence our results should furnish much data for future

recommendations of methods for fighting borers of all kinds.

Sometimes results are rendered inconclusive or uncertain on account

of the non-appearance of the insect in sufficient numbers to enable one to

draw definite conclusions, regarding the effectiveness of any method. As

the following table indicates, the " old relics" of peach-trees located near

our experimental orchard have furnished us a goodly supply of borers

to combat :
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Table Showing the Number of Borers Found in. thb Whole
Orchard Each Year.

Year.
Number of infested

trees.
Number of uninfested

trees.
Number of borers

found.

i8q4. 123
165
171
106

83
72

144
210
210

167

65
90

176

376
177
171
116

i8qs
i8q6
i8q7

1898
i8qq

Similar Record for The Untreated or Check Trees Only.

1895
1896

60
72

75
27

68

57
50
29

128

176

47

1897

1899

From the above table we learn that, in spite of the fact that two-thirds

of the trees were treated during four of the years to protect them from the

attacks of the borer, the average for the whole period of six years is

almost a borer (.9 is the exact number) to each tree each year ; the average

for the check or untreated trees for four years is over one (or i.i ) borer in

each tree. Usually over one-half of the check trees were infested each

year, and nearly one-half of all the trees, whether treated or not, every

year since the orchard was set.

The methods which have been devised for fighting the peach-

tree borer may be classed as destructive methods, which aim to

kill the insect, 2k.x\.^ preventive methods, which do not intend to let

the borer get into the tree.

I. DESTRUCTIVE METHODS FOR FIGHTING THE INSECT.

It is against the larva or borer and the pupa stages only of

the pest that a destructive warfare can be successfullj^ waged.

The eggs have too hard a shell and are scattered about over the

bark too much to enable one to effectively reach them with an

insecticide that would not injure the tree. One method has

been suggested for killing the adults or moths. Neal (1889)

recommends that " small fires at sunset in the orchard during

April (in Florida) will destroy many of the moths." As the
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moths are rarely, if ever, attracted to lights and are most active

during the early part of the day, we do not believe they can

be lured to their death by fires. And it is doubtful if the

insect can be successfully fought at all in the adult or

moth stage.

The "freezing" method.—This method was much in vogue among peach-

growers a century and more ago. It was one of the first methods emplo^^ed

against the insect, and consisted in removing the earth from around the base

of the tree down to the roots in the fall and leaving this portion, in which

the borers usually work, bared to the frosts of winter. Many found it did

not kill the borers, and as trees often died from the winter exposure, the

method was discarded early in the present century.

Boiling' water or similar applications.—As early as 1823 it was suggested to

remove the earth and gum from around the base of infested trees and pour

boiling water on and around the base. There is no question but what the

water will kill every borer it reaches. Several have had fairly good success

with this method (Grossman, 1888 ; Smith, 1890) and one (Peticolas, i860)

killed his trees as well as the borers. Smith suggested the use of kerosene

emulsion instead, and some have used boiling soapsuds. Coquillett (1891)

dipped the lower portion and roots of infested nursery trees for two min-

utes into a solution of one pound of whale oil soap to the gallon of water,

the temperature of the solution being maintained at from 120° to I30°F.

The trees were examined five days later and all the borers found " as lively

and vigorous as ever. "

Thus it would seem that very hot (scalding or boiling temperature)

liquids may sometimes be successfully used in killing peach-tree borers

in the tree, but there is danger of injuring or killing the tree, and the

method is not so practicable as others on a large scale.

Bisulphide of carbon.—This is a liquid which evaporates very rapidly and
the fumes of which are sure death to animal life. Cook suggested its use

against the peach-tree borer in 1880. No one seemed to have tested the

liquid, however, until we treated a few trees in 1895. On April 17th, sev-

eral small trees were selected which were so badly infested that there was
a complete ring of the characteristic gum around the base of each. With
a sharpened stick four holes were made around one tree, beginning about
four inches from the trunk, and extending in a slanting direction toward
the roots for a distance of six to eight inches ; seven teaspoonfuls of the
liquid were poured into these four holes, and then the holes were quickly
stopped up. An hour later, we found three half-grown live borers in the
tree and several living angleworms in the soil near the tree. The soil

all around the tree smelled very strongly of the fumes. Around another simi-

lar tree, we introduced six teaspoonfuls in the same manner, and three
hours later, found five live borers in the tree. Around a third tree, we
injected with the McGowen injector four tablespoonfuls of the bisulphide.
The injector was forced into the ground as near the tree as practicable,
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and straight downward. After twenty-four hours we found two living borers

in the tree and live angleworms in the soil. These experiments satisfied

us that this was not a practicable or effective method for killing the insect.

About two years ago the liquid was extensively used in the San Jose region

of California for the Pacific coast peach-tree borer. One of our corres-

pondents there wrote that " they could not get the liquid fast enough."

Thousands of trees were killed, and the craze apparently soon subsided

It must be used with great care around the roots of trees, as has been

demonstrated on apple-trees in Missouri (Bull. 35 of the Mo. Exp. Station),

and in some Ohio experiments (Bull. 106 of the O. Exp. Station) peach-

trees were killed by injecting it around them.

Carbon bisulphide is too expensive and too dangerous to use against the

peach-tree borer, and we have no evidence that it is an effective way of

fighting the insect.

The "digging out '' method.—This method was one of the first to be used

by peach-growers, and it is to-day more universally practiced than any

other method. Its name well describes the method. After removing a

little of the soil from around the base of the tree, the presence and usually

the location of a borer is readily determined in a peach-tree by the gummy
mass exuded from the wound made by the borer. Sometimes it is a little

difficult to locate and reach a borer which is working far down on a root.

When once their burrow is located it is usually an eas}' matter to kill them
with the knife or a wire. With a little experience one can often locate and
kill the borers with but little injury to the tree from the "digging-out"

process. The peach-tree so quickly repairs such wounds that one should

not hesitate to use this method for fear of doing more injury with the knife

than the borers would do.

Some of the most extensive peach-growers first have a man hoe the soil

and gum away from around the base of the trees and leave it thus exposed

for a few days. In the meantime, the fresh excrement and gum resulting

from the borers' work renders it easier for one to locate them then, than to

do so when the soil is first removed.

When is the best titne to dig them out ? In the peach-growing districts

north of Washington, D. C, the ideal time would be in the fall in Septem-

ber or later, or in April the next spring. By September most of the borers

have hatched from the eggs but have not done much damage. And usually

most of them do not get half their growth before it is time for them to

stop eating and go into hibernation ; and they usually do not begin feeding

in the spring before the latter part of April ; thus they get most of their

growth and do much more damage in May and June. Therefore, by dig-

ging them out in September or April one can catch the rascals before they

have done much damage in northern localities. But the borers are then so

small that many will be missed, enough to develop into a sufficient number
of the moths to often re-stock the orchard with as many borers as were dug
out the preceding fall or spring. In April, 1895, we went over our experi-

mental orchard thoroughly and got about 240 borers, and yet in June a
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second " digging out " revealed nearly loo more large ones. This has been

our experience every year that we have done the work early in the spring,

and we should expect similar results from fall work, although we have had

no experience in digging them out then. If the "digging out " method

is to be practiced but once a year, we wonld do it in June in New York or

northern localities. It is true that the borers have usually done most of

their destructive work by June ;
yet most of them are then so large that

one can locate and kill them quicker and will miss but very few of them.

This also means a greater reduction of the crop of borers for the next year

than if the "digging out" was done only in September or April. We
believe if the borers are thoroughly dug out in June in northern peach-

growing districts, if one has equally as enterprising neighbors, and if all

" old relics " of peach-trees in the neighborhood are destroyed or thor-

oughly "wormed," that, under these almost millennial conditions, one

could reduce the numbers of the pest in an orchard below the danger limit

in a few years so that the process would become less and less arduous each

year. But if the method were neglected for a year or two, the pest would

soon regain its former prestige and destructive powers. We doubt if the

insect could ever be exterminated in a locality by the " digging out " or

any other method yet devised. To reduce the damage done and the num-
ber of borers to the minimum, the digging out should be done twice a year,

once in September or later or in April and again in June in northern locali-

ties. In the South, apparently the best time to dig them out would be in

March or April as it is reported that the moths begin to fly in April and

May. Baker ( 1898) states that in Alabama " it should be done during late

fall or winter ; surely before the middle of April." Perhaps July or

August would be the proper time to get at the smaller borers before they

had done much damage. There is need of more knowledge of the life-

history of the insect in the South before one can make definite recommen-
dations regarding the best time to apply remedial measures there.

As little or no gum is exuded from infested plum or prune trees, the

peach-tree borer is not so easily located in these trees, thus often making
the "digging-out " process a more laborious one in such orchards.

The "digging-out" method is, when thoroughly done, the surest way of

getting at and controlling the peach-tree borer yet devised, and it is practi-

cally the only way to get at the pupie in the cocoon. It involves much time

and labor, but most other methods are equally as laborious and expensive.

From our experience of six years we believe that one can dig out the borers

from young peach-trees in a cultivated orchard with no more expense and
labor than it requires to apply most of the other methods recommended ; on
old trees or on trees in uncultivated orchards we have had no experience, but

doubt if such conditions would much affect our belief. To properly apply
almost any other method, one must first remove the soil from around the

base of the tree down to the roots, then usually clean the dirt from the bark,

and then incur the expense of making and applying the material used.

While the latter is being done one can usually, with no more expense,
locate and kill all the borers in the tree.
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It is an interesting and curious fact that most peach-growers first dig out

the borers and then follow some other method, butthey never attribute any
of the success which may follow their efforts to the " digging " process

where it usuall}- rightfully belongs. Our experiments have demonstrated to

us the wisdom of certain combinations, however, for the trees from which
the borers were removed and killed each year usually contain more borers

the next year than those trees from which they were first dug out and then
certain other methods applied.* Thus the use of certain methods to

supplement the "digging out " process is not a waste of energy and is to be
recommended. We will discuss such combinations in our general conclu-

sions to follow this detailed account of remedial measures.

II. PREVENTIVE MEASURES.

{a) By the use of other plants.

The theory that the odor, or some other quality, of certain plants would
keep insects away has led some to recommend that such plants be set

beside peach-trees to preserve them from attack by borers. We find toma-
toes, tansy, red cedar and wormwood thus recommended. How tomatoes
could afford any protection, it is difficult to conceive, hence the suggestion
of their use seems to have scarcely survived its birth. Practically the same
results followed the recommendation, as early as 1841, to plant red cedar
or wormwood in the same hole with the peach-tree, although the odor of

these plants afforded a slight hold on which to pin one's faith that it might
possibly have some preventive effect.

Tansy.— It was recommended to grow this weed around peach-trees, as

early as 1841. Although many people were equall}' as skeptical about its

protective properties as they were of red cedar, yet the fact that so eminent
an entomologist as Dr. Fitch thought it merited a trial, led several to test it.

Peticolas (i860) and "T.V. P." (Count. Gent, for 1862, p. 357) reported that

it had no effect on the number of borers.

The following tabular statement tells the story of our experience with
tansv :

* We had to practice the " digging-out " method in connection with all the others tested.

We would not have been able to make any comparison between the methods without the
knowledge of the actual number of borers in each tree, which could be gained only by
digging them out. In this process one ordinarily kills many of the borers accidently,
but it might be possible by taking great pains to locate and count the borers without
injuring them. But we doubt if our experiments would have given any more conclusive
results had we done this, for we never lacked for a goodly supply of borers.
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When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

16 May, 1894, 7

7

April, 1895. . .

10 June, 1896.
2(29%).
3(43/0-

4
5

3
2

None

Untreated trees.

I2S

128
April, 1895. . .

June, 1896. . . .

60 (47 fo)

68(53%)
128

376

8

8

The above results afford some evidence that tansy exercised a slight pre-

ventive eifect upon the number of borers. We do not believe any other

odorous plant would give results more encouraging to the peach-grower,

besides it would not be advisable to use them in orchards for several

{b) By materials piled or scattered around the base of the tree.

In 1806, Peters " paved, ''^ ni3.de piles of stones, and used soot around the

base of peach-trees without result against the borers. This verdict seems

to have been accepted, and with good reason, for the preventive qualities

of the methods are not apparent.

Salt scattered in a circle around the base, slacked lime in a trough in the

soil, a-ndflowers ofsulphur were found of no value and were discarded in

the earl}- half of the century. L'Hommedieu (1846) tried a mixture of

salt and salt petre for three years without success, but reports good results

from use of air-slacked lime ; this has not been the usual experience, how-
ever, with lime. A safe quantity of kainit around the base of the tree offers

no encouraging features so far as effecting the nvimbers of borers is con-

cerned {Rural New-Yorker for 1896, p. 533). Tanbark a.nd. screenings of
anthracite coal hsive been recommended, but they are not always available,

and would afford no more protection than so much soil. Ashes piled around
the tree have been often recommended since 1823, but all who have
reported their results offer no encouraging evidence.

Tobacco.—In 1813, Cocke recorded successful results for several years from
binding cured tobacco around the tree at the surface of the soil. Dey
( 1839) gives corroborative results, and tobacco has since been frequently

recommended. This evidence induced us to test it. We wound " tobacco
steins," obtained cheaply at a cigar factory, thickly and close around the
base of the tree from the roots to a little above the surface of the soil.

Our results are graphically represented in the following table :
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1894-1895.

197

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number

of borers
in one
tree.

Effect of
applica-
tion on
tree.

4 June, 1894. 20
29 April, 1895.

I May, 1895.

24 May, 1895.

8 (40%) 15 3 None

I895-I896.

25 June, 1895

.

13 10 June, 1896.

17 June, 1896. 2 (15%) 5 2 None

1896-1897.

13 July, 1896. 27 22-23, 28-29
June, 1897... 3 (11%) 5 2 None

Years. Untreated trees.

1894-1895 ....

1895-1896
1896-1897.. . .

128
128
128

Same date .... 60 (47%)
68(53%)
75 (58%)

128

176

137

8
8
6

The tobacco was applied about a month too early in 1894, which may
explain much of the difference in the results for that year from the two fol-

lowing years. Note that the percentage of untreated trees which were
infested during the last two years is from four to five times larger than the
percentage of infested treated trees. This indicates that tobacco kept out
from two-thirds to five-sixth of the borers during 1895 and 1896, which is

decidedly a good showing for the method. In fact, but very few other

applications gave us as good results. Tobacco .stems can usually be
obtained very cheaply from cigar manufacturers, and when thus available,

the evidence indicates that they can be depended upon to greatly aid the
peach-grower in his fight against this insect.

We are not sure just how the tobacco stems act on the insect. It is

doubtful if they act as a mechanical barrier, and we are also loath to

believe that their odor is offensive to the insect. Perhaps the liquid

leached out of the stems by rains may kill the young borers.

The mounding method.—This consists in simply hilling up the soil

around the base of the tree. It was one of the first methods devised
and has been extensively practiced by peach-growers for a hundred
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years. Perhaps no other method has been so extensively discussed in the

literature. In 1869, Walsh, Rily, Dean, and Wells submitted much evidence

both for and against the mounding method. So much v?as said in

its favor that most writers have strongly recommended it, but it seems to have

been little used in recent years by our most extensive peach-growers.

Usually the soil is mounded to a height of from 6 to 10 inches, but some

have made mounds 3 feet high around their trees.

We tested the method for three years, making mounds from 6 to 8 inches

high around the trees by simply hoeing up the surrounding soil. We never

hoed the mounds away in the fall. The following table succinctly states

our results :

1894-1895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree

Effect of
applica-
tion on
tree.

13 June, 1894. 2[

April, 1895 . . .

I May, 1895 .

.

24 May, 1895.
9 (43%) 13 4 None

I895- I896.

17 June, 1895. 21

ID June, 1896.

II June, 1896.

17 June, 1896.
8 138%) 10 2 None

1896-1897

13 June, 1896. 27 23. 25. 29,
June, 1897.... 7 (26%) 9 2 None

Years. Untreated trees.

1 894-1895
1895-1896
1896- I 897. . .

.

128
128

128

Same dates. , .60(47%)
" ...68(53%)

" " .. 75(58%)

128

176

137

8
8
6

The table shows that the number of treated trees which were infested

was considerably less than the infested ones among the untreated trees.

A comparison of the number of borers found in the treated and untreated
or check trees brings out the significant fact that the mounds kept out from

/^ to fiy of the borers. Had we made the mounds a few inches higher or
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hoed them away late in the fall, the results might have beeu still more

favorable to the method. It must be remembered that we mounded the

trees in connection with the " digging out " process, and that there were

untreated trees nearby. If one should mound all of the trees in an orchard

and dig out none of the borers, it is doubtful if the mounds would keep out

quite ^of the borers. From the evidence, we are forced to conclude that

mounds of earth around the base of peach-trees exercise a decided influence

in keeping out borers, but we are not sure just how it is done. Mounding
is probably the simplest and least expensive method yet devised for fighting

the peach-tree borer, and, when practiced in connection with the " digging

out " process, we believe it will give good results, but not as good as some

other combinations. The mounding should be done between June 15th and

July 1st in northern peach-growing districts, and the mounds should remain

at least until October or November.

(c) By wrapping with paper or similar substances.

It has been often recommended to bind straw around the base of peach-

trees to prevent their being attacked by borers. Ellis practiced this a hun-

dred years ago, and in 1800 he communicated his results, certified to by

thirteen of his neighbors, to the American Philosophical Society and gained

a premium of I30 offered by the society for the best method of preserving

peach-trees. Peters (1808) soon recorded unsuccessful results with straw,

and it seems to have been used only spasmodically since. In 1880, Comstock
reported that the same method was being advised as a " new remedy " for

the peach-tree borer in many agricultural journals. It could act only as a

mechanical barrier to the borers, and one would naturally expect that its

numerous crevices would allow the minute, newly-hatched borer to readily

work its way through to the bark. For this reason and the fact that there

was little evidence of the effectiveness of the straw bandage we did not

test it. Theoretically, we would not expect it to keep out many borers, but,

as we shall see later, our theories are not to be depended upon in fighting

the peach-tree borer.

About 1825, it was recommended to use bandages of cotton cloth, canton

matting, tow string ; some one suggested smearing the cotton cloth with tar

but it is doubtful if this would sufficiently increase its effectiveness to

warrant the expense. In 1826, Harris recommended a sheathing paper
bandage, and the more expensive cloth bandages have since received little

attention
;
paper had been used without success as early as 1806 by Peters.

Various kinds of paper bandages have been suggested, such as old news-

papers, heavy Manilla or roofing paper, and tarred paper ; Bateman used

the latter quite successfully in 1871.

Tarred paper. — We tested the ordinary tarred siding paper for three

years with the following results :
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I894- I 895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
found in
one tree.

Effect of
applica-
tion on
tree.

18 May, 1894 21 April, 1895...

23 May, 1895.

.

8(40%) 10 2 None

1895- 1896.

8 June, 1895 21
5 June, 1896.

11 June, 1896.
12 June, 1896.

3(14%) 3 I None

1896-1897.

II July, 1896.

13 July, 1896. 33

22. 23, 25, 28
June, 1897 .

.

10(30%) 12 3 None

Years. Untreated or Check Trees.

1894-1895....
1895-1896
1895-1897....

128

128
128

Same dates . .

.

60(47%)
68(53%)
75(58%)

128

176

137

8
8
6

From this tabular statement we learn that while from 14 to 40 per cent

of the treated trees were infested, yet the paper evidently kept out from ^
to J^ of the borers, as compared with the untreated trees. This is a very

good showing for the tarred paper bandage.

We used pieces of paper large enough so that they usually went around

the tree twice and extended from the roots to about a foot above the sur-

face of the soil. Several of the treated trees are to be seen in the first row
of trees in figure 52 ; and in figure 54 is shown a nearer view of one of the

trees. As the figure shows, the paper was carefully and closely applied to

the tree, especially at the top, and going around the tree twice made two
thicknesses of the paper, thus apparently eliminating all chances for the

little borers to get in. And yet some of the borers got in in spite of the

tarred paper bandage.

We believe the tarred paper acted only as a mechanical barrier, and that

its odor did not add to its effectiveness. Hence we should expect ordinary

newspaper or any other paper bandage to be equally as effective a preven-
tive if carefully applied. The tarred paper did not injure our young trees

in the least, although it was applied to the same trees for three years in
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succession and remained on the trees nearly the whole time. But others

(Smith, 1898) have injured trees with it. Old newspapers or any wrapping

papers are much cheaper, a little easier to apply and probably just as

effective, but they will not remain intact nearly so long in northern peach

districts on account of rains and winds. Smith (1898) records some fairl}'

successful experiments with news-

paper bandages ; and Cordley tells

us that in Oregon where the rains do

not interfere with it so much as in the

East, it is one of the most success-

ful methods in use against the Pacific

coast peach-tree borer. Large or

moderate sized trees were treated in

New Jersey with newspapers for less

than one cent per tree.

The evidence thus indicates that

paper bandages, when carefully ap-

plied, are one of the cheapest, and

they are also quite an effective method

of keeping out peach-tree borers.

Apply the paper closeh- around the

base of the tree from the roots to

about a foot above the soil from June

15th to July ist in New York, and it

should remain intact until November.

Do not use too large or strong a cord

for tying on the paper as it is liable

to interfere with the growth of the

tree ; never use wire for this purpose

on young, growing trees.

[d) By the use of wire-cages or

similar mechanical devices.
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54. — Peach-tree treated with
tarred paper in the experi-
mental orchard.

In 1806, Peters recorded \?a.%.\.fravies

filled with sand were not effective

against the borers, but in 1808 (Matlack)and 1825 (Haines) sand in mounds
or cylinders or boxes around the trees was reported a success. In 1898.

Smith boxed some trees " with half-inch stuff three inches wide and
covering the trunk to the branches "

; half of the boxes were closed at the

top and the rest left open. Apparently the boxes were not filled with sand

or anything else. He states that " the results on the boxed trees are only

what we had a right to expect. So far from a shelter being an objection

to the moth, it is rather an invitation, and a tile or box-protected tree,

with an opening at the top, would rather tempt than repel. If the top be

closed by a band tied tightly to the tree, the effect would propably be
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good, but this is by all odds the most expensive possible means of keeping

out the borers and should be excluded from practical consideration

altogether." Stedman (1898) says that " thin wooden wrappers are satisfac-

tory and, as they can be purchased for about three dollars per thousand from

box and basket makers, they are economical. " They shoiild be pushed down

into the ground so the adults cannot crawl under to deposit their eggs, and

the tops should be stopped up with cotton wool in order to prevent them

from entering there." Some one has conceived the scheme to protect the

trees by tiles. Smith expected to test these tile protectors in 1897, but

they were so heavy and clumsy that his experimenter refused to use them,

but he tested the principle on which they were supposed to act with the

wooden boxes, as mentioned above.

The evidence would hardly encourage a peach-grower to go to the

expense of making any of the above applications, when there are others

which are much cheaper and much more eflfectual.

'Wire-cage.—In 189c, Lintner announced that a model for a " new tree-

protector " had been shown him, " which promises to give complete pro-

tection for young trees from the attacks of the peach-tree borer. A cylinder

of wire netting, fifteen inches high, mounted on a galvanized metal base,

gathered in at the top so as to adjust itself closely to the tree, opens at one

side for passing it around the trunk, and is then secured and fastened to

the ground, and slightly into it, by a sliding pin. With this protection, the

moth would be effectually prevented from depositing an egg upon or near

the base of the tree. The cylinders could be quickly applied, and with

proper care in housing them, they would last for man}' years. It is thought

that they can be offered for sale at about twelve dollars the hundred." Dr.

Lintner wrote us in 1894 that he had no record of the name of the

person who showed him this wire device. Although it was at once pointed

out by Snyder (i89[) that this device was too expensive for extensive use, the

idea seemed so good theoretically that most of those who have recently

discussed this insect have given such a device a prominent place in their

recommendations. But apparently no records of actual tests of the device

appeared until 1898 (Smith). Smith wrapped pieces of ordinary wire mos-

quito netting, 12 by 18 inches in size, around the trees, letting it run about

two inches below ground, and keeping it about half an inch away frota the

trunk by a band of newspaper at the top which filled the space between the

wire and the tree ; he found it to cost about five cents each for sixty young
trees. His results were far from conclusive but seemed encouraging.

We thoroughly tested these wire-cages in 1894 and 1895. The netting

was cut into pieces 14 by 16 inches in size, and the first year we unraveled

or pulled out the cross threads on the upper end for a distance of about

three inches, so that we could bring the strands together closely around

the tree. The next year, we slit down the upper end for about three inches,

making the slits about half an inch apart ; we found this the quicker
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method, and it also served our purpose better,

placed the wire netting around the
tree so that it extended from below
ground where the roots were given off

to about a foot above the surface. An
inch or more of space was left between
the cylinder and the tree, and at the
top the slitted wire was carefully brought
together around against the tree and
tied. Great care was taken, especially
the second year, to make and to keep
this cage so tight at the top that by
no possibility could one of the moths
have gotten inside of it during the sea-
son. In figure 55 is shown one of our
wire cages in position. Here we have
a theoretically perfect protector from
the attacks of this pest. We could apply
such a cage at a cost of about five cents
per tree, but each protector would doubt-
less last for two or three years, hence the
final expense was really not greater
than that of many other methods which
must be renewed annually. We felt

confident that this wire cage or protec-
tor would surely solve the question of
perfect protection against the peach-
^ree borer.

The following results show what
little regard the borers had for our
theory :

_^__^ 1894-1895.

We dug out all the borers.

55- — IVii'e-cage protector in
positiott on a peach-tree in
the experimental orchard.
Theoretically a perfect pro-
tector^ but practically a use-
less device.

When applied.
Number
of trees
treated.

When examined.
TVT ,- I I

Largest
,Number Number

\

number EfTect of
of trees of borers of borers applica-
infested. found.

; in one tiou on

17 June, 1895
5 June, i{

11 June, 1896.114(67^
12 June, 1896.

44 13

Years.

I894- I 895.
1895-1896.

None

Untreated or Check Trees.

128

128
Same dates. 60(47%)

68(53%)
128

176
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As the table shows, it was simply a case of misplaced confidence. More
of the caged trees were infested by borers than there were of the untreated

ones. And what is still more remarkable is the fact that the first year there

were nearly as many borers in the caged trees as in those untreated, and

the second year, when we took very great pains with the cages, nearly twice

as many borers got into the caged trees as into the same number of untreated

trees ! The most borers we ever found ( thirteen ) in a single tree in our

experimental orchard were found in one of these carefully caged or pro-

tected (?) trees ! It is almost needless to say that we did not consider it

necessar}' to test this theoretically perfect wire protector another year.

The cages apparently attracted rather than repelled the insect. We are

not quite sure how the borers got in, but probably the moths laid their eggs

on the trunk above the cage, and when the borers hatched they could easily

have crawled through the meshes of the wire
;
perhaps when once inside

the cage, it then afforded the borers a sure protection from their enemies

so that every borer which got inside survived to do its destructive work.

We must conclude from our experiment that wire mosquito-netting pro-

tectors offer no protection against the attacks of the peach-tree borer, and
the indications are that they are worse than no treatment, and also offer

an attraction or protection to the insects rather than repel them.

(e) By the use of ivashes.

At least 50 diiferent kinds of so-called "washes" have been suggested

for preventing the attacks of the peach-tree borer. We have made careful

and thorough tests of 18 different washes, and these include most of the

representative mixtures. We will not attempt a classification of the

washes but will discuss those we have treated, and will briefly mention
under each of these, the others which seem to us to have similar pro-

tective properties.

In applying the different washes, we first dug out the borers, removed all

soil from around the base of the tree down to and usually includingan inch or

more of the main roots, brushed clean the portion of the tree to be
treated, then put on the wash so thoroughly as to completely cover all

irregularities in the bark from the roots to about 12 to 18 inches above the

ground; after allowing the wash to dry somewhat the soil would be

returned around the base of the tree.

In 1806, Peters reported no success with washes of sulphuric acid, tur-

pentine, brine, urinous applications, and nitrous mixtures and they have
been scarcely mentioned since.

Asafetida and aloes wash.—This was used against the apple-tree borer

by Wielandy in 1870 (American Entomologist, II, 147), and it seemed to

us to afford a good test of the effect of odors and bitterness on the peach-
tree borer, We used % pound of each of the substances in 2 quarts

of water, heating it to dissolve them. The wash was visible on the trees

for a month and a half but retained its odor for a much shorter time.

The following table gives our results from the use of this wash :
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1894-1895.

205

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
Number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

5 June, 1894. 21 30 Apr. 1895.
24 Ma5', 1895.

9(43%) 21 4 None

1895-1896.

12 June, 1895.
16 July, 1895. 14

6 June, 1896.

14 " " . 8(57%) 8 2 None

Years. Untreated or Check Trees.

1894-1895
1895-1896

128
128

Same dates. . . 60(47%)
68(53%)

128

176

8
8

The first year the application was too early and it had no effect on the

numbers of the borers. The second year the wash was applied twice, and

the results were considerably better, although a larger percentage of trees

were infested. The results offer no encouragement to use such a wash.

Tallow.—Finding that axle grease had been recommended for the apple-

tree borer, it occured to us that tallow, melted and applied as a wash, might

prove effective against the peach-tree borer. As the tallow formed a com-

plete and very greasy coating, and remained so for several months, we
expected good results from it. The following table shows the results we
got :

I894- I 895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
found in
one tree.

4

Effect of
applica-
tion on
tree.

4 June, 1894 21
30 April, 1895.

24 May, 1895. 8 (38%) 17 None

1895-1896.

25 June, 1895 21

6 June, 1896.
II June, 1896.

15 June, 1896.

II (52%) 40 II None

Years. Untreated or Ch eck Trees.

1894-1895 ....

1895-1896
128
128

Same dates . . . 60(47%)
68 (53%)

128

176

8
8

The tallow did not materially lesson the number of infested trees, and

the second year it was tested, the treated trees contained more borers than
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those untreated. We cannot explain why such a greasy coating should not

be more effective.

Soap washes.—A strong soap suds or a soap wash has been a standard

recommendation for borers of all kinds for a century. As soft soap was

not easily obtained, we tested a solution of hard soap for two years, using

it at the rate of ^potind in i gallon of water the first year, and twice as

strongjthe next year. Our results are as follows:

1894-1895.

When applied.
Number
of trees
tested.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

I June, 1894.

19 July, 1894. 14 April, 1895 9(64/^) 42 9 None

1895-1896.

12 June, 1895
16 uly, 1895 14

5 June, 1896.
II June, 1896. 9(64%)' 21 7 None

Years. Untreated or Check Trees.

1 894-1 895
1895-T896

128
128

Same dates. . . 60(47%)
68 (53%)

128

176

8

8

The table shows that, although the soap was applied twice each year, many
more (over twice as many the first year) borers attacked the treated than

the same number of untreated trees, and a larger percentage of the treated

trees were infested. We doubt if soft soap would have given better results.

We tested whale oil soap {yi pound in i gallon of water) for two years with

the following results :

1894-1895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers

in one
tree.

Effect of
applica-
tion on
tree.

13 June, 1894 9 25 May, 1895

.

2 (22%) 6 3 None

1895-1896.

26 June, 1895
16 July, 1895 9 17 June, 1896. 4 (44%) 9 4 None
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Thus whale oil soap gave but little more encouraging results than hard

soap. One application of soap will be washed off too soon in most

eastern peach districts, and two applications are too expensive in labor.

We must conclude that ordinary soap washes are valueless.

" Glubo,^^ a soap refuse, was recommended by Morgan in 1893. In 1888,

Ashmead recommended that Parisgreen be added to the soap wash, and since

then many have added this poison to other washes. Such poisoned washes

had been recommended for apple-tree borers nearly 15 years before. It is

very doubtful if Paris green or similar poisons add anything to the value of

washes, and such poisons may injure the trees, as pointed out by McCarthy

in 1891, and as will be seen in our results from the use of such washes. Our
experience with carbolic acid in other washes leads us to believe that the

carbolic acid soaps sometimes recommended have little value as a preventive

of the attacks of the peach-tree borer.

We doubt if the Shaker wash (Lintner, 1891) consisting oi fish oil, soft

soap, whale oil soap, and pulverized sulphur would effectually prevent

many borers from getting into the trees.

Whitewash.—L/ime is one of the principal ingredients of a great many
washes. We first tested it for one year as ordinary whitewash, and

although we made two applications, on May 31st and July 19th, no encour-

aging results were obtained. The whitewash scaled off quickly under the

influence of rains and other ordinary climatic conditions.

Whitewash and Linseed oil.—This combination was suggested to us by a

correspondent in 1895. To every gallon of thick whitewash we added one

quart of linseed oil. The oil greatly increased the lasting qualities of the

whitewash, and the mixture formed a good coating on the trees for two

months. Linseed oil is reported as a dangerous ingredient in washes

(Howard, Bull. 2, U. S. Div. of Ent., p. 34) but no injury resulted to our

young trees from its use with whitewash. The following table gives our

results from one year's test of this wash :

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

24 June, 1895. 14

6 June, 1896.

15 June, 1896

17 June, 1896.
7 (50%)

,
"3 5 None

Years. Untreated or Check Trees.

1895-1896. . .

.

128 Same dates. .

.

68(53%) .. 8

The results afford no encouragement to the peach-grower.



2o8 Bulletin 176.

It is doubtful if the whitewash a?td glue wash recommended by Marlatt

(1896), or the Bordeaux- mixture inconclusively tested by Baker (1898)

would afford any more protection from the peach-tree borer than did our

similar luhitewash and linseed oil wash.

Hale's and similar washes.—Since 1888 Mr, J. H. Hale, one of Amer-

ica's most famous and most successful peach-growers, has strongly recom-

mended a wash of potash or soap, lime, and carbolic acid, and sometimes

Paris green; the real "meat" of the whole thing, he states "being

the carbolic acid which makes such an offensive odor that the moth is

driven to more congenial quarters to lay her eggs." This wash has

doubtless been more extensively used during the past ten years than any

other application. Some substituted clay for the lime, while Stedman (1898)

advises adding common washing soda and a poison.

We dissolved Y^ pound of hard soap in i pint of water and then

added % pint of crude carbolic acid ; to this enough freshly slacked lime

was added to form a thick wash. We tested this wash thoroughly for two

years with the following results.

1894-1895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
Number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

I June, 1894.
28 " 35

April, 1895 .

24 May, 1895.. 17 (48%) 26 5 None

I 895-1896.

12 June, 1895.
16 July, 1895. 21

5 June, 1896
II " " . .

17 " " ..

6(29%) II 4 None

Years. Untreated or Check Trees.

1894-1895 . . .

1895-1896....
128
128

Same dates. . 60(47%)
68(53%)

128

176

8
8

Apparently Hale's wash kept out from >^ to >^ of the borers, but it

required two applications each year. In New York the wash began to

scale off in two weeks, and thus lost its mechanical protective qualities
;

and we do not believe the offensive carbolic acid has any repellant effect on
the moths, and certainly the soap or whitewash is not protective, as our

experiments, detailed above, show.



The Peach-Tree Borer. 209

None of the washes we have used which contained lime as a principal

ingredient, except the whitewash and linseed oil wash, remained intact on
the bark as long as it is necessarj- to afford protection from the borers.

The climatic conditions in New York soon cause the lime to scale off, and
thus whatever mechanical protective quality (it has no other) it might have
is rendered useless.

It is a significant fact that all those who report good results from the use

of Hale's wash also practice " digging out " the borers, and then give all

the credit to the wash. We do not believe that Hale's wash, and the

other similar washes mentioned above, will afford nearly as much protection

against the peach-tree borer, under northern climatic conditions, as will

some ohter applications which it is necessary to make but once a year.

Lime, salt and sulphur wash.—A two years' test of this famous Cali-

fornia insecticide gave us the following results :

1894-1895.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

I,argest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

5 June, 1894. 14 I May, 1895.

24 May, 1895

.

5 (36'^) 24 ID None

I 895-1896.

25 June, 1895.
16 July, 1895. 7 II June, 1896. 5(71%) 9 4 None

Years. Untreated or Check Trees.

1894-1895
1895-1896

128
128

Same dates. . .

If II

60 (47%)
68(53%)

128

176

8
8

Even two applications of this wash had no effect upon the numbers of

the borers, hence it is valueless.

Resin wash. —This is another insecticide w hich has been extensively

used on the Pacific coast, and good results have been reported from Oregon
when it was used as a wash for the native peach-tree borer. We used this

resin wash, made according to the California formula, for two years.

Although we used it of double strength and made two applications the

second year, the results obtained, as given in the following table, show
that such a wash has little to recommend it to peach-growers who are fight-

ing the borers:
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1894-1895.

When applied.
Number
of trees
treated

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

13 June, 1894. 10

•

24 May, 1895. 3 (30%) 5
,

3 None
1

1895-1896.

26 June, 1895.
16 July, 1895. 7 15 June, 1896. 4(57%) 6 2 None

Years. Untreated or Check Trees.

1894- 1895
1895-1896

128
128

Same dates . .

.

K 1(

60 (47%)' 128

68(53%) 176

8
8

A wash made of resin, linseed oil, and beeswax has been recommended.

It would be rather expensive to use on a large scale, and it is very doubt-

ful if it would be more effectual than the resin wash just discussed.

Paris green and glue wash.—This wash was apparent])^ iirst suggested

by Neal in 1889 (Bull. 4, Fla. Expt, Station), and a few years ago was

strongly recommended in prominent entomological and horticultural books.

We dissolved one pound of common glue in one-half gallon water, then

added one ounce of Paris green, and diluted the whole to two gallons with

water (Neal's fornmla). We used it at the above strength and later only

half as strong. Within a week after this wash was applied the leaves on
nearly every tree began to drop off and in three weeks most of the trees

were dead. The wash had killed the bark where it was applied, and had
thus practically girdled the tree at the base. Others have reported similar

results from its use, so that it should never be used, at least on young trees.

Probably the addition of whitewash, as suggested by Smith (Insect Life,

IV, 43), would render the wash less injurious to the trees, but we do not

believe it would make an effective wash of it.

White or green paint.—Ordinary white paint, made of linseed oil and
white lead, was strongly recommended about five years ago by the Virginia

and Nebraska Experiment Stations as an effective application for borers.

We used white paint for two years with the following results :
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1895-1896.

211

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

19 June, 1895. 14 16 June, 1896. 2 (14%) 3 2 None

I 896- I 897.

14 July, 1896. 20 22-28 June,

1897

II (55%) 12 3 Slight
injury

1

Years. Untreated or Check Trees.

1895-1896. . .

.

1896-1897
128
128

Same dates . . , 68(53%) 176

75 (58%) 137

8
6

The first year the paint was very effectual, keeping out nearly | of the

borers, and doing little or no injury to the trees. The second year it did

not keep out y^ of the borers, a large percentage of the treated trees were

infested, and the trees were noticeably injured
;
possibly the application

was made a little late in 1896-. Our conclusion is that white paint makes a

lasting wash and it will doubtless keep out ^ or more of the borers, but it

may injure young trees
; a young orchard is said to have been completely

ruined in Alabama by its use (Baker, 1898). It would probably not injure

old trees, but we doubt if it would usually be applied thoroughly enough on

such trees to penetrate all the cracks and crevices which it must do to be a

preventive. We doubt its effectiveness when applied on old trees, and
would not recommend it for general use on young trees.

We made a light green paint by stirring ^ pound of Paris green into i

gallon of white paint, made as described above. We thus had a poisoned

wash. Our results from a two years' experience with this green paint is

shown in the following table :
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1895-1896.

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Largest
Number number
of borers of borers
found. in one

1
tree.

Effect of
applica-
tion on
tree.

19 June, 1895 14 II June, 1896. 5 (36%) 7 2 Much
injury

1896-1897. 1

13 July, 1896 28 22, 23, 28 June,
1897

2( 1%) 2 I Much
injury

Apparently the paint was a very effectual preventive, but the fact that

many of the trees were seriously injured and some of them died from its

use, renders the results as to the number of infested trees and the number
of borers found of no value. This experiment in connection with our Paris

green and glue combinations is strong evidence that Paris green is a dan-

gerous ingredient in washes, and we do not believe it increases their effec-

tiveness.

Hydraulic cement wash,—In 1824, Shotwell recorded that he found a

lime mortar or bricklayer^s mortar to work perfectly as a wash to keep out

peach-tree borers. In 1891, Woodward recommended a wash made of dirty

soap, sweet skim milk and hydraulic cement (common water-lime) as " a

sure and safe remedj' for borers. '

' Two years later McCarthy recommended
a wash of sour or buttermilk and hydraulic cement, stating that " the

weak-jawed grub is unable to break it, and hence soon dies of exhaustion ;"

but further stipulating that it must be applied every two or three weeks, as

the growth of the tree causes it to crack. In 1898, Smith recorded some
experiments with a wash of skim milk and the cement. He demonstrated

that the milk made such a wash last much longer than if water were used,

and that as a mechanical coating it left nothing to be desired. One appli-

cation would last and remain in good condition as long as necessarj-, but it

would not "prevent the exit of borers that were already working in the

tree, but -would keep out any young larvse that attempted to get in." Smith's

results from the use of this cement wash, so far as keeping out the borers is

concerned, were inconclusive.

We made a wash of sweet skim milk (from a separator) and Portland

cement, using about 6 pounds of cement in 3 or 4 quarts of water ; this

was sufficient to treat 48 young trees from i >^ to 4 inches in diameter. It

is a very cheap wash, is easily applied, does not injure the trees, and lasts

as long as desirable. Thus, theoretically it is an ideal, mechanical, pre-

ventive coating or wash.

We gave this wash a thorough test in 1898-1899 with the following results :
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When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

7 July, 1898. 47 26 May, 1899.

30 Jutie, 1899. 26(55%) 36 4 None

Years. Untreated or Check Trees.

1898-1899. 56 Same dates. 25(44%) 41 3

This table shatters another theoretical ideal, for there were more infested

trees among the treated than among the untreated ones, and just as many
borers got into the treated trees. We had expected much more encourag-

ing results from the use of this cement wash, but it evidently has not the

qualities which will make it of any value to the peach-grower.

Printer's Ink.—This seemed to us to have qualities which might make it a

good wash for the peach-tree borer, hence we tested it with the following

results :

When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

7 July, 1898. 27 26 May, 1899.

30 June, 1899. 8(30%) 9 2

Slight
injury

Years. Untreated or Check Trees.

1898-1899. 56 Same dates. 25 (44%) 41 3

Although the ink kept out about one-half of the borers, it caused gummy
exudations where it was applied, indicating injury to the bark, hence it is

not to be recommended.

Raupenleim.—This " Caterpillar glue " is a German product, resetnbling

somewhat axle-grease mixed with tar. It has been extensively used in

Europe, and in fighting the Gypsy Moth in Massachusetts. It is sticky and
has a distinct tarry odor, and is applied to the bark of trees to prevent the

ascent of caterpillars and other insects. When applied in a thick band, it

retains its sticky properties for a considerable period. Apparently it had
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the necessary qualities to make it a good preventive vpash to keep out

peach-tree borers, hence we tried it for two years with the following

results :

1895- I 896.

When applied.
No. of
trees

treated.
When examined.

No. of
trees

infested.

No. of
borers
found.

EfTect of application
on tree.

18 June, 1895 21 II June, 1896.. . Killed 7 recently-
set trees

1896-1897.

10 July, 1896 42 22, 23, 25, 28,

June, 1897....

Killed every tree

It is to be noted that the first year the raupenleim apparently injured

only seven trees which had been set only two or three months and had not

yet become thoroughly established. As a preventive against the peach-tree

borer it was a perfect success on the 14 uninjured trees. Our hopes rose

high, and we treated twice as many trees the second year, but we were
doomed to bitter disappointment for, as the table shows, not a tree survived

the treatment. In figure 56 is shown the effects of raupenleim and dendro-

lene. Perhaps old trees will stand the raupenleim better, but we believe it

is not a safe, although apparently a sure, preventive wash.

We applied the raupenleim on the bark from the roots to about six or

eight inches above the surface of the soil
; Yz pound sufficed to treat 21

trees (i>^ to 2 inches in diameter), making a band of the substance from yi

to X of an inch thick.

Dendrolene.—This is a crude petroleum product and an American imita-

tion of the German raupenleim. The substance was first made for Profes-

sor Smith in New Jersey in 1895, and some preliminary experiments which
he made with it that year, led him to strongly recommend it as a general
application for borers and other insects. Soon a dendrolene was placed
upon the market and it has been tested in several States, but practically all

reports show that it either seriously injured or killed all fruit-trees on which
it was applied. We treated 50 trees in the same manner as with the raupen-
leim, and the following table shows that our results agree with most other
records

:
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1896-1897.

When applied.
Number
of trees
treated.

When examined.
Number
of trees

infested.

Number
of borers
found.

Effect of application
on trees.

10 July, 1896. 50 22-30 June, 1897 Killed every tree

We must conclude that neither raupenleim nor its imitation, dendrolene

(the kind now on the market) is a safe application for young peach-trees.

In figure 56 is shown the effect of the application of these substances on

our trees.

Pine Tar.— We used some " pure North Carolina pine tar" as a wash

with the following results :

When applied.
Number
of trees
treated.

When examined.
Number
of trees

infested.

Number
of borers
found.

Largest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

7 July, 1898. 34 26 May, 1899.

30 June, 1899. 13(38%) 19 3 None

Years. Untreated or Check Trees.

1898-1899 56 Same dates. 25(44)% 41 3

Apparently the pine tar kept out a few borers, but not enough to warrant
its being recommended as a preventive of the peach-tree borer.

Gas Tar.—Tar was among the first washes to be used against the peach-

tree borer, and several (Merriamand Meehan, 1859 ; "J. R. G." in Count.

Gent., XXX, 14; and " R. H. S." in Rural New Yorker for 1893, p. 622)

have recorded that it was a first-class preventive wash, and it did not injure

their trees. Some, however, have found that the tar injured or killed

young trees.

We used it as a wash for three years, heating it slightly so that it could

be more easily painted on, and applying it to the same trees each year, with
these results :
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When applied.
Number
of trees
treated.

When examined.
Number
of trees
infested.

Number
of borers
found.

I^argest
number
of borers
in one
tree.

Effect of
applica-
tion on
tree.

31 May, 1894. 21 April, 1895. . . .

I May, 1895 . . .

24 May, 1895.

2 (10%) 3 2 None

I895- I 896.

18 June, 1895. 21 6 June, 1896.
II June, 1896.

15 June, 1896.
5 (24%) 6 2 None

1896-1897.

14 July, 1896. 21 22 June, 1897.

23 June, 1897.
28 June, 1897.

None

Years. Untreated or Check Trees.

1894-1895
1895-1896
1896-1897

128
128
128

Same dates. .

.

1( (C

60 (47%)
68(53%)
75(58%)

128

176

137

8
8

6

The tar apparently kept out from four-fifths to all of the borers, only a

small percentage of the trees became infested, and no injury resulted to

the trees. These are the best results we obtained from the application of

any wash which did not injure the trees. Our trees had been growing for

a year, and hence were well established when the tar was applied ; we
suspect some of those who injured their trees applied the tar to unthrifty

or recently-set trees. In our experience the tar did not interfere with the

growth of the trees in the least. Tar is about as cheap as any wash, but it

is disagreeable stuff to manipulate. The results of our experiments would
lead us to believe that gas tar is the most effective application yet devised

for preventing the attacks of the peach-tree borer, and as our trees suffered

no injury from its use for three years on the same trees, we think it may
often be used with safety. I^et the young trees get thoroughly established

and get to growing thriftily, and keep them in this condition, and try the

gas tar'wash sparingly at first on a few trees.

Some miscellaneous washes.—In 1824, a wash of cow-dung, leaclied ashes,

2.\\(S. plaster of Paris was recommended, but we doubt if this would remain
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on the tree long enough and prove more effectual than Hale's or similar

washes. The same must be said of cow-dung and clay which was recom-

mended in 1827. In 1892, Brown recommended a wash made of lime, gas

tar and soap ; we have shown that soap and lime are not preventives, and

we believe they would neutralize the preventive qualities of the tar in this

combination. A wash of so/t soap, corrosive sublimate, and wood alcohol

was recommended in 1893 ; it would be an expensive wash and of very

doubtful efficiency.

We are well aware that many other combinations have been recommended

as washes for the peach-tree borer, but we think that they will be found to

differ very little from some of those we have tested or discussed.

Some General Conclusions Regarding Methods
of Fighting the Peach=Tree Borer.

Although American peach-growers have been fighting the

peach-tree borer for a hundred and fifty years, the results from

to-day's methods of warfare are not strikingly different from

those recorded b}^ Peters in 1806. Most of the applications now
recommended were devised nearly a century ago.

Cultural methods.—Different cultural methods (p. 188) such as

budding on various stocks, irrigation, and cultivation seem to

have little or no effect upon the number of the borers. But to

make a success of peach-growing it is usually necessary to

thoroughly cultivate and feed the trees, and we believe the

borers can be controlled more successfully and much easier in

such an orchard.

Our experiments*—During the past five years we have con-

ducted the most extensive and scientific series of experiments

ever attempted. An experimental orchard of 400 peach-trees

was set for the sole purpose of testing the so-called " remedies."

The details of the plan and extent of these experiments are dis-

cussed on p. 188. We thoroughly tested about 25 representa-

tive methods for combating the peach-tree borer.

Vulnerable stage of the insect.—The insect is open to success-

ful attack only in its larva or borer stage and in its pupa stage
;

the pupae are reached only by searching for the cocoons and
destroying them.
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DESTRUCTIVE MEASURES.

Of the destructive or killing methods recommended, the

^'freezing''' method (p. 192) and the use of carbon bisulphide

(p. 192) are unsuccessful and unsafe. Boiling wafer and similar

methods (p. 192) have been successfully employed, but they are

impracticable on a large scale and may injure or kill the trees.

The " digging out ** method.—The '

' digging out '

' method

(p. 193) is the only thoroughly successful and safe way of kill-

ing the peach-tree borer. This method is expensive in time and

labor, but our experience leads us to believe that any other

equally as successful method will cost just as much. To make
it a success, the "digging out "should be thoroughly done, not

only on every tree in the orchard, but also on all "old relics
"

of peach-trees in the immediate neighborhood. A half-dozen

such "old relics" left untreated near by served to thoroughly

re-stock our orchard with borers every year, so that our "dig-

ging out" method, although practiced thoroughly each year,

never reduced the numbers of the borers below the danger

limit (p. 191). This is a very important factor in the success of

the " digging out " method. Under certain millennial condi-

tions, mentioned on p. 194, we believe the numbers of borers could

be reduced to the minimum in an orchard by this method alone.

Practically every peach-grower, who makes any pretensions of

fighting the borers, digs them out at least once a year. Many
then apply some wash or other device, but curiously enough, they

usually attribute any success they may seem to have, not to the
'

' digging out
'

' process, where most of the credit usually belongs,

but to the other preventive applications. As our experiments

show, however, the application of certain preventive measures

after the borers have been dug out, is not a waste of energy

where several "old relics " are left untreated near by, or if a

neighbor's peach orchard a few rods away is neglected. As
these conditions usually prevail in the neighborhood of most

peach orchards, we doubt if the "digging out" or any other

method used alone, with a few possible exceptions, can be

depended upon to reduce the number of borers to the minimum.
But we believe there are several combinations of this destructive
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method with a preventive application which will give better

results than either one alone in most orchards, and will keep the

pest under control. The best time to dig out the borers is dis-

cussed in detail on p. 193.

PREVENTIVE MEASURES.

Plants.—There is little evidence to show that the odor of any

plant, like red cedar or tansy, will have any influence on the

numbers of the borers when such a plant is set with the tree

(p. 195) ; such plants would not be desirable adjuncts to peach-

growing for other reasons.

Tobacco.—It has been recommended to pile or scatter various

substances around the base of the tree to keep out the borers

(p. 1 96) but only two of these deserve serious consideration.

Nearly a century ago good results were reported from the use

of tobacco wound around the base of peach-trees. We tested

tobacco stems (midribs of the leaves) from a cigar factory, and

the results, given on page 197, astonished us. Evidently the

tobacco kept out from two-thirds to five-sixths of the borers.

We are not sure how the stems acted on the insect, but our

results indicate that, where tobacco stems are cheaply obtainable,

they will prove a good preventive from the attacks of the peach-

tree borer.

Mounding.—By this old and much-discussed method we
apparently keep out from one-half to seven-tenths of the borers

(p. 197). We do not understand just how the mounds of soil

keep out the borers, and we doubt if it would give as good results

if not practiced in connection with the " digging out" method.

The mounding method evidently has considerable value as a pre-

ventive and is perhaps the cheapest method yet devised. It is

perhaps the only method that is practicable in nurseries.

Paper protectors.—In the early days, cloth and similar protec-

tors were used, but all were soon superceded by the less expen-

sive and equally as effective paper bandages (p. 199). We kept

out from one-half to seven-eighths of the borers with the tarred

paper protector shown in figure 54. And doubtless where rains

and winds are not too prevalent to interfere with an ordinary

newspaper protector, it would give equally as good results as the
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tarred paper ; some report injury to the trees by the use of

tarred paper, but our trees suffered no injury from its use.

Paper protectors, when carefully put on and kept intact during

the danger period, will prove a valuable and very cheap pre-

ventive measure, especially when combined with the "digging

out " method.

Wire-cag'es.—Wooden boxes or tiles placed around the trees are

too expensive and the evidence (p. 201) shows that they afford

little protection. The device shown in figure 55, however, is

strongly recommended by most recent writers, and, theoretically,

it is an ideal protection from the ravages of this pest. We con-

fidently believed that we had solved the problem of how to keep

out the borer when we placed these wire mosquito-netting cages

around some of our trees. But it was a case of misplaced con-

fidence, for our theory was completely demolished when we
examined the caged trees the next year. The cages apparently

proved an attraction to the insect, for nearly twice as many
borers got into the caged trees as into those untreated. Read

the detailed account of this demolition of our pet theory or pre-

ventive device on p. 202.

Washes.—The favorite method of preventing the ravages of the

peach-tree borer has been, for at least a century, by the use of a

wash of some kind. More than 50 different washes have been

concocted, most of which are valueless as preventives, and some

of which will injure or kill the trees. We tested 18 washes.

An asaf(ztida and aloes wash (p.204) was not offensive enough.

Tallow (p. 205) should have given good results theoretically,

but it proved wholly useless ; this was a great surprise to us.

Ordinary soap and whale oil soap (p. 206), even two applications,

offered little or no protection. The addition of Paris green to a

soap wash will not increase its effectiveness, and it may injure

the trees. Carbolic acid soaps or the Shaker wash (p. 207) would

afford no more protection than ordinary soaps, we think.

Whitewash or whiteivash and linseed oil washes (p. 207) were

wholly ineffectual in our experiments. We doubt if whiteivash

and ghee, or Bordeaux mixture have better preventive qualities.

By making two applications the same season of Hale's cele-

brated wash (p. 208) we succeeded in keeping out from one-third
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to one-half of the borers. This wash will not remain intact

long enough in New York State, hence it is of little value unless

applied twice, which makes it too expensive a process. We can-

not see how Stedmaii' s (p. 208) or other variations of Hale's wash

could afford any greater protection from the borers.

Two applications the same season of a Ihne, salt and sulphur

wash (p. 209) and a resin wash (p. 209) gave little encouraging

results to peach-growers.

A Parisgreen and glue wash (p. 210) killed our trees in a few

weeks.

White paint (p. 210) proves to be quite an effective wash,

keeping out from one-half to five-sixths of the borers, but it may
injure young trees, and we doubt its proving as effectual on old

trees.

White paint and Paris green or green paint (p. 211) is quite an

effectual wash but it seriously injured our young trees, and is

therefore not to be generally recommended.

77/1? Hydraulic cement wash (p. 212) which has recently

attracted considerable attention, makes an ideal coating over the

bark, but we did not succeed in keeping out any borers with it,

thus shattering another theoretical ideal.

Printer s iyik (p. 212), although it apparently kept out nearly

one-half of the borers, it injured our trees, and thus cannot be

recommended.

Raupenleim (p. 213) dendrolene (p. 214), kept out all of the

borers, but killed all the trees. See figure 56.

Pine tar (p. 216) kept but a few borers out of our trees.

(}as tar (p. 216) proved to be the best application we tested.

We used it freely on the same trees for three successive years

without the slightest injury to the trees and it kept out nearly

all the borers. We had been led to believe that tar was very

injurious to young trees, and confidently expected to see our
trees die each year after being treated with it. But the trees

kept just as healthy and grew as thriftily as any others in the

orchard. Let the trees become thoroughly established and get a

year's growth, and it is our experience that tar can be used with
safety on them. Go slow with it, by first testing it on a few
trees in your orchard. We believe it will prove equally effective
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whether the borers are dug out or not, and from no other appli-

cation 5^et devised would we expect to get such results when used

independent of the " digging out " method.

A few miscellaneous washes of very doubtful value are dis-

cussed on p. 217.

Some general conclwsions regfarding washes.

—

Lime and some

kind of soap are often the principal ingredients of washes. Our
experience leads us to believe that neither of these substances

exercise any preventive effect on the peach-tree borer. Further-

more, climatic conditions in New York and doubtless in most

northern peach districts, will causeany wash containing much lime

to scale off and thus render it ineffective, before the moths have

stopped laying eggs. Thus soap and liyne or clay are useless

ingredients and lime may seriously interfere with the effective-

ness of a wash in moist climates.

We do not believe a poison. like Paris green adds anything to

the effectiveness of a wash, and it may prove a dangerous

ingredient, as with glue or white paint. The theorj^ upon which

the poison is supposed to work is a wrong one. The newh'-

hatched borer does not deliberately eat its way through the wash
and thus get some of the poison, according to the theory, but it

seeks a minute crack or crevice and works its way in below the

surface bark, on which the wash is applied, before it begins to

eat. We believe this last fact, regarding the entrance of the

newly-hatched borer into the tree, will explain much of the

ineffectiveness of washes. It is very difficult to so thoroughl}-

cover the bark of even a young peach-tree that many minute

cracks will not be left or soon be made through the wash by

climatic conditions or bv the growth of the tree.

Crude carbolic acid is another favorite ingredient in washes.

Hale says it is the " meat " of his wash, on the theory that its

odor is offensive to the moths. In our experience in combating

the peach-tree borer or any other insect, we have .seen little or

no evidence that substances having offensive odors had any

repellant effect in keeping the insect away from the food-plant

of its progeny. Asafoetida did not in our experiments, and we
do not believe that any of the effectiveness of tarred paper pro-

tectors was due to their odor, for others get just as good results
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from newspapers ; they form a mechanical and not an odorous

barrier to the insect. Hence, we do not believe that carbolic acid

is a useful ingredient of washes.

Most, perhaps all, of the washes act simply as a preventive,

mechanical coating over the bark to keep the newly-hatched

borers out. Such substances as ra7ipe?t/eim, dendrolene , and^aj-

tar seem to be ideal washes but the two first usually kill young

trees, and the last also has a similar reputation in some localities,

although we saw no evidence to indicate that tar was injurious

to well-established young peach-trees. Perhaps some one can

so modify these ideal washes as to retain their effectiveness as a

preventive and j^et eliminate their plant-injuring qualities.

Future compounders of washes should work along this line.

We think that most of the above generalizations regarding

washes may also appl)- to washes designed to prevent the work
of the apple-tree borer.

When to apply washes or other preventive measures.—In New
York the applications should be made between June 15th and
July I St, and they should remain in perfect working order until

October ist. In Canada, July 15th will usually be soon enough
to make applications, and they should last until November.
In tlie vSouth, the applications should be made in April and they
will apparently have to last for three or more months. Read
the detailed discussions of the different methods for instructions
how they are to be applied.

Final conclusions.—In our four years of warfare against the
peach-tree borer we have been thoroughly convinced that
it is a very difficult insect enemy to control. No method of
fighting it has yet been devised by which the peach-grower can
hope to get a .single year's respite

; the trees must be treated
anew each year and thus the warfare is a perpetual one.
The following substances injured or killed our trees and are

therefore clas.sed as dangerous :

/*aris (rreen and glue,
Raupenleim,
Dendrolenc,

While paint.

White paint and Paris green,
Printer' s Ink.
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The following is a list of the things we found to be practically

ineffectual or useless

:

Wire-cages,

Carbon bisulphide,

Asafoetida and aloes,

Lime, salt and sulphur,

Resin wash,
Hard soap,

Tallow,

Tansy

,

Whale-oil soap.

Whitewash,
Lime and linseed oil,

Hydraidic cement wash,

Pi7ie tar.

Hale' s wash {^i application').

The following methods proved to he. quite effective, that is most

of them kept out over }i of the borers.

Hale's wash {2 applications) kept out }i to }4

,

Moundiyig kept out )^ to -^,

Tarred paper kept out }^ to j4,

Tobacco stems kept out ^3 to f

.

We would expect equally as good results from the
'

' digging

out'" method applied under the conditions stated on pages 194

and 219.

Gas tar (p. 216) gave us the best results of anything we tried

We doubt if the applications listed as quite effective would

prove as effective if used alone, hence we would recommend that

they be combined with the "digging out" method, for the

reasons mentioned on pages 195 and 219. Make whichever com-

bination best suits your conditions.

If you find, after a preliminary test on a few trees that you
can use gas tar without injuring your trees, we believe it will

prove to be the most effective and cheapest method of fighting

the peach-tree borer ; but use it carefully and intelligently, as

trees have been injured by its use.

We began this investigation confident that some sure pre-

ventive of the entrance of the borers into the trees would be

found. There was nothing lacking on our part to have the sub-

stances we tested do all that they were recommended or

expected to do. We did not accomplish our ideal, but we have
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demonstrated that nine-tenths of the methods recommended are

useless. Our experiments furnish much definite data for future

workers, and form a definite basis on which to make suggestions

regarding methods of fighting the apple-tree borer and other

borers. Our experiments must lead to a much more rational

and intelligent warfare against the peach-tree borer. Peach-

growers will now know ivhat 7iot to do, which is often equally as

valuable and important as to know rvhat to do. Finally, our

experiments have enabled us to point out with confidence

certain methods by which the peach-grower may hope to control

his worst insect enemy—the peach-tree borer.

BIBLIOQRAPHY OF THE MORE IMPORTANT CONTRIBUTIONS
TO THE LITERATURE OF THE PEACH-TREE BORER.

1749. Kalm, P. Travels in North America, Trans, by Forster, II., 244.

Apparently the first reference to the insect. See note below frontis-

piece.

1771. Cooper, J. Submitted a paper to Am. Phil.Soc.,"On the Nature of

the Worms so Prejudicial to the Peach-Trees for Some Years Past, and
a Method for Preventing the Damage in Future." The Society ordered
the paper to be printed in the Pennsylvania Gazette a7id Journal.
This paper has not been accessible to us.

1801. Ellis, J. Papers on Agr., Mass. Agr. Soc, p. 25, 26; same account
in Mass. Agr. Soc. Papers for 1803, and in Trans. Am. Phil. Soc, V.,

325. Brief and fairly correct account submitted as Prize Essay ($30
prize) sometime before 1800 to Am. Phil. Society. Recommends bind-
ing on straw when trees are in bloom, removing it in the fall.

1802. Barton, B. S. Philosophical Mag., XXII., 208 (pub. in 1805).

Footnote as follows :
" The insects most pernicious to this tree are two

lepidopterous insects, of the genus zygaena of Fabricius. These while
in the larva state, destroy the bark of the root." Partly quoted by
Kirby and Spence in their Introduction to Entomology, I., 198 (1815).

1803. Mease, J. Domestic Encyclopedia, IV., 243-44. Brief account.
Recommends mounding, soap-suds, and quotes Ellis.

1804. Barton, B. S. Essay on 'A Number of the Pernicious Insects of

the United States," submitted to the Am. Phil. Soc. It was partly

read on Nov. 16, 1804, and received the Magellanic Premium on Dec.

21, 1804. The essay was returned for alterations in 1805, and we are

unable to find, that it was ever published. It is recorded (Harris in

1826) that the insect was described and given its first scientific name
of Zygaena persicae in this apparently' unpublished essay.

1805. Barton, B. S. Phil. Med. and Physical Journal, I ,' pt. II., p. 29.

Brief notice as being destructive to roots of peach. No description of

moth.
i8d8. Cooper, J. Mem. Phila. Soc. Prom. Agr., I., 11-14. (Paper

read Jan 14, 1806). Brief, but very good account of the life-history

and methods of controlling the insect. The "freezing-out" process

unsuccessful. A combination of the "digging-out" and "mounding
methods was very successful.
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FehlrT'sn^^
^p""-

""^^"f--,^""-
P^°"^- ^Sr., I., 15-19, (Paper readFeb. II, 1806). Records failure to prevent the work of the borers bythe use of 25 or more diflFerent '

' washes "and other methods Recom-mends exposing roots in winter and using boiling hot soap-suds or waterm August or September.
o r-

Matlack, T. Mem. Phila. Soc. Prom. Agr., I., 273-79. Supposedthere were two broods of the borers. Detailed account of successful
us^e^of sand (not loam) m earthen cylinder or in a pile around base of

1813 Cocke, J. H. Mease's Archives of Useful Knowledge, III 40-42Sameaccountin ^>nerjca;j Farmer (1820) I., 350. Good brief account

leaver
°''^'" ^^""^"^ ^""^ ^^^^ ''^""^ successful with tobacco

'^'°;Ti^KT>' ^^' r- ""; S->«
^^'' ^^'''^^' ^^y^ ^•' 331- Brief account

of hfe-history. Counted 678 eggs in one female.

fromSeS(W'"''""' ''"'"'^"'' '''" ^^^—t quoted

'^'^;^ofif^''
"^^

J^"""-
^^^^- ^'^i-Sci., III., 216. Original description ofmoth as exittosa. Pupa and cocoon described

of ^Jl^l^f' \- /°"'-
^""l*^-

-^^- ^^^^ "^•' "^7-221. Very good account
of the hfe-history of the insect ; egg first described. A sensible dis-cussion of methods then recommended. Recommends a bandage of towfollowed by a soft soap or lime-wash. Same account in American/^armer,l\., 395; and also in Mem. Bd. of Agr. of New York III
(1020), p 421. ' "

.f ','i^^,"^°^'' " (?^- ^f • )• ^'"^'-^'can Farmer, V., 118. Brief account
ot hfe-history, thought moths perforated bark to lav eggs. QuotesTilton s experience with hot water, and also the recomnTendatk.ns ofPeters, Coxeand Cocke.

Harris, T. W. Letters to Say and replies published in Psyc/ie VI
58, 60 122, 123-24 (1891) Brief notice; proposed to call \tfiersic<^

'

bred from cherry also. ^

1824. Shotwell, W. American Farmer, XL, 14. Records the successful
use or a lime mortar wash.

Thomas, E. American Farmer, VI., 37. Erroneous account of the
lite-history

;
thought there were two broods. Briefly described thefemale only as an Hymenopteron, Apis persica. Borers numerous onnursery stock. Same account in New F>!g-land Farmer III p 12

„, fi^^'i^lJ-
^'«^'''^««^^^'''«^'-. VI. 324-25. Verv good Summary ofmethods then recommended. Moths bred and submitted to Mitchelland v*5ay. Quotes Worth ( 1823) entire.

1825 Say, T. American Entomology, II.. pi. 19. Revision of original
description of moths. Worth, Shotwell and Thomas freely quotedregarding habits and methods of preventing. Fairly good coloredhguresof the male and female moth, the cocoon and the pupa skin •

these are the first pictures of the insect ever published
In the LeConte edition of Say's writings

,
published in 1859, and in

I vo°T
°"°^ '^^^' ^^"'^ ^''^''''^ is reprinted on pages 36-42, pi.

Haines, R America?! Farmer, VI., 401. Records success withsand in mounds and in boxes or cases around trees
1826 Harris, T. W. New Fngland Farmer, V., 33 Perhaps the best ofthe earlier accounts. Many references and quotations from earlier

writers. Insect described as persicae ; and the statement made that
this name of Barton has priority over Say's exitiosa. Recommenda-
tionsof Worth, Shotwell and Thomas summarized. Finrls there is butone brood of the insect in a year. Thought he found the larva in
black-knot on plum trees.
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1827. stabler, T. P. American Farmer,!^., 2(). Experiments showing
that a mortar of cow-dung and clay was not always effectual.

1832. Brown, T. Book of Butt., Moths and Sphinges, p. 17, fig. 63.

Quotes Worth (1823).

1835. " Senex " (Kinderhook, N. Y.). The Cultivator, II., 40. First saw
it near Philadelphia in 1800, from whence it spread northward at the

rate of 12 to 15 miles a year, reaching Kinderhook in [807. Thought
eggs were laid on leaves on which larvae fed for a time. Mistook
female for a parasitic wasp. Apparently the first account of the insect

in New York literature.

1839, Lancaster, S. The Cultivator, VI., 133. Notes on development of

insect in Tennessee ; no cocoons June ist and a few found July i8th.

Hens of no use. Mounding good and facilitates digging out.

Harris, T. W. Sillman's Jour, of Sci. and Art, XXXVI., 312.

Adults described, with brief note referring to previous'writings.

1841. The Cultivator, VIII., 90 Recommends planting a red cedar tree

with thepeach ; the odor of the cedar thought to keep the insect away.
P. 95 records that Dr. Anderson, of Virginia, haspracticed this method
with success.

Harris, T. W. Rept. on Insects of Mass. Inj. to Veg., 232-34.

Good general article, practically a recast of his 1826 article. In the

1842 edition, the 1852 edition (p. 253), and the Flint edition (p. 331) of

Harris' Report there is no change from the 1841 article, except that

figures of the larva, pupa and adults are added in the 1862, or Flint

edition

1844. Gaylord, W. Trans. N. Y. State Agr. Soc. for 1843, p. 161-62. Brief

general account compiled from Harris (1841). Rather crude figures of

adults, cocoon and pupa skin, evidently adapted from Say's. Suggests
salt around tree.

1845. Downing, C. Fruit and F"ruit-trees, 460-61. Brief compiled account,
not changed in subsequent editions. Recommends air-slacked lime or
ashes.

1846. The Cultivator, III., N. ser. , 217. Good general compilation, with
illustration of work of borer in tree, and of a cocoon.

