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LETTER OF TRANSMITTAL

O FFICE OF THE D IRECTOR

June 30, 1920
To His Excellency, Henry J. Allen, Governor of Kansas:

Pursuant to the Act of Congress approved March 2, 1887,
establishing Agricultural Experiment Stations, I transmit
herewith the report of the Agricultural Experiment Station
of the Kansas State Agricultural College for the fiscal year
ending June 30, 1920. It includes a brief account of the work
completed or in progress, a complete list of the scientific con-
tributions of the station staff to December 31, 1920, a list of
the station publications issued during the fiscal year under
review, a statement of receipts and expenditures, and the
principal changes in personnel which have occurred since the
issuance of the last report.

F. D. FA R R E L L, Director
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DIRECTOR’S REPORT

INTRODUCTION

During the fiscal year 1919-20, the principal work of the
Kansas Agricultural Experiment Station comprised 64 pri-
mary projects of investigation. Many of them were sub-
divided into two or more secondary projects. These investi-
gations included inquiries into certain of the economic fea-
tures of agriculture; studies in soil conservation; problems
directly connected with the maintenance of the plant indus-
tries and animal industries of the state; and a small number
of miscellaneous agricultural problems.

The following report makes brief mention of each of the
more important features of the work in progress during the
year, gives a summary statement of the receipts and ex-
penditures, and includes a list of the principal publications
of the station from the time of its establishment to Decem-
ber 31, 1920.

COOPERATION WITH THE UNITED STATES DEPARTMENT
OF AGRICULTURE

Several of the important lines of investigational work are
carried on by the Agricultural Experiment Station in co-
operation with the United States Department of Agriculture.
This cooperative work during the fiscal year 1919-20 included
the work of cereal improvement and the investigation of cereal
diseases in cooperation with the Office of Cereal Investigations;
the investigation of sex type as related to functional develop-
ment and performance in Shorthorn cows, in cooperation with
the Division of Animal Husbandry of the Bureau of Animal
Industry; cereal production experiments at the Fort Hays
Branch Station, in cooperation with the Office of Cereal In-
vestigations; dry-land agriculture investigations at the Fort
Hays, Colby, and Garden City Branch Stations, in conjunction
with the Office of Dry-land Agriculture; and forage crop in-
vestigations at the Fort Hays Branch Station, in cooperation
with the Office of Forage Crop Investigations.

(5)
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DIRECTOR’S REPORT, 1919-20. 9

STUDIES IN THE ECONOMICS OF AGRICULTURE

As mentioned in the Director’s Report for 1918-19, the
Kansas Agricultural Experiment Station is expanding its in-
vestigations in the economics of the agriculture of the state
as rapidly as the necessary funds are made available. During
the fiscal year ending June 30, 1920, the work was prosecuted
along three major lines, each of which is briefly discussed
below.

Farm Organization Studies.—It is becoming increasingly
evident that agricultural progress in this state will require
many modifications in the organization of the individual farm.
These modifications cannot be made intelligently in the ab-
sence of reliable detailed information as to the economic re-
lationships among the various farm enterprises. In order to
secure this information, the Agricultural Experiment Station
has started two investigational units, known as statistical
routes. One of these units is located in Jackson County, where
the agriculture is fairly well diversified, and the other is
located in McPherson County, where the wheat industry is
dominant. Each unit consists of about 25 farms, well dis-
tributed throughout the county, on which complete cost ac-
counts are kept. A specialist in agricultural economics is de-
tailed to each unit, and he visits each farm twice a week for
the purpose of assisting the farmer in keeping his accounts
and of making the necessary measurements of fields and of
products. As this work was not begun until about the middle
of the fiscal year, no full year’s records of results are available.
It is proposed to continue the work on each unit for a period
of at least five years so as to minimize the effects of seasonal
variations of both natural and economic conditions. In this
way it is expected that definite and reliable information re-
garding the various farm enterprises will be secured so as to
facilitate the making of any necessary modifications in the
farm organization. [Project 95; Department of Agricultural
Economics; state funds.]

Investigations of Tenancy, Agricultural Credit, and Other
Land Problems.—This investigation was begun during the
preceding fiscal year and the results of the first year were
summarized in the Director’s Report for 1918-19. During
the fiscal year ending June 30, 1920, very little work was done
because of the absence of the head of the Department of Agri-
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10 AGRICULTURAL EXPERIMENT STATION.

cultural Economics, who had been directing this work. In
the later months of the year a questionnaire was sent to all
farmers who replied to the questionnaire sent out during the
preceding year. A total of 698 replies to the second ques-
tionnaire were received, but these have not yet been sum-
marized. [Project 132; Department of Agricultural Eco-
nomics; state funds.]

The Marketing of Milk in Typical Kansas Towns.—There
has been a good deal of agitation during recent years re-
garding the marketing of milk, and much dissatisfaction has
been expressed by both producers and consumers. In order
to secure some reliable information on the question, the Agri-
cultural Experiment Station during the fiscal year ending
June 30, 1920, conducted an investigation into the marketing
of milk in six representative towns of Kansas. The towns
included were Topeka, Wichita, Salina, Emporia, Dodge City,
and Concordia. The following are some of the conclusions
reached as a result of the investigation:

1. One of the most needed improvements in the market-
ing of milk in Kansas is a good grading system and adequate
inspection service to enforce it. Topeka and Wichita have
departments of milk inspection but none of the other four
cities studied had any such service.

2. The question of surplus milk is not of such importance
in Kansas as in sections where dairy farming is followed to
a greater extent, as there is little milk produced at any season
of the year over the amount necessary to supply the demand.
A distinct shortage exists at many times during the year,
but the periods of surplus and shortage are not uniform with
all the distributors, which helps to equalize these two factors.

3. The city trade and large centralizer creameries furnish
the principal markets for Kansas milk, although ice cream
factories and condenseries offer some of the producers other
avenues for the disposal of their product.

4. There are two general types of marketing—direct and
indirect. A much larger proportion of the milk supply of the
cities of Kansas is furnished by the direct method than is the
case in larger cities in the North and East, because of differ-,
ence in conditions. There are several different types of dis-
tributors coming under each of these two general heads.
Practically all of the milk sold is bottled, the change from

IET n/a




DIRECTOR’S REPORT, 1919-20. 11

dipping milk in the streets probably having been made first
in this state in Topeka, in 1896. A large part of the milk is
sold in bottles to the grocery stores, from which it is retailed
over the counters or delivered to the consumers. This method
is especially common in Kansas, and because of its increasing
importance a questionnaire was sent to grocery stores in each
of the six cities. The answers indicated, among other things,
that the grocerymen as a whole did not wish to handle milk,
and that this practice was only another evidence of the costly
demand for service on the part of the consumer.

5. Inequalities in the market have been the main cause of
organization among the producers. There are various types
of cooperative associations among the milk producers, but
they have made comparatively little headway in Kansas. One
of the main benefits of cooperative action should be the in-
crease in individual efficiency. Cooperation among the dairy-
men will progress faster when indirect marketing supplants
to a greater extent the pint system of producer-distributors.

6. The study of the costs of marketing and marketing ef-
ficiency should be considered under two headings: Individual
costs and efficiency, and costs and efficiency of the system as
a whole. The costs of marketing vary considerably with the
types of distributors and with individuals, the producer-dis-
tributors having the lowest cost per quart. Various factors
affect individual costs and efficiency-labor, delivery expense,
and amount of business being among the principal ones. For
the system as a whole, duplication of service is the greatest
defect. Various plans, eleven in all, have been proposed as
meeting the needs for a change in method. These plans all
have their strong and weak points, but all have a tendency
toward the indirect method of milk marketing. The question
of direct versus indirect marketing resolves itself into the
choice between cheap methods with consequent lowering of
quality and costlier methods with higher quality. The indi-
rect method probably is more efficient when the work done is
considered. The common feeling against the “middleman”
should not be allowed to interfere with the most efficient opera-
tion of the marketing processes.

7. Finally, it may be said that the problems of marketing
milk have to do with questions of efficiency in the minute de-
tails of the business rather than those arising from the faulty

IET n/a




12 AGRICULTURAL EXPERIMENT STATION.

distribution of the income from the sale of the product. It
is true that the system of marketing milk is not, as a whole,
what it should be, but the difficulty in the system lies princi-
pally in the seemingly unimportant details.

The detailed results of the investigation are being assem-
bled for publication as a station bulletin. [Project 134; De-
partment of Agricultural Economics; state funds.]

CONSERVATION OF THE SOIL

A declining soil fertility constitutes one of the most impor-
tant agricultural problems in Kansas. A large proportion of
the agriculture of the state in the past has been essentially
exploitative. As a result, much of the land is less produc-
tive now than it was 50 years ago. This condition presents
the problem of determining a practicable method of utilizing
the soil and at the same time maintaining or increasing its
fertility. There are given below brief descriptions of the
more important features of the work which is being done by
the Agricultural Experiment Station on this problem.

Systematic Investigations of Soil Fertility.—These Investi-
gations include the comparison of various cropping systems
with and without the application of manure, green-manuring
crops, and commercial fertilizers. The experiments are cen-
tered at the main station at Manhattan, where a portion of the
Agronomy Farm is set aside for this purpose. They include
comparisons of various crop sequences; the application of
various quantities of different kinds of commercial fertilizers,
and of barnyard manure; and the use of green-manuring
crops and of lime. The character of the work is such that it
requires a long series of years to secure conclusive results. A
rather extensive summary of the results secured up to 1919
was published in the Director’s Report for 1918-19. From
now on summaries of the results of certain features of the
work will be published from time to time and distributed
among the farmers of the state. [Project 17; Department of
Agronomy; Hatch funds.]

Tillage Investigations.—In addition to the fundamental prob-
lems of soil fertility, satisfactory utilization of the soil re-
quires an understanding of the tillage requirements of
different soil types and of different crops. The tillage investi-
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DIRECTOR’S REPORT, 1919-20. 13

gations in progress at Manhattan during the fiscal year end-
ing June 30, 1920, included a test of several methods of pre-
paring a seedbed for wheat; studies of the effects of the soil
mulch; studies of nitrification as associated with various
methods of tillage; and an investigation of the effect of the
sorghum crops upon the tilth of the soil. This work is to be
continued for an indefinite number of years and summaries of
the results of certain features of it will be published from time
to time. The most recent publication bearing on the work is
Kansas bulletin 219, “Growing Wheat in Kansas.” [Project
18; Department of Agronomy; Hatch funds.]

The Fixation of Nitrogen in Soils.—For several years the
experiment station has been conducting an investigation into
the behavior of certain nitrogen fixing bacteria of the soil,
special attention being paid to the organism known as Azoto-
batter. The behavior of this organism was studied during the
fiscal year under review, with particular reference to its re-
lation to the lime content of the soil and to soil acidity. [Proj-
ect 128; Department of Bacteriology; Adams funds.]

