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Thirty-First Annual Report
ADMINISTRATION

D W WORKING

This repoit coveis the first full >ear ot senice ot the present
administrative head of the College ot Agncultme and Agricultural
Experiment Station, and therefore furnishes occasion for a general
statement of purposes and accomplishments Such a statemen
under appropriate headings, will appeal m the tollowing pages
This repoit also gives opportunity foi the Dean and Director t3
acknowledge his obligations to the Piesident of the University
tor heart} and effective support and to his associates for the fine
spirit of coopemtion the} have manifested It has been a pleasuie
and it continues to be a souice ot satisfaction to work with men
and women who have so little need of leadership or direction We
have worked togethei in frank recognition of the fact that we ar^
partners in doing the special part of the work ot the Um\ersit\
that has been mtiusted to the College of Agriculture We are in
the seivice of the State of Arizona in older that agriculture raav
be advanced and that life in the country may be made more whole-
some This is done by those who teach m college classioom as
well as by the men and women who with equal digmtv and faith-
fulness carrv the message of the College to the people of all pans
of the State

THE PURPOSF OF THE COLLEGE OF AGRICULTURE
1 H £ ORIGINAL IDLA

As developed during a little more than a half century, the
American College of Agncultuie is a unique institution It is> i
college to teach college subjects according to college standards
but it has a special command to "teach such branches of leaning
as are related to agriculture and the mechanic arts" The worcU
just quoted are from the Act of Congiess of July 2, 1862, donating
public lands to the several states to "provide colleges for the beneft
of agriculture and the mechanic arts " The idea that the new kind
of college was to have a definitely industrial bent was emphasized
by the Act of August 30, 1890, which provided for "the more
complete endowment and support of colleges for the benefit of
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apiculture and mechanic arts1' established under the provisions of
the earlier act. In 1907 another Act of Congress provided additional
funds for "the more complete endowment and maintenance of
agncultural colleges now established." This amendment contained
a new item authorizing the colleges to "use a portion of this monev
for providing courses for the special preparation of instructors for

teaching the elements of agriculture and the mechanic arts"

THE NtiW IDEA

The new idea came as an afterthought. At this late date any
one might say that the lirst need wab to prepare teachers. But
the colleges did prepare teachers, even before they had well learned
the art of teaching the students who flocked to the classrooms and
labor-atones of the institutions of learning dedicated to the pro
motion of the "liberal and practical education of the industrial
classes" in the \arious pursuits and professions. The work nf
systematically preparing instructors to teach the elements of agri-
culture in common and high schools has only fairly begun. The
Arizona College of Agriculture gave the first systematic courses
for this put pose during the college year just ended But it has
begun the work with the experience of other colleges as a guide,
and there is good reason to believe that within a few years it will
be able to prepare enough teachers to supply at least the high
schools of the State with instructors in vocational agriculture.

Tlltf RESEARCH IDE\

Before the colleges of agriculture had seriously thought ol
their special opportunity and duty to train men to teach agricul-
ture, they became conscious of the fact that their own instruction
was based on a very inadequate foundation of definite agricultural
knowledge. It was realized that fundamental research should have
preceded the organization of a system of agricultural colleges
Congress met the situation by passing the Act of March 2, 1887
(the Hatch Act), establishing "agricultural experiment stations
in connection with the agricultural colleges of the several states,
and appropriating $15,000 a year for the support of each." Nine-
teen years later this act was supplemented by another (the Adams
Act) appropriating an equal amount. Under these acts the Agri-
cultural Experiment Station, which form's an organic part of the
University of Arizona College of Agriculture, was organized and
continues to do its mvestigational work.

The Legislature of Arizona has liberally supplemented the
appropriations made by Congress, and the result has been that the
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present Director of the Experiment Station was able to take up a
work well supported. The work done in the past has more than
justified the liberality of the State and is accepted as a promise of
continuing generosity on the part of the State.

EX1ENSI0N IDEA

When the Colleges of Agriculture seemed to be well organized
to teach their students and to do the research work necessary to
keep college teaching abreast of accumulating facts and principles,
it was keenly realized that the demands of agricultural people were
not being met. In truth, the original purpose of the Act of 1862
was being accomplished only in part. Education was being pro-
moted; high-grade icseaich was m progress; publications were
being sent to a limited number of people; college and station men
were lecturing at farmers' institutes as opportunity offered; and
on the whole, \cr\ \nliuiblc results were being accomplished. But
the colleges were not reaching their special constituency as effec-
tively as seemed desirable. Then came the agricultural extension
idea. This called for teaching by special methods wherever a
sufficient number of persons might be found willing to receive
instruction; it included the enlargement of the plan of giving
information and instruction by means of publications of a more
popular character than those previously issued by the colleges
and experiment stations; it made necessary the organization of
special classes; the holding of meetings to discuss a few subjects
or even a single subject; and it led to a special adaptation of the
method of correspondence teaching. The special advantage of the
extension method is that it enables the College to reach a much
larger number of people than can be brought to its campus for the
more intensive instruction there given.

THE EXPERIMENT STATION FARMS
The Experiment Station conductj much of its investigationul

work at its branch stations or farms. These are situated in several
typical regions of the State and enable our workers to make studies
with special application to various climatic and soil conditions, [n
the Salt River Valley, near Mesa and Tempe, the Salt River Valley1

Experiment Farm and the Date Orchard give excellent opportunity
to study the problems of our most important irrigated area; at
Yuma, the Date Orchard and Horticultural Station and the new
tract on the Yuma Mesa enable us to study citrus and other fruits,
as well as vegetables and a few farm crops, under conditions of
extreme heat atid aridity; at the Prescott and Cochise dry-farms
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we are able to make studies where conditions are fairly representa-
tive of the dry-farming areas of the State: and the University Farm
near Tucson serves the Experiment Station in many ways and
serves also as a demonstration farm for use in college teaching.

It is worthy of special note that the Fourth Legislature made
an appropriation for the purchase of additional land for the Yuma
Station and for special investigations of citrus fruits. The Station
was fortunate in securing a twenty-acre tract adjoining the Date
Orchard at Yuma. This has been leveled and otherwise improved,
and makes a very valuable addition to the old tract. A quarter-
section of mesa land was set apart for our use by the Department of
the Interior. This has already been partially improved by the
installation of a pumping plant and pipe line, the planting of citrtio
trees, and the construction of temporary buildings- The report
of the Department of Horticulture gives details regarding these
improvements.

CHANGES IN PERSONNEL
The College of Agriculture has been fortunate in being able

to retain the services of strong men for many years. Three heacU
of Experiment Station departments have been connected with the
University from fifteen to twenty years. Three others have been
in service from five to seven years. Too much emphasis can nut
be placed on the importance of keeping high-class men. The State
of Arizona is to be congratulated on supporting a University polio,
that enables the administrative officers of the University to secure
strong men and to keep them after they have learned Arizona con-
ditions so well as to be of maximum service to the State,

One reason why we are able to keep men of ability is found in
the fact that the Regents have pursued a liberal policy in regard t<*
salaries. Another reason is found in the opportunity Arizona gives
strong men to do their best. High-grade scientific men need free-
dom in their work and the kind of support that will give them
outlet for their energies and ambitions. They need tools and
materials to work with. So that the workers of the College or
Agriculture may continue to work most effectively, it is necessary
that the State pursue its established policy of providing liberal
financial support.

RESIGNATIONS

Notwithstanding the liberal policy of the Board of Regents
a number of valuable men have left us to accept positions offering
higher salaries. Most of the losses have been from the Extension
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Service. Director E. P. Taylor resigned to accept an important
commercial position in Chicago, his service ending with the close
of the fiscal year, June 30, 1920. Mr. W. M. Cook, who had been
County Agent Leader for about three years, was chosen to succeed
Director Taylor July 1. Mr. Leland S. Parke, who had served
as Club Leader since 1915, resigned at the close of the year, as did
Miss Agnes A. Hunt, who had been Assistant Club Leader since
1917. Other resignations were effective as follows: August 31,
1919, H. W. Estill, Assistant Agricultural Chemist; October 31,
1919, W. W. Pickrell, County Agricultural Agent, Pima and Santa
Cruz counties; February 1, 1920, N. L. Harris, Extension Poultry
Husbandman; March 15, 1920, C. K. Wildermuth, County Agricul-
tural Agent, Pinal County, and C. U. Pickrell, Extension Specialist
in Animal Husbandry; June 30, 1920, Mrs. Louise Sporleder Shel-
ley, Home Demonstration Agent, Cochise County.

APPOINTMENTS

On January 1, 1920, Mr. Heber H. Gibson was appointed
Professor of Agricultural Education to succeed Professor Homer
Derr, who had been employed jointly with the State Department
of Vocational Education. During the year, the Regents estab-
lished a Department of Plant Pathology in the College of Agricul-
ture and appointed Professor J. G. Brown of the Department of
Biology of the University to take charge of the new department on
July 1. Professor Brown will devote most of his time to Experi
ment Station investigations of plant diseases, particularly those of
cotton and dates. Other appointments were as follows: July 1,
1919, E. H. Pressley, Assistant Plant Breeder; September 1, 1919,
S. W. Griffin, Assistant Agricultural Chemist; October 1, 1919, S. P.
Clark, Extension Agronomist; January 1, 1920, R. N. Davis, Assist
ant Dairy Husbandman; January 15, 1920, D. W. Albert, Assistant
in Horticulture; June 15, 1920, E. B. Stanley, Instructor in Animat
Husbandry.

In addition, Mr. M. H. Woody was appointed foreman of the
Cochise Dry-Farm to succeed Mr. F. H. Simmons, who was trans-
ferred to Yuma; and Mr. Leslie Beaty was oppointed foreman of
the Prescott Dry-Farm on March 15, 1920, to succeed Mr. T. F.
Willcox, whose resignation took effect on that date. On July 1}

1919, Mr. F. H. Simmons assumed the foremanship of the Yuma
Date Orchard and Horticultural Station to succeed Mr. D. C. Aepb,
who had resigned as of June 30, 1919.

On May 1, 1920, Mr. J, R. Reed became foreman of the
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University Farm to succeed Mr. G. J. Darling whose resignation
was effective at that time.

LOOKING AHEAD

In a growing State a College of Agriculture needs to grow—
must enlarge its usefulness or fail to serve the State as it should.
It may be assumed that the college teaching of agriculture will be
taken care of in connection with providing for the support of uni-
versity teaching. It seems necessary to emphasize the special
needs of the Agricultural Experiment Station and the Agricultural
Extension Service.

THE AGRICUI/fURMv EXPERIMENT STATION

The Experiment Station is a group of trained investigators
organized to do research work. They study problems fundamental
to the agriculture of the State. When well organized and suitably
equipped, they are able to be of great service. They discover new
facts; they study agricultural crops and practices; they investigate
diseases of plants and animals; they search for new crops adapted
to special regions; they even develop new varieties of plants and
test their adaptation to particular sections of the State; and they
serve as a source of information regarding agriculture for the
farmers of the State.

As the agriculture of the State becomes more varied, and as
new problems arise, it becomes necessary to provide additional re-
sources and employ additional men to meet the new demands
The new department to investigate plant diseases is only one ot
the several new departments needed. We have been giving atten-
tion to production problems. This is not enough. Attention
needs to be given to the problems of management. We need a
department of Farm Management, Attention needs to be given
to the problems of marketing. We need to study our own mar-
keting problems and practices. This means that early provision
should be made for a Department of Farm Marketing. When
these needs are appreciated, it is certain that the Legislature will
provide the necessary funds.

THE EXTENSION SERVICE

It is only within the past ten years that the Extension Service
has become the publicity agency of the College of Agriculture,
The disappearing custom was for the College and Experiment Sta-
tion to have more direct contacts with the farmers and tilth
problems. There were advantages in the old method. But th&
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new method has its own special \alue. The men and women who
give all or most of their time and effort to extension activities
know best how to reach the public with the message of the College
and Experiment Station. They know also the need of keeping in
close touch with the college and experiment station workers in
order to be sure of the soundness of their teaching. The Agricul-
tural Extension Service is the College of Agriculture and the
Agricultural Experiment Station teaching the people. In this State
the Extension Service needs to have increased financial support in
order to meet the pressing demands of the farm people for more
effective service.

PUBLICATIONS

While the number of publications has not been large, the
quality has been high. Several of the bulletins were of exceptional
merit. Following is a list of numbers, titles, and authors. The
number of copies of each publication is given in parenthesis.

Bulletin No. 89, "The Yuma Mesa," by A. E Vinson, F. J. Crider, and G. E
Thompson. August, 1919, (5000).

Bulletin No. 90, "Growing Cotton in Arizona,1' by G. E. Thompson and C. I.
Wood. December, 1919, (7000).