L'Hommedieu. Trans. Cincinnati Hort. Soc. for 1843-45, p. 17.

Used salt and salt-petre without success, but slacked lime gave good
results.

1854. Emmons, E. Nat. Hist, of New York, Agriculture, V. 222. Brief

account compiled from Harris. PI. 26, figs. 1-5, male and female,
larva, pupa and cocoon. Fair, colored figures.

1855. Fitch, A. First Rept. on Insects of New York, 108-1 17. One of the
best accounts in the literature, by far the best up to that time.
Detailed descriptions of all the stages, including several varieties of
the adults. Larva and its work poorly figured. .

Glover, T. Rept. Com. of Patents for 1854, p. 83-84, pi. 7. Good
brief account. Fairly good figures of male and female, larva and pupa
in cocoon.

1856. Fitch, A. Third Report on Insects of New York, 356. Brief account,
with fair figures of male and female.

1858. The Northern Farmer {JJiica, N. Y.), V., 116. Record of successful
use of tansy.

1859. Merriaui, J. P. and Meehan, T. Card. Monthly,!., 168. Record
successful use of gas tar.

i860. Peticolas, T. V. Country Gentletnan, XV., 226. Records negative
or disastrous results with many of the methods then recommended.
Good general discussion of methods.
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Morris, Miss M. H. Horticulturist, XV., 118. Brief, popularly
written account with crude original figures of male and female, a pupa
and a cocoon.

1862. Harris, T. W. Insects Injurious to Vegetation (Flint edition), p.

331-32. Same as the 1841 account, with iigures of the larva (Fig.

161), pupa (Fig. 162), male (pi. V., fig. 6), and pupa skin (pi. V., fig.

7) ; very good figure of the male.
1866. Walsh, B. D. Practical Entomologist, I., 27-28. Brief, general

account, with a good discussion of various methods for combating it.

Fair figures of male and female.

1869. Walsh, B. D. and Riley, C. V. American Entomologist, I., 180-81.

Very full discussion of the "mounding system." The system is

further discussed from experience by Wehs and Dean on pp. 201 and
222.

Rile'y, C. V. First Rept. on Insects of Missouri, 47-50. Good gen-
eral account ; mounding system especially treated. Fair figures of

male and female.

1870. Fulton, J. A. Peach Culture, 120-125. Brief account of life-history,

with rather poor figures of male and female. Good sensible discussion

of methods of combating.
1871. Saunders, W. Canadian Entomologist III., 22. Detailed descrip-

tion of the larva, the first and about the only one published. Poor fig-

ure of larva

Bateman, M. B. American Agriculturist, XXVIII., 141. Records
successful expts. with coal tar, with a detailed account of use of

Buchan's carbolic soap.

1872. Fitz, J. The Southern Apple and Peach Culturist, 254-60. Fairly

accurate account of life-history. Excellent discussion of mounding,
scalding, various washes, and other applications on soil around tree.

1873. Reed, F:. B. Rept. Ont. Ent. Soc. for 1872, III., 44-47. Very good
general article compiled from Say, Harris, F'itch and Riley. F'air figures

of male and female and Saunders' poor figure of larva.

1875. Cook, A. J. Rept. Mich. Bd. of Agr. for 1874, p. 136. Brief, good
account of life-history and methods for controlling the insect. Prac-
tically the same article in Rept. Mich. Pom. Soc. for 1874, p. 140-41.

1876. Bateman, M. B. Country Gent/cniati
, p. 535. Records fairly suc-

cessful expts. with tarred paper, and good results with a carbolic acid

soap.

1877. Thomas, C. First Rept. on Insects of 111., 38-39. Brief general
account, compiled mostly from Fitch.

1878. French, G. H. Seventh Rept. of State Ent., of 111., 169-70. Brief

compiled account.
1879. Milton, M. Country Gentleman, XL,IV., 119. Records the insect

in azaleas.

1880. Comstock, J. H. Rept. of U. S. Ent. for 1879, p. 254-55. Detailed
description of the egg, oviposition, and habits of the newly-hatched
larva. Straw bandage recommended. Four parasites recorded.

Rutter, J. Culture and diseases of the Peach, p. 74-76. Brief

account, with good discussion of methods of combating.
Fuller, A. American Entomologist, III., 11. Records insect

working in dwarf flowering almond shrubs.
1881. Zimmerman, C. D. Card Monthly, XXIII., 238. Discusses the

borer in nursery stock. Mounding the best method in a nursery.
Kellicott, D. vS. Cayiadian E>itomologist, XIII., 7, Brief, but

important note on emergence and habits.

1882. "Anti-borer." Country Gentleman, XLVIL, 373. Decline in

profitable peach culture due to borer and not to climate. Successful
with clean culture and " digging- out " process.
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Edwards, Hy. Papilio, 11., 55. Describes Fitch's var. a' asjitchii,

in wild cherry from Fla. W. Va.
1883. Cooke, M. Injurious Insects, 126-27. Brief general account.

Saunders' figures.

Lintner, J. A. Psyche, IV., 106 ; also in Second Report on Insects
of New York, 2:3. Points out a distinguishing characteristic of the
male pupa

Saunders, W. Fruit Insects, 191-195. One of the best general
accounts of the insect. ,

1885. Lintner, J. A Second Rept. on Insects of New York, 5-6. Brief
discussion of methods of combating

; pp 24-26, discussion of carbolic
soap washes

1886. Wilcox. Peach Culture, 43-45. Brief account, with discussion of
" mounding S3'Stem."

1887. Treat, Mary. Injurious Insects, 183-85. Brief account.
1888. Hale, J. H. Trans. Mass. Hort. Soc. for 1888, Part I, p. 66. Hale's

wash recommended.
Barry, P. Fruit Garden, p. 488. Good, brief account.
Lintner, J. A. Country Gentletnan, LHL, 109. Full discussion of

time of emergence and egg-laying.
" H. F. H ," Kentucky. Country Gentleman, LHL, 149. Time of

flight in Kentucky from June 6 to October, mostly from July 15 to
Aug. 15. Mounding most practical remedy.

Grossman, S. Ark. Expt. Sta., Bnll. 3, pp. 3-5. Brief discussion of
habits and " remedies.

"

Ashmead, W. H. Fla. Exp. Sta., Bull. 2, pp. 17-19. Brief dis-

cussion, with descriptions of- all stages. Recommendsa Paris green-
soap wash.

1889. Lintner, J. H. Country Gentleman, LIV., 861. Good account of
name, appearance (poor figures of male and female), life-history and
remedies.

1890. Insect Life, II., p. 378, and HI., p. 79. Successful expts. with hot
water recorded.

Packard, A. J. Forest Insects, p. 521-22. Records it on wild cherry
trees.

Kellicott, D. S. Jour. Columbus Hort. Soc, V., 16, pi. I., figs, i and 2.

Brief note, with very good figures of male and female. This article is

wrongly accredited to Coquillett by Lintner and others.
Smith, J. B. Rept.' N. J. Expt. Sta., for 1889, pp. 299-303. Brief

account of habits, with good discussion of "remedies." Recommends
hot water or kerosene emulsion to kill, and newspaper wrapping to
prevent.

1891. Weed, C. M. Insects and Insecticides, pp. 77-79. Good, brief
account. Kellicott's figures.

McCarthy, G. N. C. Expt. Sta., Bull. 78, p. 27. Brief account.
Dangerous to use Paris green washes.

Weed, H. PI, Miss. Expt. Sta., Bull. 14, pp. 17-18. Brief, compiled
acount, with Kellicott's figures.

Townsend, C. H. T. New Mex. Expt. Sta., Bull. 3, pp. 13-15. Brief
account. Attacks apricots. Irrigation, allowing water to stand for
sometime, has no effect.

Coquillett, D.and Riley, C. V. Insect Life, III., 392-93. Records
exitiosa on Eastern nursery stock in Calif. Compared with the native
California peach borer.

Snyder, R. Country Gentleman LVL, 677. Very sensible article
on washes and similar applications. Good "digging-out" method
described.
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Woodward, J. S. Rural New Yorker, p. 736. Formula for soap,

milk, and cement wash. Ashes are dangerous.
Lintner, J. A. Country Gentleman, LVl., 457. One of the best dis-

cussions of methods of controlling this insect in the literature. Same
account occurs in his Eighth Rept. on Insects of N. Y.

, p. 181-86 (1893).

Uses Kellicott's (1890) fine figures, and reproduces Emmons' poor

figures.

Little, S. A. Rural New Yorker, L., 593. Good, popular, com-
piled account.

1892. Barnes, W. D., Hale, J. H., Brown, N. and White, J. F. Rural New
Yorker, hi., iSS-Sj. Symposium on remedies. Hale's wash and others

found ineffectual.

Kellogg, V. Common Injurious Insects of Kansas, pp. 91-92. Good,
brief account. Records it as appearing as early as April in Kansas,

and having been in the State as early as 1873.

1893. McCarthy, G. N. Car. Expt. Sta., Bull. 92, pp. 104-105. Brief

account of habits, with good discussion of methods for combating.

1894. Neumoegen, B. Ent. News, V., 331 var. luminosa described.

Sempers, F. Injurious Insects, pp. 86-87. Brief account ; Riley's

figures.

Hale, J. H. Rural New Yorker, Mar, 10, 1894, p. 151. Describes

his " wash " and its use.

1895. Comstock, J. H. Manual for the Study of Insects, p. 260. Brief

account. Good figure of female.

Davis, G. C. and Howard, L. O. Bull. 2 (N. ser.), U. S. Division of

Ent., pp. 33 and 34. Raupenleim recorded as ineflectual, and linseed

oil applications dangerous.
Weed, C. M. Insects and Insecticides, Second Edition, p. 121-122.

Nearly same as 1891 account, except white paint is recommended
instead of Paris green and glue. Poor figures of adults.

McCarthy, G. N Car. Expt. Sta., Bull. 120, pp. 292-293. Brief

account.
Davis, G. C. Mich. Expt. Sta., Bull. 212, pp. 31-32. Brief account.

Stinson, J. Ark. Expt. vSta., Bull. 33. pp. 72-74. Brief, compiled
account.

Smith, J. B. N. J. Expt. Sta., Bull, ill, p 6. Records apparently
successful expts. with Raupenleim and Dendrolene.

1896. Marlatt, C. L. Circular 17, N. ser. U. S Div. of Ent., 4 pp. Best

brief, general discussion in the literature and illustrated by fine

original figures of male and female pupae and adults, larva and cocoon.

Smith, J. B. Ent. News, VII., 107-109. Good general account of

life-history and remedies.
" G. E. M." Rural New Yorker, Aug. 22d, 1896, p. 560 Data

on life-history in Virginia ; finds difference in infestation of plums
when budded on difi'erent stocks

Smith, J. B. Economic Entomology, pp. 261-262. Good, brief

account, with Kellicott's figures.

Cole, R, D. , Massey,W. F., Wright, C. and Kerr, J. W. RuralNew
Yorker, .\ug. 8, 1S96, p. 533. Symposium on probable effect of kainit

on borer.
Slingerland, M. V. RuralNew Yorker, Dec. 5th, 1896, p. 800. Brief

account, based on original observations and experiments.
Slingerland, M. V. Michigan Fruit Grower, Dec. 11, 1896, Vol.

v., p. 8. (vSame in Rept. Mich, Hort. Soc. for 1896, pp. 342-343). Brief

account of some of the results reached in our many expts. against the

insect.
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Beutenmiiller, \V. Bull. Am. Mus. Nat. Hist., VIII., 126. New
genus Sanftitioidea proposed for exitiosa, but not characterized. S.

exitiosa and its varieties fitchii and luininosa described, the former
incorrectly so.

1897. Smith, J. B. Ent. News, VIII., 208. Important notes on life-

historv
; p 233-34. Detailed discussion of emergence and egg-la3'ing

habits. Pi. XI., good, enlarged, photo-reproduction of male and
female.

Lowe, V. H. 15th Rept. N. Y. Expt. Station, pp. 559-69. Very
good general account, with good photo-reproductions, its work, and
poor illustrations of adults, larvae, and cocoon.

Slingerland, M. V. Rural New Yorker, Dec. 11, 1897, p. 805.

Brief account.
"E.T." Rural New Yorker, Jan. 2, 1897, p. 6. Records finding

borers in the gum in winter.

Beutenmiiller, W. Bull. Am. Mus. Nat. Hist., IX, 219 Food-
plants.

Butz, G. Penn. Expt. Sta. , Bull. 37, p. 23-25. Brief account. E.
F. Smith's figures, and photo-reproduction of effect of borer on trees.

Lowe, V. H. Proc Western, N. Y. Hort. vSoc. for 1897, p. 65-66.

Brief account of life-history and habits ; expts. with dendrolene.
Cordley, A. B. Oregon Expt. Sta. Bull. 45, pp. 100-107. Good dis-

cussion, wilh poor photographic figures, of the Oregon peach and prune
borer, supposed to be .S". exitiosa. Specimens submitted to Washing-
ton authorities, however, show that Oregon species is opalescens, thus
there is yet no definite evidence that exitiosa occurs in Oregon.

1898. Country Gentleman, LXIII., p. 328. Good popular discussion com-
piled from recent bulletins.

Smith, J. B. Ent. News, IX., 79, 114-115. Detailed account of

some peculiar structural characteristics of the adults, illustrated by a
full-page plate.

Starnes. H. N. Ga. Expt. Sta., Bull. 42, p. 226. good brief account
with E. F. Smith's figures.

Stedman, J. H. Missouri Expt. Sta., Bull. 44, pp. 12-14. Brief

account of life-history, with Kellicott's figures. Good discussion of

remedial measures based on experiments. Recommends a wash of

soap, soda, lime, carbolic acid, and Paris green or arsenic
;
also recom-

mends wire gauze or thin wooden wrappers as mechanical preventives.
Slingerland, M. V. Rural New-Yorker, Jan. 15, 1898, p. 34.

Detailed discussion of use of carbon bisulphide against the insect, with
record of some experiments.

Slingerland, M. V. Proc. Western N. Y. Hort. Soc. for 1898, p. 67.

List of applications found non-effective, .partially effective, and injur-

ious when used against the peach-tree borer in our experiments.
Faville, E. and Parrott, P. Kans. Expt Sta., Bull. 77, pp. 44-47.

Good account of the work of the borer, with good new illustrations.

Craig, J. Ottawa Expt. Farm. Bull, i. Sec. Sen, p. 44. Brief note
regarding some of the results of experiments against the insect at

Cornell Exp. Sta.

Baker, C. F. Ala. Expt. Sta., Bull. 90. pp. 27-32. Very good gen-
eral discussion of life-history and remedies. Experiments with Bor-
deaux mixture and dendrolene. Illustrated with the good figures of
Kellicott and Marlatt.

Smith, J. B. N. J. Expt. Sta., Bull. 128, 28 pages. Being based on
original observations and experiments, this is one of the best and most
detailed accounts of the life-history and methods of combating the
peach-tree borer in the literature. Records experiments with various
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mechanical protectors, and with cement and other washes. Illustrated

by many new pictures of the different stages of the insect, its struc-

tural characteristics, and its work.

9. Lugger, O. Fourth Rept.
, p. 57-59. Brief general account, quoted

mostly from Saunders (1883). Uses Kellicott's (1890) fine figures.

Fernald, H. T. Penn. Dept, of Agri., Bull. 47, pp. 14-15. Brief

account, with Lowe's figures.

Slingerland, M. V. Rural New-Yorker, Mar. 25, 1899, p. 222.

Results of experiments with tarred paper.
Slingerland, M. V. Trans. Mass. Hort. Soc. Part I., for 1898, 5

pages. Brief account of life-history with somewhat detailed statement
of results obtained with the various methods used in our extensive
experiments against the insect.

Beutenmiiller, W. Bull. Am. Mus. Nat. His., XII, 159. Genus
Sanninoidea defined. Variations of exitiosa discussed ; va.r\e\.y Jitchii

shown to have been incorrectly described ; and the varietal name
edicardsii proposed for the females, having both the fourth and fifth

abdominal segments banded with orange ; var. luniinosa described.

Mark Vernon Swngerland

57.— The four stages—egg, larva or '''borer,'''' pupa, and adult or moth—
of the peach-tree borer's life; all natural size except the egg, which
is much enlarged.
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Cornell University, Ithaca, N. Y., Jan i, 1900.

Honorable Commissioner of Agriculture, Albany.

Sir :—The following account is a summary of the experiments

of 1899 on the spraying of plants. These experiments were made
under the direction of Professor Bailey. The work was begun

by H. P. Gould, but after his withdrawal to the Maryland Agri-

cultural College it was continued by S. W. Fletcher. The
chemical work was done by G. W. Cavanaugh, assistant

chemist to the Experiment Station. Other materials than those

reported have been tried, but it seems unwise to make an^^ dis-

cussion of them, since the results were not satisfactory.

Respectfully submitted,

I. P. Roberts,

Director.



FORMULAS.

Bordeaux Mixture.

Copper sulfate ( blue vitriol ) 6 pounds.

Stone or quick lime 4

Water i bbl. (45 to 50 gals.)

Dissolve the copper sulfate in 2 gallons of hot water ; or put it in a

coarse sack, as burlap, and hang this in 4 to 10 gallons of cold water. Use

only an earthen or wooden vessel. Pour the copper solution into the spray-

ing barrel and fill the barrel half full of water. Slack the lime, dilute it to

10 to 15 gallons, never less, and pour this milk of lime into the spraying

barrel through a wire strainer of about 30 to 40 meshes per inch. Add water

to fill the barrel and stir the mixture vigorously. Bordeaux should be well

stirred every 4 to 5 minutes when spraying. Few agitators are satisfactory
;

a wooden paddle worked by hand power is good.

Bordeaux mixture ifself should always be made fresh for each applica-

tion, but stock solutions of copper sulfate and lime may be kept to advan-

tage when the spraying operations are extensive. Copper sulfate may be

dissolved in water at the rate of i pound per gallon ; and quick lime slacked

at the rate of i pound per gallon. For a barrel of Bordeaux, take 6 gallons

of vitriol solution and 4 gallons of milk of lime. It is better, however, to

use the ferro-cyanide test when the lime is taken from a stock solution.

Both stock solutions should be kept covered to prevent evaporation.

Arsenite of Lime.

White arsenic i pound
Stone lime 2 "

Water i gallon

Boil together for forty-five minutes. This stock solution may be kept
indefinitely in a closed vessel. Some green dye stuff may be mixed
with it to prevent mistaking it for other material. One quart of the above
per barrel will be sufficient for most insects.

The " Kedzie Mixture" is made by boiling together 2 lbs. of white
arsenic and 8 lbs. of sal soda, in 2 gallons of water, until the arsenic
dissolves. One pint of this stock solution and 2 lbs. of slacked lime are
sufficient for 40 gallons of the spraying mixture.

Paris Green.

For most purposes i pound is used in 150 gallons of water. In some cases

a more dilute mixture is made ; and on potatoes some persons use a

stronger one ( I pound to 100 gallons). The poison distributes better in the

water if it is previously dampened and worked into a paste. To every 100

gallons of the mixture add i or 2 pounds of lime.



GBNERAI, ADVICE.

L. H. BAILEY.

Each succeeding year emphasizes the importance of spraying.

There is no onger any doubt that the operation is based on

rational principles and is demanded by the increasing incursions

of insects and fungi. Yet a man says, "I sprayed this year, and

it did no good. Shall I spray next year ? " A man may insure

his barn this year and it does no good ; but he insures it again

next year. My neighbor put in a tile drain last spring, but it

did no good this year : I do not believe that he will dig it up.

My neighbor believes in tilling to save moisture
;
yet two years

ago he had too much moisture, but I notice that he did not

abandon tillage last year. The wise man takes precautions.

Farming, like any other business, should be ruled by ideals-

The good farmer sets a mark and tries to attain to it. He knows
that the mark is right and the effort is right, even though inci-

dental results now and then seem to contradict. The experiences

of a single season do not prove nor disprove things which are

true. We know that sprays kill insects and check the spread of

fungi : and we know that the insects and fungi are with us.

Lay out a course of action to accomplish a desired result : modify

your practice as the case requires, but stick to the action.

* * *

What is new in spraying? Perhaps nothing which experi-

menters are ready to recommend
; but we know some things

better than we did last year. One of these things is the fact that

the old kerosene and soap emulsion—the vilest of concoctions

—

seems to be doomed. The kerosene and water emulsion is to

take its place. The insecticidal properties of this mixture have
long been known, but it has needed a practicable mechanical

device to mix them. There are two great dilhculties in this

mechanical problem—the difficulty of making a mathematically

correct mixture of the water and oil, and the difficulty of secur-

ing power enough to mix the liquids and to throw the spray the
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required distance. It is scarcely to be expected that the

automatic kerosene-and-water mixing pump can ever throw a

spray so far as one which expends all its energies in throwing the

spray. These automatic pumps are not yet perfect, but some of

them are perfect enough to be useful and reliable ; and they

indicate that we may expect better things. I do not say that the

kerosene-and-soap emulsion is already out of date—only that the

indications are that it will become less and less important.

Shall white arsenic be used as a substitute for Paris green?

This is not a new question. Experiments on this point were

made by Kilgore as early as 1890. The arsenic is combined

with lime to form arsenite of lime. There is no question

as to the efl&cacy of the mixture, or its safety on foliage.

Our tests show that it is less caustic than Paris green to

foliage. We have not recommended it publicly because it is

a dangerous thing to have the general run of farmers buying

white arsenic and mixing and boiling it themselves. One
has only to inspect the ordinary farmstead to see how careless

the owner is about things which require careful handling and
weighing. The refuse is thrown in the yard or into a stream.

Utensils are left where they were used. There are farmers who
are otherwise, and if they have much spraying to do, the white

arsenic can be recommended confidently ; but I believe that most
people should buy their poisons ready prepared, even if the

cost is somewhat greater.

* * * .

The San Jos6 scale is still with us. It will stay. There is no
hope of eradicating it. Then every man should be prepared to

meet it. He should not rely on State control alone.

For three seasons now, we have experimented with the kero-

sene and water emulsion—as others have done—and have found
that it is a specific for the scale. In the proportion of i part of

oil to 5 of water in summer, and i to 4 in winter, it will kill the

scale.

Can a man hope to annihilate the scale, then, by spraying?

No. On plants which he can spray thoroughly and frequently.
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he can hope to eradicate it ; but I should not expect him to

eradicate it from a large and badly infested plantation, any more
than he can eradicate the apple-scab or the bark-louse. But I

should expect him to keep it in check. Spraying for San Jos6

scale must come to be an accepted practice, as spraying for potato-

blight is.

All this means that the farmer should not be frightened, but

should be self-reliant and determined. But the State should

help him. The law should not help him less, but more. Nur-
sury stock should be fumigated with hydrocyanic acid gas,

under strict control. It would be folly to attempt to burn
every infested tree or bush wherever found ; but the law

should be so amended as to allow a properly qualified oflScer to

destroy plants which, in the judgment of experts, are a menace
to the general weal.



SUMMARY OF EXPERIMENTS OF 1899.

H. p. GOULD, S. W. FLETCHER AND G. W. CAVANAUGH.

I. The Season's Experience with the San Jose Scale.

The results of experiments in spraying for the San Jose

scale were detailed in Bulletins 144 and 155. During the past

year these experiments were continued more extensively. The
former conclusions were fully confirmed. The infested stock

was mainly apple, pear, plum, almond and willow trees, all of

medium size or below. Some were very badly infested, but all

had made a fairly vigorous growth in 1898. Experiments in

1898 had shown that a 20 per cent mechanical mixture of kerosene

and water was the most efiicient spray, so no other proportion was

used this year. The first application in 1899 was made to one lot

of trees on April 10 and 11, when the weather was favorable for

rapid evaporation. This is a very important point in all spray-

ing with un-emulsified kerosene. Another lot of trees was

sprayed on June 6 and were, of course, in full leaf at the time

of spraying. A few badly infested currant bushes were left as

checks.

On June 23, the young scale insects were numerous on the

unsprayed currants and a very few were found on the sprayed

trees, indicating that the insecticide had killed most, but not all

of the old scales. On one of the worst infested trees which had

been sprayed, but a single live scale could be found. The trees

sprayed in June showed more live scales than any of those

sprayed in early spring.

All of the trees were sprayed a second time on June 24, and

three with very dense heads again on June 29. At this date,

Dec. II, few live scales can be found on the sprayed trees

—

mostly on apples and pears, where some insectswere protected from

the spray by irregularities of the bark. On the smooth barked

willows, every scale was killed. On the whole the results are

encouraging. We feel sure that the San Jose scale can be held

- in check by spraying whenever the infested plants can be

thoroughly treated. If the trees had been sprayed again in late

summer, probably all the insects would have been eradicated
;

but it was desired to leave the trees for study.
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While spraying for the San Jose scale in early spring has given

excellent results, there is no reason why late fall spraying should

not be equally effective, since the insect continues to multiply

for some time after the leaves have fallen. Furthermore, it is

often more convenient to spray in the fall than during the hurry

of spring work. Summer spraying is rarely advisable, since the

foliage prevents the insecticide from reaching all parts of the

tree. We are now experimenting with early winter spraying for

the scale.

Spraying vs. fumigating

.

—Most of the eastern fruit-growers

and nurserymen who have adopted the fumigation method of

combating the San Jose scale, report it efficient and practicable,

when properly done. Fumigation is certainly more thorough

than spraying. Hydrocyanic acid gas is very penetrating and can

be depended upon to kill all the scales or other insects on the tree

in one thorough fumigation, whereas several applications of the

spray may be necessary to accomplish the same result. In spray-

ing there is always a possibility that a few untouched insects

may live and re-infest the tree. Nevertheless, there is no doubt

but that the San Jose scale can be held in check by spraying.

The comparative cost of the two methods is a practical point.

In spraying, a pump with a good kerosene attachment is the

only equipment necessary besides the usual spraying appliances.

In fumigation, tents are indespensible (if growing trees are

treated) and are generally costly, especially those large enough

to cover a full sized orchard tree. The choice between spraying

and fumigation will therefore depend largely on the amount

of work to be done and the first cost of the tents. Nursery-

men will find fumigation the most effective and probably

the most economical method of control, while those with

growing plants will find kerosene spray an efficient, economical

and simple method of checking the scale.

The San Jose scale situation is improving, not because the

scale is less destructive but because it is better understood and

methods of combating it are more generally known. In some

respects it is undoubtedly the worst insect we have in the orchard.

Every precaution should be taken to guard against infection
;

yet there is no reason why infested trees may not be saved,
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provided they are not seriously weakened before remedial

measures are taken. Herein lies the greatest danger,—not

because the insect is hard to kill, but because it is hard to see,

and it spreads with amazing rapidity. A slight infestation is not

at all noticeable, and one must look sharp to see individual scales.

The probability is that most farmers would not notice the San Jose

scale on their trees till they are infested so badly as to be hardly

worth the trouble of spraying. Taken at the right time, how-

ever, the pest can be dislodged. A faithful application of arsen-

ical sprays will hardly save us 80 per cent of wormless apples
;

while the same amount of energy directed against the scale may
be expected to hold it at bay.

II. Field Tests of New Insecticides.

The burning of the foliage.—In order that an insecticide .shall

have practical value, it must not only check the insect or plant

disease but must also work no injury to the plant itself. Many
materials of great fungicidal value are worthless for practical

purposes because they kill or injure the plant as well as the par-

asite. The standard insecticide is Paris green. Asa poison it is

very satisfactory ; yet it is expensive, it does not remain long in

suspension when applied with water, and it sometimes burns the

foliage. These objections have induced several manufacturers

to offer substitutes, a few of which this Station has tested in

comparison with Paris green. Below is recorded the compara-

tive injury to the foliage by four strengths of each insecticide.

It is probable that much if not all of the injury noted could have
been prevented by adding lime to the arsenical spray. The object

of this test was merely to find out the physiological effect of the

insecticides when used alone, and incidentally the danger limit

of strength. Grades are recorded of injury ranging from doubtful

(when the slight imperfections in the foliage may or may not have
been produced by the spray), through slight, considerable, and
severe to very severe (when a large proportion of the leaves had
fallen and the young shoots were frequently killed). Most of the

orchard applications were made June 10. The potatoes were

sprayed July 10 and a duplicate lot on July 17. Final records

on the fruit trees were taken July i ; on the potatoes, August 3.

The spray barrel held 48 gallons.
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A bug-killing contest.—A test of the iiisecticidal value of these

materials was made on potatoes. The results are fairly repre-

sentative of their value as insecticides, for if the materials will

kill potato slugs their poisonous properties are assured.

Two strengths of the materials were used : /4^1b. per bbl., (48

gals.) the strength at which Paris green is usually applied for

potato slugs, and >^ lb. per bbl. The spraying was done July

10 and 17, each strength covering about seventy-five rods of

rows. The physiological effects of the arsenites are recorded in

Table I. Slugs were not numerous, but were plentiful enough

for a fair test. Both strengths of Paris green, Paragrene, XX,
and Green Arsenoid killed all the slugs. A very few sick ones

were found when both strengths of Pink Arsenoid, Green

Arsenoid No. 53 and Green Arsenite had been sprayed, yet it

would pass for a clean sweep.

III. The Composition of Arsenites.

The analyses of the insecticides used in these experiments con-

sisted chiefly in determining the amount of arsenic, the arsenic sol-

uble in water, and the copper. The arsenic soluble in water was

found by shaking the insecticide in water for one hour, at the

rate of one pound to one-hundred gallons, and determining the

amount of arsenic dissolved. Comparing Table II with Table I it

will be seen that in proportion as the amount of soluble arsenic

in an insecticide increases, its injury to foliage likewise becomes

greater. At the rate arsenites are commonly used {%. lb. per

bbl.), the burning is not noticeable with insecticides having less

than 3 ^ per cent of soluble arsenic.

Anybody but a chemist is likely to become confused over the

nomenclature of poisons. Arsenite is a general term for all com-

pounds of arsenious oxid (As^ O3), the active element in all

these materials. Arsenoid is a trade name, not a chemical com-

pound, and simply means arsenic-like. An arsenate is a com-

pound of arsenic acid (As^O^). None of the materials mentioned

here is an arsenate. When the term arsenic is used in connection

with insecticides, we mean what is ordinarily called white arsenic

(As, O3) and not the metal arsenic (As). In the table copper is

given as copper oxid (Cu O), lead as lead oxid (Pb O) and lime

as calcium oxid (Ca O). The sulfuric acid (S O3) has no

insecticidal effect.
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TABLE II.

Analyses of Arsenites.

Insecticide.
ASaOs
Arsenic,
total.

AS2O3
Arsenic,
soluble.

CuO
Copper oxid.

SO3
Sulfuric

acid.

Paris green
Percent.

56.45

55.57
54-10

33-71

49-17
60.63

53-71

Per cent.

1.83

3-21

2.36

32-23

1-93

3-53
8.33

Per cent.

2'i.62

Per cent.

.7T

Paragrene 27.68 l.XA \

Green arsenite
XX

31-59

49-09 (PbO)
29.29

29-43

3-70

1-55

3-70

Pink arsenoid
Green arsenoid
Green arsenoid No.53

In Bulletin 149, page 720, the following analysis of Laurel

green was published

:

Copper (Cu) 10.00 per cent.
Arsenic (As^Oj) 7.75 "

This year an insecticide manufactured by the same firm and

labeled Special Laurel green analyzed :

Arsenic (As^Oj) total 42.69 per cent.
" " soluble 1. 15 "

Copper oxid ( CuO ) 4.50 "
Ume (CaO) 35.39 "

With its present composition this material evidently has value

as an insecticide, although no field tests have been made here.

It is manufactured by the Nichols Chemical Company of New
York, and retails for i2>^ cents per pound.

Heretofore the ammonia test has been advised for detecting the

purity of Paris green. The pure Paris green which has been on
the market in the past does dissolve in ammonia completely ; but

this year samples have been received for analysis which do not,

although containing the 50 per cent of arsenic required by New
York State law. The reason is that they contain lime as well as

copper, and the lime compound with arsenic is insoluble in

ammonia water. Although this material is a good insecticide, it

is not Paris green.

The specific gravity of insecticides.—An important point in

every insecticide applied with water is the time it will remain
in suspension. If the arsenite sinks to the bottom of the barrel
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in a few minutes, as does Paris green, there is an unequal dis-

tribution of the poison and the concentrated mixture at the bot-

tom is likely to burn the foliage. Frequent stirring is an incon-

venience. Generally speaking, the lighter and more flocculent

an insecticide is, the longer it will stay in suspension. Assuming
the Paris green to be 10, the various insecticides compare with

it in weight as follows : Green Arsenite, 10 ; Pink Arsenoid, 9 ;

Paragrene, 7 ; Green Arsenoid, 7 ; XX, 4 ; Green Arsenoid No.

53, 4. Equal amounts of the above arsenites shaken in water

followed approximately the same order in settling, Paris green

and Green Arsenite settling first, and No. 53 last. The heavy

specific gravity of Paris green is one of its weak points as an

insecticide.

Summary on insecticides.—Paragrene.—Manufactured by

Fred I,. lyavenburg, New York. Price 14^ cents per pound in

14 pound pail. It has equal insecticidal value with Paris green,

is about as likely to burn the foilage and remains longer in sus-

pension. We 'consider it an excellent substitute.

Green arsenite. — (Arseniate of copper, Scheele's green.)

This is practically the same as Paris green in composition, and has

the same effect on foliage. Its fungicidal value is slightly greater

than Paris green owing to the higher percentage of copper oxid.

When it can be obtained as cheaply as Paris green, it may be

given preference.

Pink arsenoid. — Manufactured by the Adler Color and

Chemical Works, Brooklyn, N.Y. Retail price, 15 cents per pound
atN. Y., f. o.b. It is slightly inferior to Paris green as an insec-

ticide and has decidedly less fungicidal value, since the lead oxid

it contains, corresponding to the copper oxid of Paris green, has

little if any merit as a fungicide. The pink color may be objec-

tionable. Paris green has been so long in common use that

people instinctively associate an arsenical poison with a green

color. This material is apparently not as valuable as the

following, manufactured by the same firm.

Green arsenoid.—Retails for 15 cents per pound f. o. b.

It is slightly superior to Paris green in composition and appears to

be equally safe on foliage when applied at the ordinary strength.

The powder is more flocculent than Paris green, about a third



250 Bulletin 177.

lighter and remains correspondingly longer in suspension.

With its present composition and price we feel justified in recom-

mending it for practical use.

Gree7i arsenoid No. 53.—The most serious objection to this

material is that its comparatively high percentage of soluble

arsenic makes it liable to burn the foliage. It is about equal to

Paris green in insecticidal value, superior to it as a fungicide and

is remarkably slow in settling from a spraying mixture. Pro-

vided the soluble arsenic were neutralized with lime, No. 53

would make an efficient and economical substitute for Paris green.

Arsenite of lime.—This has the three-fold advantage of being

cheap, the amount of arsenic is under perfect control, and it

does not burn the foliage. It is made by boiling together for

forty-five minutes
1 pound white arsenic.

2 pounds fresh lime.
I gallon water.

This may be kept in a tight vessel and used as desired. Thor-

oughly stir the material before using. For most insects, one

quart of the above per barrel will be sufficient. Arsenite of lime

is insoluble in water and will not injure the foliage of any orchard

fruit at this strength. This insecticide is growing in popularity.

Some green dye stuff should be mixed with it to prevent the

ever-present danger of mistaking it for some other material.

IV. The Burning of Foliage by Fungicides.

The effect o?i Japanese plums.—The foliage of the Japanese

plums is so extremely sensitive to injury from fungicides and

insecticides that one must always be cautious when spraying this

class of fruit. The apparently increasing susceptibility of the

Japanese plums to the fruit rot (Monilia) makes it essential to

take some preventive measure. It cannot be said that spraying

is always an absolute specific for the fruit rot. In a wet season,

no advantage may be noted. Through a series of years, how.
ever, a faithful combination of spraying, thinning the fruit and

destroying the diseased fruit can be depended upon to prevent

serious injury.

The standard fungicide for the Japanese plums is Bordeaux
mixture. Bulletin 164 contains an account of the shot-hole effect
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produced by Bordeaux on plums and peaches. This injury has

been observed for several years as resulting from* even the most

carefully prepared Bordeaux. During the past season, experi-

ments were made to determine the effect of copper carbonate and

potassium sulfide on Japanese plum foliage. The copper car-

bonate was applied in an ammoniacal solution at the usual

strength : the potassium sulfide at the rate of one ounce to a gallon

of water. Both were slightly more injurious to the foliage than

Bordeaux. Since it is not probable that either has a greater fun-

gicidal value than Bordeaux, there can be no advantage in dis-

placing the older fungicide.

The ejfed of copper sulfate on foliage.—It would be difficult to

find a material of greater fungicidal value than Bordeaux mix-

ture, yet it becomes a practical point to combine the same effi-

ciency with greater ease in application and less danger of injury

to the foliage. Those who have used a solution of copper sulfate

find it to be an excellent fungicide. From laboratory studies we
know that a very weak solution of blue vitriol will prevent the

germination of fungi spores, but it is a question if it will have the

same value under the conditions of orchard and field.

It is of importance to know whether the foliage will be injured

by a solution strong enough to be an efficient fungicide. The
spraying in our test of this point was done May 24, and the final

records taken June 10. The barrel reported below holds 48

gallons.

TABLE III.

Injury to Foi^iage From Copper Sulfate Sprays.

Foliage. 4 oz. per bbl. 8 oz. per bbl. I lb. per bbl. 2 lb. per bbl.

Apple doubtful
doubtful

considerable
none

considerable
slight

considerable

slight
slight

considerable
slight

considerable
slight

considerable

considerable
severe
severe
slight

severe
considerable

severe

considerable
very severe
very severe

severe
very severe
considerable
very severe

Pear
Peach
Cherry
Plum (domestic). . . .

Plum (native)
Plum (Japan)

Although no severe injury to the native plums is recorded in the

table, it was incidentally brought out that there is considerable
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variation between the different varieties of this group in their

susceptibility to injury. The variety under experiment was

Golden Beauty. Some spray accidentally reached the leaves of

an adjacent Munson and there caused serious injury.

Most of the injury noted was in the spotting of the leaves.

Wherever the fungicide clung, there the tissue was killed and

ultimately fell out, producing a condition which might readily

be mistaken for the effect of the shot-hole fungus. When cop-

per sulfate was applied to peaches and domestic plums at the rate

of 2 lbs. per bbl., these perforations were so numerous that many
leaves dropped. The young fruits of the Japanese plums were

injured by the two strongest sprays.

These tests do not throw any light on the value of copper

sulfate for controlling plant diseases ; they simply indicate that

unless careful discrimination is made between varieties, only a

very weak solution can be used with safety to the foliage. Until

the simple solution of copper sulfate has been tested further,

there is no safer or surer orchard fungicide than well made
Bordeaux mixture. On Japanese plums, apply it weak. It would

be well to experiment in applying it only in bright weather.

VARIOUS POINTS.
1

.

The San Jose scale can be controlled in a plantation by a

20 per cent kerosene and water mixture when the plant is thor-

oughly sprayed. Early spring or late fall spraying is preferable,

but the material may be applied when the plant is in full leaf if

the day is sunshiny.

2. Only on sunshiny days should sprays of kerosene and

water be used.

3. Compared with fumigation on growing trees, spraying is

cheaper, simpler, and perhaps equally effective in the long run.

Nurserymen will find fumigation better adapted to their needs

than spraying. On growing plants, however, it is attended

with difficulty because of the necessity of providing tents.

4. Paragrene, green arsenite, green arsenoid and arsenite of

lime are equal if not superior to Paris green in insecticidal

value. The reduced price of these substitutes will commend
them. Arsenite of lime can be made at home.
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5. Bordeaux mixture is liable to injure the foliage of the

Japanese plums, but no better fungicide for spraying this class

of fruit is now known. To avoid injury, use a very dilute

mixture.

6. Varieties of fruit differ in their susceptibility to injury

from sprays.

7. Unless lime is added, a simple solution of copper sulfate

as strong as 4 ounces per barrel, cannot be used without injury

to the foliage of many fruit trees.
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Cornell University, Ithaca, N. Y., Jan. 30, 1900.

The, Honorable Commissioner of Agriculture,

Albany, N. Y.

Sir: This bulletin is submitted for publication under Chap-

ter 430 of the Laws of 1899.

Whether or not, bacteria invade the milk channels of the

normal udder further than the milk duct of the teat, is a prob-

lem which dairy bacteriologists have vainly sought to answer

satisfactorily.

This bulletin contains a description of a unique method of

throwing light upon this subject together with the facts deter-

mined by an application of the method to the study of the udders

of nineteen cows. The fact that milk may become contamin-

ated by bacteria before it leaves the small milk ducts of the

cow's udder has a broad and direct application to the methods

employed in the production of milk by the most progressive

dairymen.

The conclusions embodied in this bulletin are general in nature

but it is believed that future investigations will reveal more
specific facts concerning this hitherto unrecognized source of the

contamination of milk.

I. P. Roberts,
Director.



Description of Plate.

Photograph of a section of an udder injected through the teats

with a mixture of lampblack and gelatin. The gelatin is removed

from the teats and cisterns in order to show the lining mucous

membranes of those cavities. The jet black areas throughout

the whole section indicate the presence of the lactiferous ducts

which communicate with the cisterns. The finest ramifications

of those ducts, almost invisible to the naked eye, are manifest by

the darkening of the cut surface exposed to view.







THE INVASION OF THE UDDER BY
BACTERIA.

BY ARCHIBALD R. WARD.

The designation of the sources from which bacteria gain access

to milk is one of the important results of the application of bac-

teriology to the amelioration of the dairy industry. Among
dairy bacteriologists there is a marked unanimity of opinion

concerning the presence of micro-organisms in unclean utensils,

the dust in the air of stables and in the first milk drawn from

the teats at each milking. The necessity for the application of

precautions to prevent the contamination of milk from those

sources is well recognized and is exhaustively discussed in the

more recent dairj^ literature.*

Concerning the place at which milk first becomes contaminated

with bacteria is a controverted matter among bacteriologists at

the present time. The more generally accepted views are

expressed in the following quotations. Grotenfelt t says that

" When the milk is first drawn from the udder of a healthy cow

it is germ free or sterile. The original sterility of normal milk

is due to the fact that the bacteria can not gain access to the

milk glands from without as long as the udder is not injured in

any way." The translator of Grotenfelt's work, adds in a

footnote this statement made by Lehmann X'-
" The bacteria in

the milk cistern will be largely washed out by the first milk

drawn, but not all removed until milking has progressed some

time."

V. Freudenreich § holds a somewhat similar view. In his

* H. L. Russell, Dairy Bacteriology. Ed. v. Freudenreich, Dairy Bacteri-

ology, translated by J. R. A. Davis. R» A. Pearson, Farmers' Bulletin

No. 63, U. S. Department of Agriculture.

t Gosta Grotenfelt, The Principles of Modern Dairy Practice, translated

by F. W. WoU, p. 23.

J Lehmann, lyte Versammlung d.deut. Ver. f. offent. Gesundheilspflege.

? Dr. Ed. V. Freudenreich, Die Bakteriologie in der Milchwirthschaft,

2d edition p. 25.
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dairy bacteriology the following is found: " In the udder, milk

is germ free except when the milk glands are diseased, as with

tuberculosis, or with mammitis. In such cases the tubercle

bacilli or those causing the inflammation, are present in the milk

when drawn. At other times, it is germ free as was shown by

Pasteur by drawing the milk direct from the udder through a

sterile cannula."

In discussing the sources of contamination of milk, v. Freud-

enreich mentions that the first milk drawn always contains bac-

teria. These he says, have invaded the teat since the previous

milking and are all washed out, so that sterile milk can be obtained

toward the latter part of each milking. This explanation of the

presence of bacteria in the fore milk is apparently based upon

the experiments in which sterile milk has been obtained from

the udder. Schultz,' Gernhardt,^ Lehmann.^ Moore,* and Back-

haus and Cronheim ^ have worked along this line, merely suc-

ceeding in demonstrating that sterile samples may be occasionally

obtained from the strippings.

Moreover v. Freudenreich's results, with the milking tube

experiment suggested by Pasteur, are diametrically opposed to

those of Bolley and Hall.f These writers made a study of the

bacteria present in the milk cistern of the normal udder, draw-

ing their samples by means of a sterilized cannula inserted well

into the cistern.

Bolley questions the accuracy of the dictum : "In the healthy

udder, milk is germ free or sterile." He says, " Germs nearly

always gain admission to the interior of the teats, and often per-

*' Schultz, Archiv. f. Hygiene, XIV (1892") p. 260.

^ Gernhardt, Quant. Spaltpilzunters d. Milch, Inaug. Dissert,Univ. Jurjew.

^Lehmann, loc. cit.

" Moore, Preliminary Investigations Concerning the Number and Nature

of Bacteria in Freshly Drawn Milk. Twelfth and Thirteenth Annual Report

of the Bureau of Animal Industry, U. S. Uep't of Agr., p. 261.

5 Backhaus and Cronheim, Ber. Landw. Inst. Univ. Konigsberg, 2 (1897),

pp. 12-32. Abstracted in the Experiment Station Record Vol. X, No. i,

p. 87.

t Bolley and Hall, Uber die Kontanz von Bacterien Arten in Normaler

Erste Roh Milch. Centralblatt fiir Bakteriologie u. Parasitenkunde. II

Abt., I Band No. 22-23.
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haps, the milk cistern proper where some types ma)' multiply in

great numbers."

The writer f has concluded, chiefly from a study of the bacterial

flora of fore milk that (]) Certain species of bacteria nor-

mally persist in particular quarters of the udder for considerable

periods of time. (2) It is possible for bacteria to remain in the

normal udder and not be ejected along with the milk. These

conclusions controvert the statement that the milk ducts are

always sterile at the close of the milking, becoming tenanted

from the outside alone by organisms which chance to come in

contact with the end of the duct.

Moore pointed out the importance of a study of the bacterial

flora of the normal udder and to that end suggested that bac-

teriologic examinations should be made of the udders of freshly

killed milch cows. After making a fruitless effort to obtain

udders for the purpose from sound cows, he deemed it expedient

to avail himself of opportunities offered by the slaughter of

tuberculous milch cows. In January, 1898, Dr. Moore and the

writer, who was privileged to associate with him, were given

opportunity to examine the udders of six cows, slaughtered after

reacting to the tuberculin test. The animals were apparently

in good condition, and the udders normal in appearance. The
post mortem examinations showed the tubercular lesions to be

restricted to a few small nodules in the bronchial and pharyngeal

glands. + After the bacteriologic examination, the udders were

carefully scrutinized for tubercular or other lesions without

finding them. The results of those examinations briefly given

in a former publication, § opened up a broad and almost totally

unexplored field of research for dairy bacteriologists.

The present publication contains a more extended account of

H. L. Bolley, North Dakota Agricultural Kxperiineut Station, Hulletin

No. 21, p. 164.

f A. R. Ward, The Persistence of Hacteria in the Milk Ducts of the Cow's

Udder. Journal of Applied Microscopy, Vol. I, Xo 12, p. 205.

X The fact that the six animals were selected as the least diseased out of

a herd of sevent3'-five condeuined animals, explains the apparently remark-

able restriction of the tubercular lesions.

^5 V. A. Moore and A. R. Ward, Bulletin No. 15S, Cornell Universit}- A.i;ri-

cultural Experiment vStation.
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the methods employed, and the results obtained from examina-

tions made in cooperation with Dr. Moore and of subsequent

ones conducted by the writer independently. The udders of

nineteen milch cows from five different dairies have been exam-

ined. Six of these, Group I, were made at Elmira as already

noted ; two, Group II, at Albany ; two, Group III, at Richfield

Springs ; five, Group IV, were made at Syracuse ; and four,

Group V, near Elmira,

Methods.

The bacteriologic examinations of the udders have of necessity

been confined to those of tuberculous milch cows. But in no

case was the udder tuberculous or otherwise abnormal in appear-

ance. Whether or not a few tubercular lesions in organs far

distant from the udder bring about an abnormal invasion of the

udder by bacteria, is a question which the writer, in the absence

of evidence to the contrary, is inclined to answer negatively.

Just before slaughtering, samples of the fore milk were

taken and the animals milked as thoroughly as possible, under

the exciting conditions surrounding them. For convenience in

noting results the gland was divided arbitrarily into three parts

as follows : (A) The lower third including the teat and cistern
;

(B) The middle third which includes the lower half of the gland

proper, and (C) The upper third, which includes the remaining

portion of the gland. After the cow was slaughtered, the udder

was carefully removed. The skin was reflected and a flamed

knife was used to make an incision extending from the upper

part of the udder to the cistern, and of such depth as to expose

tissues in the vicinity of the vertical axis of the gland. Alcohol

lamp, scalpels, curved scissors, tenaculum, tweezers, and plati-

num loop were found useful in this and in the following proceed-

ings. In making cultures from the glandular tissue, care was

taken to prevent milk of the ventral region from coming in con-

tact with the freshly exposed surfaces which normally lie above

the cistern. Bits of tissue were detached with flamed scissors,

and transferred to culture media by the use of a flamed plati-

num loop or tweezers. In some of the earlier examinations

made, tubes of gelatin and slanted agar were inoculated in this
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manner from each of the three arbitrarily designated divisions of

the quarter. Later, after it was recognized that bacteria are

broadly distributed in the udder, the use of slanted agar was

discontinued, as it did not permit of the isolation of species

Upon returning to the laboratory, the gelatin was liquefied at

a temperature not exceeding 37°C. and poured into sterile Petri

dishes, where it again became solid. Agar plate cultures were

made from the milk samples, and, together with those slanted

agar cultures already inoculated, were placed in the incubator.

The agar plate cultures were designed to be used as a check upon

the reliability of the conclusions reached from an examination

of the other cultures. For instance, it might be possible that

organisms which appeared to have been obtained from the

interior of the udder may have lodged upon the bits of tissue

during the transfer. The identity in cultural and morphologic

characters of bacteria found in the fore milk and in the glandu-

lar tissue of the udder would largeh^ eliminate a source for false

conclusions.

The tubes of slanted agar, after standing in the incubator for

several days, were examined particularly with reference to the

presence or absence of growth. Note was taken of the color and

character of the growth of the colonies, and sub-cultures were

made.

The gelatin plate cultures * were m like manner examined,

and furnished a more satisfactory method for obtaining pure cul-

tures. With these, a direct comparison made it possible to trace

the presence of the same organism in the three localities. In

order to prove that these identities existed, sub-cultures were

made for a more detailed comparison later. The plate cultures

made from the milk were examined and sub-cultures were made
from all of the apparently different colonies.

* The gelatin plate pictured on the first cover page gives an idea of the

number of colonies occurring in the cultures made from the glandular tissue

of the udder. The culture was rather old when photographed. Hence the

colonies are larger and have become more confluent than when first exam-
ined. The bit of glandular tissue may be seen as an irregular shaped black

area near the center of the plate culture. The illustration is about one-half

the diameter of the original plate.
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In the examinations of udders 7 and 8, bits of tissue were

brought to the laboratory in sterile test tubes. They were then

placed in cool liquid agar and treated thereafter similar to gela-

tin. The results from this use of agar was less satisfactory than

those from gelatin, since the growth of most species is less dis-

tinctive upon agar.

Bacteriologic Examination of the Glandular Tissue.

Group I.—In this examination * a large number of sub-cultures

were made. The growth of the cultures was studied on several

kinds of media and each was examined microscopically. They

were found to be nearly all micrococci and to belong to one of

three species. A spore bearing bacillus belonging to the Bacillus

subtilis group and another organism probabh' B. jluores-

cens liquefaciens were occasionally encountered in this and the

following examinations. It is possible that they are contamina-

tions, but our lack of knowledge of the bacteria in freshly drawn

milk renders it unsafe to deny their presence within the udder.

A number of other cultures, each found in but a single instance,

were discarded. The writer does not wish to be understood as

offering the following brief summaries of cultural characters as

full descriptions. The loss of most of the cultures has rendered

it impossible to present but little more information concerning

their cultural characteristics than was considered in classifying

them into the three groups of similar cultures.

Micrococcus No. i.

Morphology

.

—A micrococcus about i// in diameter.

Staining.—Stained readily by the common anilin dyes.

Agar.—The growth f is white, shiny and viscid rather than

friable.

Alkaline bonillon.—This medium becomes slightly clouded

with the deposition of a white sediment easily disseminated by

agitation. The reaction remains constantly alkaline.

*The writer is indebted to Dr. Cooper Curtice for the privilege of exam-
ining the above group of udders.

t The temperature, except in the case of gelatin cultures is to be under-

stood as 37.5 degrees centigrade.
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Tenper cent gelatin, stab.—Colonies are white and are very

slightly depressed, due apparently to a slight liquefaction. In

a stab culture the needle's path is marked by a whitish growth.

The surface exhibits a white colony of creamy consistency, but

no general liquefaction occurs even after a month's growth.

Fermentation tube.—Growth in one per cent solutions of glucose

and of lactose in bouillon occurs only in the open arm of the

tube. The reaction remains alkaline.

Milk.—Litmus milk remains blue and is not visibly changed.

TABIvE NO. I.

The Source of Pure Cultures of Micrococcus No. i.

Udder. Quarter of udder. Region.

No. I Right fore. Foremilk and strippings.

" I Right hind. B (see description of diagram).

" I Right fore. A( " " " ).

" 2 Right fore. A, C, also fore milk.

" 3 Right fore. Fore milk.

Micrococcus No. 2.

Morphology

.

—A micrococcus abovit \p- in diameter.

Staining.—Stained readily by the common anilin dyes.

Agar.—Color * varies from cream white to ocher depending

upon age and other undetermined conditions. During active

growth the color assumes successively the tints lying between

cream white and ocher. The color is the distinguishing feature

of the growth upon agar. The color of old cultures fades.

Alkaline bouillon.—Growth renders the liquid clouded, with

the deposition of a yellowish sediment. Reaction remains con-

stantly alkaline.

Milk.—Milk is coagulated in from three to five days.

Ten per cent gelatin, stab.—This medium is gradually liquefied,

the fluid becoming turbid, while a yellowish sediment is deposited.

* The writer employs Saccardo's color chart for the nomenclature of colors.
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The liquefaction extends downward in a zone involving the

whole area of the tube, but preceded slightly b_y a pit following

the track of the inoculating needle.

Fermentation tube.—Growth in one per cent solutions of glu-

cose and lactose in bouillon, occurs only in the open arm of the

tube. The reaction remains alkaline.

TABLE NO. II.

The Source of Pure Cultures of Micrococcus No. 2.

Udder. Quarter of udder. Region.

No. I Left hind. A

" I Right hind. B

" I Right fore. A

" 3 Right fore. B

" 4 Right fore. A

Micrococcus No. 3.

Morphology

.

—A micrococcus about i ;>.. in diameter.

Staiyiing.—Stained readily by the common anilin dyes

employed in the laboratory.

Agar.—Growth is lemon yellow in color and somewhat vi.scid

in consistency.

Alkaline bouillon.—The fluid becomes slightly clouded with the

formation of a lemon yellow pellicile and deposition of a sedi-

ment of the same color. The reaction remains alkaline.

Milk.—The casein is precipitated in six days with an alkaline

reaction. It is rapidly digested during the few following days,

forming a yellowish liquid.

Te7i per cent gelatin, stab.—This medium is gradually trans-

ormed by liquefaction into a fluid of yellow color.

Ferme?itation tube.—Fermentation tubes containing a one per

cent solution of glucose or of lactose in bouillon, show a

cloudiness in the open arm of the tube only. The reaction

remains alkaline.
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TABIvE NO. III.

The Source of Pure Cui^tures of Micrococcus No. 3.

1

Cow. Quarter of Udder. Region.

No. I

" 3
" 3
" 4

Right hind.
Right fore.

Right fore.

Right fore.

B
A
B
A

A considerable number of tubes of slanted agar were inocu-

lated with bits of tissue, the size of a pea, taken from the

several regions of the six udders comprising group i. The
results are summarized in the following table.

TABLE NO. IV.

Agar Si,ant Cultures made from Udders, Group I.

Udder
No.

No.
Inocu-
lated.

Source. Resulting growth.

I

2

3

4

5

6

26

5

8

18

23

Regions A, B and C
of four quarters.

Milk, right fore quar-
ter.

Region A, right fore

quarter.

Region B, right fore

quarter.

Region C, right fore

quarter.

Region C, right fore

quarter.

5 each from A, B, C,

right fore quarter.

A, B and C of right

fore quarter.

A, B and C of right

fore quarter.

A, B and C of four
quarters.

In 22, a confused mass of white,
ocher and lemon yellow colored
colonies of micrococci Nos. i, 2

and 3. In 4, B. subtilis{?) only.

Pure culture of micrococcus No. i.

Pure culture of micrococcus No. 2.

Micrococcus No.i and spore bearer.

Clear.

Pure culture of mocrococcus No. i.

3 remained sterile, 12 exhibited a
confused mass of colonies of
species i, 2 and 3.

Confused mass of colonies of spe-
cies I, 2 and 3.

I from A remained sterile. Re-
mainder showed species i, 2

and 3.

6 overgrown by a member of B.sub-
ti/is group. Remainder presented
a confused mass of species I, 2

and 3. j
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Udder No. 1.

Rijfct Hind Left Fhve

A Graphic Representation of the Bacterial Flora of I 'dders Nos. i to 6.

The areas designated by the letters A, B, C, indicate the three arbitrary

divisions into which the gland was divided for purposes of examination.
A figure (I, 2, or 3) in the canal of the teat indicates that a culture of

the micrococcus bearing that number was isolated from a sample of the

fore milk. Figures elsewhere indicate that either a pure culture of the

species in question was obtained from the place indicated or that colonies

of that species were recognized from peculiarities of growth. One quarter

only of udders Nos. 2, 3, 4 and 5, three of No. 6 and four of No. 7 were
examined.



TABLE V.

Summary of Results of the Bacterioi,ogic Examination of Udders
Nos. I TO 6.

Gelatin plate cultures. Agar slant cultures.

Udder Quar- Re- No. Colonies. No. Colonies.
No. ter. gion.

A

made. made.

1 R. F. I Numerous. 2 I St. B. subtilis (?)
only.

2d. Species No. 2

on tissue.

B o No cultures made. 2 ist. B. subtilis (?)

only.

2d. White, ocher
and lemon colored
cocci. (No.i, 2, 3.)

C o No cultures made. I White and ocher
cocci. (No. I and 2).

R. H. A I i6 colonies of two
species.

I B. subtilis (?) and
species i and 2.

B 2 1st. Liquefied B.
fluorescens liqiiefa-

ciejis (?).

2d. Colonies like

region A and B,
fluorescens liquefa-
ciens (?).

7 All show Nos. I and
2, a.nAB.subtilts(?).

C 2 1st. Liquefied by
B. fluorescens liq-

uefaciens (?).

2d. Same but
shows colonies like

region A.

6 All show species
Nos. I and 2. 5
show B. subtilis (?),

I shows B fluores-
cens liquefaciensQ)

.

L.F. A

B
C

I

O
O

Liquefied by B.
fluorescens liquefa-

ciens (?).

2

o
o

1st. Shows Species
No. I and B. sub-
tilis {>)

2d. White and ocher
coccus. Nos. I and 2.

L. H. A 1st Shows ID colon-
ies of No.i.

2d. Numerous.

2 B. subtilis only in

both.

B O 2 Nos. I, 2, 3 in both.
C O I Nos. I, 2, 3.

2 R. F. A

B

2

O

1st. No. I and 2

fungi.
2d. Fungous growth
o\er plate.

See Table IV.

See Table IV.

C 2 1st. No. 2 on tissue.

2 . Clear.

See Table IV.



TABLE v.- Continued.

Gelatin plate cultures. Agar slant cultures.

Udder Quar- Re- No. No.
No. ter. gion. made. Colonies. made. Colonies.

3 R. F. A 2 1st. Fungus on tis-

sue.

2d. Clear.

6 These and the cul-

tures from B and C
with three excep-
tions contain Nos.
I and 2.

B I Fungus and B.

fliiorescen s liquefaci-
ens (.^)

5 See above.

C I Several colonies of
white and of yel-

low cocci.

4 See above.

4 R. F. A
B
C

I

I
Fungus over plate. 8 Eight agar slant cul-
Clear. tures from regions

O
A, B and C showed
growth of Nos. i,

2 and 3.

5 R. F. A

C

4 2 clear, 2 contain lo
and 50 colonies re-

spectively of a ba-
cillus.

18 I culture clear, 2 con-
tain B fluorescens".

liqiiefaaens {f) 15I

others from the!

various r e g i on si
4 2 clear, i contains 6 show colonies of

colonies of a bacil- Nos. I and 2. A
lus, I contains 6 few show B.subtilis
colonies of white (.^)also
coccus. (No. I.)

6 R. F. A I Liquefied by a bacil-

lus.
3 Nos. 1,2, and B. sub-

tilis (? ) in each.

B I Three or four colo-
nies of No. 2.

3 All show B. subtilis

(?) only.
C o 3 2 show Nos. I and 2,

iB.sjibtilisiJ) alone.

R. H. A I Four colonies ofNo. 2 I B. subtilis (?)only.
B o I No. 2 and B. sub-

tilis (?)

C o I B. subtilis (?) only.
L. H. A

a

I Fifteen colonies of

No. 2.

2 1st. No 2 and B sub-
tilis (?) 2d. white:

coccus and B.sub-'

tilis. {?)
B o 2 1st. shows No. I.

2d. No. I and 2.

C o 2 1st. No I.

2d. B. subtilis {?)
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Group 11.—In January 1899, an opportunity was offered for

the examination of two more udders in the manner already

described. During the examination of the gelatin plate cultures

two apparently different colonies were distinguished as pre-

dominating. Sub-cultures were made from these, but were lost

before they were compared with the three cultures from the

preceding examination. Nevertheless a tabulation of the

results from an examination of the growth upon the gelatin

plates will be of interest in its bearing on the subject of the

general invasion of the normal udder by bacteria. Species No.

4 is a bacillus liquifying gelatin. Species No. 5 is probably

identical with No. 2,

TABLE VI.

Summary of Resui,ts of The Bacterioi,ogic Examination of
Udder No. 7.

Quarter of udder. Region. No. of colonies. Species.

Right fore A 2 .... No. 4
.... " 4
.... " 5

.... " 4

B IS
(t it B 10. . .

i< .1 C I

Right hind A
B .... None ....

.... None ....

10

<. >< C
ALeft fore .... No. 5

.... " 4

.... " 4

. . . .
" s

.... B . 100 to 2CO
<<

. C CO

Left hind . . Cistern milk . .

A

2

4
. ... 1,

....'' 4

.... " 5X l> B
.. <( c 22 .... " 4

•• " 5
* * * *

. . Cistern milk .

.

5
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TABLE NO. VII.

Summary of Results of the Examination of Udder No. 8.

Quarter of Udder. Region. No. of colonies. Species.

Right fore A 20. . .

.

No s

B SO . . . .
" s

a i< c IS

Right hind A 2. . . . . . .
"

d.

A -i . . . .

i< t< B 8 " A
It X c I . . .... " A
(1 II c -J " ^

Left fore A A ..." ?*
B ? ?

II 11 C ? ?

Left hind A . . . Clear .

.

I

18. . .

.

?

" 4
" A

B
1. .1 C

* Notes incomplete.

The examination of the agar plate cultures confirmed the con-

clusions drawn from the examination of the gelatin plates.

Owing to the fact that (i) the colony growth of species is never

so distinctive on agar as upon gelatin, and (2) that micrococ-

cus No. 2 assumes a diversity of shades on agar, the results

obtained from the examination of the agar plates do not lend

themselves to a concise tabulation.

Group III.—An examination of udders 9 and 10 confirmed the

results of previous examinations. Every culture from the

regions A, B, and C of each quarter of the two udders, showed
growth. Neither sub-cultures, nor further study of the plates

were made.

Group IV.—In the examination of these udders gelatin only

was used, experience having demonstrated its superiority. As
in the former examinations, the results indicated an extensive

invasion of the udder. In practically every quarter, it was pos-

sible by comparison of the gelatin plates, to observe the similar-

ity of the bacterial flora in each of the regions A, B, and C.

Two species of micrococci were found in considerable numbers
in all of the udders.
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Micrococcus No. 6.

Morphology

.

—A micrococcus about \'.>. in diameter.

Staining.—Stained readily by the common anilin dyes in use

in the laboratory.

Agar.—The colonies are circular, viscid, white, but assume a

cream color later. The growth on agar slant cultures is white,

shiny, pasty, with an irregular border. The condensation water

is clouded with flocculent sediment.

Alkaline bouillo7i.—The liquid becomes clouded with the depo-

sition of a whitish sediment, easily disseminated by agitation.

Teyi per cent gelatin.—Colonies are circular, varying in color

from cream to ocher, and each occupying a slight indentation in

the medium. Later, the area of liquefaction becomes larger and

the colonies disintegrate into grandular masses floating in the

liquid. In the stab cultures the needle's path is marked by a

white dotted growth, more abundant near the surface. The
liquefaction extends downwards in a few days forming a lique-

fied area involving the whole width of the medium. The center

becomes liquefied somewhat in advance of the edges, forming a

cone-shaped liquefaction.

Milk.—It remains fluid even after months, with the accumula-

tion of a yellowish sediment in the bottom of the tube. Ivitmus

milk is unchanged in color.

Fermentation tube.—Growth in one per cent solution of glu-

cose, lactose and saccharose in bouillon occurs only in the open
arm of the tube. The reaction remains alkaline.

TABLE NO. VIII.

The Sourcks from which Pure Cultures of Micrococcus No. 6

WERE Obtained.

Udder. Quarter. Region.

No. II Right fore. A
" II Left fore. A
" II Left fore. V,

" 15 Right hind. H
" 15 Right hind. C
" II Right hind. B
" II Left hind. A
" 12 Left fore. Fore milk
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Micrococcus No. 7.

Morphology

.

—A micrococcus about i/< in diameter.

Staining.—Stained readily by the common anilin dyes used in

the laboratory.

Agar.—Smooth, shiny, white growth upon agar slant cultures.

Bouillon.—The liquid becomes uniformly clouded with the

deposition of a whitish sediment.

Gelatin.—The growth is similar to that of No. 6, except that

the colonies of No. 7 are always white.

Milk.—It is coagulated with an amphoteric reaction in three

days.
TABLE NO. IX.

The vSources from which Pure Cultures of Micrococcus No. 7

WERE OBTAINED.

Udder. Quarter. Region.

No. II Right hind. Fore milk
" II Left hind. A
" 12 Right fore. B
" 12 Right fore. C
" 13 Right fore. B
" 14 Right hind. A
" 15 Right hind. A

TABLE NO. X.

Summary of Results of the Examination of Gelatin Plate
Cultures from Udder No. 11.

Udder No. Quarter. Region. No. made. Observations.

II R. F. A
B
C

Nnmerous.
Six colonies and mould.
Exceedingly numerous.

R. H. A
B
C

Exceedingly numerous.
Numerous.
Numerous.

L. F. A
B
C

About twenty-five colonies.

Numerous. Liquified B. suhtilis {?)

Very slight growth bordering tissue.

L. H. A
B
C

Numerous.
Tissue ocher colored, 5 colonies.

Numerous.
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TABLE NO. XI.

Summary of Resui,ts of the Examination of Gei^atin Pirate

Cultures of Udders 12, 13, 14, 15.

Udder No. Quarter. Region. No. made. Observations.

12 R.F. A Entirely liquefied.

B Numerous.
C Nutaerous.

L. F. A Entirely liquefied.

B Slight liquefaction near tissue. No
colonies.

C About twelve colonies.

13 R. F. A Fungus.
B About twelve colonies.

C r About eight colonies.

14 R.F. A 100-200 colonies, many liquefiers.

B Completely liquefied.

C Completely liquefied.

R. H. A 100-200 colonies.
B Fungus, and numerous colonies.

C Few.
15 R. H. A Fungus, and about 100 colonies.

B About twenty-five.
C Few.

Group IV.—An examination of udders Nos. 16 to 19 inclu-

sive is being made just as this publication goes to press. The
results cannot be discussed in detail at present. A bacillus is

found quite generally distributed in the fore milk and the four

udders. This bacillus agrees with the micrococci, heretofore

obtained, in its long deferred action upon milk. At 37.5° C,
after five days the casein of milk is precipitated with an alka-

line reaction. The coagulum is subsequently digested.

The Structure qf the Udder.

A study of the relations of the milk channels and reservoirs

of the udder tends to strengthen the conclusions that the udder

may be normally invaded by bacteria. Figure 58 shows a plaster

of Paris cast of the lower portion of one quarter of an udder.

The duct of the teat, and the milk cistern (galactiferous sinus),

are plainly shown. The plaster penetrated the fine lactiferous

ducts of the udder, but owing to the fragile nature of the cast,

it was impossible to dissect away the tough tissue without ruin-

ing the model.
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There will be seen ill figure 58 a slight constriction indicating

the boundary between the duct of the teat and the milk cistern

proper. In the examination of the udders incident to the bac-

teriologic work, care was taken to ascertain if there was present a

distinct barrier separating the

milk cistern from that of the

teat. Such was not found.

There was seen, however, a

considerable variation in the

size of the constriction in the

different quarters of the sev-

eral udders. The presence of

circularly disposed plain mus-

cle fibres in the constriction of

the mucous membranes and in

the mucosa throughout the

whole length of the teat has

been demonstrated by the

writer by histologic methods.

The point to be emphasized is

that no obstruction capable of

excluding bacteria from the

milk cistern exists, except

perhaps, the sphincter muscle

at the lower end of the teat.*

Plate I shows much better

the system of milk channels

in the udder. One-half of the

udder of a cow was injected through the teats with a mass of hot

gelatin containing lamp black in suspension. After cooling,

which solidified the gelatin, a section was made and photographed.

The gelatin was previously removed from the cavities of the teat,

* Dr. R. G. Freeman has observed that the milk of some cows when
drawn from the udder with aseptic precautions shows a considerable bacterial

contentevenafter the milking period is more than half completed. He has

also found that this invasion is much more marked in the udders in which

the ends of the teats are imperfectly closed by weak sphincter muscles

than in those possessing teats which are firmly closed at their lower extrem-

ities.—From unpublished data furnished by courtesy of Dr. Freeman.