Soil Chemistry Investigations.—For a number of years the
Department of Chemistry has been making a survey of cer-
tain soils in the state to determine the effect of alfalfa produc-
tion on tine fertility elements of the soil. This study has in-
cluded the ordinary plant foods and also sulphur. The work
is now practically completed. Among other things, it has
been ascertained that the cultivated soils in the eastern part
of the state have lost on the average about one-fifth of their
original sulphur content, and the sulphur content of the soil
is approximately equal to its phosphorus content. Particular
attention was paid during the year under review to the rela-
tion of the calcium content of certain soils to the soil reaction
as determined by the electrometric titration method, and a
paper summarizing the results of the investigation has been
published.¹ [Project 103; Department of Chemistry; ferti-
lizer fees.]

Fertilizer Inspection.—An important part of the work of
the Agricultural Experiment Station in relation to soil fertility
is that relating to the inspection of commercial fertilizers

¹ Swanson, C. O., Latshaw., W. L., and Tague, E. L. Relation of the calcium content
of some Kansas soils to the soil reaction as determined by the electrometric titration. Jour.
Agr .  Research.  20 :855.868.  March 1 ,  1921.
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14 AGRICULTURAL EXPERIMENT STATION.

offered for sale in the state. During the year 1919, a total of
16,937 tons of commercial fertilizer was sold in Kansas.
Samples, representing 31 different brands of commercial ferti-
lizer, were secured and analyzed during the spring of the year
under review, and samples representing 46 brands were ob-
tained and analyzed during the fall of the year. In addition to
the routine fertilizer inspection work, a study was made during
the year of the relation between the price charged for the
different fertilizers and their plant food content. The results
of this study were included in the report on commercial fer-
tilizers for the year.² [Department of Chemistry; fertilizer
fees.]

INVESTIGATIONS IN THE PLANT INDUSTRIES

Something of the importance of the plant industries in the
state is indicated by the fact that the gross value of the prod-
ucts of these industries in 1919 was more than 564 million
dollars. About half of this value was represented by the wheat
crop alone. Other important plant industries besides wheat
are the corn, oats, alfalfa, and sorghum industries. The Agri-
cultural Experiment Station is working on numerous problems”
relating to these industries with reference both to production
and utilization or marketing. Some of the work which the sta-
tion did in connection with the plant industries during the
fiscal year ending June 30, 1920, is indicated below.

Plant Survey.—It is to be regretted that no comprehensive
survey of the plant life of Kansas has ever been made. The
state has an exceptionally rich flora, including many native
plants of great economic importance, but the distribution of
these plants is very imperfectly understood. The Agricultural
Experiment Station has recently begun a survey which in time
is expected to make possible the publication of a comprehensive
report on the flora of the state. A beginning was made during
the fiscal year under review. Approximately 500 new plants
were labeled and incorporated with the college herbarium.
Special attention was paid to the classification of poisonous
plants. This classification is particularly useful to college
students in Veterinary Medicine and to veterinary practition-
ers of the state. The station is planning to develop herbaria
along certain definite lines, such as farm weeds, pasture weeds,

² Swanson, C. O., Latshaw, W. L., and Throckmorton, R. I. Report on commercial
fertilizers in 1919. Kan Agr. Expt. Sta. Insp. Cir. 12:1-43. 1920.
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Variety
Kanred
Turkey
Kharkof

27.3
23.2
23.3

roadside weeds, poisonous plants, pasture plants, and forage
plants. [Project 137; Department of Botany; state funds.]

Studies of the Physiology of Crop Plants.—For several years
the Agricultural Experiment Station has been carrying on
fundamental investigations in the physiology of certain plants
of the state, particularly corn and the sorghums. These were’
continued during the past year. The work has included the
water requirement of certain varieties of these crops; a study
of the processes of fertilization of the flowers of corn; and a
study of the metabolism of corn and sorghum plants, both dur-
ing the day and during the night. These latter studies have in-
cluded the development of dry matter, water, total nitrogen,
amino nitrogen, total sugar, dextrose, cane sugar, and starch.
[Project 74; Department of Botany; state funds.]

Field Crop Varieties and Cultural Methods.—The work of
the station in the testing of varieties of wheat, oats, and corn
was continued during the year under review. In the wheat
variety tests, the ninth year of a comparison of Kanred, a new
variety developed by this station, and Turkey and Kharkof, the
two varieties most commonly grown in the state, was com-
pleted. The average yields in bushels per acre of these three
varieties for the nine-year period ending with 1919, are as
follows:

Bushels per acre
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

In the tests of varieties of oats, the superiority of Kanota, a
variety which is being tested extensively by the station; was
again demonstrated. In 1919 this variety yielded 54.3 bushels
per acre as compared with 33.2 bushels for Red Texas, and 50.2
bushels for Iowa No. 103.

The test of the furrow method of seeding wheat which was
discussed in some detail in the Director’s Report for 1918-19
was continued. This test was conducted at the main station
and the branch stations at Colby and Hays. The furrow
method gave a slightly lower yield at Manhattan in 1919; a dis-
tinctly higher yield at Colby; and at Hays an average increase
of 3.6 bushels per acre over the ordinary method of seeding.
An average of all available data Up to the end of the season of
1919 shows that at Manhattan in a ten-year test, the furrow
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16 AGRICULTURAL EXPERIMENT STATION.

method has produced 0.6 bushels per acre more than the ordi-
nary method; that at Colby in a two-year test the furrow
method has produced 4.5 bushels per acre more than the ordi-
nary method; and that at Hays the yield secured by the furrow
method has exceeded that resulting from the ordinary method
by 2.5 bushels per acre in a two-year test. It is interesting to
note in this connection that where the furrows extend north
and south the yields usually are somewhat higher than where
the furrows extend east and west.

For the past five years a test of four different methods of
cultivating corn has been conducted at the Manhattan station.
This test includes ordinary cultivation; ordinary cultivation
supplemented with an occasional cultivation with a one-horse
cultivator; ordinary cultivation supplemented with the one-
horse cultivator every 10 days during the growing season; and
no cultivation at all, but having the weeds removed with a
sharp hoe without disturbing the soil to any material depth.
As an average of the five years ending with 1919, there has
been no significant difference in the yields secured by different
methods of cultivation. The results indicate that the principal
object of cultivation of corn is to control the growth of weeds.
[Project 129; Department of Agronomy; Hatch funds.]

The Time to Cut Alfalfa for Hay.—Each year since 1914 an
experiment has been conducted at the Manhattan station to
determine the best of four stages of growth at which to cut
alfalfa for hay. The average yields secured during the six-
year period ending with 1919 are as follows:

Average yield in
Stage of cutting tons per acre

When the buds appear . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 4 3
When one-tenth of the plants are in bloom. . . . . . . . . . . 4 . 0 3
When plants are in full bloom . . . . . . . . . . . . . . . . . . . . . . 4 . 0 8
When the seed has been formed . . . . . . . . . . . . . . . . . . . . 3 . 6 9

In connection with this test studies are being made of the
effects of cutting at different times upon the yield and cost
of production of hay; upon the stand of alfalfa plants; upon
the incursion of grass and weeds; and upon the chemical con-
tent of the hay and its feeding value. Complete analyses were
made during the fiscal year under review of samples of hay
harvested in each of the four stages of growth. [Project 90;
Departments of Agronomy and Chemistry; Adams funds.]
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The Improvement of Crop Plants by Breeding.—Extensive
experiments were carried on in the breeding of wheat, oats, rye,
barley, flax, corn, and sorghums. The principal work was done
in connection with wheat, oats, and sorghums. In the case of
wheat particular attention was paid to winter resistance, earli-
ness, rust resistance, and yield. In the case of oats special
attention was paid to earliness and yield. The primary object
of the sorghum breeding work is to secure accurate and de-
tailed information on the inheritance of characters in the
sorghums. Information on this point is now almost entirely
lacking. The results of these studies are supplying a basis for
later work in sorghum improvement, and may well be expected
to produce improved types through the artificial recombination
of characters. [Project 67; Department of Agronomy; Hatch
funds.]

The Milling Qualities of Wheat.—During the fiscal year end-
ing June 30, 1920, 84 samples of wheat, produced in varietal
and cultural tests at the Agronomy Farm in 1918, were sub-
jected to milling, baking, and chemical tests. This work in-
cluded milling and baking determinations on different varie-
ties of wheat, and on certain varieties of wheat produced by
different methods. This work is an important part of the
wheat production investigations of the Agricultural Experi-
ment Station, as the final proof of the value of a wheat variety
or of a method of wheat production must take account of the
milling and baking quality. [Project 60; Department of Mill-
ing Industry; state funds.]

Chemical Nutrients in Forage Crops.—During the year the
Chemistry Department made a large number of determinations
of nutrients in different forage crops and of certain forage
crops cut at various stages of growth. Special attention was
paid in this connection to Sudan grass and sweet clover, and
to the chemical effects of different methods of curing alfalfa
for hay. A special study was begun on hydrocyanic acid in
Sudan grass. Large amounts of this poison were found in
Sudan grass which was being pastured by dairy cows. Ex-
cellent progress was made in the perfecting of satisfactory
analytical methods for determining the presence of hydrocy-
anic acid. [Project 113; Department of Chemistry; state
funds.]

2—Col. Exp.—1173
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The Chemical Qualities of Certain Food Products.—The De-
partment of Chemistry is conducting an investigation which
is concerned primarily with the intermediate processes by
which certain agricultural products, especially wheat, are
transformed into human foods. This investigation involves a
study of changes taking place in the preparation of wheat for
the milling process and also in the making of flour and the
baking of bread. The investigation involves a study of the
proteins of wheat and milk; a study of the enzymes of wheat
and flour and their action during the baking process; investi-
gations looking toward more uniform methods of determining
the baking qualities of flour; and a study of various conditions
for the storage of wheat and flour. During the year under
review special attention was paid to the influence of electro-
lytes on gluten formation in flour. Two papers, based on these
investigations, were published.¹ [Project 60; Department of
Chemistry; state funds.]

Pasture Investigations.—One of the most important prob-
lems in the agriculture of Kansas is that relating to the con-
servation and utilization of the native pastures of the state.
Not less than 15 million acres of land in the state is native pas-
ture. The future of the livestock industries of the state de-
pends very largely upon the efficiency with which these native
pastures are utilized and the degree to which they are con-
served. The pasture investigations of the Agricultural Ex-
periment ‘Station are centered on a 1,400-acre pasture in
Pottawatomie County belonging to Mr. Dan Casement. In ad-
dition to the work on that area, considerable work is being
done at the Manhattan station and elsewhere with both native
pastures and tame grasses. During the year under review the
pasture work included a continuation of the deferred grazing
system at the Casement pasture; a study of the effects of
burning pasture vegetation in the spring of the year; a de-
termination of the carrying capacity of native pastures under
different methods of grazing; a determination of the effects
of different methods of grazing upon weed growth; and the
beginning of an experiment to test the preference that live-

1 Tague of E. L. A study of the determination of amino acids by means of the hydrogen
electrode  Jour .  Amer  Chem.  Soc  42 :173-184.  1920.

Tague. E. L. The changes taking place in the tempering of wheat. Jour. Agr. Re-
Search. 20:271-275. 1920
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stock on native pasture may have for different kinds of stock
salt. [Project 96; Department of Agronomy; state funds.]