Thirtieth Annual Report, December 31, 1919. By the Station Staff, (2000).
Circular No. 27, "Chick Troubles," by Francis R. Kenney September, 1919,

(3000).
Circular No. 28, "A Successful Grain and Cattle Farm in Southern Arizona,"

by R. W. Clothier. November, 1919, (3000).
Circular No. 29, "Culling the Non-Producing Hen," by Francis R. Kennej.

November, 1919, (2000).
Circular No. 3<\ "Corn as a Trap Crop for the Cotton Bollworm," by A. W.

MorrilL March, 1920, (6000), _
The demand for our publications is steadily increasing.

TECHNICAL ARTICLES

Rot of Date Fruit. J. G. Brown, "The Botanical Gazette,*' Vol. LXXIX, No. 6,
June, 1920.

Some Reforms Needed in Testing Concrete Pipe, G. E. P. Smith, "Concrete,"
Vol. 13, No. 5, p. 156, November, 1918.

Concrete Pipe Failures Caused by Unequal Expansion in Shell, O. E. P, Smith,
"Engineering News-Record," Vol. 83, No, 3, July 17, 1919.

PROJECTS
AGRICULTURAL CHEMISTRY

A. E. VINSON, C. N. CATUN, H. W. ESTILL, S. W. GRIHUN
Alkali Soil Studies: Concomitant soil conditions that affect the toxicity of

black alkali, and means for the amelioration Q£ the effects of alkali on soil
and plant (Adams fund).

The colloidal swelling of soils and the correlation of colloidal swelling to other
soil properties (Adams).

Chemical analyses: miscellaneous (Hatch fund).
Meteorological observations (Hatch).
Effect of weather conditions on processing and pasteurizing dates (State and

Hatch funds).
Reclamation of alkali land at the University Farm (State).
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AGRONOMY
G. E. THOMPSON, R S. HAWKINS, S. P. CLARK

Continuation of studies at the Prescott Dry-Farm (State).
Continuation of studies at the Sulphur Spring Valley Dry-Farm- This project

and the preceding one include variety tests, rate and date of seeding tests,
method of planting tests, inoculation of legumes; tests to determine whether
dry-farming to raise feed for stock is feasible (State).

Legumes: Variety and cultural tests to determine the worth of the various
legumes and varieties of legumes for Southwest conditions (State and
Hatch funds).

Corn and sorghums- Variety tests and cultural methods (State and Hatch
funds).

Cotton: Date of planting, irrigation tests, thinning methods, intercropping with
legumes (State and Hatch funds).

Winter and Spring Grains: Culture and management of winter and spring
grains, including wheat, oats, barley, and rye (State and Hatch funds).

Dynamiting: Effect of dynamiting subsoil on the succeeding field crops (State)
Grains, forage crops, and grasses, and miscellaneous crops: Varietal and cul-

tural tests (State). %
Cooperative crop experiments: Seeds of various ^ crops have been furnished

farmers in order to make comparative tests with each other and with the
varieties already being grown (State).

A Study of Indian agriculture (State).
Seed certification (State).

ANIMAL HUSBANDRY
R. H. WILLIAMS, C. U. PICKRSI/L, E. B. STANLEY

Fattening range steers for market (State and Hatch)
Fleshing thin cows (State).
Use of garbage for hogs (State)
Study of two methods for maintaining sows (State).
The toxic properties of rayless goldenrod (In cooperation with the Botany

Department) (Hatch).
Two methods of raising Hereford heifers (State).

BOTANY
J. J. THORNBER, J. G BKOWN

Grass-like plants and miscellaneous forage plants, economic study of (Hatch).
Jujube fruits: Adaptability to the Southwest (Hatch and State).
Mulberries: A study with reference to fruit production (Hatch and State).
Fistach trees: Practicability of growing pistach trees in the Southwest (Hatch

and State).
Poison range plants, economic study of (Hatch).
Range improvement through fencing, a study of (Hatch).
Resistant native stocks for grafting (Hatch and State).
Tamarisks: Their growth in alkaline soils (Hatch and State).
Trees and shrubs for ornamentation, an economic study of (Hatch).
The toxic properties of rayless goldenrod (In cooperation with Animal Hus-

bandry Department (Hatch)

DAIRY HUSBANDRY
W. S. CUNNINGHAM, R. N. DAVIS

Rations for dairy cows: A comparison of alfalfa hay, supplemented by wheat
bran, silage and cottonseed meal, with cane fodder supplemented by silage,
cottonseed meal and wheat bran (Hatch and State).

Milk substitutes for feeding calves (State).

ENTOMOLOGY
C. T. VORHIES

Rodent control: A study of grazing conditions (Adams).
Insect collection: Collecting and arrangement of economic insects (Hatch and

State).
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HORTICULTURE
F. J. CRIDER, A. F. KINNISON, D. W. ALBERT

Date: Culture and management of date orchards with special reference to the
improvement of the yield and quality of fruit and the rooting of offshoots
(State).

Citrus investigations: Effect of cultural and environmental factors on troe
growth and fruit production (Hatch and State).

Olive: Effect of different methods of orchard management and pruning upon
the yield and size of the^fruit; also sterility studies (Hatch).

Water requirements of fruits: As affected by pruning and special cultural
methods (State and Hatch)

Pruning: Effect of different methods of pruning upon the growth, productivity,
and the general welfare of trees (State and Hatch).

Walnut and pecan: # Adaptation of cultivated varieties to propagation on native
Juglans and Hicoria stocks with a consideration of environmental facioris
(State and Hatch).

Potato: Study of conditions affecting the production of potatoes in Arizona
(State and Hatch).

Sweet Potato: Study of cultural and storage methods (State and Hatch).
Spinach: Study of spinach as a market garden crop for southern Arizona

(State).
Variety studies: Type and varietal adaptation of fruits, vegetables, shade trees,
shrubbery, flowers, and nursery stock (State).

IRRIGATION
G. E. P. SMITH, W. E. CODE, H. C. SCHWALEN

A study of the relation of the evaporation rate to the duty of water and oi the
factors controlling evaporation (Adams).

Itamping machinery: A study to determine fundamental facts relating to the
action and efficiency of various types (Adams).

Groundwater studies: Recharge, movements, losses, and rates of yield; effects
of transpiration; relation of yield to artesian pressure (Adams and State).

PLAJSfT BREEDING
W. E. BRYAN, E, H. PRSSSLSY

Alfalfa: Breeding for yield and quality (Adams and State).
Bean: Biological analysis of genus Phaseolus (Adams and State).
Wheat: (a) To produce a wheat which will be productive and at the same

time maintain a high average of bread-making qualities under Arizona con-
ditions; (b) to make a biological analysis of the unit characters of wheat
varieties (Adams and State).

• FINANCES
Table I following gives a complete statement of receipts and

disbursements for the College of Agriculture, including the Experi-
ment Station and the Agricultural Extension Service. It does not
include amounts spent by the Federal Department of Agriculture
in partial support of cooperative agricultural extension workers.
These items are shown in detail in the separate report of the
Extension Service. Table II shows receipts and expenditures for
the Agricultural Experiment Station as reported to the Director
of the Office of Experiment Stations of the United States Depart-
ment of Agriculture. Table III gives in detail the several appro-
priations by the State Legislature for the two years following the
year covered by this report







AGRICULTURAL CHEMISTRY

A. E. VINSON, C. N. C M U N , S. W. GRII^IN

A report of the work of the Department of Agricultural Chem-
istry for the first six months of the period covered by the Thirty-
first Annual Report was made in the Thirtieth Annual Report.
Consequently the present report covers the six months ended
June 30, 1920.

ADAMS FUND WORK

Details m the technique of measuting the swelling coefficient
of dry soils when wetted have been given further study and
several minor improvements effected The method is now ready
for publication.

The set of pot cultures with wheat in black alkaline soil,
previously reported as under way, has been completed. It seems
to show the point of tolerance for wheat at something over .2
percent of sodium carbonate in the type of soil used and undei
the conditions of the experiment as described in the Thirtieth An-
nual Report. An interesting result of this experiment was that
healthier looking plants were obtained in pots containing .1 to
.15 percent of sodium carbonate than in those containing small
amounts of alkali. The soils with lower percentage of sodium car-
bonate were prepared by blending leached black alkaline soil of
the same texture as the other soils of the scries with unleached
soil. The grain yields, however, were highest in the 05 percent
sodium carbonate soils. The heaviest gram yields were obtained
in soils containing .2 percent of sodium carbonate with sufficient
gypsum added to neutralize exactly the sodium carbonate. Larger
amounts of gypsum did not increase the yield, but one-half and
one-quarter enough gypsum to neutralize the sodium carbonate
gave some increase over the untreated check. Other reagents
were used to neutralize the sodium carbonate, but no definite re-
sults were obtained. It was apparent that the series throughout
contained too few duplicates to give positive conclusions without
several repetitions of the experiment. Consequently the facilities
for culture work are now being increased to 240 pots.
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THE TEMPE DRAINAGE DITCH
The monthly sample of water from the Tempe Drainage Ditch

has been analyzed as usual and results are reported In Table IV.
The number of samples is too few to require further discussion of
the changes going on in the character of this water. The object
of the project and results to date are given in the Thirtieth Annual
Report.

1 VBLC IV.—MONTHLY VARIATION IN COMPOSITION OF WAT£R FROM T£MPI$

DRAINAGE DITCH. PARTS PER 100,000

Date

Jan.

Feb

March

April
May
June

Total
Solids

218 0

350.0

188 0

2916
315 2

Chlo-
rides as

NaCl

140 0

245.0

118 0

990
207 0

ness
(perma-
nent)
CaSOi

15 5

Hardness
(tempo-

rary)
Ca(HCO3)_,

52.4

744

56 5

78 7

Alka-
lmitv

Na2CO3

119

0 85

68

Qualitative

SOi

Str.

V. Str
Mod
Str.

V Str

Ca

Str

V Str
Str

Str.

Mg.

Mod.
Str.
Str.

Mod.
Str.

Str.

SILT CARRIED BY THE GILA RIVER

In cooperation with the Department of Irrigation Engineering,
over 1100 samples of water from the Gila River were analyzed for
silt content. The results are intended for use in studying the
probable rate of silting of the proposed San Carlos dam. Inci-
dental to the silt determinations, total soluble solids were deter-
mined in all samples and chlorides in one complete set. These data
will be published later. Some additional assistance was required
m making these analyses, the expense of which was borne by the
Reclamation Service.

IRRIGATION WATERS IN SALT RIVER VALLEY

During the past year a large number of waters from the canals
and from drainage wells in the Salt River Valley Project have
been analyzed for the Salt River Valley Water Users' Association.
At that time it was proposed to blend the pumped waters with the
canal waters in such amounts that no harm could result to water
users being served with the blended waters. This department
was called upon to pass upon the quality of the blended waters,
which was agreed to only under condition that certain rules would
be adopted and administration of these rules delegated to an expert
appointed by the Regents of the University and attached to the
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Department of Agricultural Chemistry. Although this arrange-
ment was never put into effect, clue to a change in plans for the
reclamation of water-logged areas in the Valley, the rules were
formulated after \ ery careful consideration of the problem from
every known angle and may possibly have some future value.
For that reason they are given here.
RUIvKS FOK 1 1IC r.U^XDIKG OF PUMPED WATKR \\ ITII C \NAL, WATJ^R UNDEi*

TllC SALT RIVER VA^KY PROJECT
I. The blended water delivered to irrigators may contain not more than 50

parts per 100,000 of chloride, estimated as sodium chloride, or not more
than 100 parts per 100,000 of total dissolved salts, unless in the opinion
of the University of Arizona Department of Agricultural Chemistry an
unusually large part of the dissolved salts is temporary hardness or bicar-
bonate of lime.

II. Black alkaline waters may not be blended in proportions that will give
the blended water a permanent black alkali content by the method of
analysis used in the above named department.

III. Pumped water that shows by analysis at the time a lower content of
chlorides and total dissolved salts than the unblended water of the canal
into which it is pumped may be used in any quantity, provided the result-
ing water meets the standard of Rule II.
In formulating these rules the department rejects the erroneous popular

opinion that pumped water is inferior to gravity water of similar composition
The limits set are much lower than those accepted by some other competent
authorities. Waters containing more than double the amount of chlorides and
solids permitted by the above rules have been used successfully for centuries
in other and countries. The department, however, has kept in mind the possi-
bility of future damage to valuable lands rather than the immediate profitable
use of waters of doubtful character. The waters permitted by the above rules
are of better quality than the^ usable portion of the natural flow of Salt River
before the floodwaters were impounded. The rules also insure water of con-
siderably better quality than the flow of the Gila River at Kelvin from
September, 1917, to July, 1918, with the exception of a few short periods of
flood. This is representative of water that has been used successfully for a
very long period at Florence. Black alkaline waters have been excluded on
the ground that the natural flow of Salt River was rarely, if ever, black
alkaline and that black alkali, even in otherwise tolerable amounts, has a more
or less deleterious physical effect on the soil.