Fig. 58.— .-^ plaster of Paris cast of the
iriteriorof the teat and milk cistern
oj one quarter of an udder.
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milk cistern and its larger ramifications, in order to show the lin-

ing mucous membrane of those cavities. Since the udder was not

secreting milk when the cow was killed, the glandular tissue occu-

pied the minimun amount of space. This resulted in a general

darkening of the udder by the lampblack without the contrast

which would have shown more clearly the individual lactiferous

ducts.

The free communication of the milk cistern with the more
minute lactiferous ducts is at times interrupted l)y the sphincter

muscles described by anatomists as present in those ducts.

There is little ground, however, for considering them as serious

barriers to the progress of micro-organisms one twenty-five

thousandths (o-gwo) of ^'^ inch in diameter.

That the milk ducts of the teat normally harbor bacteria is

admitted by all. Some few, with whom the writer agrees, assert

that the milk cistern normally harbors bacteria. Such being

true, there is little reason to doubt that bacteria may find their

way through the fine ramifications of the milk cistern (lactifer-

ous ducts) to regions remote from the teat. Pathogenic organ-

isms certainly do so when the udder is diseased and to conceive

that harmless ones do so in health is not difficult.

The Importance of the Probi^em.

It will be noted that none of the species of micrococci isolated

from the udders are capable of rapidly souring milk. They are,

on the contrary, inert as regards their immediate visi])le effect.

A similar fact has been noted by Dinwiddie* in regard to the

bacterial flora of the fore milk of two cows studied by him.

BoUeyt likewise has expressed his belief, " that com-
paratively few forms may multiplj' within the normal udder, and
that these are perhaps scarce to be considered as detrimental forms. '

'

The writer has repeatedly isolated micrococci from the fore

milk of the University herd, apparently identical with some of

those found in the udders of the freshly slaughtered milch cows
from the herds mentioned elsewhere in this bulletin.

*R. R. Dinwiddie, Arkansas Agricultural Kxperiment Station, Bulletin

No. 45, p. 56.

f H. Iv. Rolley, North Dakota I^xperinient Station, Bulletin No. 2r.
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On the other hand, Moore* has isolated species from the fore

milk which were capable of rapidly souring milk and hence of

great importance to the dairyman.

The methods t employed by the present writer unfortunately

were not such as would have permitted the recognition of Bacillus

acidilactici had it been present. Esten has found this organism

in the fore milk of several cows and has shown that it grows best

at the temperature of the cow's body. He has suggested that

Bacillus acidi lactici in milk may come originally from the milk

duct of the teat. A further examination of the lactiferous ducts

of the udder employing methods adapted for the easy recognition

'of acid producing organisms would be of the greatest interest.

The principle at stake is an important one. If harmless

species invade the udder, certainly there is a possibility that

species capable of injuring milk, but harmless to the cow, may
be present. Moore and the writer % have studied a gaseous

fermentation occurring in cheese curd, in which the gas pro-

ducing bacteria appear to have been localized in the udders of

the cows supplying the milk used in the factory.

The ineffectual attempts to obtain milk in commercial

quantities uncontaminated by bacteria can be directly ascribed to

the presence of bacteria within the depths of the udder. Since

the dangers from the contamination of milk by fecal matter

etc., have been recognized the advisability of Pasteurizing all

milk and cream which are to be consumed raw, has been con-

sidered. The application of that suggestion causes some

undesirable changes in the heated milk. Among these are :

loss of property of creaming readily and of the most importance

in milk for infants' food, the alleged lessening of the digesti-

bility of heated milk. To obviate this difficulty, attempts have

been made to bottle milk directly from the udder with the

exercise of such precautions as to prevent contamination by

bacteria. Milk drawn with rigid care, after rejecting the fore

* Loc. cit.

fW M. E^ten, Bacillus acidi laciti and other acid organisms found in

American dairies. Ninth Annual Report of the Storrs Agricultural

Experiment Station, p. 49.

X Loc. cit.
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milk and hermetically sealed in the bottles many remain sweet

during an ocean voyage to Europe and return. That milk drawn
with such care is not sterile and that it ultimately teems with

microorganisms although sweet to the taste, is a fact which the

writer has been assured by unquestionable authority. Such
behavior of milk might be expected from the character of the

micrococci isolated from the udder, and is indicative of con-

tamination from that source.

Judged from the standpoint of the dairyman, who considers

that souring is the one and only harmful change in milk, the

contamination of milk from the interior of the udder, so far as

has been shown in this work, might be disregarded as unimpor-

tant. Until more is known of the ordinary and of the occasional

bacterial inhabitants of the udder and of their ability to elaborate

enzymes and toxic substances, the writer urges the recognition

of that source of the contamination of milk.

Conclusions.

1. The lactiferous ducts of the nineteen udders examined,

harbor bacteria throughout their whole extent.

2. Our present knowledge concerning the place at which bac-

teria first gain access to milk, should be expressed somewhat as

follows : Milk when secreted by the glands of the healthy

udder is sterile. It may, however, immediately become con-

taminated by the bacteria which are normally present in the

smaller milk ducts of the udder.

3. The bacteria so far found in the interior of the udder,

apparently do not affect milk seriously. This, however, does not

preclude the probability that forms more injurious to milk may
invade the udder.

4. The constant contamination of milk from the udder sug-

gests an explanation for the frequent occurrence of certain

"dairy bacteria " in milk.

5. A study of the anatomy of the udder fails to disclose struc-

tural features which could prevent the invasion by bacteria.
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Cornell University, Ithaca, N. Y., February i, 1900.

Honorable Commissioner of Agriculture, Albany.

Sir: It cannot be denied that the use of commercial fertilizers

is a source of profit for the farmer, when they are used in the

right way. But the common way of using them is not the right

way. The application of a complete fertilizer, without knowing
whether the crop to be fertilized needs the three plant-foods, or

whether the yield may not be just as large, if but one, or perhaps

two of them are supplied, usually results in waste.

^The purpose of the field experiments with commercial fertil-

izers, an account of which is given in part in this bulletin was
to interest farmers in testing their soils in order that they might

learn what plant-food is deficient for the crops that they wish to

raise, and also whether the commercial fertilizers used are more
or less profitable than good stable manure.

The results of these experiments have taught many farmers

that they have not been using these fertilizers in the right way
;

this work has also taught them how to experiment. To Dr.

G. C. Caldwell, Chemist of the Experiment Station, much credit

is due for having inaugurated this plan of conducting field

experiments. The work has been made especially effective by

the zeal with which the author of this bulletin has superintended

the experiments during the three years of their continuance. In

his visits to a large number of the farms where experiments were

being carried on he helped and encouraged the experimenters by
his valuable criticisms and suggestions.

It is hoped that this work can be continued during the present

year. I. P. Roberts, Director.
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INTRODUCTION TO

FIELD EXPERIMENTS WITH FERTILIZERS.

A difficult problem.—Some of the questions most frequently

asked by farmers are these : What fertilizer shall I use on my
land? How can I tell just what combination or mixture of

plant-foods is best adapted to my soils? What is the best all

round fertilizer ? Such questions are among the hardest that

can be asked in the whole field of agriculture. They cannot be

answered offhand in a day or a week ; it may take months and
in some cases years to answer them. Many a farmer spends his

whole life on the farm without even trying to solve these prob-

lems, or without getting correct answers if he does try to solve

them.

What regfulates crop production.—A farmer grows an acre of

corn and harvests a modest crop of lo bushels. What is the

cause of this very poor yield ? Something must be wrong and
it is for him to try and find out wherein the trouble lies. The
poor yield may be due to one or more of several conditions. It

may be a lack of moisture, or too much moisture ; the soil may
be too acid

; it may be deficient in either nitrogen, phosphoric

acid or potash ; it may be too cold and heavy ; it may not con-

tain enough nitrifying organisms to maintain a good supply of

nitrates or it may contain too many denitrifying organisms

which destroy nitrates ; it may be too compact and therefore

may not leave enough air spaces between the soil particles
;

capillary action may be imperfect ; there may be a lack of

humus ; the texture may not be suitable to the crop grown
;

and so on.

The law of the minimum.—This is most important with refer-

ence to plant growth. It means that the one es.sential condition

which is at a minimum, or is at the lowest grade, during the

growth of a crop, is the one condition that regulates the amount
of crop grown.
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For example, a field may have all the essential conditions

favorable for producing a large crop, except one. Let that one

be a lack of available phosphoric acid, then the amount of crop

grown is regulated by the amount of available phosphoric acid

present. If this quantity is increased, the crop will be increased.

To apply nitrogen or potash to this soil would be unwise for it

may be taken for granted that these plant-foods are already

present in sufficient quantity for at least a fair crop. Again,

suppose that the essential condition which is at a minimum is a

lack of humus, or it may be an unsuitable texture. Then the

total crop produced will be governed by the amount of humus
or b}' the texture. If the amount of humus in the soil is

increased or if the texture is improved then this soil becomes

more productive. An application of commercial fertilizers to

such a field would have little or no beneficial effect.

It sometimes happens that some essential condition is at such

a low grade, and is of such a character that the farmer can

recognize it at a glance ; for instance, a soil may be a very stiff,

hard, compact clay, similar to a brickyard. Such a soil must be

loosened and made porous and friable or mellow. Its texture

must be improved before one could expect to obtain profitable

results from the use of fertilizers. But if the farmer wants to

make the most that he can out of his farm he will not stop here
;

for just as soon as one low'-grade condition has been improved

and larger crops are thereby obtained, some other condition may
be at a minimum and consequently regulates the amount of crop

produced. This becomes the condition to be sought out and

improved in order that the productivity' of the soil may be raised

to a higher standard.

These essential conditions may be likened to a lot of jack-

screws and the productivity or fertility of the field to a large

house. If we wish to raise this house, we distribute the jack-

screws in various places under it. If the house is to be raised

without damage, every one of these jackscrews must be carefully

watched and that one which is the lowest must be screwed up
;

presently some other screw becomes the lowest and that one in

turn must be attended to and so on with every one of the sup-

ports.
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If all the screws are carefully watched the house rises prop-

erly ; if only a part are watched and no attention is paid to the

others, before long something is liable to be strained and the

house may be badly injured. So it is with the fertility of a soil

:

each and every one of the many conditions essential for raising

a large crop must be carefully watched : those which are con-

stantly falling short in consequence of the improvement of the

others must themselves be likewise improved in order to keep

the fertility up to its maximum. If only a few of the essential

conditions are looked after, the soil will in time become less pro-

ductive and the farmer becomes discouraged and sums up the

whole difficulty by saying, "Farming don't pay." On the other

hand, a successful, wideawake farmer is constantly trying to

find out, and does detect and improve those conditions of his

soil which are at the lowest ebb, and to him farming does pay.

Take for another illustration an actual case in which an

important condition, namely capillary action, was at a low grade.

Two adjacent fields were prepared for buckwheat ; the same seed

was used on each field, it was sown at the same rate per acre and

with the same drill. Similar fertilizers were applied to each

field ; the amount applied and the manner of applying them
were the same. For the results see the frontispiece.

The only known difference between the two fields was this
;

one was thoroughly prepared, the other was prepared in a hurry.

The thoroughly prepared field was plowed in advance of plant-

ing-time and the soil had settled somewhat, so that its capillary

action had time to re-adjust itself and was able to pump up mois-

ture from below to keep the seed-bed damp ; consequently the

buckwheat sprouted promptly and grew luxuriantly thereafter.

The hastily prepared field was plowed just before the buck-

wheat was sown. The capillary action was broken up and did

not have time to re-adjust itself, consequently the moisture from

below could not rise to the seed-bed. The surface soil soon

became dry and the buckwheat grew very slowly owing to the

lack of moisture in the uppermost few inches of the arable

laj^er.

This season the author's attention was called to another inter-

esting case. A farmer planning to sow buckwheat started an
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early preparation of the soil. The headlands were plowed and

also a narrow strip across the field, before night came on. Plow-

ing could not be finished, however, until planting-time. Then
the work was done hastily on the remainder of the field and the

seed was sown. The results were that the headlands and the

narrow strip across the field that were plowed early, and had

re-adjusted the capillary action before planting-time, yielded a

large crop that even lodged considerably. The rest of the field

was scarcely worth harvesting.

The object of the experimental work.—This work was under-

taken for the purpose of helping the farmers of the State to

detect and improve some of the low-grade conditions of their

fields. Experimental work with fertilizers, which is the subject

of this bulletin, was taken up. It was the plan of the Station

to send to such farmers as would agree to do the work, a suffi-

cient quantity of the three plant-foods, nitrogen, phosphoric

acid and potash,. separately and in combination, with directions

for a series of experiments for the purpose of determining

whether any separate plant-food or any combination of them
would increase the crops to which they were applied. The
results of such experiments, carried out according to directions,

should assist the farmer to decide what plant-foods his soils

need, if any, for the production of satisfactory crops.

If the series of experiments proves to be a failure, that is, if it

gives no marked or definite results, it is still valuable. It at

least shows the farmer that his soil is not in a condition to

respond to the use of fertilizers, which means either that it is

already well stocked with available food or that some one or

more of the essential conditions other than plant-food condi-

tions need looking after and improving before much money or

time is spent on fertilizers.

Extent of the experimental work and the results in general.

—During the past three years 371 sets of fertilizers have been

sent to farmers in various pans of the State. (See map, page 286.)

The time at which the appropriation for this work became avail-

able in the spring was so far advanced, that in some cases the fer-

tilizers were received by the farmers much later than they
should have been applied to the soil ; the results may therefore
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have been less satisfactory than might otherwise have been the

case.

A majority of the experimenters have been visited by a Sta-

tion representative ; in some cases photographs of the crops have

been taken ; in other cases samples of soil have been sent to the

Station for analysis. In general the farmers manifested much
interest in the work and most of them took great pains with it.

A few were disappointed because it required so much " time and

fussing." Of all the experimenters only one failed entirely to

catch the spirit of the work ; owing to some misunderstanding

he dumped the small sacks of fertilizers into a tub, mixed them

together, and applied the mixture on a small plat of land. He
reported that he thought the fertilizer increased the crpp some-

what—a report of no use to him or to us.

A number of the experimenters made the mistake of measuring

off too small plats and consequently the fertilizers in some cases

injured the crop. A large number did the work well and kept

good records, but many of them unfortunately omitted the

check plat without fertilizers. This plat was absolutely neces-

sary as a standard for the measuring of the crops grown on the

several fertilized plats. Without it the results obtained on the

fertilized plats were almost worthless for the experimenter ; he

could not decide whether or not any of the fertilizers had

inceastd the yields, or whether any one gave a profitable crop.

However, notwithstanding all these unfortunate drawbacks

there were many experimenters who followed all the directions

and felt that they had profited by the work.

In i8g7 and again in 1898, fertilizers were used at the rate of

200 lbs. of nitrate of soda, 400 lbs. of superphosphate and 200 lbs.

of muriate of potash per acre. Owing to the prevalence of acid

soils, in 1898 it was advised to use lime when convenient,

on half of each plat at the rate of two tons per acre. In

1899 the application of fertilizers was increased to 300 lbs. of

nitrate of soda, 600 lbs. of superphosphate and 300 lbs. of muriate

of potash per acre.

Acid soils.—Within the last few years the subject of acid .soils

has been brought to the attention of farmers and questions are

requcntly asked about this acidity or sourness of soils. While
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traveling about the State, the Station representative had excep-

tional opportunity for testing various soils for acidity ; the

tests were made by leaving blue litmus-paper in contact with the

moist soil for five minutes. The presence of acid in the soil

would be indicated by a reddening of the paper. One hundred

and eighty-six tests were made in different parts of the State
;

of these, 160 indicated the presence of considerable acidity.

Generally, the most acid soils were found to be uplands, usually

sandy or light clay loams and especiallj'' soils underlaid with

hardpan. In several cases low-lying, wet, muck soils were

tested and were found to be free from acid.

Acid soils must not always be associated with poor crops.

Some acid soils produce very poor crops, others luxuriant crops.

The most thrifty cornfield seen during the season was growing

on very acid or sour soil. The same was also true with potatoes.

Experiments show that both corn and potatoes are not affected

by acid in the soil. Potatoes grown on acid soil were better,

smoother, less scabby and diseased than those grown on soil not

acid. Many clover fields were tested and most of them showed
acid, but usually the best fields would have the least acidity.

Generally, common plantain and sorrel would be sure indications

of free acid in the soil.

"Was the use of lime beneficial ?—Since the presence of acid

in the soil was found to be so common, it was thought best to

try the use of lime for correcting this acidity ; it was applied at

the rate of two tons per acre, in some cases quicklime slaked

on the field, in others air-slaked lime. Thirty-one field tests

were thus made. Several months after this application these

soils were found to be just about as acid, producing the same
change of the litmus-paper as the adjacent soils which had not

been limed. The use of lime by itself gave very good results in

seven cases, injurious results in three cases, and indifferent

results in twenty-one cases. When used in connection with

fertilizers, the results were in five cases very good, in four inju-

rious, and in twenty-two indifferent. In two cases the use of

lime was followed by an injurious effect upon the physical con-

dition of the soil, consisting of clay loams, tending to make them
hard and lumpy, rather than loose and friable.
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That the use of lime was not more often followed by marked

favorable results may be due to the fact that the application was

not large enough, or that it had not in that short time become

thoroughl)^ mixed in the soil. Its use is worth further trial and

more serious study.

Circular of instructions.—In 1898 and '99 a special circular of

instruction was sent to each farmer who was carrjdng on experi-

mental work with fertilizers.

The following is one of the circulars which was sent out in the

spring of '99 and returned in the fall. Spaces were left for

recording the summer's work and these were filled out by the

experimenter according to the directions. That part of the cir-

cular printed in italics constitutes the actual report of the experi-

menter.

CIRCULAR OF INSTRUCTIONS

CONCERNING

FIELD EXPERIMENTS
WITH

FERTILIZERS
No. 14.

CORNELI. UNIVERSITY
AGRICULTURAI, EXPERIMENT STATION.

I. P. ROBERTS, DIRECTOR.

Ithaca, N. Y., April, 1899.

Dear Sir :

We have ordered one set of fertilizers to be sent to you by freight.

This set consists of two large sacks containing four 15 lb. sacks of nitrate

of soda
;
two 15 lb. sacks of muriate of potash ; two 30 lb. sacks of super-

phosphate, and two 45 lb. sacks containing a mixture of 30 lbs. of super-
phosphate and 15 lbs. of nmriate of potash.

We have also sent you a revised copy of Bulletin 129 of this Station.
It contains many valuable suggestions about conducting field experiments
with fertilizers.

Circular No. 14 explains how to apply the fertilizers and how to keep a
record of the season's work.
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KEEP THIS CIRCULAR IN A HANDY PLACE and from Time

TO TIME JOT DOWN NOTES UNDER THEIR PROPER HEADINGS. FINALLY

IN THE FALL RECORD THE WEIGHTS OF CROP GROWN ON EACH PLAT

AND THEN RETURN THIS SAME CIRCULAR To G. C. Caldwell,

ITHACA, N. Y.

Do not get this experimental work confused with another line of inves-

tigations with sugar beets which the Station is planning.

SAMPLING THE SOIL.

The first thing to do before applying the fertilizer is to get a good

average sample of soil from
....... that portion of the field on

which the plats are laid out.

Proceed as follows : with

a spade with a square end
> . - - dig a hole, the width of the

spade and nine inches deep,

leaving one side of the hole

vertical and the other side sloping just as in the cut. Clean out all the loose

soil at the bottom of the hole ; cut oflf from the vertical side a slice about

two inches thick from top to bottom, the full width of the spade ; this slice

represents one of the partial samples ; in precisely the same manner take

10 to 15 other samples from different parts of the field.

Put all the samples together, after having picked out of each one all

pebbles over X to ^ inch in diameter. In a clean box large enough to

hold tbem all, or on some clean boards, mix the samples together as thor-

oughly as possible, by stirring and shoveling over and over many times
;

then put four or five pecks of this mixture into a strong sack, or into a box
about large enough to hold it, and tie the sack, or cover the box tightly.

The sack in which the fertilizers were sent must not be used for this pur-

pose. Too much care cannot be taken in preparing this sample so that it

shall represent the soil of the whole larger plat to be divided up into smaller

ones for the experiments.

Make a record of the field, as complete as possible, according to the fol-

lowing plan :

I—Location of Field,

a—Upland.

b—Lowland. (If lowland, do sidehills wash downjupon it?)

c— Hillside, etc.

Write answer here— The field was valley land and laid up towards the

hills. The sidehill did not wash down on it.
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II—Character of Soil.

a—Sandy.

b—Gravelly.

c— Claye)'.

d—Loamy, etc.

e—How deep is surface soil ?

f—Is there a hardpan ; if so how deep is it?

g— Does soil hold moisture, or dry out rapidly?

Write answer here— Z"A^ 50// was dark loam and a little gravelly. The
surface was from 10 to 12 inches deep with no hardpan and rather inclined

to hold the tnoisture.

Ill— Fertility of Soil,

a—Does the soil possess the required amount of plant-food, or does it

"run down" quickly and need enriching?

b—Have manures or fertilizers been applied in past years? If so, how
often, what kinds and how much per acre ?

Write answer here

—

The soil possessed a good amount of plant-food and
does not run doivn easily. It has been manured about once in 4 years,

generally 20 tons per acre previous to raising a crop of corn in rotation.

IV—History of Crops Previous to 1899.

What crops have been grown and how much yield per acre, in

past years ? In case of cereals give the number of bushels of grain

and tons of straw or stalks per acre.

Write answer here

—

Had raised in past years a rotation of hay., two years
yielding from 2 to 4 tons per acre ; then manured for corn or potatoes,

either yielding good crops—corn 125 bu. ears per acre, or potatoes joo to 200
bu. per acre. This followed with oats, yielding from 40 to 60 bu. per acre

with a large growth of straw ; this completed the rotation. This year the

potatoes were raised after corn which had been manured.
The field should be plowed before the plats are laid out. Then use

good, substantial stakes at the corners of the plats, and mark them in such
a way that the plats will not become mixed, thus leading to confusion. It

would be well to leave a space of 4 ft. between each two plats in order to be
sure that the plants on one plat cannot feed on the fertilizer each side of it.

Do not lay out the plats on land that has been manured within one year.

If you carried on fertilizer experiments last year do not use the same set of

plats again this season.

The following diagram shows the arrangement of the plats, with the
spaces between. Each plat contains >'{, of an acre.
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w

I. Plat K. 15 lbs. Muriate
;^
••;•••• •'•• 100 lbs. limei

P°t.^?^. •.:•.:•.:•.:•.:>:: on this half

:

nwT-^ i
• J- :•:•;•.•>:•:!• 100 lbs. lime:

Plat N. 15 lbs. Nitrate Soda.; .;
, .; .:.:: .; : ^^ ^^^^ ^^^^

,
••• •.•.•.•.•.•:-'-:-ioo lbs. lime".

3. Plat P. 30 lbs. Superphos! phate .; .; .; .;
•

.. •: .-. ^^ ^j^-^ j^^^f
•

, , ^^ ^ ,.,.•••:•::•.:•!•:•;• :-ioo lbs. lime:
4. Plat Blank. No Fertil|izer .; , .; •; .; •; ::: ^^ ^y,^^ half :

1 TTXT 15 lbs. Muriate! Potash •:•::•:•:: ^loo lbs. lime;
5. piatKN. 15 lbs. Nitrate isoda::;:::|: .:::;::::: on this half

:

( 15 lbs. Muriatei Potash •::•::•:•: •:ioo lbs. lime;
6. Plat KP. MIXED

^ ^^ ^^g_ Superplhosphate ;• •'::::::: ;: on this half
;

15 lbs. Nitrate Soda:; ::.•:::::•.:;::•;: 100 lbs. lime;:
7. Plat N p.

30 lbs. Superphosphate:^ :::::;:•. ::::on this half;:

. '^'S^^^^\^^^^f^^:'-^^^^°oihs. lime:
8. PlatNPK. „,^„

i^5lbs.Mur|iatePotjish ._:.:.;.:,. .^^^j^j^h^^f.
j 30 lbs. Suplerphosphate

_. ,. T.,
•••.•.••.•.•.••:•: ion lbs. lime-

9- Plats. StableMa nure :.;.:.:.:.;.;.:.:. ^^ this half ;

Eight rods long,

THE USE OF LIME.

Some recent investigations that have been carried on under the direc-

tion of Mr. Wheeler of the Rhode Island Experiment Station, at Kingston,

R. I., have shown that acidity or sourness of the soil is much more com-

mon than has hitherto been supposed to be the case. It was proved by these

experiments that this acidity of the soil lessens the effect of fertilizers on

very many crops ; in most cases the effect of nitrate of soda was very much

lessened.

It is for this reason that the use of lime is recommended in the experi-
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ments of this year, when it can be obtained without too much cost, on half

of each one of the small plats of the set, in the manner directed below.
If the soil is acid or sour, the lime corrects the acidity, and makes suc-

cess with fertilizers much more certain ; besides this it loosens a heavy
clay loam, so that it can be more easily cultivated ; it helps in the conver-
sion of the slow action of the nitrogen of the soil into more rapid action ; it

may set free and make immediately efficient some of the tightly locked
potash of the soil.

The experiments of last year indicated that the failures to get good
crops with the fertilizers applied was not due to a ack of plant-food in some
of the soils tested

; it is quite possible that if lime had been used with the
fertilizers better results would have been obtained.

One application of lime will last for some years. Therefore, since its

use may prove to be profitable in many cases, a trial of it seems to us
advisable.

APPLICATION OF THE LIME AND FERTILIZERS.
Each half plat is to receive 100 lbs. of lime. * (One heaping bushel of

fresh stone lime weighs 75 lbs.; one heaping bushel of air-slaked lime
weighs 50 lbs.—Roberts' Fertility of the L,and, page 305.)

The plats having been laid out, make two piles of fresh stone lime of

50 lbs. each (% bushel in each pile) upon that half of each plat which is to
be limed. This quantity represents two tons of lime per acre. Pour from %
to }i of an ordinary pailfvil of water on each pile of lime, or less water if the
soil is pretty damp, and immediately cover ihe lime with soil. In three or four
days the lime will be completely slaked. It is then in the form of a fine,

white powder, and it can be easily spread. With a shovel scatter the lime in
the two piles as evenly as possible over that half of the plat to be limed ; care
should be taken not to leave an excessive amount of lime on the ground
under the piles. If fresh stone lime cannot be obtained, use air-slaked lime
if that can be had. The air-slaked lime is already in the form of a fine

powder and should be spread broadcast immediately without further treat-
ment

; (2 bushels to each half plat if air-slaked lime is used.)

Apply the lime as early in the spring as possible on the pi^owed
GROUND and immediately drag it into the soil most thoroughly.

As soon as this work has been done, apply broadcast the muriate of
potash and superphosphate to the whole of each plat which is to be manured
with one or the other, or with a mixture of the two, and drag into the soil as
thoroughly as possible. Drag the plats lengthwise because particular care
must be taken that none of the fertilizer for one plat is sown on or is dragged
on another plat adjoining it. In many cases muriate of potash injures the
plant if applied just previous to putting in a crop ; so that the earlier this
fertilizer is applied in the spring the less will be the danger of injury.

*If potatoes are to be grown on the plats, omit the use of lime.
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Apply half the nitrate of soda broadcast on the whole of each plat

requiring it just before the seed is planted and drag into the soil. Three

weeks later apply the rest and cultivate in.

Care should be taken to keep the nitrate off the foliage of plants, as it

may cause some damage ; in the case of sown crops, such as oats, it will be

impossible to prevent this altogether.

Be sure not to omit the blank or check plat with no fer-

tilizer. This is the most important of any single plat because all of the

others must be compared with the blank in order to learn how much benefit

the fertilizers have been to the crop.

You are to grow any crop you wish on these plats.

The same kind and same amount of seed is to be sown on each of the

series of nine plats in the set. It must be remembered that these experiments

are to be tried upon the crop planted and not upon an accidental crop of

weeds. In no case will the experiments be of value if the weeds are allowed

to grow on the plat^. Thorough cultivation is one of the most important

features of the field test.

RECORDS FOR 1899—TO BE FILLED OUT.

I—Date of plowing field. May 2.

2—Date of applying lime. No lime used.

Was the lime fresh slaked, or air-slaked ?

Date when dragged into soil.

Dragged how many times ?

3—Date of applying muriate and superphosphate. May 75.

Dale when dragged into soil. May 75.

Dragged how many times? Three times.

Date of applying first half nitrate of soda. May 15.

Date of applying second half nitrate of soda.

4—Kind of crop grown. Rural New Yorker Potatoes.

5—Date of planting crop. May 15.

Dates when crops came up on each plat. June 5

—

Could see no differ-

ence in the plats as to time they came up.

6 —Dates of rain storms and general remarks on weather. Very dry from
June ist to 15th. Good rain June 15th and June 24th. Showers June
28th then very dry up to July 6th. Plenty of rain from, July 6th to

July 20th, then very dry. No more rain to speak of till after the

potatoes were matured and dug.
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7—Dates of cultivating plats. With a Hallock Weeder—May 20th, 23d,

2^thy 2Sth, 31st, June Jd and loth. With cultivator—June i6th and 23d

and hand hoed. With cultivator June 2gth and July 5th. With hil'er

July 12th. With hitler July 24th and hand hoed

.

8—Injury by crows, insect pests, etc. Old beetles ate them a considerable

when first came up. The sumtner hatch of beetles did little damage.
Used Paris green on them but once.

9—Keep record of general appearance of plats during summer. Which
plats are most thrifty? Which least thrifty, etc. July iSth plats on

which superphosphate was used and the one of stable manure, tops dark-

est green. Plats S [stable fnanure) andN PK {complete fertilizer) a

little the most thrifty.

10— General remarks and questions. Was well pleased with the experi-

ment. It was both interesting and helpful and was very little extra

work or trouble, besides thefertilizer well repaid all the little extra care

and grew a fine crop. The experiment showed that the nitrogen used

was really detrim,ental to the potato crop as it caused an extra large

growth of vines and LESS TUBERS THAN THE BLANK
PLA T.

We next come to the harvesting of the crop. Bull. 129, p. 146, says:
" In carrying out this part of the work, allowance must be made for

the possible growth of the roots of one row into the feeding-ground of the

adjoining rows ; thus the outside row of one plat may steal food from the

next plat, that was not intended for it ; hence the directions to exclude the

two outside rows of each plat, one on one side and the other on the other

side, and not to include the crop of those rows in the harvest measured, are

important."
" In measuring the crop, due credit should be given for every part of it

that can be utilized in any way ; if corn, not only the seed, but the stalks
;

if wheat, oats, etc., the straw as well as the seed; if potatoes, of course

only the tubers."

If each plat contains three rows, then harvest and weigh the middle
row. If each plat contains four rows, then harvest and weigh the two
inside rows. If each plat contains five rows, then harvest and weigh the

three inside rows, and so on.

Bear this important request in mind, namely, that it is necessary to

report separately the weight of each crop harvested upon both the limed
and un limed half of each plat.

[Fill out one of the following blank forms as a part of your report of

records and observations taken during the summer,]

Size of each plat : length, 16 rods ; width, >^ rod.
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No. of rows grown on each plat. j.

No. of rows included in the weighed j^ield of each plat. /.

PLATS OF CORN. Limed
half of

Plats

Unlimed
half of
Plats

I— Plat
K.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

2—Plat
N.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

3—Plat
P.

Weight of corn from rows harvested, in pounds

Weight of stalks and husks harvested, in pounds

4—Plat
Blank.

Weight of corn from rows harvested, in pounds.
(No fertilizer)

Weight of stalks and husks harvested, in pounds

5—Plat
KN.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

6—Plat
KP.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

7—Plat
NP.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

8—Plat
NPK.

Weight of corn from rows harvested, in pounds.

Weight of stalks and husks harvested, in pounds

9—Plat
S.

Weight of corn from rows harvested, in pounds.
(Stable manure)
Weight of stalks and husks harvested, in pounds

Note.—In case the corn is for fodder and not to be husked, then give

the weight of stalks and ears combined.
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PLATS OF POTATOES. Colimed
Plats

I—Plat
K. Weight of potatoes from rows harvested, in pounds

.

26J

2—Plat
N. Weight of potatoes from rows harvested, in pounds. 2og

3-Plat
P. Weight of potatoes from rows harvested, in pounds

.

258

4 -Plat
;,BIank.

(No fertilizer)

Weight of potatoes from rows harvested, in pounds. 211

5-Plat
KN. Weight of potatoes from rows harvested, in pounds. 240

6 -Plat
KP. Weight of potatoes from rows harvested, in pounds. 307

7—Plat
NP. Weight of potatoes from rows harvested. in pounds. 208

8— Plat
NPK. Weight of potatoes from rows harvested. in .pounds. 2S5

9 -Plat
S.

(Stable manure)
Weight of potatoes from rows harvested. in pounds. 315

Note.—if some other crop is grown, one of the above blanks can easily

be changed and filled out for that particular crop.

At the close of the season and as soon as the results of each plat have

been properly recorded, please return this circular to the Chemist of the

Experiment Station at Ithaca, N. Y.

G. C. CALDWEIvL, Chemist.

A. Iv. KNISELY, AssH Chemist.

Name of Experimenter. Homer H. Jones.

P. O. Homer.

County. Cortland.

State. New York.

Experiments by Mr.H. H. Jones, Homer, N.Y.—Mr. Jones who
made the experiments and sent in this completed report states

that each plat was ^ rod wide and 16 rods long, making an area

of ^ of an acre. Three rows of potatoes were grown on each
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plat. In harvesting the crop, the outside rows being discarded

according to the directions, the yield of the middle row only of

each plat was weighed. This row represented -^^ of an acre.

The weight of potatoes harvested from the central row of plat K
(muriate of potash) was 267 lbs. This yield on -^-^ of an acre

multiplied^by 60 gives the yield of pounds per acre, which was

16,020 lbs. ; this is equivalent to 267 bushels per acre. It so

happens that in this experiment the weight per plat multiplied by

60 gives the yield in pounds per acre and that this product

divided by 60 gives the number of bushels per acre. Therefore

the number of pounds per plat represents the number of bushels

per acre.

Flat (KN)
Potash

Nitrogen.

60.

—

Mr. Jones harvesting and weighing the experimental plats ofpotatoes.

What lessons can be drawn from this set of experiments 9 We
will first consider whether it was a profitable investment to use

nitrate of soda. (See page 301.) The blank plat gave 211 lbs. of

potatoes ; the nitrate of soda plat yielded only 209 lbs. ; this would

indicate that when used alone the nitrate of soda was injurious

rather than beneficial. Muriate of potash used alone gave 267

lbs. per plat, an iiacrease of 56 lbs. over no fertilizers, or 56 bushels

to the acre. When nitrate of soda was used with muriate of

potash the yield was reduced to 240 lbs. per plat. This means

that potash plus nitrogen gave 27 bushels less than potash alone.

Here again the nitrogen compound was injurious.

Something more of interest and importance may be learned
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from this series of experiments. For example, it was observed

that while th6 stable manure gave the largest yield, the crop

contained the most small potatoes, and the tubers were more

scabby than on the other plats. Also where nitrate was used

the potatoes were of a poorer quality and more scabby. On the

other hand, plats treated with either potash or superphosphate

produced very fine, smooth tubers ; the plat with a mixture of

potash and superphosphate produced as fine a lot of tubers as the

Station representative has ever seen.

It is clearly proved by this set of experiments that it would be

a waste of money to buy nitrogenous fertilizers for potatoes on

this field ; but in all probability it might be a good investment to

use a moderate amount of potash and superphosphate. It must
however not be forgotten that these results, while applicable to

this particular field, may or may not be suited to a neighboring farm

or even to another part of'this same farm; for, on other farms, even

if near by, some at least of the conditions of the soil which may
affect the crop may and are likely to be different from those of the

soil tested by these experiments. The soil of another farm may
be quite different, and it may have received quite different treat-

ment in previous years.

Potato experiments by Mr. H. H. Bonnell, Waterloo, N. Y.

—

Mr. Bonnell has experimented during the past three years. We
give here a condensed form of his experiment for 1899. Each
plat was 2V of an acre and contained four rows of potatoes. The
two central rows were harvested and weighed giving the yield

per :^ of an acre for each plat. The figures in the table repre-

sent the yield in bushels per acre, calculated from pounds
per :^ of an acre.
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Potatoes per acre in bushels
calculated frbm 1-40 of an acre.

Large. Small.

Plat K * 137-7
129-5
118.5
122.2

155-2

147.0
128.0

170.0

189.0

6.0

73
8.2

6-3

5-2

5.2

5.8

5-7

5.5

" N
" P
Blank
Plat KN
" KP
" NP
" NPK
" s

* For the meaning of these abbreviations and the rate at which the fertilizers were
applied see page 296.

A study of the above table shows that stable manure (S) gave

Plat (KP) Plat (NPK) Plat (NP)
Potash

P/ios. Acid.

Plat (S)

Slable
Manure.

61.

—

Potatoes grown and harvested by Mr. Bonnell.

Nitrogen
Phos. Acid. Potash.

Nitrogen
Phos. Acid.

the best results and that a complete fertilizer (NPK) gave the

next best. Stable manure having increased the yield of large

potatoes 66.8 bu. over the the yield on the blank plat and

decreased the yield of small potatoes from 6.3 bu. to 5.5 bu.

The complete fertilizer (NPK) increased the yield over the

blank plat 47.8 bu. of large potatoes and decreased the yield of

small potatoes from 6.3 bu. to 5.7 bu.

Of the plant-foods used alone, potash gave better results than

either nitrogen or superphosphate. Potash, when used with
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nitrate of soda, gave better results than when used with

superphosphate.

The results of these experiments would seem to indicate that

a complete fertilizer would give the best results when used on

this field, and that the greater portion of it should be potash

with only a moderate amount of nitrogen and but little super-

phosphate.

In 1897 Mr. Bonnell experimented with potatoes on another

part of the farm ; the results indicated that potash gave rather

the best results. In 1898 oats were grown on this piece of

ground and the superphosphate plats gave the best yields. Again

in 1899, two years after the fertilizers had been applied, wheat

was grown on it. The plats that had received superphos-

phate in 1897 still gave the largest crops. These results

indicated one of two conditions : either that the cereal plants,

oats and wheat, could not find enough phosphoric acid in that

soil, unless supplied in the fertilizers ; or that the calciicm

sulphate (gypsum or land-plaster), of which all superphosphates

are largely composed, gradually made available some of the

tightly locked potash that existed in the soil, and that it was

this liberated potash and not the phosphoric acid that gave such

marked results the second and third year following the appli-

cation of the fertilizers.

It was formerly a common practice to use calcium sulphate

(plaster) upon land for the purpose of making available some of

the tightly locked plant-food especially potash.

Experiments of Mr. A« O. Stewart^ Mariposa, N. Y.—Mr.

Stewart has experimented for the past three years, in 1897 and

1898 on potatoes and in 1899 on corn for the silo. On Sept. 21, '99,

one square rod of each plat was cut, shocked and photographed.

(See cuts, next page. ) Then each shock was weighed and the yield

per acre estimated. Also after a week of warm weather the

remaining crops on each plat were cut and weighed in order to

determine whether the estimated yield per acre would vary

much whether based on the yield of one square rod, or of eight

square rods. In general, the smaller the area taken for estimating

the crop per acre, the greater the probable errors in the calcula-

tion. These results are tabulated on page 307.



Plat (S)
Stable Manure

.

Plat (NP) Plat (P)

Nitrogen Phos. Acid. Phos. Acid.

Plat (N)

Nitrogen.

Plat[K)
Potash.

Plat{KP) PlatiKN) Plat (^PK) Plat (Blank)

Potash
Phos.Acid.

Potash Nitrogen No Fertilizer.

Nitrogen. Phos. Acid. Potash.

62.

—

Mr. Stezvart harvesting corn fodderfor the silo. Each shock represents the

yieldfrom one sq. rod of each plat

.
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Corn silage per acre in tons.

Gain in pounds per
acre from Sept. 21

to Sept. 28-99.
Calculated from
one square rod.

(Sept. 2ist.)

Calculated from eight
square rods.
(Sept. 28th.)

PlatK* 5-28

4-56
7.68

4.24
4.64
6.88

8.80

7.84

14.48

5-59
4.82
8.04

4.51

4.89
7.27

9.24
8.28

15-26

620
520
720
540
500
780
880
880

1,560

" N
" P
Blank
Plat KN
" KP
" NP
" NPK
" S

* For the meaning of these abbreviations and the rate at which the fertilizers were

applied see page 296.

On studying this table it is plainly seen that available phos-

phoric acid in the .soil was at a minimum since the yield was

best on all the plats which received phosphate, whether alone or

mixed with one or both of the other plant-foods. It appears

further that neither potash nor nitrogen with phosphate added

much to the crop over and above the yield with phosphate alone :

therefore it would be poor policy to use a complete fertilizer for

corn on this field. The experiments of 1897 and 1898 also

showed that phosphoric acid was the one plant- food that was

deficient in that soil.

On comparing the estimated yields per acre from each cutting,

we see that in every case there was a decided increase in the total

crop during the last week of growth and that these increases

per ton were quite uniform. This shows that the estimated yields

per acre when calculated either from one square rod or from eight

square rods are very nearly alike and that correct results can be

obtained by measuring the crop of a part only of each plat.

The value of stable manure as a fertilizer is very distinctly

shown in the results of this series of experiments, the increase

over the yield on the blank plat being more than three times the

increase given by^any other fertilizer. Although the quantit}- of

the manure applied contained less available nitrogen compounds,

potash and phosphate than was contained in the commercial fer-

tilizers used, it was far ahead of the other fertilizers. This
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result may be due in part to the useful bacteria possibly in the

manure, or to the effect of the manure on the physical qualities

of the soil, such as its texture, its temperature, etc.

Many other illustrations might be given of the value to the

farmer of this kind of experimentation, but lack of space forbids.

Injury caused by Fertilizers.—As already stated in this bulletin,

not all the experiments were entirely successful. In some cases

the plats were too small, in others not enough care was taken in

mixing the fertilizers thoroughly with the soil ; the result was

either a partial injury to the crop, or killing it completely. Such

injurious effects were especially noticeable with the muriate of

potash and nitrate of soda. The superphosphate did not seem

to cause any damage even when applied very close to the plant

or in large quantities, even at the rate of two tons per acre, as

in some cases by mistake. Superphosphate may therefore be

used very carelessly without doing any harm, while great care

must be exercised in the application of nitrate of soda or muriate

of potash.

Does it pay to use commercial fertilizers?—This question is

frequently asked by farmers, but it is a question that can be

answered only by the questioners themselves. They, only, know
what the purchased fertilizers cost them ; they only can know or

they ought to know what increase of crop is yielded by the fer-

tilizers applied, and how much money they have received for

such increase. As a rule, they know only what they have paid

for the fertilizers, and how many bushels or tons of their crops

they have harvested ; but they do not know how many bushels

or tons are to be credited to the fertilizers, for they do not know
how much the soil will yield without any fertilizer, or with stable

manure. Neither do they know what the stable manure has cost

them. Furthermore, since as a rule they use complete fertilizers,

containing all three of the plant-foods, nitrogen compounds,

potash and phosphate, therefore they do not know whether any
increase in crop is due to the action of all three of the plant-

foods, or to two of them, or to one only. In the case of several

of the series of experiments that have been carried out under

the supervision of this Station, it has been conclusively shown
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that phosphate was the only plant-food that was useful, and that

all the money paid for the other two was wasted.

Such being the results of a number of the experiments with

fertilizers, it would seem that a wise and prudent farmer would

attempt to keep a sort of a bank account with every field on his

farm that is under cultivation. To accomplish this he would

charge to each field the cost of the fertilizer applied to it, if he

uses commercial fertilizers ; after the harvest he would credit

every field with the market value of its produce. It would cost

him but little time and labor to measure three plats, say of a

tenth of an acre, in each field to be treated with commercial fer-

tilizers, one plat being left unfertilized ; multiplying the yield of

each of these plats by ten would give the yield per acre. He
has then all the data that are necessary in order that he may
learn by a simple calculation whether the increase of the crop

has more than paid for the cost of the fertilizer used.

The farmer may say that he cannot spare the time for carrying

out this plan ; or he may say that he does not want to lose the

increase of crop that the fertilizer would give on the one unma-
nured plat. But this loss on a tenth of an acre only, would be

very small and it would be of much more importance to him to

know whether he gains or loses by the application of fertilizers.

Better still would it be if he could carry on a set of experiments

with the three important plant-foods in a complete fertilizer, in

the manner described in the preceding pages. He might then

learn that only one of the three foods, say, for example, the

phosphoric acid in a plain superphosphate, or potash, or some
combination of two of the three foods is all that the field experi-

mented upon requires, and that money spent for any other food

is simply thrown away.

Frequently during the summer the representative of the

Station was asked by the farmers if it would pay to use such

large quantities of fertilizers as were sent out by the Station

and if smaller quantities would not do just as well. The answer
was that in these experiments the cost of the fertilizers was not

taken into consideration, the main object being to find out

whether the use of any one or more of the plant-foods would
give profitable yields over and above the yield without any fer-
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tilizer. For such a purpose it is better to use large applications

rather than small ones in order to make the results of the experi-

ment more marked.

With the cultivated fields of this State in their present condi-

tion, with their present amounts of humus and with their pres-

ent texture, it will not pay, as a general thing, to use large

applications of fertilizers, because moderate amounts are usually

sufficient to make the available plant-food conditions as good or

better than other essential conditions of the soil. Just as soon

as plant-food conditions are better than other essential conditions,

the plant will not be able to get the benefit of this extra food,

and more or less mav be wasted.

iM Ui^PiPii^ V-%.

.

'^a^^^^M
63.

—

Mr. Mabee, of Spencer, N. Y., harvesting and weighing experi-

mental plats of potatoes.

Interest in the experimental work and its value.—In most

cases the farmers were very much interested and painstaking

with the work. Oftentimes the experimenters said that the

work was being watched by neighbors, for they wanted to
'

' see

whether there is anything in it or not.
'

'

Mr. Wills C. Hatch, of Skaneateles, N. Y., wrote as follows :

'

' Below you will find the results of my third experiment with ferti-

lizers on potatoes under your supervision. Each year's experi-
ments gave practically the same results, proving to me beyond
doubt what I had before believed, that the soil on my farm did
not need the addition of either potash or nitrogen, or in other
words it would not pay me to use them. I.am now using plain

phosphate alone on all my crops and am getting better results

than with the mixed goods. This will save me from fifty to one
hundred dollars a year in the cost of purchased fertilizers, and
with better results.
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The results of my experiments have been given in the Grange
and club meetings and also published in the papers. Whether
this had anything to do with the case or not I don't know, but I

do know that of about forty tons used by our Grange this season
only one ton used was other than plain phosphoric acid goods."

Mr, A. O. Stewart, of Mariposa, N. Y., wrote as follows : "In
making my report I wish to assure you that we have been greatly
benefited by the experimental work in many ways. We have
learned that the better preparation of the soil and good cultivation

are the prime requisites of a good crop.

Plat (N) Plat (K) Plat (P) Plat (Blank)
Nitrogen. Potash. Phos. Acid. No fertilizer.

64.

—

Potatoes harvestedfrom four of the experimental plats of Mr. Hatch.

In making these experiments the past three 3^ears we have,
with the kindly help and suggestions of the Experiment Station,
been able to determine what our soil requires, and now in buying
fertilizers we bu}^ only what our soil most needs, thus reducing
the cost of the fertilizer bought nearly 50 per cent. Several of
our neighbors have been interested in our experimental work
and they requested me this last spring to purchase for them a
fertilizer containing only phosphoric acid. They claim that it

gave them good results on all crops, equally as good as a com-
plete fertilizer costing nearly twice as much, and this in alter-

nate pieces and with the same cultivation."
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From a letter of Mr. Chas. Vanderbilt, Alloway, N. Y., we
quote, " I am very glad that I undertook the fertilizer experiment
work, as it has helped me to know what our land needs, and my
neighbors are just beginning to think that one can tell what one
needs by carrying on the experimental work. I think that acid

phosphate, or superphosphate, will show up better than anything
else on our clay land as the work shows so far ; and some of our
neighbors are going to try acid phosphate as an experiment on
their wheat this fall through me. * * * * ^g j j^^^g g^^
started in the experimental work I shall never stop it. I shall

keep on experimenting."

Farmers who have experimented.—The following is a list of

the farmers to whom sets of fertilizers have been sent. Some
have received them but once, others twice, and still others three

times. The column headed " Years of Experimentation " indi-

cates the number of years that each farmer has experimented and

how many successive sets of fertilizers have been sent to him.

I^ame of experimenter. Post office. County.
Years of
experi-

mentation.

Ackley, Denver Gowanda
Fayetteville
Holley
Fluvanna

Cattaraugus.

.

Onondaga . .

.

Orleans
Chautauqua .

Wayne
Jefferson
Renssalaer. . .

Yates
Oneida
Jefferson
Onondaga . . .

I

I

2

I

I

I

2

2

3
I

I

Adcook, George
Akeley, Ward B
Akin James L. . . .

Albright, John H
Allen, John J

Ontario
Depauville
Sliters

Dundee
Oriskany Falls
North Wilna
Pompey
Caledonia
Little Genesee
Watertown
Townsend

Allendorph, D
Almy, W. C
Anderson John
Anderson, R. E
Andrews, F. M
Averell, Warren Livingston.. . i I

Backus, J. H Allegany ....

Jefferson ....

Schuyler
Ontario

I

I

2

1

Bagjj, S. F
Bailey, A. M
Baker, N. A Fishers

Kendaia
East Bloomfield
Conklin

Baldridge, C. J Seneca i 1

Banglar, Frank Ontario
Broome

I

rBanta, C. J
Barney, Frank D Westfield

Silver Creek
Groton

Chautauqua.. i 1

Barris, McClellan
Barrows, George A
Bassett, B. A
Bates, C. A

Chautauqua .

.

Tompkins . .

.

Chenango . .

.

Chautauqua.

.

Monroe
Chenango . .

.

Tioga
Steuben

I

2

2

Afton
Ellington

Beadle, Geo Brockport
Coventry
Campville
Haskinville

Beardsley, F. E
Belknap, J. J
Benjamin, Chase
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Name of experimenter.

Bennett, Bert
Bingham, G. W
Bingham, Henry M .

Bird, Albert A
Birge, E Pratt
Black, J. E
Bleaker, Joseph
Bliss, Geo. A
Blood, Elmer E
Bonnell, H. H
Boynton, L. R
Briggs, G. D
Brigham, R. W
Brill, Thomas
Brodie, Geo
Bronson, Geo. H. . .

.

Brown, Cassius S. . .

.

Brown, P. E
Buckland.W. F
Bulkeley, R. P
Burke, T. Tracy
Burnham, Wm. H. .

Burritt, F. M
Burritt, W. B
Campbell, John H. . .

Gardner, G. R
Carlile, David
Gary, H. I.

Gatchpole, E. W
Gavanaugh, G. W. . .

GhafTee, L. R
Ghamberlain, Ed . . .

Ghapman, C. E
Ghild, Lewis E
Ghristy, W. T
Glark, G. J
Glark, G. W
Glark, Ernest A
Glothier, F. B
Glothier, H. B
Gockbum, Frank M,
Gockburn, J. E
Gole, A. P
Gonklin, Geo. E. .

.

Gooley, G. W
Gorbett, M. J
Cowles, James S
Gurtis, G. H
Gurtis. Herbert S . .

.

Davis, G. E
Day, H. N

Post office.

Howard
Summer Hill
Albion
Otto
Ghatham
Ithaca
Mumford
Groton Gityi

West Potsdam. . . .

Waterloo
Lakeside
Lima
Perry
Poughquag
Ghvirchville
Vernon Gentre. . .

.

*West Bethany. . .

.

Gicero Gentre
Lysander
Goventryville'
Afton
Groton. .

Parma Gentre
Hilton
Caledonia
Tully
Eureka
Lockwood
North Rose
Watertown
Natural Bridge. . . .

Barnes' Corners.. .

Peruville
Philadelphia
Silver Greek
LaFayette
Skaneateles
East Onondaga . .

.

Silver Greek
Silver Creek
Silver Creek
Silver Greek
Howard
Ghappaqua
Verona
Gorbettsville
Otisco
Water\'ille

Ridgeland
Heath
Canandaigua

County.

Steuben

,

Cayuga.

,

Orleans.

,

Cattaraugus
Columbia.

.

Tompkins
Livingston.
Tompkins .

St. Lawrence
Seneca ....

Wayne ....

Livingston.
Wyoming.

.

Dutchess . .

Monroe. . .

Oneida ....

Genesee . .

.

Onondaga

.

Onondaga

.

Chenango

.

Chenango

.

Tompkins .

Orleans .

.

Orleans.. . .

Livingston
Onondaga

.

Sullivan. .

.

Tioga
Wayne ....

Jefferson .

.

Jefferson . .

Jefferson . .

Tompkins..
Jefferson .

.

Chautauqua
Onondaga..
Onondaga.,
Onondaga..
Chautauqua
Chautauqua
Chautauqua
Chautauqua
Steuben

.

Westchester,
Oneida . .

.

Broome. .

.

Onondaga
Oneida .. .

Monroe. . .

Ulster
Ontario. . .

Years of
experi-

mentation.
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Name of experimenter.

Denison, F. E
Drummond, Wtn
Dudley, Henry C . . . .

Dunn, Geo. W
Dunton, H. V
Durham, Wm. C
Dye, Ernest B
Eastman, John M. . .

.

Elmendorf, W. E. . . •

Emmons, Roy D
English, Andrew
Field, Harry T
Fitzgerald, Wm
Fosmire, Frank L. . •

.

Fredenburg, I,ewis E.
Fullagar, Howard. .

Fuller, James S
Fullington, M. C
Garlock, William . . .

.

Garrett, J. D
Geer, Harvey L
Goodwin, Geo. A . . . .

Greene, Chas. S
Griffin, Maurice N . . .

Grinnell, W. M
Guilford, C. R
Hall, G. A
Harrison, L. E
Hartley, S. F
Hatch, Wills C
Hawkins, Noel
Heap, Henry
Heath, AdelbertL...
Hendrick, James . . . .

Hess, Chas. F
Hevward, William. .

.

Hil'ls, J. Bert
Hoffman, E. M
Holmes, Frank
Howard, F. W
Howe, W. D
Hoyt, Frank D
Hulbert, Lorenzo . . . .

Hulett, Henry
Hungerford, Nye . . .

.

Ingalls, Chas. W
Irwin, Wm A
Jackman, Geo. W. . .

.

Jacks, Corwin
James, V. L
Jeffords, Harry A . . .

.

Post office.

Westfield
Perry City
Bath
Forest Lawn. .

.

Camden
Mount Kisco .

.

Villenovia
Woodville
Strait's Corners
Pulaski
Van Etten
Oneida
Alpine
Freeport
Afton
Penn Yan
Poland
Warsaw
Marshville ....

North Syracuse
Forestville ....

Auburn
East German. .

.

Rutland
Broadalbin ....

Cuba
Red Creek... .

North Winfield
Gouverneur . . .

Skaneateles . .

.

Gowanda
Hamilton
DeRuyter
Slingerlands. .

.

Great Valley .

.

Stafford

DeRuyter
Appleton
Marietta
Fredonia
Fayette
Cicero
Dansville
French Creek .

Ithaca
Watkins
Stone Mills
Livonia Station
Batavia
Cooperstown .

.

Upper Lisle . .

.

County.

Chautauqua.
Schuyler . .

.

Steuben
Monroe
Oneida
Westchester.
Cattaraugus
Jefferson . . .

Tioga
Oswego
Chemung. . . ,

Oneida
Schuyler . . .

Queens
Chenango. .

.

Yates
Herkimer. . .

Wyoming . .

Montgomery
Onondaga..

.

Chautauqua.
Cayuga
Chenango . .

,

Jefferson ...

Fulton ,

Allegany . . .

,

Monroe ,

Herkimer . . ,

St. Lawrence
Onondaga . .

.

Cattaraugus .

Madison . . ,

Madison . . . ,

Albany
Cattaraugus ,

Genesee . . . . ,

Madison . . .

,

Niagara
Onondaga. . .

Chautauqua .

Seneca
Onondaga.. . .

Livingston .

,

Chautauqua .

Tompkins . . .

Schuyler . . .

.

Jefferson . . . .

Livingston . .

Genesee
Otsego
Broome

Years of
experi-

mentation.
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Name of experimenter.

Jenkins, E. E
Jerry, E.J
Johnson, Truman I.

Jones, David W. . . .

Jones, H. H
Jones, Thomas W. .

Kales, Dr. John W
Keener, C. L
Knapp, A. A
Knapp, C. E
Knowles, W. A . . .

.

Koon, Archie M . .

Kyes, Caleb
LaFrenay, Clark C.
Lane, Lloyd W . . .

.

Langdon, E. R . . .

.

Lanphear, Perry .

.

Lewis, R. N
Lindsley, B. M . . . .

Lockley, Jesse B . . .

Lombard. Louis . .

Long, John D
Loomis, Eugene W
Mabee, C. T
Mabee, E. J
Mapes, Arlington..
McBirney, S. J
McDonough, John.
McMurray, A. H. .

.

McNair, A. D
McNair, H. R
Mead, U. W
Mead, W. B
Medburv. C. B
Metz, John U
Miller, D. M
Miller, Gage M .

.

Moore, D. M
Morse, Frank E. ..

Munson, J. O
Nash, D. D
Nicholas, T. B
North, Geo. R
Oaks, Jerome
Oaks, W. A
Osborne, Chas. L. .

Ovenshire, T. C
Palmer, J. D
Parker, Julius J.. .

.

Pattat, John
Pease, Ira

County.

Wolcott Wayne
Risingville Steuben
North Ridgeway. . . Orleans
Nelson Madison

.

Homer Cortland
Watervale

}

Onondaga .

Franklinville Cattaraugus .

Potsdam St. Lawrence
Preble Onondaga. . .

,

Little York Cortland
Germantown Columbia . .

.

Auburn
I Cayuga,

Natural Bridge Jefferson
Hammond St. Lawrence.
Lyons Wayne
Hermitage Wyoming . .

.

Black River Jefferson ....
K ed Hook Dtitchess ....

Monticello Sullivan
Pultneyville Wayne
Jonesville Saratoga . . .

Williamsville Erie
Wilson ... Niagara
West Candor Tioga
West Candor Tioga
Rushville Yates
vSmithville Flats...! Chenango...
East Bloomfield. . . .

j

Ontario ....
Walworth Wayne
Dansville Livingston
Dansville Livingston . .

Forestville Chautauqtta .

Portland Chautaucjua
.

,

Rockdale Chenango . . 1

Williamsville Erie
!

South Otselic Chenango . . .

j

Chili Centre Monroe
i

Hooper Broome
|

T>alton Livingston . .

j

East Lansing Tompkins . .j

F.Uisburg Jefferson . . . .

;

Center Herkimer. . |

Copenhagen Lewis
Ketchumville Tioga
Oaks Corners Ontario
Ro.se Wayne

|

Bath Steuben . . . .

j

Montour Falls Schuyler . . . . 1

Fredonia Chautauqua
Li' tie France Oswego.. ..

f^swego Oswego ....

Years of
experi-

mentation
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Name of experimenter.

Peo, James A
Percy, Martin
Perkins, D. Center. .

Petrie, J. F
Pierce, Dr. B
Piatt, Clarence J
Poole, J
Price, Geo. H
Putnam, Wm. R. ...

Quereau, C.N
Randolph, Alva F. . . .

Render, Geo. H
Rice, Amnion
Rice Frank D. . ..

Richardson, B. F. . .

.

Robb, C. F
Roe, A. LaVerne. ...

Rogers, Geo. A
Rumsey, Burr
Rutherford, Thomas.,
Salisbury, J. L
Sanders, Chas P
Schoonmaker & Son.

,

Sears, Geo. L
Seeber, D. V
Seelev. R F
Selbv', A. F
Seymour. J. L
Shedd, Maurice H . . .

Siddon, Chas
Simpson, Frank ....

Smith, Carlos F
Smith, Clarence
Smith, W C
Snow, C. L
Southard, D. W
Stanton, Chas. E
Staplin, Jr., Geo

*Starr, Jesse K
Steele, H. J
Stephenson, Geo
Sterling, E. S
Stewart, A. O
St. John, J. Henry. . .

St. John, C. L
St. John, Lewis S . . . .

Stone. C. A
Storms, E. G
Strickland, W. J
Suydam, Nelson S . . .

Post office.

River View .

.

Sodus
Castile .... .

.

Plessis

Coopers Plains.

Hamburg
Center Village.
Newark
Wayville
Baldwinsville .

.

Alfred
Antwerp
Wolcott
Homer
Rome
Webster
Plymouth
Brookfield ... .

Ithaca
Hammond
Phelps
Schenectady. .

.

CedarHill
French Creek. .

Perch River. . .

Waterloo
Pultneyville . .

Turin
Lowell
Syracuse
Jasper
Charlton
Forestville . . . .

Candor
Forestville . . .

Gilboa
East Venice . . .

Mannsville . . . .

Fredonia
Elba
Ballston Spa. . .

Eagle Harbor , .

Mariposa
Cohocton
Canajoharie . .

.

Canajoharie .

.

Pine City
St. Johnsville .

.

Albion
Binghamton . .

.

County.
Years of
experi-

mentation.

Jefferson ....
Wayne
Wyoming . .

.

Jefferson ....

Steuben . .

.

Erie
Broome
Wayne
Saratoga ....

Onondaga . .

.

Allegany. . . .

Jefferson ....

Wayne
Cortland . . .

.

Oneida
Monroe
Chenango .

.

Madison
Tompkins . .

.

St Lawrence.
Ontario
Schenectady

.

Albany . . . .

Chautauqua .

Jefferson . . ,

.

Seneca
Wayne
Lewis
Oneida
Onondaga . .

.

Steuben
Saratoga ....

Chautauqua .

Tioga
Chautauqua .

Schoharie. . .

Cajuga
Jefferson ....

Chautauqua .

Genesee
Saral oga ....

Orleans
Chenango . .

.

Steuben
Montgomery.
Montgomery.
Chemung . . .

Montgomery.
Orleans
Broome

* Mr. Starr furni.shed his own fertilizer.s.
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Name of experimenter. Post office.

Taber, H. B Wells Bridge . .

Thomson, F. H Holland Patent
Torrence, Clay Gowanda
Tubbs, Martin W Portville

Turney, John R Lairdsville ....

Tuttle, C. H Smyrna
Twitchell, A. B Pulaski
Tvrrell, Geo. F Wolcott
TVrrell, J. S |

Wolcott
U'lrick, H. W Owego
Vanderbilt, Chas ........ Alloway
Van Buskirk, S. B

j

Purdy Creek. .

Van Santford, A. P Tribes Hill

Vary & Son, Nathan C . . . I
Ava

Wager, Ben. M Catharine
Walker, A. 1 Portland
Walker, Robt. F Rome
Wallace, A. P Morristown . . .

Wallis, Edward G Apulia
Warford, C. O

\

Newburgh
Waterbury, C. B

I

Whitelaw
Watson, Maurice J j

Center Village .

Weeks, W. R !
vScottsville

Wells, Geo. S
j

Knoxboro
Wheeler, Oscar I

Hornellsville . .

Wheelock, E. W Mexico
Whitcomb, C. H ! West Somerset

*Wilbur, O. B
}

North Easton . .

Wilcox, B. F I East Glenville.

Wilkinson, Ed. C
[

Penn Yan
Williams, Frank Catatonk
Willing, E. L

i

Sherman
Willson, John R 1

Shortsville . . .

Winters, Harry B Smithboro
Wood, Geo. W

I

Northfield
Woodford, L. L !

Berwyn
Worden, Palmer
Yates, Martha G
York, A. L
Young, Frank E

Fayetteville
Slaterville Springs.
North P.rookfield. . .

East Venice

Otsego
Oneida
Cattaraugus .

Cattaraugus .

Oneida. . . . ,

Chenango . .

,

Oswego ....

Wayne ......

Wayne
,

Tioga
Wayne
Steuben
Montgomery
Oneida
Schuyler . . . ,

Chautauqua .

Oneida ....

St. Lawrence
Onondaga. . ,

Orange
Madison . . .

,

Broome . . . . ,

Monroe. ...

Oneida
Steuben
Oswego ... .

Niagara. . . .

Washington .

Schenectady.
Yates
Tioga
Chautauqua.

.

Ontario ....

Tioga
Delaware . . .

.

Onondaga . .

.

Onondaga . .

Tompkins . .

Madison
Cayuga

Years of
experi-

mentation.

' Mr.Wilbur furnished his own fertilizers.
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General results of the field experiments.—A study of all the

experiments for three years recorded shows that of the three

plant-foods when used alone, nitrogen gave the largest increased

yield in 26 experiments, phosphoric acid in 58 experiments and

potash in 36 experiments. This would seem to indicate that

when one plant-food is used alone, phosphoric acid will in most

cases give the best results. When a mixture of two plant-foods

was applied, nitrogen and potash gave best results in 24 experi-

ments, phosphoric acid and potash in 48 experiments, and nitro-

gen and phosphoric acid in 52 experiments. A comparison of a

complete fertilizer and stable manure shows in 38 experiments

the complete fertilizer gave better results, while in 54 cases

stable manure produced the larger crops. These good results

accompanying the use of stable manure may not be due so much
to the plant-food it contains as to an improvement in the physi-

cal conditions of the soil.

In only 40 cases out of a total of 126 recorded, did the com-

plete fertilizer, a mixture of nitrate of soda, phosphate and

muriate of potash, give better results than fertilizers containing

one or two of the plant-foods.

These results tend to show that more often it is some espe-

cially prepared rather than a complete fertilizer that a soil

requires, and that when a farmer uses commercial fertilizers he

is often not following the wisest policy ; he is simply '

' going it

blind
'

' and possibly throwing away money.

A. L. KNISELY.

Note.—Farmers wishing to co-operate with the Experiment Station in

conducting field experiments with fertilizers should make application soon

to G. C. Caldwell, Chemist. Then if the Station is permitted to con-

tinue this experimental work, much valuable time lost in correspondence

will have been saved.
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CORNEI.L University, Ithaca, N. Y., Feb. 20, 1900.
The Honorable Commissioner of Agriculture,

Albany, N. Y,
^'/r.—This bulletin is submitted for publication under Chapter

430, of the Ivawsof 1899. It has been prepared by Mr. W A
Murrill and embodies the results of experiments extending over
one year together with a resume of the investigations on the
same subject which are set forth in full in Bulletin 164 The
Peach Leaf Curl during the last few years has become a menace
to the peach industry in many parts of the State. The two years-
experiments lead to the conclusion that the leaf curl of the peach
can be easily controlled when proper and timely treatment is
given. This bulletin is valuable because it has established the
fact that the foliage of peach trees, even of the more tender
variety, may be kept healthy and vigorous, and because it gives
specific directions as to the time of spraying, the kind of spray
material and the method of application.
The investigations in Niagara County have been conducted on

a large scale that some facts might be secured to guide the peach
grower as to the cost and practicability of treating large orchards.
The investigations conducted at Trumansburg were on a smaller
scale but large enough to give reliable results.

I. P. Roberts,

Director.



THE PREVENTION OF PEACH LEAF-CURL.

In biiUetiu 164 of this Station, Dr. B. M. Duggar has given an

account of the appearance and life history of the fungus causing

leaf-curl of the peach, with the results of some very successful

experiments undertaken by him for its prevention. It was for

the purpose of farther testing these and other treatments on a

commercial scale that the experiments here recorded were

planned.

The Orchards Selected for Experiment.

The orchards selected for the experiments have, taken

together, presented a variety of conditions of soil, moisture,

and exposure, as well as wide differences in the trees themselves.

The Elberta variety has been given the preference because of its

well known susceptibility to curl, but Early Crawford, Hill's

Chili, Brigdon, Mountain Rose, Globe, Beer's L,ate, and seed-

ling trees have also been included in the experiments. Of these

varieties, some trees have been young and others old, some fruit-

ing heavily and others entirely without fruit, some isolated and

some surrounded by trees of the same or different varieties, some

sprayed during the season of '98, but most of them treated in '99

for the first time.

The Season of 1899.

The season of 1899 was a peculiar one and not ver)^ satisfactory

for experiments with leaf-curl. The weather in April and early

May was unusually bright and dry. The leaves were out much
in advance of the flowers and were very large when the petals

fell. The curl that appeared was doubtless developed for the

most part by the short season of cold, rain}- weather that

occurred about the middle of May. There was little difference in

varieties as regards the abundance of curl, but individual trees

showed marked differences. The worst cases of curl I noticed

were on Yellow St. John in the Bradley orchard near Somerset,
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Niagara Co. Trees affected with the yellows or otherwise

enfeebled showed little or no tendency to curl.

Estimating the Amount of Curl.

While the past season has not been favorable to the develop-

ment of peach-curl, it has been possible to make the estimates

in the following experiments with more than usual accuracy.

In Mr. Lutts' Elberta block of one hundred and seventy-six trees,

the curled leaves were all counted. The same method was used

in Mr. Wright's orchard of one hundred and thirty-eight trees.

With this experience as a basis and by tedious comparisons of

row with row and tree with tree, stopping again and again to

correct the estimates by actual counting, I have obtained the

results given in the tables to follow. As a farther precaution

against error, all records of treatments were left behind when
the estimates were made ; and, in nearly every case, the owner

of the orchard has kindly accompanied me to check the results.

Experiment I.

This is a continuation of the experiment described in Bulletin

164, pp. 379-380. The frontispiece, taken from Fig. 68 of that

bulletin, shows the effect of early spraying as compared with

late. The row on the right received its spraying with Bordeaux

on April 8, the one on the left May 10. From the experience of

the past year, we can add very little to the results already pub-

lished for this block. Following is the plan of the experiment

with a table showing the treatments used and their comparative

effects on the curl. Early in the season, aphis and bud moth
appeared in abundance, and a hail storm later on still farther

complicated the injuries, so that the effects of the solutions on

the foliage were not estimated.
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Plan of Experiment I.