Cooperative Experiments with Farmers.—Because of varia-
tions in soil and climatic conditions, it is desirable to extend
the crop production studies made at the regular experiment
stations to all parts of the state before the results of these
studies are considered conclusive and directly applicable in
farm practice. This state-wide testing of methods and of
various crops and crop varieties, which the experiments at the
regular stations have shown to be desirable, is accomplished
through the conduct of cooperative experiments with practical
farmers. This cooperative experimental work was begun in
1911. During the year 1919 the work was under way in 74
counties of the state and included 395 experiments. The fol-
lowing table indicates the scope of the work:

Nature of tests Number of tests
Corn varieties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sorghum varieties . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wheat varieties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fertilizers for wheat . . . . . . . . . . . . . . . . . . . . . . . . .
Fertilizers for alfalfa  . . . . . . . . . . . . . . . . . . . . . . . . . .
Oat varieties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

148
118

56
29
10
6

26

395

Throughout the hard-wheat-growing section, Kanred for the
fifth consecutive season outyielded Turkey and Kharkof by
an average of about four bushels per acre. Its ability to
withstand rust attacks gave the variety a decided advantage
over the others during the season of 1919, when rust was un-
usually prevalent in the wheat-growing sections. Kanota oats
was included for the first time in the cooperative tests. The
six tests of this variety were conducted in Atchison, Franklin,
Cherokee, Jewell, Dickinson, and Sedgwick Counties. In each
test the Kanota variety was compared with local Red Texas.
The average yield for the year of Kanota in these tests was
45.2 bushes per acre, while the average yield of local Red
Texas was 29.9 bushels per acre. In the fertilizer tests con-
ducted in eastern Kansas, the application of bone meal at the
rate of 150 pounds per acre increased the yield of wheat an
average of 6.7 bushels per acre. The application of potash
and blood meal had very little effect on the yield of wheat. In
the tests conducted in central Kansas the yields of wheat
showed practically no increase following the application of
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commercial fertilizers. The results secured in the alfalfa fer-
tilizer tests again indicated that manure or acid phosphate can
be used to good advantage in the eastern third of the state.
[Department of Agronomy; state funds.]

Seed Testing.—The improvement of the seed supply is one
of the important problems to be dealt with in Kansas agri-
culture. One of the things to be done in this connection is the
testing of seeds to determine their purity and their viability.
During the past year the seed laboratory, which is a part of
the Department of Agronomy, tested a total of 2,629 samples
of seed for citizens of the state. Of these samples, 2,549 were
tested for germination, and 239 for purity. The seeds of
which most of the samples consisted included vegetables, 431
samples; wheat, 416 samples; alfalfa, 287 samples; sorgos,
224 samples; kafirs, 138 samples; corn, 204 samples; and
flowers, 110 samples. The average germination of certain of
the samples tested included alfalfa, 64.2 percent; sorgos, 68.3
percent; kafirs, 85.8 percent; Sudan grass, 64.1 percent; wheat,
98.4 percent; corn, 86.7 percent. Some of the figures with
reference to average purity are: Alfalfa, 95 percent; red
clover, 94 percent; white clover, 76 percent; orchard grass, 72
percent; and blue grass, 88 percent. [Department of Agron-
omy; state funds.]

Horticultural Experiments.—The experiments of the De-
partment of Horticulture include varietal tests of various vege-
table crops; a source-of-seed test with potatoes; a varietal test
of asparagus; an experiment to determine the effect of various
cultural methods upon the formation of fruit buds in orchard
trees; and experiments with several varieties and various cul-
tural and fertilizer methods for potatoes. A part of this
work is carried on at the Manhattan station and a part is
conducted on commercial vegetable farms in various parts
of the state. [Projects 25, 26, and 27; Department of Horti-
culture; state funds.]

Growth Tests of Forest Trees.—In The fall of 1896, a plant-
ing was made of forest trees at the Manhattan station in co-
operation with the United States Forest Service, primarily
for the purpose of testing the hardiness and growth of a num-
ber of tree species. In December, 1919, the planting was
thinned, and the average height and diameter of the trees in
each species was determined. The following table shows the
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3 3
3 5
3 5
3 6
4 0
3 5
3 6
3 1

results of the determination made upon trees which had been
growing in the planting for 23 years:

Species
Average height Average diameter

in inches
Quercus rubra (Red Oak) . . . . . . . . . . . . . . .
Quercus macrocarpa (Bur Oak) . . . . . . . . . .
Celtis occidentalis (Hackberry) . . . . . . . . . .
Fraxinus lanceolata (Green Ash) . . . . . . . . .
Gleditschia triacanthos (Locust) . . . . . . . . .
Juglans nigra (Walnut) . . . . . . . . . . . . . . . .
Catalpa speciosa (Catalpa) . . . . . . . . . . . . . .
Acer negundo (Box Elder) . . . . . . . . . . . . . . .

3 . 7
4 . 3
6 . 0
5 . 0
6 . 0
5 . 0
4 . 5
7 . 2

This information indicates something of what may be ex-
pected of the species concerned when closely planted under con-
ditions similar to those at Manhattan. The trees are being
allowed to continue their growth so that additional determina-
tions can be made in the future. [Project 82; Department of
Horticulture; state funds.]

DISEASES OF PLANTS

The work of the station during the fiscal year with reference
to plant diseases was conducted along two general lines:
Cereal and forage crop diseases, arid fruit and vegetable
diseases.

Cereal and Forage Crop Diseases.—The work in connection
with cereal diseases was concerned chiefly with wheat rust,
cereal smuts, and corn root rot. The principal feature of the
wheat rust work was that relating to the development of rust-
resistant strains of wheat and to the study of various biological
forms of the black stem rust organism.  Smut investigations
were carried on chiefly with oat and sorghum varieties, the
work consisting mainly of determining varietal resistance to
smut and of tests of various seed treatments for the prevention
of smut. The work on corn smut and root rot was concerned
chiefly with the testing of fungicidal treatments and of selected
ears of commercial white corn, apparently resistant to corn
smut and root rot, as seed. Some marked differences were dis-
covered in the degrees of resistance of the corn plants produced
from seed from these selected ears.

In addition to the regular experimental work indicated
above, the survey of cereal and forage crop diseases in the state
was continued. This disclosed the fact that both black stem
rust and orange rust of wheat were more severe in 1919 than
they had been for a number of years. The black chaff disease
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of wheat caused injury in many fields in 1919. Its existence
was shown to be closely related to the quantity of rainfall and
the degree of humidity between the time the wheat heads and
the time of harvest. Wheat scab was reported in a few coun-
ties in 1919 for the first time. It was again prevalent in the
early part of 1920. Various root rots of wheat caused by cer-
tain species of imperfect fungi appeared in the season of 1920.
The Septoria leaf spot was more prevalent in 1920 than ever
before. [Project 76; Department of Botany; state funds.]

Fruit and Vegetable Diseases.—The work with fruit and
vegetable diseases had to do chiefly with diseases of tomatoes,
apples, strawberries, and potatoes. Bordeaux spraying experi-
ments for the control of early blight and tip burn of potatoes
were continued and promising results were secured. Good
progress was made in the development of wilt-resistant toma-
toes and in the investigation of strawberry decay, which was
found to be associated with the presence of certain species of
Rhizopus. [Project 130; Department of Botany; state funds.]

INJURIOUS INSECTS AND OTHER PESTS

The control of insects and other pests is one of the important
requirements for success in the agriculture of Kansas. A large
number of destructive insects and injurious mammals occur in
the state, and unless they are checked they do very great dam-
age to crops. During the year the Department of Entomology
continued its work on nine projects and the Department of
Zoology conducted investigations on three major projects hav-
ing to do with animal parasites and injurious mammals.

Insect Pests.—The work on insects by the Department of
Entomology included the following:

1. Studies of the life history of Aphis prunifoliæ a n d
methods of controlling this pest.

2. A continuation of the study of the life history, period of
emergence, and methods of control of the Hessian fly, and in
cooperation with the Department of Agronomy continued test-
ing of fly-resistant wheat varieties.

3. The conduct of a varietal resistance test and a time-of-
planting test with corn in relation to the corn earworm, and
the conduct of an investigation of the methods of oviposition by
this insect. (This experiment was conducted to determine the
relation of oviposition to different varieties of corn and to
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different dates of planting. The results showed that fewer
eggs are laid on corn planted on May 1 and fewer on medium
early varieties, or those varieties which have a short silking
period. It was also found, in a study of the factors which at-
tract the moths of the corn earworm to the corn plant, that the
presence of maizenic acid in corn silk plays an important part.
The addition of this acid to ordinary cotton twine was shown
to make the twine attractive to the moths.)

4. Laboratory and field tests of various powdered sulphur
compounds as insecticides for orchard trees. (The results of
these tests were, in general, unfavorable to the use of this
material.)

5. Studies of the kafir ant and other insects attacking the
sorghums.

6. Studies of insects attacking the roots of staple crops, in-
cluding May beetles, Lachnosterna, Scarabæidæ, wireworms,
and false wireworms.

7. Investigations on termites.
8. Studies of insects injurious to alfalfa, including the

clover leaf weevil, clover root curculio, clover seed chalcid, al-
falfa caterpillar, and other insects.

9. Investigations of shade tree insects, with particular at-
tention to the canker worm.

[Projects 6,8,9, 13,92, 100, 101, 115, and 116; Department
of Entomology; Hatch and state funds.]

Animal Parasites.—The Department of Zoology continued
its work on the life histories of chicken tapeworms and the
transmission of the fowl nematode. It was shown in the life
history studies of the chicken tapeworm that the common
house fly is the means of transmitting another tapeworm,
Davainea tetragona, from one fowl to another. This fact is
a contribution to the knowledge of chicken tapeworms in
general. It was published for the first time in 1919. Studies
on the fowl nematode were continued for the purpose of
determining the economic importance of this parasite, the
principal facts of its life history, and, if possible, methods of
control. It was shown to have a decidedly depressing effect
on the growth of young chicks. Certain facts were discovered
regarding the life histories of these parasites, including the
place of oviposition and the size and rate of growth of the
organism. Preliminary tests of methods of control indicated
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that the nematode eggs in the fowl feces are very resistant to
desiccation and to freezing. [Projects 79 and 119; Depart-
ment of Zoology; Adams and state funds.]

Injurious Mammals.—During the year the investigational
work on injurious mammals was confined to pocket gophers,
moles, and ground squirrels. A general study of the pocket
gopher received attention and considerable data were collected
concerning this animal’s breeding habits, the damage it does
to crops, its parasites, and its general life activities. Much
valuable information was obtained regarding the feeding hab-
its of moles kept in captivity. It was learned that these ani-
mals are not exclusively insectivorous as was heretofore be-
lieved, but that they will eat certain grains, especially corn
after the grains have been softened by the absorption of
water. In nature moles are heavily parasitized by mites, ticks,
lice, and fleas.

The zoological poison laboratory was operated throughout
the year and distributed 16,168 quarts of poisoned oats for
use in combating injurious mammals. [Project 84; Depart
ment of Zoology; state funds.]

INVESTIGATIONS IN THE ANIMAL INDUSTRIES

Horses
Mules
Milk cows
Others cattle
Sheep
Swine

1,000,000
250,000
700,000

2,220,000
268,000

1,300,000

5,738,000

In 1919 the numbers of different kinds of farm animals in
Kansas were approximately as follows:

. . . . . .  . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . . . . . . . . . . 