CHARACTER OF THE GROUNDWATERS IMMEDIATELY
EAST OF THE AGUA FRIA RIVER

In April the department was asked to report on the quality
of the groundwaters available by pumping immediately east of
the Agua Fria. Certain portions of the report prepared at the
time are of public interest, and consequently are made a part of
this report.

With continued operation of the Salt River Project, unaccompanied bj
drainage, the groundwaters in the neighborhood of the Agua Fria and to the
eastward have risen till in places they now stand quite near the surface. This
has resulted in rise of alkali, which becomes very strong in some localities and
would lead one to suspect strongly alkaline groundwaters. Analyses of waters
taken in this district several years ago showed the presence of considerable
alkali at that time. There has also existed a large body of rather alkaline water
t@ the east and northeast of this district extending beneath and beyond the
city of Phoenix. Surface wells along the Salt River Valley Canal in Range1 2
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East and the eastern part of Range 1 East show high percentage of dissolved
salts and chlorides, averaging higher than we would recommend for irrigating
purposes, as irrigation is usually practiced in this country, but nevertheless usable
on well-drained lands if sufficient water were available for occasional leachings.
Certain wells in this area, notably those in Section 12, Range 1 East, Township 1
North, are so salty that they should be excluded from the project if it becomes
necessary to draw any water from this area. It is possible, however, that deeper
wells may yield better water than the shallow surface wells, as may be indicated
by the project well in Section 12, Range 2 East, Township 1 North, which,
while not of very good quality, is much better than the shallow wells to the
west. In all probability, the quality of the water pumped in this area will
vary greatly from time to time as various ajkaline pockets are drained, some-
times showing improvement, at others becoming worse.

The waters west of the Agua Fria, beneath Range 2 North, Township 1
West, are excellent in character almost without exception, so far as can be
judged by the analyses available. They are purer than the waters impounded
in Roosevelt Lake. These waters probably are the groundwaters of the Agua
Fria River itself. To the north of the proposed project in Range 1 East, and
Townships 3 and 4 North, are found some of the best irrigating waters of the
State; in fact the waters of this area are ideal. They, too, are probably the
crroundwaters of the Agua Fria. A sample of the open flow of the river m
Section 27, Range 2 North, Township 1 West, shows practically the snm*
composition as the groundwaters to the west. The water coming to the surface
in the slough, and suspected to be seepage from the area to the east, is identical
in character with the open flow of the river. The groundwater of the Aonut
Fria shows its influence on the waters to some distance east of the river. The
zone of blending between the groundwaters of the Phoenix area and those of
the Agua Fria appears to be in this region. The rise of the groundwater in the
Phoenix area has probably forced this zone westward and at the same time
brought the purer Agua Fria waters closer to the surface. As would be ex-
pected, the two types of groundwater drive wedges into one another so that a
serrated or ragged contact results. These wedges may be expected to shift
considerably as will also the zone of blending, but the groundwaters of the
Agua Fria will probably always modify in large degree the average composition
of the waters of the western sections of Township 2 North, Range 1 East, in
which it is proposed to install the major part of the pumps of the project It
is possible, also, that the shallow wells between the Salt River Project wells
and the river may represent a thin, overlying sheet of the more alkaline water
to the eastward rather than a wedge of this water forced into the Agua Fria
underflow. In that case, deeper wells in Sections 6, 8, 17, and 19 will probably be
of quality equal to the project wells in Sections 9, 17, and 20. In general, it must
be noted" that water developed in the northern half of the proposed project is
of better quality than that developed in the southern half. The water taken from
the canal in Section 1, Range 2 North, Township 1 West, resembles the water
at Granite Reef rather than that at Joint Head. It may have come from the
north through some of the cross-cut canals, or be due to recent floodwaters at
Joint Head.

The influence of other developments in the Valley on the probable future
composition of the available water should also be considered. The lowering of
the water table in the Phoenix District is imperative and will gradually be
accomplished by suitable means. This will check the westward movement of
the saltv groundwater of that area and promote the eastward movement of the
Agua Fria gxoundwater. While the lift will be increased by such drainage,
the quality of waters developed under the western half of Range 1 East, Town-
ship 2 North, will be improved. Heavy pumping in the Litchton area will
lower the Agua Fria groundwater and tend to shift the zone ^ of blending
westward, thus neutralizing to some degree the benefits of drainage in the
Phoenix area. Tf. however, the Agua Fria groundwater beneath Township 2
North, Range 1 East, originates from the flow of the river, this effect will be
felt less strongly. Periods of flood in the Agua Fria will force the zone of
blencHng eastward while long periods of drouth will probably be marked by
the westward movement of the alkaline waters of the Phoenix area.



AGRONOMY

G. E. THOMPSON, R. S. HAWKINS. S. P.

The annual report of this department covering the work to
June 30, 1919 (with subsequent items), reported practically all of
the experiments with field crops for the growing season of 1919.
Consequently this report, which closes definitely with June 30,
1920, covers only six months of time. During this period all
the projects reported upon in the Thirtieth Annual Report have
been continued. With the close of this crop season, the project
dealing with the dynamiting of soils under dry-farming conditions
will have been completed. One new project, namely, a study of
Indian Agriculture, has been added to the work of the department.
During the year a small amount of laboratory equipment has been
purchased, the two most valuable items being a dynamometer,
used in connection with our teaching work in farm machinery, and
a very excellent camera for use in recording photographically the
results of experimental work with field crops.

Considerable improvements have been added to the various
experiment farms which materially aid in conducting the agro-
nomic work carried on there. Likewise, valuable equipment and
machinery as well as livestock have been added to these farms.
Particularly in the case of the Salt River Valley Experiment Farm
the work is made easier and more exact because of a better condi-
tion of the fields as a result of very careful leveling and improve-
ment of. ditches.

PROJECTS
I. CONTINUATION 01? STUDIES AT PR^SCOTT DRY-FARM

The work of this farm has been continued without change
from the plans of the previous year. On March 1, Mr. Leslie
Beaty, a graduate of the Oregon Agricultural College and later a
county agent in New Mexico, succeeded Mr. T. F. Wilcox as fore-
man of the farm.

A cold wet spring forced us to plant a few weeks later than
is the ordinary custom, but a considerable supply of moisture was
stored in the ground; and, with the exception of beans, which were
planted very late, excellent stands were secured. At the date
when this report closes (June 30), the field crops are in good con-
dition, although there has been practically no rain for the three
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months previous. The farm promises to produce sufficient silage
to fill the silos on the farm and provide facilities for experimental
feeding of beef or other cattle

In furthering the work of this farm, plans are being prepared
and work will soon begin on the construction of a general barn
which will cost approximately $2500.

II CONIIVUAIION Or STUDIES AT SULPHUR SPRING VAI^EY DRY~#ARM

Due to the very dry winter of 1919-1920, small grains planted
in the fall of 1919 did not make profitable yields in the spring of
1920. From the farmers' standpoint, our experiments with Early
Baart wheat, Macaroni wheat, Marquis wheat, common six-row
barley, Abruzzi rye, and Red Texas oats would all be recorded as
failures Two plantings of each of these crops were made, good
stands were secured, and the failure was due wholly to dry weather
In the spring of 1920 the regular plantings of field crops such a*,
Mexican June corn, Hickory King corn, Fapago Sweet corn, milo,
hegari, Freed's sorghum, Red Amber sorghum, darso, and Tepan
beans were made. On June 30 all of the crops of the Experiment
Farm were in very poor condition, due to the extremely dry white**,
spring, and early summer. Although Papago Sweet corn produced
a perfect stand, and, early in the spring, grew well until it reached
a height of approximately two feet, it practically ceased to grow it
this point and on June 30 is beginning to head out at a height ot
two feet. From a practical standpoint this crop would not pay
for harvesting.

Darso sorghum planted in March and given as good conditions
as it was possible to give undei dry-farming methods, has failed to
germinate; following the first rain in the month of July, the field
will be replanted to quicker maturing sorghums.

III . USGUMES AND TH$IR CULTURC 1?OR SOUTHWEST CONDITIONS

Under this project plantings were made on the five farms of
the Experiment Station. The major part of these plantings, how-
ever, were made on the Salt River Valley Farm near Mesa
Several varieties of vetch were planted, the most profitable in this
particular season being bitter vetch. One acre was planted in the
fall of 1919 to garbanzas (chick peas). This crop made a reason-
ably good forage growth, reaching a height of approximately
twenty inches. However, the yield of seed was comparatively
light, being estimated at six or eight bushels per acre; because of
the light seed yield, this crop was harvested for hay during the
month of May
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During the spring of 1920, velvet beans were planted in corn
and in kafir. Likewise, several plantings of cowpeas were made
in fields of Mexican June corn. In these experiments a part of the
legumes were planted without inoculation, while a part were
planted with inoculation. Whether or not there will be any dif-
ference in the final yields remains to be determined later in the
season As another portion of this project, cotton has been planted
by the ordinary method except that every third row has been
planted to cowpeas instead of cotton. Part of these cowpeas were
inoculated before planting and the rest were planted without inocu-
lation. It is our intention to plow these cowpeas under about the
time they reach the flowering stage. This is a repetition of an
experiment carried last year. Last year there appeared to be no
practical difference between the cotton produced where cowpeas
were inoculated and where they were not inoculated. However,
another acre of cotton planted in the same manner, but without the
use of cowpeas, produced a little more cotton than either of the
plantings* indicated above.

On the Experiment Farms near Prescott, Cochise, and Yuma,
comparative plantings are being made with different varieties of
cowpeas and with a very few varieties of soy beans. However,
June 30 is too early in the season to report definitely concerning
the probable value of these crops.

IV. A STUDY 03? THE VARIETIES AND METHODS Of CULTIVATION 01?

INDIAN CORN AND THE VARIOUS SORGHUMS

This project having been reported in full for the growing
season of 1919, presents but little additional data by the close of
June, 1920; consequently there are no definite results to repon.
Practically the same experiments have been outlined and started
as were carried in 1919.

\ . THE CULTIVAIION AND FIELD MANAGEMENT Otf EGYPTIAN COTTON

This project will be carried almost entirely on the Salt River
Valley Experiment Farm near Mesa. However, observations in-
tended to support or verify our experiments will be made through
out the sections of the State where Egyptian cotton is grown. Our
experiments for the season of 1920 include date-of-planting tests*
ranging from March 1 to May IS; rate-of-thinning tests, ranging
from spacings of six inches apart in the row to spacings of eigh-
teen inches apart in the row; methods of irrigation, varying from
the ordinary flooding method to irrigation in furrows, and from
the common method of watering early in the spring to the with-
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holding of irrigation water as late in the spring as is possible
without severe stunting of the cotton plants. These experiment?
also include work in connection with the controlling of the black
arm or angular leaf spot; experiments in topping cotton; and a
very complete set of experiments dealing with cotton fertilizers.
In this latter experiment barnyard manure applied at various rate-
is compared with cotton grown without fertilizers of any kind,
with cotton fertilized with complete commercial fertilizer as ordi-
narily sold in the southern states, with cotton fertilized by the
application of cottonseed meal, with cotton fertilized by the appli-
cation of sodium nitrate, acid phosphate, and various combinations
of the above fertilizers. This fertilizer experiment is an exact

Fig-. 3.—Cooperative crop demonstration. Orange sorghum grown without irriga-
tion—yield eight tons silage per acre. Navajo County.

duplication of the experiments carried in 1919, and, by the close
of the season of 1920 will, we believe, supply some very definite
information of value to the farmers of the Salt River Valley and
other cotton growing sections of the State.

VI. CULTIVATION AND MANAGEMENT OF WINTER AND SPRING GRAINS,

INCLUDING WHEAT, OATS, AND BARLEY

These experiments were for the most part an exact duplication
of the experiments carried during the previous year. During the
winter and early spring small grain crops appeared exceedingly
promising. However, the moist conditions of early spring favored
the development of the various rust diseases, and, by harvest time,
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the wheats, not only of our own Experiment Farm, but of the
Salt River Valley in general, were more seriously affected by rust
than during any of the past eight or ten seasons. In this connec-
tion it was very noticeable that the variety of hard red winter
wheat named "Kanred" was decidedly more rust-resistant than any
other variety on the farm. Early Baart was severely injured b̂ T

rust, Sonora suffered considerably, Macaroni yields were reduced
by not less than ten percent, and the ordinary hard red winter
wheat of the Turkey variety, which matured very late, was ^i
severely damaged that it was not harvested.

In these experiments Abruzzi rye made very excellent growth
and produced approximately twenty-five bushels of reasonabK
good quality grain.