1

./ s J ¥ <5" d r

o O o o o o o

2 o o o o o o o

S o o o o o o o

4 o o o o o o o

e)" O o o o o o o

i, o o o o o o o

/ o o o o o o o

^

«.

<8) X X X X

These eight rows, of seven trees each, were selected by Mr. Duggar, for his experiments
in 1898. Copper carbonate alone is represented by x, but when preceded by Bordeaux mix-
ture the X is inscribed in a circle.

J
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Experiment I.

—

Table of Results.

325

.
1

^
41

u r<

1

2
3
4
5
6

7

8 1-3

8 4-7

Treatment Apr. 6.

Check
Bordeaux 6-4-50

Treatment May 19. Treatment May 27.

Check
Bordeaux 6-4-50

Potassium Sulfid

Potassium Sulfid

Ammoniacal Copper
Bordeaiix 6-4-50' Carbouate

Ammoniacal Copper
Carbonate

Ammoniacal Copper
Carbonate

Check
Bordeaux 6-4-50

Potassium Sulfid

Potassium Sulfid

Ammoniacal Copper
Carbonate

Ammoniacal Copper
Carbonate

Ammoniacal Copper
Carbonate

Relative
amounts
of curl
June 15.

200
O
10

15
12

127

16

12

44

Bordeaux 6-4-50 represents the normal mix-

ture made with six pounds of copper sulfate,

four pounds of good quick-lime, and fifty gal-

lons of water.

Experiment II.

The orchard of Mr. H. S. Wright, up-

on which this experiment was made, is

situated quite apart from other orchards

of its kind, on the slope of West Hill,

Ithaca, two or three hundred feet, per-

haps, above the level of the principal

portion of the city. It consists of young

trees and suffered badly from curl in '98,

but has not been sprayed until the sea-

son just passed. Elberta and Karly

Crawford varieties are about equally rep-

resented, the latter occupying mainly the

southern portion of the block. The
trees matured a good crop of fruit. Fol-

lowing the table of results by rows, is

given one showing the comparative effec-

tiveness of the solutions used.

y

/ J V J t.

i *

J

V
J e 0^
^

r

f

',

/o

Jl

/i

/J

/4

/S

//.

n
n
/'/

Vf

'JA

in c .0

ij
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Experiment II.

—

Tabi^e i, showing resui.ts by rows.

1

2
3
4
5
6
7

8
9
10
11
12
13
U
15
16
17
18
19
20
21
22
23

Date of

Treatment.

April 5

May 5

.^pril

Check
Bordeaux 6-4-50
Bordeaux 3-2-50
Copper Sulfate 2-50 . .

2-500.
Ivitue 2-5
Check
Bordeaux 6-4-50 . . . .

3-2-50 . . .

.

Copper Sulfate 1-250.

1-500.

Check
Copper Sulfate 1-500.

1-250.
Bordeaux 3-2-50

6-4-50
Check
L/inie 2-5
Copper sulfate 1-250 .

" 1-25.

Bordeaux 3-2-50
6-4-50

Check

Relative

amounts of

curl June 16.

12

O
2

O

4
6
10

o

o

3

3
22

2

40

o
o

30

Experiment II.

—

Table 2.

Treatments compared by averaging the amounts of curl on rows receiving

the same treatment.

Date of Treatment. Treatment. Average amounts of curl.

April 5

May 5

Check
Bordeaux 6-4-50

23

I

3-5

3-5

1-5

2.5

" 'i—2-<=iO

Copper Sulfate 1-25. ... ....
' " 1-2SO

Lime 2-5
Bordeaux 6-4-50

" -1-2-so

Cop])er Sulfate 1-250
" " 1-500

In the Bordeaux mixtures used in the above tables, the first figure represents pounds of
copper sulfate, the last gallons of water, and the middle one, separated from the others bj'
dashes, represents pounds of unslacked lime. When copper sulfate or lime is used alone
with water, the last number represents gallons of water and the first the copper sulfate or
the lime in pounds.
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Experiment III

The trees used for this experiment

orchard of Messrs. King and Robin-

son in Seneca Co., on the west shore

of Cayuga lake two miles north of

Trumansburg. When the curl first

appeared in 1898, which was late in

the season, the orchard was spraj^ed

with Bordeaux, but without noticeable

effect on the curl. The past year, it

was again sprayed with Bordeaux, but

early in April, and it was at that time

that my experiments were made.

The varieties in this orchard most

affected with curl in "98 were Elberta

and Mountain Rose, Hill's Chili suffer-

ing very little ; but, in '99, Hill's

Chili seems to have been affected

more than any other variety. The
spraying was done April 8, the rows

running across varieties as shown in

the plan. Estimates were taken July

5. Table i gives results for different

treatments ; Table 2 for individual

trees in a single row, enabling one to

compare varieties. All of these trees

are very large and were heavily loaded

with fruit. There were no injuries

to the foliage.

were chosen from the
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Clieck.s arc represented by

EXI'KKIMENT III.

—

TaIU.K I.—a CoMl'ARISON OF TrHATMKNTS.

Row. Treatment. Anionnt of curl.

1

2
3
3
4
5

Bordeaux, 6-6-50
3-3-50

Lime, 2-5
Check
Copper sulfate, 4-50

" I-IOO

One leaf to the tree
Seven leaves to the tree
Fifteen leaves to the tree
Three per cent
Twelve leaves to the tree
Forty leaves to the tree
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Experiment III.

—

Table 2.—A Comparison of Varieties.

Tree. Vanetj'. Treatment. Anioiuit of curl.

I Hill's Chili Lime None
2

" Less than i per cent

3 Check 7 per cent

4
" " None (set later)

5 Brigdon Lime % per cent
6 " X per cent

7
" % per cent

8 Check Less than i per cent

9
"

10 "

II Mountain Rose "
5 per cent

12 " '<

5 per cent
13

" "
5 per cent

14
" Lime Five leaves to the tree

15
" '

'

" " "

16 Globe " " " "

17 Check 5 percent.

In the Bordeaux mixtures used in the above tables, the first figure represents pounds
of copper sulfate, the last gallons of water, and the middle one, separated from the others
by dashes, represents pounds of unslacked lime. When copper sulfate or lime is used
alone with water, the last number represents gallons of water and the first the copper
sulfate or the lime in pounds.

Experiment IV.

Experiment IV was made upon a young Elberta orchard

belonging to Mr. Henry Lutts situated two miles east of Youngs-

town in the northwestern corner of Niagara county. The orchard

had received no treatment before '99. The trees have been set

five years and were badly attacked with curl in '98. There was
no crop of fruit the past season. The estimates have all been

made by actual counting and the results are given in a table fol-

lowing the plan of this experiment. As may be seen from the

plan, there are eleven rows of trees with sixteen trees to the row.

Checks are indicated by the plus sign, those treated with Bor-

deaux 6-8-50 by a square, and those with Bordeaux 3-3-50 by a

tilted square. I^ime 1-5 is represented by an inscribed line, lime

1-3 by an inscribed triangle, and lime 1-2 by an inscribed .square.
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Plan of Experiment I\'.
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Experiment IV.

—

Table of Results with Elberta Trees Obtained
BY Actual Count.

Row. Tree.

1

2
3
4
5 I- 5
5 6-10

5 II-16

6
7

8
9
10
11 I- 5
11 6-10

11 11-16

Treatment Apr. 11-13.

Bordeaux 6-4-50
6-6-50
6-6-50
3-3-50

Check

Bordeaux 6-4-50 . .

.

Copper sulfate 4-50
4-50

Lime 1-2
" 1-5
" 1-3

4-50
4-50

Treatment May 11-13.

Bordeaux 4-4-50
6-6-50
3-3-50

" .^-3-50
6-8-50

Check
Bordeaux 3-3-50

Copper sulfate 1-250.

1-500
Bordeaux 4-4-50 . . . .

Relative
amounts
of curl
June 13.

23
25

247
3520
608

209
854
450
5^2
70

640
1552
1376

In the Bordeaux mixtures used in the above table, the first figure represents pounds
of copper sulfate, the last gallons of water, and the middle one, separated from the others
by dashes, represents pounds of unslacked lime. When copper sulfate or lime is used
alone with water, the last number represents gallons of water and the first the copper
sulfate or the lime in pojinds.
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Experiment V.

The trees included in this plot were also selected from one of

the orchards belonging to Mr. Lutts. They were all of the

Beer's Late variety and were enclosed on three sides by

unsprayed trees. They curled badly in '98, though not so much

as the Elbertas, and have not been sprayed until the past year.

The trees are six years old and have about twenty thousand

leaves to the tree. There was no crop in '99. A plan and table

of results follow, as in the preceding experiments.

Plan of Experiment V.

/

/ i J -V s <, 7 % ? JO // / s. yj /y y6 yi>

i +

J +

^ C

J' D D D n D n + + 4- 4- + + + + + +

^

/
4-

s +

9 +

/o +

// f

3

From Mr. Lutts' block of the Beer's Late variety. The number aud arrangenient of

of the trees is the same as in experiment IV and the signs used have the same signihcance

as in that experiment.
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Experiment v.—Table of Results With Beer's Late.

g:'

1

2
3
4

5 1-6

5 7-16

6
7

8
9
10
11

Treatment Apr. 11-13.

Bordeaux 6-4-50
6 6-50
6-6-50
3-3-50

Check

Bordeaux 6-4-50 ...

Copper sulfate 4-50.

4-50.
4-50.

4-50.
Lime 2-5

Treatment Apr. 11-13.

Bordeaux 4-4-50
6-6-50
3-3-50
3-3-50

6-8-50

Check

Copper sulfate 1-250

.

1-500.

Bordeaux 4-4-50 . . .

.

Amounts of curl
June 13.

None

Two leaves to the
tree

4 per cent on all

checks
Ten leaves lo the
tree

1 per cent

)4 per cent

yi per cent
None
2 per cent

In the Bordeaux mixtures used in the above table, the first figure represents pounds

of copper sulfate, the last gallons of water, and the middle one, separated from the others

by dashes, represents pounds of unslacked lime. When copper sulfate or lime is used

alone with water, the last number represents gallons of water and the first the copper

sulfate or the lime in pounds.

Experiment VI.

This experiment was made upon a block of Elberta trees chosen

from the orchard of Mr. W. T. Mann, one mile west of Somerset,

in the northeastern corner of Niagara county. The trees were

set in '94 and suffered from the curl in '97 and '98, but were

not sprayed before '99. They are very thrifty and bore a large

crop of fruit the past season. The orchard from which these

trees were selected was sprayed early in the spring with Bordeaux.

Injuries to foliage were observed with some care in this block.

The lime used was of the best quality and both it and the cop-

per sulfate were carefully weighed, as was done in the other

experiments ; but it soon became evident that the normal Bor-

deaux mixture contained too much copper sulfate for the

foliage of the peach. Injuries began to appear two weeks after

the second spraying. The foliage took on an unhealthy look ;

shot-holes and yellow tips were abundant and many leaves fell

from the trees. By June 14, the injuries to rows 3, 4, 5, 7, 8

and 12 were equally apparent, and doubtless greater than those
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sustained bv the check rows from the attacks of the curl. Row
2, treated with comparatively

weak Bordeaux, did not at that

time show much injury. All of

the rows which received only

the first spraying remained in

fine condition.

By July 8, on all trees sprayed

late with Bordeaux the foliage

was thin and the ground beneath

the trees was thickly covered

with yellow leaves. On August

8, the rows all appeared about

alike, since the injured leaves

had mostly fallen or become con-

cealed by the new growth. Very

few curled leaves had fallen

from the checks. The loss of

foliage on rows receiving the sec-

ond spraying with Bordeaux

affected to some extent the quality

of the fruit on these rows.

Injuries to foliage in experi-

ments IV and V were practicall}-

the same as those recorded above.

Experiment VI. —Tabi^e of Results.

y

y X, J ^ .f i

O O o o o
1

o

i O O o o o o ^

s O O o o o o

y O o o o o o i

6 O o o o o o

6, O o o o o

7 O o o o o o

f O o o o o

o O o o o o

yo o o o o

.// O o o o o o

,/f O o o o o o

yj O o o o o o

/^ O o o o o

yJ O o o o o o

1

2
3
4
5
6
7

8
9
10
11
12
13
14
15

Treatment April 14.

Bordeaux 6-4-50.
6-4-50.
6-4-50.
6-6-50.

3-3-50.
Check.

Copper sulfate 4-5'o

4-50
4-50
2-50

Lime 1-214.

Check
1-5-

Treatment May 15.

Bordeaux 3-3-50. . .

.

4-4-50....
'• 6-6-50....

3-3-50....
Check
Bordeaux 6-6-50. . . .

4-4-50...
Copper sulfate 1-250.

Bordeaux 4-4-50.

Check.

Relative
amounts of
curl June 14.

0.50
2

1500
31

0-33
0.50
19

34
0.66

375
750
1500
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Conclusions.

There is no good reason for giving up the Elberta or any other

variety of p^ach sensitive to leaf-curl, as this disease can be

controlled by spraying at trifling expense.

Of the three substances employed as fungicides in these experi-

ments, the Bordeaux mixture is the most useful ; and, though

several different strengths of this mixture have been found nearly

equal in efficiency the past season, for the earl}^ spraying a strong

solution is recommended. When Bordeaux of good strength is

used early and a season of warm, dry weather follows, continu-

ing as late as the middle of May, a second spraying is not profit-

able. But if the weather is cold and wet, it is well to spray

again with Bordeaux after the petals fall, using only two pounds
of copper sulfate (with excess of lime) to fifty gallons of water,

for, notwithstanding some statements to the contrary, the foliage

of the peach seems sensitive to stronger solutions.

The treatment, then, for the prevention of peach leaf-curl

based upon my own and other experiments is briefly as follows :

1. Spray with Bordeaux consisting of 6 lbs. of copper sulfate,

4 lbs. of good quick-lime, and 50 gals, of water about the first

of April when the buds are beginning to swell.

2. Spray again when the petals have fallen with Bordeaux
consisting of 2 lbs. of copper sulfate, 2 lbs. of good quick-lime,

and 50 gals, of water. If the weather of April and early May
is warm and dry, this second spraying may be omitted.

Lime or copper sulfate alone with water have been almost as eflfective as

Bordeaux the past season when used for the first spraying and followed later

by Bordeaux, but their effects are not so lasting, particularly in rainv weather,

and, whether the season is favorable or unfavorable, the second spraying
with Bordeaux should not be omitted when lime or copper sulfate are used
alone for the first.

How to Make the Bordeaux.

Prepare a stock solution by suspending 25 lbs. of copper sul-

fate in a coarse sack in 25 gals, of water for a day or more until

completely dissolved. To make 50 gals, of strong Bordeaux for

the early spraying, take 6 gals, of the stock solution and dilute
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it with 19 gals, of water. Weigh out 4 lbs. of the best quick-

lime, slack it slowly, dilute to 25 gals., and strain through a

metallic sieve into the copper sulfate solution while the latter is

being stirred.

To prepare 50 gals, of the weak Bordeaux for the late spray-

ing, proceed in the same manner, using 2 gals, of the stock

solution of copper sulfate, 2 lbs. of quick-lime, and 48 gals, of

water.

Those conducting spraying operations on a larger scale will

find it convenient to prepare fifty gallons or more of the stock

solution of copper sulfate, keeping it covered to prevent evapora-

tion, and to slack a considerable quantity of lime at once and

keep it in the form of a paste in a barrel partially sunk in the

ground or in a trough made specially for the purpose. If the

surface of the paste is kept covered with a little water, the lime

may be preserved for an indefinite length of time in this form

and the amount required for a given quantity of Bordeaux deter-

mined by testing the mixture with a solution of potassium ferro-

cyanid in about ten parts of water. A drop of this solution on

being added to a solution of copper sulfate produces immediately

a dark reddish brown color. When sufficient lime has been

added in the preparation of the Bordeaux mixture, this change

in color does not occur on the addition of potassium ferrocyanid.

It is well to add a little more lime, even after the test indicates a

sufficient quantity, since a large excess of lime is rather a ben-

efit than otherwise, while a slight excess of copper sulfate may
prove injurious to the foliage. A first-class spraying outfit and

a convenient water supply are very important where much spray-

ing is attempted. W. A. Murrill.

The writer's thanks are due Messrs. King and Robinson, of Trumansburg,
Mr. H, S. Wright, of Ithaca, Mr. Henry Lutts, of Youngstown, and Mr. W.
T. Mann, of Barker, who have oflfered their orchards for the above experi-

ments and most heartily cooperated with him to make them successful.
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Cornell University, Ithaca, N. Y., March i, 1900.

Honorable Commissioner of Agriculture,
Albany, N. Y.

Sir

:

—One of the most trying experiences of the orchardist and

also one of the most frequent, is to see his trees bloom' but not

set fruit. Various investigations of such difficulties have been

made and published, but much more needs to be done. In order

to understand the subject, particularly in its relations to prac-

tical orcharding, an investigation was set on foot by Professor

Bailey. This investigation has been continued three years under

his direction and supervision, and the summary results are pub-

lished in this bulletin, which is submitted for publication under

Chapter 430 of the Laws of 1899.

The study of pollination in orchards is made necessary by the

rise of commercial fruit-growing. When fruit is grown only for

home use, or in small areas for a local market, there is not likely

to be serious loss from imperfect pollination ; but in large com-

mercial orchards, any general unfruitfulness from this source is

quickly noticed. The commercial orchard seems destined to be

the most important single factor in American horticulture, and

with its growth comes a corresponding increase in the liability of

loss from imperfect pollination. This bulletin will find its great-

est usefulness, therefore, in the hands of the commercial fruit-

grower. Aside from extended investigations in this State, ex-

periences have been secured from all parts of the country.

This bulletin is divided into two parts :

I. Incidental or occasional causes for loss of fruit.

II. Self-sterility, which is the main part of the work.

Respectfully submitted,

I. P. Roberts, Director.



65.— The structure of a plum blossom.
St. sepals ; p. petals ; sta. stamens ; 0.

ovary ; s. style ; St. stigma. The pistil
is comprised of the ovary, style and stig-
ma. It contains the female part. The
stamens are tipped with anthers in
which the pollen, or male part, is borne.
The ovary, o, ripens into the fruit.

6S.

—

At 7 a. m.

y^:;\^ff^^'^^%, ^

70.

—

At 3 p. m.

66. — B, pollen escaping from
anther. A

,
pollen germinating

on the stigma. Enlarged.
The transfer of pollen to the
stigma is called pollination.

ji.—AtS a. HI. the next morn-
ing.

67.

—

Pollen grain
germinating.
Greatly magni-
fied.

65-6-].—Details of a fruit blossom.

-yj,— The opening of a flower of Kieffer
pear. The flowers of pears and apples

have five styles and stigmas. All natu-
ral size.

(Courtesy of American Gardening.)



POLLINATION IN ORCHARDS.

L VARIOUS REASONS WHY FLOWERS DO NOT SET.

All observing fruit-growers have seen trees which blossom

full but do not set a fair amount of fruit ; many have found their

orchards unprofitable for this reason. It is a practical point to

know the causes of this loss and the best way to prevent it.

Not all the flowers can set fruit.

In the first place, but a small percentage of the blossoms set

fruit auj^way, even in the most favorable seasons and with the

most productive varieties. In blossoming time a Japanese plum
tree is a mass of white, carrying scores of flowers on a single

branch
;
yet scarcely a dozen fruits may set on that twig, and

some of those must be removed or the tree will overbear. In

the pollination work at Ithaca in 1899, 4,725 untouched blossoms,

including apples, pears, plums and apricots, set but 617 fruits.

The blossoms counted were those on the tree at large and were
used for comparison with the hand crosses. This is about

one fruit for every eight blossoms
;
yet most of the trees set

what would be called a good crop. All of these blossoms were
apparently uninjured by the winter, and the weather during the

blossoming season was ver}^ favorable for the setting of fruit.

This normal failure in the setting of fruit blossoms may be due
to a number of causes ; as poorly nourished fruit-buds, lack of

pollination, or winter injury to the pistils which cannot be seen

with the eye alone. It is usually a distinct advantage to the

fruit-grower, as it saves thinning. If all plum blossoms set fruit,

the expense of thinning would be multiplied many times. Only
when the failure of fruit blossoms to set becomes general, does

the fruit-grower feel the loss and call for an explanation.

This wholesale failure in the setting of fruit is often called

self-sterility. Properly speaking, a self-sterile tree is one which
is self-unfruitful : it must have other varietes near it in order to

bear well. But it appears that self-sterility in orchard fruits is

often confused with the unfruitfulness resulting from other causes.
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It would therefore be well to clear away this confusion at the

outset, in order that the discussion of self-sterility may be bet-

ter understood. The influences which sometimes make trees

unfruitful, which are often confused with the unfruitfulness

resulting from self-sterility, are (i) heavy wood growth, (2) the

attack of fungi on the blossoms, (3) frosts, (4) unfavorable weather

during the blooming season. It should also be said that a tree is

not self-sterile when it does not blossom. This bulletin does not

attempt to tell why trees do not bloom, except that it is generally

due to poor management. The only thing which concerns us

now is, why trees which blossom full do not set a reasonable

amount of fruit.

Blossoms may drop because of heavy wood growth.

Young trees generally set little or no fruit the first few years,

when they are growing fast, although they may blossom full.

With most varieties this early dropping of the blossoms occurs

only two or three seasons, but Northern Spy and a few other

varieties of apples are often unfruitful ten to thirteen years from

this cause. Older trees may show the same results if stimulated

too highly with nitrogenous fertilizers. The logical remedy is

to check this excessive growth of wood by witholding nitrogen

or by putting the orchard into sod for a few years.

The direct cause of this unfruitfulness is not known. The
stamens and pistils are usually well developed and pollen may be

produced in abundance. Since young trees drop their blossoms

as badly in a mixed orchard where other pollen is available, as

when alone, the trouble probably lies more with the pistils than

with the pollen.

Up to this limit of excessive growth, there is a fairly constant

relation between the vigor of a tree and its productiveness. Lack
of vigor causes much more unfruitfulness than excessive vigor.

If a tree is unhealthy or dying because of poor nourishment, few

of its blossoms are strong enough to set fruit. The same results

may follow if the tree is exhausted by over-bearing.

Blossoms may be killed byfungi.

If the weather is warm and wet in early spring, conditions are

favorable for the growth of fungi and it sometimes happens that

fruit blossoms are
'

' blasted
'

' by the early growth of these para-
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sites. The common brown-rot fungus often kills peach blossoms

and may seriously'' decrease the setting of fruit. It is probable

that this fungus sometimes attacks plum and cherry blossoms

also. Apple and pear scab ma}^ kill the blossoms,

but more often it kills the 3'oung fruits soon after

they are set. Wherever spraying is practiced

faithfully, the killing of fruit blossoms by fungi

need not occur, especially if one thorough appli-

cation is made to the trees before the buds open.

The killing of pear blossoms by blight, how-
ever, cannot be prevented by spraying. The blos-

soms on Kieffer and lycConte trees are especially

liable to be destroyed by the growth of blight

microbes, which are carried from flower to

flower. The only way to prevent this loss is

to have no blighted trees in or near the orchard.

.— IVinter-injur-
ed fruit buds of
Royal apricot.

Winter and spring frost may i?ijure the blossoms.

The unfruitfulness arising from winter or

spring frost injury is sometimes confused with

self-sterility. Various forms of winter injury to

fruit buds are shown in Figs. 72-77. At A in

Fig. 72 is a fruit bud which has been completely

winter-killed and has made no growth whatever.

B and C are buds which will never be able to open;

while D is a very weak blossom which cannot set

fruit. The single open flower on this

branch is the only one which can pos-

sibly set fruit. A winter-injured clus-

ter of Bietigheimer blossoms is

seen in Fig. 73, with a section

of one bud in Fig. 74 to .show the

shriveled stamens and pistils. The
leaves in this cluster came through
all right, but the flowers were in-

jured. The single flower which has expanded is too small and
weak to develop into fruit. These winter-injured clusters were

73.— IVinter-injured fruit buds of
Bietigheimer apple.
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74 .

—

Seciion of one

bud in Fig. 7j.

common on all varieties of pears, particularly Angouleme and

Manning Elizabeth, and on some varieties of apples, in the

spring of 1899.

Two forms of winter or spring frost injury to the pistils are

seen in Fig. 75 and 76, with a normal blossom for comparison in

Fig. 77. A common form of injury is that in Fig. 75, in which

the pistil is blackened and stunted, having made
no perceptible growth during the opening of the

flower. These pistils always drop from the tree

soon after the petals have fallen. Another and

not less common form of injury is that in Fig. 76,

in which the pistil has made a partial growth

but has no well developed ovary. Unless a care-

ful examination is made, blossoms like this would

not be considered as winter-injured. Of fifty

which were tagged, none gave fruit,although sev-

eral fruits grew to the size of peas. The killing

of the pistils is the most common form of winter injury to fruit

buds. Some of the native and Japanese plums had as high as

80 per cent of defective pistils last spring, but with their enor-

mous amount of bloom this did not materially decrease the

crop of fruit which the trees were able to carry. The Japanese

plums bloom so early that their blossoms are liable to be injured

by frost in the middle states and south.

It is thus seen that the injury to fruit blossoms from cold is

of all degrees. During the opening of a normal flower, the pis-

til grows. It is often taken for granted

that if this growth occurs the pistil is unin-

jured ; but it may be that even though a

pistil reaches its full size, it may yet be so

injured that it cannot develop into fruit.

In 1899 about ten per cent of the blossom

buds of a Royal apricot opened fully, like

the one in Fig. 72. All of these blossoms

appeared to be perfect, with long pistils,

plump ovaries and well developed stamens,

fruits set on the whole tree, although the weather during the

blooming season was ideal, bees were numerous, and some of the

.

—

Catherine apricot ;

injured pistil.

Yet hardly a dozen
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76.

—

Catherine ; injured pistil.

flowers were even crossed by hand with the pollen of other varie-

ties. Since the variety had already shown itself so susceptible

to winter injury, it is probable that this wholesale failure w^as due

to the weakened vitality of the pistils,

which could not be seen with the eye

alone.

Some of the imperfect development

of flowers which we attribute to win-

ter injury may be caused by unfavor-

able conditions during the previous

season, when the buds were being

formed; yet it seems likely that winter

injury to pistils is more common and

more serious than appears at first sight. These remarks on

winter injury are introduced simply to emphasize the fact that

all blossoms which do not set fruit are not self-sterile ; and also

to promote a more careful discrimination between the various

causes which decrease the setting of fruit.

Rain may injiirefruit blossoms.

The unfruitfulness which often follows a rain during the

blooming season is sometimes confused with self-sterility. A
careful fruit-grower watches the weather

anxiously when his trees are in blos-

som, for he knows this is the most critical

period in the growth of the crop. In-

j ury to fruit blossoms from rain is common
wherever fruit is grown, but is particu-

larly serious along the Pacific coast and

near the shores of the Great Lakes. It

^^. -Catherine ; normalflower. }^^^ ^cen estimated that more fruit is

lost in California from cold rains during blooming time than

from all other causes combined. Like winter injury to fruit

buds, there is no way of preventing this loss except to secure a

more favorable location, since it is not in man's power to prevent

rain, however much he may be able to induce it by bombarding

the sky. Nevertheless, it is interesting to know in what way
rain decreases the setting of fruit.
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If a rain comes while the trees are in full bloom the pollen is

washed from those anthers which have already opened, and is

thus prevented from reaching the stigma. Should the rain be a

short one, no serious harm need result from this loss of pollen,

for the unopened anthers will burst and pollination will begin

again soon after the sun comes out. The washing away of pollen

has very little influence in decreasing the setting of fruit,

particularly when the rain is short. There will generally be

enough pollen to suppl}^ the pistils before or after the rain.

The poor settiilg of fruit which often follows a long rain and
sometimes a shower is due more to a loss of vitality in the pollen

or to some mechanical injury to the pistils ; also, in large meas-

ure, to the fact that bees and other insects which promote the

beneficial cross-pollination between varieties are absent. If the

rain lasts for several days, the pollen may lose its vitality. After

a week of rainy weather at Ithaca in the spring of 1898, nearly

all the pollen of the apricots then in bloom was disorganized

a/^/'^^^
^. and stuck together, so that it could

not possibly grow and fertilize the

'

^^^^r!^.>"^ pistils. Some of this pollen is shown
in Fig. 78. It is also natural to sup

pose that a hard rain may wash oft",

dilute, or otherwise injure the juices

of the stigma so that the pollen can-

ys.—Poiun injured by rain. Much not germinate after it falls upon the
magnified. Compare Fig. So- .

-r-. i i a n u r
stigma. Perhaps a long spell 01

wet weather may even kill the pistils after they have been fertil-

ized.

Thus a rain during the blooming season may decrease the set-

ting of fruit in four ways : (i) By preventing the pollen from

reaching the stigma, both because it is too wet to fly and because

pollen-carrying insects are absent. This is important only when
the rain lasts several days and most of the pistils pass their recep-

tive state before the rain ceases. (2) By destroying the vitality

of the pollen. (3) By injuring the stigma. (4) By preventing

fertilization or the germination of the pollen because of low

temperature.
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77?^ blossoms may be iyijiwed by strong or drying winds.

Near the sea and large lakes, fruit blossoms may be whipped off

by very severe winds. In such cases a mixed windbreak of decid-

uous and evergreen trees may be used to advantage. Drying winds

during the blossoming season are not common in the east but are

often serious in some parts of the west. Luther Burbank, one

of our best observers and experimenters in orchard pollination,

saj^s a dry wind sometimes causes a short fruit crop in some parts

of California by drjdng up the juices of the stigma so that the

pollen cannot germinate.

II. SELF-STERILITY.

There have been described in the preceding pages some of the

influences which decrease the setting of fruit. These were men-

tioned only to make more clear a talk

about self-sterility, an influence which

is second only to the winter injury of

fruit buds in the loss caused to the

commercial fruit grower. Since the

loss from unfavorable weather usuall}'

cannot be prevented, while the loss

from self-sterility can in a large meas-

7g.

—

Coc Golden Drop. But one friiil lias sel ; the others will soon drop.

ure, the latter subject deserves more than the brief notice which

has been given to the former at this time.

There are some trees which blossom full year after year but
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set little or no fruit, even in the most favorable seasons. These

trees are usually in solid blocks, or at a distance from any other

variety. Planting near them other trees of the same variety

does not make them fruitful ; but if trees of other varieties are

planted near they are often made fruitful. A self-sterile variety

is one which is U7iable to set fruit when alone : in order to be pro-

ductive, it must be planted nearsome other variety. Two varieties

very commonly self-sterile are Miner and Wild Goose plums.

Large blocks of the Kieffer pear and some of the great prune

orchards on our Pacific coast have been unprofitable from this

cause. Besides these striking examples, there is reason for

believing that much of the unsatisfactory fruiting of orchards all

over the countr}^ is due to the isolation or indiscriminate mixing

of varieties.

The main cause of self- sterility

.

In general, the cause of self-sterility is that the pollen of a

variety is unable to fertilize the pistils of that same variety.

That is, if pollen from a Wild Goose blossom falls on a Wild
Goose pistil, whether on the same tree or any other Wild Goose
tree, no fruit will result as a rule. The pollen of a self-sterile

variety may be and generally is produced in abundance and is

well formed. Wild Goose generally bears pollen freely, although

it is one of the most self-sterile varieties in cultivation. The Bart-

lett pear is often self-sterile, yet its pollen is perfect. (Pig. So.)

The pollen of a self-sterile variety also has vitality, for it will fer-

tilize the pistils of other varieties. For example,

plant together trees of the two self-sterile varie-

ties. Miner and Wild Goose, and both will often

be made fruitful, because the pollen of each,

though infertile on itself, is fertile on the other. so.-PoUenofBartiett.

It is not known in what way this infertility is
"^"'" "'«^"'>^^'^-

usually shown, but with Wild Goose at least, the pollen grain

actually germinates and the pollen tube passes down to the ovule.

Why the two sexes are unable to unite after having got thus

far, the embryologist has not yet told us.

Minor causes of self-sterility

.

Aside from the impotency of pollen, the main cause of self-

sterility, there may be several other incidental causes. Goff and
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Waugh have shown that self-sterile varieties of native plums
often have a large per cent of pistils which are too weak to

develop into fruit. This could not be a general cause of self-

sterilit}^ however, for self-sterile varieties can usually be made
fruitful by planting other varieties near them. This shows that

there are enough sound pistils on the tree for a good crop of fruit,

provided they receive the right kind of pollen.

Again, the blossoms of some varieties may produce but a small

amount of pollen. When these varieties are planted alone they

may not have enough pollen to seta good crop, even though the

pollen is fertile on its associated pistils. The amount of pollen

which flowers produce is greatly modified by weather conditions

and the vigor of the tree.

Many plums are worked on Marianna and Miner stocks, two of

the most self-sterile varieties in common cultivation. It has been

thought that possibly there might be an 'influence of the stock on
the scion in the direction of self-sterility, but this assumption

seems to be without foundation.

Finally, the stamens and pistils of a tree may not mature
simultaneously, which would make a tree unfruitful unless pollen

is supplied from other sources. With many varieties of orchard

Iruits the pistil of each flower matures a little before the sta-

mens ;
and not infrequently the stamens mature before the pistil

is ready to receive the pollen. But there is usually enough vari-

ation in the opening of flowers on the same tree to promote pol-

lination with each other and .so prevent serious loss from this

alternate ripening of the sexes. Defective pistils, scanty pollen

supply, and the premature ripening of either pistils or stamens
may often be important in determining the fruitfulness of a tree ;

but the main cause of unfruitfulness in most self-sterile varieties

is the failure of the pollen to fertilize its associated pistils. This
cause cannot be removed, but its injurious results may often be

prevented by a judicious selection of varieties.

A praclical application.

The practical bearing of the .self-sterility problem is this :

There are certain varieties of fruit which we wish to grow largely

for the general market, but we find that they are not jiroductive
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when planted alone. They need the pollen of other varieties to

make them fruitful. Then we must do what some of our most

intelligent fruit-growers have been doing for years—plant other

varieties near them as pollinizers. Orchardists along the Atlan-

tic coast have been obliged to do this with KiefTer. The Cali-

fornians often find it necessary with their prunes ; and many an

unproductive orchard of Wild Goose has been made fruitful by

being partially top-worked with another variety. Cross-pollina-

tion of varieties is no longer a theory ; it is an established orchard

practice.

The history of the self-sterility discussio7i.

There are at least sixty species of plants which are known to

be often sterile with their own pollen. The study of this problem

had its origin mainly in the investigations of Darwin. While

Darwin was not the first to observe the value of cross-pollination,

he so far exceeded his predecessors in this, as in most other

work, that the beginning of a systematic study of self-

sterility is usually dated from the publication of his "Origin

of Species" in 1859. Self-sterility in orchard fruits was first

studied by Waite, under the direction of the United States Depart-

ment of Agriculture. Since the publication of his work, in 1S94,

(Bui. 5, Div. Veg. Pathology) many experimenters have con-

tinued the lines of study indicated by him.

The unfruitfulness arising from self-sterility had been noticed

many years before by fruit growers. The benefit which some

varieties gained by being planted near other varieties also had

been noticed, and mixed planting was often practiced with

success, particularly with Wild Goose and Miner. There are

now one hundred and twenty-six entries in my bibliography

of references to "barren" trees in American literature before

the appearance of Waite 's bulletin in 1894. The real cause of

this barrenness, however, was not known definitelj'- before the

experiments of Waite ; although it had long been supposed

by many to be the pollen. Of late years, many experimenters

have done careful work along this line. Among these are Goflf,

Waugh, Craig, Kerr, Crandall and Heideman, on orchard

fruits ; Beach, Earle, T. V. Munson, Whitten and Green on
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grapes. The California and Oregon State Boards of Horticulture

are also making a special inquirj^ on the self-sterility of prunes.

Varieties which are ofte7i self-sterile.

Self-sterility is not a constant character with any variet}^ It

is influenced by the conditions under which the tree is grown,

as are the size, shape and color of the fruit. The adaptation

of a variety to soil and climate has much to do with its self-

fertility, and if a tree is poorly nourished it is more likely to be

infertile with its own pollen. No one can separate varieties of

fruit into two definite classes, the self-sterile and the self-fertile.

Thus Bartlett and Kieffer are often self-sterile, but there ar€

orchards of both which are self-fertile. The same may be said

of many other varieties. The best that can be done, therefore, is

to give a list of those varieties which tend to be more or lesis

self-sterile and which it would be unsafe to plant alone.

Following is a conservative list of these risky varieties, drawn
both from experimental work and from the reports of over five

hundred fruit growers who have favored me with their expe-

rience. Pears: Angouleme (Duchess), Bartlett, Clapp^ Idaho,

Kieffer, Nelis. Apples : Bellflower, Primate, Spitzehl)urg^ Wil-

low Twig, Winesap. Phinis : Coe Golden Drop, French Prune,

Italian Prune, Kelsey, Marianna, Miner, Ogon, Peach, Satsuma,

Wild Goose, and according to Waughand Kerr, all other varieties

of native plums except Robinson. /V«t// .'< Susquehanna.
Apricot: White Nicholas. C^^rrzV.y .• Napoleon, Belle de Choisy,

Reine Hortense. Most of these varieties are self-fertile in some
places, but the weight of evidence shows them to be uncertain.

It must not be inferred that all other varieties are always able

to set fruit when planted alone. There are • feome, however,

which have exceptionally good records for fruitfulness when
planted in solid blocks, other conditions being favorable.

Among these are: Apples: Baldwin, Ben Davis, Fallawater,

Janet, Oldenburg, Rhode Island Greening, Red Astrachan,

Smith Cider. Plums : Burbauk, Bradshaw, DeSoto, Green
Gage, Lombard, Robinson and some of the common blue Dam-
sons.

All this goes to show that the problem of self-sterility
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is as much a study of conditions as of varieties. We can set

no limits ; we can only indicate tendencies.

The great and growing Kieffer pear industry in the eastern

United States warrants a fuller discussion of this variety.

Many large blocks of Kieffer are being planted with no other

varieties intermingled, and it is an important point to know
whether this practice will give the best results. Eight blocks

of Kieffer in New Jersey and Delaware have been reported as

completely or partially unfruitful because of self-sterilit}' , and

there are also many solid blocks of Kieffers in the same states

which bear well. Kieffer is unreliable, especially on the

Delaware peninsula. A large block of Kieffer may be produc-

tive, but it does not pay to take the risk, particularly since the

pollen of other varieties is likely to give better fruit, as will

be seen later on.

Selecting the pollinizer.

Let us suppose that we intend to plant a large block of an uncer-

tain variety, as Kieffer, because it has distinct merit as a market

sort. We wish to plant with it some other variety to make it

fruitful. There are two points to be considered when selecting

a pollinizer for Kieflfer or for any other self-sterile variety ; the

choice should not be indiscriminate. These are simultaneous

blooming, and mutual affinity.

The first and most important point is that the two shall blossom

together, since the only way in which a pollinizer can make a

self-sterile variety fruitful is by supplying it with pollen. This

means that the pistils of the self-sterile variety must be receptive

when the stamens of the pollinizer are ripe, which is possible

only with simultaneous blooming.

The comparative blooming of varieties is more or less a

local problem. Dififerences of latitude, altitude, soil, nearness

to large bodies of water, and weather conditions during the

blooming season not onl}' hasten or retard the time of blooming

but also disturb the order in which the different varieties open.

Varieties blossoming together at one place may not at another.

The best that can be done in the way of generalizing on the
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question of simultaueous blooiniug for cross-pollination is to

make a chart for each well marked geographical district.

To this end several hundred fruit growers have kindly

taken notes the past two seasons, and when sufficient data

is collected these charts may be published. They will indicate

in a general way which of our standard commercial varieties

may be expected to bloom together
;

yet each fruit grower

should be prepared to make minor corrections for his own
farm. Until more definite knowledge is available, each orchard-

ist should learn how varieties bloom in his own neighborhood

before planting them for cross-pollination. It is better, but not

always necessary, that the two should bloom exactly together
;

if they overlap two or three days that is often enough.

It is sometimes desirable to plant varieties of different botan-

ical species together for cross-pollination, but this will often

be impracticable because of the difference in their blooming

seasons. Thus the Oriental pears, as Kieffer, and the European

pears, as Bartlett, usualh' do not blossom together. Kieffer

generally blooms several days before Bartlett, hence it is

necessary to pollinate it with a variety of its own class, as

Le Conte or Garber. In some places, however, the two groups

blossom approximately together, and then varieties like Bartlett

and Seckel should be used in preference to Le Conte or Garber,

since their fruit has a greater market value and the trees are

less likely to blight. Whenever the European pears are used as

pollinizers for Kieffer it would be well, if otherwise practicable,

to work them on quince roots. Standard Kieffers will often

bloom two or three years before standard Bartletts planted at the

same time, and unless early blooming dwarfs are intermingled

they may be unproductive these first few years.

The three classes of commercial plums,—Japanese, domestica

and native,—will usually Ijloom at different periods in the order

named ; but when a "spell" of warm weather succeeds a cold and

backward spring, varieties of all these groups will come on nearly

together and cross-pollination will result. In some places the

blooming seasons of these groups overlap so that some varieties

of each might be used regularly for cross-pollination.
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The mutual affinity of varieties.

Auother point to be looked after when selecting a pollinizer

for Kieffer, or for any other self-sterile vanet}-, is the mutual

affinity of the two. That is, will the pollen of the pollinizer fer-

tilize the pistils of the self-sterile variety readily and also develop

them into high grade fruit? At present but little is known about

this matter. Taking first the possibility of cross-pollination

between varieties of different species, there seems to be no doubt

but that many varieties of native, Japanese and domestic plums will

fertilize each other. Orchard experience in many places indi-

cates this ; as when Satsuma is used to pollinate Coe Golden

Drop in Californian prune orchards. Several successful crosses

between the three were also made at Ithaca the past sea-

son. Among these are Abundance X Grand Duke (Fig. 84),

Georgeson X Wayland, Berckmans X Coe Golden Drop, Coe

Golden Drop X Satsuma. That is, if we wish to use Satsuma

as a pollinizer for Coe Golden Drop, or Lombard for Wild Goose,

the probability is that the combination would work, if the two

varieties bloom together ; but since the three groups usually

bloom at somewhat different periods there can be no general

cross-pollination outside the limits of the species.

Numerous crosses and common orchard practice have also

shown that the European pears, as Bartlett, and the Sand Pear

hybrids, as Kieffer, will fertilize each other regularl^^ when they

bloom together. Several Kieffer fruits from Bartlett pollen and

Bartlett fruits from Kieffer pollen were secured in the crossing

work of 1899. Ill fact, my experience has been that if Kieffer

pollen is put on the pistils of our common pears, of the European
class, it will usually produce larger fruit than pollen from most

varieties of that type. Kieffer is a good pollinizer for Bartlett,

Angouleme, Clapp, Nelis and like varieties, when the)^ bloom

together. In Fig. 81, compare the size of the Seckels which

received Kieffer pollen with those which had Lawrence pollen.

The specimens shown are tj^pical of thirty fruits secured from

these two crosses in 1899.

It is necessary to study not only the mutual affinity of varie-

ties belonging to different species, but also of varieties of the
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same species. Some varieties will not fertilize each other, though

blossoming at the same time. Kerr has found that Whitaker plum
will not fertilize Wild Goose nor will Early Red help Caddo Chief.

Again, the pollen of some varieties will give better fruit than

that of others when used on -the pistils of self-sterile or even

on self-fertile varieties. There is very little definite knowl-

edge as to what varieties are best adapted for pollinating self-

8i.

—

Seckel. From Kiejfer pollen above, frotn Laivrence pollen below.

sterile sorts. Waugh and Kerr have studied this point with

native plums for several years and their judgment is united in a

table of recommended pollinizers for plums (12th Report Vt.

Ag. Ex, Sta. ). A few results from crosses made at Ithaca in

1899 will illustrate this point. Fig. 81 shows the comparative

size of Seckel when pollinated with Kieffer and with Lawrence

pollen. Clapp pollinated with Kieffer was also larger than Clapp

pollinated with Lawrence or Louise Bonne. - Howell blossoms

which received the pollen of Clapp gave fruits of nearly twice
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the size of those which received Bartlett pollen. Bartletts

crossed with Augouleme were larger than Bartletts crossed with

Sheldon. In some cases no difference could be noticed, 3'et

most of our standard commercial varieties will be likeh' to yield

enough better fruit when planted "with some varieties than with

others, to make a study of this point worth the while.

Some of the combinations which have been very successful in

the commercial orchards of the country are : Bartlett with Nelis,

Flemish Beauty, Easter, White Doyenne ; Idaho w4th Bartlett
;

Kieffer with LeConte, Garber ; Coe Golden Drop with French

Prune, Green Gage, Italian Prune (Fellenburg); Statsuma with

Abundance, Burbank, Red June; Miner with DeSoto, Forest

Rose, Wild Goose ; Wild Goose with De Soto, Newman, Miner.

Does crossiyig change the appearance of thefruit ?

In connection with the mutual affinity of varieties which are

selected for cross-pollination, there comes the question of the

"immediate influence" of pollen. For instance, if Seckel pol-

len is put on Kieffer pistils, will it impart the Seckel flavor, color

and characteristic s'hape to the resulting fruit ? Of course the

characters of both may be united in the seeds, and the trees which

come from these seeds may be expected to be intermediates ; but

is the flesh of the fruit ever changed by foreign pollen?

The increase in size which often follows crossing cannot be called

a true immediate influence, for the foreign pollen generall}^

stimulates the fruit to a better growth because it is more acceptable

to the pistils, not because it carries over the size-character of the

variety from which it came. In 1899, Hyslop Crab pistils which
were fertilized with pollen from the great Tompkins Count5"

King, grew into fruits of the usual crab size. An immediate

influence in size may be possible, for the size of the fruit

is nearly as constant a varietal character as is the shape

;

but most of the increased size in crosses of orchard fruits prob-

ably arises from the fact that the pollen is more acceptable.

Setting aside the usual gain in size resulting from crossing,

we wish to know whether there will be any change in the

shape, color, quality and season of ripening of the fruit. A few
undoubted instances of this influence have been noticed with
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some plants in which the seed is the principal part of the fruit,

as the mixing of sweet corn and field corn ; also perhaps

in various peas and beans. When the seed is surrounded

by a fleshy pulp, however, as in our common orchard fruits,

it is still in dispute whether this pulp is influenced, how-

ever much the seeds themselves maj^ be. Most men have

formed their convictions about the immediate influence of pollen

from observation, rather than

from experimental proof. It does

not necessarily follow that
'

' sweet and sour '

' apples are due

to cross-pollina on, n i that the

russet on Greening apples borne

on the side of the tree next a Rox-
bury was produced b}^ the influ-

ence of the Roxbury pollen.

Most of the changes in fruit

which are attributed to the influ-

ence of cross-pollination are due

to variation. Every bud on a tree is different in someway from

every other bud on that tree and may develop unusual charac-

ters, independent of all the other buds, according to the condi-

tions under which it grows.

The best way to determine whether there is an immediate influ-

ence of pollen is by hand crossing. Among the forty-five differ-

ent crosses which were made in 1899 with this particular point in

view, not one showed any change which could be positively

82.

—

Stark. From Wagener pollen
above , from Stark pollen below.
Marked benefit from cross-polli-

nation.
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attributed to the influence of pollen. Even the concentrated

sweetness of Seckel made no impression on the poor quality of Kief-

fer ; nor were there any constant differences in color, shape, or

season of ripening in any of the other crosses. Nearly every-

%2)-—LongJield. From Greening pollen below, from Longfield
pollen above. Marked benefitfrom cross-pollination.

body who has crossed varieties of orchard fruits has had a similar

experience.

Most of the evidence supporting the theory that there is an

immediate influence of pollen in the crosses of fruits comes from

observation ; most of the evidence against it comes from experi-

ment. The observer, however careful, is likely to jump at con-

clusions
; the experimenter tries to give due weight to every

influence which might bear on the problem. Since many observ-
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ers and a few experimenters have found what seems to be an

immediate influence of pollen on the fruit, we cannot doubt but

that this influence is sometimes exerted. But it is certainly-

much less frequent than is commonly supposed.

The distribution of the pollinizers.

Having selected a poUinizer with reference to simultaneous

blooming and mutual affinity, the fruit-grower now wishes

84,

—

Abundance. From Abundance polle7i above,from Grand Duke pollen
below. Some benefitfront cross-pollination.

to know how many trees will be necessary to pollinate

the self-sterile variety. There are three things to be considered

here: the ability of the pollinizer to produce pollen, its market

value, and the classof fruit to which the self-sterile variety belongs.

Varieties differ in the amount of pollen which they produce, and

the pollen production of the same variety is also greatly modified

by differences in locality and season. Other things being equal,

the variety which produces pollen freely could be used more spar-
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ingly in a block of self-sterile trees than one of scanty pollen

production. lyittle comparative observation has been made on

this point as yet ; but as a matter of fact, most of our common
varieties produce an abundance of pollen.

The number of trees of the pollinizer would also depend largely

85.— Talman Sweet. From Talman Sweet pollen above
, from

Wagener polleyi below. No benefitfront cross-pollination

.

on whether it has value in itself. If we are planting LeConte to

pollinate Kieffer, we would naturally try to get along with the

least possible number which will do the work ; but if Bartletts

are to be used for the same purpose, we can afford to increase the

prpportion. Some growers plant everj^ tenth row to the polli-
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nizer, but the proportion should usually be greater. This might

be enough if the weather during the blossoming season is very

favorable for cross-pollination by wind and insects ; but if it is

showery, the pollinizers should be more abundant, in order that

86.

—

Bradshazv Plum. From German Prune pollen above,
front Bradshaw pollen below. No betiefit frovi cross-

pollination.

cross-pollination may be more general during the bright weather

between showers. If using Garber or lycConte to pollinate Kief-

fer, every third row may be the pollinizer ; if using Bartlett,

every other row. For apples, cherries and domestic or Japanese

plums, the same proportion may be used. In a commercial

orchard, the pollinizer should be planted in a solid row. Theoreti-

cally, it is much better to have the pollinizer more evenly dis-

tributed among the self-sterile trees
;
practically, it will not pay

to so mix them except in small orchards.

The advantages ofgeneral mixed planting.

It would appear that the only thing to do now is to find out

what varieties are inclined to be self-sterile and the varieties which

are best adapted for fertilizing them. But as a matter of fact,

cross-pollination gives better results with nearly all varieties, be

they self-sterile or self-fertile. A variety may be able to b ear
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good fruit when it is planted alone, but it will often bear better

fruit if suitable varieties are near it. Mixed orchards are more
productive than solid blocks, taking the country over. It is a

common observation in Western New York that Baldwins in

mixed orchards are more uniformly productive than Baldwins in

large blocks. Furthermore, although a variety maj^ be able to

set an abundance of fruit with its own pollen, this fruit will often

be smaller than if other pollen were supplied. From a num-
ber of experiments made in 1899, a few representative results are

here given to illustrate this point.

Compare the size of self-pollinated and cross-pollinated fruits

in P'igs. 82-86. In some varieties the difference was very marked,

as with Stark and Longfield apples (Fig. 82-83); in others the

difference was not so marked, as Abundance (Fig. 84); while a

few showed no appreciable increase in size from cross-pollination,

as Talman Sweet and Bradshaw (Fig. 85-86). The difference

between the cross- and self-pollinated Starks and lyongfields is so

striking that one would almost be tempted to think the self-pol-

linated fruits were wormy, but they were not. The self-pollinated

Talmans and Bradshaws were apparently as fine in everj- way as

the cross-pollinated fruits. Manning Elizabeth pear also was
not benefited by pollen from other varieties.

The three self-pollinated Longfields here shown (Fig. 83) had

but five sound seeds; while the two crossed specimens had seventeen

sound seeds. In general, cross-pollinated fruits have more good

seeds than self-pollinated fruits, but there is no constant relation

between the size of a fruit and the number of seeds it contains.

Some of the biggest apples or pears may have only two or three

good seeds. In case the ovules in one cell of an apple or pear

core are not fertilized, that part of the fruit adjoining is often

stunted and the fruit becomes lop-sided in consequence ; but

this, likewise, does not always follow.

All of the above varieties are self-fertile, at least in Ithaca. They
will produce fruit with their own pollen. But we have seen that

some of them will produce better fruit if other pollen is supplied.

Is it not worth while, then, to plant pollinizers even with self-

fertile varieties—that is, to practice mixed planting with all

varieties? There are three good reasons for doing this : First,
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some believe that self-sterility is likely to increase in the future,

under the stimulus of high cultivation. Second, we can never be

perfectly sure that any variety will be self-fertile on our soil and

under our culture ; even those varieties which are self-fertile else-

where may be partially self-sterile with us. Third, most self-fertile

as well as self- sterile varieties are benefited by cross-pollination.

It is taking risks to plant a very large block of one variety.

The trees may bear just as much and just as fine fruit as though

other varieties were with them, but the chances are against it.

The polleyi-carriers

.

The pollen of one variety is carried to the pistils of another

in two ways : by the wind and by insects. There are many
kinds of insects which aid more or less in the cross-pollination

of orchards fruits, principally bees, wasps and flies. Of these,

the wild bees of several species are probabl}^ the most important.

In a wild thicket of plums or other fruits, they are usually num-

erous enough to insure a good setting of fruit. But few if any

wild bees can live in a large orchard, especially if it is well

tilled. As the extent and thoroughness of cultivation increases,

the number of these natural insect aids to cross-pollination

decreases ; hence it may become necessary to keep domestic

honey bees for this purpose.

SUMMARY.
1. Scarcely' one fruit blossom in ten sets fruit, even in the

most favorable seasons and with the most productive varieties.

2. Trees making a very vigorous growth may drop their

blossoms.

3. Brown rot, apple or pear scab, and pear blight may kill

the blossoms.

4. Frost injury to blossoms is of all degrees. Even flowers

which appear to be uninjured may be so weakened that they

cannot set fruit.

5. Rain during the blooming season prevents the setting of

fruit chiefly by destroying the vitality of the pollen, injuring the

stigma, or by preventing fertilization because of the low tempera-

ture. The washing of pollen from the anthers seldom causes

serious loss.
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6. Much of the unsatisfactory fruiting of orchards all over

the country is due to self-sterility. A tree is self-sterile if it

cannot set fruit unless planted near other varieties.

7. The main cause of self-sterility is the inability of the

pollen of a variety to fertilize the pistils of that variety.

8. Poor stamens and pistils or the premature ripening

of either are but minor causes of self-sterility.

9. An indication of self-sterility is the continued dropping of

young fruit from isolated trees or solid blocks of one variety.

10. Se.lf-sterility is not a constant character with any variety.

The same variety may be self-sterile in one place and nearlj'-

self-fertile in another.

11. Poorly nourished trees are more likely to be sterile with

their own pollen than well fed trees are.

12. The loss of fruit from self-sterility usually may be pre-

vented by planting other varieties among the self-sterile trees.

13. The European and Oriental pears can fertilize each other,

and many varieties of the domestica, Japanese and native plums

are likewise inter-fertile, provided they bloom together.

14. The pollen of some varieties will give larger fruit than

that of others when it falls on or is applied to the pistils of either

self-sterile or self-fertile varieties.

15. Among our common orchard fruits cross-pollination

seldom has an immediate influence on of the fruit itself.

16. Cross-pollination probably gives better results than self-

pollination with nearly all varieties.

17. It is advisable and practicable to plant all varieties of

orchard fruits, be they self-sterile or self-fertile, with reference

to cross-pollination.

18. Insects are probably more important than wind for carry-

ing pollen from tree to tree.

19. Final suggestions.—a. When setting out new orchards do

not plant a solid block of each variety, but mix them intelligently.

b. If established orchards are unfruitful because of self-sterility

it may be profitable to put a few grafts of another variet}^ in each

tree.

c. Keep fruit trees well nourished but do not stimulate them

to an over-vigorous growth. S. W. Fletcher.
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Cornell University, Ithaca, N. Y., March 15, 1900.

Honorable Commissioner of Agriculture, Albany.

Sir:—The following report contains the results obtained .from

the cooperative experiments with sugar beets throughout the

state, and also the results obtained upon the experimental

grounds at Cornell University. The cooperative experiments

were in charge of Mr. J. ly. Stone, and consisted of making

tests of varieties and also of fertilizers. Owing to peculiarities

of the season the fertilizer work is not here reported, but a full

account is given of the test of varieties. This cooperative

work with the farmers throughout the state is valuable not only

for the results obtained from the experiments, but also for the

interest which it creates among the farmers in the work which

is being done by the state through the College of Agriculture,

and by the Experiment Station to advance the cause of agri-

culture.

The work upon the home grounds was in charge of Mr. L,. A.

Clinton. Experiments have been conducted with fertilizers

upon sugar beets, and a summary of the work for three 3'ears is

given. This report is of value owing to the care taken to make
the plats uniform and to the length of time during which the

experiment has been conducted. An account is also given of

the field plat experiments with sugar beets during 1899.

The data obtained add to our knowledge of the subject of

sugar beet growing, and the report is submitted for publica -

tion under Chapter 430 of the Laws of 1899.

I. P. Roberts.

Director.



PART I. CO-OPERATIVE EXPERIMENTS.

BY J. L. STONE.

The investigations relating to sugar beets conducted by this

station during the season of 1899 have been chiefly along the

lines of comparison of varieties, and testing the effect of dif-

ferent fertilizers on the yield and quality of beets. No effort

was made to locate experiments outside the territory that is pro-

ducing beets for the two factories now in operation in the state.

However, requests were received from some thirty persons liv-

ing in other sections asking for seeds and instruction for grow-

ing beets, both of which were forwarded, and the beets received

from such persons have been tested for sugar and purity.

Arrangements were made with thirty-eight farmers who were

engaged in sugar beet culture, and therefore vitally interested

in the work, to make a practical comparative test of five varieties

of sugar beets, the seed of which was furnished to the station by

the U. S. Department of Agriculture, Washington, D. C. By
having the five varieties grown side by side, and thus under

as nearly uniform conditions as to fertility and culture as

possible in each of the experiments, it was believed that the

average results obtained would be much more significant than

a larger number of tests where the varieties were separated and

perhaps subjected to different conditions.

In previous work it has been the custom of the station to

receive two beets as a sample for determining the percentage of

sugar and purity of the juice. It is frequently observed when
these beets are examined separately that they show considerable

difference in content of sugar and purity of juice, thus leading

to the conclusion that the individualit}- of the beet may lead to an

erroneous estimate of the crop where so few as two beets are used

as a sample. It was therefore decided that each sample should

consist of six beets, which were forwarded by express, instead
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of through the mails as formerly, thus materially reducing the

liability to error from the cause mentioned.

The season for preparing the land and sowing was unusually

favorable so that the seed was gotten in the soil in fine condition

and at an early date. In fact the early date at which the seeding

was completed had the effect of reducing the number of our

experiments, as we had expected at least two weeks more time

in which to go among the farmers to arrange the work. The
weather conditions were favorable for germination, a good stand

was obtained and early and economical tillage was generally facil-

itated so that up to the middle of August the crop was unusually

promising. From this time on the effect of drought, which in

some localities was the most destructive on record, was verj^ man-
ifest. In some instances the damage was so great that the experi-

ment was abandoned as not likely to give trustworthy data. In

fact it is believed that abnormal conditions of any kind, and
especially drought, lessen the value of experimental data, as they

emphasize the unavoidable inequalities of soil as regards texture,

natural water supply, etc.

The variety tests—The following table No. i, gives a statement,

somewhat in detail, of the results obtained by each experimenter.

The table gives the name and address of the grower, the charac-

ter of the soil, the varieties of beets grown, the yield per acre in

tons, the percentage of sugar in the beets and the purity of the

juice.

All analyses recorded in this bulletin were made by Mr. G. W.
Cavanaugh and Mr. A. L. Knisely, Assistant Chemists of the

Experiment Station.
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Table i.

Sugar
Tons per Purity

Name and Address of Character per cent, in of
Grower. of Soil. Variety of Beets. Acre. Beets. Juice.

Robert Wright, Lit- Gravelly Kleinwanzlebener 11.90 15-96 82.4

tle York, Cortland Vilmorin 11-55 14-35 77-4
Co., N.Y. Zehringen 10.75 15.01 81.9

Mangold 13-30 12.92 75.6
*Biendorf Elite

Klein. 10.75 13-30 76.9

F. E. VanCamp, Gravelly Kleinwanzlebener 10.89 18.15 84.9
Preble, Cortland Vilmorin 9-15 17.48 85.2

Co., N. Y. Zehringen 10.02 18.72 87-5
Mangold 9.80 17-53 85.4
Biendorf Elite Klein, 9.80 17.29 84.0

Frank Daley, Preb- Gravelly Kleinwanzlebener 9.24 19.00 85.8
le, Cortland Co., loam Vilmorin 13.20 17-48 82.5
N. Y. Zehringen 10.06 18.81 83.3

Mangold 12.20 17.77 83-1
Biendorf Elite Klein. 9.24 18.38 86.4

Clark Esty & Son, Gravelly Kleinwanzlebener 17.10 17.72 86.7
Tully Valley, On- loam Vilmorin 14-25 14-54 79-7
ondaga Co., N. Y. Zehringen 1725 iS-96 82.7

Mangold 17.00 15-15 82.6
Biendorf Elite Klein. 14-25 14.49 77-4

C. A. Knapp, Little Gravelly Kleinwanzlebener 7.46 12.26 72.9
York, Cortland loam Vilmorin 7.86 11.50 69.9
Co., N. Y. Zehringen 6.97 13-87 76.8

Mangold 8.13 12.16 71-5
Biendorf Elite Klein. 7-39 10.64 66.7

W. E. Bowen, Lit- Gravelly Kleinwanzlebener 13.45 17.86 87.0
tle York, Cortland loam Vilmorin 16.80 16.77 84.9
Co., N. Y. Zehringen 13-90 16.48 83-0

Mangold 14.90 16.34 82.7

A, A. Knapp, Sandy Kleinwanzlebener 13.80 15.20 76.5
Preble, Cortland loam Vilmorin 15.80 16.10 76.7
Co., N. Y. Zehringen 12.90 18.15 80.2

Mangold 14.80 16.44 79-7
Biendorf Elite Klein. 14.80 14.49 76.7

G. H. Thomas, Sandy Kleinwanzlebener 8.80 15-77 82.6
Chenango Bridge, loam Vilmorin 8.16 14.87 83-2
Broome Co.,N. Y. Zehringen 7.96 13.82 80.4

Mangold 10.66 15-34 80.8

Biendorf Elite Klein. 9-43 13-63 77.6

Biendorf Elite Kleinwanzlebener.
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Table I

—

Continued

.

371

Sugar
Tons per Purity

Name and Address of Character per cent, in of
Grower. of Soil. Variety of Beets. Acre. Beets. Juice.

Wm. Weale, Sandy Kleinwanzlebener 10.10 14.25 78.6
Owego, Tioga Co., loam Vilmorin 10.40 9-83 72.9
N. Y. Zehringen 8.85 14.63 79-4

Mangold 10.00 15.20 82.8
BiendorfElite Klein. 11.85 12.92 73-1

0. B. Wilmot, Sandy Kleinwanzlebener 13-50 14-25 82,0
Chenango Bridge, loam Vilmorin 11.20 12.92 79-5
Broome Co., N. Y. Zehringen 12.90 15-58 84.1

Mangold 15-05 14-39 81.5
Biendorf Elite Klein. 12.60 13.82 85.2

John J. Smith, Loam Kleinwanzlebener 11.00 14-39 80.6
Candor.Tioga Co., Vilmorin 10.75 12.87 77.0
N. Y. Zehringen 11.85 15.20 80.4

Mangold 10.70 14.44 80.9
Biendorf Elite Klein. 11.25 13-30 78.2

Edwin Lawrence, Loam Kleinwanzlebener 15.00 14.96 82.9
Binghamton, Vilmorin 12.50 14.06 80.0
Broome Co., N. Y. Zehringen 12.50 15.01 82.7

Mangold 15.00 14-54 82.3
Biendorf Elite Klein. 16.25 13-73 78.9

C. J. Banta, Upland Kleinwanzlebener 7.00 17.01 84.4
Conklin, Broome loam Vilmorin 8.00 18.05 86.8
Co., N. Y. Zehringen 6.66 18.86 87.4

Mangold 7.50 16.63 88.4
Biendorf Elite Klein. 6.00 17.48 87.2

Jessel Hall, Che- Loam Kleinwanzlebener 12.50 14.77 82.3
nango Bridge, Vilmorin 9-50 13.02 77-4
Broome Co. , N. Y. Zehringen 10.50 13-63 79-7

Mangold 10.50 13.30 77.8
Biendorf Elite Klein. 9.00 13-59 77-3

H. E. Parsons, Che- Alluvial Kleinwanzlebener 16.39 13.16 78.2
nango Bridge, loam Vilmorin 12.03 14.49 81.6
Broome Co., N. Y. Zehringen 13-88 15-68 82.9

Mangold 14-34 13-30 77-3
Biendorf Elite Klein. 14-34

P. Judson Peck, Loam Kleinwanzlebener 12.05 16.82 83-5
Sherburn, Che- Vilmorin 13-34 15.20 78.4
nango Co., N. Y. Zehringen 13.06 16.29 82.9

Mangold 14.10 15-91 83-3
Biendorf Elite Klein. 14.10 16.10 80.7



372 Bulletin 182.

Tabi^e 1—Concluded.

Sugar
Tons per Purity

Name and Address of Character per cent, in of
Grower. of Soil. Variety of Beets. Acre. Beets. Juice.

L. J. English, Bing- Black Kleinwanzlebener 17.04 13.40 82.4

hamton , Broome loam Vilmorin 13.92 14. 1

1

83-4
Co., N. Y. Zehringen 16.00 15.06 82.6

Mangold 17-25 13-87 82.0

Biendorf Elite Klein. 17.92 14.44 82.2

W. C. Smith, Can- Gravelly Kleinwanzlebener 7-50 13.82 80.8

dor, Tioga Co.

,

loam Vilmorin 8.32 12.21 77-4
N. Y. Zehringen 7-50 13.02 78.7

Mangold 8.75 13.82 81.3
Biendorf Elite Klein. 8.12 12.25 82.0

A. C. Bethka, I/oam Kleinwanzlebener 16.34 85.6
East Syracuse, Vilmorin 15.72 84-9
N. Y. Zehringen 16.25 85-9

Mangold 15-72 84.0
Biendorf Elite Klein. 13-40 79-2

Geo. Lamb, Mucky Kleinwanzlebener 14.58 79.5
East Hamilton, loam Vilmorin 16.86 82.7

N. Y. Zehringen 15-63 82.7

Mangold 16.72 84.2

Biendorf Elite Klein, 15-96 81.5

T. S. Mulaney, Loam Kleinwanzlebener 7.19 12.83 75.8
Poolville, N. Y. Vilmorin 4.91 14.06 75-9

Zehringen 7-58 15-39 79.0
Mangold 8.92 16.20 82.8

Biendorf Elite Klein. 580 12.35 76.0

T. J. Collier. Kleinwanzlebener 14-73 76.4
Preble, Cortland Vilmorin 15-34 80.0

Co., N. Y. Zehringen 16.06 79.0
Mangold 14-25 77-0
Biendorf Elite Klein. 11.40 69.5

S. W. Paddleford, Loam Kleinwanzlebener 14.48 82.4
Sherburn, Che- Vilmorin 14-35 81.2
nango Co., N. Y. Zehringen 13-63 81.

1

Mangold 14-35 84-4
Biendorf Elite Klein. 14.96 83.8

Seed from Bingham-
ton Beet Sugar Co 12.97 78.4

J. C. Fish, Corbetts- Loam Kleinwanzlebener 12.49 76.9
ville, Broome Co., Vilmorin 14-39 79-3
N. Y. Zehringen 14.92 80.1

Mangold 14.01 80.6

Biendorf Elite Klein. 14.44 82 6

Lanes' Imp. Sugar 10.31 74-8
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From an inspection of table No. i it may be seen that in the

individual experiments important differences as to yield, content

of sugar and purity of juice occur. These differences are some-

times sufficient to materially affect the profitableness of the

crop, but the different varieties do not fall into any regular order

as to yield or quality of crop. Each variety takes first place in

some experiments and last in others.

Kleinwanzlebener produces largest yield in three cases and smallest in four.

Vilmorin " " " four " " eight.

Zehringen " " " two " " seven.

Mangold " " " six " " one.

Biendorf Elite Klein.

"

" " four " "
five-

A study of the kinds of soils upon which these experiments

were conducted does not seem to indicate that any one of these

varieties is preeminently adapted to a particular soil.

As regards quality of the beets it is also true that each variety

takes first place in some experiments and last in others, but here

there is a marked tendency for Kleinwanzlebener and Zehringen
to appear at the head of the list, Vilmorin and Biendorf Elite

Kleinwanzlebener to appear at the foot.

Kleinwanzlebener shows largest % of sugar in ten cases, smallest in four.

Vilmorin " " " " one " " seven.

Zehringen " " " " ten " " one.

Mangold " " " " three " " three.

Biendorf Elite Klein. " " " " one " " nine.

In some instances the highest content of sugar is associated

with the largest yield but the tendency is to reverse this and
associate high quality with low yield and vice-versa.

In table No. 2 are given the averages of the several varieties

as set forth in table No. i. The yields per acre are the averages

for nineteen plats each growing the five varieties mentioned,

except that Biendorf Elite Kleinwanzlebener was omitted from
one plat. The columns showing the percentage of sugar and
the purity of the juice are the averages for twenty-four plats

each growing the five varieties except that the variety mentioned
above was omitted from two of them.
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TABtE No. 2.

—

Comparison of Average Results.

Kleinwanzlebener ...

Vilmorin

Zehringen

Mangold

Biendorf Elite Klein.

Average
Weight
of Beets,

Ozs.

Yields
tons per
acre.

Sugar
in juice
per cent.

Sugar
in beets,
per cent.

Purity
of juice.

16.

1

11.67 15.75 15-16 81.2

15-7 II. 14 14.80 14.07 79-9

15-4 II. ID 16.47 15-65 81.8

15.7 12.20 15-80 15-01 81.3

I5-0 11.30 14-33 14.19 79.2

Sugar
produced
per acre,

Lbs.