The total value of the 5,738,000 farm animals in the state in
that year was approximately $339,000,000. The value of the
animals slaughtered or sold for slaughter and of the poultry
products sold during the year amounted to approximately
$150,000,000. All the common animal industries are impor-
tant in the state, but the beef, dairy, and swine industries pre-
dominate. The dairy industry has expanded materially dur-
ing recent years. The conduct of the animal industries in-
volves a number of problems which are yet to be solved with
reference to the breeding, feeding, management, and market-
ing of farm animals. Some of the important work done by
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the experiment station in connection with these problems is
mentioned in the following pages.

Breeding Shorthorn Cattle.—Since 1915 the Agricultural
Experiment Station has been conducting an experiment to de-
termine the-relation of sex type to functional development and
performance in Shorthorn cattle. The primary purpose of
this experiment is to secure information relative to the follow-
ing questions: Is the milking tendency in beef cattle trans-
mitted mainly by the dam through the male line of descent ?
To what extent does the milk-giving function of the dam in-
fluence the beef character of the progeny? Is it possible to
retain the typical beef form in the male animals and at the
same time increase the milking tendency in the females? Is
the present standard of selecting beef cows conducive to the
production of the best beef type in the breed? In connection
with the experiment, records of milk production are kept on
each of the cows used. Up to the end of the fiscal year under
review, milk records for one year or more have been secured
on 18 cows. These records ranged from 10,203 pounds of
milk produced in one year by Cream Toast 87609, to 2,138
pounds of milk produced by Archduchess 15th, 217426. As
the experiment progresses the cows originally included are
being replaced by their daughters whenever the latter are of
the desirable beef type and also heavy milkers. Up to the
end of the fiscal year under review eight daughters of the
original cows have been officially entered in the experiment.
[Project 97; Department of Animal Husbandry; Adams and
state funds.]

The Use of Silage in Beef Production.—One of the conspic-
uous features of the agriculture of Kansas during recent years
has been the increasing popularity of silage as a part of the
ration for beef cattle. Effective use of silage is proving to be
one of the best methods of reducing the cost of beef production.
During the past fiscal year the Agricultural Experiment Sta-
tion conducted a series of experiments for the purpose of
discovering practicable methods of making a maximum utili-
zation of silage in beef cattle feeding. The experiments in-
volved the utilization of silage by aged steers and yearling
steers, also by calves for the production of baby beef. Another
phase of the work was to determine whether cattle, wintered
on silage, will gain as much weight on pasture the following
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summer as will cattle wintered on dry roughage. The results
of these experiments have been published as station circular 86,
“Cattle Feeding Investigations, 1919 -20.” [Project 78; De-
partment of Animal Husbandry; state funds.]

The Feeding Value of Alfalfa Hay Cut at Different Stages.—
In a previous section of this report (page 16) reference was
made to an experiment being conducted by the Agronomy De-
partment to determine the best of four stages of growth at
which to cut alfalfa for hay. The Animal Husbandry Depart-
ment during the past fiscal year conducted a feeding trial with
the alfalfa hay produced by cutting at the four different
stages. This experiment involved four lots of five high-grade
Hereford calves each. These lots were fed the four kinds of
alfalfa hay for a period of 90 days ending March 16, 1920.
In this experiment the rate of gain by the calves and the feed
efficiency of the hay declined as the time of cutting was de-
ferred. The range in gains was from 0.46 pound per day by
the calves receiving hay made by cutting when the seed had
formed, to 1.07 pounds per day by the calves which received
hay cut at the bud stage.  The feed efficiency ranged from 959
pounds of hay for 100 pounds of gain in the case of calves re-
ceiving bud-stage hay, to 2,247 pounds for 100 pounds of gain
in the case of the calves receiving seed-stage hay.

A digestion trial of the four kinds of alfalfa hay used in
this experiment was made by the Chemistry Department as a
part of the investigation. The coefficients of digestibility
ranged as follows:
Dry matter, 56.53 for seed-stage to 63.75 for one-tenth bloom stage
Ash, 56.99 for seed-stage to 64.38 for bud-stage
Crude protein, 66.88 for seed-stage to 78.82 for bud-stage
True protein, 60.70 for seed-stage to 72.63 for bud-stage
Crude fiber, 32.15 for bud-stage to 47.20 for seed-stage
Nitrogen free extract, 52.80 for bud-stage to 68.41 for one-tenth bloom

stage
Ether extract, 27.45 for one-tenth bloom stage to 39.15 for bud-stage

[Project 90; Departments of Animal Husbandry and Chemis-
try; Adams and state funds.]

Feeding Western Lambs.—During the year the Animal Hus-
bandry Department conducted feeding trials with 12 lots of
western lambs, including a total of 445 head. These trials
included tests of the following: Handfeeding versus self-feed-
ing; silage versus no silage; alfalfa versus straw as a rough-
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age; protein supplement versus no protein supplement; corn
gluten feed versus linseed meal as a protein supplement;
shelled corn versus ground corn; shelled corn versus whole
barley; and a test of a stock tonic. The results of the experi-
ment have been published as station circular 88, “Lamb Feed-
ing Investigations, 1919 -20.” [Project 11; Department of
Animal Husbandry; state funds.]

Rations for Growing and Fattening Pigs.—A Total of 20 lots
of pigs were used in testing various rations either for grow-
ing or for fattening. These tests included a comparison of
corn and barley for growing pigs on alfalfa pasture; a com-
parison of wheat and rye for fattening pigs in dry lot; the
test of various protein supplements for fattening hogs; and
a comparison of kafir, milo, and feterita with corn as a feed
for fattening hogs. The results of these experiments have
been published as station circular 89, “Swine Feeding Investi-
gations, 191-20." [Project 110; Department of Animal Hus-
bandry; state funds.]

Swine Nutrition Studies.—During the fiscal year ending
June 30, 1919, a three-year experiment was begun to deter-
mine the effects of continued feeding of four specific rations
upon three generations of swine. The following rations were
fed to four lots of pigs: Corn and tankage; corn, tankage, and
ground alfalfa; kafir and tankage; kafir, tankage, and ground
alfalfa. This experiment was continued during the fiscal year
ending June 30, 1920.

The work of the experiment with reference to swine was
paralleled by the Chemistry Department through the use of
rats as the experimental animals. The results secured with
rats were in harmony with those secured with the first genera-
tion of swine, and indicated in general that both corn and
tankage, and kafir and tankage are inadequate, and that
the addition of alfalfa to the ration of kafir and tankage,
makes the diet adequate for both growth and reproduction.
This experiment is still in progress. [Project 38; Depart-
ments of Animal Husbandry and Chemistry; Adams funds.]

Factors that Influence the Composition of Body Fats.—One
of the problems confronting the animal husbandman in the
finishing of animals for either marketing or show purposes is
the production of firm tissues. One of the factors contributing
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to the flabbiness of animal tissues is the low melting point of
certain fats caused by the presence. of either unsaturated or
short-chained fatty acids. The Chemistry Department is con-
ducting an experiment to determine, if possible, what factors
influence the composition of these body fats. The results so
far secured indicate that none of the short-chained fatty acids
of the feed are deposited in the body fat, while the unsaturated
fatty acids contained in feed are so deposited. The results
also indicate that the body fat produced by a high-protein
diet differs from that produced by a low-protein diet. [Proj-
ect 125; Department of Chemistry; Adams funds.]

Inspection and Licensing of Stallions.—One of the important
services rendered by the experiment station to the livestock
industry of the state is that relating to the inspection and li-
censing of stallions. Stallions standing for public service in
the state are licensed by the State Livestock Registry Board.¹
During the fiscal year ending June 30, 1920, a total of 3,543
licenses were issued. Of this number, 2,600 were for purebred
stallions; 561 for grade stallions; and 382 for scrubs. Great
progress has been made during the past 10 years in connection
with the reduction of the number of grade and scrub stallions
used in the state, as is indicated by a comparison of the li-
cense figures for 1910 and 1920, respectively. In 1910, only
40.8 percent of the stallions licensed were purebred. In 1920,
the purebreds amounted to 73.4 percent of the total number of
stallions licensed. In 1920, 2,484 of the purebred licenses is-
sued were for purebred draft stallions and 116 for purebred
light-weight stallions. Corresponding figures for 1910 are
1,892 draft stallions and 707 light stallions. In 1920, the Per-
cheron breed led with a total of 1,996 stallions. It was fol-
lowed by French draft with 218; the Belgian with 158; the
Standardbred with 78; and the Shire with 48. Other breeds
of which a smaller number of stallions were licensed include
Clydesdale, Morgan, American Saddle, German Coach, Shet-
land, Thoroughbred, French Coach, Cleveland Bay, Hackney,
and Suffolk. The stallion license law has given mare owners a
means of knowing the exact breeding of the stallions they
patronize and has practically eliminated misrepresentations
regarding blood lines. Previous to the passage of the stallion

¹ An ex-officio board consisting of the Dean of Division of Agriculture, Head of De-
partment of Animal Husbandry, and Dean of Division of Veterinary Medicine.
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license law, hundreds of grade and scrubs with fraudulent
pedigrees were sold as purebreds to unsuspecting purchasers
at high prices. The practical and beneficial results from the
operation of the stallion license law have shown clearly the
value of the law to the horse industry of the state. [State
Livestock Registry Board; stallion license fees.]

The Development of Dairy Heifers.—During the year two
experiments were carried on to secure information regarding
the influence of various feeds upon the development of dairy
heifers. One of these experiments has been in progress since
1914. It is conducted for the purpose of securing information
on the influence of three different rations upon the develop-
ment, reproduction, and cost of feeding dairy heifers. The
experiment involves four lots, as follows:

Lot 1, fed alfalfa hay only.
Lot 2, fed alfalfa hay and corn silage.
Lot 3, fed alfalfa hay, corn silage, and grain.
Lot 4, fed alfalfa hay, corn silage, and grain. (The animals in this

lot are bred to calve at 24 months of age, or six months
earlier than those in lots 1, 2, and 3.)

This experiment will be completed during the fiscal year end-
ing June 30, 1921, when the results of the seven years’ work
will be summarized and prepared for publication. [Project 99;
Department of Dairy Husbandry; state funds.]

A second experiment in the development of dairy heifers
involves six lots of six animals each and is conducted for the
purpose of determining the relative values of different protein
supplements. Three of the lots receive uniformly a ration of
prairie hay and corn chop. With one of the three lots this
ration is supplemented with cottonseed meal; with another it
is supplemented with bran and cottonseed meal; and with the
third the ration is supplemented with bran and oilmeal. The
three remaining lots are fed a uniform ration of alfalfa and
corn chop. These lots receive the same supplements, respec-
tively, as are indicated above for the first three lots. This
experiment has not yet progressed far enough to produce defi-
nite conclusions. Before it is finished it is expected to furnish
useful information regarding the effects of the different com-
binations of feeds upon the body development, milk production,
and reproduction of the animals used. [Project 140; Depart-
ment of Dairy Husbandry; state funds.]
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Sudan Grass Pasture for Dairy Cows.—During the summer
of 1919 an experiment was conducted to determine the feasi-
bility of using Sudan grass as a pasture for dairy cows under
conditions similar to those at Manhattan. Six large Holstein
cows were pastured for a period of 92 days, beginning on July
10. In addition to the Sudan grass pasture, the cows were
fed a mixture of 4 parts of corn, 2 parts of bran, and 1 part
of oilmeal at the rate of 1 pound daily for each 4 pounds of
milk produced. The area of the pasture was 5.4 acres. It
supported the six cows very satisfactorily for the 92 days, as
mentioned above, and in addition to this produced 7.33 tons
of field-cured hay. The details of this experiment are pub-
lished as station circular 80, “Sudan Grass as a Supplementary
Pasture Crop for Dairy Cattle." [Project 133; Departments
of Dairy Husbandry and Agronomy; state funds.]