Almost perfect control of stinking smut of wheat and coveted
smut of barley was secured by means of treating seed with formalin
before planting.

vn. EFFECT OF DYNAMITING SUBSOIL ON FIELD CROPS

This project has been handled entirely on the Sulphur Spring
Valley Dry-Farm. During the seasons 1918-1919 no differences
were noted on the yields of sorghums planted on the dynamited
area compared to the same varieties planted on undynamited areas.
During the season 1920 this experiment will be carried just as in
previous years, but at the close of June, 1920, it promises to give
the same results as in previous seasons.

VIII. VARIETAL AND CULTURAL TESTS OF GRAIN AND CULTURAL

OF GRAIN AND FORAGE CROPS AND OF GRASSES AND MISCELLANEOUS CROPS

Under this project, experiments with Napier grass were carried
a little farther than during the preceding year. Although an excel-
lent growth was secured, it seems doubtful that this crop will be
generally accepted by the farmers of this State. Our limited work
of the early season makes it appear that the crop will be more
difficult to handle and no more desirable than the varieties of
sorghums already grown commercially in the State.

Rhodes grass has been planted on the University Farm near
Tucson on extremely alkaline ground, and has made a satisfactory
growth and produced abundant and valuable pasturage. Likewise
the plantings of this grass made the previous year (on alkaline
ground) have produced a more thrifty and vigorous growth this
year than during the previous season. It seems likely that Rhodes
grass is worthy of more exhaustive trial and probably worthy of
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general adoption by the farmers in need of pasturage on alkaline
ground

IX. COOPERATIVE CROP EXPERIMENTS

Under this project the Depaitment of Agronomy supplies to
certain picked farmers in all parts of the State limited quantities
of seed of the varieties of crops that we have reason to believe wi1l
prove better than the crops already grown in their localities. The
farmers in turn agree to test these crops under the same conditions
as are given crops planted from local or home grown seed, and at
some time during the growing season the experiments are visited
by a representative of the Agronomy office and at the close of the
season comparative yields are reported. In handling this work,
cooperative tests have been carried with ninety farmers, and four
hundred fifty lots of seed have been supplied to them. The work
includes tests with wheat, oats, barley, cotton, cowpeas, soy-bean?,
fieldpeas, sweet clover, millet, corn, sorghums, velvet beans, sun-
flowers, vetch, kuclzu, and Napier grass This project is supplying
very definite and valuable information concerning all parts of the
State, and is invaluable to us in answering letters and handling
general correspondence with farmers. It is our desire to increase
this work considerably during the next few years.

X A STUDY Of INDIAN AGRICULTURE

This is a new project and one that promises to be of consider-
able importance to the dry-farming regions of this and surrounding
states. For a great many years, perhaps for centuries, the Indians
of Arizona have been able—largely under dry-farming conditions—
to grow the crops necessary to maintain themselves from year ô
year. In the same localities where these Indians have lived indefi-
nitely, white settlers have repeatedly failed because of inability to
grow crops. It appears that a detailed and comprehensive study
of the crops grown by these Indians and the methods employed b\
them in growing these crops should be of material assistance to us
in furthering the agriculture of our present day farmers.

XI SEED CERTIFICATION WORK

There are certain areas m the State that, because of peculiar
climatic and soil conditions, because of special market conditions,
or because of local organizations, are particularly fitted to produce
and market special varieties of field crops. At the present time
the most notable instance of this character is the production and
marketing of Hairy Peruvian alfalfa seed from the Yuma Valley
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In furthering this work the Department of Agronomy m coopera-
tion with the Extension Service and the County Agent of Yuma
County, and in cooperation with the Yuma Alfalfa Seed Grower-*'
Association, has inspected all fields of the Yuma Galley and deter-
mined whether or not they were of commercially pure Hairy Pe-
ruvian alfalfa. Seed produced from such fields as have been found
satisfactory has been handled under precautions which prevent the
mixing of seed, either in threshing or in cleaning, and has been
sold in sealed sacks bearing a certified tag showing that the seed
was produced from fields growing commercially pure Hairy Peru-
vian alfalfa. This work has added many thousands of dollars to
the sale price of alfalfa seed sold by Yuma Valley farmers and if
its good results are not destroyed by commercial companies, it can
and will be the basis of a thriving and permanent seed industn
m that locality. We are now planning to handle similar woik
with other crops in other sections of the State.

COTTON IMPROVEMENT

In 1918 the cotton industry in the Yuma Valley was in au
unsatisfactory condition, due to the haphazard introduction of coi-
ton seed of different varieties by farmers and by seed houses
Through the crossing of these varieties over a term of years, the
lint had deteriorated until it was very uneven in length and infeno'
in quality.

In the spring of 1919, m order to improve the quality of the
lint and secure pure seed for general distribution, a small supplv
of excellent Mebane Triumph seed was imported from Lockhan,
Texas. This seed was furnished to a few picked farmers of the
valley who agreed to grow it under strict supervision of the
Agronomy office. These fields were rogued during the summer
and the crop ginned under special regulations in order to keep £Lz
seed free from mixture In the spring of 1920 there was seed suffi-
cient to plant 320 acres. Ten acres of this tract were rogued TX
maintain the purest seed possible and all of the cotton from this
320 acres will be ginned under strict supervision.

As a result of this work, we estimate that there will be avail-
able in the spring of 1921 enough good quality Triumph seed to
supply all farmers in Yuma Valley who desire such seed.

Similar work is now being started in Cochise and Graham
counties
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EXTENSION WORK
Throughout the period co\ered by this report one-half of the

time of S P Clark has been given to extension work along agron-
omy lines He has made many farm tours with county agents,
addressed a considerable number of public meetings, distributed
bulletins and other publications dealing with farm crops, made per-
sonal visits to farms, written letters in answer to inquiries, etc.
In carrying out this "work, visits have been made to every county
in the State, except one, and all county agents have been visited—
most of them several times Nearly a week was spent in coopera-
tion with U. S Government officials in roguing cotton which is
used as the basis of the pure-seed supply of the Salt River Valley.
Numerous timely articles dealing with farm crop subjects ha\c
been furnished the public press.

MISCELLANEOUS WORK

In addition to the regular teaching work the membeis of the
department were called upon to handle extra classes for disabled
soldiers sent here by the Federal Board for Vocational Education.

Upon urgent request Bulletin 90, "Growing Cotton in Ari-
zona/' was written and subsequently published.

Numerous samples of seeds were received for germination and
purity tests.

By actual count, slightly in excess of 600 letters were received
and answered during the six months covered by this report. Many
'phone inquiries were answered and numerous office consultations
were held.

The department is now preparing for publication a bulletin
dealing with small grains, and several other papers of definite, but
less extensive, character.



ANIMAL HUSBANDRY

R. H. WILLIAMS, C. U. PICKREI,!,, E. B. STVNLSY

Throughout the year just ended, feed has been unusually plen-
tiful on Arizona ranges and the rainfall has been heavy and well
distributed. Sheep have been profitable, for lambs and wool sold
for highest prices in the history of this State. The lamb crop was
larger than normal. Many of the early lambs sold for $10 in May
and early June. Wool reached 90 cents a pound for the early clip,
but fell to as low as 50 cents a pound by June 30.

The past year has been a very unsatisfactory one for cattle-
men, although the animals wintered unusually well. In March the
demand for range cattle weakened, and the situation gradually be-
came weaker, until purchasers who contracted cattle for May and
June delivery could not raise the money to move the stock.

Cotton raising has continued to be a prominent factor in the
agriculture of irrigated districts. Many alfalfa fields have been
plowed for this crop, and, as a result, less alfalfa has been available
for livestock. Not as many cattle were fed in the irrigated districts
the past year as formerly, owing to the high price of feeds and
animals. Those who fed cattle lost money because of a decline in
the market during March and April.

WORK OF THE YEAR

During the year a Hereford bull, Carlos Donald Second, and
a Hereford cow were added to the herd. These animals were pur-
chased from W. B. Mitchell, Marfa, Texas. More animals should
be provided, because it is found next to impossible to teach certain
courses without a representative selection of animals. The Poland
China, Rambouillet, and Hereford breeds should be built up and
improved. It is further recommended that registered draft horses
be available for class purposes.

During a portion of the year a specialist in the department
gave half his time to extension work in range livestock production
The results were favorable, and it is believed^ that more time should
be devoted to this work. Other work of an extension nature, such
as the judging of livestock at fairs, addressing meetings, corres-
pondence, and personal conferences with* stockmen, has been done.
A number of articles have been published in periodicals during
the past year.
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INVESTIGATION

The investigations in animal husbandry during the past year
have been as follows:

1. Fattening range steers for market.
2. Fleshing thin cows.
3. Use of garbage for hogs.
4. Study of two methods for maintaining sows.
5. The toxic properties of rayless goldenrod. (In cooperation

with the Botany Department. See report of Botany De-
partment.)

6. Two methods of raising Hereford heifers.

FATTENING RANGE STEERS ffOR MARKET

On the Salt River Valley Experiment Farm at Mesa, a feeding
experiment with steers was conducted. The 36 steers were divided
into six separate lots and fed six different rations over a period oi
77 days. The experiment is reported in detail in Bulletin 91. The
main points in this test are summarized as follows:

Alfalfa Hay Versus Alfalfa Hay and Silage: The addition ot
silage to a ration of alfalfa hay made the steers gain more rapidly
at less cost and with greater profit. Alfalfa hay alone at the
present high prices is neither a balanced ration nor a cheap feed
for cattle, but silage makes a very good supplement to alfalfa hay.

Silage and Alfalfa Hay Compared with Silage and Cottonseed
Meal; also Silage, Alfalfa Hay, and Cottonseed Meal: The results ox
this test indicated that the cheapest gains were made with silage
and alfalfa hay, but the largest gains were made with silage, alfalia
hay, and cottonseed meal. Silage and cottonseed meal at the prices
charged did not give good results, for the steers in this lot gained
slowly and at a high cost. From a standpoint of rate of gains and
cost of production, silage and cottonseed meal made a better ration
than alfalfa hay alone.

Silage, Cottonseed Meal, and Alfafa Hay Versus Silage, Cotton-
seed Meal, and Ground Milo: Although the steers receiving silage,
cottonseed meal, and ground milo maize finished earlier and were
fatter and would dress out more as well as sell for more money,
yet from a standpoint of uniformity of gains, staying on feed, total
gains, and cost of gains, as well as profit making ability, the steei^
receiving alfalfa instead of ground milo maize did best.

Silage, Cottonseed Meal, and Milo Versus Silage, Cottonseed
Meal, Milo, and Alfalfa Hay: Again it was noted that the addition
of alfalfa hay to a ration seems to have a beneficial effect.
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steers reccning an addition of alfalfa ha\ made larger, cheaper, and
more economical gains, finishing- more rapidly fur market and sold
for a higher price. One of the distinct differences in the animaK
in these two groups was in the uniformity of gains and the good
appetities of the cattle receiving alfalfa, but those that did not re-
ceive alfalfa had two steers off feed and the gains of the lot were
variable.

The animals in the above tests were given all the roughage,
consisting of silage and alfalfa hay, that they would consume.
Those receiving cottonseed meal were given an average of 2.36
pounds per day and those receiving ground milo maize averaged
5.77 pounds per day. It will be noted that the amount of concen-
trates was held at a minimum.

THIN COWS

On the Cochise Dry-Farm twenty-one old, thin, and weak:
range cows were divided into three groups—one of them bein^
fed silage and cottonseed meal; another silage, cottonseed meal,
and alfalfa hay; and a third silage and cottonseed meal, with a de-
pasture to run in. A maximum of three pounds of cottonseed meal
was fed daily and the cows were given all the silage, alfalfa hay,
and pasture they cared for.

Twelve weeks were required for the animals to take on suffi-
cient flesh to suit the butchers. The cows in Lot II, receiving
silage, cottonseed meal, and alfalfa hay, consumed an average of
60.42 pounds of silage, 2 83 pounds cottonseed meal, 2.64 pounds
alfalfa hay daily over the twelve weeks and gained an average of
2.99 pounds per clay. The next best lot was the cows receiving
silage, cottonseed meal, and dry pasture. The animals, consum-
ing only a small amount of dry pasture, received the same amount
of cottonseed meal, and 63.18 pounds of silage daily. The cows in
Lot 1 receiving an average of 66.86 pounds silage and 2.86 pounds
of cottonseed meal, gained only 2.32 pounds daily. The results of
this test indicate that there is a great difference between the dif-
ferent range cows, the fatter and larger the animals the better, on
entering the feed lot.

USB OF GARBAGE: FOR HOGS

On October 31, 1919, ten shoats averaging 100 pounds each
were purchased at $16 per hundred. The pigs were fed on gar-
bage at a cost of 4$) cents a day over a period of 81 days. At the
end of this time the pigs were sold at 15̂  cents a pound, there bein^
only nine pigs, for one got sick, from some cause not considered
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associated with the feed, and for this reason was taken out of the
experiment. The nine pigs weighed a total of 1770 pounds and
brought $265.50. The gain over cost of pigs and garbage amounted
to $73 10.