3538

3235

3474

3662

3207

While the average yield and quality of the different varieties

of beets as shown in the above table are quite uniform, still

between the highest and lowest there is a difference of more
than one ton per acre in yield and above one and one-half per

cent, in content of sugar.

A gain or loss of one ton per acre as resulting from the variety

of beets planted is of very material importance to the farmer

and a difference of one or one and a half per cent, of sugar in

the beets is of even greater significance to the manufacturer.

It is estimated that a factory slicing during the season 25,000

tons of beets containing 15.5 per cent, sugar will turn out 3,250

tons of pure granulated marketable sugar, while if it were to slice

the same amount of beets 1.3 per cent poorer in sugar, it would
turn out 2,925 tons of marketable product—a difference of 325
tons of sugar which at $50.00 per ton would amount to $16,250.

It will be seen that while in each case the expense incurred for

beets, labor, fuel, etc., is the same, there is a difference in gross

receipts for manufactured sugar amounting to a sum that will go
a long wa^^s towards a fair dividend on the investment.

Unfortunatel3^ the variety showing the highest content of

sugar (Zehringen) seems to be the lightest yielder. In our trials

of 1898 (see Bulletin 166 pp. 135 and 136) this variety took the

same rank when compared with Kleinwanzlebener and Vilmorin

as to yield and quality that it does this season.
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The variet}" of sugar beets known as Mangold was tested by

this station for the first time this season and with very favorable

results. As to productivity it heads the list and the quality is

good. So far as the experience of this season on nineteen differ-

ent farms may be an indication, it would seem that this variety

might well be placed along with the well tried and ever reliable

Kleinwanzlebener.

Thefertilizer tests.—As stated at the beginning of this bulletin

the plan of experimentation included a study of the effect of

different fertilizing materia upon the yield and quality of sugar

beets. Arrangements were made with a number of farmers to

receive sets of experimental fertilizers from the station and

apply them according to instructions. The scheme embraced

eight plats of one-twentieth acre each as follows : Plat No. 1,15

lbs. muriate of potash
;
plat No. 2, 15 lbs. nitrate of' soda; plat

No. 3, 30 lbs. superphosphate
;
plat No. 4, no fertilizer

;
plat No.

5, 15 lbs. muriate of potash and 15 lbs. nitrate soda
;
plat No. 6,

15 lbs. muriate of potash and 30 lbs. superphosphate
;

plat No.

7, 15 lbs. nitrate soda and 30 lbs. superphosphate
;

plat No. 8,

15 lbs. nitrate soda, 15 lbs. muriate of potash and 30 lbs. super-

phosphate
;

and, at the option of the farmer, plat No. 9, stable

manure.

The conditions surrounding these experiments during the

early part of the season were favorable and the prospect of

securing valuable data seemed good up to the time that the

drought became severe. As the season advanced it became evi-

dent that the real struggle of the plant was for moisture rather

than for plant-food. Since it is impossible to secure nearly an

acre of land that is perfectly uniform in texture and natural

water supply it often occurs that the crop will vary more on
account of these inequalities than from different fertilizers

applied to the various parts. That commercial fertilizers may
produce their full effect it is necessary that there be a liberal

supply of moisture in the soil to take the plant-food thus fur-

nished into solution. Hence it will be seen that the drought
largely neutralized the effect of the fertilizer while it emphasized
the inequalities of the soil. The data received from these exper-

imenters are in some cases incomplete and owing to the effect of

the drought it is considered unreliable and not valuable for pub-
lication.



376 Bulletin 182.

PART II. SUGAR BEET EXPERIMENTS AT CORNELL
UNIVERSITY EXPERIMENT GROUNDS, 1899.

BY L. A. CLINTON.

The land upon which the experiments were conducted was a

part of the series of permanent plats. These plats have been

subjected to intensive culture without the application of any

fertilizer since the fall of 1893 when about ten tons of barn

manure were applied per acre. Each fall after the removal of

the crop from the land some cover crop as wheat or rye has been

sown. But the lateness of the sowing prevented the cover crop

from making much growth and as a consequence but little organic

matter has been returned to the soil. The result is that the

humus has been depleted and the soil, instead of remaining loose

and friable, becomes very hard and compact under the action of

rains. The fact is emphasized that where intensive culture is

practiced, for best results it must be accompanied by a liberal

application of barn manures or green* manuring must be adopted,

at least the organic matter of the soil must be maintained if the

soil be kept in good physical condition.

The land for beets was plowed Maj^ 2—all except plat 27, which

was plowed immediately before the beets were planted. After

plowing the land was harrowed and rolled. Between time of

plowing and time of planting the land was harrowed fre-

quently.

Planting the beets.—On May 15 and 16 plats 21, 22, 23, 24, 26

and 27 were planted to variety Kleinwanzlebener, seed for which

was furnished by the U. S. Dept. of Agriculture, Washington,

D. C. Plat 27 was plowed deeply immediately before planting

and harrowed and rolled. The object in leaving plat 27 without

plowing until time of planting was to determine the effect of

deep plowing immediately before planting. Plat 25 was planted

to varieties—Mangold, Biendorf Elite Kleinwanzlebener, Vil-

morins Improved and Zehringen. These plats were all planted

with the rows 20 inches apart and the seed was covered to a

depth of about one half inch.
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Effects of a hailstorf?i.—Within a few days after planting and

before the beets had appeared above ground a severe hailstorm

occurred. The whole surface of the ground was covered with

a layer of hail from one to two inches deep. The hail rapidly

melted and the surface of the ground was made very wet. The

effect upon the beets was most disastrous. The soil which had

become depleted of its humus was compacted and the crust was

so hard that the small beet plants were unable to force their way
through. An attempt was made to break the crust by means of

garden rakes, but the beet seed was covered so shallow that the

plants were rooted near the surface and the soil directly over the

3'oung plants could not be disturbed without uprooting the plants

and thus destroying them. It finally became apparent that a

satisfactory stand of beets could not be secured upon all the plats

and it was decided to plow and replant them so there would

be secured a somewhat uniform stand of beets.

The second planting.—All beet plats were plowed June 5, and

harrowed once with the spring tooth harrow and once with the

spike tooth harrow and the beet seed was planted in rows 20

inches apart. Plats 21, 22, 23 and 24 were planted to Biendorf's

Elite Kleinwanzlebener sugar beet seed. On plats 25, 26 and

27 there were planted fourteen rows of Zehringen Elite beet seed

from Germany, grown by Dippe Brothers ; twelve rows were

planted to Zehringen Elite sugar beet seed from Germany, grown

by Strandes ; eight rows were planted to Zehringen beet seed and

seven rows were planted to variety Mangold.

Object of experiment.—Upon plats 21, 22, 23 and 24 the object

was to determine the effect upon the growth and yield of the

beets of thinning at various times. With many farmers who
grow beets for the factory it is often impossible to thin all the

beets at the time of growth which has been recommended as most

favorable. Owing to the large area to be thinned or to the pres-

sure of other work the beets are often neglected for some time.

Upon plats 25, 26 and 27 the experiment was simply a variety

test.

Methods of tillage a7id thinyiing on plats 21, 22, 2j and 2^.—The
first tillage given the beets was on June 30 when a hand weeder

was used on all plats. This weeder had the knife blade attach-
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ments which loosened the soil close to the plants and destro^^ed

small weeds near the beets.

July 5th thinned to a stand the beets on the east one- half of

plat 2 1 and on the east one-half of plat 22, and on plats 23, 24, 25,

26 and 27. The west one-half of plat 21 was permitted to remain

without any thinning while the west one-half of plat 22 was

bunched. On the west one-half of plat 21 the beets were allowed

to remain thickly in the row until July 19 when they were thin-

ned to a stand, there being left a space of about nine inches

between beets in the row. On the west one-half of plat 22, the

beets which had been bunched were permitted to remain in

bunches until July 19 when they were thinned to a stand of one

beet in a place. Tillage was given all plats on July 7, July 19

and July 25.

The thorough working of the land before the beets were planted

tended to hasten their growth. The weed seeds which were

pre.»ent in the soil germinated before the second planting of the

beets and were thus destroyed by the late plowing. The soil was

thoroughly warm and owing to an abundant rainfall during July,

3.46 inches, the seeds germinated quickly and the plants grew
rapidly.

The beets were not seriously injured by insects or disease.

The growth of top was relatively small compared with the growth

of root. To a casual observer the field never presented the

appearance of having more than half a crop of beets.

Harvesting ayid yield.—The sugar beet harvest began Novem-
ber 3. A Syracuse chilled sub-soil plow was used to loosen the

beets in the ground, after which they were trimmed by hand.

The yield of trimmed beets from the various plats, also the per

cent, of sugar and the per cent, purity are shown in the follow-

ing table.
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Resultsfrom early and late thinning.—In Bulletin 166 of this

station the following statement was made with reference to the

time of thinning beets. " Where conditions are favorable, con-

siderable range may be taken as to time of thinning. With the

weather coo and the soil moist, thinning maj^ be safely done

when the beets have attained a height of three to four inches.

However, thinning is such a slow process that it would better be

commenced on time, viz., when the second pair of leaves appear

the plants should at least be bunched. The bunches may then

safely be allowed to remain for a week or ten da3'S before the

beets are thinned to a stand of one beet in a place. If one could

always be certain that the weather would be cool and soil moist,

then there would not be the imperative necessity for beginning

thinning early. If thinning be delayed until there exists

drought accompanied by hot weather the growth of the plants

may be seriously impaired, if the plants are not entirely

destroyed."

The results of the experiment during 1899 lead us to change

in no way the opinion expressed above, but rather enforce the

conclusions heretofore drawn.

The month of July 1899 was especially favorable for late thin-

ning of beets. It rained eleven days during the month an

average of .314 inch each day, and on four other days during

the month there was a trace of rain, the total rainfall for the

month being 3.46 inches. The probability is that had the month
of July been one of drought instead of one of abundance of

rainfall the results might have been far different. Under the

conditions which prevailed the late thinning seemed to be in no

way injurious to the growth of the beets.

The yiel{l of beets was not large enough to make the crop a

paying one. This was not to be expected upon land which has

been continually cropped for six years without the use of

manures or fertilizers. The late planting occasioned by the

failure to secure a stand from the first planting no doubt materi-

ally lessened the yield. The quality of the beets was all that

could be desired. The per cent, of sugar and the per cent, of

purity seemed to be affected in no way by the time of thinning.

Variety tests.—The variety giving the largest tonnage of beets
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13. 1 tons per acre was the Zehringen Elite from seed grown b)^

Dippe Bros., Germany. The highest per cent, of sugar in the

beets, 16.77, was found in the Zehringen Elite from seed grown
by Strandes, Germany, and the highest percent, purit}^ 86. i, was
also found in the Zehringen Elite from seed grown by Strandes.

In selecting the sample beets to be tested those were selected

which seemed to represent fairly the beets grown on the plat.

The size of the beets analyzed seems not to have affected the

results. The smallest beets, those grown on the east one-half of

plat 22 were the lowest in purity. The variety tests in no wa}^

prove anything. The conditions of the soil may have had more
effect upon the yield than did the variety grown. The Zehrin-

gen Elite strains seemed to be better adapted to the soil and
conditions present during 1899 than were the other varieties.

Another season and on other soil the results might vary widely.

Fertilizer experiments with sugar beets —During the years 1897,

1898 and 1 899 fertilizer experiments with sugar beets have been con-

ducted upon some specially prepared plats. Before commencing
this experiment it was determined to make the soil conditions uni-

form as to quality and treatment. In the spring of 1897 a space

was measured off for 14 plats each 4x5 feet in size. The soil of

this whole area was then removed to a depth of 24 inches, each

layer of eight inches being thrown out upon boards by itself.

A solid brick cement wall was constructed around each plat and
to a depth of two feet below the surface of the ground. This
wall was constructed so that there would be no possible chance
for the beets in one plat to receive the benefit of the fertilizer

applied to any other plat. After the construction of the wall

the soil which had been removed was replaced in the inverse
order of its removal, the eight inches removed last was returned
first so that it would occupy its original place at the bottom.
Before being returned each eight inches of soil was thoroughly
mixed and then an equal number of pounds was put into each
plat and packed. In this way all the plats were prepared, each
layer of soil after being thoroughly mixed was returned to its

original position.
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During the years 1897, 1898 and 1899 the same experiment

has been repeated, the various plats receiving each year the

same kind of fertilizer received the previous j^ear.

The small area upon which the experiments were conducted

precludes the possibility of making any calculations of value as

to the effect of the fertilizers upon the yield of beets. The only

determinations of value hoped for are those which relate to the

effect of the fertilizer upon the sugar content of the beets. We
present the following tables which give the results of the three

years work separately and also a table which gives the average

of results for the three years.

Table Showing Effect of Fertilizer Upon The Quality of Beets,

1897.

12

14

Fertilizer used.

Sulfate of potash
Superphosphate

I Sulfate of potash. . .

\ Nitrate of soda
Nitrate of soda
No fertilizer

No fertilizer . . .

\ Sulfate of potash. ...

( Superphosphate ....

^ Nitrate of soda
( Superphosphate. . .

.

i Sulfate of potash . . .

- Nitrate of soda
( Superphosphate . . .

Muriate of potash. . . .

Lime
Ground ph'phate rock

Kate per ! Per cent,
acre. of sugar
Lbs. in beet.

544
544
277
277

544

277
277
277
277

184K
184%
184%
544

17.06

17.29

16.20

16.71

16.48

16.23

16.61

16.94

17-43

17.73
16.49
16.18

Per cent,
of sugar
in juice

Per cent.
solids in

juice.

Puritv
of

Juice

17.96
18.18

20.08
20.12

S7.56

90.36

17.06

17.59

17-35

17.09

19.06

19.49
19.42
19.22

89.50
88.40
89.20
88.60

17.49 19.14 91.38

17.84 19.84 89.86

18.35 20.08 91.22

18.67

17.36

17.04

20.72

19.30
19.08

89.94
89.44
89.14
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Table Showing Effect of Fertilizer Upon Quality of Beets, 1898.

12

13

14

Fertilizer used.

Sulfate of potash .

Superphosphate. . .

\ Sulfate of potash
I Nitrate of soda .

Nitrate of soda ...

No fertilizer .....
No fertilizer ....

\ Sulfate of potash
} Superphosphate.
\ Nitrate of soda .

] Superphosphate.
( Sulfate of potash
- Nitrate of soda .

.

( Superphosphate.
Muriate of potash.
Lime
Ground ph'phate rock

Rate per Per cent. Per cent. Per cent. Purity
acre. of sugar of sugar of solids of
Lbs. in beet. in juice. in juice. juice.

1089 16.77 17-65 20.6 85.7
1089 16.39 17-25 20.1 85.8
1089 16.72 17.60 20.4 86.3
1089
1089 13-78 14.50 18.4 78.3

16.15 17.00 20.5 82.9

17-05 17-95 20.4 88.0
1089
1089 17.96 18.90 21.6 87.5
1089 17-53 18.45 21.

1

87.4
1089
1089
10S9 16.48 17.35 20.3 85.4
1089
1089 17.48 18.40 21.2 86.8

1089 16.72 17.60 20.1 87.5
1089 16.CI 16.85 19-5 864

Table Showing Effect of Fertilizer Upon Quality of Bep;ts, 1899.

Plat.

12

13

14

P'ertilizer used.

vSulfate of potash
Superphosphate. .

.

\ Sulfate of potash
/ Nitrate of soda . .

Nitrate of soda. . .

.

No fertilizer

No fertilizer

(| Sulfate of potash
) Superphosphate.
j Nitrate of soda. .

\ Superphosphate
( Sulfate of potash
•j Nitrate of soda . .

( vSuperphosphate
Muriate of pbtash
Lime
Ground ph'phate roc

Rate per Per cent. Percent. Per cent. Purity.
acre. of sugar of .sugar of solids of

"

Ivbs. in beet. in juice. 111 juice. juice.

1089 16.15 17.00 20.5 82.9
1089 13-78 14.50 18.

1

80.1

1089 14-25 15.00 18.6 80.6

1089

1089 I3.II 13.80 17.6 78.1

13-96 16.80 20.

1

83.5
15-15 15-95 19-3 82.6

1089
1089 16.15 17.00 19.6 86.3
1089
1089 13.02 13.70 16.5 83.0
1089
1089 14.44 15.20 19.0 80.0

1089
I0S9 15-87 16.70 20.5 81.]

1089 14-73 16.50 19-9 82.9
1089 15-39 16.20 19.6 82.

6



3S4 Bulletin 182.

Table Showing Effect of Fertilizer Upon Quality of Beets.

Average of Results for jSgj, iSg8 and iSgg.

Plat. Fertilizer used.
Per cent,
of sugar
in beet.

Per cent,
of .sugar
in juice.

Per cent,
of .solids

in juice.

Puritv
of "

juice.

3
4

5

6

7
8

9

10

II

12

13

14

Sulfate of potash
Superphosphate

\ Sulfate of potash ....

) Nitrate of soda
Nitrate of soda
No fertilizer

16.66

15.82

15-72

13-53

15.53
16. J4
16.90

15.83

16. II

17.02

15.98

15-86

17-53
16.64

'6.55

15.29

17-05

17.03

17.79

16.66

16.96

17.92
i7-'5

16.69

20.39
iq.44

19-35

18.49
20.00

19.64
20.11

19.14

19.79

20.S0

19.76

19-39

85-38

88.75

85-46

81.60

85-53
86.40

88.39

86.75

85.54

85-94
86. 6r

86.04

No fertilizer ...

j Sulfate of potash. . . .

/ Superphosphate
\ Nitrate of soda
/ Superphosphate
1 Sulfate of potash
• Nitrate of soda

( Superphosphate
Muriate of potash
Lime
Ground phosphate rock.

By a study of the above tables the two facts which seem to be

most pronotinced are : First, wdiere nitrate of soda was used

alone as a fertilizer the per cent, of sugar in the beets was very

materially redticed as was also the purity of the jttice. The
average per cent, of sugar in the beets where nitrate of soda

alone was used was 13.53, with the purity of the juice 81.60

The average of all plats where no nitrate of soda was used

was 16.24 per cent, of sugar in the beets with a purity of juice

of 86.63.

Second—Contrary, to the poptilar belief, the beets upon the

plat receiving muriate of potash alone as a fertilizer contained

the highest per cent, of sugar of any of the beets grown, and

the purity of the juice compared well with that of all others.

The per cent, of sugar in the beets fertilized with muriate of

potash alone was 17.02 with a purity of the juice of 85.94. The
average per cent, of sugar in the beets grown on all plats not

receiving any muriate of potash was 15.82 with purity of the

juice of 86.04. ft is usually considered that the sulfate of
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potash is superior to the muriate of potash as a fertilizer for

sugar beets but our experiments do not indicate that the sulfate

is superior in any way to the muriate. This fact is important

because the muriate of potash can usualh' be secured at a price

materially less than the price asked for the sulfate of potash.

Where nitrate of soda is used as a fertilizer for sugar beets it

should be used in conjunction with the mineral fertilizers super-

phosphate and potash. Muriate of potash may safely be used

as a fertilizer for sugar beets. The other chemicals used seem

not to have any marked effect upon the quality of the beets.

L. A. Clinton.
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Detailed Statement of Receipts and Expenditures of the Cornell

University Agricultural Experiment Station, for the fiscal

year eliding fiine JO, igoo.

EXPENDITl 'RES.

FOR SALARIES.

I. P. Roberts, Director | 125 00

L. H. Bailey, Horticulturist 125 00
H. H. Wing, Dairyman 125 00
G. F. Atkinson, Botanist §3 33
L. A. Clinton, Assistant Agriculturist 100 00
I. P. Roberts, Director 1 25 00
L. H. Bailey, Horticulturist 125 00
H. H. Wing, Dairyman 125 00
G. F. Atkinson, Botanist 83 33
L. A. Clinton, Assistant Agriculturist 100 00
I. P. Roberts, Director 125 00
L. H. Bailey, Horticulturist ... 125 00
H. H. Wing, Dair_vnian 125 co
G. F. Atkinson, Botanist 83 33
G. W. Cavanaugh, Assistant Chemi,st 100 00
D. A. Clinton, Assistant Agriculturist 100 00
L V. Maloney, vStenographer 47 67
I. P Roberts, Director 125 00
L. H. Bailey, Horticulturist 125 00
H. H. Wing, Dairyman 125 00
G. F. Atkinson, Botani.st, S3 33
G W. Cavanaugh, Assistant Chemist 100 00
L. A. Clinton, Assistant Agriculturist 100 00
I. P. Roberts, Director 125 00
L. H. Bailey, Horticulturist 125 00
H. H. Wing, Dairyman 125 00
G. F. Atkinson, Botanist S3 33
G. W. Cavanaugh, Assistant Chemist 100 00
L. A. Clinton, Assistant Agriculturist 100 00
E. A. Butler, Clerk 60 00
I/. V. Maloney, vStenographer 47 67
I. P. Rol)erts, Director 125 00
Iv. H. Bailey, Horticulturi.st 125 00
H. H. Wing, Dairyman 1 25 00
M. V. Slingerland, Assistant ICntonmlogist 135 00
G. F. Atkinson, Botanist S3 33
I,. A Clint(;n, Assistant Agriculturist 100 co
G. W Cavanaugh, Assistant Chemist ico co
E. A. Butler, Clerk 60 00
D. V. Maloney, Stenographer 47 67
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1900 Amoiint brought forward 13-947 99
Jan. 31. I. P. Roljerts, Director 1 25 00

"
31. L. H. Bailey, Horticulturist 125 00

"
31. H. H. Wing, Dairyman ... 125 00

"
31. M. V. Slingerland, Assistant Entomologist 135 00

"
31. G. F. Atkinson, Botanist i<3 33

"
31. G. W. Cavanaugh, Assistant Chemist 100 00

"
31. L. A. Clinton, Assistant Agriculturist 100 00

"
31. E. A. Butler, Clerk 6000

"
31. L. V. Maloney, Stenographer 49 50

Feb. 28. I. P. Roberts, Director 125 00
" 28. L. H. Bailey, Horticulturist , 125 00
"

28. H. H. Wing, Dairyman 125 00
" 28. M. V. Slingerland, Assistant Entomologist 135 00
"

28. G. F. Atkinson, Botanist 8333
" 28. G. W. Cavanaugh, Assistant Chemist 100 00
" 28. L. A: Clinton, Assistant Agriculturist 100 00
" 28. E. A. Butler, Clerk 6000
" 28 L. V. Maloney, vStenographer ... 44 00

Mar. 31. I. P. Roberts, Director ' 125 00
"

31. h. H. Bailey, Horticulturist 125 00
"

31. H. H. Wing, Dairyman 125 00
"

31. M. V. Slingerland, Assistant Entomologist 135 00
"

31. G. F. Atkinson, Botanist 83 33
"

31. G. W. Cavanaugh, Assistant Chemist 100 00
"

31. L. A. Clinton, Assistant Agriculturist 100 00
"

31. E. A. Butler, Clerk 60 co
"

31. L. V. Maloney, Stenographer 49 5°
Apr. 30. I. P. Roberts, Director. 125 00

"
30. L,. H. Bailey, Horticulturist 125 00

"
30. H. H. W^ing, Dairyman 125 00

"
30. M. V. Slingerland, Assistant Entomologist 135 00

"
30. G. F. Atkinson, Botanist 83 33

"
30. L. A. Clinton, Assistant Agriculturist 100 00

"
30. G. W. Cavanaugh, Assistant Chemist 100 00

"
30. E. A. Butler, Clerk 60 00

May. 31. I. P. Roberts, Director . . 125 00
"

31. L. H. Bailey, Horticulturist 125 00
"

31. H. H. Wing, Dairyman 125 00
"

31. M. V. Slingerland, Assistant Entomologist 135 00
"

31. G. F. Atkinson, Botanist 83 33
"

31. G. W. Cavanaugh, Assistant Chemist 100 00
"

31. L. A. Clinton, Assistant Agriculturist 100 00
"

31. E. A. Butler, Clerk 60 00
"

31. h. V. Maloney, Stenographer 49 50
June 30. I. P. Roberts, Director 125 00

"
30. Iv. H. Baile5% Horticulturist 1 25 00

"
30. H. H. Wing, Dairyman 125 00

"
30. M. V. Slingerland, Asst. Entomologist 135 00

"
30. G. F. Atkinson, Botanist 83 33

"
30. G. W. Cavanaugh, Assistant Chemist 100 00

"
30. L. A. Clinton, Assistant Agriculturist 100 00

"
30. E. A. Butler, Clerk 60 00

Total for salaries $9,460 47



Appendix II. Ill

1899
July

Aiu

FOR OFFICE AND PRINTING.

vSept
9'

. II.

i5.

Oct.
25-

7-

"
/

II.
"

I?.
"

17-
"

18.
"

20.
"

21.
"

23-
*

'

3^-
'

'

31'

Nov.
31-

4-
"

16.
"

17-
"

27
"

28.

Dec. I.

15-

18.

18.

30.

Postage . . .

.

Engravdngs.
Gas
Circular Letters . .

.

Freight and cartage
Printing Bulletin No. 171

Labor
Labor
H. H. Wing, traveling expenses.
Postage
Book binding
Gas
Gas
Postage
E. A. Butler, traveling expenses.
Repairing typewriter
Printing Bulletin No. 172
Paper
Gas
City Directory
Wrapping paper
Express . .

.

Freight and cartage
Engravings
L. V. Maloney, salary
Labor
Express.. . ... .

Cooperative vSociety, OiTice supplies.
Gas

1900
Jan.

Stationery
Postage
Engravings
Freight and cartage
MacMillan Co., 12 vols. Rural Si ie/ice series
Printing Bulletin No. 173
E. A. Butler, traveling expenses
I .abor
Blank books
Books
Freight and cartage
Oil for office floor ;

Office supplies
Gas
American Book Co., Book
Book
W. J. Beal, S. P. A. S. Kept
I. P. Roberts, traveling expenses
Photos '

Labor
Labor and material for mailing list

Labor on Bulletin No. 172

3. Stationery

63 00

15 46
80

1 25
2 91

200 00
6 40
5 31

79 75
25 00
2 48

45
1 05

30 00

7 37
4 62

242 00
2 00
90

2 50
21 50

25

4 53
ir 70
47 67
7 80
40

7 91
2 10

40
25 00
2 00
6 85
8 78

353 10

7 60

9 05
4 50
1 16

5 86
2 50
60

3 13
1 30
68

59
2 70

30 60
14 97

350 00
27 20

2 00

Amount carried forward, 12,657 58



iv Appendix II.

Amount brought forward $2,657 58

Jan. 3. Advertisement for old reports i 50

8. Postage 25 00

8. Express 3°
" 17. Repairing office clock 2 25
" 17. Gas V 313
'

' 23. I. P. Roberts, traveling expenses 18 19
" 26. Printing Bulletin No. 176 406 20
'

' 26. Freight and cartage
" 27. G. W. Cavanaugh, traveling expenses

Feb. 5. Membership dues to A. A. A. C. & E. S
" 5. Stationery !

" 5. Postage
'

' 9. Gas
" 12. Office supplies
" 12. Gas
" 12. Invoice book
" 17. Express
" 23. Clotting cards ...

" 23

.

Express
Mar. I

.

Labor
" 5. Freight and cartage
" 6. Stationer}^
'

' 9. Office supplies
" 9. Gas
" 14. G. C. Caldwell, traveling expenses
" 16. Postage .

" 19. Engravings
" 27

.

Express
" 31. Labor

Apr. 3. Stationery •

'

' 4. Office supplies
" 6. Gas
" 7. Engravings
" 10. Photos
'

' 26. Postal Guide ,

May 5. Office supplies
" 15. Shipping tags
" 15. Postals and printing
" 16. Gas
" 16. Book
" 25. Express

June I

.

Labor
" I

.

Express
" II. Mimeograph work
" 15. Repairs on Camera
" 15. Gas
" 15. Book
" 25. Gas
" 30. Mimeograph work and supplies

Total for Office and Printing $2,33 1 07

FOR AGRICULTURAL DIVISION.

1899
Juh' 1 7. Printed slips $ i 5°

Amount carried forward, $ i 50

/i

4 91

10 00
6 75

25 00
2 50

3 03
I 3«
2 25

25
20

40

7 15

5 32
2 00

3 56
2 00

21 00

25 00

/ 37
25

lb 00
2 00

4 30
I 3«

9 20

2 00
2 50

10 OS
I 60
6 25
I 12

I 50
b 35
8 00
I 30
7"
40
88

I 00

3 76
2 50



Appendix II.

Amount brought forward .

.

Aug. 8. Grass seeds
8. Photos

" 21. Express
" 31. Labor

Sept. II. L. A. Clinton, traveling expenses.
21. Tape

" 21. Letter heads
Oct. 2. Labor

" 16. Freight and cartage
" 17. Photos
" 20. Eleven pigs, $2 each
" 21

.

Express
" 21. Spring balances (2)

" 23. Sundry drugs
" 31

.

Letter heads
" 31

.

Gas pipe
" 31. Photographic material
" 31. Ton of Oil meal

Nov. 17. Freight and cartage
" 23. L. A. Clinton, traveling expenses..

Dec. I

.

Labor
" 2. Labor
" 8. Telephone Co
" 14. Freight and cartage
" 15. Beet pulp
'

' 30. Labor
1900
Jan. 3. Copy book

27. Express
"

31. Labor
Feb. 5. Bone meal

" 20. Freight and cartage
"

24. F~reiglit and cartage
Mar. 5. Photo

"
9. Telegram

"
17. Express

" 22 Exi)ress
"

31. Labor
"

31. Tar sojip

Apr. 6. Ph()togra])hic supplies.

9. Iron work for silo
"

II. Freight and cartage
" II. Milk bottles (4 doz)
"

II. Spring balances (3)
"

12. Oil meal
"

17. vSeeds
"

25. Repairing pipes
"

27. Labor
"

28. Ivxpress
May I

.

Labor
"

5. Cheese samples and expense . . .

"
12. Alkaline tablets

31. Seeds
June I. L. A. Clinton, traveling expenses.

I 50
I 55
2 00

55
20

5

79
82

6
25
88

17 85
15 00

I 50
22 CO

85

5 50
9 99
4

I

25
76
86

27 50
15 00

3 50
75

I

37
89

I 00
15 00
21 50
13 35

2 25
I 25

28 44
I 90
55
50
50
40

2 20

35
I 2 17

25
90

5 43

2

5C
08

8 25
I 30

I

50
26

5 00

30
I 50
3 33
2 00
I 02

3 25

Amount carried forward, ^380 39
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June

1900

July

"
24.

"
24.

"
24.

Aug. I.

"
8.

"
9-

"
21.

Sept. I.

19.
"

19.
"

19.
"

19.
"

21.
"

21.
"

21.

Oct. ^

14.

19-

Nov.

Dec.

31.

4-

14.

14.

16.

17.

22.

I.

Amount brought forward
L. Anderson, traveling expenses.

.

Labor
Cans ( I doz )

A. R. Ward, traveling expenses..
Seeds

Total for Agricultural Division

FOR HORTICUi:,TURAI, DIVISION.

Labor
Express ,

Burlap
Express ...

Letter heads and postals
Drugs
Labor

,

Express ... , . . .

.

Labor
Express
Index cards
Plants
Labor
Labor
Horseshoeing ...

Oats '

Straw and hay
Brush, comb, etc ,

Stoneboat..
Seeds and bulbs
Horse.shoeing
Photographic supplies
Crates and baskets
Lal)or
Hay
Fertilizers

Fertilizers

Freight and cartage
Express
Labor
Lal)or
Straw
Ground feed
G. N. Lauman, traveling expenses.
Lamp, shade and reflector

Photographic supplies
Oats
ExjDress and custom duty on plants
Horseshoeing
Baskets
Labor
Labor
Clover seed
Freight and cartage

I3S0 39
I 75
5 00

60
I 75
I 95

I 391 44

32 56
I 20

3 79
I

26
75
38

2 00
28 00

I 00

37 50
2 35
2 00
I 00

28 00

37

3

50
60

22

12
53
87

I 50

5 00
I 45
5 10

9 57
I 15

37 50
17 55

3 00

3 00
I 05

45

37 50
20 00
II 40
2

2

04
80

I 45
64

35
8
90
48

2 00
II 50
37 50
20 00
12 50

70

Amount carried forward, I534 76



Appendix II. vii

Amount brought forward $534 76
Dec. 7. Sundr}' hardware supplies 23 75

" 9. Seeds 19

1900
Jan. 3-

'

'

17-
'

'

27-

Feb. I.
"

I.
"

5-
"

23.
<' 26.

Mar. 2.

Repairs on wagon

.

Straw
Express
Labor
Seeds
Horseshoeing . . . .

Fertilizers

Publications ...

Labor
" 3. Labor
" 6. Office supplies . . . .

" 27. Oats
" 31 . Labor

Apr 3. Drugs
" 3. Feed and bran...
" 25, Fertilizers
" 28. Express

May 4. Labor
" 16. Index cards
" 23. Publications

June- 2. Labor

2 50
13 02

30
37 50

40

3 70

5 40
20 23
20 00

37 50
«5

3fe 95

37 50

5 50
4 40
I 00
70

32 50
2 05

14 49
0/ 50

Total for Horticultural Division $872 69

FOR CHEMICAl, DIVISION.

1899
July 17. Gas, chemicals and apparatus.

17. Office stool

1900
Feb. 23. Repairs

. $ 66 05
2 75

9 97
I 75Mar. 15. Chair.

Total for Chemical Division | 80 52

FOR BOTANICAI, DIVISION.

1899
July 8.

'

'

17-

Aug. 8.
'

'

15.

Oct. II.
'

'

1 1.

Nov. 14.

Dec. I.
"

6.

1900
Jan. 17-

Feb. 9.

Express
Dry plates, etc
Botanical publications
Postage
Photographic supplies
Dry plates
Dry plates
Photographic supplies.
Botanical supplies
Freight and cartage. .

.

F'reight and cartage . .

.

Typewriter and table. .

16. Botanical publications
16. Binding puljlications .

.

70
16 54
3
18

93
76

2
75
81

4 59

i?
23
60

93

I 10

97 78
24 29

I 5»

Amount carried forward, $194 51
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July 24
"

24

AuR. 8

Nov. 4
"

17
" 28

igoD
Feb. 5
Mar. 26

May 15

viii Appendix II.

Amount brought forward ^194 51

Mar. 8. Freight and cartage 54
" 17. Express 80

Apr. 3. Index to American Botany ... . . 5 00
" 3. Photographic supplies 6 79

May 23. Botanical publications 13 61

Total for Botanical Division 1221 25

FOR ENTOMOLOGICAI, DIVISION.

Entomological publications $ 7 25
Hammers i 00
Binding publications . 4 50
Standard dictionary 22 co
Binding 16 vols 10 8 j

Office supplies 1 87

Stamped envelopes 22 20
Criterion lanterns (2) 66 75
Barrel kerosene oil 6 19

Total for Entomological Division $142 56

SUMMARY.
T/te Agricultural Experiment Station of Cornell University

.

In account with

The United States Appropriation.

1900 Dr.

To Recei]>ts from Treasurer of the United States as

per appropriation for the year ending June 30, 1900,

under .\ct of Congress approved March 2, 1887 $13,500 00

Cr.

June 30. By Salaries $9 46 j 47
Office and Printing 2,331 07
Agriculture 391 44
Horticulture 872 69
Chemistry 80 52
Botany 22 1 25
ICntomolog)- 142 56

#13,500 00
RECEIPTS.

Balance from 1898-99 % 627 32
Receipts from owners of herds tested.. 517 02
Receipts from sale of produce 240 36

% 1.384 70
DISBURSEMENTS.

Rei)airs on Horticultural Forcing
Houses % 356 79

Supervisors of Milk Tests 517 02
Sundry vSu])plies 223 86
Balance on hand June 30, 1900 287 03

I 1.384 70
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methods 262
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Cherry Fruit-Fly

—

continued. Page
Cordley , cited 31

discussion of remedial measures 35
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formula for spraying mixtures 39
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how and when the insect works 26

how the insect may be spread 35
Lowe cited 34
ma}' attack plum or prunes 28
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story of its life 32
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sugar beet experiments at Cornell, 1899 376
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Director, Report of v
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Pertilizers, Introduction to field experiments with, bulletin 179 283
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circular of instructions to farmers 293
corn experiment by A. O. Stewart, Mariposa, N. Y 305
difficult problem .... 287
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general results of experiments 318
Hatch, W. C, of Skaneateles, N. Y., quoted 310
injury caused by 308
law of the minimum ... 287
lime 292
list of farmers who have experimented . 312
potato experiment by H. H. Jones, Homer, N. Y 301
potato experiment b}' H. H. Bonnell, Waterloo, N. Y 303
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tabulated results of Mr. Stewart's experiment 307
Stewart, A. O., of Mariposa, N. Y., quoted 31

1
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Fletcher, vS. W., Pollination in orchards, bulletin 181 335
Fletcher, S. W. , Spraying notes, bulletin 177 242
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Gould, H. P., Spraying notes, bulletin 177 242
Grotenfelt on germs in milk 259
Horticultural division, bulletin 175 123

bulletin 177 235
bulletin i8i 335
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Kerr 136

Lutts 132
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Ogon 138

Red June 136
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Willard 1 34
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Lad<l, Prof E. F. . cited 18
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experiment by Geo. N. Lauman. 80
Farrington of Illinois station, cited 50
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tabulated statement of results of feeding palm nut meal 82-84

first experiment at Cornell, 1895-96 61

first experiment, tables showing results 63-65
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Hills of Vermont station cited 49
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acknowledgement 334
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conclusions 333
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bibliography 226
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cocoon 1 73
Cocke, cited 196
Comstock, Prof. J. H., experiment by 158
Comstock, quoted . .

182
Comstock, Prof. J. H., experiments by 188
Coquillett, cited 192
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Glover, quoted 1 65
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NATURE-STUDY LEAFLET NO. 15.

A HANDFUL OF SOIL.

Part I: What It Is.

BY R. S. TARR.

\,

IND drifts a seed from the parent plant until

,
it settles to the ground, perhaps in a field

or by the roadside, or even in the school-

yard. There it remains through the long

winter ; but with the return of spring, encouraged by the warm
sunlight, the seed awakens from its dormant condition, breaks

open the seed-cover and sends leaves into the air and roots into

the ground. No one planted the weed ; but it has made its way
in the world and it thrives until it has given to other seeds the

same opportunity to start in life.

Had the seed fallen upon a board or a stone, it might have

sent out leaves and roots ; but all in vain, for something was
lacking and that seed was a failure in life. What is there in the

soil that is so necessary to the success of plant life? And how
has it come to be there? Indeed, what is this soil that plants

need so much? These are some of the questions which we will

try to answer.

One readily sees that the soil furnishes a place for the plants

to fix themselves ; an anchorage, as it were. It is also easy to

see that from the soil the plants obtain a supply of water ; and,

moreover, that this water is very necessary, for the vegetation

in a moist country suffers greatly in time of drought, and few

plants are able to grow in a desert region because there is so little

water. You can make a desert in the school room and contrast

it with moist soil by planting seeds in two dishes of soil, water-

ing one dish, but furnishing none to the other.

That water is necessary to plants is also proved by the plant

itself. The sap and the moisture which may be pressed out of
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a grass stem or an apple are principally water taken from the

soil by the roots. But there is more than water, for the juice of

an apple is sweet or sour, while the sap and juice of other plants

maj' be sweet or bitter. There are some substances dissolved in

the water.

It is these dissolved substances that the plants need for their

growth, and they find them read}^ for use in the soil. There is a

plant-food which the roots seek and find, so that everj^ plant which

sends roots into the soil takes something from it to build in the

plant tissue. The sharp edges of some sedges, which will cut

the hand like a dull knife, and the wood ashes left when a wood

14.

—

A boulder-strewn soil of glacial origin with one of the large erratics
on the left similar to those which early attracted attention to the drift.
See page 42.

fire is burned, represent in part this plant-food obtained from

the .soil.

Let us take a handful of soil from the field, the school yard,

or the street and examine it. We find it to be dirt that "soils"

the hands ; and when we try to brush off the dirt we notice a

gritty feeling that is quite disagreeable. This is due to the bits

of mineral in the .soil ; and that these are hard, even harder than

a pin, may often be proved by rubbing soil against a piece of

glass, which the hard bits will scratch, while a pin will not.
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Study this soil with the eye and you may not see the tiny bits,

though in sandy soils one may easily notice that they are bits of

mineral. Even fine, loamy and clay soils when examined with

a pocket lens or a microscope will be found to be composed of

tiny fragments of mineral. It is evident that in some way

mineral has been powdered up to form the soil ; and since the

minerals come from rocks, it is the rocks that have been ground

up. That powdered rock will make just such a substance as soil

may be proved by pounding a pebble to bits, or by collecting

15.

—

A glacial soil, containing numerous transported pebbles and boulders,
resting on the bed rock.

some of the rock dust that is made when a hole is drilled in a

rock. Much the same substance is ground from a grindstone

when a knife is sharpened on it, making the water muddy like

that in a mud hole.

It will be an interesting experiment to reduce a pebble to pow-

der and plant seeds in it to see if they will grow as well as in

soil ; but in preparing it try to avoid using a sandstone pebble,

because sandy soils are never very fertile.

Not only is soil made up of bits of powdered rock, but it
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everywhere rests upon rock (Fig. 15). Some consider soil to be

only the surface layers in which plants grow ; but really this is, in

most places, essentially the same as the layers below, down even to

the very rock, so that we might call it all soil, though, since a

special name, regolith (meaning stone blanket), has been pro-

posed for all the soft, soil-like rock-cover, we may speak of it as

regolith and reserve the word soil for the surface layers only.

In some places there is no soil on the bare rocks ; elsewhere

the soil-cover is a foot or two in depth ; but there are places where

the regolith is several hundred feet deep. In such places, even

the wells do not reach the rocks ; nor do the streams cut down
to it ; but even there, if one should dig deep enough, he would

reach the solid rock beneath.

How has this hard rock been changed to loose soil? One of

the ways, of which there are several, may be easily studied

whenever a rock has been exposed to the air. Let us go to a

stone wall or among the pebbles in a field, for instance, and, chip-

ping off the surface, notice how different the inside is from the

outside. The outer crust is rusted and possibly quite soft, while

the interior is hard and fresher. Many excellent examples of

this may be seen in any stony field or stone wall.

As hard iron rusts and crumbles to powder when exposed to

the weather, so will the minerals and the rocks decay and fall to

bits ; but rocks require a very much greater time for this than

does iron. It happens that the soil of New York has not been

produced b\^ the decay of rock ; and, therefore, although most

soils of the world have been formed in this way, we will not

delay longer in studying it now, nor in considering the exact way
in which rocks are enabled to crumble.

Another way in which rocks may be powdered may also be

seen in most parts of New York. The rains wash soil from

the hillsides and the streams become muddy. In them there are

also many pebbles, representing the larger fragments that have

fallen into the stream after having been broken from the ledges.

The current carries these all along down the stream, and, as

they go, one piece striking against another, or being dragged

over the rocks in the stream bed, the pebbles are ground down
and smoothed (Fig. 16), which means, of course, that more mud
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is supplied to the stream, as mud is furnished from a grindstone

when a knife or scythe is being sharpened on it. On the

pebbly beaches of the sea or lakeshore much the same thing may
be seen ; and here also the constant grinding of the rocks

together, wears off the edges until the pebbles become smooth
and round.

Supplied with bits of rock from the soil, or ground from the

pebbles and rocks along its course, the stream carries its load
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i6.— The bed of a stream at low water, revealing the rounded pebbles thai

have been worn and smoothed by being rolled about, thus giinding off
titty bits which later are built itito theflood-plains.

onward, perhaps to a lake, which it commences to fill, forming a

broad delta of level and fertile land, near where the stream enters

the lake. Or, possibly, the stream enters the sea and builds a

delta there, as the Mississippi river has done.

But much of the mud does not reach the sea. The greatest

supply comes when the streams are so flooded by heavy rains or

melting snows, that the river channel is no longer able to hold the
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the water, which then rises above the banks, overflowing the sur-

rounding country. Then, since its current is checked where it

is so shallow, the water drops some of its load of rock bits on

the flood-plain, much as the muddy water in a gutter drops sand

or mud on the sidewalk when, in time of heavy rains, it over-

flows the sidewalk.

Many of the most fertile lands of the world are flood-plains of

this kind, where sediment, gathered by the streams farther up

their courses, is dropped upon the flood-plains, enriching them by

17.

—

Near view of a cut in glacial soil, gullied by the rains, and with
7iuynerous transported pebbles embedded in the rock flour

.

new layers of fertile soil. One does not need to go to the Nile,

the Yellow or the Mississippi for illustrations of this ; they

abound on every hand and many thousands of illustrations,

great and small, may be found in the State of New York.

Doubtless you can find one.

There are other ways in which soils may be formed (Fig. 17) ;

but only one more will be considered, and that is the way in which

most of the soils of New York have been made. To studv this
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let us go to a cut in the earth, such as a well or a stream bank

(Figs. 15 and 17). Scattered through the soil numerous pebbles

and boulders will doubt-

less be found ; and if they

are compared with the

solid or bed rock of the

country, which underlies

the soil (Fig. 15), some of

them will be found to be

quite different from it.

For instance, where the

bed rock is shale or lime-

stone, some of the pebbles

will no doubt be granite,

sandstone, etc. If you
could explore, you would

find iust such rocks to the

north of you, perhaps one

or two hundred miles

away in Canada ;
or, if

your home is south of the

Adirondacks, you might trace them in those mountains.

On some of these pebbles, especially the softer ones, such as

limestone, you will find scratches, as if they had been ground

forcibly together (Fig.

18). Looking now at

the bed rock in some

place from which the soil

has been recently re-

moved, you will find it

also scratched and
grooved (Fig. 19) ; and

if you take the direction

of these scratches with

the compass, you will

find that they extend in

a general north and south direction, pointing in fact in ihe same

direction from which the pebbles have come.

18.

—

A scratched limestone pebble taken

fro)n a glacial soil.

19.— The grooved bed rock scratched by the
movement of the ice sheet over it.
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All over northeastern North America and northwestern

Europe the soil is of the same nature as that just described.

In our own country this kind of soil reaches down as far as the

edge of the shaded area in the map (Fig. 20) and it will be noticed

that all of New York is within that area excepting the extreme

southwestern part near the southern end of Chautauqua lake.

Not only is the soil peculiar within this district but there are

many small hills of clay or sand, or sometimes of both together

(Figs. 26 and 27) They rise in hummocky form and often

have deep pits or kettle-shaped basins between, sometimes, when
the soil is clayey enough to hold water, containing tiny pools.

These hills extend in somewhat irregular ranges stretching across

country from the east toward the west. The position of some

of these ranges is indicated on the map (Fig. 20).

For a long time people wondered how this soil with its foreign

pebbles and boulders, all together called "drift," came to be

placed where they are ; they were especially puzzled to tell how
the large boulders, called erratics (Fig. 14), should have been

carried from one place to another. It was suggested that they

came from the bursting of planets, from comets, from the explo-

sion of mountains, from floods, and in other ways equally

unlikely ; but Louis Agassiz, studying the glaciers of the Alps

and the country round about, was impressed by the resemblance

between the "drift" and the materials carried by living glaciers.

Agassiz, therefore, proposed the hypothesis that glaciers had

carried the drift and left it where we now find it ; but for manj^

years his glacial hypothesis met with a great deal of opposition

because it seemed impossible that the climate could have

changed so greatly as to cover what is now a temperate land

with a gieat sheet of ice. Indeed, even now, although all who
have especially studied the subject are convinced, many people,

even those who are educated in some directions, have not

accepted Agassiz's explanation, just as years ago, long after it

was proved that the earth rotated each day, many people still

believed that it was the sun, not the earth, that was moving.

The glacial explanation is as certain as that the earth rotates.

For some reason, which we do not know, the climate changed
and allowed ice to cover temperate lands, as before that, the
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climate had changed so as to allow plants like those now grow-

ing as far south as Virginia, to live in Greenland, now ice cov-

ered. When the ice of the glacier melted away it left only signs

of its presence ; but when the temperate latitude plants grew in

Greenland they left seeds, leaves and tree trunks which have

been imbedded

in the rocks as

fossils. One
may now pick

the leaves of

temperate cli-

mate trees from

the rocks be-

neath a great

icecap.

Nevertheless,

to one who stu-

dies them, the

signs left by the

glacier are as

clear proof as

the leaves and

seeds. From
these signs we know that the climate has changed slowly, but we
have not yet learned why it changed.

There are now two places on the earth where vast glaciers, or

ice sheets, cover immense areas of land, one in the Antarctic, a

region very little known, the other in Greenland, where there

is an ice sheet covering land having an area more than ten

times ihat of the State of New York. Let us goto this region

to see what is being done there, in order to compare it with

what has been done in New York.

In the interior is a vast plateau of ice, in places over 10,000

feet high, a great icy desert (Fig. 21), where absolutely no life

of any kind, either animal or plant, can exist and where it never

rains, but where even in the middle of summer the storms bring

snow. Such must have been the condition in northeastern

America during the glacial period.

-A view over the great ice plateau of Greenland
with a mountain peak projecting above it.
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22.— The edge of a part of the great Greenland ice

sheet [oil the left) resting on the land, over which are
strewn many boulders brought by the ice and left there
ivhen it melted.

This vast ice sheet is slowly moving outward in all directions

from the elevated center, much as a pile of wax may be made to

flow outward by

placing a heavy

weight upon the

middle. Mov-
ing toward the

north, east,

south and west

this glacier must

of course come

to an end some-

where. In
places, usually

at the heads of

bays, the end is

in the sea, as the

end of our gla-

cier must have been off the shores of New England. From
these sea-ends, icebergs constantly break off ; and, floating away

toward the south, often reach,

before the}' melt, as far as the

path followed by the steamers

from the United States to

Europe. Between the bays,

where the glacier ends in the

sea, the ice front rests on the

land (Fig. 22), as it did over

the greater part of New York
and the states further west.

There it melts in the summer,

supplying streams with water

and filling many small ponds

and lakes. The front stands

there year after year, some-

times moving a little ahead,

again melting further back so

as to reveal the rocks on which

it formerly rested.

23.

—

A scratched pebble taken from
the ice of the Greenland glacier.
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Examining this rock it is found to be polished, scratched and

grooved just like the bed-rock in New York ; and the scratches

extend in the di-

rection from
which the ice

moves. Resting

on the rock are

boulders and
pebbles (Fig. 22),

sometimes on the

bare rock, some-

times imbedded

in a clay as they

are with us. As
we found when

24.—A part of the edge of the Greenland glacier, studying the soil

clean while ice above, and dark discolored bands .

below where laden ivith rock fragments. In the ^^ ^^^^ "^^ ^^'

foreground is a boulder-strewn vioi-aine. gion, SO here the

pebbles are often

scratched, and many of them are quite dilTerent from the rock on

which they rest.

Going nearer to the ice we find the lower part loaded with peb-

bles, boulders and bits of clay quite like those on the rocks near

by. Fig. 23 shows

one of these, scratched

and grooved, which I

once dug from the ice

of this very glacier.

The bottom of the ice

is like a huge sand-

paper, being dragged

over the bed rock

with tremendous
force. It carries a

load of rock frag-

ments, and as it

moves obtains more by grinding or prying them from the

rocks beneath. These all travel on toward the edge of the ice,

25- -Huntnwcky surface of Ihe boulder-strewn
moraine of Greenland.
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being constantly ground finer and finer as wheat is ground when

it goes through the mill. Indeed the resemblance is so close

that the clay coming from this grinding action is often called

rock flour.

Dragged to the front of the ice, the rock bits, great and small,

roll out as the ice melts, some, especially the finest, being car-

ried away in the water, which is always muddy with the rock

flour it carries ; but much remains near the edge of the ice form-

ing Q. moraine (Figs. 24 and 25). This moraine, dumped at the

26.

—

A view over the humtnocky surface oj a pari or the moraine of the
great American ice sheet in CentralNew York.

edge of the glacier, very closely resembles the hunimocky hills of

New York (Figs. 26 and 27), mentioned above, which are really

moraines formed at the ice edge during the glacial period. While
their form is quite alike, the New York moraines are generally

less pebbly than the Greenland moraines, because the Greenland

glacier carries less rock flour than did the glacier which covered

New York.

In the Greenland glacier, as you can see in Fig. 24, there

is much dirt and rock ; in the glacier of the glacial period
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there was even more. When it melted away the ice disappeared

as water, but the rock fragments of course fell down upon the

rock beneath and formed soil. If over a certain region, as for

instance over your home, the ice carried a great load of drift, when
this gradually settled down, as the ice melted, it formed a deep

layer of soil ; but if the glacier had only a small load a shallow soil

was left. Again, if the ice front remained for a long time near

a certain place, as near your home, it kept bringing and dump-

ing rock fragments to form moraines, which, of course, would

continue to grow higher so long as the ice dumped it, much as a

sand pile will continue to grow higher so long as fresh loads are

brought and dumped.

There are other causes for difference in the glacial soils, but

most of them . cannot be considered here. One of them is so

important, however, that it must be mentioned. With the melt-

ing of so much ice, vast floods of water were caused, and these

came from the ice, perhaps in places where there are now no

streams, or at best small ones. These rapid currents carried off

much of the rock flour and left the coarser and heavier sand,

gravel, or pebbles, the latter often well rounded, with the

scratches removed by the long continued rolling about in the

glacial stream bed.

One often finds such beds of sand or gravel in different parts

of the state, telling not only of ice where it is now absent, but

of water currents where is now dry land. The rock flour was

in some cases carried to the sea, elsewhere to lakes, or in still

other places deposited in the floodplains of the glacier-fed rivers.

Now some of this rock flour is dug out to make into bricks.

Enough has been said to show that the soils of New York

were brought by a glacier and to point out that there are many
differences in the thickness of the soil as well as in kind and

condition. The agriculture of the State is greatly influenced by

these differences. In some cases one part of a farm has a deep,

rich soil, another part a barren, sandy, pebbly or boulder covered

soil (Fig. 14), while in still another part the bed rock may be so

near the surface that it does not paj^ to clear it. Moreover, some

farms are in hummocky moraines, while others, near by, are on

level plains (Fig, 27), where a broad glacial stream built up a
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flood-plain in a place where now the stream is so small that it

never rises high enough to overflow the plain.

There are even other differences than these and one who is

familiar with a region is often puzzled to explain them ; but

they are all due to the glacier or to the water furnished by it s

melting, and a careful study by a student of the subject of

Glacial Geology will serve to explain them. Each place has had
peculiar conditions and it would be necessary to study each

place carefully in order to explain all the differences much
further than has been done here.

27.

—

Huinmocky moraine hills in the background and a levelgrai elplain,—an aficient glacial-stream flood-plain—in foreground.

Not only is agriculture influenced greatly by the differences

in the soil from place to place, but also by the very fact that

they are glacial soils. In a soil that has been formed by the

decay of rock some of the materials needed by plants, the plant

foods, have been leached out and carried off by the water while

the rock was decaying ; but the glacial soils have most of these

foods still stored up for use. Here the minerals are simply

ground up and not much decayed, while in the other case they

are badly decayed, the difference being something like that

between iron filings which are able to decay and rust, and iron

rust which is already decayed.
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Slowly the glacial soils are decaying, and, as they do so, are

furnishing plant food to the water which the roots greedily draw

in. So the glacial soil is not a mere store house of plant food,

but a manufactory of it as well, and glacial soils are therefore

" strong" and last for a long time. That decay is going on,

especially near the surface, may often be seen in a cut in this

kind of soil, where the natural blue color of the soil itself is seen

below, while near the surface it is rusted yellow b}' the decay of

certain minerals which contain iron.

Few materials on the earth are more important than the soil
;

it acts as the intermediary between man and the earth. The
rocks have some substance locked up in them which animals

need ; by decay, or by grinding up, the rocks crumble so that

plants may send roots into them and extract the substances

needed by animals. Gifted with this wonderful power the plants

grow and furnish foods to animals, some of them the very plant

foods from the rocks ; and so the animals of the land, and man
himself, obtain a large part of their food from the rocks. It is

then worth the while to stop for a moment and think and study

about this, one of the most marvelous of the many wonderful

adjustments of Nature, but so common that most people live

and die without even giving it more than a passing thought.

Part II : What it Does.

BY h. A. CLINTON.

The more one studies the soil the more certainly it will be found

that the earth has locked up in her bosom many secrets, and that

these secrets will not be given up for the mere asking. As mys-
terious as the soil may appear at different times, it always is gov-

erned by certain laws. These principles once understood, the

soil becomes an open book from which one may read quickly and
accurately.

l/ses of the Soil.

The soil has certain offices to perform for which it is admirably
fitted. The most important of these offices are :

1. To hold plants in place.

2. To sefve as a source of plant-food.

I
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3- To act as a reservoir for moisture.

4. As a storehouse for applied plant-food or fertilizer.

Some soils are capable of performing all these offices, while

others are fitted for only a part of them. Thus a soil which

may be pure sand and almost entirely deficient in the essential

elements of plant-food, may serve, if located near a large city,

merely to hold the plants in position while the skillful gardener

feeds the plants with specially prepared fertilizers, and by irri-

gation supplies the moisture.

Early in the study of soils an excursion, if possible, should be

made into the woods. Great trees will be found and under the

trees will be found various shrubs and possibly weeds and grass.

It will be noticed that the soil is well occupied with growing

plants. The surface will be found covered with a layer several

inches thick of leaves and twigs. Beneath this covering the soil

is dark, moist, full of organic matter, loose, easily spaded except

as roots or stones may interfere, and the soil has every appear-

ance of being fertile.

Soil Conditions as Found in Many Fields.

After examining the conditions in the forest, a study should

be made of the soil in some cultivated field. It will be found

that in the fields the soil has lost many of the marked character-

istics noticed in the woodland. In walking over the fields, the

soil will be found to be hard and compact. The surface may be

covered with growing plants, and if the seeds which have been

put into the soil by the farmer have not germinated and the

plants made growth, nature has quickly come to the rescue and

filled the soil with other plants which we commonly call weeds.

It is nature's plan to keep the soil covered with growing plants,

and from nature we should learn a lesson. The field soil, instead

of being moist, is dry ; instead of being loose and friable, is hard

and compact, and it appears entirely different in texture from the

woodland soil. The cause of the difference is not hard to dis-

cover. In the woods, nature for years has been building up the

soil. The leaves from the trees fall to the ground and form a

covering which prevents washing, and these leaves decay and

add to the humus or vegetable mold of the soil. Roots are con-
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stantly decaying aud these furnish channels through the soil

and permit of air and water drainage.

In the field, nature's lesson has been disregarded and too often

the whole aim seems to be to remove everything from the soil

and to make no returns. Consequently the organic matter or

humus has been used up ; the tramping of the horses' feet has

closed the natural drainage canals; after the crop is removed, the

soil is left naked during the winter and the heavy rains wash and

erode the surface and remove some of the best plant-food. After

a few years of such treatment, the farmer wonders why the soil

will not produce as liberally as it formerly did.

Experiment No. i.—The fact that there is humus or vegetable

mold in certain soils can be shown by burning. Weigh a potful

of hard soil and a potful of lowlands soil or muck, after each

has been thoroughly dried. Then put the pots on the coals in a

coal stove. After the soil is thoroughly burned, weigh again.

Some of the difference in weight may be due to loss of moisture,

but if the samples were well dried in the beginning, most of the

loss will be due to the burning of the humus.

Conditions zvhich Affect Fertility.

There are certain conditions which affect soil fertility and of

these the most important are :

Texture.

Moisture-content.

Plant-food.

Temperature.

Texture and its Relation to Fertility.

By texture is meant the physical condition of the soil. Upon
good texture, more than upon any other one thing, depends the

productivity of the soil. When the texture is right the soil is

fine, loose and friable ; the roots are able to push through the

soil and the feeding area is enlarged. Each individual particle

is free to give up a portion of its plant-food or its film of mois-

ture. The conditions which are found in the woods' soil are

almost ideal.

Experiment No. 2—The importance of good texture can be
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well shown in the class-room. Pots should be filled with a soil

which is lumpy and cloddy and other pots with the same kind of

material after it has been made fine and mellow. Seeds should

then be planted in the different pots and a careful study made of

the length of time required for germination and of the health

and vigor of the plants.

Experiment No. j.—The greater part of our farming lands do

not present the ideal conditions as regards texture. Clay soils

are especially liable to be in bad condition. If samples of the

various soils can be collected, as sand, loam, clay, etc., it may be

clearly shown how different soils respond to the same kind of

treatment. With a common garden trowel, the soils should be

stirred and worked while wet and then put away to dry. After

drying, the conditions presented by the soils should be noted,

also the length of time required for the soils to become dry.

Whereas the sand and the loam will remain in fairly good condi-

tion when dry, the clay will have become "puddled," i. <?., the

particles will have run together and made a hard, compact mass.

Thus it is found in practice that clay soils must be handled with

far more care and intelligence than is required for the sand and

loams, if the texture is to be kept perfect.

Experiment No. /.—If, in the experiment above suggested, the

clay soil is mixed with leaf-mold or humous soil from the woods,

it will be found to act very differently. The vegetable matter

thus mixed with the mineral matter prevents the running

together of the particles of clay.

Two principles, both important as relating to soil texture, now
have been illustrated. Soils must not be worked when they are

so wet that their particles will cohere, and organic matter or

humus must be kept mixed with the mineral matter of the soil.

In practical farm operations, if the soil can be made into a mud
ball it is said to be too wet to work. The required amount of

humus is retained in the soil by occasionally plowing under some

green crop, as clover, or by applying barn manures.

Clay soils are also frequently treated with lime to cause them

to remain in good condition and be more easily tilled. Lime
causes the fine particles to flocculate or to become granular, i. e.,

several particles unite to form a larger particle and these combi-
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nations are more stable and do not so readily puddle or run

together. A mud-puddle in clay soil will remain murky until

the water has evaporated entirely. L,et a little water-slaked

lime be mixed with the muddy water and the particles of clay will

be flocculated and will settle to the bottom and the water becomes

clear.

Experiment No. 5.—Into two glasses of water put some fine

clay soil and thoroughly stir the mixture (Fig. 28). Into

one glass thus prepared put a spoonful of water-slaked lime

and stir thoroughly, then allow both glasses to remain quiet

28.

—

The glass of water at the right has received lime and the clay

has been flocculated.

that the soil may settle. Notice in which glass the water

becomes clear first and note the appearance of the sediment in each.

The Moisture in the Soil.

In a former leaflet (No. 14) has been given the history of a

thunder shower. We are not told much about the history of the

water after it reaches the earth. If we go out immediately after

a heavy shower we find little streams running alongside the

road. These little streams unite to make larger streams, until

finally the creeks and rivers are swollen, and, if the rain was
heavy enough, the streams may overflow their banks. In all

these streams, from the smallest to the largest, the water is

muddy. Where did this mud come from? It was largely
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washed from the cultivated fields, and the finest and best soil is

certain to start first on its voyage to the valleys or to the sea.

If the farmer only had learned better the lesson from nature

and kept his fields covered with plants, a large part of the loss

might have been prevented. A rain gauge should be kept in

every school yard, so that every shower can be measured. It

can then be determined easih' by the pupils how many tons of

rain fall upon the school grounds, how much falls upon an acre

of land, and it will be a matter of surprise that the amount is

so great.

Not all the water which falls during a summer shower is car-

ried off by surface drainage, but a considerable part sinks into

the soil. As it passes down, each soil grain takes up a portion

and surrounds itself with a little film of water much as does a

marble when dipped into the water. If the rain continues long

enough the soil will become saturated and the water which can-

not be retained, will, under influence of gravity, sink down to

the lower layers of soil until it finally reaches the level of the

free water. From this free water, at varying depths in the soil,

wells and springs are supplied. If the soil were to remain long

saturated seeds would not germinate, and most cultivated plants

would not grow because all the air passages of the soil are filled

29—a. Soil too dry. Soil in ideal condition. b. Soil loo 7i'et.

with water (Fig. 29) . The water which sinks down deep into the

soil and helps supply our wells is called free water. That portion

which is held as a film by the soil particles (as on a marble) is

called capillary water. After the rain is over and the sun shines,

a part of the moisture which is held by the particles near the

surface is lost by evaporation. The moisture which is below
tends to rise to restore the equilibrium, and thus there is created
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a current toward the surface, and finally into the air ; and the

moisture which thus escapes aids in forming the next thunder

storm.

Experimeyit No. 6.—Humus enables the soil to take up and

hold large quantities of water. To illustrate this : Two sam-

ples of soil should be obtained, one a humus or alluvial soil, rich

in organic matter, and the other a sandy soil. Put the two samples

where they will become thoroughly air dr}-. Procure, say five

pounds each of the dry soils, and put into glass tubes over one

end of which there is tied a piece of muslin or fine wire gauze.

From a graduated glass pour water slowly upon each sample until

the water begins to drain from the bottom of the tube. In this

way it can be shown which soil has the greater power of holding

moisture. Both samples should then be set away to dry. Y>\

weighing the samples each day it can be determined which soil

has the greater power of retaining moisture. This experiment

can be conducted not only with sand and humus, but with

clay, loam, gravel and all other kinds of soil.

Experiment No. 7.—A finely pulverized soil will hold more

film-moisture than a clodd}^ soil. To illustrate the importance

of texture as related to moisture, soil should be secured which

is cloddy or lumpy. One tube should be filled as heretofore

described (Exp. No. 6) with the lumpy soil, and the other tube

with the fine soil which results from pulverizing the lumps, equal

weights of soil being used in each case. From a graduated

glass pour water upon each sample until the drainage begins from

the bottom. Notice which soil possesses greater power of

absorbing moisture. Put the samples away to dry, and by care-

fully weighing each day it can be determined which soil dries

out most readily.

The prudent farmer will take measures to prevent the escape

of this moisture into the air. All the film-moisture (on the soil

particles) needs to be carefully conserved or saved, for the plants

will need very large amounts of moisture before they mature,

and they can draw their supply only from this film moisture.

We can again apply the lesson learned in the woods.

The soil is there always moist ; the leaves form a cover or

blanket which prevents the evaporation of moisture. Under-
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neath an old plank or board, the soil will be found moist. If

we can break the connection between the soil and the air we can

check the escape of moisture. A layer of straw over the soil

will serve to prevent the loss of moisture. But a whole field

cannot be thus covered. It has been found that by keeping the

surface soil loose, say about three inches of the top soil, it can

be made to act as a blanket or covering for the soil underneath.

While this top layer may become as dry as dust, yet it prevents

the escape by evaporation of moisture from below. It is a

matter of common observation that if tracks are made across a

freshly cultivated field the soil will become darker where the

'g

30—" Foot-prints on the sands of time. ^^

tracks are (Fig. 30). This darker appearance of the soil in the

foot- marks is due to the moisture which is there rising to the

surface. The implement of tillage makes the soil loose and

breaks the capillary connection between the lower layers of soil

and the surface and the upward passage of the water is checked.

Where the foot-print is, the soil has been pressed down again at

the surface, the particles have been crowded closer together and

capillarity is restored to the surface and the moisture is free to

escape (Fig.

31). In car-

ing for flower-

beds, or even

in growing
plants in a pot

in the school-

room, it is im-

portant that

the surface of the soil be kept loose and mellow. Far better is a

garden rake in a flower garden than a watering pot.

Experiment No. 8.—To show the importance of the surface

mulch, fill several pots with a sandy loam soil, putting the same

>.i^"*^«y^*

.

[k-ji^^

31.

—

A cross section through one of the foot-prints
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weight of the same kind of soil into each pot. In one pot pack

the soil firmly; in another pot pack the soil firmly and then make

the surface loose. These pots of soil may then be put away to dry,

and b}^ weighing each daily it can be readily determined what

effects the various methods of treatment will have upon the

moisture-holding power.

Experimevt No. g.—This experiment may be varied by cover-

ing the soil in some of the pots with leaves or straw or

paper, care being taken that the added weight of the foreign

matter be properly accounted for.

Soil Temperature.

If a kernel of corn be placed in the ground in early spring

before the soil has become w^arm, the seed will not germinate.

32. — The moss-grocvn laivn or grass plot.

Abundance of moisture and oxygen may be present, but the

third requisite for germination, proper temperature, is

lacking. The soil is very slow to become warm in the spring,

and this is due to the large amount of water which must be

evaporated. During the winter and spring the rain and melting

snow have saturated the soil. The under-drainage is deficient

and there is no way for the escape of the surplus water except

b}^ evaporation, and evaporation is a cooling process. A well

drained soil is thus warmer.

The atmosphere is much quicker to respond to changes in

temperature than is the soil. In the spring the air is warm while

the soil continues cold and the rains which fall during this time

are warmed by passing through the warm air, and in sinking

through the soil the water parts with some of its heat and the

soil is made warmer. Daring mid-summer the soil becomes very
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warm, and it is not affected by cool nights, as is the atmosphere.

Consequently a summer rain may be several degrees cooler than

the soil, and in passing through the soil the water takes up some

of the heat, and the soil conditions are made more favorable for

plant growth. Therefore, soil temperature is regulated some-

what by the rainfall.

Experiment No. lo.—The color of a soil also effects it tempera-

ture, a dark soil being warmer than a light colored soil. By

having thermometers as a part of the school room equipment,

interesting experiments can be conducted in determining the

effect of color and moisture upon the temperature of soils.

Air in the Soil.

While that part of the plant which we can see is entirely sur-

rounded by air, yet it is necessary that the soil be in such a con-

^,

•-^^vfi^^flif^
s

<
33. — T/ie clover roots penetrate tfic soil deeply.

dition that it can be penetrated by the air. Indeed, growth
cannot begin in a soil from which the air is excluded.

Experiment No. 11.—To prove this, put clay soil in a pot, plant

seeds and then wet the surface of the soil and puddle or pack the

clay while wet and watch for the seeds to germinate and grow.

At the same time put seeds in another pot filled with loose, mel-

low, moist soil.
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Frequently after the farmer has sown his grain there comes a

heavy, beating rain, and the surface of the soil is so packed that

the air is excluded and the seeds cannot germinate. If plants

are grown in pots and the water is supplied at the top of the soil

it may become so hard and compact as to exclude the air and the

plants will make a sickly growth. The surface soil must be

kept loose that the air can penetrate.