The Use of Silage in Feeding Dairy Cattle.—During the fiscal
year under review the following experiments were conducted
with silage as a feed for dairy cattle: A comparison of silage
made from the whole kafir plant with silage made from kafir
stover; a comparison of silage made from the whole cane plant
with silage made from cane stover; a comparison of kafir stover
silage with cane stover silage; and a test of silage made from
wild sunflowers. Slightly better returns were secured from the
whole kafir silage than from kafir stover silage, and the same
was true with reference to the whole cane silage and cane
stover silage. The results secured from silage made from cane
stover were slightly better than those secured through the
feeding of silage made from kafir stover.

Unsatisfactory results were obtained from the feeding of
silage made from wild sunflowers. This test involved five cows
which were fed alfalfa hay, grain, and wild sunflower silage
for a period of 20 days and then changed to alfalfa, grain, and
cane silage. Great difficulty was experienced in inducing the
cows to eat the silage made from wild sunflowers, and the
animals lost weight and declined markedly in milk pro-
duction upon this ration. The sunflowers used in making this
silage may have been cut at an unfavorable stage, so that the
unsatisfactory results secured in this one test should not be
regarded as conclusive. The results of the test, however, do
not give any justification for thinking that the wild sunflower
is a satisfactory substitute for the plants ordinarily used in
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Kansas for the making of silage. [Project 34; Department of
Dairy Husbandry; state funds.]

The Use of Cane Seed as a Feed for Dairy Cows.—There is
a widespread prejudice against the use of cane seed as a feed
for dairy cows and a general belief that the feeding of this
material depresses milk production. During the past fiscal
year an experiment was conducted in which ground cane seed
was fed to five dairy cows during three 30-day periods. No un-
favorable effects were noted. The experiment is to be repeated
before definite conclusions are announced. [Project 34; De-
partment of Dairy Husbandry; state funds.]

The Relation of the Vitamines in the Feed Consumed to
Those in the Milk Produced by a Dairy Cow.—A good deal of
interest attaches to the question of the relationship between
the vitamines in the feed consumed by dairy cows and those
in the milk produced by them. In order to secure information
on this subject, an experiment was started during the fiscal
year, in which two grade Holstein cows were fed continuously
on a practically vitamine-free ration. The ration consisted of
pearl hominy, tankage, cottonseed meal, and wet beet pulp.
The milk produced by these cows was tested biochemically in
comparison with milk produced by cows receiving normal feeds.
The preliminary results indicated that milk produced by cows
fed no vitamines contained much less fat-soluble and water-
soluble vitamines than the milk produced by cows receiving
ordinary dairy rations. A similar difference with reference
to antiscorbutic vitamines was not noted. This experiment is
being, continued. [Project 139; Departments of Dairy Hus-
bandry and Chemistry; state funds.]

Improvement of State Institutional Dairy Herds.—By an act
of the Kansas legislature, the dairy herds of the state institu-
tions were placed under advisory supervision of the Depart-
ment of Dairy Husbandry on July 1, 1917. During the past
fiscal year a total of 13 institutional herds received this super-
vision. These institutional herds are located at the following
points: Atchison, Beloit, Dodge City, Hutchinson, Lansing,
Larned, Norton, Osawatomie, Parsons, Winfield, and Topeka,
there being three herds at Topeka. Regular visits are made to
these institutions by representatives of the Department of
Dairy Husbandry, who give assistance in connection with the
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selection, feeding, management, and breeding of the respective
dairy herds. Local problems, especially those involving the
production of clean milk, receive consideration. During the
past fiscal year the 13 herds included a total of 888 cows, of
which 753 were grades and 135 were purebreds. Great varia-
tion exists among these herds and within each herd with ref-
erence to the efficiency and cost of milk production. During the
month of June, 1920, for example, the average milk production
per cow per herd ranged from 521 pounds to 1,010 pounds, a
spread of almost 100 percent. The average milk production per
cow of the five highest-producing cows in each herd during that
month ranged from 820 pounds in one herd to 1,369 pounds in
another. The average cost of feed per gallon of milk produced
during the month ranged from 3.1 cents in one herd to 8.8 cents
in another. These variations are due to differences in the
quality of herds, the methods of feeding, and the methods of
management. One of the principal objects of the work of ad-
visory supervision is to build up the efficiency of each herd
through the improvement of feeding, breeding, and manage-
ment methods, and thus to increase the production of milk and
reduce its cost. [Department of Dairy Husbandry; state
funds.]

Dairy Inspection.—A state law provides that a state dairy
commissioner under the direction of the Agricultural College
shall perform certain inspection activities with reference to
the dairy industry of the state. Something of the activities of
the dairy commissioner and his deputies during the past fiscal
year is indicated by the following table:
Number of towns visited . . . . . . . . . . . . . . . . . . . . . . . . . . .
Number of cream-buying station inspections . . . . . . . . . . . . .
Number of creamery inspections . . . . . . . . . . . . . . . . . . . . . . .
Number of ice cream factory inspections . . . . . . . . . . . . . . . . . .
Number of milk plant inspections. . . . . . . . . . . . . . . . . . . . . . . .
Number of condensery inspections . . . . . . . . . . . . . . . . . . . . . .
Number of cream-buying stations closed because of insanitary con-

ditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Number of prosecutions won by the state . . . . . . . . . . . . .
Number of ice cream and cream samples collected and analyzed. . . .
Number of complaints investigated. . . . . . . . . . . . . . . . . . . . . . . . .

988
1,637

159
102
42
8

14
1

302
94

During the year cream grading has been carried on both at
creameries and at cream-buying stations. The creameries of
the state have cooperated with the dairy commissioner in this
connection and some progress has been made with reference to
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cream grading. In order to show cream-buying station oper-
ators how to grade cream, the dairy commissioner has con-
tinued the practice of making cream-grading demonstrations at
each point where cream buyers’ examinations are held. As a
part of the examination each operator is required to test and
grade samples of cream. During the year there were in opera-
tion in the state about 1,500 cream-buying stations; 7 con-
denseries; 81 creameries; 18 centralizing plants; 1 cheese fac-
tory; and about 150 ice cream factories. [State Dairy Commis-
sioner; state funds.]

Official Testing of Dairy Cows.—The steady advance of the
dairy industry in the state is indicated in a measure by the con-
stantly increasing interest in the official testing of dairy cows
for the production of milk and butterfat. This work is carried
on by the Department of Dairy Husbandry. The increased in-
terest in official testing is indicated in the following table,
which shows the extent of the work during each of the three
fiscal years ending with the fiscal year 1919-20:

YEAR

Two-day Tests 1917-18 1918-19 1919-20
Number of tests . . . . . . . . . . . . . . . . . 1,798 2,010 2,815
Number of breeders having cows tested . . 34 51 86

Seven-day Tests
Number of tests . . . . . . . . . . . . . . . . . . 146 394 425
Number of breeders having cows tested . . 34 50 74

Not only has the number of official records increased, but
there has been an increased tendency to keep records over
longer periods than was the case in previous years. On June
30, 1920, a total of 3,242 cows in 236 herds were being tested
for milk and butterfat production in 12 cow-testing associa-
tions in the state. The advanced registry testing and the work
of cow-testing associations are two factors which are aiding
materially in the development of the dairy industry of the
state. [Department of Dairy Husbandry; fees from official
testing.]

Breeding and Feeding Farm Poultry.—Station bulletin 223
“Improving Mongrel Farm Flocks Through Selected Standard-
bred Cockerels,” published under date of January, 1920, re-
ports the results secured up to that time in one important
branch of this work. Additional data upon the best breeding
age for chickens have been gathered. The fact that the sale of
hatching eggs has been discontinued by the Department of

3—Col. Exp.—1173
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Poultry Husbandry made available a much larger number of
eggs for hatching and of chicks for recording. The work of
selecting for high egg production within the standard breeds
most common in Kansas was continued, and the demand for
pedigreed stock from high-producing families exceeded the
supply. The work of grading up mongrel farm flocks through
the use of selected standardbred cockerels is being continued
with very satisfactory results. The studies of inheritance of
Andalusian blue have progressed satisfactorily, more than
3,000 chickens having been examined and described during the
year.

The feeding tests conducted during the year included a com-
parison of common grains as the sole source of food for day-old
chicks. In this comparison it was found that wheat gave
slightly better results in connection with weight than corn,
kafir, or oats. In the vitamine feeding tests with day-old
chicks,’ cabbage gave fairly good results; less satisfactory re-
sults were secured from the feeding of carrots; and the feeding
of tomatoes failed to prevent leg weakness. The experiment
to determine the desirability or undesirability of using com-
mercial chick feeds which include weed seeds was continued.
In addition to the fact that a large number of weed seeds are
refused by the chicks, it was found that a large percent of these
seeds would germinate, and thus constitute a menace to the
farms upon which they are fed to chicks. [Project 77; Depart-
ment of Poultry Husbandry; state funds.]

The Effects of Feed Deficiencies Upon the Vitality of Chicks.
—As a general rule where eggs are hatched on a fairly large
scale, not more than 50 or 60 percent of them produce vigorous
chicks. While much of the difficulty is due to unfavorable in-
cubating conditions, such as temperature, moisture, and oxygen
supply, no doubt the improper nutrition of the embryo due to
a deficiency of some substance in the egg which is essential to
the proper development of the embryo plays an important part
in this low percent of vigorous chicks. To investigate the effect
of the feeds fed on the deficiencies of these essential substances
in the egg, six pens, each containing one male and five female
Single Comb White Leghorns, housed and handled under as
nearly identical conditions as possible, were fed different ra-
tions of known composition as follows:
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Pen I. A supposedly adequate diet.
Pen II. A diet low in protein.
Pen III. A diet low in fat-soluble vitamines.
Pen IV. A diet low in water-soluble vitamines.
Pen V. A diet containing 25 percent Canadian field peas.
Pen VI. A diet containing alfalfa.

In Pens I and VI there was a decided gain in weight, and in
Pen III a slight gain. In Pens II,  IV, and V there was a loss
in weight. Pens I and VI laid the most eggs, and as was true
in the case of the low-protein pen the previous year, Pen II
laid very few eggs and the birds were poor in weight. The
mortality was high in the case of Pens III, IV, and V, and
numerous replacements were necessary. While this work has
not been completed, the results show clearly that the vitamine
content of eggs is dependent on the vitamine content of the
feed. This may account for the fact that an egg from a hen
receiving a restricted diet does not hatch well. [Project 127;
Departments of Poultry Husbandry and Chemistry; Adams
funds.]