Beginning January 20, 1920, and ending May 4, 1920, a second
lest was conducted. Eighteen pigs weighing a total of 1615 pounds,
or an average of 89 7 pounds, were selected. Six of the pigs died
from cholera the first week, the remaining 12 pigs were sold May 4,
and weighed a total of 2295 pounds. The pigs were on test 105
days and the cost of feed was estimated at $20 per month or $70
Table V gives the results of the two tests.

V. DETAILED STATEMENT O# FEEDING TESTS WITH GARBAGE

Test No I Test No. II

Number of days fed
Number of pigs in test . . .
Average initial weight per pig .
Average final weight per pig
Average gain per pig, pounds. . .
Average daily gam per pig
Cost of pigs per hundred
St llmg price per hundred
Cost of hundred pounds gain . . . .
Average cost of garbage per pig
Total cost of garbage
Total cost of garbage and animals . . .
Total receipts from sale of pigs. ....
Gain over cost of pigs and garbage .
G?m per pig

81
9

100
196.67
96.67

1.19
$ 16.00
$ 15.00
$ 3 72
; 3.60
: 32.40
;192.4O

$265 50
73.10

$ 8 1 0

105
12
89.7

19125
110 58

.97
5 15.00
> 16.00

5.74
5.83

f 70.00
$24215
5367.20
>125 05
> 10.42

According to Table V, gains were made at a cost of $372 per
hundred in the first test and $5.83 in the second. These are ex-
tremely cheap gains in spite of the fact that one-third of the pigs
in the second lot died. The pigs did well throughout the test and
gave every indication of thrift and satisfactory gains from the
feed given them. The supply of garbage at times was not suffi-
cient to make rapid gains. It is believed that it is good policy to
plan on giving hogs a small quantity of grain along with the
garbage, except where garbage is produced in large amounts and
can be secured at little cost.

TWO METHODS OF MAINTAINING SOWS

The five registred Duroc-Jersey gilts that were raised accord-
ing to two different methods have been under inspection for an-
other year. These gilts have been exchanged, with the exception
of No. 2 which still remains at the University1" Farm. Thus gilts
1 and 3 are now on the Schumaker farm, and 4 and 5 retained at
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the University. At the time the exchange was made, careful
measurements were taken of the pigs. It will make an interesting
study to continue this test and note the effect of the different en-
vironment on the size, weight, and conformation of the animals,
as well as their fecundity and their qualities for raising pigs.
Shortly after the exchange, sow No. 3 farrowed a litter of thirteen
pigs, saving seven of them the first week, but apparently the sow
did not milk well and all the pigs died. This same sow was
bred shortly afterward but she aborted about May 25. She was
bred again shortly after this. Sow No. 1 has failed to get with
pigs. Sow No. 2 aborted fourteen pigs. These were the large
fat sows, and the results with them were not satisfactory from the
standpoint of carrying their pigs through the gestation period, or
raising a goodly portion of the litter.

In spite of the fact that sows Nos. 4 and 5 are small, thin, and
very inferior in appearance, they raise a larger number and per-
centage of pigs than the large fat sows. Sow No. 4 farrowed a
litter containing eleven pigs, and she raised four boars and three
sows. On the ninth of June sow No. 5 farrowed nine pigs, raisirif;
five sows and three boars. Apparently sow No. 4 was the only
one bred up till June 9. Further observations will be made during
the coming years.

ALffALFA VERSUS MIXED RATIONS FOR RAISING BEE* HElPERS

Alfalfa hay has been used extensively for feeding cattle in the
Southwest. Dairy cows as well as beef bred animals have beea
raised on this feed with little or no other supplements and main-
tained on alfalfa hay throughout their entire life.

Reports have reached us that alfalfa hay is not a satisfactory
ration for breeding stock. Some report that the animals fail to
reach normal size, and that there is a tendency to sterility, or bar-
renness, and that in some way the ration has been unsatisfactory.

The department planned a feeding test and studied the effects
of maintaining an animal on alfalfa hay. A registered Hereford
heifer, Great Coronis No. 756193, calved September 29, 1918, was
raised by allowing to nurse, and weaned at an early age, and
placed in a dry lot, being fed on alfalfa hay alone. This heifer has
been given nothing but alfalfa hay, which at times was poor in
quality, containing weeds and other feeds. She was bred to Beau
Carlos April 27, 1920.

Another heifer, Coronis Great 873919, was calved December
12, 1919. This heifer is a full sister of Great Coronis and was
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used as a comparison for making a study of alfalfa hay as a feed
for raising and maintaining breeding stock This heifer is to be
fed in the ordinary way; she will be weaned at the same age as
the other one; fed on mixed rations and bred as near as possible <>t
the same age.

On June 30, 1920, both the heifers were looking well. Quite a
number of stockmen are interested in the outcome of the test.



BOTANY

J. J. THORNBER, J. G. BROWN

The rainfall for the year ended June 30, 1920, at Tucson.
Arizona, was 20.59 inches, or practically double the average annual
rainfall for this station. This is the heaviest rainfall that has been
recorded for Tucson for a similar twelve-month period during the
past 39 years. Of this rainfall, 10 24 inches, or nearly 50 percent,
fell during the summer rainy season, July to October inclusive;
and 9.18 inches, oi 44.7 percent, during the winter rainy season.
November to April inclusive. October, December, April, May, and
June*were the months of lightest precipitation, while for each of
the remaining months there was a minimum of one inch of rain,
and usually much more than this. The rainfall for July was 26.9
percent of the total for the year.

Naturally, this rainfall resulted in a heavy growth of forage on
the ranges during both the summer and fall of 1919 and the winter
and spring of 1919-1920. There was an abundance of feed on
almost all the ranges, except those badly overgrazed and trampled
out, and at the same time a smaller number of stock to graze, since
the herds had been much reduced during the two previous years
on account of severe droughts. Scarcely more than 70 percent of
the feed was eaten during the fall and winter and the plants
matured a heavy crop of seed for future growth. Stock, generally,
came through the winter in good shape, and the ranges were in
better condition than they had been»for some years.

The heavy winter rainfall just noted brought about two con-
ditions. The feed on the ranges, which underwent natural curing
with the dry weather in October, was badly leached out and
weathered before spring. This was largely offset, however, by the
excellent spring growth which was ready for grazing by the middle
of March. The other condition was the heavy growth of poison
plants on the ranges, induced by early and continuous winter rain-
fall.

LOSSES OF STOCK FROM POISON PLANTS

Losses of stock from poison plants were quite general and
heavier than for some years past. On many ranges there was a
heavy growth of loco and larkspur plants before the grasses and
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similar forage plants were tall enough to be grazed. Naturally,
stock ate the succulent poison plant growth in preference to dry,
weathered grass stems. During this spring season, no less than
thirty complaints of stock being affected, or dying, from eating-
poison plants were received from southern Arizona, and a con-
siderable number from central and northern Arizona. The follow-
ing were the more important of these poison plants; spreading loco
(Aragdlhis nothosus); Thurber's loco (Astragalus Thurberi), hairy
loco (Astragalus Bigelown), tall loco (Astragalus diphysus and
Astragalus diphysus MacDougah); purple loco (Aragallus Lamherti);
blue larkspur (Delphinium scaposutn), prairie larkspur (Delphinium
camporum); and death camas (Zygadenus elegans).

At Patagonio, Elgin, and certain other localities, the loco poi
soning was quite different from that ordinarily observed. Stock
would become weak in the back, break down, and to a great extent
lose the power of their hind legs. Stockmen call this "tottering
loco/' The plant causing this disease is believed to be a sm?1i
loco weed which grows low and spreads out on the ground. It is knovui
botanically as Aragallus nothoxus. Commonly it ib abundant enough
in places to form a nearly continuous growth, particularly m de-
pressions on the prairies. This plant was more often reported bv
stockmen during the past spring as causing loco among stock than
all the other varieties of loco in southern Arizona combined. Dr.
C. D. Marsh, the Government poison plant specialist, visited Ari-
zona during the latter part of March and April to study the
situation.

STUDY OF ARIZONA GRASSES
The writer devoted the major part of his time in Experiment

Station work for the year to d» comprehensive study of the grasses
of the State. This work is concerned with the identification, dis-
tribution, relative abundance, and economic value of our grasses
and forage plants. As far as possible, all the grasses in the State
growing wild, or without cultivation, are included in this study,
The grass flora of Arizona is relatively large and diversified and
includes a large number of Mexican and South American species,
A small amount of work remains to be done on this study before
the manuscript can be completed and submitted for publication.

WORK AT FLAGSTAFF

Beginning with the middle of July, the writer spent seven
weeks at Flagstaff, Arizona. Most of this time was given to in-
struction work in the University Summer School at the Flagstaff
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Normal. In addition to this, an economic study of the plants
growing in the vicinity of Flagstaff was begun. One hundred
species of grasses, including ten not heretofore recorded for Me
State, were listed and studied, and much valuable information con-
cerning these plants was gathered. Trips were taken in nearly
every direction for distances of thirty to forty miles and large plant
collections were made. It is estimated that at least twenty-five
species were added to the flora of the State in this brief study. In
addition to this a study of the water plants in the lakes about
Flagstaff, poison range plants, ornamental trees, shrubs, and vines
of the city, and weeds was begun. It may be interesting to note
that the Canada Thistle (Cirsium arvense) was observed for the first
time growing in Arizona. This matter was referred to the County
Agricultural Agent for disposal.

LOSSES OF STOCK FROM AN UNKNOWN CAUSE

(This work with rayless goldenrod was done in cooperation with
Dr. R. H. Williams of the Animal Husbandry Department )

For some years stockmen southwest of Tucson have com-
plained of losses on the ranges during the winter season. In a
specific case a rancher west of the Tucson Mountains lost 65 horses
and about 30 head of cattle from an unknown cause. These ani-
mals, with others, were grazed in three pastures, each separated
by several miles distance. Rayless goldenrod, or burro weed, was
the only plant growing in any abundance in all these pastures, and,
naturally, was believed to be the cause of the losses. In one
pasture, cattle had been kept until all the forage had been grazed
out, leaving only bushes of the rayless goldenrod. Stock had eaten
some of the fresh shoots of this plant as well as some of the woodv
stems, both dry and green. In a second pasture, where some stock
were dying, there was a considerable growth of dry, rather coarse
grass, in addition to a small amount of annual growth and scattered
plants of the rayless goldenrod. Stock were eating this fresh an-
nual growth and the coarse grass just noted, but it was not observed
that they had eaten any of the rayless goldenrod. In a third pas-
ture, where the horses were kept, in addition to the usual growth
on the desert ranges, including rayless goldenrod, a scattering of
plants of the many-seeded saltbush (AtripUx polycarpa) was present.
Thi§ saltbush is regarded as good winter feed and is invariably
closely browsed when feed is short. No further losses of the stock
in these pastures resulted after the animals were given a change of
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feed, a change of pasture, or turned out on the open range where
feed was fairly good

The first indication of this disease in animals is lack of thrift.
They become gaunt, listless, separate from the herd, and lie down.
The horses appear fagged as if overnddeu and exhausted. The
disease seemed to exist in two forms In the acute form the ani-
mals ha\e some fever and die within a day or so, while in the
slower foim they linger three to five days, losing flesh and becom-
ing weaker. A few hours before dying they tremble violently,
often fall down with the legs spread out, drop the head and neck,
a\id froth at the mouth. Some animals break dov\n over the loins
and fall down with their hind legs sprawled out. The disease
attacks both sexes and all sizes, ages, and conditions of animate,
and very few of the affected ones recover.

The rayless goldenrod or burro weed (Bigclozvia coronopifoha) 1-
abundant over large areas on the desert ranges and valley lands in
southern Arizona. It is less abundant on the prairies. It belongs
to the goldenrod group of the sunflower family and is a woody
shrub one to three feet tall. The leaves are skeleton-like, and
pinnately parted nearly to the mid-ribs. The flowers are golden
yellow, and borne mostly in terminal clusters in the summer and
fall. The whole plant is strongly resinous, with a pronounced
bitter odor, and stock rarely eat it except when driven by stress of
hunger. Sheep and goats, however, eat the blossoms and seed
heads and appear to relish them.

A shrub nearly related to this goldenrod grows throughout the
Gila Valley in Arizona and is known to stockmen as "jimmy weed.'
This plant is Bigchiuia heterophylla and is believed to be the cause
of the disease among stock known as "jimmies/' losses from which,
though rarely heavy, occur each year. Bigelowia Wrightii is still
another plant belonging to this group of rayless goldenrods. This
species grows in New Mexico and is known to cause losses among
stock during the fall and winter months.