On many lawns it is noticed that the grass is not thriving. It

has a sickl}^ appearance and even the application of fertilizer

1' Jet,
34.—After the clover dies the soil js in better condition forikga* having lived.

does not seem to remedy the conditions. Perhaps the ground

has become so hard the air cannot penetrate and the grass is

being smothered. If the surface of the soil can be loosened

with a garden rake and clover seed sown, much good may be

accomplished. The clover is a tap-rooted plant, and sends its

main root deep into the soil.

After the death of the plant the root decays, the nitrogen

which is stored up can be used as food by the other plants, and

most useful of all, in such cases, the decay of the tap-root of the

clover makes a passage deep into the soil and thus allows the air

to enter. Consult Figs. 32-34.



JUNIOR NATURALIST LEAFLET NO. 4.

STEALING A RIDE.

Part I. Sir Bur, Tramp and Traveler.

BY MARGARET BOYNTON.

" Chick-a-dee-dee-dee-dee-dee " sounded from the hedge. I

caught the motion of the little feathered food-gatherers but

could not see a single black-capped head.

" Chick-a-dee-dee-dee-dee-dee. Come and play with me-me-

me-me-me." With such an invitation how could I help going

out into that brilliant, blue and golden mid-winter day ? Against

the clearest of skies each tiny bud-tipped maple twig glowed

ruddily. The mountain ash berries still hung in bright clusters,

crowned with light pyramids of fluffy snow. The deserted

nests in the orchard recalled the busy householders of the

warmer, leafier seasons and a few withered apples offered scanty

nourishment to solitary wayfarers. Under my feet the snow

spread a creaking carpet, and all about me it afforded a back-

ground of diamonds for the devious patterns of the shriveled

weeds showing clear and fantastic against it. What a joyous

day for the chick-a-dees and me !

Presently, attracted by the regiment of teasels there encamped,

I turned aside into a small common, a vacant lot well within the

borders of our small city, and I tramped it over rejoicing in the

short skirt and leggins that permitted unhampered wading in the

snow. There were m^ny things to be seen in that little area.

Bitter-sweet berries draped the fence. Ragged miniature

umbrella skeletons recalled the filmy, white parasols of the wild

carrot in its summer guise. "Devil's pitchforks" and

bristling burdocks plucked at my skirt in passing, and a few

hoary aster heads still lingered amid the star-tipped stems whence
most of the feathery parachutes had flown. A kindly farmer

caught me shaking the teasel heads and called cheerily
'

' I guess

you've got a kind of a putterin' job there, ain't ye?" and
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charitablj' took me into his bob-sleigh for the short half mile

back to ray corner
; but he was not a nature-student and did

not know what fun I had been having. Nor could he know that

the handful of brown and withered stuff that formed the trophy

of my half hour's trip would offer me a juicy cud to chew.

Prominent in my winter bouquet were several sprigs of bur-

dock with rigid stems and bristling burs (Fig. 35). If you, too,

want to hear the story Sir Bur will tell under

questioning you can probably find the material

in plenty on the nearest waste land or in a

fence corner, or by the roadside.

You, as well as I, in all likelihood, made
bur baskets and furniture, and even people

richly garbed in green and purple, all j'our

childhood days; yet did you ever stop to think

how the burs stick so pertinaciously ? Why
they should ? And what the}^ do for the plant ?

No, even the tormenting little boy from across

the road who made use of their valuable prop-

erties in ornamenting your long hair with

bunches of burs probably could not have told

you why they were so effective.

Notice first, then, the numerous tiny hooks

bristling in every direction (Fig. 36).

How abrupt is the curve of each

hook, how smooth and polished the

outer surface! It will push readily be-

tween the finest and closest fibers.

How sharp is the incurved point !

See, it has penetrated your skin, as you press the bur

lightly between your fingers ! The slender shanks of

the hooks jneld readih^ to pressure only to gain more

tenacious hold. In disentangling one 30U are caught by

five. The stems all stand stiff and rigid, holding

the burs unyieldingly in your way and adding to the advantage

of the flexible hooks. Your clothing brushes a bur ever so lightly,

the fibres at the base break readily and away your bur travels;

and not singly usually, for note how the branches have so grown.

35.

—

Burs of the Bur-
dock. One-third
natural size.

m

36.

—

Bur-
dock hook.
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38.— The bur-
dock akene.

the lower ones lengthening, that the burs are practically clus-

tered by twos and threes and fours, with hooks interlacing, and

they go together. So, clinging with a score or two of little

hands to the hair of some passing animal or the clothing of a

human tramp, Sir Bur steals many a long ride, often relaxing his

hold only by going to pieces. The tail of the old

cow carries them over the fields (Fig. 37).

This then is how he travels, but why'^.

What good does the journey secure for the

plant ?

Tear a bur apart and find within, among

the short twisted bristles, hard little brown-

ish-gray bodies, almost like miniature Bra-

zil nuts (Fig.

38), that are

—what? If

you have not

thought you

will say seeds,

for they look

like seeds.
But are all

seed-like bod-

ies properly so called ? Where do these little fellows come from ?

If you have studied the flower in general, you will

remember that its important parts in view of its office of repro-

duction are the staynens which produce the pollen and the pistil

with its ovary or seed-case. Within the ovary grow the small

bodies which develop into the seeds. Further, the ripened ovary

with whatever parts may consolidate with it in development, and

with the matured seeds contained, is called the fruit. That is to

say, we name things in natural history not alone from appear-

ance and function or office, but according to their origin and

development.

What then have we in the bur, seeds or fruits?

You would not think of calling a pea pod a seed would you ?

You know if you stop to consider that each pea is a seed, and the

pod with its peas is the fruit, because developed from the mina-

37.

—

Burs stealing a ride.
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ture pod in the blossom which was the ovary, and contained the

ovules or young seeds. Similarly you easily distinguish morning-

glory seeds from its fruits, the nasturtium seeds from the fruits.

In all these cases and in hundreds of others the fruit is a pod and

opens at maturity to let the seeds escape, but there are also hund-

reds of kinds of plants in which the ovary ripens with a single

seed inside of it and does not open at maturity. In this case

the fruit is usually but little larger than the contained seed and

often looks like a seed itself. However that be, a single-

seeded dry fruit that does not open at maturity is called an akene.

Akenes are what we find in the bur.

How do I know? How can j/^?^ tell in other cases ? Unfa-

miliar akenes found away from the parent plant might not be so

easily detected, for the single seed within is not always readily

found free from the ovary walls, but it can usually be identified

by its relation to the plant. You remember that the seed is borne

within the ovary. The pea pod and the morning glory and nas-

turtium pods you know were closed up tight to the time of

maturity. But this bur never was nor could have been closed,

evidently. In all probability then it is not an ovary. What
then? The purple color of our young bur were borne, we
remember, at the top of each bur. These blossom-tops, we
can think out now, were masses of pinky-purple flowers, each

bur containing many small flowers. The whole is called a

compound flower. Each of the little brown wrinkled fruits

within the bur is an akene, the fruit of a single flower. Perhaps

we shall find crowning some of the akenes the withered remains

of the flowers. The tiny blossom was one of several that grow
inside the big bur ; and each little blossom makes, or tries to

make, an akene.

Of course the seed within the akene germinates and produces

a new plant just as z.wy other seed does. Because of Sir Bur's

adroitness at stealing rides, the new little burdock plant usually

finds its chance at greater or less distances from its parent plant,

and reaps much the same advantage as any pioneer. In favorable

circumstances it finds freedom from the competition of its kind,

that is, it does not have to struggle with its fellows for the same
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food-stuffs, the same conditions of growth and health. It has

room

.

Indeed, it is because of his travelling powers that Sir Bur is

here at all, for his race originated in Europe. He was not in

New England to greet the pilgrims, as they left Plymouth Rock,

nor in the south to welcome the Virginian settlers. His earliest

immigrant ancestors possibly came in the Mayflower, but more

probably took stowaway passage some time later in the tail of

some dog or sheep brought from across the sea. However he

came, he is here, numerous and widespread as you know him,

and he is still travelling, the veriest tramp of the roadside, steal-

ing rides and pressing ever onward toward the west, following

the trail of man and his domesticated animals.

Part II. The Red Cow and the Maple Tree.

BY JOHN W. SPENCER.

The day was so warm as to suggest an oven. The rays of the

sun came the most direct way—as a boy would make a bee-line

cross-lots. A blue haze hung about the heavens, dimming the

sun at midday and at sunrise and at sunset, making it look like

an immense orange, and the heated air shimmered across the

level pasture. It was one of those days that warps the slivers in

the plank walk and makes prickly the path of the barefooted

boy—a day when most boys want to go to the swimming hole at

the bend of the creek under the leaning beech.

On a gravelly knoll a slick red cow stood in the dark

thick shade of a maple tree. A colony of persistent flies was
clinging to her shoulder and scattering ones flew about her ears,

and others would have found a resting place on her hips and back

but for the incessant switching of her tail. With all the per-

sistent switching, the cow, with half closed eyes, chewed her

cud with the regularity of the swinging of a pendulum.

Said the Red Cow to the Maple Tree, " You have no troubles

such as I have. See how I am pestered with flies every hour of

the day. Flies do not trouble you."

Said the Maple Tree to the Red Cow, " It is fortunate they do

not for I have no tail with which to switch them."
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Said the Red Cow to the Maple Tree, " I am very thirsty and

I shall not find a refreshing drink until, while on my way to the

barn to be milked this evening, I shall wade through the brook.

"

Said the Maple Tree to the Red Cow, " You complain because

you have to walk for a drink of water. Is that not better than

to long for it and be obliged to wait until it comes to you from

the clouds ? All of us plant-fellows in this neighborhood need

water badly, and some whose roots do not extend deep into the

soil have suffered unto death. It is for this reason that the grass

has famished and you no longer find a nearby lunch as you found

it earlier in the season. I would, indeed, consider it a privilege

to travel all day, if I

could then have a re-

freshing drink. But alas

!

when I made this spot

my home, it was to be

the only place I should

ever live during all my
life. Food is as difficult

for me to obtain as water.

In the earlier part of the

season when rains were

more plentiful, you found

a daily lunch within a

stone's throw of this

spot ; but now when there is nothing here to your liking, you

are able to wander to any part of the pasture in search of the

best food. I must content myself with what I can find in this

one spot. When a drougth comes, like the present one, and

there is not enough moisture to satisfy my thirst, nor to float

sufficient plant-food to my roots, I must endure a double suffering

—thirst and hunger. In the cold weather you can seek the

warm and sunny side of a straw stack, while I must stand out

here on this bleak and unprotected knoll with the winds of win-

ter whistling through my bendiiig limbs."

"I .should not complain," continued the Maple Tree, "for

Nature is kind to us all, and we can see her kindness if we look

for it in the right way. She has provided blessings for us

39.— The red cow.
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all, but not of the same kind or in the same way. She has

planned that plants never move their homes ; that where

they make a start in life, there they must remain. She affords

all plants great opportuni-

ties, however, for sending

their children abroad in large

numbers and gives them

means for traveling long dis-

tances. In this way many
are sure to find congenial

places for a life of prosper-

ity. I have no fear that

maples will ever become ex-

tinct. Some years I send

out so many children that if

one in ever}- thousand be-

comes a tree, my family will

be a large one.

" Do yovi see the big this-

tle in yonder fence corner ?

The children are now ma-

ture and ready to travel

miles and miles in a balloon,

and will Settle down into
The maple tree.

some quiet nook and become plants. The farmer, who calls them

weeds, has been fighting them for a life time ; but, although he

is able to keep them from making serious encroachments upon

his crops, the thistle will always be with him. It is abundantly

able to take care of itself. Were it not for the sharp needles on

the leaf, a red cow might have swallowed them long ago.

" See those dark clouds forming in the west—wool sacks they

are called. Hark ! Did I hear thunder ? If a red cow fears

being struck by lightning, she had better hasten to the bars at

the end of the pasture and call to be put into the barn. I hope

we shall have a shower. If even some crumbs from it should

fall this way, it would be a comfort to me."



NOTES FOR JUNIOR NATURALISTS.

A BULB GARDEN.

" It's rather dark in the earth to-day."
Said one little bulb to his brother

;

" But I thought that I felt a sunbeam ray

—

We must strive and grow till we find the wa^-!"

And they nestled close to each other.
Then they struggled and toiled by day and

by night,
Till two little snowdrops in green and white,
Rose out of the darkness and into the light,

And softly kissed one another.
—Boston Journal.

Part I. A Talk by Uncle John.

BY JOHN W. SPENCER.

To succeed with the cultivation of flowers, the first thing to

have in mind is to make the plant comfortable. This condition

should be not only the first thought, but also the last thought.

If you can do this successfully, the plant will do the rest of the

work and \'our results will be abundant.

What plant comfort is, is a question more easily suggested

than answered, for it is a very large subject—about as large
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as the surface of the earth. As a guess we will say that there

are as many different kinds of plants as there are people. It

is at least safe to say that plants have as many different notions

as to their conditions of life as have the people of the different

nations and tribes of the world.

If you were to have a birthday party and should invite as

your guests the children from the four corners of the earth, and

by magic could

you in a jiffy, the

from Greenland

folded in seal

from Hawaii

only their bath-

would have a

ing them com-

when you open-

cool off the little

the little Kana-

plain of too

at table the for-

if you happened

tallow candles

the latter would

fruit and ban-

Many of our

have been
er from such remote quarters as that

41.

—

The
Snow-drop.

bring them to

boys and girls

would come en-

skin, and those

would bring
ing suits. You
busy time keep-

fortable, for
ed the door to

Greenlander s,

kas would com-

much draft; and

mer would ask

to have some

for desert, and

ask for bread-

anas.

flowering plants

brought togeth-

We have bulbs from

Holland, and pansies from England, and phlox from the dry

atmosphere of Texas.

There is as much difference in the conditions necessary for

comfort in these different plants as there is in the requirements

of the little Eskimos and little Polynesians. To some extent,

plants can change their manner of living, but in the main they

are happiest when they can have their own way, just as you

and I are.

We cannot bring about the foggy, damp weather of Holland

and England when we want it, neither can we bring the dry

atmosphere of Texas—air so dry that meat will cure hard in
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that from one Fourth of Jul}- to the next we have many kinds

of weather, and if one could not find conditions suited to almost

any kind of plant it would be strange. If we cannot make the

weather accomodate itself to the best comfort of the plants, we
must set the plants so as to accomodate itself to the weather.

Pansies from foggy England and bulbs from the low lands of

Holland should be planted to bloom in the cool days of spring,

and the phlox from Texas will be quite happy in the heat and

drought of July and August.

With this idea well fixed in your mind, you will easily see

that when you know the country from which a plant has come,

a knowledge of the physical geography of that country will be

helpful in knowing how to make the plant happy and prosperous.

We must also make the plant comfortable in the soil. There

is great difference in what plants require to make them com-

fortable. Some, like thistles or mullein or ragweed, will thrive

on almost any soil and are no more exacting as to food than a

goat or a mule ; but other plants are as notional as children reared

in the lap of luxury.

As a rule, flowering plants belong to the lap-of-luxury class.

Elsewhere in this number you are told how nature has developed

soil. I hope you will read the article carefully, for there you

will understand that all earth is not soil. Soil covers the land

as thin skin covers an apple or as you would spread a thin coat of

butter over bread, and it holds more or less plant-food.

When men erect school buildings and afterwards grade the

ground they usually turn a part of the soil upside down. There

is also considerable rubbish of the builders left scattered about,

such as brick-bats, chips of stone, and the like, that go to

make the place an uncomfortable one for notional plants. For

this reason I wish particularly to call your attention to the man-

ner in which you should prepare the ground on which you intend

to plant. The first thing to do is to spade the soil very thor-

.oughly to the depth of at least ten inches. All stones as large as

a big boy's fist should be thrown out, and all lumps given a bat

with the back of the spade to make all the particles fine. This

is to be a flower bed and should be soft like your own bed. It
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would be better to make it up more than once. After the first

spading it would be well to cover the bed with a coat of stable

fertilizer to a depth of six to eight inches, which will give addi-

tional plant-food ; and in spading the second time, this fertilizer

will become thoroughly mixed with the soil. The surface should

next be raked smooth, and your flower bed will then be ready

for planting.

We all admire the bright bulb flowers that are among the first

to blossom in the spring. These mostly come from Holland, or

at least attain their perfection there. We have just spoken of

the importance of planting flowers at such a time that they may
live their career when our climate is most like that from which

they come. In ihe case of bulbs, spring and early summer is

the most favorable time for them in this country, and fall is the

proper time for planting.

The exact time in the fall to plant, how to plant, what bulbs

to plant, when to put a winter overcoat on the bed, and other

details, we will leave for Mr. Hunn to tell. He has had many
years experience in the management of flowers, and we advise

you to read carefully what he says.

Part H. A Talk by the Gardener.

BY C. E. HUNN.

Your Uncle John has told you something about preparing a

bed for your plants. His advice is very good ; but the bulbs

we are to talk about are like those notional children whom he

mentions and they do not want tallow candles for any part of

their mearl.

What I mean is that bulbs do not want to come in direct con-

tact with the stable fertilizer, but they want it down below them
where the feeding roots that grow out of the bulb may nibble at

it when the bulb is hard at work developing the leaves and
flower. You know that all the leaves and the flowers were made
the year before, and the bulb simply holds them until the new
roots have formed. No kind of treatment will make a bulb pro-

duce more flowers than were formed in the year it grew (last
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year) ; but the better the treatment, the larger and finer the

flowers will be.

If I wanted to make a bulb bed, I should choose, if possible, a

sandy soil and throw out the top soil to the depth of six inches.

Then I should put into the bottom of the bed about two inches

of well rotted manure and spade it into the soil. Then I should

throw back half of the top soil, level it off nicely, set the bulbs

firmly on this bed and then cover them with the balance of the

soil ; in this way you will have the bulbs from thiee to four

inches below the surface. It is dark down there and in the fall

months the top of the ground is cooler than at the depth of five

or six inches and the top of the bulb will not want to grow, while

the bottom which is always in a hurry will send out roots, to

push out the leaves and flowers the next spring.

When the weather is cold enough to freeze a hard crust on the

soil, the bed should have its winter overcoat. This may be

straw, hay, cornstalks oi leaves spread over the bed to the

depth of six inches if the material is coarse ; but if you use leaves,

three inches will be enough, because the leaves lay close together

and may smother out the frost that is in the ground and let the

bulbs start. What we want is to keep them asleep until spring,

because if they start too early the hard freezes of March and early

April will spoil their beauty if the leaves or flowers are near or

above the surface. Early in April the covering may be removed

gradually and should all be off the beds before the leaves show

above the ground.

Perhaps many of you cannot find a sandy place for your beds;

if not, make your beds as has been told you, leaving the stones

in the bottom of the bed for drainage. Then, when you are

ready to set the bulb place a large handful of sand where your

bulb is to go and set your bulb on it ; this will keep the water

from standing around the bulb. Very fine results may be had

on heavy soil by this method.

What kind of bulbs shall we put into these beds ? Select

hyacinths, tulips or narcissus or daffodils, with snowdrops or

crocuses of various colors around the edge.

If you use hyacinths you can have the national colors, red,

white and blue, or many shades of either color, as shown in the
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diagrams (Figs. 42). Of tulips you can have stars or ribbons of

yellow, white or crimson, or in fact almost any color except

true blue. In narcissus, yellow, sulfur and white are the

colors. The little crocuses come in yellow, blue, white and

striped colors, and are in bloom and gone before the large flowers

take your attention. Many other bulbs are fine for spring

flowering but as most of them are more difficult to grow and

42.

—

Simple designs for bulb beds.

many of them rather expensive, I do not think we will discuss

them now.

Suppose we want a bed of red, white and blue hyacinths

(Figs. 42), and make it six feet in diameter. How many bulbs

would you want ? Now, hyacinths should be planted six inches

apart each way, and the outside row should be at least three

inches from the edge of the bed. You see you will want a little

over one hundred bulbs, which if one person had to buy

would cost him or her quite a little ; but if fifty or more boys

and girls would club together it would be easy for everyone,

"especially if, after making out a list of all the bulbs you want,

you were to write to one of the dealers in bulbs telling him

what you want, and how you expect to enjoy the flowers, ask-

ing him to let you have them as cheaply as possible. You will

find that he will be glad you are interested in bulb growing,

and be surprised how cheaply he will let you have them.

If you want a bed of tulips, they should be planted four or

five inches apart instead of six inches, so you will need more

bulbs ; but they are cheaper than hyacinths. The narcissus

bulbs being still smaller than tulips, may be planted three inches
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apart ; and the little crocuses, the first flower of spring, should

touch one another, as should also the snowdrops.

Perhaps many of you do not wish to wait until spring for your

bulbs to flower, in which case we must try to persuade them to

bloom through the winter, saj^ at Christmas. Nearly all bulbs

are good natured and may be coaxed to do things that nature

never asks them to do ; so if we go at it right we will find it

very easy to make them think their time to bloom has come,

even if the ground is covered with snow and the ice is thick on

the ponds. Hyacinths, narcissus and crocus all can be made to

flower in the winter by starting this way. Get the bulbs so as to

be able to pot them by the middle or last of October, or if earlier

all the better. The soil should be rich, sandy loam if possible ; if

not, the best you can get, to which add about one-fourth the

bulk of sand and mix thoroughly. If ordinary flower pots are

to be used, put in the bottom a few pieces of broken pots, char-

coal or small stones for drainage, then fill the pot with dirt so

that when the bulbs are set on the dirt the top of the bulb is

even with the rim of the pot. Fill around it with soil, leaving

just the tip of the bulb showing above the dirt. If the soil is

heavy a good plan is to sprinkle a small handful of sand under

the bulb to carry off the water the same as is done in the beds

outdoors. If you do not have pots you may use boxes. Starch

boxes are a good size to use as they are not heavy to handle,

and I have seen excellent flowers on bulbs planted in old

tomato cans. If boxes or cans are used, care must be taken to

have holes in the bottoms to let the water run out. A large

size hyacinth bulb will do well in a five-inch pot. The same

size pot will do for three or four narcissuses or eight to twelve

crocuses.

After the bulbs are planted in the pots or other receptacles,

they should be placed in a cool place, either in a cold pit or cel-

lar or on the shady side of a building or, better yet, plunged or

buried up to the rim of the pot in a shady border. This is done

to force the roots to grow while the top stands still ; as only the

bulbs with good roots will give good flowers. When the weather

gets cold enough so a crust is frozen on the soil, the pots should

be covered with a little straw, and as the weather gets colder
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more straw must be used. In from six to eight weeks after

planting the bulbs, they should have made roots enough to grow

the plant, and they may be taken up and placed in a cool room

foraweekorso, after which, if theyhavestarted into growth, they

may be taken into a warmer room where they can have plenty

of light. They will grow very rapidly now and will want lots

of water, and after the flowers begin to show, the pots may

stand in a saucer of water all the time. When just coming into

bloom the plants may have full

sunlight part of the time to help

bring out the color of the flowers.

Fig. 43 shows a pot of tulips.

I want to tell you of two bulbs

that do not need so much
fussing to get them to bloom

for Christmas. One of them is

called freesia (Fig. 44) and if I

could have but one kind of bulb

to flower in the winter, I would

choose this. The little bulbs are

riot half as large as crocus bulbs

and you will be astonished at the

large leaves and flowers such a

bulb can produce. The bulbs are

about the cheapest of all winter

bulbs and they grow without

putting them away to make roots, as the tops do not seem as

impatient to start as most other bulbs, but wait until there are

plenty of roots to help it along. The flowers are borne on a

slender stem and look very graceful, either on the plant

or in bouquets. They are also very fragrant and a pot with

five or six bulbs will perfume a large room. All they need

Is good light soil, sunlight, water and warmth to make glad

the heart of anyone who plants them.

The other bulb I would select is the Oriental narcissus or

Chinese Sacred lily. This grows in water without any soil

whatever. Just take a bowl or glass dish about three times the

size of the bulb
;
put some pretty stones in the bottom ; set in

43.

—

Pot of tulips.
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the bulb and build up around it with stones so as to hold it stiff

when the leaves have grown ; tuck two or three small pieces of

charcoal among the stones to keep the water sweet, then fill up

the dish with water and add a little every few days, as it evapo-

rates. Set the

dish i n a

warm, light

place. In
a bo ut si X

weeks the fra-

grant, fine

white flowers

will fill the

room with
perfume and

you will have

had the pleas-

ure of watch-

ing the r^ots

start and grow,

the top throw

up long green

leaves and the

flower spikes

develop and
open their
flowers. Hya-
cinths may al-

so be grown in

water, but not

a s easily a s

this narcissus,

or in such
ine X p e n s i V e

dishes.

The picture (Fig. 45) of a bulb box was taken last winter from
a box of mixed bulbs grown at Cornell. The calla in the center

and the Kenilworth ivy trailing over the front of the box were

44

—

Pot of the freesia.
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planted in the box in September, and pots of geraniums and other

plants set on the dirt to fill the space. When the bulbs that were

in pots were ready to be started they were taken out of the pots

and set in the dirt in the box where they grew and flowered ; the

45.— Winter box of bulbs.

tall stems are Paper White narcissus, the last variety for winter.

On each side there is a hyacinth just starting and in front a

little freesia in bloom. When these bulbs were done flowering,

small pots of blooming plants were set on the box and a charm-

ing window box was had with many different things in it through

the winter.
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CLUB NOTES.

We must have a yell for the Junior Naturalist Clubs. What
shall it be ? We shall be very glad if each of you send us

something for that purpose, and we will make a selection. Let

it be something the girls can yell as well as the boys.

The new school year brings a change of teachers to our Junior

Naturalist Clubs of last spring. Our plan is to have clubs that

organized last spring retain their charters and reorganize under

the new teacher. Some of the former members may drop out,

but we hope new members will take their places.

Our club buttons are now ready for distribution and will be

sent to each of our old members as soon as their clubs reorganize

under their new teachers, and to members of our new clubs as

soon as they show an interest by paying the fortnightly dues.

Whenever your Uncle meets in public a boy or girl wearing a

Junior Naturalist Club button, he will speak to the wearer with-

out any formality ; and he thinks it a good plan if members will

do the same thing. Let us feel that we belong to the same
fraternity and all have the same interest in nature, and we will

be friends to each other. He wishes to encourage a feeling of

friendship among members of different clubs. When conven-

ient, it will bring good results for one club to visit another, and

the host club can show the guest club what it is doing in the

study of nature.

Your Uncle is always glad to receive your photographs either

in groups or singly. He has a number on hand now and will

welcome more. Next to meeting you boys and girls is the

sight of your shadows, for that is what a photograph means.

Your Uncle wishes to speak to you about the letters he receives

from his friends, the Junior Naturalists. At one time last spring
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the number was about two hundred each day. Every one of

these was read. The ones written as payment of club dues were

sorted out and given to a department where the letters, after a

a close reading, were passed to the credit of the writer. Those

of a personal nature or asking information concerning some

nature-study topic were handed to your Uncle for his perusal,

and for his answer, so far as he could. Do not think that any

of your letters are thrown away without being read.

Your Uncle is anxious that each of you boys and girls shall

receive his pnrsonal attention. With such a large number of let-

ters you must be thoughtful and helpful, and he asks you to send

your letters and drawings, that go as dues, in one envelope under

the direction of the secretary of your club, and be addressed

Bureau of Nature-Study, Cornell University, Ithaca,

N. Y. He hopes that you will feel like writing him freely, and
in your natural way, all about your difficulties in your investi-

gations as naturalists, and he wishes you to tell him of some of

the bright things that come into your lives, and some of the

shadows, too, if there are any such. All such should be addressed

to Jno. W. Spencer, Deputy Chief, Bureau of Nature-
Study, Cornell University, Ithaca, N. Y.



HOME NATURE=STUDY COURSE.
AY MARY ROGERS MILLER.

This work is to be continued through the year and new
students are welcome at any time. It is designed for teachers

and others who have had little opportunity to study nature, yet

wish to prepare themselves to teach children to know nature.

For the present the material for the Home Nature-study course

will consist of various publications of the Nature-study Bureau
and Farmers' Reading-Course, together with the quiz. If the

work is taken up with enthusiasm and the quizzes are returned
regularly, it is probable that special Home Nature-study publi-

cations will be issued. When the interest warrants a separate

series of publications for use in this department, they will be
forthcoming.

Just a word with you about the Home Nature-study. It is

not primarily a reading course. The pamphlets sent you are full

of suggestions for you to follow, experiments for you to per-

form, work for you to do. Unless you actually do these things,

you fail to make the experiences your own, you take statements
on authority, and miss the point of the whole course. Reading
what others have observed about nature, lacks the freshness and
freedom of original investigation. Without the element of dis-

covery and personal contact, nature-study deteriorates into lesson-

getting. Seeing nature with other people's eyes, reading their

thoughts about her ways, is most delightful, after one has seen
and thought for one's self.

For example, scientists tell us that a certain brown and black
butterfly with a long name migrates southward to spend the

winter. We read the words, and straightway forget the fact.

" What if it does," we say. But let us some day in fall, see the
air and the trees full of red butterflies fluttering so bravely yet

so silently, thousands and thousands winging their way toward
the sunny southland, and we care. When we see, straggling

back again in spring the survivors of these hordes, their wings
all rags and tatters, their beauty gone with their youths, again
we are impressed. We marvel at their instinct and their forti-

tude- There is a wide difference between knowing a thing and
hearing about it !

It is expected that students in this course will see nature from
a new point of view, and study with a new spirit.

Every question in the quiz will be for the purpose of bringing
out some facts in the students' own experience. Reports should
be sent in within eight weeks after the receipt of the lesson.

Lesson No. 3 will be on " The Soil," and will be sent to all

applicants. Suggestions and questions are alwavs welcome.
L. H. Bailey, Chief,

John W. Spencer, Deputy Chief,

Of Bureau of Nature-Study and Farmers' Reading-Coiirse.
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TEACHER'S LEAFLET NO. 16.

CUTTINGS AND CUTTINGS.

BY L. H. BAILEY.

]ERHAPS no subject connected with the grow-

ing of plants awakens so much popular

wonder and inquiry as their propagation by

means of cuttings and grafts. We assume

that propagation by means of seeds is the

natural way, and therefore do not wonder,

notwithstanding that it is wonderful. We
assume that propagation by cuttings is wholly

unnatural, and therefore never cease to won-

der, notwithstanding that is less wonderful than the other. To
common minds, common things are not wonderful. Mere com-

monplace familiarity takes away the charm, for such minds

have no desire of inquiry. The well trained mind goes beneath

the surface, and wonders at everything ; and this wonder, grown
old and wise, is the spirit of science.

A plant does not have a definite number of parts, as an animal

does. It may have ten branches or fifty. Each of these

branches may do what every other branch does,—produce leaves,

flowers, fruits, seeds. It is not so with the higher animals, for

in them each part may do something which some other part can-

not do : if the part is a leg, it runs ; if an ear, it hears. Each

part serves the whole animal ; and it cannot reproduce the ani-

mal. But in the plant, each branch lives for itself ; it grows on

the parent stock : or, if it is removed, it may grow in the soil.

And if it grow in the soil, it is relieved of competition with other

branches and grows bigger : it makes what we call a plant.

Having thus bewildered my reader, I may say that a bit of a

plant stuck into the ground stands a chance of growing ; and

this bit is a cutting. Plants have preferences, however, as

to the kind of a bit which shall be used, but there is no way of

telling what this preference is except by trying. In some
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46.

—

instances this preference has not been discovered, and we say that

the plant cannot be propagated by cuttings. Most plants prefer

that the cutting be made of the soft or growing wood, of which

the "slips" of geraniums and

coleus are examples. Others grow
equally well from cuttings of the

hard or mature wood, as currants

and grapes ; and in some instances

this mature wood maj^ be of roots,

as in the blackberrj'. Somewhat
different principles underlie the

handling of these two kinds of cut-

tings ; and these principles we may
now consider. We shall find it

excellent practice to set the pupils

to making cuttings now and then.

If we can do nothing more, we can

One-half ^^^^ cuttings of potatoes, as the

farmer does ; and we can plant them

in a box in the window.

Geranium cutting
natural size.

The Softwood Cutting.

The softwood cutting is made from tissue

which is still growing, or at least from that

which is not dormant. It must not be allow^ed

to wilt. Therefore, it must be protected from

direct sunlight and dry air until it is well

established ; and if it has many leaves, some

of them should be removed or at least cut in

two in order to reduce the evaporating sur-

face. Keep the soil uniformly moist ; and

avoid soils which contain much decaying

organic matter, for these soils are breeding

places of fungi which attack the soft cutting

and cause it to " damp off.
'

'

For most plants, the proper age or maturity of wood for the

making of cuttings may be determined by giving the twig a

quick bend : if it snaps and hangs by the bark, it is in proper

47.

—

Carnation cut-

ting. Natural size.
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condition ; if it bends without breaking it is too young and soft

or too old ; if it splinters, it is too old and woody.

The tips of strong upright shoots usually make the best cut-

tings. Preferably each cut-

ting should have a joint or

node near its base ; and if

the internodes are short, it

may comprise two or three

joints. Allow one to three

leaves to remain at the top.

If these leaves are large,

cut them in two.

Insert the cutting half

or more its length in clean

sand or gravel. Press the

earth firmly about it.

Throw a newspaper over

the bed to exclude the

light—if the sun strikes it—and to prevent too rapid evapora-

tion. See that the soil is moist clear through, not on top only.

?.

—

Rose cutting. More than one-half natural
size.

49. —Cutting-bed, showing carnations and roses.

Mason's sand is good earth in which to start cuttings. Or

fine gravel—sifted of most of its earthy matter—may be used.

If the cuttings are to be grown in a window, put three or four

inches of the earth in a shallow box or a pan. A soap box cut
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in two lengthwise, so that it makes a box four or five inches

deep—like a gardener's flat—is excellent.

If the box does not receive direct sunlight, it may be covered

with a pane of glass to prevent evaporation ; and then the chil-

dren may see the plants more readily. But take care that the

air is not kept too close, else the damping-off fungi may attack

the cuttings and they will rot at the surface of the ground. See

that the pane is raised a little at one end to afford ventilaton
;

and if water collects in drops on the under side of the glass,

remove the pane for a time. Cuttings of common plants, as

geranium, coleus, fuchsia, car-

nations, should be kept in a

living-room temperature.

The pictures are better than

words. The line across them

shows where the soil comes.

There are softwood cuttings

of geranium (Fig. 46), car-

nation (Fig. 47), and rose (Fig.

48) ; and there is a garden-

er's cutting-bed (Fig. 49) with

cuttings of carnations and

roses.

Be patienti As long as the

cuttings look bright and green, they are safe. It may be a

month before roots form. When roots have formed, the plants

will begin to make new leaves at the tip. Then they may be

transplanted into other boxes or into pots. The verbena in

Fig. 50 is just ready for transplanting. Each child will w^ant a

plant.

It is not always easy to find growing shoots from which to

make the cuttings. The best practice is to cut back some old

plant severely, then keep it warm and well w^atered, and thereby

force it to throw out new shoots. The old geranium plant from

the window garden, or the one taken up from the lawn bed, may
be served this way. See Fig. 51. This may seem hard treat-

ment, but that is all the old plant is good for ; it has passed its

usefulness for bloom. The best plants of geranium and coleus

50-— Verbena ciittins; ready for trans-
planting. Two-thirds natm'al size.
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aud many window plants-are those which are not more than one

year old. The cuttings which are made in January, February.

or March, will give compact blooming plants for the next win-

ter ; and thereafter new ones take their place.

Some plants may be propagated by means of cuttings of leaves.

The Rex begonias or "beefsteak geraniums" are the commonest

examples. The large, nearly mature leaf is divided into trian-

gular pieces, each piece containing at its point a bit of the leaf-

base (top of the leaf-stalk). This kind of cutting is shown

in Fig. 52. This base is some-

times split (as at o) by garden-

ers to hasten the formation of

roots. Only the tip of the cut-

ting is stuck into the sand ; other-

wise it is treated like other

softwood cuttings.

The Hardwood Cutting.

Many plants grow readily

from cuttings of ripe or dormant

wood. The willows cast their

branchlets in snow and wind, and

these, falling in pleasant places,

propagate their kind ; and thus

the river sides and the lake s\-^orts ^^_oid geranium plant cut back to

become willow-crowned. make it throw out shoots from
_. ^ , . which cuttiuiTS can be made.
Grapes, currants, gooseberries,

poplars, readily take root from

the hard wood. Fig. 53 shows a currant cutting. It has only

one bud above the ground.

Best results are attained when the cuttings are made in the

fall, and then buried until spring in sand in the cellar. They
are not idle while they rest. The lower end calluses or heals,

and the roots form more readily when the cutting is planted in

the spring. But if the children are interested, take cuttings at

any time in winter, plant them in a deep box in the window, and

watch. They will need no shading or special care.
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Begonia leaf cutting
size.

Natural

When plants of any variety are scarce, the cuttings may be

shorter. Sometimes they are reduced to a single "eye" or bud,

with an inch or two of wood

attached ; and these single-eye

cuttings are planted much as

one plants seeds.

The Graft.

If the cutting were planted in

a plant rather than in the soil,

we should have a .

graft ; and the I*

graft might grow.

In this case, the

cutting would not

make roots, but it

would grow fast

to the other plant, and the twain would become

one. When the cutting is inserted in a plant, it

is no longer called a cutting, but a cion ; and the

plant in which it is inserted is called the stock.

The completed thing—cion growing in the stock

—is a graft.

Plants are particular as to their companions,

when it comes to such close relationships as these.

They choose the stocks upon which the}^ will

grow ; but we can find out what their choice is

only by making the experiment. There are queer

things about it. The pear grows well on the

quince, but the quince does not grow so well on the

pear. The pear grows on some of the hawthorns,

but it is an unwilling subject on the apple. Tomato
plants will grow on potato plants and potato plants on tomato

plants. When the potato is the root, both tomatoes and potatoes

may be produced ; when the tomato is the root, neither potatoes

nor tomatoes will be produced. Chestnuts will grow on some
kinds of oaks.

Why do we graft? Think a bit. If I sow seeds of a Baldwin

3.

—

Currant cut-
ting. One-third
natural size.
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apple, I will probably have as many kinds of apples as I have

trees. Some of these apples may be like the Baldwin, and they

may not. That is, apple seeds do not reproduce the particular

variety. They will not be held to any stricter account than

merely to produce apples ; these apples may range all the way

from toothsome kinds to Ben Davis. The nurseryman

knows this, and he does not wait for the trees to bear in

the hope that they will produce something to his liking.

So he grafts them when they still are young,—takes a cion

from the kind which he wishes to perpetuate. So it hap-

pens that all the Baldwins and Kings

and Russets, and all other named varie-

ties, are growing on alien roots ; and

what kinds of fruits these stocks would

have produced, no one will ever know,

because their heads were cut off in

their youth and heads were put on to

order. In this waj' apples and pears

and plums and peaches and cherries

and apricots are propagated, for they

will not grow readily from cuttings. ^j

But raspberries and blackberries and
, . . , 54 — CzoJt

gooseberries and currants and grapes for cUft-

grow willingly from cuttings, and One -half° ° ° natural
they are not grafted by the nursery- size.

man.

The forming, growing tissue of the trunk

is the cambium, lying on the outside of the

woody cylinder, beneath the bark. In order

that union may take place, the cambium of

the cion and the stock must come together.

Therefore, the cion is set in the side of the

stock. I once knew a man who believed that

everything was designed for some useful purpose. The hole in the

pith bothered him, until he discovered that a cion just filled it.

He grafted his trees accordingly ; but the experiment was pro-

ductive of nothing except pithy remarks.

There are many ways of shaping the cion and of preparing

55.— Cleft-graft. One-
half natural size.
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the stock to receive it. These ways are dictated largely by the

relative sizes of cion and stock, although many of them are

matters of mere personal preference. The underlying principles

are two : see that there is close contact between the cambiums
of cion and stock ; cover the wounded surfaces

to prevent evaporation and to protect the

parts from disease.

On large stocks the common form of graft-

ing is the cleft-graft. The stock is cut off

and split ; and in one or both sides a wedge-

shaped cion is firmly inserted. Fig. 54 shows

the cion ; Fig. 55 the cions set in the stock
;

Fig. 56 the stock waxed. It will be seen

that the lower bud—that lying in the wedge

—is covered by the wax ; but being nearest

the food supply and least exposed to weather,

it is the most likely to grow : it pushes

through the wax.

The wax is made of beeswax, resin and

tallow. The hands are greased, and the wax
is then worked until it is soft enough to spread.

For the little grafting which any

school would do, it is better to

buy the wax of a seedsman.

However, grafting is hardly to

be recommended as a general

school diversion, as the making of cuttings is ; and

this account of it is inserted chiefly to satisfy the

general curiosity on the subject. But we hope that

now and then a youngster will make the effort for

himself, for nothing is more exciting than to make

a graft grow all by one's self.

Cleft-grafting is done in spring, as growth begins-

The cions are cut previously, when perfectly dor-

mant, and from the tree which it is desired to prop-

agate. The cions are kept in sand or moss in the cellar. Limbs

of various sizes may be cleft-grafted,—from one-half inch up to

four inches in diameter ; but a diameter of one inch is the most

56.— The g7-aft waxed.

57. — Shield-
b ud d i n g.
One-halfnat-
ural size.
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convenient size. All the leading or main branches of a tree top

may be grafted. If the remaining parts of the top are gradually

cut away and the cions grow well, the entire top will be changed

over to the new variety in three or four years. Each cion may

be a different variety ; but there is no difference in the opera-

tion or the treatment of the tree.

On young or small stocks, like nursery trees, the

cleft-graft is not practicable, and a different form of

grafting is employed ; but the teacher will not care to

be confused with further details.

We have seen that a cutting may be reduced to a

single bud ; so may a cion. If the bud-cion has

very little or no wood attached, and is inserted under-

neath the bark, the operation is known as budding.

The commonest form of budding is shown in Figs. 57,

58, 59. This is the method known as shield-budding,

because the bud, wnth its attached bark, is shield-shape ^s--^'^ *«^

(Fig. 57). A T-shape incision is made in the stock, on'/-M/

and under the bark the bud is inserted (Fig. 58) ; then ",1'"/"^

the wound is tightly bound with soft cord or bast.

Budding may be performed whenever the bark will

" slip" and when well grown buds can be secured,

—that is, either in spring or late summer. It is

usually performed at the latter season ; and then

the bud does not throw out a shoot the same sea-

son, but merely grows fast to the stock. The next

spring it throws out a shoot and makes a trunk
;

and in the meantime the stock has been cut off

just above the bud. That is, the bud-shoot takes

the place of the top of the stock.

Shield-budding is performed only on small and

young stocks. It is usually exclusively employed

in the propagtion of stone fruits, as cherries, peaches, plums,

apricots, for experience has proved that it is preferable to other

forms of grafting. It may also be employed for other fruit trees.

How is a peach tree made? In 1898, a pit or seed is saved.

In the spring of 1899, it is planted. The young tree comes up

quickly. In August 1899, the little stock has one bud—of

59.— Tfif bud tied.
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the desired variety—inserted near the ground. In the spring

of 1900, the stock is severed just above the bud : the bud throws

out a shoot which grows to a height of four or six feet ; and in

the fall of 1900 the tree is sold. It is known as a year-old tree
;

but the root is two years old.

How is an apple tree made? The seed is saved in 1898,

planted in 1899. The seedlings do not grow so rapidly as those

of the peach. At the end of 1899, they are taken up and sorted
;

and in the spring of 1900 they are planted. In July or August,

1900, they are budded. In the spring of 1901 the stock is cut

off above the bud ; and the bud-shoot grows three or four feet.

In 1902, the shoot branches, or the top begins to form ; and in

the fall of 1902, the tree may be sold as a two-year-old, although

most persons prefer to buy it in 1903 as a three-year-old. In

some parts of the country, particularly in the west, the little

seedling is grafted in the winter of 1899-1900, in a grafting-

room ; and the young grafts are set in the nursery row in the

spring of 1900, to complete their growth.

I have now given my reader an elementary lesson in horti-

culture ; but I shall consider it of little avail if it is not trans-

formed into practice for the children. February is the

gardener's time for the starting of his cutting-beds, in which to

grow plants for the summer bloom. Ask the children to bring

the old geraniums and fuchsias and coleus, and other favorites.

Keep them in a warm window ; cut them back ; see that they

are well watered ; then take the cuttings when the time comes.

The children will be interested to watch the fortunes of the

different cuttings. They will be interested in Vergil's couplet,

as set to rhyme in old English :

Some need no root, nor doth the Gardner doubt,

That Sprigs, though headlong set, will timely sprout.



NOTES.

HE project of organizing the children of the

state into nature-study bands or clubs is meet-

ing with unexpected success. The Junior
Naturalist Club is organized, in the language
of its charter, that "every member thereof

shall love the country better and be content to live therein." The
Cornell Nature-Study movement has for its purpose the awakening
of a love for natural and native things. It stands for naturalness

and freedom. It would deepen every life which it touches, by giv-

ing it fuller sympathy with everything that is and by enriching its

experience. It does not attempt to teach elementary science,

nor primarily to popularize knowledge ; and herein it differs from
other nature-study movements. It is not seeking to make
investigators of the coming generation, to the end that the

boundaries of science maj^ be widened. It wants to teach the

child how to live. It is the spirit, rather than the letter, that

quickeneth.

' Each Junior Naturalist Club receives a charter, and each
member may receive a button. Each member pays dues twice

each school month by sending a letter on something which has
been seen or studied. Often these letters are the school-room

compositions concerning nature subjects. Each month we issue

to the clubs a Junior Naturalist I,esson, suggesting what topic

may be studied to advantage. This fall we have made much of

the topic " seed travelers ;" and our office has been full of seeds

from the four corners of the State. How much the little minds
have opened as they have pictured the journeys of the thistle-

down and the stick-tight, no one can ever know.
* * *

A School of Nature-vStudy for teachers is offered at Cornell

in the summer of 1900, as in 1899. Term opens just after

the Fourth, and continues six weeks. Because of lack of room
and equipment, the number of students is limited to one hundred.
First come, first served. Applications are already coming in. To
teachers in New York vState, there is no tuition. Instruction is

given in three general subjects by Professors Roberts, Comstock
and Bailey. This instruction comprises a full course in itself.

It is a one-session course. Persons who desire advanced instruc-

tion, register in the other courses of the summer session.



UNCLE JOHN'S TALK WITH THE CHILDREN.

F YOU have not yet organized a Junior Nat-

uralist Club in your school, we most cordially

invite you to do so. If you desire it, we
will gladly mail you instructions. By the

instructions you will learn all about the

election of club officers, the charter, monthly

lessons, and the conditions under which we
send badge buttons. The observations of

the month can be made the topic for com-

positions and drawings, and these are sent to us once or

twice each month and are considered by us as payment of dues.

For each member there is an index card in our office on which

his record is kept.
^ ^ ^

In our plans for simplifying the work never for a moment
have we entertained the idea that the thousands of letters

received as dues should be neglected. Never do we pick up a

letter without the feeling that its production meant much to the

author and that it is entitled to respectful consideration.

Those of our staff to whom this work falls, have become expert

in " catching the key " of each letter when reading the first few

lines. The original, unpruned letter, expressing the natural boy

or girl, pleases us most. We want their ideas more than their

scholarship.
* :4: *

Ideally one might suppose that our most enthusiastic clubs

would come from outside of the city, where Nature is to be

observed. While we have had very gratifying reports from

such quarters, we have been much delighted by the zeal shown

by clubs in such citiesas Albany, Auburn, Binghamton, Brooklyn,

Buffalo, Cohoes, Corning, Dunkirk, Elmira, Gloversville,

Johnstown, Jamestown, Lockport, New York, Niagara Falls,

New Rochelle, Olean, Poughkeepsie, Rochester, Schenectady,

Syracuse, Uticaand Yonkers.
Hs H; *
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If you know of any boys or girls or adults who by reason of

illness belong to the band of " shut-ins," you may perhaps be

doing them a favor by placing us in touch with them. You

understand that all our services are free.

* * *

When preparing dues for mailing, put them in envelopes or in

rolls with plain wrapper. Do not fail to give name and address

in upper left hand corner of the envelope or roll. It is well to

do this even when identification cards are placed inside. When
sending letters or drawings, pasteboard sides are unnecessary

and when used add much to the postage.

;i< * *

We must again speak of the conditions on which we send the

badges or buttons. They are not sent as a bonus or premium

for joining a Junior Naturalist Club, but as a testimon}^ that the

recipient has done faithful work in Nature-Study. So far as pos-

sible, we rely upon the judgment of the teacher when such con-

ditions have been complied with, and to her we consign the

buttons for distribution. We wish them to be badges of honor

and not be cheapened by being worn by the undeserving.

We shall continue to send monthly lessons to all Junior

Naturalists. We find that most interest is found in the study

of living and growing things, and material for such is not so easy

to obtain during January and February. We shall, however,

select topics suceptible of some illustration. Perhaps it will be

just as well to exact but one set of dues for these months.
* * *

As soon as possible after receiving the roster of a club, we send

a charter. During October and a part of November we were

unable to be as prompt in doing this as we desired. No doubt

some of our Junior Naturalists felt impatient by such enforced

neglect, but we are sure we suffered more than they. It is not

an easy thing to register twenty-one thousand boys and girls.

We have done this and now know where to find each one and

also the address of the teacher by whom the work of the club is

conducted.
:|: :1c *
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We are often asked—"Will it not answer your purpose of

dues just as well if we send you a few samples?" No, it will

not by any means. A record of the work done by each boy

and girl is kept in our department on a card, and we want the

communications of everj- member so that proper credit can be

given.
* * *

The inquiry is not infrequent—"What do you do with the

thousands of letters in the form of dues sent each month?" We
are glad to assure all Junior Naturalists that each letter received

in payment of dues is handled with great respect and proper

credit given on each card.

* ^ >i<

The Junior Naturalist family now numbers more than 21,000

boys and girls. They live in many states ; and there is one club

in Egypt and another in Tasmania.

A Junior Nuturalist Club House.
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TEACHER'S LEAFLET NO. 17.

THE BURST OF SPRING.

I. The Opening: of the Buds. (Z,. H. Bailey)

PRING is coming ! The buds will burst

and the birds will sing !

How do the buds burst ? Watch them
as the spring opens ; or if you are impa-

tient, cut long twigs and place them in

bottles of water in a living-room, and the

buds will swell. First notice what the winter

buds are like, — that they are spherical, or

oblong, or conical bodies lying close to the

limb and tightly covered with scales. Notice

that there is a mark or scar beneath the bud,

showing where a leaf was borne.

It is excellent practice to collect winter twigs

of different kinds of trees and bushes, and to

compare the form and color of the shoots, and

the size, shape, color and make-up of the buds.

La}^ the twigs side by side on the table and

notice how one differs from the other. What part of the twig grew

last year? Notice the "ring" at the base of the last year's growth.

After all the differences are noted, put the twigs in water, as 3^ou

would a bouquet. Sometimes flowers and leaves will appear. If

the twigs are two or three feet long, the buds are more likely to

grow, for then there is sufficient supply of food (or starch).

Change the water frequenth^ and cut off the lower ends of the

twigs so that a fresh surface will be exposed to the water. It

will be two to five weeks before the buds open, depending mostly

on the kind of plant.

Mark one bud on a maple, or apple, or lilac, or other plant, by

tying a string about the twig. Look at it carefully from day to

day : observe how it opens, and what comes out of it.

The pupil should know that a winter twig has interest.

>i= * *

The bud may be peach or apricot. Soon the bud begins to swell

at its top. The scales open. A white lining appears. This lin-
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ring

ing soou protrudes (Fig. 60). Soon the lining opens. We see

that it is a flower. Or, perhaps the peach bud sends out a green

shoot rather than a flower. There must be two kinds of peach

....4 and apricot buds,—a flower-bud and a leaf-bud. Can
you tell them apart ? The flower-bud is thicker and

rounder. Usually one stands on either side of a leaf-

bud. But the leaf-bud may stand alone. Find one:

any peach tree or apricot tree will have leaf-buds,

but all may not have flower-buds. As the bud expands

and the flower or leaf appears, notice that the bud-

scales fall away. Do not these scales leav^ scars ?

And do not these scars, standing together, make the

which marks the beginning of the new growth ?

Observe a pear bud. Notice that the scales elongate as the bud

swells. You can see the white bases of the scales, marking the

new growth (Fig. 61.) If it is a leaf-bud, the scales

may become three-fourths of an inch long before they

fall. But sooner or later, they are cast, and their

places are marked by scars. If it is a flower-bud,

notice that several flowers come out of it. In the apri-

cot and peach, there is only one flower in each bud.

Each of these little pear

flowers is closed up like

a bud, and elevates itself

on a stalk before it opens :

and this stalk becomes

the stem of the pear fruit,

pear flower-bud contains leaves as

well as flowers. Fig. 62 shows
whatcomesout of apear bud. This,

then, is a mixed flower-bud,-—it

contains both leaves and flowers.

The apricot and peach bear true or

simple flower-buds.

* * >i«

Watch apple buds. The scales

do not elongate as in the pear, but the flower-buds are mixed.

. — Ofi^n-
ing of a
pear bud.

But this

62.— What came out of a pear
bud.
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Fig. 63 shows the expanding cluster from an apple flower-bud.

Four flowers will open ; and there are six leaves. If the buds

are made to open in the house

on severed twigs, the leaves

do not grow so large before ^^
the flowers expand, for the

twig does not contain suffi-

cient food. Fig. 64 is a pho-

tograph of an apple twig

which I had in my window

one winter's day.

* :{: *

Examine a hickory twig.

The illustration (Fig. 65)shows

the " ring " marking the be-

63.

—

Opening of an apple bud.

ginning of the annual

growth. See the large

leaf-scars. Notice that

the terminal bud is much
the largest. It is the

one which will grow.

The other buds will re-

main dormant unless

they are forced into

growth by the death of

the terminal bud or by

other unusual circum-

stance. Notice that

buds differ in size on

shoots of all plants : con-

sider that not all the buds

are to grow : there is

struggle for existence.

When the hickory bud

expands, some of the

scales fall away ; but some of the inner parts enlarge into leaf-

like bodies, as shown in Fig. 66. In some hickories these bodies

become two or three inches long before they fall. Hickories

64.

—

Appleflowers in niidivinier.
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open very late in the season. The Norway Maple, commonly

planted on lawns, behaves in a similar way. Observe the Sugar

Maple.

A twig of the common elm is shown

in Fig. 67. Notice the " ring". See

the two kinds of buds. We suspect

that the three large ones are flower-

buds. With the very first warm days

—before the robin has built her nest

—these three buds will burst ; soon

the red-brown tassels will hang on the

leaflesstwigs. Each tassel is a flower.

Several flowers come from each bud.

We see them in Fig. 68 : and the

leaf-buds have elongated somewhat.

Watch for the fruits or seeds that

-skooi blow about the walks so early in

'{kory.
spring : and note how the leaves ^e.-r^i. opening of a

come out. hickory bud.

^ ^ %

With the first breath of spring, the "pussy willows" come.

'\

67.— Twig of elm.

68.

—

Blossoms of the elm,.

And what are the " pussies"? They are clusters of flowers. So

snugly are the little flowers wrapped in wool, that the
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'

' pussies
'

' are silken-soft as they begin to ex-

pand. Fig. 69 is a willow shoot. Find one

when the buds first begin to burst. Notice the big

brown-black scale that covers the bud as a shield and

falls when the "pussy " first begins to appear.

* * *

And now what is a winter bud ? It is a miniature

shoot or flower, resting for the time, and snugly

wrapped for the long winter. It was made last season.

It is ready to leap into growth the moment the warm

rain of spring wakens it. A good hand lens will

show the embryo

branch, if a section

is made of the bud.

This bud is not

only ready-formed,

but it is ready-fed.

The winter shoots

contain starch. On
a cut surface of a

dormant twig, ap-

ply a drop of tinct-

ure of iodine ; note

the bluish color,

which is indicative

of starch. This starch is insoluble ; but with the first

awakening of life, it changes int5 sugar, which is

soluble and is transferred to the growing point. The

burst of spring is made possible by means of this

stored food. Notice the azalea in the florist's window

(Fig. 70). The large flower-buds were formed the

year before, and it is a short operation to force them

into bloom. The flowers come in advance of the leaves
;

therefore these leaves could not have made the food

required for the bloom. The blooming of the apple

twig (Fig. 64) in the winter shows that the food is in b^.-The open-

the twig and buds. Once I drew a branch of a tree into pu"fywiiiow.

70.

—

Bloom of azalea.
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a room and fastened it there. It made leaves and began to grow
while the tree to which it was attached was perfectly dormant

(Fig. 71).

L 4

71.

—

Branch oj a tree bearing leaves inside a window^ when
the tree itself is dormant.

* * *

Not only are the buds ready-formed and ready-fed, but they are

covered. Snugly is the tender, growing point protected. Pull

away the scales of a winter bud one by one. Observe how closely

they are placed. Often the chinks are filled with a packing of

wool, or are sealed with varnish. Dip the bud in water : then

see if the water permeates the covering. The chief value of the

bud-covering is not to protect from freezing, as commonly sup-

posed, but to prevent the soft growing parts from drying out.

* * >i<

The plants are waiting for spring. They are ready.



II. The Early Birds. {Louis Agassiz Fueries.)

FTER a long winter, many of us are too impatient for

spring to wait for the swelHng of the buds, the open-

ing of the earl}^ flowers, and the springing of the

grass. Several weeks lie between the end of

winter and the truly genial spring day s, and during

this interval we look for something to herald the

settled spring season. And the thing which gives

us that for which we are unconsciously looking, more than

all other signs, is the arrival of the birds. Who has not

warmed to the quavering call of the first blue-bird, or been sud-

denly thrilled some early spring day with the sunny notes of the

song-sparrow !

In the southern part of this state, notably in the lower Hud-
son Vallej^ several birds spend thelwinter which elsewhere we are

accustomed to see only after the winter has passed. Among these

are the blue-bird, robin, song-sparrow, white-throated-sparrow,

meadows-lark, and possibly purple-finch. But in most of the

state we must wait until the first or second week in March before

we can be sure of seeing au}^ of them. It is a question which of

the earlier birds will first make its appearance, as these early

migrants are much less regular in their movements than those

that come late in April and in May, after the weather has become

settled. Many a robin and blue-bird arrives during some earh^

warm "spell," to find himself suddenly surrounded by flying snow
and blown about by cold winds. But these and a few other hardy

ones seem able to stand such rebuffs with great equanimity, and

the momentary shining of a fickle March sun will often evoke

some pent up song-sparrows' notes from the shelter of a hedge

or thicket. Robins, blue-birds, song-sparrows, cowbirds, meadow-

larks, phoebes, bronzed grackles, kingfishers and doves may be

looked upon as the vanguards of the hosts of migrating birds

that come to us each year, and the first four or five may be

expected almost any time after the first week in March. If the

winter has been late, these may not appear until the middle or
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even the latter part of the month, in which case one is bus)^

keeping track of the arrivals, as the other birds have caught up

then, and all come nearly at the same time.

It is unnecessary to give detailed descriptions of robins,

bluebirds and song-sparrows, as nearly everyone is familiar with

them ; but some of the other early comers may be more easily

recognized if some field impressions of them be given.

Almost any warm day in early March we may hear a thin,

clear " tsssss " in a high piping key, and on looking up see from

one to five black birds, about the size of orioles, flying in a

strange undulating manner—some up and some down, with the

wings held close to their sides during the

"drop" in their flight. They are cow-

birds. The flock may swirl into the top of

a tree and sit close together. (Fig. 72.)

If this happens within eyeshot, stop and

watch them for a moment . One or two of the

males are almost certain to utter the ridicu-

lous song of the species, which, like that of

their relatives, the grackles, is accompanied

b}^ the the most grotesque of actions. The
bird spreads its wings to their utmost,

spreads and elevates the tail, stretches its

neck upwards and forwards, and then, quivering and tottering,

nearly falls forward off the perch. The only sound which accom-

panies this absurd action is a faint chuckling "clk-sfs'k " which
is scarcely to be heard a hundred feet away.

il; >!c *

With the cowbirds we may expect the arrival of the bronzed

grackles, which resemble them much in flight, but are larger

and come in far larger flocks,— sometimes ten, sometimes a

hundred or more. Their arrival is known by the vigorous calls

they utter while flying, a loud bass " jook." When seen squab-

l.ng in the spruce trees or in the bare branches of the willows

fringing the streams, the males are likely to be giving their

"song." It is scarcely more of a note than the cowbird's, a

rusty squeak, and it is accompanied by a contortion in the same

72.

—

Cowbirds.
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manner. It is not such a pronounced effort, however, and is

often only a slight shudder and shrug of the shoulders. They

feed, like cowbirds, mostly on the ground, and walk about most

sedately in the grass like small crows. In tall grass, however,

they waddle too much to be graceful. When taking flight they

spread their long pointed tails in a very peculiar and character-

istic manner—not out in a horizontal plane, like most birds,

but up at the sides in the shape of a gardeners' trowel, which

gives them an extraordinary appearance.
>(; * *

The redwings begin to come into the marshes soon after the

grackles, and are at that time in full feather and song. Their

rich, deliberate "clonk-ka Irrrrrrr," interlarded with the clear pip-

ing whistles of some of the flock, make a concert of bird-notes

very dear to all who are familiar with it. In their scarlet and

black velvet dresses these birds are impossible to mistake, whether

seen chasing over the marshes, singing from an elm-top, or bal-

ancing with spread tail upon some tall reed stalk.

* * *

There is a bird-note so often and so justly mistaken for that

of the phoebe that the error certainly merits correction. The

spring song of the chick-a-dee (which maj^ be heard on almost

any warm day all winter, and is very eas}' to call forth by even a

poorh' whistled imitation) isa clear, pure " eee —" or '
"

which really says
'

' Phcebe
'

' much more plainly than the true

phoebe note, this latter being much lower

in tone, and only to be heard after March is

well on, and almost always in the vicinity of

running streams and brooklets ; while the

gay little chick-a-dee whistles at any time

or place that suits his versatile fancy.

* * *

The mellow flute notes of the meadow

lark (Fig. 73) float to us trom the middle of -^^.-^^eadow larks.

some large, open field, and are among the

most beautiful bits of bird music we ever hear. They are not to

be represented by notes, and can only be most inadequately

described. There is great variation in the sequence of notes.
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but all are beautifully clear and ringing, and have a decided

tinge of what would be sadness if it were not so sweet. The
bird flies in a very characteristic manner, never raising the

wings above the plane of the back, and when seen below the

horizon line always shows the white feathers in the tail. His

saffron breast and black breastmark seldom show on the living

birds, and the mottled brown back is a wonderful safeguard

against his many overhead enemies.
* >f: ^

Two or more doves may be seen winging their headlong flight

through the air. These are among the swiftest of birds, and

are generally out of eyeshot almost before you

have seen them. (That is one way of know-

ing what the}' were.) In flight, they look

like small pigeons with very long graduated

tails, and when, in some old orchard or open

wood you see one rise from the ground into a

tree, the white lateral feathers in the tail make

-i,.—Moiirning ^" easily recognizable mark. (Fig. 74.)

doves. Their cooing notes are well known—a high

pitched " overtone " followed by several long

bell-toned "
o^;;;;,— o'^o," notes.

;i; % -K

About April i to 10, you may hear a scratching in the dead

leaves among the underbrush in any thickl}^ grown tangle, and

upon cautiously coming up, you may discover the authors—-not

big grouse as you may have supposed, but a flock of fine vigorous

fox-sparrows, on their way to their northern breeding grounds.

They are bright bay fellows, with boldly blotched brown and white

breasts, diligenth- scattering the leaves for their food of .seeds,

spiders, ants and other insects. If you have been fortunate

enough not to have been seen you may hear their song,

which is one of the finest of our sparrow songs, readily recog-

nizable as such, though not resembling any of its fellows—a clear

vigorous carol, often ending abruptly with a rather unmusical

"clip." If however, they have seen you, you will be treated

to a sharp '

' tseep !
'

' and a rear view of a flock of rapidly retreat-

ing birds, for they are not sociable (with us, at least) and gener-
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ally take a hint to move on before you know of their presence.

They do not stay long with us on their migration, and seeing

them one day is no indication that you can find them the next.

^ * *

Although the white-throated sparrows spend the winter in our

southern counties, they do not start their northward journey as

early as we might expect, and it is not until the first part of

April that we may be sure of finding them. I have one list,

indeed, that shows their first appearance on May first

!

They are to be found in similar places to those which the fox-

sparrows choose, and are very similar to them in habits, but the

boldly striped head and gray breast are very distinctive marks.

Almost all of our native sparrows have a call

note, the " tseep " note, which is hard to

distinguish in the different species without

much patient listening—and I doubt if any

person is infallible in this distinction. The
white-throat has this note, as well as the

song-sparrow, tree-sparrow, (a winter bird)

fox-sparrow, white-crown, chippy, field-

sparrow grass-finch, in fact all our brown-

backed sparrows. But the song of the white-
^^'"^^^^tS^"'"'''^^'^

throat is his own, and may be heard frequently

during his very leisurely journey through our state. His

Canadian name, " Peabody bird " is descriptive of his notes,

"
, ,

." When a number get together and

whistle, as if they were singing a round, it makes a very sweet

concert.

* * *

One of the foremost birds in the spring movement is the grass-

finch (vesper-sparrow or bay-winged bunting). It is to be

found in open fields and along roadside fences, in company with

meadow larks, and its sweet song may be heard almost any warm
evening after the middle of April. Unlike most of our birds,

this sparrow sings at its best late in the afternoon and during twi-

light, which perhaps makes its song seem the sweeter. It is rather

a gentle song, though to be heard at some distance, carrying

quite as far as that of the song-sparrow. Although the quality
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of voice is somewhat similar in these two birds, the grass-finch

lacks the merry abandon that characterizes the song-sparrow's

song, but has instead a deeper chord, which is called by some
people sadness. The bird may be easily recognized in the fields

by the white tail-feathers, which always show in flight. It is

about the size and general color of the song-sparrow.

By the time the foregoing birds are comparatively common,
and the maple buds are burst and the lilacs swelling, the gay

purple finch appears. He is not purple at all, but has a crimson

head, which fades on the lower breast through rosy pink into

pure white. He is fond of spruces and larches, feeding greedily

on the tender buds as well as on the ants and scale insects that

infest them. His song is a fine one, and in addition to the charm
of being poured forth in full flight, is so long and intricate that

one finds himself holding his breath as the burst of melody con-

tinues, as if to help the little fellow catch up with his music.

Along the banks of some lake or stream, sitting idly on a

telegraph pole or wire, rising and settling, elevating and depress-

ing his long parted top-knot, a patriarchal old kingfisher maybe
seen silently awaiting the gleam of

a shiner in the water below (Fig.

76). Or perhaps you may first see

him flying like a big woodpecker,

screaming his chattering cry high

in the air, or scaling periously

close to the water under the fring-

ing hemlock branches that over-

hang the stream. His large size,

slate-blue back, loud notes and

characteristic flight make him a

hard bird to mistake in any case.

>k * *

There are many other birds which pass us on their way

north, but they rather herald the summer than the breaking of

spring. The following list of spring migrations is taken from

Mr. Chapman's "Handbook of the Birds of Eastern North

76. —Kingfishef .
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America," and was compiled for use about New York City. The
dates nearly coincide with those I have found about the central

part of the state, and are, in the main, only a few days in

advance of those for the northern countries. The latter dates in

the column are about what may be taken for the middle tier of

counties.

It is the earnest hope of the writer that these few very

brief sketches may be of use to those interested in entering

the delightful field of the study of birds
;
your experience

may and probably will be different from that which I have

cited, which only goes to show that everyone must really see for

himself, and not only that, but by so doing may make new
observations and get new ideas on practically all of even our best

known birds. Birds are not, as a rule, hard to watch, and the

patience it requires to sit still and " be a stump" long enough

for birds to cease noticing you is soon and amply repaid by the

new insight into an unknown realm which is sure to follow.

LIST OF BIRDS COMPRISING THE SPRING MIGRATION.

(Until April 20—Approximate.)

{TakenJrom Chap^nan's Handbook of Birds.of Eastern North Atnerica.)

Date of arrival.

Feb. 15-Mar, 10.

Mar. 10-20.

Mar. 20-31.

April i-io.

Purple Grackle

Rusty Grackle

Red-winged Black

bird

Robin

Bluebird

Woodcock
Phoebe

Meadow L,ark

Cowbird

Fox-sparrow

Wilson's Snipe

Kingfisher

Mourning Dove
Swamp-sparrow
Field-sparrow

Great Blue Heron
Purple Finch

Date of arrival.

April I-IO.

April 10-20.

Vesper-sparrow

Savanna-sparrow

Chipping-sparrow

Tree Swallow

Myrtle Warbler

American Pipit

Hermit Thrush

Yellow-bellied

Woodpecker
Barn Swallow

Yellow Palm War-
bler

Pine Warbler

Louisiana Water
Thrush

Ruby-crowned

Kinglet.



III. The Opening of a Cocoon. {Mary Rogers Miller.)

MONG the comiEonest treasures brought into the

school by children in the fall or winter are the cocoons

of our giant silk worms. If one has a place to put

them where the air is not too warm or dry, no special

care Avill be necessary to keep them through the

winter. Out-door conditions must be imitated as

nearly as possible. If early in the fall one is for-

tunate enough to meet one of these giants out for

a walk, it is the simplest thing in the world to

capture him and watch him spin his marvellous

winter blanket. Two members of this family of giant insects are

quite commonin this state : the largest, the Cecropia, called some-

times the Emperor, and the Promethea.

77.

—

Cocoon of the Cecropia moth. It sometimes hangsfrom a twig
of somefruit tree.