Feedingstuffs and Livestock Remedy Inspection. —One of
the duties imposed by law upon the experiment station is the
inspection of commercial feedingstuffs and livestock remedies.
This work is carried on by the Feed Control Office, a part of
the Department of Milling Industry. Its primary purpose is
to see to it that each commercial feed or livestock remedy
offered for sale in the state is properly labeled as to content
and weight, so that the consumer may know what he is buying
and that the manufacturer or dealer may know definitely what
he is selling. A numerical summary of the work of the Feed
Control Office during the fiscal year ending June 30, 1920, is
given below.
Inspector’s visits to firms and individuals . . . . . . . . . . . . . . . . . . . . . 1,681
Inspector’s visits to towns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540
Registrations of feedingstuffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Firms or individuals registering feeds . . . . . . . . . . . . . . . . . . . . . . . . . . .
Official samples of feed analyzed . . . . . . . . . . . . . . . . . . . . 749
Samples found not up to guaranty in one or more particulars. . . . . 393
Samples deficient in protein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Samples deficient in fat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Samples excessive in fiber

59
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

Citations issued . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Prosecutions filed for violation of feedingstuffs law . . . . . . . . . . . . . 25
Convictions obtained . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Known number of refunds paid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Known amount of refunds paid . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Commercial samples of feed analyzed

$2.793.14
. . . . . . . . . . . . . . . . . . . . . . . 218

Office samples of feed analyzed . . . . . . . . . . . . . . . . . . . . . . . 47

2,409
875

31
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Livestock remedies registered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Total livestock remedy registrations on file . . . . . . . . . . . . . . . . . . . . . . 548
Prosecutions under livestock remedy law . . . . . . . . . . . . . . . . . . . . . . . .
Convictions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Cases held in abeyance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Official samples of livestock remedies analyzed . . . . . . . . . . . . . . . . . .
New firms registering livestock remedies . . . . . . . . . . . . . . . . . . . . . . .
Total number of firms with livestock remedies registered. . . . . . . . . 186
Federal samples analyzed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Found in compliance with law and dropped . . . . . . . . . . . . . . . . . . . . . .
Found in violation of law and prosecution recommended . . . . . . . . . . 44
Interstate shipments found deficient in protein . . . . . . . . . . . . . . . . . .
Interstate shipments found short in weight . . . . . . . . . . . . . . . . . . . . .
Interstate shipments found unlabeled . . . . . . . . . . . . . . . . . . . . . . . . . .
Interstate shipments found to be adulterated . . . . . . . . . . . . . . . . . . . .
Interstate shipments on which seizure was made . . . . . . . . . . . . . . . . .

[Department of Milling Industry; feedingstuffs fees.]
The Wintering of Bees.—Because of the importance of the

bee industry in certain parts of the state, a good deal of in-
terest attaches to the problems relating to the wintering of
bees. Since the fall of 1917 the experiment station has been
studying these problems. Six different methods of wintering
bees are being tried. They involve the use of single-story
hives, both packed and unpacked; two-story hives, both packed
and unpacked ; protection from the wind; and exposure to the
wind. The total weight of each colony is determined periodi-
cally and the number of bees present in each is determined at
the beginning and again at the close of the winter season.
Some of the indications so far noted are that packed hives have
more bees in the spring than unpacked hives; that 40 to 50
pounds of honey are necessary for stores for a well-packed
colony to pass the winter; and that a so-called open winter
is more likely to be unfavorable for bees than what is or-
dinarily regarded as a severe winter. [Project 126; Depart-
merit of Entomology; state funds.]

81
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DISEASES OF FARM ANIMALS

During the twelve months ending March 1, 1920, the follow-
ing losses of livestock, as a result of disease, occurred in Kan-
sas, according to the reports of the State Board of Agricul-
ture:

Horses and mules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,494
Milk cows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,811
Other cattle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52,733
Sheep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15,996
Swine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63,207

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174,241
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Many of these losses undoubtedly occurred from diseases which
are preventable through the application of knowledge already
available, but many of them resulted from diseases which are
not well understood. Each year the Agricultural Experiment
Station carries on investigations for the purpose of increasing
the knowledge of these diseases.

Investigation of Animal Abortion.—Under the authority of
a special act of the 1919 session of the Kansas legislature an
investigation was started during the past fiscal year on animal
abortion disease. This disease is one of the most important
in the state. The investigation has been started along three
principal lines: (1) An effort to determine the efficacy of the
agglutination and complement fixation tests for the presence
of abortion. (This work is carried on in the college herds.)
(2) An attempt to induce immunity to the disease. (This
work is being conducted with a special herd of abortion cattle
and is being paralleled in the laboratory through the use of
guinea pigs.) (3) Further studies of the organism which is
believed to cause abortion. These three lines of the investiga-
tion are now making satisfactory progress. It is likely that
it will require several years to secure results which can be suc-
cessfully applied. [Project 135; Department of Veterinary
Medicine; state funds.]

Hog Cholera and Blackleg Investigations.—While satisfac-
tory preventives of hog cholera and blackleg are now avail-
able, there still remain numerous problems to be investigated
with reference to the production and use of these preventives.
During the year investigational work was conducted along the
following lines: The attempted production of artificial virus
for use in hyperimmunizing hogs for the production of anti-
hog-cholera serum; cultural and biological tests on various
strains of Bacillus chauvæi in the production of blackleg fil-
trate; differential cultural tests for Bacillus chauvæi and al-
lied spore-bearing anaerobes; further work on the develop-
ment of a potency test for blackleg filtrate and blackleg ag-
gressin; and an investigation of the immunity and suscepti-
bility of guinea pigs to blackleg. [Department of Veterinary
Medicine; vaccine funds.]

The Distribution of Blackleg and Cholera Preventives.—The
Agricultural Experiment Station maintains a plant for the
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production of anti-hog-cholera serum and virus, and for the
production of blackleg vaccines. During the year there were
distributed from this plant a total of 1,158,650 c. c. of anti-
hog-cholera serum; 34,915 c. c. of hog cholera virus; 13,231
doses of blackleg aggressin; 34,989 doses of blackleg filtrate;
11,961 doses of blackleg single-powder vaccine; 3,595 doses of
blackleg double-powder vaccine; and 28,530 c. c. of blackleg
serum. The manufacture and distribution of these biologics
by the station serves to standardize the quality and the prices
of these materials and also to maintain a continuing demon-
stration of their efficacy in the prevention of the two diseases
concerned. [Department of Veterinary Medicine; vaccine
funds.]

Investigations of Poultry Diseases.—During the last year
the work on the subject of poultry diseases included the ex-
amination of 160 fowls sent in for diagnosis. The diagnoses
disclosed the following diseases and pests: Roup, fowl ty-
phoid, cholera, white diarrhea, tuberculosis, scaly leg, gan-
grene of feet, lice, and intestinal worms. A pure culture
bacterial vaccine was developed for the treatment of roup and
foul typhoid. This vaccine was tested in 12 commercial flocks
of poultry, including a total of 1,225 birds, of which only four,
or about 0.3 of 1 percent, acquired the disease after treat-
ment, as compared with a total of 117, of 9.5 percent which ac-
quired the disease before treatment was applied in the flocks.
It is expected that this preventive vaccine will be ready for dis-
tribution among the poultrymen of the state at an early date.
[Project 85; Department of Bacteriology; state funds.]

Relation Between Adequacy of Diet and Immunity to Roup.
—The investigation to determine the relation between ade-
quacy of diet and immunity to roup was continued. During
the past year it involved six pens of nine young chickens each.
The results so far secured seem to indicate that the feeding of
a diet lacking vitamines is likely to lower the vitality of chick-
ens, and consequently reduce immunity to roup. [Project
131; Departments of Poultry Husbandry, Chemistry, and Bac-
teriology; state funds.]

Miscellaneous Diseases.—During the year the Department
of Veterinary Medicine was called upon to investigate a num-
ber of disease outbreaks including the following: Hemmor-
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rhagic septicemia in sheep; red dysentery and rabies in cattle;
and reports of the so-called “plague” in horses. Three al-
leged outbreaks of “horse plague” were investigated, in each
of which it was possible to isolate a small gram positive dip-
lococcus from the heart blood and pericardial and spinal fluids
of animals which had died of the disease. It was also possible
to isolate an organism resembling Baccillus paratyphosus from
the blood and pericardial fluid. Experiments are still under
way to determine the relationship of these organisms to the
disease. [Project 102; Department of Veterinary Medicine;
state funds.]

MISCELLANEOUS INVESTIGATIONS

Under this heading four investigational projects of rather
general interest will be discussed briefly. The first two relate
to studies of the laws of inheritance; the third to some bacterial
investigations with vegetables; and the fourth to an investi-
gation of protein synthesis by microorganisms.

Inheritance in Orthoptera.—For several years the Depart-
ment of Zoology has been investigating certain laws of in-
heritance, using grasshoppers as the experimental animals.
During the past year studies were continued on the inheritance
of 15 allelomorphic characters, including a mutation, and on
two other independent characters of the grouse locust, Para-
tettix texanus. In the species, Tettigidea parvipennis pen-
nata, five multiple allelomorphs and one independent charac-
ter have been thoroughly tested. Further studies on partheno-
genesis and linkage in the genus Apotettix were made. Varied
matings have resulted in several new linkages in this group.
As many as four different characters have been linked into a
single individual so as to breed true. These linkages occur on
a definite percentage basis and can be predicted as certainly
as Mendelian segregation. Applications of this principle may
possibly be adaptable to the production of double-purpose
breeds, and thus be of great economic benefit. The results of
these studies during the past year were based on 632 crosses,
which produced over 10,000 recordable individuals. [Project
72; Department of Zoology; Adams funds.]

Inheritance in Guinea Pigs.—In the inheritance project of
the Animal Husbandry Department the following questions
were investigated, guinea pigs being used chiefly as the ex-
perimental animals: Color inheritance; inheritance of size;

IET n/a




40 AGRICULTURAL EXPERIMENT STATION.

inheritance of defects; inbreeding; and the physiology of re-
production. These studies have included investigations of the
cause of abberant ratios and linkage relations. Added proof
has been secured that the factors for albinism and black are
completely linked. In that part of the investigation having to
do with inheritance of defects, a number of animals were born
during the year but they furnished no positive evidence that
the defects studied are inherited. These defects include con-
genital blindness, absence of toes, and certain other charac-
ters. In the study of inbreeding in guinea pigs two new in-
bred generations were produced, none of which showed any
decrease in vigor, fecundity, or size. In connection with a
study of reproduction the data on prenatal growth, sex ratios,
litter size, gestation periods, etc., have been almost completely
summarized. [Project 93; Department of Animal Husbandry;
state funds.]

Bacteriological Studies on Vegetables.—This work has been
continued during the past year and confined to a study of
bacteria isolated from spoiled canned asparagus. The or-
ganisms isolated were grouped according to the method of
treatment. It was found that Bacillus subtilis predominated
to some extent in jars to which a small amount of salt and a
larger amount of acid had been added, while B. mesentericus
predominated in larger amounts of salt and smaller amounts
of acid. The influence of blanching upon the distribution of
various types of bacteria was also studied. Blanching was
found to have the most influence in the case of B. subtilis, B.
mesentericus, and B. botulinus. The other organisms were
present in such small numbers that it was difficult to draw con-
clusions from their distribution as influenced by blanching.
An attempt was made to study the influence of various amounts
of air upon growth and thermal death points of the aerobes
most commonly present in canned foods. The conclusions
drawn from this study include the following with reference
to aerobes:

1. That merely sealing the container almost completely in-
hibits the growth of these organisms.

2. That the amounts of salt and acid used in the experiments
cause practically no decrease in the number of spores up to 37
days at 37° C. in sealed containers containing various amounts
of air.