EXPERIMENT WITH RAYLESS

To determine whether rayless goldenrod was the cause of the
losses of stock noted above, a quantity of the material, including
the woody stems, leaves, and herbaceous growth, was gathered,
dried carefully, and ground into a meal. This was fed to a mare
kept in a stall so that she could get no feed other than what was
given her. She was allowed all the water she would drink. To
maintain her on a barely living ration, she was fed daily one pow4
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uf alfalfa hay, and one and two-thirds pounds each of rolled barley
and bran. She was also fed daily one and two-thirds pounds uf
the rayless goldenrod meal, which was mixed with the bran and
rolled barley and bran and one pound of rayless goldenrod meal,
no change in the animal.

Following this, the proportion wat. changed to one pound jt
rolled barley and bran and one pound of rayless goldenrod meal
of which she was fed five pounds daily, the alfalfa being continued
as usual. The mare refused to eat this mixture at first, but picked
out as best she could the rolled barley. Later she ate it, but some
of it was usually left in the box. This was cleaned out each day
and weighed back. There was still no noticeable change, but the
mare appeared very hungry.

After three weeks with the above feed, the mare was given
one pound of alfalfa hay twice daily and all the rayless goldenrod
meal she would eat, with no other feed. Less of the rayless golden-
rod meal was eaten with this ration than formerly and, later, a
small amount of bran was added. With this the mare was eating
daily about two pounds of rayless goldenrod meal, along with the
two pounds of alfalfa hay and the small amount of bran. Though
she disliked the goldenrod meal she ate it, but showed no symptoms
of poisoning. The experiment closed June 30, the mare having
eaten altogether about 150 pounds of the rayless goldenrod meal
At this time she had completely shed her coat, which originally
was rough, and she looked sleek and glossy. She was also lively
and to all appearances in good health. During the experiment she
lost about five pounds in weight and her breath, urine, and faeces
smelled strongly of the rayless goldenrod.

Since but one animal was used in the experiment, the results
are not conclusive. There is no suggestion, however, that the large
amount of rayless goldenrod consumed was injurious to the mare.
It is possible that the alfalfa, bran, and barley helped her to throw
off the effects of any poison present.

NOTES ON PLANT INTRODUCTION WORK

No planting of note was done in the introduction gardens dui-
ing the year. This was due in part to a shortage of funds. A
considerable number of the plants in the garden have made good
growth and give promise to become valuable plant introductions
In December, 1919, upon invitation from Mr. Walter T. Swingle
of the Department of Agriculture, the writer made a trip to
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Coachilla Valley, California, to study plant introduction work
there.

The Evergreen Tamarisk (Tamarix articulata). In the spring of
1909, this department introduced the evergreen tamarisk from
Algiers. Along with cuttings of other tamarisks with which the
writer was experimenting, Dr. Trabut included six small cuttings
of the evergreen tamarisk. These were planted in the introduction
garden on the University grounds and in four years' time made a
growth of from 20 to 25 feet. During the cold winter of 1912-1913,
with a minimum temperature of 6 degrees Fahrenheit, these tree3
were frozen nearly to the ground. They had been over-irrigated
and the wood was in an immature, sappy condition. Other trees
growing in the vicinity of the University with the wood well
matured, were not injured in the least by this freeze.

On account of its symmetry and rapid growth, the evergreen
tamarisk became almost immediately a favorite, and it has been
impossible to supply the demand for cuttings. At this time it is
being planted extensively in parts of southern California, southern
Arizona, and Texas. It is regarded as one of the most rapid-
growing trees in the Southwest It grows readily from cuttings
which, curiously enough,, may be made and planted at almost any
season, though rooted trees, unless kept moist, do not transplant
well. It is not uncommon for plants to make a growth of si*
feet from cuttings in one season. Small trees set in clumps on
the University grounds have made growths of 12 to 18 feet m
two years' time, and there are numerous examples of evergreen
tamarisks in tfie Coachilla Valley, four and five years old, that are
40 feet or more in height. A brief description of this tree is found
in Timely Hint 121 of this Station.

Arizona Cypress (Cupressus glabra). This is a smooth-barked
variety of the common Arizona cypress. It has made good growth
in the introduction garden and is very resistant to our conditions.
It grows quite erect, with ascending branches, and has light bluish
green foliage and smooth brown, or olive-green bark, which falls
off in flakes. Like other cypresses it grows readily from seeds.

Cupressus Goveniana is a native of California, and has rather
slender branches which are more or less spreading and drooping.
It appears well suited to southern Arizona conditions and grows
30 to 50 feet tall. Small plants have made a growth of seven 1o
nine feet in two years and are very ornamental.

Aleppo Pine (Ptnus halepensis) is a native of Syria and it is per-
haps the only pine that can endure the heat and aridity of southern*
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Arizona Young trees, three years from planting, are six to eight
feet tall, while trees in the Salt River Valley six years old are
25 to 30 feet tall. This tree has a rather open, spreading habit of
growth and bears cones when five to six years old.

Cork Oak (Qucrcus suber) This is an important commercial
tree in Spain and is an attractive live oak, picturesque in appear-
ance, but of slow growth. The plants on the University grounds
are sturdy and healthy and appear well suited to conditions in
southern Arizona. They have made growths of four to five feet
in three years' time.

Willow-leaf Pittosportim (Pittosporum phillyracoides) is a grace-
ful, weeping evergreen with brown, slender twigs and smooth,
glossy, willow-like leaves. It is a native of Australia. It is slow
to become established, but makes good growth afterwards. It is
entirely hardy to our climatic conditions and thrives in both mesa
and valley soils. During the ten years it has been under observa-
tion, it has not suffered injury from heat or frost.

Mastac Tree (Ptstacia lentiscus) is a robust, spreading evergreen
shrub from the Mediterranean region and grows four to ten feet
high. The leaves are smooth and pinnately divided with six to ten
leaflets- During the 18 years' time it has been growing on the
campus it has never been injured with heat or frost. It thrives in
a variety of soils and is tolerant to considerable alkali. The seeds
are said to yield 20 percent by weight of oil.

Feijoa Sellozvana is a hardy evergreen shrub with spreading
branches and oval or oblong leaves which are one inch or more
long, green above and grayish-white beneath. It is a native of
Brazil and is said to grow well wherever the olive succeeds. In
five years' growth on the campus it has not been injured with heat
or frost. It blossoms in the spring, but as yet has not borne
fruit.

Yellow Jasmine (Jasminum hunide). This is a tall, loose-grow
ing evergreen shrub with spreading branches and is a native of
southern Asia. It grows rapidly and blossoms profusely in the
spring. The flowers are borne in clusters and are yellow and very
fragrant. The leaves are pinnately divided with five to seven
leaflets.

Jasminum primuhnum is a low-growing, evergreen shrub from
China. The branches are spreading and recurved and often root
at the tips. The leaves are 3-divided, and the flowers are produced
early in the spring, and are yellow and fragrant. This plant en-
dures our summer heat and zero degrees Fahrenheit temperature
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without injury, and thrives in both valley and mesa soils. It caa
be used to advantage as an undershrub in planting. It grows
readily from cuttings or by layering and has been under observa-
tion for ten years.

Solanum jasminoides is a clean, evergreen climber from Brazil.
It has smooth, glossy leaves and propagates readily by layering.
The flowers are white, very attractive, and borne in clusters, and
are produced in abundance from spring until late in the fall. It is
tolerant to our hot summer weather and has not been injured with
temperatures of 12 degrees Fahrenheit.

Common Rosemary (Rosmannus ofhcinalis) is an evergreen shrub
with a pleasing aroma and spreading branches that grow three to
five feet tall. The leaves are narrow and rather thick, with the
edges recurved, and the flowers are light blue and appear during the
winter and spring seasons. This is an excellent bee plant and can
be propagated readily from cuttings. It is a native of the Mediter
ranean region, is drought resistant, and grows well under our
conditions

Golden bell (Porsythia suspensa) is an attractive shrub with
smooth, yellowish-brown, recurved stems. The leaves are smooth
and drop late in the fall. The plant is a native of China and pro-
duces a wealth of golden yellow flowers early in the spring before
the leaves appear.

Algerita (Berheris trifoliata) is an evergreen shrub with thick,
tough, bluish-green and more or less spiny leaves. The stems are
1 eddish-brown and the flowers are yellow and borne in the spring.
It is a native of western Texas and very resistant to southwestern
conditions. The plant resembles generally our native Fremont^
barberry, but is perhaps more ornamental. The fruits are edible.

Common Jujube (Zizyphus sativa) is a small, deciduous, spiny
tree or large shrub from the Mediterranean region. It is of erect
growth and very attractive during the growing season with its
glossy foliage. The fruits are about the size and shape of an olive,
blackish when ripe, and produced in enormous quantity. Plants
have been under observation for 12 years and have endured with-
out injury the usual summer temperatures and winter temperatures
as low as six degrees Fahrenheit. On the University ground in
lime soil the growth was very unsatisfactory, but at the University
Farm with more or less alkali in the soil their growth has been
all that could be desired. These plants are regarded as entirel>
hardy for growing under southern Arizona conditions and they
should prove a valuable secondary fruit for the home.
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Pistasch Tree (Pistaaa vaa) is a small, spreading, deciduous
tree also native of the Mediterranean region, which succeeds well
m southern Arizona valley soils. It bears the pistasch nuts of
commerce Plants ha\e been grown on the University grounds
and in the introduction garden at the University Farm for a period
of 12 years, during which time they have not been injured with
our usual summer temperature, nor with winter temperatures a*
low as six degrees Fahrenheit. In the lime soils on the University
grounds the plants made poor growth, while in alkaline soil at the
University Farm their growth has been excellent. There are trees
of considerable size in the Government introduction garden at
Sacaton which have begun to bear nuts.

Chinese Pistasch (Pistaaa chmensis). This is quite a rapid-grow -
ing tree, with deciduous leaves and stout twigs. It is a native of
China, and grows to a height of 40 or 50 feet. The leaves arc
smooth, glossy, and pinnate with six to ten pairs of leaflets, and
become deep red in autumn. This tree is very resistant to ou~
heat and has not been injured with temperatures as low as zer3
degrees F. It grows best in valley soils and tolerates considerable
alkali.
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stover which can be used as roughage if supplemented by protein
concentrates.

An experiment was planned to determine whether chopped cane
fodder supplemented by cottonseed meal can satisfactorily replace
alfalfa hay in the ration. Two lots of cows were used, five cows in
each lot. One lot was fed alfalfa hay, cottonseed meal, bran, and
silage, while the other lot received cane fodder (chopped), wheat
bran, cottonseed meal, and silage. The rations used were as fol-
lows :

RATION A RATION B

Alfalfa hay 15 pounds Cane fodder (chopped) 15 pounds
Silage 25 pounds Silage 25 pounds
Mixture: Mixture:

Wheat bran 5 parts Cottonseed meal 4 parts
Cottonseed meal 1 part Wheat bran 2 parts

The mixture of concentrates in each case was fed so that the
Holstein cows received one pound of concentrates to each five
pounds of milk produced daily, while the Jerseys received one
pound for each four pounds of milk.

This test was run for two periods, and at the end of the first
period the rations were reversed, so that the lot of cows receiving
Ration A during the first period received Ration B during the
second period, and vice versa.

This test was not continued for a long enough time to give
any conclusive data, but the results indicate that while alfalfa
hay as a roughage causes a larger milk production, cane fodder
can be used satisfactorily, if accompanied by three to four poundo
of cottonseed meal to provide sufficient protein. More work will
be done along this line.

MILK SUBSTITUTES FOR FEEDING CALVES

On farms where the whole milk is sold and no separating is
done, many dairymen sell the calves, both bulls and heifers, as soon
after birth as a buyer can be found, and on some farms all grade
bull calves are killed at birth. This practice makes it necessary
for such farmers to replenish their milking herds from time to time
by the purchase of cows, thereby exposing the herds to possible
infection by disease germs, and preventing any intelligent improve-
ment by breeding. Where there is a market for whole milk at h
good price, one cannot afford to raise grade calves on it, as the
value of the milk consumed up to five months of age is greater
than the value of the calves. An experiment was planned and
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conducted to determine whether calves can be raised successful! v

on substitutes for milk at a cost which would justify their rearing
Four groups of calves were formed to test different methods ol
feeding and different rations.

Group 1 was known as the whole-milk group, and the cahes
in it were fed whole milk until they were two months of age, to
give them a good start. The milk was then giadilally decreased
about one-half pound per day, and replaced by a home-mixed gram
gruel. The mixture of feeds used in the gruel was as follows

Rolled barley 3 parts by weight
Ground milo maize, 3 parts by weight
Wheat Bran, 3 parts by weight
Alfalfa meal, 3 parts by weight
Oil meal, 1 part by weight
Bone meal, .2 part by weight

This feed mixture was run through a grinder to get it as fine i^
possible and was used in the gruel at the rate of one part to seven
parts of warm water. Besides the gruel, they were given some o±
the dry-grain mixture and alfalfa hay.