The Cecropia moth often measures five or six inches across

—

a veritable giant. Its main color is dusty brown, with spots and

bands of cinnamon brown and white. On each wing is a white

crescent bordered with red and outlined with a black line. The
body is heavy and covered with thick, reddish-brown hairs crossed
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near the end with black and white lines. On its small head are

two large feathery feelers or antennae. The Cecropia moth

emerges from the cocoon, full grown, in early summer when out of

doors. Those kept in the house often come out as early as March.

The eggs are deposited by the adults upon apple, pear, cherry,

maple and other shade and fruit trees. Professor Comstock

says that the spiny caterpillars which hatch from the eggs in

about two weeks, are known to feed upon the leaves of some fifty

species of plants. One could therefore hardly make a mistake in

offering refreshment to these creatures, since they are anything

but epicures. The full-grown caterpillar, having spent the sum-

mer eating and growing, with now and then a change of clothes,

is often three inches long and an inch in diameter. It is a dull

bluish-green in color. On its back are two

rows of wart-like protuberanceser (tub-

cles), some yellow, some red, some blue.

As there is nothing else in nature which is

just like it, one need have no difficulty in

recognizing the Cecropia in its different

phases.

The cocoon which this giant silk worm
weaves is shown in Fig. 77. It may be

found on a twig in some tree in the door-

yard, but sometimes on a fence-post or

equally unexpected place. Inside the cocoon the brown pupa,

alive but helpless, waits for spring.

After the moth comes out, it is interesting to examine the

structure of the cocoon, and to discover how the moth managed

to free itself without destroying the silken blanket (see Fig. 78).

* * 5f:

Swinging loosely from last summer's twigs in lilac bushes, and

OH such trees as wild cherry and ash, one often finds the slender

cocoons of the Promethea moth (Fig. 78). We cannot help admir-

ing the skill and care displayed by the spinner of this tidy winter

overcoat. The giant silk worm which spun it chose a leaf as a

foundation. He took care to secure himself against the danger

of falling, by fastening the leaf to the twig which bore it by

means of shining strands of silk. It is easy to test the strength

78. — End of cocoon of
Cecropia, inside view,
showing where the moth
gets out.
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of this fastening by attempting to pull it loose from the twig.

The moths which come from these cocoons do not always

look alike, but they are all brothers and sisters. The
brothers are almost black, while the wings of the sisters are

light reddish brown, with a light grey wavy line

crossing the middle of both wings. The margins

of the wings are clay-colored. On each wing

a dark velvety spot. The adults

emerge in spring and are most often

seen in the late afternoon. Their

flight is more spirited than that of

the Cecropia, which moves very

sedately as becomes a giant.

* ;(; H=

The caterpillars of this species, the

methea, feed during the summer on

wild cherry, ash and other trees.

to be about two inches long, and are

ed from others by their pale bluish

and yellow legs. They also have rows

elevations on their backs, some black

four of a bright red and one large and
I ' the hindmost end. 79

young Pro-

le a ve s of

They grow
distinguish -

green color

of wart-like

and shining,

yellow near
Cocoon of Pro-

m e t h e a-m at h
fastened to a twig

;(; * ^ with silk.

The life of these giant insects is divided into four dis-

tinct stages : the ^zz, deposited by the adult moth
usually on or near the food plant ; the larva, or cater-

pillar stage, when most of the eating and all the grow-
ing is done ; the pupa, passed inside the cocoon woven
by the larva ; and the adult, a winged moth.

The life cycle or generation is one year, the winter

being passed in the pupa stage. The insect lives but

'''pfomexhel, ^ short time in the adult stage and the &%% stage is

'ien^ihJi"e ^^^ ^^^ ^^ three wccks. Most of the summer is devo-

vafT^JA'e ted to the caterpillar phase of its life.

feTVnd, These creatures are entirely harmless. They seldom

^whi°chthe appear in numbers sufficient to make them of economic

f:l\:Tits importance.
way out.



NOTES.

Have you done anything towards establishing a school garden?

If you know of any interesting efforts in that direction, we should

be glad if you would let us know about them. Do you know of

any school premises which have been planted and ornamented ?

If you are interested in garden-making b}'' children, our Leaflet

No. 4 ("A Children's Garden"), is at your disposal. Our
Bulletin i6o will give you suggestions for the planting of the

school ground.

We wish to inaugurate a movement for flower-shows and other

nature-study exhibitions in schools and churches. If you have

had experience, please give us suggestions.

* * *

Good subjects for spring work are : The Soil (Leaflet No. 15)

;

toads (No. 9); tent-makers (No. 5); apple twigs (No. 3), par-

ticularly in connection with the present Leaflet ; showers

(No. 14); birds (No. 10).

* * *

Persons frequently ask if we believe in teaching sentiment in

nature-study. We disapprove of sentiment and poetic interpre-

tations when they give the wrong point of view, and when they

substitute mere emotion for patient inquiry. Sentiment should

be incidental in any interpretation of nature. Yet we have a

right to the poetic interpretation. Scientists are likely to go so

far as to forbid the use of figures of speech and of parables :

this is unfortunate. A metaphor or parable may be of distinct

value when it teaches a true lesson or drives home a point, even

though it is not literally true. One is justified in saying, to

some audiences, that a potato puts up a lunch for future use.

Everybody knows that the statement is a metaphor. He knows
that a potato has no brains. The statement does not mislead.

If one cannot say that much about a potato, it is not allowable

to say that it has eyes. One can scarcely speak a sentence with-
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out saying things which are not literally true under all condi-

tions. Even astronomers say that the sun sets. Persons who
insist that every statement about nature must be literally true,

take the life and spirit out of writing and conversation. They
might say that Bryant's lyric, " Robert of Lincoln," is untrue :

the bird is not '

' drest
'

' since he has no clothes ; he has no

"Quaker wife" since he is mated, not wed. Yet there is more
real bob-o-link in Bryant's poem than in the formal descrip-

. tions of the bird.

Yet, we wish to protest against that teaching of nature which

is mere sentimentalism, which makes the "goody-goody " part

of the work so prominent that it becomes the child's point of

view. Interest in things themselves should be the primary

motive : sentiment comes chiefly as a result. But if there is

danger of making sentiment too prominent, there may be equal

danger in insisting on a perfunctory scientific point of view.

* * *

The publications of the Cornell Bureau of Nature-Study and

Farmer's Reading-Course are four : Nature-Study Quarterlj^,

for teachers ; Home Nature-Study Lesson, for teachers
;
Junior

Naturalist Monthly, for children ; Farmer's Reading-Lessons

(with quizzes), for farmers. Aside from these, the College of

Agriculture publishes the regular Experiment Station Bulletins.

With so many publications, it is desirable to keep the mailing

lists as small as possible and yet serve those persons who
earnestly desire them. The lists are revised, in order to eliminate

" dead " names. The lists as they now stand are " live " lists.

They are approximately as follows (March 9, 1900) :

Teacher's leaflets 26,000 names
Teacher's home lessons 2,000 "
Junior naturalists 30,000 "
Farmer's Reading-Course 17,000 "

Bulletins 20,000 '

'

95,000 names

The incidental personal requests for the publications con-

siderably increase this constituency.

L. H. Bailey, Chief,

John W. Spencer, Deputy Chief,

Of Bureau of Nature-Study and Farmers' Reading- Course.
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TEACHER'S LEAFLET NO. 18.
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A BROOK.

1^ BROOK is the best of subjects for

nature-study. It is near and dear

to ever^r child. It is a world in

itself. It is an epitome of the nature

in which we live. In miniature,

it illustrates the forces which have

shaped much of the earth's surface.

Day by day and century by century

it carries its burden of earth-waste

and lays it down in the quiet places.

Always beginning and never ceas-

ing, it does its work as slowly and

as quietly as the drifting of the

years. It is a scene of life and

activity. It reflects the sky. It is kissed by the sun. It is

caressed by the wind. The minnows play in the pools. The

soft weeds grow in the shallows. The grass and the dandelions

lie on its sunny banks. The moss and fern are sheltered in the

nooks. It comes one knows not whence : it flows one knows

not whither. It awakens the desire of exploration. It is a

realm of mysteries. It typifies the flood of life. It goes '

' on

forever."

In many ways can the brook be made an adjunct of the

school-room. One teacher or one grade may study its physiog-

raphy ; another its birds ; another may plat it. Or one teacher

and one grade may devote a month or a term to one pha.se

of it. Thus the brook may be made the center of a life-theme.

L. H. B.



L A Brook and Its Work. (/. O. Martin.)

ON a rainy day most of us are driven indoors and thus we miss

some of nature's most instructive lessons, for in sunshine or rain

the great mother toils on, doing some of her hardest labor when

her face is overcast with clouds. Let us find our waterproofs,

raise our umbrellas, bid defiance to the pattering rain and go

forth to learn some of the lessons of a rainy day.

Along the roadside the

steady down-pouring

rain collects into pools

and rills, or sinks out

of sight in the ground.

The tiny streams search

out the easiest grade and

run down the road, dig-

ging little gullies as they

go. Soon these rills meet

and, joining their muddy
currents, flow on with

greater speed down the

hillside until they reach

the bottom of the valley

and go to swell the brook

which flows on in sun-

shine or rain. The
water which sinks into

the ground passes out of

our sight for a time, but

its journey is also down-

ward toward the brook,

though the soil, acting

as a great sponge, holds

it back and makes it take

a slower pace than the

rushing surface water.

This slower-moving underground water percolates through the

8i.— 77!^ brook may he tnade the center of a
life-theme.
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soil until it comes to a layer of rock, clay, or other impervious

substance along the slope of which it flows until it is turned

again to the surface in the form of a spring. Perhaps this

spring is one of those clear cold pools with the water bubbling

up through its sandy bottom from which we love to drink on a

hot summer's day ; or again it is a swampy spot on the hillside

where the cat-tails grow. In whatever form it issues from the

ground, a tiny rill carries away its overflow and this sooner or

later joins the brook.

The brook we see is simply the collected rainfall from the

hillsides flowing away to join the river. It grows larger as

other brooks join it and becomes a creek and finally a river.

But where is the dividing line between brook, creek and river ?

So gradually does the brook increase in volume that it would

be difficult to draw any dividing line between it and the

larger streams. And so with the rills that formed the brook :

each is a part of the river, and the names rill, brook, creek and
river are merely relative terms. If we go to other states, we
should find that in different parts of the country brooks vary

much in size.

Brooks are but small-scale rivers ; and if we study the work
that a brook is doing we shall find it engaged in cutting down or

building up just as the river does, although, owing to the smaller

size of the brook, we can see most of these operations in a short

distance. Let us take our way through the wet grass and drip-

ping trees to the brookside and see what work it is doing.

The countless rain-born rills are pouring their muddy water

into the brook and to-day its volume is much greater than when
it is fed by the slower-moving underground water of the springs,

as it is in fair weather. It roars along with its waters no longer

clear but full of cla}^ and sand (" mud " as we call it).

If we should dip up a glassful of this muddy water we should

find that when it had settled, there remained on the bottom of

the glass a thin deposit of sediment. The amount of this sedi-

ment is small, no doubt, for a single glassful, but when we think of

the great quantity of water constantly flowing by we can see that

considerable sediment is going along with it. But this sediment

in suspension is not all the load that the brook is moving. If
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you will roll up your sleeve, plunge your hand to the bottom of

the brook and hold it there quietly, you will feel the coarser

gravel and small stones rolling along the bottom.

All this load of sand and gravel comes, as we have seen, from

the valley sides, the banks of the brooks and from its bed. It is

moving downward away from its original resting place ; and what

has been the result ? For thousands upon thousands of years

our brook may have been carrying off its yearly load of sediment,

82.

—

A brook cutting under its bank and causing a land-slide.

and though each day's labor is small, yet the added toil of cen-

turies must have been great. The result of this Inbor we can

see in the great trough or valley through which the brook flows.

Tennyson speaks of the ceaseless toil of the brook in the follow-

ing words :

" I chatter, chatter, as I flow
To join the brinnniiig river.

For men may come and men may go,
But I go on forever."

We have seen how the rills and torrents bring into the brook
their loads of .'^and, clay and gravel ; let us walk along the bank
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and see what the brook is doing to increase this load. Just here

there is a sudden turn in the channel and so sharp is the curve

that the rushing stream is not able to keep in mid-channel but

throws itself furiously against the outer bank of the curve, eating

into the clay of which it is composed, until it is undermined,

allowing a great mass of clay to slide down into the stream bed

where it is eaten up and carried away by the rushing water (Fig.

82). Farther on, the brook dashes down a steep, rocky incline

and if we listen and watch we may hear the thud of boulders

hurled along or even see a pebble bound out of the muddy
foami ag water. These moving pebbles strike against each

other and grind along the bottom, wearing themselves out

as well as the large unmovable boulders or the rocky bed of the

brook. Thus the larger stones are ground down, rounded at

first but in time reduced to sand, adding in this way to the mov-
ing burden of the brook. By this slow process of cutting and

grinding the deep rock gorges of New York state, like those set

Watkins, Ithaca, Au Sable Chasm and even the mighty gorge of

Niagara, have been made. The Grand Canyon of the Colorado,

over a mile in depth, is one of the ^greatest examples of stream

cutting to be found in the world.

Now the brook leads us into a dripping woodland and just

ahead we can hear the roar of a little waterfall, for at this point

the cutting stream has uncovered and flows upon the bed rock

with its alternating bands of hard and soft rock through which
the busy brook is cutting a minature gorge. Here is a hard

layer which the stream has undermined until it stands out as a

shelf and over which the water leaps and falls in one mass
with a drop of nearly ten feet. Watch how the water below

boils and eddies
;
think with what force it is hammering its stony

cutting tools upon the rock)' floor. Surely here is a place where
the brook is cutting fast. Notice that swirling eddy where the

water is whirling about with the speed of a spinning top ; let us

remember this eddy and when the water is lower we will try to

see what is happening at its bottom.

On the other side of the woods our brook emerges into a broad

meadow ; let us follow it and see what becomes of its load,

whether it is carried always on or whether the tired brook lays
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it down occasionalh' to rest. Out of the woods the brook dashes

down a steep incline until the foaming tide comes to rest

in a deep pool. What becomes of the large pebbles which have

been swept down ? Do the}^ go on or do they stop ? If you go

to the outlet of the pool you will see that the water is coming

out with nothing in its grasp but the fine clay and sand, the

gravel and pebbles having been dropped by the less rapid current

of the pool. This is one of the most important of the brook's

lessons, for anything that

tends to check the current

makes it drop some of the

sediment that it carries

(Fig. 83). Yonder is an old

tree stump with its crooked

roots caught fast on the

bottom ; the mid-stream

current rushes against it

only to be thrown back in a

boiling eddy and the waters

split in twain and flow by on

either side with their cur-

rent somewhat checked.

In the rear of the stump is

a region of quiet water

where the brook is build-

ing up a pile of gravel.

Farther on, the banks of the

brook are low and here the

waters no longer remain in

the channel, but overflow

the low land spreading out

on either side in a broad

sheet. The increased friction of this larger area reduces the cur-

rent and again we see the brook laying down some of its load.

The sand and gravel deposited here is spread out in a flat plain called

2iflood plain because it is built up when the stream is in flood. It

is on the large flood plains of rivers that many of our richest

farm lands occur. These receive a fresh coating of soil mixed

83.

—

A pile of brook debris deposited
by the checking of the current



125

with fragments of vegetable matter each spring when the stream

is in flood, and thus grow deeper and richer year by year. The

flood plains of the Mississippi and the Nile are notable examples

of this important form of stream deposit.

And now let us make one more rainy day observation before

going back to our warm, dry homes. Just ahead on the other

side of that clump of alders and willows lies the pond into which

the brook flows and where its current is so checked that it gives

up almost all of its burden of sediment. Close to the shore it

has dropped its heaviest fragments while the sand and clay have

been carried farther out,

each to be dropped in its

turn, carefully assorted as

to size and weight. Here

you can see that the stream

has partly filled this end of

the pond and is now send-

ing its divided current out

over the deposit which it

has made in a series of

branching rivulets. This

deposit is called a delta (Fig.

84) and deltas are another

important form of stream

deposits. In the lakes and

ponds deltas may grow outward until the lake is filled when the

stream will meander across the level plain without much current

and hence without much cutting power (Fig. 85). In the sea

great deltas are being formed in some places, like those at the

mouths of the Mississippi, the Nile and the Ganges. Large

areas of dry land have thus been built. Deltas, like flood plains,

afford rich farming lands when they are built high enough to

remain above the water.

Here let us end our study of the brook for to-day, and wait

until the rain ceases and the water runs clear again
;

then we

can see the bottom and can also learn by contrast how much

more work the brook has been doing to day than it does when

the volume of water is less.

.—A delta built by a tiny rill flowing
from a steep clay bank.



126

Ou the road home, however, we can notice how the temporary

streams have been cutting and depositing, as well as the ever-

flowing brook. See where this tiny rill has run down that steep

clay bank until its current was checked at the foot. Notice how
it has spread out its sediment in a fan-shaped deposit. This form

of deposit is sometimes made by larger streams, especially in a

mountainous country with plains at the foot of the slopes. They
are called alluvialfans or cone deltas (Fig. 86), but they are not

as important as flood plains and deltas.

The next dry, sunny morning that comes let us visit the brook

again : it no longer roars, but its clear waters now sing a pleas-

ant melody as thej^ ripple along the stony bed. We can see at

a glance that comparatively little work is going on to-day, and

85.

—

A brook JIowin i^ across apond which ha"; been filled.

yet, if we look closely, we shall see glittering particles of sand

moving along the bottom. The clear water, however, allows us

to study the bottom which before was hidden b}' the load of mud.

First we see the rounded boulders and pebbles of all sizes

which must have been rolled about for a long time to make them

so smooth. Some of them are so very hard that we cannot even

scratch them with our knives ; others are soft and easily broken.

What would be the eff'ect of rolling together stones of such vary-



ing hardness ? We must think of these stones as the brook's

tools with which it cuts and grinds, for water without sediment

':an do little more than slightly to dissolve the rock.

Let us go at once to the little waterfall, for we shall be curi-

ous to see what lies at the bottom of the whirling eddy that

drew our attention yesterday. As we look down into the sunlit

pool we see that the eddy is gone for the volume of water is not

great enough to cause it to revolve, but there in the rock on the

bottom isadeepbasin like hole. In the bottom of this hole we shall

see a number of well rounded stones with perhaps some sand

86.

—

A brook building a delta into a lake. Formerly the brook flowed
straight ahead, but its oivn delta has caused it to change its direction.

and gravel. These stones are the tools which, whirled about by

the eddying water, have cut the basin-like holes. Holes of this

sort are common in rocky stream beds, especially in the neigh-

borhood of falls or in places where falls have once been ; they

are Q.a\\Q.di pot-holes and represent another form of stream cutting.

(Fig. 87.)

Next let us visit the flood plains which we saw forming when

the water was high. Now we shall find the brook flowing in its
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87.

—

A pot-hole cut in the

rock of a stream'' s bed.

channel with the flood plain deposits left high and dry. If we

dig down into the flood plain we shall see that it is made up of

successive layers varying in thickness and in the size of the

fragments. Each of these layers represents a period of high

water and the size of the fragments in the layer tells us some-

thing of the strength of the current, and therefore of the inten-

sity of the flood. Some layers are

thicker than others, showing a longer

period of flood or perhaps several

floods in which there was little vari-

ation. This stratification, as it is

called, is one of the peculiarities of

water deposits and it is due to the

assorting power of currents which

vary in force. If we were to cut into

the delta we should find the same

thing to be true—-a regular succes-

sion of layers though sometimes confused by changes in direc-

tion of flow.

To-day we shall notice something which escaped our attention

when it was held by the rushing torrent—the valley bottom is

much wider than the bed of the stream ; if we keep our eyes

open we shall see the explanation of this in the abandoned

channels, where, owing to some temporary obstructions, the

stream has been turned from side to side of the valley, now cut-

ting on one bank and now on the other. In this turning from

side to side the cutting area of the stream is increased and it

goes on widening its valley as well as cutting it downward.

And now we have learned some of the most important ways in

which the busy brook is toiling ; but there are other points which

we might have seen, and in some brooks there are special features

to be noted. However, we have learned that the brook is no

idler, that its main purpose is to conduct to the ocean the rain

that falls upon the earth's surface, and that in doing this it is

wearing down the hills, carrying them away only to build up in

other deposits. The cheerful song of the brook takes on a new
meaning as we lie in the shade and watch it hurry by. It is not

the song of idleness nor pleasure, but the song with which a

cheerful and tireless worker seeks to make its task lighter.



II. Insect Life of a Brook. ( Mary Rogers Miller.)

HAT wader, be he boy or water-fowl,

has not watched the water insects?

How they dart hither and thither, some

skimming the surface, others sturdily

rowing about in the clear shallows! The
sunlight fastens for an instant their gro-

tesque reflections on the smooth bottom,

then away—the shadow is lost, save for

the picture it left in the memory of the

onlooker.

The splashing, dashing wader, with

his shout and his all-disturbing stick,

stands but a poor chance of making intimate acquaintances

among water-folk. Your true brook-lover is a silent individual

except when occasion demands action. The lad in the title-page

picture has the right spirit. From the vantage ground of a

fallen log or overhanging bank he looks down on the house-

keeping affairs of his tiny neighbors, nor do they seem offended.

Indeed, I doubt if they are aware of his presence or curiosity.

Time was when the enjoyment of brook life was limited to

boys. White aprons, dainty slippers and fear of being called

"Tom-boy" restrained the natural impulses of the "little

women." Happily that day is past, and it no longer looks queer

for girls to live in the open air and sunshine, free to chase but-

terflies and hunt water-bugs with their brothers.

My brooks abound in swift eddies, perfect whirlpools in minia-

ture, and water-falls of assorted sizes. They have also their

quiet reaches, where whirligig beetles perform their marvelous

gyrations, and bright eyed poUiwogs twirl their tails in early

May. On the banks are ferns and mosses, and sometimes wil-

lows and alders form a fringing border.

The heart-leaved willows along many brooksides are found to

bear knob-like bodies at the tips of many of their branches, which

look like pine cones. (See Fig. 88. ) Now everybody knows that
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willows bear their seeds in catkins. Why then should so many
brookside willows thrust these cones in our faces? Ou cutting

one of the cones open one will learn the secret. A tiny, colorless

grub rolls helplessly out of a cell in the

very centre of the cone. It is the young
of a small gnat, scarcely larger than a

mosquito, and known as a "gall gnat." The
cone-shaped body on the willow branch is

called a
'

' pine-cone willow-gall.
'

' The little

gray gnat comes out in the spring. Any
one can collect the galls from the willows

and keep them in some kind of cage in the

house until the gnats come forth.

The pine-cone gall is an enlarged and

deformed bud. The twig might have

developed into a branch but for the presence

of the little larva. The scales of the cone

are the parts which would have made leaves

under more favorable conditions. The
brook-lover can not afford to miss the pine-

cone willow-galls.

Wandering along the brookside in spring

or early summer, one is surprised to find so

many insect visitors darting about in the

air. There are dragon-flies of all shapes,

sizes and colors ; dainty damsel-flies perch

airily on reeds, their gleaming wings a flut-

ter in the sunshine ; sometimes a nervous

mud-wasp alights for a moment and then

up and away. The dragon flies seem intent on coming as near

to the water as possible without wetting their wings. They pa^^

no heed to other visitors, yet how easily they escape the net of

the would-be collector ! Let them alone. Their business is

important if we would have a new generation of dragon-flics to

delight the eye next year. The eggs of these creatures are left

in the water and the young ones are aquatic. If you would

know more of them, dip down into the stream in some sluggish

bay. Dip deep and trail the net among the water plants. Besides

1.

—

Knob-like bodies, re-

seinbling pine cones.



131

89.— Water-striders have long,thin legs.

dragon-fly nymphs there will be caddice-worm cases like tiny

cob -houses, water -boatmen,

back- swimmers, and giant

water-bugs.* These are in-

sects characteristic of still or

sluggish water, and are found

in spring and summer.

The insects which skip

lightly over the surface of the

water where the current is

not too strong, are water-

striders. (See Fig. 89.) Some
are short

and stout, others slender-bodied ; but all

have long, thin legs. Their color is nearly

black. As they scurry about in the sun-

shine the delighted watcher will some-

times catch a glimpse of their reflections on

the bottom. Six oval bits of shadow, out-

lined by rims of light ; there is nothing

else like it ! Be sure you see it.

Let us leave the quiet, restful pools and

the sluggish bays and follow the hurrying

water to the rapids. Every stone changes

the course of the current and the babble

makes glad the heart of the wayfarer. Let

us
'

' leave no stone unturned '

' until w^e

have routed from his favorite haunt that

genius of the rapids, the Dobson. (See Fig.

90.) These creatures bear other common
names and are prized b}^ fishermen in the

black bass season. Dirty brown in color and

frankly ugly in appearance and disposition,

these larvae, for such they are, have little

to fear from the casual visitor at the water's
o^.— The Dobson rnakes ^^„^ When a stone is lifted the Dobsons
nopretensions to beauty °

{natural size) beneath it allow themselves to be hurried

* These and other forms found in still or slow flowinj^'water are described

and pictured in Leaflet No. 11, Life in an Aquarium.
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along for some distance by the current. The danger over, they
" catch hold " and await their prey farther down stream. In

spite of their vicious looking jaws these

insects are not venomous. At the verj^

worst they could do no more than pinch

the finger of the unwary explorer.

When the Dobson is full grown, it

is called a Hellgrammite fly or horned

Corydalis. It has lost none of its ugliness,

though it has gained two pairs of thin

brownish gray wings, and flies about in

the evening. It has been known to cre-

ate some consternation by flying in at an

open window. It is harmless and short-

lived in the adult stage.

Upturned stones are likely to bring

to view other strangers. Lying close

against their wet surfaces one usually

finds young May-flies. (See Fig. 91.)*

These, like the young dragon-flies, are

called 7iymphs.

" When they are ready to leave the water

they make their way to the shore and

clinging to some convenient tree trunk

or building they shed their nymph skins.

I have seen trees and buildings on the

banks of the St. Lawrence River liter-

^i.-May-Jly nymph, three
^^i covered with these cast skins. In

times natural size.
-^

the early morning in June and July one

can watch the molting process, the unfolding of the gauzy

wings and the unsheathing of the long filaments. (See Fig. 92.)

Do not believe that May-flies are harmful. They are

sometimes too numerous for comfort at summer resorts where

myriads of them swarm about the lights. But stories of their

* Figures 91, 92 and 93 are adapted from Dr. R. Leuckart's Zoological

charts.
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stinging and biting are entirely without foundation. They are

short-lived in the adult stage. The name of the family to which
they belong, Ephemeridce, suggests their ephemeral existence.

It is of these that poets have sung.

92.^ The I\lay-fly sheds its nymph skin. ( Tyvice natural size.

Stone-fly nymphs also cling closely to the flat stones. The
cast skins of these are frequently found on the banks of streams.

They resemble the May-fl}' nymphs but can be identified by com-

paring with these illustrations. (See Fig. 93.)

Sometimes on the very brink of a cataract one will see what

appears like patches of loose black moss. Strangely enough,

these are the larvae of black flies, related to the terrible

" Punkies " of the north woods. The black fly larvae can live
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only in the swiftest water. There they pass through their trans-

formations and succeed in emerging into their aerial stage, in

spite of the rushing current.

93.

—

Stone fly, shoivuis: one pair of wings. The lowerfigure is a
nyuiph. {TcVice natural size.)

All these things and many more they see who frequent the

water brooks. They cannot tell all they see, for some things

are too deep for words. They can and do say to one and all

" Come let us -visit the brook together. The water and all that

dwell in it and roundabout invite us and make us welcome."



NOTES FROM THE CLUBS.

UR observations of a large number of Junior

Naturalist clubs have clearly shown us that

best results come when the teacher gives

inspiration and guidance without dictating,

and leaves the members of the club to feel

that the organization is all theirs. The pride

of proprietorship and the feeling of the mem-

bers that they are doing the same work in the same manner as

is done by their elders, is a strong factor in keeping up an interest.

* * *

A principal of one of the schools has asked us to publish a

leaflet on parliamentary practice, a suggestion which we have

under serious consideration. He has made much of the meetings

of the clubs and has conducted them on a basis of civics and

adroitly let the club proceedings drift into parliamentary and

legislative usages, whenever nature-study subjects are under

consideration. He speaks with much spirit of the interest

awakened in a certain class of boys in his school in the election

of club officers. These pupils are not distinguished for love of

study, being emphatically boys of the street. They are lads in

whom was born a spirit of leadership of a certain kind, and the

club meeting is an occasion when it comes out in full force. To

the boys' credit, be it said, their purpose was the election of the

best members, as judged by their standard. Many situations

come up in which proper parliamentary ruling is beyond the

knowledge of the teacher and therefore he suggested that we

issue a leaflet giving aid in that direction.

* * *

Many teachers in whom the taste for good literature is strong,

open the club meetings with a roll call in response to which each

member gives a quotation ajipropriate to the lesson of the month.

:!-- * *

The correlation of nature-study with language and also with

drawing, seems to be popular. In language it gives a definite
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and concrete topic and one of interest to the child. From our point

of view, it is more important that we have the child's thoughts
than his scholarship. We desire more the expression of what
was seen and what such observation meant than to have mere
correct English. Each teacher has his own standards and is best

able to judge of the requirements, and we therefore never insist

that our view-point be made that of the teacher. Drawing is a

valuable correlation. We have received much in this line, with
which we are greatly pleased. A considerable amount of our
best examples have been sent to foreign countries where the

fame of our Junior Naturalists has gone, and we have shown our
pride in them by sending samples of their work.

The suggestion for the payment of monthly club dues in the

form of compositions and drawings made during the respective

periods in the regular school work, has been fulfilled to a

degree gratifying to us.
* * >|i

The large increase of membership has made the corres-

pondence very great indeed, making an increased clerical force

necessary, but we have so far succeeded in examining each
paper sent and giving the author proper credit. We keep a

personal account with every Junior Naturalist. We believe that

the movement cannot succeed permanently if our work ends
with the organization of clubs.

* * *

This issue of the Quarterly closes its publication for the pres-

ent school year. The brook is a good vacation subject. Start

the children in the study of it before the school closes ; then
ask them to continue to explore it during the summer and report

their discoveries in the fall.

* * *

During our summer vacation we shall revise the viailing list for
our Nature-Study Quarterly . If, since receiving the April num-
ber, you have not requested thatyour name be I'etained on 07ir viail-

i7ig list, you Tvould better attend to it at once. We shall be pleased
to have you rem.ain with 7is, but if we hear nothijig from yoti we
shall conclude you no longer care for our publications. A postal

card will be S2ifficicnt notice, andplease attend to it at once. Ifyo7i
receive no September mimber, yo7i will knotv the probable reason.

L. H. Bailey, Chief,

fohn IV. Spencer, Dep^ity Chief,

Bureau of Nature-Study and Farmer's Reading Course,

Cornell University , Ithaca, N. Y.



CORNEIvIv READING-COURSE
FOR FARMERS.

READING-LESSON

NO. 7,

DECEMBER, 1899.

By a. L. KNISELY.

Balanced Rations for Stock.

David and John lived on the outskirts of a village, but on

opposite sides thereof. One Saturday morning there was an

auction sale in town, and among the things sold were several fine

milch cows, of no particular breed. David and John each bought

two cows. These., cows were " fresh ; " that is, they had been

giving milk for about one month. Each cow gave an average of

twenty-five to thirty pounds of milk a day. Each man intended

to buy feed for his cows and to sell his milk to the village people.

These cows were to be used as machines with which to convert

raw material, as grain and coarse fodder, into the manufactured

product, milk. About three months later we heard that David

had sold his two cows to John. He complained that they had

steadily fallen off in milk since he had bought them, until each

cow gave scarcely' fourteen pounds a day. John's cows were

still giving thirty pounds a day. Here was a difference of six-

teen pounds, or over half, in three months. What was the

reason ?

It at once occurred to us that John must have given his cows

better care than David. We went to each man and asked him

how he had fed his cows. David said he had given each cow a

small armfuU of timothy hay and three or four quarts of corn

meal, every morning and night. This would be about twenty

pounds of hay and ten of meal each day. He did not think it was

necessary to feed his cows any particular kinds of food in order

to get the most milk from them. Anything the cows would

eat was good enough, if only it filled up their stomachs and satis-

fied their hunger.

John said that he gave each of his cows a daily ration of about

twenty pounds of clover hay, three pounds of wheat bran and six

pounds of ground oats. He believed that a cow needs variety in



what she eats, as well as a man ; and he tried always to give his

cows an occasional relish of carrots, turnips, small potatoes, or

even apple parings from the kitchen. "Of course," said John,

" a cow can live and will give milk if kept on the same feed day

after day; but I have always found that she is grateful for a little

personal attention, and will pay for it with a larger yield of milk."

David had been paying $6.00 a month for the food of each of his

cows, actually more than the milk was selling for : John's ration

cost him but $5.00 a month per cow, yet he was getting double the

amount of milk which David did, and was making money. David

v/as disappointed
;
John was well pleased. But the chief reason

for John's success was not because he gave his cows a greater

variety of food than David, but because he fed them those foods

which are well suited for the production of milk. David gave

his cows a liberal allowance of hay and corn meal. These are

both good foods for making fat but are not rich in those materials

which a cow needs in order to increase her ilow of milk. They

are better for fattening steers than for feeding to milch cows.

In other words, John had been feeding a balanced ration, and

David an unbalanced ration. This leads us to inquire about

some of the principles or reasons which underlie the feeding of

animals.

1. A71 animal is a livings machine.—There is always wear and

tear on its various parts. As we shovel in coal at the furnace

door to make the energy which will turn the great wheels of the

shop, so is food taken into the body to supply energy and to

repair the waste which comes from using the body. In the first

place there must be enough of this food, or fuel, to do all the

work ; and in the second place, it must contain that which is

needed to build up those parts of the body which are breaking

down.

2. There are two purposes for ivhich foods are required: to

maintain or support the animal, or the maintenance ration ; and

to lay up ext7'a or reserve materials, or the productive ration.—The

maintenance ration is that which keeps up the bodily heat, and

repairs the normal wastes. The productive ration stores up

fat, supplies flow of milk, and the like. The profit in feeding

comes in supplying more than a mere maintenance ration.



3- An idle animal needs less food than 07ie which is hard at

work.—^A locomotive does not require nearly as much fuel to

keep up steam when it is running "light," as when drawing a

freight train on an up grade. The little driving mare which

stands in your barn most of the time must have some food to

renew the energy used up in breathing, pumping blood throughout

its body and other wastes ; but the big team horse which has to

pull the plow all day or sled logs out of the swamp must have

much better fare.

4. // is as much tax on a cow to give a big yield ofmilk as it is on

a horse to do a big day' s work.—There are other ways of using up

energy than by physical exertion. Probably each of John's cows

spent as much energy in producing thirty pounds of milk a

day as a big Percheron horse does in a heavy day's work before

the plow. The food David gave his cows cost enough, and there

was enough of it ; but is was not the right kind to repair the

waste made in producing milk. Probably he did not know much

about the philosophy of milk production. That is the reason

why he failed.

The cows which John bought of David soon began to pick

up under the new fare, and to give more milk. When David

found his cows were not paying him, he ought not to have been

above seeking advice from a more successful man, like John.

Or if he had several cows and many kinds of feed-stuflfs,

he might have changed rations till he had hit upon some

combination of foods which gave better results. But neither

David nor any other farmer has time for much of such work. It

must be done by the Experiment Station. The way we can best

help the Davids of this State is to tell them what they should aim

to supply in their animal rations, and the reasons for this selec-

tion. Then each man can pick out for himself the various mater-

ials which answer his needs, and which may be obtained to best

advantage in his section.

5. Many ki^ids of food are required.—We can be sure of this

by studying the composition of the animal body ; also by reflect-

ing on the many kinds of work which an animal does. The
body of an animal is made mostly of water, mineral matter,

nitrogenous matter, and fat.



There is always much water in all parts of the body. Often

one-half of an animal is water. Water itself becomes a part of

all bone and flesh, but its chief use is to carry building material.

When an animal eats, the food goes into the stomach and is there

acted upon b}^ different juices. The proper parts are then taken

by the blood, which is mostly water, to every part of the body

which needs repair. Water also helps to carry off the wastes, or

worn out parts of the body.

The mineral matter in the body of an animal is found mostly in

its bones. Flesh and muscle are so soft that they cannot stand

hard use alone, and so they are placed on a bony framework.

From two to five per cent of the animal body is mineral matter.

Nitrogenous matter is a term the chemist uses for all parts of

the body which contain 7iitroge7i. This is the same element you

are feeding to your farm crops ; for plants as well as animals

must have nitrogen. Flesh, skin, muscle, hair, wool, horn, hoof,

feathers, blood, lean meat, the white of an egg and the curd of

milk all contain nitrogen. When you put horn and hoof waste

or dried blood on your land they give up their nitrogen to the

plants, and thus have a fertilizer value.

The/«/ of an animal varies with its age, the amount of work
it has to do, and the food it gets. The leanest animal has seldom

less than five per cent of fat, and the fattest not much above

thirty per cent. Fat is a sort of store or reserve supplj^

of food. L,ate in the fall a fat bear goes to sleep in a hollow

tree. When he comes out in the spring, his ribs show through

his hide. He has lived all winter on the reserve fat stored

in his bod}' when autumn nuts and berries were abundant.

6. Fat keeps the body zvarm.—All the higher animals are warm
blooded and this body heat must come from the food. That is

why most animals eat more food in cold weather than in warm
weather ; and why 5'ou yourself relish fat more often in winter

than in summer. The Esquimaux and other people of very cold

climates, live almost wholly on fatty meats. The}' need a lot of

the little heat-giving atoms to keep them warm.

Fat-producing materials are given to the animal, sometimes in

the form of fats ; but mostly as starches and sugars, or carbohy-

drates, as the chemist calls them. After being taken into the



body, these carbohydrates are changed into fat. Generally it is

better not to feed an animal fat directly, but to feed carbohydrates.

The larger part of all dried plants, including all kinds of hay

and fodder, is carbohydrate. We often hear a farmer speak of corn

as "heatening." In the winter he will feed more cracked corn

to his horse and corn meal to his hens than in summer. This is

a fairly good practice ; but very often the farmer does not know
the reason. It is because the corn kernel is full of starch grains;

and after the animal has eaten it, the wonderful chemistry of

the stomach turns it into heat-saving and heat-producing fat.

7. The nitrogenous matters, sometimes called protein, build 2ip

the workifig machinery of the body.—They make lean flesh, blood,

muscle, skin, hair, wool, feathers, etc., and are especially

needed in making milk. If you are keeping cows for their

milk, sheep for their wool, horses for their muscle, or even

geese for their feathers, it would be wise to feed them enough

protein to best develop the desired points in each. This

means that you ought to know the food value of everything you

feed to your animals. You ought to know whether it will tend

to fatten the cow or to increase her flow of milk ; whether it will

tend to fatten the hen, and make her lazy, or give her the

material for more eggs. The Experiment Station will be glad

to answer any questions on this point.

Some of the common feed-stuffs which are especially rich in

protein are all-animal substances ; also oil-cake, cotton-seed

meal, gluten feeds and many other concentrated foods.

8. The different kinds of hay, grain, etc., which ivefeed to our

farm anim,als contain all these four foods: water, mineral matter

,

nitrogenous ^natter andfat.—But the point is this, to increase or

diminish the supply of each food according to the end in view,

That is, to feed a balanced ration. We need not bother much
about the water and mineral matter. Enough of both are sup-

plied in ordinary food and drink; although we should always

satisfy the craving of cows and horses for salt, and other appe-

tizers.

David was feeding timothy hay and corn meal, both of which

are poor in protein. What he wanted was milk ; and milk is

rich in protein. He gave his cows only enough protein



to make fourteen pounds of milk, and so the j'ield dwindled down
to that amount. Then David wondered why he did not get

thirty pounds, like John. Probably he upbraided the man from

whom he had bought the cows, or kicked against his "luck."

He should know that there is a reason for everything.

On the other hand, the hay and meal which David was feeding

are very rich fat-forming foods. He was not only stinting his

cows on milk-producing food, but was also giving them more

fattening food than the cows really needed. John was feeding

a balanced ration ; David was feeding an unbalanced ration. It will

pa3' every farmer who reads this to find out if he is not abusing

his beast and robbing his pocketbook as David did.

9. A balanced ratio?i is one which contains the nutritive materials

{protein, carbohydrates and fa() in those proportioris which expe-

rience has shown to produce the best results. The composition of a

ratioti should vary with the different animals and with the »nd in

view.—What is a balanced ration for a horse may not be for a

sheep. Again, a particular ration may be balanced for a cow

when she is in milk, but not when we wish to fatten her for the

butcher. A ration suitable for a hard worked ox is not a

good one for this ox during a period of rest. Let us find out

why this is so.

When an animal is hard worked, there is a great strain on the

muscles, tendons, etc. (working machinery) of the body and this

is best kept in order by feeding a ration which contains a

large proportion of the repairing and muscle forming nutrient

protein. If the animal is at rest in the stall there is no severe

strain on the working machinery of the body and in such cases

rations containing much smaller proportions of protein as com-

pared to the carbohydrates andfat should be fed.

ID. Only a part of the protein, carbohydrates and fat is digesti-

ble.—Foods are valuable as sources of nourishment only in so far

as they can be digested and assimilated The chemist analyzes

a food and tells exactly how much protein, carbohydrates and fat

it contains, but he is unable to say how much of each is digestible.

Only a portion of the food ingredients which are eaten, is

digested and rendered soluble by the changes they undergo in

the mouth, stomach and intestines. This soluble portion is



assimilated, and from this alone is the animal nourished. The
undigested part passes on and is excreted as manure. This

undigested part is of no use to the animal.

11. The value offeeding-stuffs varies with the amoinit of diges-

tible food nutt'ients which they contai7i.—Chemical analysis shows

the total amount of nutritive ingredients in food-stuffs, but the

digestible portion can be found only by carefully conducted

feeding experiments with farm animals. Since the amount of

digestible nutrients varies with different foods, it must be found

for each one by careful experimentation upon animals. Many
such experiments have been conducted with each of the common
food-stuffs, so that at the present time there are many tables of

figures giving for each feeding-stuff the digestible part of its

protein, carbohydrate and fat, the total amount of which has

been shown by chemical analysis.

In practical feeding experiments it has been found that one

pound of digestible fat will go as far as 2^ pounds of digestible

carbohydrates ; or, in other words, that one pound of digestible

fat will go 2^ times as far as one pound of digestible caibohy-

drates. Therefore, it is necessary to multiply the fat by 2^ in

order to get its equivalent in carbohydrates.

12. The proportion between the digestible protein and digestible

carbohydrates + (faty.2y() in a give)/ food is called a nutritive

ratio.—When we know the digestible nutrients in a food we can

easily find its nutritive ratio. Thus a given food contains 2

parts digestible protein, 10 parts digestible carbohydrates and i

part fat : the i part fat is equivalent to 2^4^ parts digestible car-

bohydrates ; 10 parts carbohydrates -\-2yl is equivalent to 12^
parts of digestible carbohydrates. That is : this particular food

contains digestible nutrients equivalent to 2 parts protein and

12^ parts carbohyd?'ates , or for each part of digestible protein

there are 6}i parts of digestible carbohydrates and fat. There-

fore, this food has a nutritive ratio of 1:6^8.

13. To fiiid the nutritive ratio of a)iy food, add the {faty,2}^)

to the digestible carbohydrates and divide this sum by the digestible

protein.—A nutritive ratio shows how many equivalents of diges-

tible carbohydrates there are for one of digestible protein. The

greater the number of these carbohydrate equivalents for one of
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protein the wider the nutritive ratio, and the fewer the number '

the narrower the nutritive ratio. Hence we use the terms

"wide" and "narrow" nutritive ratios.

If a farmer has tables showing the composition of the different

food-stuffs and their content of digestible nutrients, he can figure

out the nutritive ratio for himself.

The Cornell Bulletin No. 154 contains such information, and

it will be sent to applicants.

Lesson No. 8, soo7i to follow^ ivill co7itimie this subject.

Reading-Lessons

The soil : What it is.

Tillage and tiyider drainage : Reasons why.

Fertility of the soil : What it is.

How the playit gets its foodfrom the soil.

How the plant gets its foodfrom the air.

The problem of depleted lands {Bidl. ly^ )

Balanced rationsfor stock.

L. H. Bailey., Chief of Farmers' Reading- Course,

fohn W. Spencer^ Deputy Chief

Cornell University
.,
Ithaca, N. Y.



CORNELL READING-COURSE
FOR FARMERS.

QUIZ ON

READING-LESSON

N9 7,

JANUARY, I900.

By S. W. FLETCHER.

These questions constitute a s^ipplement to Reading Lesson No. 7
(^'Balanced Rations for Stock''). Its purpose is to induce the

reader to think carefully about what he reads. Answer the

questions as best you can and return this sheet to us (^2 cents post-

age). We want these answers in order that zae may know what
interestyou are taking in the Reading- Course and hozv much good
you are gettingfrom it ; and we want to helpyou when you do not

understand the problems involved. We are after results, and do

not care about the handwriting nor the grammar. These answers

arefor our own examination arid will not be made public. Do
not be afraid to say '' I do not knozv.

'

' We shall be glad of any

comments on these lessons. Those who answer the questions will

receivefuture lessons.

I. What is a food?

2. Why do all animals need food?

3. Is there such a thing as an all round food? Why?

4. Why will it pay to give a cow more food than is needed to

keep her alive ?



5- Are some foods better adapted for making milk than

others ; some for making fat ?

6. Does a man usually require as much food when idle as

when hard at work ? Why ?

7. Do you suppose it makes a student or business man as

tired to think hard all day as it does a farmer to work hard all

day ? Why ?

8. If both must have food, do they need different kinds?

9. Have you ever tried feeding different kinds of foods to

your stock in order to find out which gives the best results ?

10. Did you ever ask the Experiment Station to help you in

this?

1 1 . Have you found any difference in results in feeding clover

and timothy hay ?



12. If SO, for what special purpose do you think each best

adapted ?

13. Is water a food?

14. Why does a hog suffer less from the cold than a horse?

He has not as thick a coat of hair as the horse.

15. If you wish to fatten a farrow cow for the butcher what

would you feed her ?

16. What would you feed a new milch cow?

17. What is the difference between a balanced ration and an

unbalanced ration ?

18. Do you feed your farm horses the same kind and amount

of food in winter as in summer ? Why ?
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19- What is animal manure?

20. Will it pay a farmer to work out the nutritive ratio of

his feed stuffs ? Why ?

21. Give an example of how you would do it ?

22. What is a maintenance ration ?

23. What is a productive ration ?

24. Do all animals pay for their keep ?

Name

Post Office



CORNELL READING-LESSON FOR FARMERS.

Issued by the College of Agriculture, Cornell Univer-

sity, Ithaca, N. V., in the months of November,

Deceinber, fanuary, February and March.

No. 8. January, 1900. A Farmers

View of Balanced Rations.

BY S. W. FLETCHER.

I have read your Lesson No. 7 on " Balanced Rations for

Stock," and think I see why John succeeded and David failed.

I believe that there is a good deal in what you say about feeding

different kinds of food for different purposes. Cake and pie are

all right for me when I go visiting, but I must have pork and
beans when I am pulling a cross-cut saw. I notice, however,
that you say corn meal is not good for feeding to milch cows.

Now I have found that I can get most anything I want out of my
stock if I have a well filled crib of corn. Can you tell me why
your theories do not work in this case ? I do not feel quite sure

that I understand what you mean by "carbohydrates" and "pro-

tein." If you can, please be more plain.

Very truly yours.

My Dear Sir :

I am very glad you have asked about that corn crib. There

are many other farmers who will not discard corn as the best grain

for feeding all kinds of stock ; and if I can make a convert of you

I shall expect you to argue this point with all the corn farmers in

your neighborhood.

You have learned in Lesson No. 7 that there are only two kinds

offood ivhich thefarmer needs to feed his animals in large anioiiiits.

These are the muscle-makers (proteids, protein, albuminoids or

nitrogenous substances) and the fat-makers (fats and carbohy-

drates). The chief office of the muscle-makers is to build up all

parts of the body which have work to do, including, with the



other vital organs, the milk machinery of a cow's udder. They
also enter largely into the composition of nearly all animal

products, as hair, wool, eggs, lean meat and milk. The chief

function of the fat- makers, on the other hand, is to supply the

fuel from which the animal heat is maintained. They also sup-

ply, at least in part, the energy which enables the muscles to work

and they enter largely into the composition of various products,

particularly eggs and milk. Any surplus of these substances

which the food contains may be and usually is stored up in the

tissues of the body as fat. These statements show what usually

takes place, but since the muscle-makers may perform any of the

functions of the fat-makers, it is more exact not to speak of these

substances according to their functions but according to their

composition and to refer to them as protein, and fats or carbohy-

drates, instead of muscle-makers and fat-makers.

We might illustrate roughly the main point to this prob-

lem of stock feeding by saying that a cow is something like a grist

mill, and that her stomach is the hopper. A mill will grind out

only the grist of what is put into the hopper
;

just so a cow in a

large measure will turn out fat or milk according to the food which

we put into her stomach. Are you keeping a cow for milk ? Then
feed largelj' milk-makers. Are you raising a steer for beef?

Then feed more fat-makers. Does not this seem reasonable ?

Now let us see which among the different kinds of hays, grains

and fodders that we commonly feed to our farm animals contain

carbohydrates or protein in large amounts. The chemist takes all

of them into his laboratory and treats them with chemicals for

many hours. Finally he tells us that every one of them contains

both protein and carbohydrates, but most of them are richer in

one or the other. So we must not think to find our muscle-

makers and fat-makers put up in separate packages, ready to be

mixed as needed. They are combined in different proportions in all

kinds of feeding stuffs. The chemist finds out what these propor-

tions are, so we can tell at a glance for which purpose each kind of

grain or hay is more valuable, whether for fat or milk.

In Bulletin No. 154 of the Cornell Experiment Station, on pages

142 to 152 you will find a table which shows the amount of pro-

tein and carbohydrates which different hays and grains contain.



In order that you may understand more clearly what the different

columns of figures mean, I will copy a few and explain them here :

Kinds and amount of feed.

Corn, I lb

Wheat bran, i lb.

Timothj' bay, r lb

Red clover, i lb.

.

Total dry
matter.

.89

.88

.87

.85

Pounds of digestible nutrients.

Protein.
Carbohy-
drates +
(fatX2.25.)

Total.

Nutritive
ratio.

.079 .764 .843 i: 9.7

.122 •453 •575 i: 3-7

.028 •465 •493 1:16.6

.068 •396 .464 i: 5-8

Suppose you take a pound of your corn meal to the chemist

and a.sk him what is its value for feeding to stock. He will first

heat it to dry out all the water, for you already know that a large

part of all plants and animals is water. Nearly a seventh of this

corn meal is water ; so that after being dried for several hours

only 89 parts are left of the original 100. Thus in the first

column, called " Total dry matter," you will find .89.

The chemist then takes this perfectly dry corn meal now left

from the original pound, and treats it with his chemicals. In the

89 parts he finds that 7 parts are muscle-makers and 76 parts are

fat-makers. Of the remaining 6, a part is mineral and helps to

make the bones of the animals ; others are indigestible and

are discarded. In the second column, headed "Protein" he

puts the muscle-makers, .079 ; and in the third column, headed

"Carbohydrates," etc are the fat-makers. The fourth column

headed " Total," is simply the sum of both muscle-making and

fat-making foods ; its shows that out of every 100 parts of corn

meal the animal can use 84. These are called digestible nutrienis/'^^

You hear much about the "nutritive ratio" in stock

As a matter of fact, the column headed " caibohydrate.s " is made up of

both carbohydrates and fats in food, the fat having been multiplied by 2%.

This is done solely as a matter of convenience in computation. The function

of carbohydrates and fats is identical, but fats will evolve 2^i times as much
heat as carbhydrates : therefore the percentage of fats has been multiplied

by 2]^ and added to the carbohydrates.



feeding, and perhaps have been puzzled to find out just what it

means. I have told you that most feeding stuffs contain both

muscle-making and fat-making food, but in different proportions.

The " 7iutritive ratio''' of the chemist is simply the proportion or

7'atio between the protein and the carbohydrates. Take your

corn meal, for instance. It has 7 parts of muscle-making food

and 76 parts of fat-making food This would be the same as

I part of muscle-making food to about 9 of fat-making

food. In the last column of the table, therefore, you will find

i: 9.7, which is simply the comparative amounts of the two kinds

of foods. The two dots between the i and the 9 show that one

food is being compared with the other. It is very important that

you should know what the nutritive ratio is, for you will need to

use it when selecting materials for making a balanced ration.

One reason why John's cows gave more milk than David's was

because he fed them wheat bran instead of corn meal. Let us

see how much protein and how much carbohydrates the

chemist finds in one pound of wheat bran. I have put his figures

under those for corn meal so you can compare the two easily.

Do you not see that the bran has 12 parts of muscle-making food,

or nearly twice as much as the meal ? Also that it has over a third

less of fat-making food ? The proportion, or nutritive ratio, for

wheat bran is therefore 1:3.7, since it contains i part of muscle-

making food for every 3y^^ parts of fat-making food.

Here, then, is my argument : the wheat bran which John fed

his cows was nearly two times richer in muscle-making food than the

corn meal which David fed. Most muscle-making food is also

milk-making food. Do you wonder, then, that David's cows soon

began to grow fat and dry off? They were starving for muscle-

makers, though glutted with fat-makers. That well filled corn

crib of yours will make you lose many a dollar in the same way
if you trust to it entirely for feeding your milch cows. David

fed timothy hay. John fed clover hay. The table tells us that

clover hay has nearly three times as much muscle-making food as

timothy hay and almost as much fat-making food
;
yet you will

pay $12.00 a ton for timothy and feed it to your dairy cows, when
clover can be bought for $9.00. Is there profit in this?

I have nothing against your corn crib, ifyou will only use it



wisely. I have tried to show that coru is a fat-maker
;
yet you

feed it alike to shotes and hogs, team horses and roadsters, broil-

ers and laying pullets, milch cows and fattening steers. You
say that you can get most anything you want out of your

stock with corn. Have you had anything to compare it with ?

How do you know that you could not get better results with

another ration ? Suppose you make your farm a little experi-

ment station by feeding John's ration to part of your cows, and

David's to the remainder. Or take four fresh cows giving about

the same amount of milk a day, and feed John's ration to two

and David's to the other two. I know it is rather hard to see

how the figures in these tables are going to make diflFerences in the

milk pail ; but if you can see what goes into the manger and

what comes into the pail you will doubt no longer, for most every

man believes his own eyes. Try it ! I shall be pleased to hear

the results of your own experiment.

To this the correspondent replied essentially as follows :

I think I begin to see into this feeding problem more clearly.

What you want me to do is to prevent a waste of food, do you
not ? If I am keeping cows for their milk you want me to feed a
ration which will make milk, and not be wasted in making fat.

To feed with the milk-making food a lot of fat-making food

which is not needed would be poor economy.
There are a few things in those tables which I do not understand

yet. What has that first column, called "total dry matter," to do
with this feeding question. I cannot see where it comes in at all.

Again, you said in Lesson No. 7 that animal manure is that part

of the food which the stomach cannot use. I do not see where
the chemist has made any allowance in his tables for the
undigested part of the grain and hay which we feed. Just one
more question. You have shown that there are two sides to this

feeding problem : one is, what the animal needs ; the other is,

what the food supplies. Now how am I to know what and how
much my animals need ? How did John know ?

My Dkar Sir :

You are a shrewd farmer. It is a pleasure to answer the

questions of a man who takes such an intelligent interest in the

subject. I wonder if it would be more plain to you if I should say
'

' bulk '

' instead of
'

' total dry matter. " It is possible to put all

the nourishment in the food which you eat during a day into a few



very small tablets. Do you not think this would be a great saving

of time and labor ? You could eat the tablets while at work
and would not need to stop for dinner. But how long would you
live on such a diet ? In the same way you could feed all the

muscle-making and fat-making food which your cows need in a

comparatively small amount of gluten feed and corn meal : but
you know the cows would not be likely to thrive long on such
high living. The reason in both cases is t\isX the food of most
animals must be hdky enough to distend the stomach and give
the digestive organsplenty ofroom to work. It is natural for a cow
to eat a large amount of coarse fodder, much of which is

indigestible and is cast oflf as manure. In selecting a ration

for animals, therefore, one of the very first things to look
out for is to make it bulky enough ; and the column of
" dry matter " will help us in this. We usually depend upon
hay and fodder for most of the bulk of the ration and add grains
to make it concentrated enough for our purpose. There is also

a danger of making the ration too bulky. Clover hay alone is

nearly a balanced ration for milch cows
;
yet the cows would

have to eat so much of it in order to get all the food they need
that their stomachs would be unduly distended. Have you ever
noticed how '

' pot-bellied " a horse gets if fed on hay alone ?

I am glad you have brought up the point that the figures of
the chemist only tell how much muscle-making and fat-making
food the material contains. He cannot find out in the laboratory
whether or not the animal can use it all after it is taken into the
stomach. We must make feeding experiments with the animals
themselves. This point has been carefully studied for many
years and we now know approximately how much of the two
foods in our common feeding stuffs the animal can use. You
will notice that over the columns of fat-making and muscle-
making foods in the table is

'

' Pounds of digestible nutrients.
'

'

This means that the figures given are not the whole amount of
food in the feeding stuff, but only that part which the animal
probably can use. la making up your rations, therefore, these
figures may be taken as they stand without deducting anything
for waste.

On page 140 of the bulletin, you will find a table of " Feeding



Standards ;" or the average amount of food which many experi-

menters have found to be best suited for making milk, beef or for

other purposes. I will copy three items in it to show you how
the table works

:

Dry
matter.

Digestible.

Nutritive
ratio.

Protein.
Carbo-
hydrates
and fat.

Total.

Oxen at rest in stall : .

Oxen heavily worked

Milk cows,Wolff's standard

Lbs.

17-5

26.0

24.0

Lbs.

0.7

2.4

2.5

Lbs.

8.3

14-3

13-4

Lbs.

9.0

16.7

15-9

1:11.9

1:63

1:5-4

Here is a good illustration of the fact that animals which are

hard at work need a liberal supply of rmiscle-makers . The table

shows that oxen in the stall need only 1 7 pounds of feed a day

(that is, after the water has been dried out of it), while those in

the yoke need 26 lbs. But the difference is not only in bulk : it is

also in composition. Oxen at rest can get along with only seven-

tenths of a pound of muscle making food a day, while oxen at

work need three and one-half times that amount. On the other

hand, oxen on the cart need but three quarters more fat-making

food than oxen in the barn ; so that while a working animal requires

one pound ofmuscle-making food to every six pounds of fat-making

food, his idle brother can get along very well with a ration having

a nutritive ratio of one to twelve. Since there is this difference

in the needs of working and idle animals, do you not think it

would pay to make a difference in what you feed the two, beside

in mere amount ?

Now compare the needs of a milch cow with those of a working

ox. You see they are nearly the same all the way through, and

yet the cow may be standing in the barn all day. Why should

she need as much muscle-making food as the great, brawny ox,

straining in the yoke ? I have told you the reason before : it is

because milk-making is accompanied by great activity of the vital

organs of the cow and also because milk itself is very rich in
'



muscle-making food. In order to give a good pailfull, the cow
must haveenough material on hand to do the work.

In Table I of Bulletin No. 154, you will learn what the animal
needs

; in Table II you will find what the different hays and
grains supply. I think you will have no difficulty in making up
your animal rations from these two tables.

Again he replies :

Those " Feeding Standards " figure out well on paper, but lam
wondering how they will work in the stable. I have two horses :

Cherub, who is always plump and good natured, and Spider, who
is always lean and vicious. I call Cherub an easy keeper and
Spider a hard keeper

; for although both do the same amount of
work and get the same amount of feed, Cherub is fat and jolly
while Spider shows both ribs and temper. Some of my cows are
the same way. With such differences in animals, I do not see
how you can show your tables to be of much value.

My Dear Sir :

What you say about the differences in the producing power of

animals is very true. It would not do to lay down a general rule that

all ten-year old boys need four pieces of bread and meat for supper.

Their needs are different because the boys are different ; not only in

appetite but also in the ability to digest food. I cannot tell you
just how much food your milch cow needs because I do not know
the cow. What I can do, however, is to tell you the amoant of

food which has given the best results for many other milch cows,
and which will probably be somewhere near what your cows
need. These feeding stajidards are not rules, but hints.

The skill of thefeeder may be measured by his ability to find out

how far the needs of each ani?nal will warrant a variationfrom the

standard when feeding that animal. You would not give a snap
for a hired man who does everything by rule of thumb. I want
you to come to this table for suggestions, not for directions. Do
not follow it pound for pound, but vary the amount with each
animal according to its appetite and ability to use food.

The above teaching shows what is likely to take place. Every
animal is a law unto itself. The farmer must experiment with his

animals. The above remarks will setyou to thinking on the sub-

ject, and that is the most that we can hope to do.



CORNELL READING-COURSE FOR FARMERS.

Supplement to Lesson No. 8, January, 1900, on
Balanced Rations

I. How many farmers in your neighborhood feed corn-meal

for all purposes ?

2. What and how much would you feed a fresh milch cow?

3. What is protein ? Of what special use is it to the animal ?

4. How is the body of an animal kept warm ?

5. What kind or kinds of food must an animal have in order

to do work ?

6. What is a " nutrient " ?



7- May any one hay or grain contain both the foods which

the animal needs most ? In the right proportions ?

8. Explain why corn-meal is said to have a nutritive ratio of

1:9.7.

9. If you are keeping cows for milk will it pay you to grow

more clover and less timothy ? Whj' ?

10. Will you tr}' the experiment suggested?

II. In what way is an unbalanced ration wasteful?

12. Why not feed animals grass alone ?



3

13- Why not feed hay alone?

14. How much corn-meal can the animal use?

15. Why does a working animal need more food and often

different kinds of food than an idle animal ?

16. Do you think it would be practicable to make a difference

in what vou feed the two ?

17. Have you any " hard keepers "
? Among what animals?

18. What makes them hard keepers?

19. Could you make upa balanced and economical ration from

the ta1)les, which would be so unpalatable that the animals would

not eat it ?



20. Can you make more than one balanced ration for milch

cows from clover hay, timothy hay, corn-meal and wheat-bran ?

Give examples.

21. Which would be cheaper?

22. Which would the cows relish most?

Name.

Post Office

Answer, and return to

Farmer's Reading-Course

,

Ithaea, N. Y



CORNELL READING-LESSON FOR FARMERS.
Issued by the College of Agriculture , Cornell Univer-

sity, Ithaca, N. 1'., in the months of November,

December, fantiary, February and March.

Entered at the Post Office at Ithaca, N. Y. as second class matter under
act of Jul}' i6, 1894.

No. 9. February, 1900. Sample Ra-

tions for Milch Cows,
BY I,KROY ANDERSON.

In Ivesson No. 8 we learned that a daily ration for a milch cow

(weighing 1,000 lbs,) should contain about 24 lbs. of dr}^ matter

of which the 2.5 lbs. should be digestible protein or the muscle-

making food which the cow can use, and 13.4 lbs. digestible car-

bohydrates and fat. The object of Lesson No. 9 is to show how
this

'

' balanced ration
'

' can be made from the many kinds of

feed-stuffs which the farmer can raise or buy.

Ration No. i. An Ideal Ration.

Let us first make a sample ration which may be taken as a

type of what a milk ration should be. Suppose we have on hand

corn silage, clover hay, buckwheat middlings, wheat bran, corn

meal and cottonseed meal. The first thing to do is to guess, or

estimate, how many pounds of each food the cow wall lelish in a

day. The longer our experience in stock-feeding, the closer will

be our guess as to the actual needs of the cow. Next we should

find, in Bull. No. 154 (to be had for the asking), the amount of dry

matter, protein, and carbohydrates and fat in the quantity of

each food which we think the cow will eat. TVom these figures

we can work out the nutritive ratio of our ration.

It has been the experience of many stock-feeders that a cow

will usually eat and relish about 40 lbs. of corn silage per day.

On page 143 of Bull. 154, this amount of silage is said to contain

8.4 lbs. of dry matter, .36 of a lb. of protein, and 5.16 lbs. of

carbohydrates and fat. An experienced feeder also knows that

a cow will eat about 10 lbs. of clover haj' per da}', in addition to



the 40 lbs. of silage. On page 144 of the bulletin, this amount

of clover is found to contain 8.5 lbs. of dry matter, .68 of a lb.

of protein, and 3.96 lbs. of carboh^^drates and fat. Adding

together the dry matter in both silage and hay we have 16.9

lbs., which is 7.1 lbs. short of the 24 lbs. needed to make the

ration bulk}- enough. This 7.1 lbs. of dry matter will be sup-

plied in the grain.

Nearly all grains are about nine-tenths dr}' matter, so that we
shall need 8 lbs. of grain to make a ration of the proper bulk.

It is generally a good plan to have two-thirds of the dry matter

in a ration come from coarse fodder and the remainder from

the grain.

We have four kinds of grain in the bins, and the eight lbs.

needed for the ration should be so divided among these four grains

as to make a ration which will give the most milk. Suppose we
use 3 lbs. of buckwheat middlings, which the chemist finds to

contain 2.61 lbs. of dry matter, .66 of a lb. of protein and 1.368 lbs.

of carbohydrates and fat (page 148); 2 lbs. of wheat bran, con-

taining 1.76 lbs. of dry matter, .224 of a lb. of protein, and .906

of a lb. of carbohydrates and fat (page 147); and 2 lbs. of corn

meal, containing 1,78 lbs. of dry matter, ,158 of a lb. of protein,

and 1.528 lbs. of carbohydi'ates and fat (page 145). This leaves

only one lb. of cotton seed meal to make the eight lbs. of grain.

This contains .92 of a lb. of dry matter, .372 of a lb. of protein

and .444 of a lb. of carbohydrates and fat. Adding all of these

figures together we have this table :

Dry matter. Protein.

Carbo-
hydrates
apd fat.

40 lbs. corn silage
10 lbs. clover hay
3 lbs. buckwheat middlings
2 lbs. wheal bran

Lbs.

8.40
8. SO

2.6t

1.76

1.78

.92

Lbs.

.360

.680

.660

.244

.188

372

Lbs.

5.160

3.960
1.368

.906

1.528

•444

2 lbs. corn meal
I lbs. cottonseed meal

Total, 23.97 2.474 13.366

This is a balanced ration for milch cows, because it contains

very nearly the amounts of dry matter, protein, and carbohy-

drates and fat which experienced feeders have found to give the



best results. If the total amount of carbohydrates and fat (13.366)

is divided by the total amount of protein (2.474), the result is 5.4.

Thus for every lb. of protein there is 5.4 lbs. of carbohydrates

and fat. In other words, this ration has a nutritive ratioof i -.^.4.
;

which is the ratio suggested on page 140 of the bulletin.

The nutritive ratio of a ration for milch cows need not always

be I.: 5. 4. It may vary from i.:5 to i.:6, or even wider and still

give good results in some cases. But since rations with a nutri-

tive ratio of 1.5 to 1.6 have been most successful in the past, it

would be good policy for every farmer to so combine his feed-

stuffs that the nutritive ratio will come between these limits.

This ration wnll be eaten with a relish by most cows and will

make them give a good flow of milk. Others may not do so well

and a change may help them. This is because the stomachs of

cows vary just as much in their power to digest food as do the

stomachs of men, which was brought out in the last paragraph of

Lesson No. 8. Here is where the Experiment Station man cannot

help the farmer much. All he can do is to suggest a ration which

has given good results with many cows, but which may not give

good results with some cows. If a vian is to feed his stock intelli-

gently and economically , he must learn the needs ofeach cow , and how

far he should departfrom the regular balanced ration infeeding her.

Ration No. 2.

One man writes, "The ration you give is all right for the

man who has those feeds, but I do not have them and cannot

afford to buy them. I have ground oats, corn meal, mixed hay

and corn stover (stalks). Can a balanced ration for milk be made

from these without buying other feeds ? '

'

Estimate how much of each feed a cow can eat daily, and then

look in Bull. 154 for the amount of dry matter, protein, and car-

bohydrates and fat in each. This gives the following table ;

Drj' matter. Protein.
Carbo-
hydrates
and I'at.

12 lbs. corn stover ...

10 lbs. mixed hav

Lbs.

7.20

8.70
3-56

4-45

Lbs.

.204

.620

.316

.460

Lbs.

4.080
4.600
3-056
2.840

4 lbs. corn meal
5 lbs. ground oats

Total 23.91 1.60 14-576



The ration is bulky enough, for it contains nearly 24 lbs. of

dry matter ; but it needs another pound of protein, and has a

pound too much of carbohydrates and fat. Its nutritive ratio is

1:9.1, which is far too " wide." Had we known beforehand the

nutritive ratio of each of the feeds, we could have told at once

that they cannot possibly be combined in any way to make a bal-

anced ration for milch cows. The nutritive ratio of each feed is

given in Bull. 154. That of corn stover is 1:19.9 ; of mixed hay,

1.7.4; of corn meal, 1:9.7; of oats, 1:6.2. Since even the most

concentrated of the four feeds has a nutritive ratio of onl}- 1:6.2,

no balanced ration for milk can be made from these materials

alone. We must put in some other feed with a very '

' narrow '

'

nutritive ratio to make the ration balanced.

On page 150 of Bull. 154, is given the composition of three

feed-stuffs which are often fed to stock, all of which are very rich

in protein. These are old and new process linseed oil meal and

cottonseed meal. We need about 3 lbs. of one of these to make

our wide ration as narrow as it should be. It is not wise to

feed a cow 3 lbs. of oil meal per day, because this grain has a

laxative effect on the animal. On the other hand, too much
cottonseed meal has a constipating effect on the animal and

tends to make hard and tallow^^ butter ; but 3 lbs. per day

ought not to produce any bad effect. L,et us see what this quan-

tity will do towards balancing the ration :

Dry matter. Protein.
Carbo-

hydrates
and fat.

12 lbs. corn stover
Lbs.

7.20

8.70

2.67

2.67

2.76

Lbs.

.204

.620

•237
.276

1. 116

Lbs.