IET n/a




DIRECTOR’S REPORT, 1919-20. 41

3. That increasing the amount of salt has practically no in-
fluence upon the thermal death point.

4. That decreasing the amount of air has no influence upon
the thermal death point.

5. That increasing the amount of acid has a very marked
influence upon the thermal death point. Increasing the amount
of acid to one-tenth of 1 percent reduces the thermal death
point nearly 50 percent. [Project 120; Department of Bacteri-
ology; state funds.]

Protein Synthesis by Microorganisms.—In this study atten-
tion was directed chiefly to the ability of Azotobacter to syn-
the size atmospheric nitrogen into protein. It was observed
that, contrary to the usually accepted view, Azotobacter, under
optimum growth conditions, is a fairly rapid-growing organ-
ism. Rapid cell development, and consequently rapid azofica-
tion, can be produced by vigorous aeration of the culture. By
this method, vigorous growth and prompt azofication can be
produced within two to four days when the organism is culti-
vated in large quantities of liquid. The azofying ability of 12
pure cultures, using dextrose as the source of energy, was de-
termined. Preliminary nutrition experiments are now in
progress, including the determination of the coefficient of di-
gestibility and the vitamine content of the Azotobacter cell. It
appears that the investigation will result in the devising of a
means of growing Azotobacter rapidly in bulk. Emphasis has
been placed upon the nitrogen-fixing ability of various cultures
used, since the higher the fixation, the greater the protein con-
tent of the cells will be. The nutritive value of the Azotobacter
cells produced is now being determined by the Department of
Chemistry. [Project 138; Department of Bacteriology; state
funds.]

BRANCH EXPERIMENT STATIONS

In addition to the main experiment station at Manhattan,
branch stations are maintained at Hays, Garden City, Colby,
and Tribune. These branch stations are maintained for the
purpose of supplementing the investigational work conducted
at the main station, especially with reference to testing, under
western Kansas conditions, the results secured at Manhattan,
and to the investigation of agricultural problems which are
peculiar to the four western Kansas districts in which the
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branch stations are located. Some of the more important
features of the work of these branch stations are mentioned in
the following pages.

Fort Hays Branch Experiment Station.—The Fort Hays
Branch Experiment Station consists of 3,600 acres of land
equipped for investigational work with both crops and live-
stock. The principal general lines of work in progress include
investigations in dry-land agriculture; cereal and forage crop
investigations; the management of a herd of range cattle with
special attention to winter maintenance; the management of a
dairy herd; the production of sheep; and the operation of the
State Forest Nursery.

The nursery is maintained for the purpose of conducting ex-
periments with various species of trees and shrubs in order to
determine which are desirable for the conditions prevailing in
western Kansas. During the past fiscal year more than 40,000
trees and shrubs were distributed throughout the western part
of the state, and about 80,000 seedlings and cuttings were
added to the nursery to be grown for trial and future distri-
bution.

The cereal investigations include experiments in the produc-
tion of winter and spring wheat, barley, and oats. During the
year under review the work was conducted on 408 plots, vary-
ing in size from one-fiftieth to one-twentieth of an acre. Dur-
ing the past four years the average yield of Kanred wheat in
varietal tests has been 23.9 bushels per acre as compared with
22.1 bushels for Kharkof and 19.1 bushels for Turkey. Five
years of experimental work in rate and date of seeding winter
wheat have indicated that October 1 is the optimum date,
where the seedbed has been well prepared. But little differ-
ence occurred in the yields secured by seeding at the rates of 3
to 4 pecks per acre, except when the seeding was done later
than October 15. In such cases the four-peck rate gave the best
yields. Extensive breeding and selection work has been pro-
jected with grain sorghums, one of the leading experiments
being a study of a large number of plants of the F3 generation
of a cross between Red Amber and feterita. In addition to this,
374 selections of Dawn kafir, feterita, mile, and miscellaneous
groups of sorghums are under observation. Earliness and
drouth resistance, together with high yield, are the principal
objects sought in this connection. Excellent progress has been
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made with Dawn kafir and with a cross between Pink kafir and
Freed sorgo.

Investigations with forage crops at the Fort Hays station
during the past fiscal year were conducted on 342 field plots
ranging in size from one-twentieth to one-tenth of an acre each.
In addition to this, tests were made of 720 head-to-row plant-
ings of sorghums. A new series of spacing tests was begun
with Pink kafir to determine the relative merits, for both
forage and grain, of seeding in rows 40 inches apart, 80 inches
apart, and of alternating 40-inch and 80-inch rows. Sudan
grass has been grown at the Fort Hays station since 1913 and
has proved to be a very valuable annual hay and pasture crop.
The hay is particularly valuable for work horses. Experiments
conducted at Hays since 1913 with alfalfa on upland have
failed to produce any satisfactory method of growing alfalfa in
that part of the state on upland soils. These experiments have
included both the ordinary method of seeding and seeding in
rows ranging in width from 6 to 42 inches. The results secured
on all of the forage crops at the Fort Hays station from 1913
to 1919, inclusive, have been published as a station bulletin.¹

One of the recent additions to the forage crop work has to
do with the eradication of bindweed. This weed has become
a serious pest in several counties in west central Kansas. The
eradication experiment, begun in 1919, involves 31 one-tenth
acre plots. The methods of eradication under test include
varying intensity of fallow; the use of sorghum and Sudan
grass as smother crops, both under continuous culture and in
rotation with fallow; and the application of common salt at
the rates of 8, 12, 17, 20, 24, and 28 tons per acre. It will
require several years yet to complete this investigation.

The dry-land agriculture work, begun in 1906, was con-
tinued during the past year along the same lines as during the
year previous. The work covers experiments in seedbed prepa-
ration for winter wheat, kafir, mile, cane, barley, oats, and
spring wheat; the growth of the common crops of the region
in various rotations and under various methods of soil treat-
ment; experiments to determine the best method of handling
land during a period of fallow; and tests of the value of straw,
barnyard manure, and green manure as fertilizers for in-

1 .  G e t t y ,  R .  E .  F o r a g e  c r o p s  i n  w e s t e r n  K a n s a s .  K a n .  A g r .  E x p t .  S t a .  B u l .
225:1-54.  Figs .  10.  1921.
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creasing soil productivity. During the past year experiments
were started to try out various commercial fertilizers in wheat
production and to determine the value of barnyard manure
and certain commercial fertilizers in the production of alfalfa.

The livestock work of the station includes experiments in
breeding, feeding, and wintering stock under western Kansas
conditions. In the winter of 1919-20 experiments were carried
on with 18 lots of cattle, a total of 330 head. In these experi-
ments the following problems were studied: The comparative
feeding value of an acre of kafir with the heads on and with
the heads off, both as silage and as dry feed; the value of cane
silage as compared with cane fodder for wintering cows; the
relative value of alfalfa hay and linseed cake as a protein
supplement for wintering mature cows; the comparative value
of the small lot and the large pasture for wintering calves;
and the effect of methods of feeding and age of breeding upon
the development of the beef cow and her offspring.

A large portion of the 3,600 acres of land at the Fort Hays
station is used in applying on a commercial scale those pro-
duction methods which are found by experiment on a small
scale to be the most practical. The crops produced in this
way are used in feeding station livestock, as sources of seed
of better-yielding crops for distribution to farmers, and for
the general market. A major portion of the roughage and
much of the grain produced is used in experimental work with
livestock. For these purposes about 400 acres are devoted to
alfalfa; 600 acres to wheat; 100 acres to corn; 100 acres to
barley and oats; 50 acres to Sudan grass for seed and forage;
and 400 acres to forage and grain sorghums. The station has
seven silos, a grain elevator, and a seed barn for use in the
storage of crops produced. This large scale work serves as
a check on the experimental results and as a source of revenue
for the partial support of the experimental work.

By correspondence and lectures the station supplies infor-
mation regarding agricultural practices to a large number of
farmers in western Kansas. The chief activities in this direc-
tion have been in tree planting for parks and homesteads, the
control of insects and plant diseases, and the application of
desirable cropping methods. The work of the station is
brought to the attention of the farmers through correspond-
ence, newspaper articles, and the Round Up Day, Sorghum
Day, and Wheat Day held at the station each year.
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Garden City Branch Experiment Station.—The Garden City
Branch Experiment Station, which is located in Finney
County, works along two general lines: (1) Investigation of
various methods of crop production under dry-land conditions;
and (2) the conduct of experiments in irrigation agriculture.
The dry-land work includes varietal tests of sorghums, corn,
and small grains, together with experiments to determine the
best rotation and tillage methods to use in the dry-land agri-
culture of the region.. So far the Dwarf Yellow milo has
proved to be the most reliable grain sorghum variety for the
region, while Dwarf Blackhull kafir and the sweet sorgos have
proved to be the best sorghum varieties for the production
of silage.

The irrigation investigational work was modified during
the year. The rate-of-watering experiment with milo, kafir,
sumac, Sudan, and small grains was completed, and a series
of crop rotation experiments was begun. The rate-of-water-
ing tests which were conducted for a period of six years have
indicated, among other things, that irrigation water can be
used most profitably in that region on such crops as milo,
kafir, and the sorgos, and that small grain crops in ordinary
years will make less efficient use of large quantities of irri-
gation water than the sorghum crops just mentioned. De-
tailed results of these experiments are being prepared for
publication.

Colby Branch Experiment Station.—This station, which is
located in Thomas County in the northwestern part of the
state, is concerned chiefly with the peculiar agricultural prob-
lems of that region. During the past year the experiments
included a comprehensive series of crop rotation and tillage
tests; production tests with Sudan grass, Red Amber cane,
alfalfa, barley, and corn; tests of the furrow method of seed-
ing winter wheat; and the maintenance of a dairy herd. In
the varietal test with corn, Sherrod White Dent, with a yield
of 48.8 bushels per acre, was the highest yielder among 11
varieties. The highest yield of stover among 12 varieties of
forage sorghums tested was 22,550 pounds per acre, produced
by Sumac sorgo. Kanred again was the highest yielding
variety in winter wheat, its yield being 28.4 bushels per acre.
Six varieties of barley were tested, the highest yielder being
the Coast variety, which produced 26.15 bushels per acre.
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The work with the dairy herd was continued as in the pre-
vious year and the results confirmed the conclusions formerly
reached, that a small dairy herd may profitably be included in
the farming system of the northwestern part of the state.
The gross receipts from the sale of milk from 12 cows during
the year exceeded $2,500. Careful records of the milk produc-
tion of each of the cows in the herd are kept for use in inform-
ing the farmers of that region regarding practicable methods
of maintaining a dairy herd.