The three calves in this group were kept on the test until they
were five months of age, at which time they were in excellent con-
dition and somewhat over-weight for their age. Considerable
difficulty was experienced in getting them to eat the gruel. They
were also troubled with scours.

Group 2 was known as the homemade strain milk-substitute
group. These calves were fed whole milk for the first week oi
ten days; then a small amount of the homemade ration was addet4

This consisted of
8 parts corn meal

V/2 " alfalfa meal
lyi, " wheat bran
y2 " oil meal
y2 " blood meal
.2 " ground bone meat

This was mixed in the proportion of one part of meal to seven
parts of water and fed at a temperature of 90 to 100 degrees
Fahrenheit, The milk was to be decreased and the gram gruel
increased, until, at the age of five weeks, they were to receive a
full ration of 18 to 20 ounces of the meal made into 10 to 11 pounds
of gruel; but the calves were troubled with scours so much that
they were kept on a partial milk ration and were given less than
the allotted amount of gruel. This group did not thrive, as it
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seemed the feed was too coarse to be digested well by the young
calves; one of them had to be taken off the test entirely. They
were given what they would clean up of a dry mash of equal parts
of ground milo, rolled barley, wheat bran with alfalfa hay.

Group 3 was fed on a commercial feed known as Red Horn
Calf Meal The calves m this group were given whole milk until
ten days of age, at which time the calf meal was added gradually,
so that at about five weeks of age each calf would be on calf meal
exclusively. The directions of the manufacturers were followed
as to amounts and methods of feeding the meal. The calves of
this group were given the same dry gram mixture and alfalfa hay
as were fed to Group 2 No difficulty wras experienced with this
group, and the results were satisfactory

The calves in Group 4 were fed whole milk for about ten days;
then started gradually on Red Horn Calf Meal. After about forty
days, they were gradually shifted from the commercial calf meai
to the homemade meal given under the discussion of Group 2.

This has seemed the most practicable method of using substi-
tutes for milk, as the calves do better on the more finely ground
commercial meal until several weeks of age. Then they can safelv
be shifted to the cheaper home-mixed ration. Unless one is able
to grind the home-mixed ration fine, it seems best to use the com-
mercial meal, as the young calf does not seem to be able to endure
any considerable amount of coarsely ground feeds.

This test will be repeated during the next fiscal year to get a
check on the data and to try out some changes in the rations.



ENTOMOLOGY
C. T. VORHIES

The research time of this department during the year 1919-
1920 was cut in half by necessary teaching work, including the
regular courses in General Entomology, and also a new course in
Beekeeping for Federal Board students.

Work on the Adams Fund grazing range rodent project wis
pushed as much as possible throughout the year, but with some
weather interference at the times free from class work. Trips
have been made to the Range Reserve each month of the year
with the exception of May, 1920 Unexpected difficulty developed
in securing live jackrabbits for the enclosure, coyotes taking them
from the traps before morning in some cases. Not until June, 1920,
were the necessary rabbits secured and the success of their installa-
tion in the enclosure is still problematical. Kangaroo rats on two
occasions were placed m the enclosure built for that purpose, but
in both cases have shortly disappeared in some undetermined
manner. Some excellent results on the life history of Dipodomys
speciabilis, the large kangaroo rat, were secured and it is hoped to
complete this phase of the work in the following year.

Some progress has been made in adding to the insect collec-
tions under the Hatch Fund, though assistance in arranging and
classifying the material is badly needed to further this work. Of
especial interest at this time is the collection of insects taken from
the Arizona wild cotton, Thurberia thcspesioidcs, A large number of
insect species has been reported as occurring more or less regularly
on this plant, some of which are of economic importance as poten-
tial pests of cultivated cotton. During the autumn of 1919 con-
siderable scouting work was done on Thurberia in cooperation wuh
a representative of the Federal Horticultural Board, and in the
course of this work the collecting of Thurberia insects was carried
on. It is planned to continue this collecting in connection with
certain experimental work on a specific form which is planned for
next year, the aim being to make this special collection complete
as soon as possible.

In order to carry on the beekeeping work^on a teaching basis
it was necessary to add considerable equipment and to work pri-
marily for extracted rather than for comb honey. The season of
1920 thus far has been very favorable in the Tuoson region, and
already sufficient honey nearly to pay for the additional equip-
ment has been produced.



HOETICULTUEE

F. J. CRIDER, A. F. KINNISON, D. \V. A

This report covers a short but very active period in the work
of the Department of Horticulture. While no final conclusions
have been reached regarding the main projects under way, some
very interesting and valuable data have been obtained and good
progress made in the various lines of investigation The work cf
the department has been strengthened through the appointment of
D. W Albert as Assistant Horticulturist.

CITRUS INVESTIGATIONS

During the past winter and spring, preparations, were made hr
establishing an experimental citrus planting on the Yuma Mesa
This made necessary the installation of an individual pumping
plant designed to lift water from the east main canal m the Ynma
Valley and deliver through a pipe line on the Mesa, 85 feet eleva-
tion. An Allis-Chalmers direct-connected pumping unit, consist-
ing of a 5-inch Type S, double suction pump and a 40-horsepowei >
440 volt, 3-phase, 60-cycle, 6-pole motor, was installed; also a red-
wood pipe line 10 inches in diameter and 1050 feet long with a*i
extension cement line 14 inches in diameter and 680 feet in length,
which was sufficient to deliver water to the northeast corner of the
160-acre experimental tract. From this point the water is carried
one-half mile through an open ditch to the citrus planting.

Other preparatory work consisted of the digging of a service
well (fitted with a 6-inch casing and a Myers No. 95}< pump),
building a corral, securing a team and other necessary equipment
for orchard work.

Water was turned on the orchard land on May 27, and ou
June 2 the first planting of citrus was made Five acres of Marsh
Seedless grapefruit were planted, the trees being set 23x23 feet
apart. One-year-old, bud-selected trees were used and the work
of setting very carefully done. Shallow basins were left around
the trees and water turned into them immediately after planting
To prevent evaporation and sunburn, paper collars were placed
around the bodies of the trees, and the tops whitewashed.

Cooperative experiments with citrus growers to determine tlr*
effect of different cover-crops on the growth and production of
citrus trees point favorably to vetch as a winter crop and cow-



470 THIRTY-FIRST ANNUM, REPORT

peti> h* a summer crop in the Yuma Mesa citrus district. Other
citrus investigational work in progress and planned may be noted
as follows

(a) Determining the effect of winter cover-crops on the tem-
perature of citrus orchards as related to Salt River Valley condi-
tions.

(h) Studies in bud-selection as pertaining to the Washington
Navel orange and Marsh Seedless grapefruit.

(c > Stud} of the adaptability of citrus stocks used in propa-
gation.

(d) u J u n e Diop" studies, as pertaining to the Washington
Navel orange.

(c \ Variety studies

DATES

\ serious outbreak of scale (Parlatoria blanchardi) in both the
Tunpe and Yuma date orchards made it necessary to defoliate the
palms preparatory to "torching" for the control of the insect. The
palms were cut back in May, the entire foliage being removed
except a few leaves at the top which were shortened to about three
feet in length. This treatment will prevent a crop of fruit this
season; also it will cause the postponement of important investi-
gational work in connection with the propagation of off-shoots.

It is worthy of record that the date has been a subject of study
in Arizona since 1895, when the first notes were taken at the old
Station Farm west of Phoenix. Cumulative evidence since that
time proves that the date is a most valuable fruit crop for southern
Arizona; that certain varieties are particularly resistant to unfav-
orable weather conditions during the ripening period; and that the
plant will succeed and produce good crops on extremely alkaline
soil.

OLIVES
In self-sterility tests conducted with twenty-four varieties of

ohves, interesting data were secured in that a majority of the
varieties proved self-sterile, The work will be continued for con-
firmation of results and an effort made to determine the best pcA-
lenizers or planting combinations.

Three distinct methods of pruning being practiced at the Ytttfta
Date Orchard and Horticultural Station axes producing ra&xk&&
differences in tree growth. The trees should come
next year, which will add to the interest of the work.
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THE WALNUT AND PECAN
Nursery stock for propagating the walnut and pecan is being

produced with a view to top-grafting cultivated varieties of these
nuts on the Native Arizona walnut (Juglans major), which is found
in abundance in many parts of the State. The pecan is well
adapted to the warmer portions of the State, and, if practical to
top graft it onto the native walnut, will become a valuable com-
mercial fruit crop for this section. The walnut, Juglans regia, has
not proven well adapted to the warm, dry climate of the lower
altitudes of Arizona although it does particularly well at elevations
above three thousand feet.

PRUNING STUDIES
A project involving eight distinct methods of pruning has re-

cently been started with a view toward determining the best pruning
practices under Arizona conditions. A three-acre orchard is being
used for this work at the Salt River Valley Experiment Farm. The
trees were set during March, and consist of representative varieties
of orange, grapefruit, peach, apricot, plum, and apple. They are
being carefully trained during the present summer so as to develop
a perfect formation of scaffold limbs. Definite pruning practices
will be started during the coming winter at the normal period for
dormant pruning.

WATER REQUIREMENT STUDIES
In connection with investigations to determine the practica-

bility of fruit-growing in parts of the State having an average rain-
fall of 16 to 20 inches, a four-acre fruit planting was set this spring
on the Prescott Dry-Farm. The orchard is composed of some of
the good commercial varieties of apple, peach, and cherry, with a
separate planting of both European and American varieties of
grapes. The trees have started into growth and, although severely
taxed by a prolonged drouth, it is believed that only a small per-
centage will fail to grow. Distinct cultural practices and methods
of pruning are being followed, tending toward moisture conser-
vation.

In line with these investigations, an experiment to determine
the actual water requirements of fruits has been planned and will
be started during the next fiscal year. The effect of pruning on the
moisture requirement of the trees will be a special feature of this
project.

In the same connection, studies are being made of the environ-
mental factors such as rainfall, humidity, elevation, topography,
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and soil conditions in sections of the State that appear to offer
promise in the matter of "dry-farm" fruit growing. Striking evi-
dence of the adaptability of certain un-irngated localities to fruit
was observed in Pima and Santa Cruz counties east of the Santa
Rita Range at an elevation of approximately 4500 feet. In places
where the soil is deep and fertile, the apple, peach, and grape do
well, making a strong, steady growth and bearing good crops. A
more detailed study will be made of this and other sections of the
State where the rainfall is relatively high

HORTICULTURAL PLANT INTRODUCTIONS
V lather large numbei of untried fruits, \egetahles, and orna-

mental plants that show promise of being of economic value *n
Arizona are bem^ tested. Some of these plants are being grown in
icgulai orchard form, hitch as the white sapote, jujube, feijoa,
and oua\a, while others are being held in the nursery row, mostlv
in the introduction garden at Yitma, to observe their behavior.
The follow ing is a list of plants under investigation: Chayota ednlis,
Casinwoa cdulis, Jubac chiensis, Morns alba, Jubae atlantka, Persea
americana, Eriobotrya ]apomca3 Psidium guajava, Achias aapota,
Hovenia dulcis, Ziziphus jujuba, Alusa sapientium, Fewjoa superba,
Peijoa choiceana, SJicpheidia argentea, Citnillus vulgans, Hclianthc-
muni chamaecistus, Ananas sativus, Diospyros ebenaster, Aunona mun-
cata, Citrus sinensis, Achradclpha mammosa, Chrysophyllum cainito.
Citrus nobihs, Diospyros kaki, Brassica pekmensis, Aunona squamosa}

Annona chcnmolia, Mimusors zcyhcrt, Amygdalus davidiana, Aspara-
gus aciitifolius, Trichosanthcs quinquangulata, Dolichos lablab, Tro-
paeolum tuberosuni, Arctchis hypogaca, Citrus Wcbbeni, Cucumis mclo,
Garcima uiango^tana, Prunus sahcina, Cucurbit a ficifoliaj Aleurites
FordiL

IRISH POTATOES
A striking instance of the unreliability of seed potatoes pro-

duced in warmer districts of the State and held in ordinary
storage, developed in a test at the Yuma Date Orchard and Hor-
ticultural Station during the present season. In a planting con-
sisting of six leading varieties, produced the previous spring, a
complete failure resulted. The potatoes were kept for a period or

six and one-half months from the date of harvest to planting,
spread out thinly under an open shed. Although a good stand
ŵ as secured, the plants were lacking in vigor, and tubers failed
to develop properly.