4.08

4.60
2.292

1.704

1-332

10 lbs. mixed hav
3 lbs. corn meal
3 lbs. ground oats

3 lbs. cottonseed meal

Total 24.00 2.453 14.008

Here the bulk remains the same, the protein is increased

nearly 2.5 lbs., and the carbohydrates and fat are decreased over

one half pound. The nutritive ratio of this ration is 1:5.7,

which is within the limits suggested at the beginning of this

lycsson. If it is found that the 3 lbs. of cottonseed meal con-



stipate the cows, one pound might be replaced l)y a pound of

linseed oil meal.

Protein can usually be bought cheaper in cottonseed meal

than in linseed meal, but both are expensive. Perhaps this man
can buy some cheaper feed which will do as well. Suppose he

tries buckwheat middlings, which have a nutritive ratio of 1:2.1.

He must use 5 lbs. of middlings to supply as much protein as

the 3 lbs. of cottonseed meal. Then he can feed but 4 lbs. of

corn meal and ground oats, because the bulk of the ration must

be kept down to 24 lbs. Since it is for his interest to feed these

two grains of his own raising as much as possible, it may be

cheaper in the end to buy the feed which will give the most pro-

tein, that is, cottonseed meal.

Ration No. j.—A Cor?i'StaIks Ration.

Another man says, " I have plenty of corn fodder and ear

corn of my own raising. I can buy clover hay for $13.00 per

ton, wheat bran for $19.00, wheat middlings or red dog flour for

$21.00, cotton-seed meal for 1^30.00, linseed meal for $30.00 and

mixed feed for $18.00. What is the cheapest balanced ration

for milch cows which can be made from these materials ?"

Some of these feeds should not be used at all in this case :

linseed meal, because it is too costly, mixed feed because one

never knows what it contains, wheat middlings and red dog flour

because the protein in them costs more than the protein in wheat

bran. Mixed feed is made up largely of wheat products, as

bran middlings, and refuse from other grains, as oat hulls. It

may also contain sweepings from the mill, whole grains, dirt,

etc., and can never be relied upon to be uniforn in quality.

Clover hay is very valuable for milch cows, but since it costs this

man so much it must be used sparingly. As he wishes to use

his own corn fodder, the following ration is suggested :

20 lbs. corn fodder. . .

.

5 lbs. clover hay
3 lbs. wheat bran
2 lbs. corn meal
3 lbs. cottonseed meal

Total

Dry matter.

T.bs.

11.60

4- 25
2 64
1.78

2.76

23.03

Protein.

Lbs.

.500

•340
.366

.158

1. 116

2.480

Carbo-
hydrates
and fat.

f.bs.

7.460
1.980

1-359
1.528

1-332

13-659



This ration has enough protein and carbohydrates and fat, but

the dry matter is one pound short. It is not necessary to make
any change, however, since the ration is otherwise very good,

having a nutritive ratio of 1:5.5. If the appetites of the cows

warrant it, one lb. of corn meal may be added to the ration with

good results. It will be noticed that the table of feeding stand-

ards on page 140 of Bull. 154 is for an animal weighing 1000 lbs.

It is not always necessary to subtract from or add to this

standard ration, according as a cow weighs less or more than

1000 lbs. Experienced feeders have found that the appetite of a

cow is a more important cause for varying the ration than the

weight, although it is always well to have the size of a cow in

mind when doling out her meals.

Ration No. 4..
—A Roots Ratiori.

A different problem is presented by another man who has no

home grow^n feed-stuffs but mixed clover and timothy hay, and

a quantity of mangels. He can buy oats for S20.00, corn meal

for $18.00, wheat bran for $19.00 and wheat middlings for $20.00.

It is generally best to feed dairy cows at least three grains.

Variety makes the ration more appetizing and also gives a better

chance of securing a well balanced ration. Bran and middlings

contain about the same amount of animal food, but since bran

is cheaper it is more desirable for this man. The mangels

will make this a better ration in some respects than any of the

preceding, because they add succulence to the ration.

The tables in Bulletin 154 tell us that bran is the only feed-

stuff mentioned by this farmer which has a nutritive ratio of less

than 1.6, the usual limit of a successful ration for milch cows.

It would be difficult to make a balanced ration from these

materials without using a large amount of bran in order to

supply enough protein to make up for what is lacking in the hay

and mangels. Unlike cottonseed meal and linseed meal, large

amounts of bran are not likely to injure the health of the animal.

But it is too bulky to be fed at the rate of 9 or 10 lbs. a day, and

the ration would also lack variety. It will be far better and

cheaper for this man to buy another feed which is rich in

protein, as gluten meal. (Bull. 154, p. 149.) Gluten meal should



never be fed in amounts over 4 lbs. a day, and even that is more

than some cows ought to have. It can usually be bought at

about the same price as middlings, and its feeding value is much
greater. The ration we suggest is this :

Dry matter.

18 lbs. mixed hay. .

30 lbs. mangels. . . .

1 lbs. corn meal . .

2 lbs. oats

2 lbs. wheat bran

.

2 lbs. gluten meal

.

Lbs.

15.66

2.70

.89

1.78

1.76

1.84

Total

.

24.63

Lbs.

1. 116

330
.079
.184

.244

.516

2.469

Carbo-
hydrates
and fat.

Lbs.

8.280
1.680

.764
1. 136
.906

1. 312

14.078

This is a well balanced ration, with a nutritive ratio of 1:5.7.

We have used a larger proportion of coarse fodder and less of

grain than in the other rations, because this man must huy.

Ration No. 5.

—

A Silage Ration.

Another enterprising farmer says, " I believe I can provide a

succulent food cheaper in the form of corn silage than in

roots. How much of it shall I feed? I have clover hay, corn

and cob meal and peas. I can buy wheat bran, gluten feed,

and buckwheat middlings. How shall I put them together ?

Corn silage certainly is a cheaper form of succulent food than

roots. It also has much more food value per ton than roots. A
cow will eat and relish 30-40 lbs. of good silage a day. It is not

usually advisable to feed silage more than once a day, unless

there is a large supply of silage on hand and but little hay. In

such cases about 30 lbs. of silage may be fed both morning and

night, and as much hay as the cow will eat at noon. Our cows

do well when fed only twice a day : hay in the morning and

silage at night. Mix the grain of the ration with the silage.

There is no advantage in grinding the corn cob when plenty

of coarse fodder like hay and silage is on hand. Cob should be

fed only when it is necessary to supply a lack of coarse food.
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Cob has very little value itself as a food ; it merely gives bulk to

the ration. But since this man already has the cob ground, we
will put it in his ration. The feed stuffs which he has on hand
are rich in fats and carbohydrates, but are poor in protein, so we
will buy buckwheat middlings instead of gluten feed, because

they contain more protein. This ration is suggested :

Dry matter. Protein.
Carbo-

hydrates
and fat.

40 lbs. corn silage

8 lbs. clover hay
3 lbs. corn and cob meal
3 lbs. ground peas
2 lbs. wheat bran

Lbs.

8.40
6.80

2.55
2.70

1.76

1.74

Lbs.

.360

544
.132

•504

.244

.440

Lbs.

5.160
3.168

1-995
1.602

.906

.9122 lbs. buckwheat middlings

Total 23-95 2.224 13-743

We have tried to use as much of his home-grown grain as

possible, and in doing this have made a ration which is a little

short in protein. It has a nutritive ratio of 1:6.2, which is

wider than the limits suggested, but which might give good results

in some cases. However, the ration can easily be made narrower

without buying any more feed. Notice that the corn and cob

meal is very poor in protein, while the peas contain even more
protein than wheat bran. By feeding one pound more of peas

and one pound less of meal the nutritive ratio would be i :5.8 :

L. H. Bailey, Chief.

John W. Spencer, Deputy Chief.

Cornell Readi7ig-Co7irse Bureau.
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No. 10. March, 1900. Peters Idea of

Improving " Worn Out " Lands.

By John W. Spencer.

It was near to the shortest days of the year that I fulfilled a

promise to attend a Grange meeting to be held in a small town

in Western New York. I arrived in Rochester the night before,

in order to be able to catch the early morning train. As I passed

the Douglas monument in the early gray of the morning, with

hat drawn low on my head and ulster turned up to protect my
ears, the sharp frost sifted through the air like ashes and the

snow creaked beneath the wheels of the early wagons. I wondered

what I should say at the meeting.

The village was a typical country hamlet. It contained neither

wealth nor squalid poverty. No one of its inhabitants could

meet with a misfortune without receiving the sincere sympathy

of all. The public buildings were a school house, a church with

a horse shed, a blacksmith shop, and a store carrying a stock of

goods of such completeness as to remind me of the vniltum in

parvo jack-knife which an uncle once gave me. I wondered the

more what I should say. Would I find good farmers here?

The meeting was a forenoon and afternoon affair in the Grange

hall over the store. The hall had a dining room and kitchen

annex, much to my welfare. In the early part of the afternoon

session, I noticed among the faces that seemed interested in the

discussion, a middle aged man with full beard, blue flannel shirt

and felt boots. He sat on the front bench, and I soon decided

that he was not one of those who had come into the hall just to



get warm. I tried to draw him out and soon had hita asking

questions. At the close of the meeting, I accepted his invita-

tion to spend the night with him. I took note that others

addressed him as Peter, and I called him Peter also. When he

drove up to the store for me in a two-seated democrat, a woman
sat on the back seat. No introduction being given, I inquired

if she was Mrs. Peter and she informed me that she was,

What could these people know about scientific farming ?

But this was the beginning of a cordial and what has been to

me, a very profitable acquaintance. To this day I address them

as Mr. and Mrs. Peter and the two children as Repeaters.

During that afternoon I had done most of the talking ; but

after supper, Peter began to talk, having confidence from being

beneath his own roof. Then it was that he told me his experi-

ence in restoring the fertility of " worn out " soils. I found that

Peter was wise in the ways of the farm, and I gladly became the

listener. Following is substantial!}- what Peter said :

Before I began thinking much about plant-food I had a vague
_idea that it lay in the soil like salt or sugar, to be dissolved
' by water and sucked up by the roots of plants ; I thought that when
it was all dissolved the soil was exhausted ;

and that if I wished

to raise another crop I should be obliged to cart on to the soil what-

ever plant-food my crop might require. When I was asked why
mullein and rag weed will grow where our common farm crops

cannot, I explained it by the theory that w^eeds use different kinds

of plant-food than farm crops.

It was a great revelation to me when a reading lesson

showed that even '

' worn out
'

' soils nia^^ have enough plant-food to

grow many crops if it can only be put in such form that plants

can use it ; also that all plants require about the same kinds of

food although varying a little in the proportions. The idea that

plants differ in their ability to digest or use food set me to thinking.

The illustration which it gave, that a goat will thrive where
a Jersey cow will fare hard, explained a great deal to me and
led me to see that weeds are the goats of plant life, since they

will thrive where many other plants cannot.

Another idea that I pondered over a great deal was the state-

ment that tillage makes a soil more fertile. Experience had
taught me that the better I prepared my corn ground and the

more I cultivated, the better the orop ; but I had supposed that

this was merely because the soil was made more mellow and the

roots had a chance to spread out further in the soil. Little by
little I have come to understand that good tillage helps to make



digestible, or available, some of the tough plant-food 7vInch lies in the

soil.

When you published 3'our first three lessons on the soil and its

fertility, I wish you had directed the printer to put in large letters

the idea that the soil is a laboratory which vinst be kept in good

repair, so that "chemical activities," as you say, can go on

rapidly and unlock the locked-up fertility. You ought to have

made more clear that it is my business to keep the laboratory in

repair so that the "chemical activities" can go on without

hindrance. If you were to ask my idea of a worn-out soil, I

should say that it is a case in which the farmer has let the soil

laboratory go to ruin. If this is true, then the problem of

restoring fertility is, How can I best put the laboratory in

repair?

They tell me that soil is made of vegetable matter and rock

ground into very fine particles, what I should call stone flour.

Please let me say vegetable matter instead of organic matter, for

that is the way I am in the habit of thinking. Yes, thank you
for suggesting humus ; I suppose it means much the same thing.

They also tell me that by much cropping, this vegetable matter

will gradually pass out. It came to me, that this may become
exhausted, leaving only the stone flour behind. vStone flour is

next thing to clear sand and clear sand is next thing to a granite

boulder. I cannot conceive much "chemical activity" going

on in a boulder.

If I am right in this, then thefirst stepfor me to take towards

promoting chemical activities is to imitate nattcre and add more

hnmus to the soil by plowing uiider green crops. I have been experi-

menting along this line for several seasons and in the main I

think this is the first principle in trying to improve worn out

soils. I say "in the main," for usually one cannot carry a

point by one idea. It seems to me that this often causes the

failure of many well meaning men who would be progressive :

they go on jUst one idea. It is comparatively easy to drive one

horse, but when it comes to four or six there are a good many
lines to keep at just the proper slack or tightness and there is a

constant letting up and taking out. As I said before, my expe-

rience of several seasons has made me firm in the belief that

adding humus is the first and leading idea in the restoration to

fertility of worn out soils.

But I do not forget that there are a number of other

things in this soil laboratory which -should not be overlooked.

In carrying on my experiments I find that I have more than one

set of reins to manage. One reading lesson showed us that the

leading agents in this laboratory are moisture (not standing

water), heat and air, and that these must be in the right propor-



tions to have grood results. Many soils are so made that these

agents occur in about the right relations, and no artificial

aids, as drainage, are needed
;
yet the productiveness of the soils

to-da}- is much less than years ago. I would advise those who
intend to make experiments in restoring fertility to select, for

first trial, land which has given paying crops at some time in the

past, for it is probable that moisture, heat and air will be present

in such soils in the right conditions. Right here I wish to

warn everybody against trying to restore fertility on land that

never was fertile. Restoring fertility is hard enough, say noth-

ing about creating it.

The piece of land on which I have been making my experi-

ments is part of a farm which I bought a few years ago. It has

been rented and abused by tenants for many years. Brush
grew in what were fence corners before the fences rotted, and
there was a circle of weeds about each stump. It had been a

long time since grass seed would catch on that land. Of late

years the plowed land had been sown to buckwheat, and no crop

was certain without a liberal application of
'

' phosphate.
'

' What
was not under the plow grew up to " poverty grass." My father-

in-law tells me that before the war and mowing machines, he

mowed grass in those fields shoulder high, and that timothy did

not require re-seeding for five seasons or more.

I think my chances are good for getting those fields back to

their early productiveness, without having them cost me more
than the price of good land elsewhere. But I have made some
mistakes, mostly because I did not take into account all of the

workers in my soil laborabory. My first mistake was in not see-

ing a difference in maintaining fertility and restoring fertility.

On my small home farm I kept stock and for a number of years

had used clover successfully' in a short rotation. I found that

the rules which worked all right in maintaining fertility there,

failed to restore fertility on the new place. In some respects it

was like two horses beginning the Spring work : one well

wintered and in good condition, will require a maintenance
ration only ; the other so poor and weak that it cannot digest

enough food to furnish strength for its work and gain flesh at the

same time. For two years I found that clover was a failure on
the new farm because the land was too poor or too dry. I have
my opinion of some of the agricultural advisers who would make
clover a cure-all for all infertility. Many of these men have
never tried it themselves but simply repeat what tlie^^ have heard

other people say. You may put me down as saying that clover

is of little use for beginning the restoration, although it is all

right for maintaining it, and for adding fertility when the soil

has reached a fair degree of tilth or productiveness.



I cannot say that there is any one best wa)' of adding humus
to the soil: Conditions vary so much that no hard and fast rule

can be followed. I have attended enough Farmers' Institutes to

know that many men go there expecting to be given a recipe on
how to succeed in farming. This cannot be given any more than
a recipe can be given for making money by seUing goods or making
wagons. But 1 will tell you m^^ experience :

On one of m}' worn out fields, I plowed and harrowed the best

I could, aiming at the " onion bed " quality of tillage. On this

land I planted fodder corn in drills, and let only one half or one-

third as many stalks grow as I would on the strong soil of my
home farm. Before planting I applied commercial fertilizer with
a liberal hand to give the corn a start. I gave frequent cultiva-

tions until the corn was waist high, and at the last cultivation

sowed rye between the rows. In the following spring the rye
was plowed under just about the time it began to" stalk up and
before it had made any head.

My experience in using rye for adding humus to the soil has
been considerable and for two seasons I have made the mistake
of letting it head out before plowing it under. In this condition

it is stubborn stuff to rot, and lays in the soil like very fine

brush. Instead of being a benefit to the soil it is a nuisance.

The quality that makes rye straw wear well as bedding is a detri-

ment when the straw is plowed under. It is an easy mistake to

let rye get too far grown before plowing it under. May is

a farmer's busy month and he finds many things which ought to

be done first. When rye has reached a certain stage it heads out
very quickly, particularly if the weather suddenly becomes drj'.

You look the field over one Sundaj' and think it will be safe to

leave for a few days and by the next Sunday it will be too far

advanced to bring satisfactory results if plowed under.

The first crop of corn fodder on my worn out soil gener-
ally pays all the expense of fertilizers and cultivation, and the

second crop is an improvement on the first. I am confident that

this improvemetii is 7io( all due to the humus added by the rye, but

is also the result of good tillage. How much of it is due to

tillage I have no means of knowing ; but I wish that all restora-

tion crops could be hoed crops. When once the fertility of a

field has reached a point at which I can get a fair crop of clover, I

feel 'that the restoration period has ended and maintenance
period begun. Some farmers object to clover because of the fre-

quent re-seeding which is necessary, and expense of the seed.

One point in favor of the more extensive use of clover is the

short rotation which it necessitates, thus giving an opportunity
for frecjuent seasons of tillage. I believe in a short rotation for



either the restoration or maintenance of fertility ; for there is

fertility in tillage.

Another way of adding humus is to sow Canada peas and oats

as early in the spring as the land can be worked. This involves

more expense and brings no return in money for the first year,

but it will generally improve the land sooner than fodder corn
and rye. Before sowing, an " onion bed " preparation should be
given. Commercial fertilizers may be used as a starter. This crop
may be turned under in late June and another humus crop can
immediately follow. The cow pea, which is no pea at all but
a bean, and very tender to frost, can also be sown for this pur-

pose. Personally I have had no experience with the cow pea,

but praises of its merit come from so many reliable sources that

I intend to give it a trial the coming season.

How many seasons will it take for land to pass from the res-

toration to the maintenance period ? I do not know. Very much
will depend upon how low the fertility is in the soil when
you begin. With fair nursing I have usually been able to

get a paying crop on my own fields the second season, and on
the third I have put the land to the clover test. Sometimes the

catch of clover on the third year has not been satisfactory, and I

have had to wait until the fourth, but in ca.se of failure / never
allow the la?id to remabi idle. I have something growing that

will make humus, whatever may be its fertility. On ray home
farm I always sow rye after taking off a crop of sowed grain,

provided the field is not already seeded to clover. Rye sown
after potato digging will endure the winter and give something
to turn under in May. It usually pays me to sow clover between
the rows of corn at the last cultivation. Crimson clover also is

much praised for this purpose and I have found it good ; but I

am surprised how well the common red clover will do. When
sown during the last half of July it does not make as much fall

growth as the crimson but it forges ahead in the spring.

These are some of my methods of keeping the soil hustling :

always growing a crop for me or for itself. But these are not the

only ways of adding humus. Every farmer must judge for him-
self what will be the best way to imitate nature's way of making
soil, by adding humus to stone flour. One point I wish to make
emphatic ; that is, the humus should be added only in small quan-
tities. I have told you m^^ experience in plowing under rye after

it has headed out. I have heard that if a large green crop is

plowed under there is danger that it may make the soil sour,

particularly during the hot summers of the South. Of this I

have had no experience. I have tried sparingly of lime, plas-

ter and salt. In one of your leaflets you said that these are not

direct fertilizers, since none of them supply nitrogen, phosphoric



acid or potash to the plant, except indirectly, bj^ making what is

already in the soil more easil}'- digested. My idea is that results

from their use are not at all uniform, and where marked improve-

ment fellows it is due to local conditions in the soil.

The part that commercial fertilizers play in my experiments is

like that of kindling wood in starting a blaze. When planting

corn fodder on my worn out fields I used what the manuiacturers

call a complete fertihzer, supposed to contain the three elements

of plant-food which are needed most. When clover becomes a

fairly sure crop, I know that the field has passed the restoration

period and begun the maintenance period and I do not buy any

more fertilizers containing nitrogen. The clover supplies me
with that. My opinion is that I do not need to buy much potash

either. It may be necessary in orchards, but for field crops I

fanc}^ I can unlock enough of the potash already stored in the

soil by first class tillage. What I need most and must buy is

phosphoric acid. My fields have been under cultivation upwards
of forty years and I find that I get best returns from money
invested in dissolved phosphate rock. I am speaking from per-

sonal experience now, and would not make my practice a general

rule for others. Every farmer must cut and try and think out

these problems for himself. In my earlier experience in farming,

I spent some good money in commercial fertilizer ; and when it

brought me no returns, I blamed the manufacturer. It was not

his fault but my own. That was before I became a tillage crank

and put my land in " onion bed" condition.

Stable manure, when well cared for, is a friend that we can

count on under nearly all conditions. The chemist tells us that

it has only two to four dollars' worth of plant-food per ton.

Perhaps that is all it may have in his own laboratory, but it is often

worth more than that in the soil laboratory. I think it has

value far beyond the plant-food it contains, because it has

power to put in motion those " chemical activities " of the soil

which we have been talking about. It is the best thing to give

clover a start when the soil is near the uncertain line between
restoration and maintenance. If I can have from four to eight

loads per acre when seeding I can usually get a fair stand of

clover. After turning the clover under and following with one
hoed crop before seeding to clover again, I feel that I have about
reached the top of the divide between restoration and maintenance.

I suppose a man who insists on exact use of words would
object to the expression of a " dead " soil, but it means much to

a farmer who has stood between the plow handles for man}-

years. By " dead " I mean an absence of mealiness. It is a bad
case when two to three crops of humus-makers will not make
the soil mealy—I suppose you would say put in a friable con-



dition. As I think of it, this friable condition is but another way
of saying that the laborator}^ has been put in repair so that chem-
ical activities can have full swing. No doubt the humus ma}'
have of itself some chemical action, but the repair of the labora-

tory is the main point with me.
What time of the year would I begin restoration experiments ?

I think that spring is the ideal time, but as a matter of practice

I have begun mine mostly in the fall. It has come about this

way. In the springtime I am hopeful, and I am inclined to

excuse some of the past failures of a doubtful field as being due
to unfavorable seasons. I think I will chance one more crop.

But when harvest time comes, the results are the old story, and
I find that there is no way but to begin the improvement of the

condition of the soil laboratories at once. If the land has had a

grain crop, I sow Canada peas and oats or barley immediately
after harvest, using for kindling wood some commercial fertilizer.

The peas and oats will grow until after frost, and perhaps remain
green until it is too late for fall plowing ; so I allow the vines to

mat down under the snow and plow them under in the spring.

If the land has had a hoed crop, I use my stand-b}^—rye
;

not because I think it the best, but because I can often find

nothing else which will fit into the place and season. When my
soil has got to the.maintenance stage, I begin to feel as if I can
think about using more freely of fertilizers.

We have given Peter's story because we believe it contains in

simple form three of the first principles of successful farming

—

good tillage, rotation, humus-producing manures. We want to

start a movementfor better tillage. Try an acre, or a few rows of

a potato field or corn field. Keep track of when you till it. Tell

us the results in the fall. Of course you will use judgment

;

one can overdo anything. But tell us whether you think we are

right in believing that these three things—tillage, rotation,

humus—are the very foundation stones of good agriculture. If

we were to add a fourth it would be good business management

;

but begin this season for a new experience of these three, and let

us know the results.

We shall be glad if those farmers who contemplate trying

these experiments in improving depleted soils, will write us so

that we may register their names. We shall be glad to help

them if we can.

L. H. Bailey Chief.

fohnW. Speficer, Deputy Chief.

Cornell Reading-Course Bureau.
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SEED TRAVELERS.
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Not many years ago, in a country which lies between the Bal-

tic and North Seas, there dwelt a writer of stories named Hans

Christian Andersen. He called his native land a "swan's nest,"

and I think that he was the most beautiful of all the swans that

ever rested there. Junior Naturalists should become familiar

with the "Household Tales " written by this Danish author, for

by reading them you will learn to take pleasure in some of the

common things about you.

How many of you have ever stopped to look at a burdock as

you walked along a highway ? I fear you think it is only a weed

that could not possibly be interesting. Will you read Andersen's

story of " The Happy Family " and find out how many delight-

ful things he discovered by observing this common plant ? If he

had not noticed the burdock, he never would have seen the little

white snails that lived beneath its broad leaves.

For the first lesson this year we are going to ask you to study

seed travelers. Do not think becau.se they are small and easily

found that they will have no interest for you. vSome seeds are

wonderfully constructed and have remarkable ways of journey-

ing from place to place. They float on the water, are carried

by the wind, and slide on the snow. You may find it hard to

believe, but many have been shot out of pods and sent long dis-

tances. Numberless seeds reach new homes by clinging to the

clothitig of people and the coats of animals. Do you not wish

plants could talk so that we might hear the history of their

travels ?

Madam Dandelion would speak first, I suppose. You know

she never hesitates to go where she plea.ses and remains as lolig

as she likes, no matter how rudely she may be treated, so I am

sure she would not be at all diffident in conversation. She would

probably tell us that she had left her home last year in a balloon



which her mother had given her. How she must have enjoyed

sailing away, away over field and meadow, until she reached a

sunny place where she would have plenty of room to grow. I

would like to hear her tell how happy she felt when the warm
spring days came, and she arose out of the earth clothed in a gay

yellow gown, bringing brightness and cheer into the hearts of

little children. Many grown folks, as well as the young people,

greet her with a smile each spring, and once Lowell wrote a

beautiful poem about this bright little blossom in which he said:

My childhood's earliest thoughts are linked with thee ;

The sight of thee calls back the robin's song.

Who from the dark old tree

Beside the door, sang clearly all day long.

And I, secure in childish piety,

Listened as if I heard an angel sing

With news from Heaven, which he did bring
Fresh every day to my untainted ears.

When birds and flowers and I were happy peers.

Yes, she is a pert little thing and is sometimes very annoying

to the gardener, but no one would banish her altogether. Will

you go out into the fields and find Madam Dandelion, so that

you can learn from her how she sends her children abroad in

balloons ?

I wonder how many boys and girls know what sedges are ?

They look like coarse grasses and generally grow near ponds and

in marshy places. The seeds of most sedges travel by water to

reach new homes. Whenever I see them gliding along I feel

like saj'ing, "Where are you going, little akenes ?" An akene,

you know, is a small, dry, one-seeded fruit which does not break

open when it ripens. The real seed is inside an outer covering

and when there is a space filled with air between the outer cover-

ing and the seed, it can sail on quiet waters or drift with the

current of running streams. Will you try and find as many
sedge akenes as you can and send them to me ? Anything that

you can tell me of the mother plants will be of interest. I shall

enjoy a description of the place in which they grow, and I shall

also like to learn something about their neighbors. Do you

think the pretty white water lily is one ?

A great, burly immigrant which is found in some fields is worth



a little study. It has been called a Russian thistle but it is"

really a tumbleweed. When I tell you that in about twelve

years it has traveled from Dakota to New York, you may think

it deserves to be spoken of as a " cross country runner." Will

you tell me how you think this tumbleweed reached this country

from its far away home near the Caspian Sea, and how it has

managed to spread so rapidly in the New World?
Not many days ago I saw a Junior-Naturalist who didn't know

that "stick tights" are seeds. They have been called " little

tramps " and I think they deserve the name, for they wander
from place to place, stealing rides on people's clothing or animal's

fur whenever the}' get an opportunity. If you will look closely

at one of these seeds, you will be able to see very plainly the

tiny hooks with which it fastens itself to moving objects.

Sometime, when wandering along a roadside, you may see a

small oak tree struggling to grow tall and strong like its ances-

tors, those brave old " kings of the forest." You may look for

the parent tree, but as far as the eye can reach it is nowhere to

be seen. How then did the little acorn travel so far? Keep
your eyes open and some day you may discover a way in which
this could happen. May be an old crow had started out to carry

this acorn to his home. On the way he might have met a con-

genial friend whom he had not met for a long time. Now in a

case like this, children, it seems to me that, on opening his beak

the better to say, " Caw," the old chatterer might have dropped

the acorn, and being interested in conversation he probably for-

got it. If you ever have an opportunity, watch a flock of crows

and see whether they might plant an oak tree in some such way
as this. You may at the same time come across another little

creature that carries acorns, but I shall not tell you his name.

I shall just mention, however, that he has a saucy face, very

bright eyes, and a warm-gray coat. He runs .so rapidly that the

most agile Junior-Naturalist would scarcely dare to compete with

him in a race, and he can talk faster than any lassie in .school-

Do you think you will be able to find him and tell me his name?
I earnestly hope, boys and girls, that in studying seed travel-

ers you will try and find many of which I have not spoken. In

order to do this you will have to go out into the fields and woods



where a great teacher is waiting for you. Patiently will she

instruct you over and over again, so that whatever you may fail

to learn in one lesson, you will acquire in some other. The
work will be so interesting that you will be happy when you
learn that in her books there are no last pages. When I read

your letters I shall know whether you are really Nature's stu-

dents. I shall consider that you have done excellent work if

you find ten seed travelers and tell me a few facts about them.

When your lesson is prepared, suppose you send the seeds to me
and I shall give them to boys and girls in large cities who can-

not go out into the fields in search of them. Will it not be a

pleasure to help other members of the club in this way ?
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THE STORY AN APPLE TREE CAN TELL.

It was the murning attcr All Hallowe'en that 1 wandered into

the orchard and stood beneath the tree where the children had played

mimic life during the vacation days. It had been the scene for picnics,

high teas, receptions and doll parties, with some of the strife and friction

of real society. The soap box, with a board through the middle for a

shelf, that was a combination of china closet and pantry, was upset.



The clothes-line swing still hung from a lower limb, but the notched

board used as a seat was gone. When the sharp rays of the midsummer
sun came down, the wide branches of the tree gave a cool, protecting

shade. While the children had their frolics, their bickerings, and
" making up," the old tree was hard at work. Every hour of the twenty-

four, day in and day out, week in and week out, it worked, not even

having a picnic on the Fourth of July.

When you go to a factory and hear the noise of the machinery and

see the whirling wheels, the gliding belts, and the army of employees

moving briskly about like ants, you think that it is a busy place. Per-

haps you are shown the unattractive raw material on one side of the

factory and the finished product on the other, and you think what won-

derful changes have been made.

The tree has been just as busy a place during all the long summer
days. I doubt if the tallest Junior Naturalist could lift and carry the

product it has manufactured during that time— 1 mean the new wood
and foliage that has grown since spring.

The idea that a tree works may be a new one to you ; and if so, it

is because the tree has made no noise while at work, and you have not

yet learned to listen with your eyes. 1 wish you to look upon this tree

as a real living thing having life like yourself, and having a care for its

future welfare. It can tell a story about itself that is just as interesting

as any old soldier or sailor can tell. When you have made its acquaint-

ance and listened to its story, 1 am sure that you and the old apple tree

will be the best of friends ever after.

It was raining when I entered the orchard. The drops fell thick

and fast, and as some struck pools of water there splashed up cup-shaped

waves that settled back in expanding rings. 1 saw that the tree was no

longer at work, but had gone into a profound sleep from which it will

not awaken until the warm days of spring. Plain for all eyes to see,

however, was the finished product, and 1 wondered how many of my
boys and girls would appreciate the skill shown in the workmanship.

There is a great principle in nature which 1 wish to impress upon

your minds. I hope you will learn it, for if you do you will be able to

see the reason for many things when you listen with your eyes. It ap-

plies to all forms of life, both animal and vegetable, even to you and me.

it is this : there is a constant struggle for existence.

Our friend, the apple tree, understands this very well, and all his

hard work during the past summer has been expended in preparing for

the tuture. it seems to have known that a cold and trying winter was
coming ; that it must stand out there alone many sharp and frosty nights

when the snow squeaks beneath the feet and the stars sparkle in the clear

sky ; that it must endure many cold rains which will cover its branches

with ice for the strong wind to use as whip-lashes.

it also seems to have known that the next spring when it wakens

and enters upon another busy summer, its first want will be a breakfast;

and that a breakfast will be of no value unless it has a stomach and lungs.

Yes, the4ree certainly seems to know all these things and after providing

them, has given them protection against the hardships of winter.



Besides listening to what I

what the tree tells you. 1

something like the one shown
ingly part with a twig for a

of becoming better acquainted.
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of the outer scales lap over
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hope each of you will find a twig

here. Any apple tree will will-

Junior Naturalist for the sake
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Look at the picture and note the wrinkles shown at B. Have you ever

learned what caused them ? That was the location of a terminal bud
last winter, and next summer there will be wrinkles where bud 10 now
is. All the length of the twig from B to 10 was made by the tree during

the past summer when it was so busy.

Now, instead of looking at the picture, will you examine a real twig,

begin at the terminal bud, and trace its length until you find some
wrinkles ? The little twig grew that much longer this year. If you are

fortunate enough to have one which has had abundant sunshine, you will

probably find another set of wrinkles farther back which will show you
the length of growth made the summer before. I have been able to

count five or six years of growth on some twigs. If you will compare
the one you have with several others, you will find that they have not all

grown the same length during the past season. What do you suppose

has been the cause of this } It may be that the dit^erence could be ex-

plained in many ways, but the most probable one is that the twigs which
made the greatest progress had the most sunshine. The leaves, in order

to do their work well, must also have abundant sunshine baths—bright

light and not shaded light.

All the terminal buds that you see on an apple tree have great am-
bitions for the future, just as 1 hope each Junior Naturalist has. The
bud hopes to become a twig and grow into a branch, and if it can reach

out into the sunshine it usually succeeds ; but many buds do not find the

full sunlight, and these disappointed ones may become fruit buds. They
are short and thick and are borne upon what are known as fruit spurs.

Some buds—poor things !—receive so little light that they become com-
pletely discouraged and disappear altogether. Look at the picture and
carefully note buds numbered 3, 4, 5 and 6. These are probably disap-

pointed buds and in a few years will be only short spurs.

I hope thai every Junior Naturalist will visit an apple tree, break off

a twig and study it carefully. When you have written the story which
it tells, will you send the little twig to me ? The story it will tell me is

that my boys and girls have studied the thing itself, as real naturalists

should, and have not depended on books or leaflets for information

which can be obtained directly from nature.

ALICE G. MCCLOSKEY.
JNO. W. SPENCER.



December, 1899.

Junior-Naturalist Monthly.
Issued by the College of Agriculture and Experiment Station of Cornell University,

under Chapter 430 of the Laws of 1899, of the State of New York.

VOL. I. CORNELL UNIVERSITY, ITHACA, N. Y. No. 3

HOW WE SHALL PLEASE ST. NICHOLAS.

UPPOSE on the eve of the 24th of December,

St. Nicholas should pop his head in at my door

and say: "Merry Christmas, Uncle John! I

have come to find out what your Junior Natural-

ists have learned about wind and ice and snow

and evergreens." Do you not believe that he

would be very much disappointed if we had for-

gotten to study the very things in nature that he enjoys most ? Let us

work hard during the cold December days, so that Uncle John may be

proud of all that his boys and girls have done ; for then the jolly old

face will be a welcome sight.

The wind is one of Nature's strongest children and many a hard

task it accomplishes. Watch carefully and see if you can discover how
it works and what are the results of its labors. From your observations

from time to time near your own home, let me know what effect you

think it might have on the ocean or on a desert. I want you also to

learn to love the music of the wind for, as you grow older, you will find

that " it is a voice that never sings false. You are never small when you

listen to it."

Jack Frost seems to be just a nimble little sprite, so 1 am sure you

have no idea what a strong fellow he is. Perhaps you know that he can

break a pitcher or a bottle, which is not a difficult thing to do ; but did

you ever hear that sometimes he becomes a powerful giant and can pry

great rocks apart ? How does he do these things .? 1 wonder if you

can tell me.

I hope you have seen his mar\'dlous pictures. 1 read once, and

know it is true, that :



" He went to the windows of those who slept,

And over each pane like a fairy crept.

Wherever he breathed, wherever he stept.

By the hght of the moon were seen

Most beautiful things. There were flowers and trees

There were bevies of birds and swarms of bees,

There were cities, thrones, temples and towers ; and these

All pictured in silver sheen."

Will you look for some of Jack Frost's sketches on your windows

and tell me something about them ?

Study whenever you can the dainty little snow crystals which fall

on your clothing, as

" Silent and soft and slow

Descends the snow."

Do you wonder that the blanket with which nature covers all her

sleeping plants is so beautiful, as we see it crossed and recrossed by the

shadows of the leafless trees, when you find how pretty are the tiny

flakes with which it is made ? Jack Frost designed every one, and no

two are alike.

How 1 wish 1 might be with you when you go in search of ever-

greens ! What a merry party it would be ! The smallest Junior Nat-

uralists would be close beside me, so that occasionally I might pat each

tiny head, while the older boys and girls discussed with me some of the

old-time customs with which evergreens are connected. We would re-

call how, for many centuries, the youths and maids of England have

brought home the yule log* from the forest to cheer the Christmas

hearth. It would amuse us to speak of the old-time folks who hung

holly wreaths in the windows to scare the witches away ; and the queer

people who were careful to dispose of all the Christmas greens immedi-

ately at the close of the holiday time, because after that the one who

stepped on a spray, or even a leaf, would behold a dreadful goblin.

Some rosy cheeked lassie or bright eyed laddie would be sure to ask

me why so many trees are leafless in winter, while evergreens are not.

You will be unable to understand an explanation of the first question un-

til you are older and can learn, with the aid of the microscope, a little of

the mysterious story which Mother Nature has hidden in a leaf. I would

* Do you know that the burning of the yule or Christmas log grew out of a custom which
was established long before the birth of Christ ? The custom originated among certain peo-

ple called Teutons who, during the winter solstice, burned a log of oak. It was their be-

lief that the longer it could be kept burning as the length of the days increased, the

greater would be their prosperity. Old time customs are difficult to givfe'up so the burning

of the log became a part of the Christmas festivity, and was called the yule log.



probably answer by saying that the material taken in by the roots of the

tree, is lifted up into the leaves and other green parts where it is man-

ufactured into starch. Since all the moisture which rises is not needed

in these factories, there are little pores in the leaves through which some

of it may pass out. In the cold winter weather the tree loses all of its

vital activity, so the little unused factories become ruins and tumble to the

ground. We may not be able to learn from evergreen trees just why they

wear their summer suits all winter. In the distant future, some Junior

Naturalist, grown to be a Senior, may find some reason for it.

It certainly would be delightful if 1 could go with you, for, besides

having a jolly time, 1 believe I might find out something which 1 am
very anxious to know. Maybe you will help me.

In many places in the United States live relatives of two very dear

friends of mine. 1 would like to learn just where 1 can find them.

These friends are pine trees—very old fellows—living close together since

Washington took command of the Continental Army. One is a pitch

pine and the other is a white pine. They have seemed good comrades

since I have known them, the roots of each taking food from the same

soil, receiving rain and sunshine from the same skies, and each wearing

his own green needles in his own particular way. 1 have known sleepy

boys and girls to put on a stocking in the morning wrong side out, but

rarely has the pitch pine failed to put out three needles from a sheath, or

the white pine five. All the years that they have lived, they have been

counting out needles—one three, the other five,—and one must be very

patient in his search if he finds that they have made a mistake in arith-

metic. Are we as accurate in our work in numbers—you and 1 ? When
I was a youngster I could always remember the ditTerence between the pitch

pine and the white pine, because in the latter 1 could bunch the needles

up and make what looked to me like a broom, but in the former the

needles stood out so stiffly that they were more like quills on a porcu-

pine's back.

Do you believe pine trees ever shed their leaves ? If you look

closely along their branches, you will see many places where once the

little leaf sheaths rested
; and you will then learn where Mother Nature

finds material for her thick pine needle carpets.

So many kinds of evergreens are there that if you were to remain

in the woods long enough to study them all, 1 fear Jack Frost would
claim you for his own. I am too fond of my Junior Naturalists to give

them up to any such mischievous sprite as he ; so scamper about as

lively as possible, and secure a branch and cone from each green tree.



JVbat kind of pine is this ?

These you can study at home or in school where, if Master Jack, does

venture in, he will not remain long. You can there learn the names of

your specimens by consulting the leaflet, "Evergreens and How They

Shed Their Leaves," which we have sent to your teacher.

Before leaving you, my dear boys and girls, 1 want to wish you a

Merry, Merry Christmas. Let the St. Nicholas spirit enter your hearts,

bringing with it the knowledge that the highest happiness is found in

giving pleasure to others. No greater joy can come to any of us than

to feel that the world is a little better—that more brightness and cheer

have entered some homes—because we have lived.

Alice G. McCloskey.

Jno. W. Spencer.



January, 1900.

Junior-Naturalist Monthly.
Issued by the College of Agriculture and Experiment Station of Cornell University,

under Chapter 430 of the Laws of 1899, of the State of New York.

Entered at the Post Office at Ithaca, N. Y., as second class matter.

VOL. I. CORNELL UNIVERSITY, ITHACA, N. Y. No. 4

OXYGEN AND CARBON IN PARTNERSHIP.
The stories told of the power of fairies, sprites and elves are the

source of never-ending' interest to boys and girls. 1 remember the days
when I rejoiced in the victory which Cinderella had over her haughty
sisters. How wonderful in my mind was the fairy who transformed the

lowly maiden into a beautiful princess, a pumpkin into a chariot and
four tiny mice into prancing steeds !

In your study of nature, I want you to learn something of the

unseen forces that are about us all the time ; forces as great, as power-
ful and as swift in transformation as could possibly be exerted by a fairy

wand. These forces are with us every day. It is true we cannot see or

hear them, taste or smell them, nevertheless they are ever present—as

strong as the greatest monster, as powerful as the mightiest engine.

This is especially true of a life-giving element with which each
Junior Naturalist should become familiar. If an unusual amount of it

gets into the blood, it will make it tingle
;
your eyes will brighten and

your cheeks turn red, and sometimes it will send you skipping along the

path as though the ground were hot beneath your feet. Without it all

animal life would cease to exist ; no tires would burn ; all things would
fade and die.

1 fancy if 1 should call this element " Hokey Pokey," you would be

much better pleased than if I should give you the name by which the

chemist knows it, for then you might think of it as some amusing little

sprite. As you are to be young naturalists, however, you must put on
some of the airs of scientists and begin to learn a few things by their

true names.

1 shall give you but one this time and that is a short one. It is

oxygen. 1 wish you to learn that it belongs to a class called simple sub-
stances. A simple substance may be divided into large or small quanti-
ties, but each will still be the same substance. There are many sub-
stances which we call compounds, that can be taken apart, as milk. A
chemist can do it. In one dish he can put the. cheese curd, in a very
small dish the sugar, and in the largest dish the water—all coming from
a quart of milk.



If the subject can be made easy for you to understand, I think you
will find pleasure in observing how simple substances go into partnership

to make compounds.
Let us begin to make the acquaintance of oxygen. It is a great

friend of ours when properly controlled, but if once allowed the oppor-
tunity, it is more powerful than all the giants you can imagine. An
interesting thing about it is that with all its capacity for power, it can
do nothing alone. Without a partner, it is as incapable of accomplish-

ing anything as one-half of a pair of shears. We find as we study oxy-
gen that it seems to revel in partnerships, and with marvellous rapidity

it will abandon an old one to enter a new one. This entering into new
partnerships and breaking up old ones is something in which I hope
you will become interested, for it lies at the foundation of chemistry.

The chemist would speak of the partnership as a compound, and to keep
him good-natured, we must begin using some of his words.

That you may see with your own eyes oxygen entering into a com-
pound (partnership) with another element, we will try an experiment.

The easiest way to obtain oxygen is from the air of which it forms
about one-tlfth. I think we will make the other partner carbon. Char-
coal is one form of carbon, and the wax in a candle contains carbon

;

as the latter is the handier and the cleaner, we will use the candle. With
a lighted match, we will heat the end of the candle, which furnishes the

carbon, and the oxygen in the air begins the partnership.

Perhaps you think it is only guess work that there is oxygen in the

air. We shall see whether it is or not. Put the lighted candle on a

piece of blotting paper and a lamp chimney over it, as you see in Fig. 1,

and do not forget to give a little air

space at the bottom of the chimney.
Notice how the partnership continues the

same as before. If anything, the lamp
chimney has made the partnership go
on a little faster. Why this is so is a

good question for all Junior Naturalists

to find out for themselves. Perhaps you
will observe some reasons for this if you
remove the two lead pencils and place

the chimney close to the blotting paper.

Watch carefully and see the partnership

wane, just because the supply of oxygen
has been lessened. Next, put a sheet of

blotting paper over the top of the chim-
ney, shut off all supply of oxygen and
see what will happen.

The light has gone out. The _ _ ____

partnership has ceased because
=#"-"""

the share that oxygen was re- ^;_ _

quired to add could not be

supplied. In the bottom of •=_^=_—.:==

the lamp chimney is a com- Fig. X.



pound. It is not oxygen or carbon. A little mouse dropped into this

compound would die. It could breathe the compound but it would do
no good, and it would die in the same way that it would if it were plunged

into a pail of water. The cause of death in each case might be called

drowning. Chemists have named this compound carbon dioxid. The
word "di" means two, and has been slipped in between the words car-

bon and oxygen to denote that oxygen put twice the amount into the

compound as did carbon. Do you think you can now explain to your

parents how a candle burns ?

All you boys and girls who drank soda

water last summer are familiar with this

compound carbon dioxid. It sometimes
goes tickling up your nose. Bread is made
" light " by means of the carbon dioxid

which crawls through the dough and
makes it full of bubbly holes.

When the partnership was going on
between the candle and the oxygen, con-

siderable heat was given off. Perhaps

your teacher can tell you if any partner-

ship between oxygen and carbon is going

on in our bodies ; how it is done ; if the

heat of our bodies is due to that ; if the

breath we send out from the lungs is not

carbon dioxid, and if a little mouse
would die if shut up in it.

Very little people will be un-

able to understand this lesson,

so Uncle John will not expect

them to write about oxygen,

carbon and carbon dioxid. He

Fig. 2. knows that they like better to

study about real live things, but during the winter weather it is hard to

find some of Mother Nature's most interesting children ; she has either

sent them to warmer lands, or tucked them up cosily in bed where they

cannot feel the cold.

" Bob-o'-Lincoln-oh. so wise !*

Goes to sleep 'neath summer skies.

'Mid the leaves.

Mr. Bruin, night and day,

Snoozes ail his time away,
In his cave I

Squirrel Red with nuts—a store !

In hollow tree-trunks loves to snore,
In the wood.

Mrs. Woodchuck 'neath some knoll,

Drowses in her bed—a hole !

Deep in eartli.

* A. F. Caldwell in Youth's Companion.



Floweret bulbs nestled together,

Doze all through the wintry weather
'Neath the snow.

In the chrysalis hard by,

Dreams the sometime buttertly.

In corner hid."

We shall be patient and not disturb their slumbers, you and 1, for if

we should they might not be sociable. 1 learned this once when, dig-

ging deep into the earth, I came across an old toad. Months before he

had backed down to a place which he thought would make a warm bed.

Such a sleepy old fellow as he was ! Do you think he would tell me his

history ? Why, 1 could not coax him to show the least interest in life.

1 could hardly be sure that his usual smile was there. For this reason 1

think we shall wait for Mother Nature to arouse all our old favorites, and
in the meantime there is something you can study that will please me
very much.

I want you to look for some forsaken birds' nests which 1 am sure

many of you pass on your way to school. You will be surprised to dis-

cover how many things can be learned from one of these tiny homes.
It will tell you how hard the mother and father bird worked to make a

substantial dwelling place for their children. Notice the material used in

its construction. Where did the little creatures tind it all ? How long

do you think it took them to build it ? Ah, you were not naturalists

last year, perhaps, so you cannot answer these questions. Those sweet-

voiced friends of ours, now swinging on leafy boughs in southern lands,

would be very much surprised if they could only know how eagerly

they will be watched next spring by our boys and girls. No harm will

come to the little architects and builders because of this interest on your
part, I know, for real naturalists are never cruel or thoughtless.

Remember while preparing this lesson that nests are not always
built high up in the trees. Robin Redbreast may prefer such a location

but many seem to like better a more lowly dwelling place.

Uncle John will be very much pleased if each Junior Naturalist

succeeds in tinding a deserted bird's nest. He will want to hear all that

you can tell him about it, particularly the size, shape, material of which
it is made, and where it was found.

Alice G. McCloskey.

Jno. W. Spencer.
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WAITING FOR THE BIRDS,

The springtitBe belongs to the birds and me. We own it.

We know when the Mayflowers and the buttercups bloom. We
know when the first frogs peep. We watch the awakening of

the woods. We are wet by the warm April showers. We go

where we will, and we are companions. Every tree and brook

and blade of grass is ours ; and our hearts are full of .song.

There are boys who kill the birds, and girls who want to

catch them and put them in cages ; and there are others who
steal their eggs. The birds are not partners with them : they

are only servants. Birds sing for their friends, not for their

masters. I am sure that one cannot think much of the spring-

time and the flowers if his heart is always set upon killing or

catching something. We are happy when we are free ; and so

are the birds.

The birds and I get accjuainted all over again every spring.

They have seen strange lands in the winter, and all the brooks

and woods have been covered with snow. So we run and romp
together, and find all the nooks and crannies which we had half

forgotten since October. The birds remember the old places.

The wrens pull the sticks from the old rail, and seem to be wild

with joy to see the place again. They must be the same wrens

that were here last year and the year before, for strangers would

not make such a noise over an old rail. The bluebirds and

wrens look into every crack and corner for a place in which to

build, and the robins and chipping-sparrows explore every tree

in the old orchard.

If the birds want to live with us, we should encourage them.

The first thing to do is to let them alone. Let them be as free

from danger and fear as you or I. Take the hammer off the old

gun, give pussy so much to eat that she will not care to hunt



for birds, and keep away the boys who steal eggs and who carry

sling-shots and throw stones.

Bird houses.—For some kinds of birds we can build houses.

Although birds may not appreciate architecture, it is well

to make the houses neat and tasty by taking pains to have

the proportions right. The floor space in each compartment

should be not less than five by six inches, and six by six or six

by eight may be better. By cutting the boards in multiples of

these numbers, one can easily make a house with several com-

partments ; for there are some birds, as martins, tree-swallow^s

and pigeons that like to live in either families or colonies. The
size of the doorway is important. It should be just large

enough to admit the bird. A larger opening not only looks bad,

but it exposes the inhabitants to dangers of cats or other

enemies. Birds w^hich build in houses, aside from doves and

pigeons, are bluebirds, wrens, tree-swallows, martins and some-

times the chickadee. For the wren and chickadee the opening

should be an inch-and-a-half augur hole, and for the others it

should be two inches. Only one opening should be provided

for each house or compartment. A perch or door-step should

be provided just below each door. It is here that the birds

often stop to arrange their toilets ; and when the mistress is

busy with domestic affairs indoors, the male-bird often sits out-

side and entertains her with the latest neighborhood gossip.

These houses should be placed on poles or on buildings in some-

what secluded places. Martins and tree-swallows like to build

their nests twenty-five feet or more above the ground, but the

other birds prefer an elevation less than twelve feet. Newly
made houses, and particularly newly painted ones, do not often

attract the birds. Birds do not build in houses made of green

lumber. Make the houses in February and March, and let them
season.

Watch the Birds.—But if the birds and I are companions, I

must know them more intimately. Merely building houses for

them is not enough. I want to know live and happy birds, not

dead ones. We are not to know them, then, by catching them,

nor stuffing them, nor collecting their eggs. Persons who make
a business of studying birds may .shoot birds how and then, and

collect their eggs. But these persons are scientists and they

are grown-up people.



Boys and girls should not make collections of eggs, for these

collections are mere curiosities, as collections of spools and mar-

bles are. They may afford some entertainment, to be sure, but

. one can find amusement in harmless ways. Some people think

that making collections makes one a naturali.st, but it does not.

The naturalist cares more for things as they really are in their

own home than for museum specimens. One does not love the

birds when he steals their eggs and breaks up their homes
;

and he is depriving the farmer of one of his best friends, for

birds keep in.sects in check.

Then let us go to the fields and watch the birds . An opera-

glass or spy-glass will bring them close to you. Try to find out

not only what the colors and shapes and sizes are, but what their

habits are. What does the bird eat ? How much does it eat ?

Where is its nest ? How many eggs does it lay ? What color

are they ? How long does the mother bird set ? Does the father

bird care for her when she is setting ? For how long do the

young birds remain in the nest ? Who feeds them ? What are

they fed ? Is there more than one brood in a season ? Where

do the birds go after breeding ? Do they change their plumage ?

Are the mother birds and father birds unlike in size or color ?

How many birds do you know ?

These are some of the things which every boy or girl wants

to know ; and we can find out by watching the birds ! There is

no harm in visiting the nests, if one does it in the right way. I

have visited hundreds of them and kept many records of the

number of eggs and the date when they were laid, how long

before they hatched, and when the birds flew away ;
and the birds

took no offense. These are some of the cautions to be observed :

watch only those nests which can be seen without climbing, for

if you have to climb the tree the birds will resent it. Make the

visit when the birds are absent if possible; at least, never scare the

bird from the nest. Do not touch the eggs or tlie nest. Make

your visit very short. Make up your mind just what you want

to .see, then look in quickly and pass on. Do not go too often,

once or twice a day will be sufficient. Do not take the other

children with you, for then you are likely to stay too long and

to offend the birds.

Soon your teacher will receive a leaflet telling the kinds of

birds that come with the opening of the spring.

L. H. Bailey.
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THE COMING OF SPRING.

While looking out of my window at the snow-covered fields

and frozen stream and listening to the roaring of the wind, I

can scarcely believe that spring is near. Spring enters our world

so slowly and quietly that rarely are its first footsteps heard.

Will our Junior Naturalists listen for them this year? Will they

know when the hepatica first lifts its head, when the brook sings

its first song, and when the first green leaves unfold ? If so,

spring will not take them unawares—they will be waiting.

Who in your club will find the first hepatica, I w^onder ! Will

it be John or Tom or Henry or Nell ! Nell is a bright little

girl and unless the boys look out, she will find one some morn-

ing before they are up. These small blue or purple blossoms,

which many of you call Mayflowers, sometimes appear before the

snow has gone. I was told once that anemones ( the little wind

flowers) are the first to blossom. I hardly think this possible.

They always stand so erect on their slender stalks, that it seems

to me they would be injured by the cold more than the lowly

hepaticas lying close to the earth. However, I am not sure

which is the earlier, and will ask you to find out for me. For

your dues, describe the first wild flower you find, and tell us

where you found it.

A little plant is a wonderful thing. It takes its place in the

world in such a modest way that we tisually treat it with indif-

ference, but the commonest flower or plainest weed has a most

interesting life story if we only knew it. Begin with the tiny

seed which dropped to the grotind last fall. Already the little

plant inside the seed was prepared to send its root down into the

soil, its stem up into the bright world. For daj s and days it will



work. The stem will grow higher and higher, and the leaves

will appear. Have you ever looked closely at a leaf? You
will not wonder, when you do, that it was not made in a day.

Where did these stems and leaves come from?

Occasionally I take the whole plant home with me, having

first noticed whether the soil in which it grew is similar to that

in my garden. A good many little strangers have entered my
gate in this way. They are now thrifty plants, so I think the}^

found their new home comfortable. Can a^ou not make a garden

in this way? Try it.

Robert Burns, the poet, loved birds and flowers, and talked to

them while working in the fields. One day he was obliged to

turn a daisy down with his plow. He did not pass it unno-

ticed, but has told in a poem "To a Mountain Daisy" something

aboiit its life."

" Cauld blew the bitter, biting north

Upon thy earh-, humble birth
;

Yet cheerfully thou glinted forth

Amid the storm,

Scarce rear'd above the parent earth

Th}- tender form."

He shows that he appreciated the difficulties under which it

had struggled to fill its humble place in the world. It was not

shielded as are many plants, put obliged to push its
'

' tender

form" up through the stony soil. Notice where a plant

grows when you find it.

Another poet says :

Hast thou named all the birds without a gun ?

L,oved the wood-rose, and left it on its stalk?
* * * * * *

O, be my friend and teach me to be thine.

Will you then write to Uncle John telling him how your work

is progressing and giving as nearly as you can the history of each

flower you find in March and April ? Where does it grow ? In what

kind of soil? Tell something about the stem, the leaves and the

blossoms. If the flower is scarce near your home, I hope you

will tell me that you studied it and " left it on its stalk."

Before next June I hope 3'ou will write about some of my
old favorites : Jack-in-the-pulpit, columbine, anemone, hepat-

ica, trailing arbutus, wild geranium, Indian pipe, adder's tongue

and manv others. You cannot find them all at once. In fact it



may be several days before 3^ou find any. In the meantime I

want 5^ou to think about another topic for stndy which I shall

suggest.
* * *

Near my home there is a noisy little creek which will soon

begin its spring work. Day after day, 3'^ear after year, I have

watched it rushing along on its way to the river
;

yet it alwaj^s

has something new to tell me, some new song to sing. I have

never traced it to its source, but somewhere on the mountain

side it began its young life many years ago. It flows through a

narrow valle^, rather steep banks rising on either side. Do you

think Nature made this channel so that it might have a place in

which to run easily along ? No. Starting on the hillside,

the little stream began to work away as if it knew that it must.

From the way it rushes onward I cannot help thinking it is ambi-

tious to become a Mississippi some day, or for all I know, it may
have aspirations toward being an Amazon.
Young streams sometimes have very hard tasks. If you were

with me on a summer day, you would hear my little creek mak-

ing a great noise about a piece of work it has to do. Standing in

its way is a hard layer of rock—so hard that Junior Naturalists

would have to hammer with all their strength to break a piece.

The stream did not turn back when it found this rock. No ; it

just tumbled over and is now doing its best to get it out of the

wa3^ The more the little waterfall tumbles the better pleased I

am. I love to hear it.

Now, I have told you that a stream broadens and deepens its

own valley and that it grinds off hard rocks which it finds in the

way. Naturally you will think that, in order to grind, it must

have tools with which to work. Of course it does, but as a

description of the tools used by streams is to be a part of your

next lesson, 1 shall not tell you anything about them. What are

they?

I wish you would watch a brook or river at work. You will

see it wearing away the land and carrying a load of rock material

down stream. Sometimes it will try to carry too much at once

and will be obliged to leave some of it along the way. River bars

which are so annoying to captains of river steamboats, are

formed in this way. They disappear, however, as soon as the

stream is strong enough to remove them. The older Junior



Naturalists have probably read and studied about flood plains

and deltas. If you care to know how they are formed, any stream

near your home will show you. When the water is high in the

spring, flood plains are being built and when it recedes new soil

will be found on either side.

Do you know how the soil came to be deposited there ? If you
place a toy village close to a stream m winter, what will happen to

it in spring ? How could you protect it ? A very tiny brook will

show you why levees are built along the Mississippi river. Let

us know all that you can find out about a stream : whether it

flows in a straight line or whether it meanders from side to side;

what materials it carries ; the tools it uses in carving out its

valley. If your father is a farmer or fruit-grower, ask him what
he does to prevent soil from being washed away.

* * *

There are some of our boys and girls in large cities who
never have an opportunity to walk in the woods or to ask

for the story which a meadow brook can tell. I wonder if, for

their dues, these children will try egg-shell farming? Secure

an egg-shell, nearly fill it with soil, and plant radish seeds.

I am sure you will enjoy watching the little plants when they

come up. They will have many pretty ways. The one which
interests me most is its habit of turning toward the sun. If

you make two farms and let one grow in the light and the other

in the dark, you will learn why they do this. Tell us two decided

differences which you can see in the appearance of your little

farms.

Alice G. McCloskey.



April, 1900.

Junior Naturalist Monthly.
Issued by the College of Agriculture and Experiment Station of Cornell

Universit}', under Chapter 430 of the Laws of 1899,

of the State of New York.

Entered in the Post Office at Ithaca, N. Y., as second class matter.

VOL. I. CORNELL UNIVERSITY, ITHACA, N. Y. NO.

THE FOUR CHAPTERS IN AN INSECT'S LIFE.

N April aud May is a good time to begin the

study of insects. You will not be expected

to remember uninteresting facts. I shall not

even ask you to learn that in order to be an

insect a creature must have six legs, a pair

of feelers (antennse) and usually, when fully

grown, one or two pairs of wings. Of course,

this knowledge would be valuable to you on

many occasions. For instance, when you see

a spider you could tell him that he cannot be an insect for he

has too many legs ; while you would be able to inform any

"thousand-legged worm" which you might happen to meet

that his case is even more hopeless.

I wish you would write the history of an insect this year ;
not

as you read it in a book, but as the insect tells it to you. Some
of the histories can be written in two chapters, but these are not

the most interesting. Katydid's is longer. From the way she

monopolizes the conversation evenings, one would think she is the

only creature in the world that ever existed as an egg, a nymph
and a fully grown insect. You probably do not know what a

nymph is, but katydid or a grasshopper or a cicada will tell you

some day. They are a noisy folk—these three insect.s—and it is

a good thing for us that their history is limited to three chapters.

Just imagine how they might chirp and chatter and sing if they

had four periods in their life story as the tent-caterpillar has I

The insects which pass through four stages in their lives are

so wonderful that I consulted Mother Nature as to the best wa^^

in which our Junior Naturalists could learn about them. She

told me that a course of lectures is to be given by the apple-tree

tent-caterpillars. I can assure you that they are very competent



to instruct young naturalists. They give their story in a simple,

unaffected manner and have a way of raising their heads as they

proceed with their discourse which is very impressive.

I must not neglect to tell you that the lecturers are always

accommodating. If you are unable to spend your time in the

orchard, they will cheerfully allow you to conduct them to the

school-room, where they will entertain you for several days.

They always provide their own lodging and clothing, but will,

of course, expect board in return for their services.

When you undertake to provide these caterpillars with a daily

banquet of apple or wild- cherry leaves, you will find it no easy

task. They are very hungry creatures. For this reason the

farmer is anxious to get rid of them, and who can blame him?

Not I ; even though I appreciate how much they can teach young

people about insect life. You see these greedy caterpillars are

destroying the foliage of the apple trees—the starch factories

which you have learned are so important to the welfare of the

trees. I think that you and I will

have to work hard to prevent them
from remaining in the orchards.

Notice the silken thread which

the caterpillars spin as they wander

away from their tents. I have

spoken of this for I think it is one

of the points in the lecture which

is not always clearly seen. When I have

watched the small creatures traveling long

distances from their home, I have wondered

how they found their way back. Does

it not seem as if this silken thread were

as good as a foot-path in pointing out the

way ? See if you can learn where the silk

comes from.

Many instructors in colleges and high

schools provide the students with notes

which aid them in understanding the

lectures. The caterpillars will not be able

to do this, so I shall give a few suggestions

The eggs, laid in which will help you.

masses.



CHAPTER I.

The Eggs.

Where found. When. How protected from cold and storm.

Why they should not be taken into the school-room until the

leaves appear. Whj' easily destroyed in this stage.

CHAPTER II.

The Larva.

,^

Number of caterpillars which hatch from the egg mass. Size

when first hatched. Tent. What will happen if tent is

removed. Notice how often they change their coats. Mark-

ings and color of coats. The silken thread which they spin as

they travel. Where the silk comes from. The time they feed

in the school-room. When they eat out of doors.

CHAPTER III.

The Pupa.

How the cocoons

are made. W^here

they are made. Open
cocoon. Note chan-

ges. Why easih- de-

stroyed. Note that the cocoon covers the pupa.



CHAPTER IV.

The Moth.

Date of appearance. Size. Color. Markings.

The full grown insect {somewhat
enlarged).

If there is any other insect

which you can get more easily

than the tent-caterpillar, you
may write about it for your dues.

Perhaps you have already seen

the Mourning-cloak butterfly,

and it may have an interest for

you. I am sure you admired
the pretty dark-purple mantle with its cream-colored border.

All winter this butterfly lived in some protected nook and it was
one of the verj' first messengers of spring. It lays its eggs in

clusters around a twig of an elm, a poplar, or a willow tree as

soon as the leaves appear. If you do not find the eggs, you
will probably have no difficulty in seeing the larvae or caterpil-

lars later in the season. You may look for them about the mid-
dle or latter part of May. They are black spiny creatures

dotted with white and have a row of red spots down the middle
of the back. Take some of them home, feed them well and they

will, I think, tell you the rest of their story.

Are you still looking for wild flowers? A spray of "Shep-
herd's purse " peeped up at me to-day and I wondered how many
Junior Naturalists have seen one in blossom this year. It seems
to me that every letter you write should contain one paragraph
about spring plants. Alice G. McCloskey.
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A Children's Garden.
E want every school child in the state to

grow a few plants this summer. We want

everyone of them to learn something of why
and how plants grow, and the best and surest

way to learn is to grow the plants and to

watch them carefully. We want everyone to become interested

in everything that lives and grows. It does not matter so very

much just what kinds of plants one grows, as it does that he

grows something and grows it the best that he knows how-

We want the children to grow these plants for the love of it,-

—

that is, for the fun of it,—and so we propose that they grow

flowers ; for when one grows pumpkins and potatoes, and such

things, he is usually thinking of how much money he is going

to make at the end of the season. Yet, we should like some

rivalry in the matter in every school, and we therefore propose

that a kind of a fair be held at the school house next September,

soon after school begins, so that each child may show the flowers

which he has grown. What a jolly time that will be !

Now, we must not try to grow too many things or to do too

niucli. Therefore, we propo.se that you grow sweet peas and

annual phlox. They are both easy to grow, and the seeds are

cheap. Each one has many colors, and everybody likes them.

Now let us tell you just how we would grow them.

I . The place. Never put them—or any other flowers—in the

middle of the lawn,—that is, not out in the center of the

yard. They do not look well there, and the grass roots run

under them and steal the food and moisture. I am sure that you

would not like to see a picture hung on a fence-post. It has

no background, and it looks otit of place. The i)icturc does not



mean anything when hung in such a spot. In the same waj-, a

flower bed does not mean anything when set out in the center

of a lawn. We miist have a background for it, if possible,—

a

wall upon which to hang it. So we will put the flower bed just in

front of some bushes or near the back fence, or alongside the

smoke-house, or along the walk at the side of the house or in the

back yard. The flowers will not only look better in such places,

but it will not matter so much if we make a failure of our flower

bed; there are alwaj's risks to run, for the old hen may scratch

up the seeds, the cow may break into the yard some summer
night, or some bug may eat the plants.

Perhaps some of the children may live so near to the school

house that they can grow their plants upon the school grounds,

and so have sweet peas and phlox where there are usually docks

and smartweeds. Grow them alongside the fence, or against the

school hou.se if there is a place where the eaves will not drip on

them.

2. How to make the bed.—Spade the ground deep. Take out

all the roots of docks and thistles and other weeds. Shake the

dirt all out of the sods and throw the grass away. You may need

a little manure in the soil, especially if the land is either very

hard or very loose and sandy. But the manure must be very fine and

well mixed into the .soil. It is easy, however, to make sweet pea

soil so rich that the plants will run to vine and not bloom well.

Make the bed long and narrow, but not narrower than three

feet. If it is narrower than this, the grass roots will be apt to

run under it and suck up the moisture. If the bed can be got at

on both sides, it may be as wide as five feet.

Sow the seeds in little rows crosswise the bed. The plants can

then be weeded and hoed easily from either side. If the rows

are marked by little sticks, or if a strong mark is left in the earth,

you can break the crust between the rows (with a rake) before the

plants are up. The rows ought to be four or five inches further

apart than the width of a narrow rake.

3. How to water theplants.—I wonder if you have a watering-

pot ? If you have, put it where you cannot find it, for we are

going to water this garden with a rake ! We want you to learn,

in this little garden, the first great lesson in farming,—how to



save the water in the soil. If you learn that much this summer,
you will know more than many old farmers do. Vou know that

the soil is moist in the spring when you plant the seeds. Where
does this moisturego to ? It dries up,—goes off into the air. If

we could cover the soil with something, we should prevent the

moisture from drying up. I^et us cover it with a layer of loose,

dry earth ! We will make this covering by raking the bed every

few days,—once every week anyway, and oftener than that if the

top of the soil becomes hard and crusty, as it does after a rain.

Instead of pouring water on the bed, therefore, we will keep the

moisture in the bed.

If, however, the soil becomes so dry in spite of 5'ou that the

plants do not thrive, then water the bed. Do not sprinkle it, but

water it. Wet it clear through at evening. Then in the morn-
ing, when the surface begins to get dry, begin the raking again to

keep the water from getting away. Sprinkling the plants every

da}' or two is one of the surest w^ays to spoil them.

4. When and how to sow.—The sweet peas should be put in

just as soon as you get this Monthly. Yet, good results can be

had if the seeds are put in as late as the middle of May. If .sown

very early, they are likely to bloom better, but they may be gone
before the middle of September. The blooming can be much
prolonged if the flowers are cut as soon as they begin to fade.

Plant sweet peas deep,—two to three or sometimes even four

inches. When the plants are a few inches high, pull out a part

of them so that they will not stand nearer together than six inches

in the row. It is a good plan to sow sweet peas in double rows,

—

that is, put two rows only five or six inches apart, ^—and stick

the brush or place the chicken-wire support between them.

Phlo.x may be sown from the middle of May to the middle of

June. Phloxes are summer and autumn flowers, and they should

be in their prime in August and September.

Sow the seed shallow,—not more than a half inch deep. The
plants should stand 6 to lo inches apart.

5. What varieties to clioose.—In the first place, do not plant

too much. A garden which looks very small when the pussy
willows come out and the frogs begin to peep, is big in the hot

days of July. A garden four feet wide and twenty feet long,



half sweet peas and half phloxes, is about as big as most boys

and girls will take care of.

In the next place, do not get too many varieties. Four or five

kinds each of peas and phloxes will be enough. Buy the named

varieties,—that is, those of known colors, —not the mixed packets.

If you are very fond of reds, then choose the reddish kinds ; but

it is well to put in at least three colors.

r.. H. Baii.ky.
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