Tribune Branch Experiment Station.—The work of the
Tribune station was conducted on substantially the same lines
as during the previous year. This work includes the product-
ion of varieties of various crops to test their adaptability to
southwestern Kansas conditions; varietal tests with wheat,
oats, barley, sorghum, and beans; width-of-row tests with
milo and corn; and a comparison of the furrow-drill and the
common-drill methods of seeding small grains. The results so
far secured at this station indicate that a great deal can be done
in improving the agriculture of that region by paying more
attention to the production of feeds for use in winter. Such
crops as Dwarf mile, Dwarf kafir, and Freed sorgo are partic-
ularly promising, and fairly satisfactory results have been se-
cured with millet and Sudan grass.
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PUBLICATIONS OF THE STAFF

OF THE

KANSAS AGRICULTURAL EXPERIMENT STATION

To Dec. 31, 1920

For several years it has been the practice of the Director of
the Agricultural Experiment Station to include in his annual
report a list of the station publications issued during the year
under review, and also a list of papers contributed by mem-
bers of the station staff and published in scientific journals
during the year. This systematic method of reporting the
published contributions of the station has not been followed
regularly, however; neither has there been any compilation of
such lists of publications. It has seemed desirable, there-
fore, to compile an up-to-date list which shall include not only
the formal publications issued by the station since the begin-
ning of its work in the Kansas State Agricultural College, but
also all contributions of the station staff made to other scien-
tific publications during the same period. In this list the pub-
lications are grouped by departments.

In preparing the list it has been necessary to take arbitrary
action with reference to the departmental numbers of certain
publications in the interest of the list as a whole. For this
reason the departmental serial numbers indicated in the fol-
lowing table do not in all instances agree with the serial num-
bers given in publications themselves. It is believed, however,
that this will not detract from the usefulness of the list, which
not only has important historical value, but should be useful
to investigators and librarians.
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STATION PUBLICATIONS, 1919-20

Four bulletins and twelve circulars were published and dis-
tributed during the fiscal year ending June 30, 1920. They
were as follows:

INFORMATION REGARDING PUBLICATIONS ISSUED, 1919-20

GENERAL BULLETINS

222. Capacity of Silos and Weights of Silage, C. H. Eckles, O. E.
Reed, and J. B. Fitch. (22 pp., 2 figs.) The actual weights of the con-
tents of 32 silos—25 filled with corn, 4 with sweet sorghum, and 3 with
kafir—furnish the data for the figures given in this bulletin for use in
estimating the weight of settled silage.

223. Improving Mongrel Farm Flocks Through Selected Standard-
bred Cockerels, William A. Lippincott.  (48 pp., 30 figs.)  This bulletin
reports the results of “The Grading Experiment” of the Department of
Poultry Husbandry. Mongrel pullets, typical of poor-producing farm
flocks, were mated with standardbred cockerels from high-producing
families. The experiment was continued for three successive genera-
tions using cockerels from the Single Comb White Leghorn, the Barred
Plymouth Rock, and the White Orpington varieties. The experiment in-
dicated that the egg production of poor-producing mongrel farm flocks
may be markedly improved by such grading methods.

TECHNICAL BULLETINS

6. The Maize Billbug or Elephant Bug, William P. Hayes. (27 pp.,
12 figs.) Corn on the bottom lands of south-central Kansas may be seri-
ously injured by the maize billbug, Sphenophorus maidis Chittn. This
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bulletin gives the life history of the species together with methods of
control.

7. Solenopsis Molesta Say (Hym.): A Biological Study, William P.
Hayes. (55 pp., 11 figs.) Solenopsis molesta Say, commonly known as
the kafir ant, is especially injurious to sorghum seed planted in south-
ern Kansas. This bulletin gives the life history of the species together
with four methods of control.

CIRCULARS

73. Growing Alfalfa in Western Kansas, Charles R. Weeks. (10 pp.,
4 figs.) This circular discusses methods of establishing and maintain-
ing a stand of alfalfa on the river and creek bottoms of western Kansas.

74. Establishing Kanred Wheat in Kansas, S. C. Salmon. (16 pp.,
8 figs.) This circular gives the history of the development of a new
variety of wheat, named “Kanred,” a derivation of the words Kansas Red
Kanred’s superiority to other varieties of hard red winter wheat con-
sists in its winter hardiness, earliness of maturity, rust-resistance, and
yield. The publication includes the testimony of a number of farmers
who have raised Kanred in various parts of the section of the state
adapted to hard winter wheat.

75. Blackleg and Its Control, Leonard W. Goss. (4 pp.) This cir-
cular discusses the cause, symptoms, and curative treatment of blackleg;
also its prevention by the use of either Blackleg Aggressin or Blackleg
Filtrate.

76. Home Preparation of Pork, A. M. Paterson. (13 pp., 9 figs.)
This circular gives practical instructions for butchering; also instruc-
tions for cutting up and curing pork. A number of recipe for curing
pork are given and brief instructions for smoking meat.

77. Cattle Feeding Investigations, 1918-19, C. W. McCampbell, F. W.
Bell, and H. B. Winchester. (11 pp., 1 fig.) The results of the year’s
cattle feeding investigations reported in this circular show: (1) That
the greater the utilization of silage the greater the reduction in the cost
of producing gains on two-year-old steers. That sweet sorghum
silage has practically the same feeding value pound for pound as corn
silage. (3) That it requires approximately 35 percent more concentrate
and 20 percent more roughage to produce 100 pounds of gain on two-
year-old steers than on baby beeves.

78. Swine Feeding Investigations, 1918-19, C. W. McCampbell, E. F.
Ferrin, and H. B. Winchester. (7 pp., 1 fig.) The result of the
year’s swine feeding investigations reported in this circular show: (1)
That the self-feeder reduces the cost of producing gains on hogs. (2)
That, as a supplement to corn in fattening hogs, tankage is to be pre-
ferred to linseed oilmeal, peanut feed meal, or commercial buttermilk.

79. Lamb Feeding Investigations, 1918-19, A. M. Paterson. (4 pp., 1
fig.) The results of the investigations reported in this circular indi-
cate: (1) That the addition of linseed oilmeal to a lamb-fattening ration
increases the gains and reduces the cost of gain. (2) That corn gluten
feed is not a satisfactory substitute for either linseed or cottonseed
meal as a protein supplement for fattening lambs.
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80. Sudan Grass as a Supplementary Pasture Crop for Dairy Cattle,
L. E. Call and J. B. Fitch. (4 pp., 1 fig.) The adaptability and value of
Sudan grass as a pasture crop for dairy cattle are discussed in this
circular and detailed data given for an experiment at the station in
which six cows were kept on Sudan grass pasture from July 10 to
October 11, 1919. The value of the milk produced showed a credit of
$47.47 per acre for the Sudan grass pasture.

81. Suggestions Regarding Dairying in Northwestern Kansas, J. B.
Fitch and J. J. Bayles. (16 pp., 6 figs.) In northwestern Kansas dairy-
ing is becoming a remunerative side line on many farms. This circu-
lar gives in considerable detail data on the small dairy herd of the
Colby Branch Experiment Station from November 1, 1915, to December
1, 1918. It also discusses the value of dairying and its improvement
under northwestern Kansas conditions.

82. Rules for Testing Dairy Cows for Advanced Registration, J. B
Fitch and F. W. Atkeson. (12 pp., 1 fig.) This circular gives the rules
and regulations provided for the advanced registration of cows of the
four leading dairy breeds.

INSPECTION CIRCULARS

10. Fertilizer Control in 1918, C. O. Swanson, W. L. Latshaw, and
L. T. Anderegg. (9 pp.) The results of the inspection of commercial
fertilizers sold in Kansas during 1918, together with the list of dealers
selling them, are given in this circular.

11. Kansas State Livestock Registry Board Report No. 9, F. W. Bell,
Secretary. (127 pp.) This publication gives the Kansas law “Relating
to Registration and Licensing of Stallions;” a few introductory articles
by the Secretary and others; and a list of all stallions licensed by the
State Livestock Registry Board to stand for public service in Kansas
during the year 1919.

PERSONNEL

The following changes in the personnel of the station staff
have taken place during the year:

APPOINTMENTS

F. E. Colburn, Photographer
Percy L. DePuy, Assistant Mammalogist
Chas. R. Enlow, Research Assistant in Agricultural Economics
W. W. Fetrow, Research Assistant in Agricultural Economics
Blanche French, Research Assistant in Agricultural Economics
Otis J. Gould, Deputy Dairy Commissioner
W. E. Grimes, Acting Head of Department of Agricultural Economics
R. L. Hensel, Associate Professor of Pasture Management
E. N. Hiestand, Research Assistant in Agricultural Economics
Clare Higgins, Research Assistant in Poultry Husbandry
F. L. Hisaw, Mammalogist
H. L. Ibsen, Assistant Professor of Animal Husbandry
C. O. Johnston, Experimental Assistant, Department of Botany
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H. L. Kent, Superintendent Fort Hays Branch Experiment Station
A. H. Kerns, Assistant to Superintendent Fort Hays Branch Experi-

ment Station
Chas. H. Kitselman, Assistant in Veterinary Medicine
H. H. Laude, In Charge Cooperative Experiments
H. F. Lienhardt, Assistant Professor of Pathology
G. E. Lowrey, Superintendent Tribune Branch Experiment Station
J. R. Mingle, Creameryman
R. D. Nichols, Research Assistant in Agricultural Economics
Roger O. Smith, Associate Professor of Entomology
F. L. Thomsen, Assistant Professor of Agricultural Economics
Geo. Vander Veen, Associate in Feedingstuffs
Chas. C. Vasey, Deputy Dairy Commissioner
F. A. Wagner, Superintendent Garden City Branch Experiment Station
R. H. Whitenack, Deputy State Dairy Commissioner

RESIGNATIONS

C. C. Cunningham, In Charge Cooperative Experiments
Percy L. DePuy, Assistant Mammalogist
Chas. R. Enlow, Research Assistant in Agricultural Economics
G. C. Gibbons, Assistant Superintendent Fort Hays Branch Experiment

Station
L. W. Goss, Professor of Pathology
E. N. Hiestand, Research Assistant in Agricultural Economics
Theodore Macklin, Professor of Agricultural Economics
Ivar Mattson, Superintendent Tribune Branch Experiment Station
J. R. Mingle, Creameryman
C. W. Mullen, Assistant Professor of Farm Crops
N. E. Olson, Assistant Professor of Dairy Husbandry
S. J. Pearce, Deputy State Dairy Commissioner
H. A. Pratt, Foreman College Greenhouse
M. C. Tanquary, Associate Professor of Entomology
Chas. C. Vassey, Deputy Dairy Commissioner
Chas. R. Weeks, Superintendent Fort Hays Branch Experiment Station
R. H. Whitenack, Deputy Dairy Commissioner
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FINANCIAL STATEMENT
(The Kansas Agricultural Experiment Station in account with federal and state appropri-

ations, 1919.20)

We, the undersigned, duly appointed auditors of the corporation, do
hereby certify that we have examined the books and accounts of the Kan-
sas Agricultural Experiment Station for the fiscal year ending June 30,
1920; that we have found them 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 $30,000 and the corresponding disbursements
$30,000, for all of which proper vouchers are on file and have been by us
examined and found correct.

W ILBUR N. MA S O N
H. J. PE N N E Y
E. L. BA R R I E R
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