In comparative tests at the University Farm at Tucson, the
Peach Blow variety from seed produced in Coconino County gave
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the highest yield and proved most resistant to spring frost. The
other varieties used were White Rose, Bliss Triumph, Early Ohio,
Early Rose, and Irish Cobbler.

Fertilizer and spraying experiments in cooperation with potato
growers in Coconino County were started this spring, but on ac-
count of a failure of the potato crop, due to drought, reliable dati
could not be obtained.

SWEET POTATOES
Storage tests with sweet potatoes are continuing satisfactorily

An adobe house designed and constructed so as to embody the
principles of successful sweet potato storage is proving a cheap
and efficient means of storage. It is believed that final data will
be secured on the subject next year.

Interesting results are expected from a collection of fort\
varieties of sweet potatoes being tested this season at the Yunn
Date Orchard and Horticultural Station.

MISCELLANEOUS
In a large collection of strawberry varieties tested at the Yunu

Station the following showed distinctly superior qualities, con-
sidered from the standpoint of yield, quality, and resistance to heal
Early Ozark, Klondyke, Gandy, and Arizona Everbearing.

Nurser} stocks of citrus, grapes, figs, and olives are being pr >~
pagated with success at the Yuma Station.

The production of Bermuda onion seed has given evidence or
promise at the Yuma Station and will be made a subject of further
study.

Landscape gardening plans have been prepared for the Salt
River Valley Experiment Farm, and some ornamental plantings
were made during the past spring.

The orchard at the Cochise Dry-Farm has been considerably
enlarged, leading varieties of apple, peach, cherry, grape, curraiic,
gooseberry, and blackberry being added. The trees were set during
March.

A new greenhouse designed by the Horticultural Department
is being built on the University campus. It will be of material
value in the handling of station and class work in horticulture

Considerable time was required of the Horticulturist in the
general supervision of work on the Yuma Jtfesa, at the Tempe Date
Orchard, and at the Yuma Date Orchard and Horticultural Station
It was also necessary for the members of the horticultural staff to
spend a considerable portion of their time in extension work n*
horticulture.



IRRIGATION INVESTIGATIONS

G. E. P. SMEIH, W. E. CODS, H C Scnw

The Irrigation Department has functioned, as in the past, with
a wide range of duties, including research, investigation, and much
extension service work. The personnel has remained unchanged

THE FUEL OIL SITUATION

Pump irrigation in Arizona, which has become of great im-
portance, has been based in large measure on the availability of
California petroleum oils of excellent character and at low cost
In February, 1920, the fuel oil situation became critical. The price
of gas oil, or tops, the oil most used for individual farmers' pumping
engines, advanced over a hundred percent at the refineries, and
furthermore the supply seemed to have vanished, since it was most
difficult to get any refinery to make contracts for the season's sup-
ply. While the price advanced, the quality depreciated. Shipments
of gas oil to at least three pump irrigation districts, Hi^ley, Ca '̂i
Grande, and Tucson, were tested by this Department on reque-1
and found to be unsuitable for the ordinary type of farm engine.
The oil could be burned in the engines only with the greatest diffi-
culty and with rapid deterioration of the engines. Strenuous pro-
tests by the farmers, based on the reports of the tests, resulted in
temporary improvement in the quality of shipments, but at inter-
vals throughout the year unsuitable oil has been received in the
Arizona pumping districts.

The Irrigation Department has been studying fuel oils fo^
pumping engines for several years, and has accumulated much data
on this subject. On account of the critical importance of the
matter at this time, particularly in the case of pumping plants
where the vertical lift exceeds fifty feet, a bulletin has been pre-
pared and is in press. The subject of the bulletin is "Thfe Supply,
the Price, and the Quality of Fuel Oils for Pump Irrigation.1'

"Fuel oils from the oil fields of north Texas have been tested
with a view to promoting the production by the Texas refineries
of an oil suitable for 4-cycle electric-ignition engines, and of
minimum possible cost
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IRRIGATION BY FLOODING AND THE EFFICIENCY OF
IRRIGATION

A monograph entitled "Irrigation by Flooding and the Effi-
ciency of Irrigation/' based on the experience of this Department
during the past fifteen years, was prepared and read at a conven-
tion of the Associated Concrete Pipe Manufacturers of Southern
California at Ocean Park, California, in September, 1920. The
purpose of the monograph is to promote better judgment and
economy in grading land for irrigation, and economy in the use
of water, particularly limited and expensive irrigation water sup-
plies Reprints are a\ailable for distribution by the Agricultuial
Experiment Station

SILT CONTENT STUDIES OF GILA RIVER WATER
In 1917, silt studies of the waters of the Gila River were

initiated by the U. S. Indian Service, and o\cr eleven hundred
samples of river water were collected. The samples were so
distributed as to show the silt content at six locations on the
main stream from Duncan to Kelvin, and at Clifton on the San
Francisco tributary. The period of sampling extended over nine
months After correspondence with Federal officials, this Depart-
ment obtained possession of the samples in January, 1920. Since
then the samples have been analyzed for silt content and for soluble
solids, and the silt records at Winkleman ha\ e been combined with
the stream flow records in such manner as to show the acre-feet of
silt each day that would have been deposited in the San Carlos
Reservoir if the reservoir had been in use. The total amount of
silt carried by the river in the period was 196.5 acre-feet, which
was 0,3 percent of the river discharge for the period.

A report on these studies has been prepared and a copy wns
presented to the U S Reclamation Service, which is now for the
second time investigating the problems of storage, regulation, an 1
use of the Gila River waters

CASA 'GRANDE VALLEY
Groundwater development increased at a greater rate this year

than during any previous year. The acreage under pump irriga-
tion, or partial pump irrigation, this year was 9600, as against 5200
for 1919. The amount of water pumped is estimated as in direct
proportion to the acreages, since there was little rain during the
growing season and the increase was planted to cotton. This crop
takes less water than alfalfa and on many ranches it replaced i t
The volume of water pumped is estimated at about 12,500 acre-
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feet. This appears to be a high duty for the watei, but it is made
so by including about 3000 acres of lands along the Gila and under
the Casa Grande Canal, which receive gravity water also.

Water level measurements were made on four dates, m March.
in Ma>, in August, and in October. In the pumping district near
the Tweedy ranch there was a complete recovery from the pre-
ceding summer's pumping, and then followed a depression half a
foot greater than the previous one. The pumping district has been
extended south to the Lloyd Prouty ranch and with it also the
area of depression has increased. Along the Gila for two miles
back, the groundwater during May reached as high a level as has
been yet observed and receded in October to the usual minimum—
a fluctuation of about two feet.

The high price of gas oil (17 and 18 cents per gallon) and the
difficulty of getting a good grade, have resulted in many of the
semi-diesel and Brons type engines being purchased. These en-
gines burn lower grade fuel oils known as 24 plus and 27 phi*
The 27 plus is be^t adapted to the semi-diesel, but even this grade
of oil ii> difficult to obtain The Brons type engine burns the 24
plus oil readily, but no lower grade ought to be used because o*
the inciease of solid matter contained. The greater cost of these
engines offsets the lower price of the fuel oil.

Two plants iibing compressed air to raise the water have been
installed, and unusual claims made for them regarding efficiency
Vt one ot these plants the depth to water is 40 feet and at the othei

Q5 feet The efficiency of this method of lifting water has beent

shown m the past as being very low. The Department plans to
make tests on these plants very soon.

The total rainfall and run-off have been normal. During the
\ ear 1920, 14,000 acre-feet passed Sasco. Of this flow 370 acre-feet
leached the Southern Pacific tracks at Eloy, but none reached the
tracks west of this point. At Lirim there was a local run-off of
1400 acre-feet. With the exception of the month of August it is
known that there was no run-off at Mancopa. There were two
winter floods from the Santa Rosa Wash.

SAN SIMON VALLEY
The Fourth Legislature of the State of Arizona, in Chapter

153, Session Laws, 1919, provided for special investigations ot
water supply and irrigation possibilities in the three great valleys
of Cochise County. The largest item of the appropriation was for
an experimental artesian well in the San Simon Valley, a smaller
item was for a diversion dam in the Sulphur Spring Valley, and
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$10,000 was specified for more general investigations in the three
valleys of the county.

All water supplies, including the artesian watcis, ha\c then
origin m the rainfall and run-off, and since no run-off measurements
had been made in the San Simon Valley, the first effort was di-
rected toward studying the run-off, both in the trough of the valle)
and at the mouths of the mountain canyons. Gaging stations were
installed on the San Simon Creek at San Simon and above the
Cienega, and at the mouths of Cave, East Turkey, and Wood
canyons.

Four reservoir sites have been surveyed, three hi the trough
of the valley and one in Round Valley. The Round Valley site ^
situated between Cave and East Turkey creeks and at such an
elevation that water from both creeks can be diverted into it.

The artesian area which extends nearly to Bowie on the west
and for ten miles southeasterly from San Simon has been developed
extensively already. It has been studied the past year to deter-
mine the possibilities of further development. The yields of wells
d.nd the artesian pressures have been measured and studied in their
relation to the depths and types of construction. Cross-sections
and piezometric lines have been drawn to determine the source and
movement of the artesian waters Influences of various factors,
btich as shutting off the flow in winter, are under investigation.

The possibilities of development of groundwater by pumping
are being studied

Owing to the great extent of arable land as compared with the
water supply, a soil survey has been made of an extensive area
reaching from Bowie to Portal The survey was made coopera-
tively by this Department and the U. S. Bureau of Soils.

A site for the State experimental artesian well was selected,,
but owing to the high prices prevailing for well casing and well
drilling, it has been impossible to contract the drilling of the well
for a sum within the limit of the appropriation.

SAN PEDRO VALLEY
A cooperative agreement has been made with the U. S. Geo-

logical Survey for a joint study and publication of the geology and
water resources of the San. Pedro Valley. Dr. Kirk Bryan of the
Geological Survey has been assigned to the Valley.

Gaging stations are being maintained at Hereford and Fair
bank for the special purpose of determining the water supply
available at the proposed Charleston reservoir site. Silt samples^
also, are taken at intervals.
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It is not considered feasible to continue the heading of the St.
David canal in its present location, because of the rapidly increasing
width of the river channel. The heading should be in the rock
gorge about two miles north of Fairbank. Three alternative loca-
tions were selected in the rock gorge, and surveys and test borings „
have been made to determine the best site. Three test holes have
been drilled to depths of 41, 79, and 52 feet without reaching bed-
rock. The best location is opposite the isolated rock island near
the north end of the gorge. A diversion dam of the weir type is
now being designed.

SULPHUR SPRING VALLEY
Gaging stations were installed August 1, 1919, at the mouths

of Rucker, West Turkey, and Rock creeks, and in March, 1920,
at the mouth of Post Creek These stations and one on the White-
water at Douglas are being- maintained.

Seepage losses on the creeks were measured to determine t*ht
principal areas of recharge.

A project foi a diversion dam on the Whitewater about 18
miles north of Douglas was surveyed and designed. This site i>
the present head of deep river cutting*. The purpose of the dam
is three-fold,—to permit the diversion of flood flows, to preserve
the excellent grass pastures abo\e the dam which will be under-
drained if the headward erosion continues, and to forestall the
necessity for many bridges on the main creek and its tributaries.

YUM A MESA EXPERIMENT STATION PUMPING PLANT
The pumping plant and pipe line, the design of which was

noted in the last annual report, was installed in May, 1920. It
has provided the water supply for the citrus groves throughout the
summer. The plant is of the most reliable type possible for irriga-
tion service. The rates for power, however, are high and the cost
of the power for pumping for the irrigation season of 1920 has
been almost $50 per acre.

THE CHIPPEWA PUMP
A Chippewa double-acting deep-well pump of small size was

tested in the irrigation laboratory The high efficiency that was
expected was not found, but nevertheless the pump should be good
for many situations, particularly stock-watering wells of small
diameter.



PLANT BREEDING

W. E. BRYAN, E. II.

The work of the Plant Breeding- Department reported herein
extends from January 1, 1920, to July 1, 1920. During this period
the entire time of the department was taken up with the wheat
project. Work with alfalfa and beans was taken up later in the
calendar year.

In a milling and baking test which has been made with hybrid
wheats originated at this Station, one sort has given particularly
promising results. This wheat has been produced by crossing a
hard Macaroni wheat with the soft Sonora and six years of careful
selection. The following is the score of the breads produced from
these wheats as rendered by the Milling Department of the Kansas
State Agricultural College on the basis of 100 for perfect:

oft parent 91.75
Hard Macaroni parent 01.50
Hybrid (lopo) 96.58
Kansas patent 94.16

These wheats were grown under irrigation in the Salt River Valley
under ordinary field conditions. The yield of this hybrid was 47
bushels per acre, which is about 5 bushels more per acre than that
of the hard parent.

The third generation of the bread wheat hybrids made origi-
nally in the spring of 1917 was grown in the screen garden on
the campus. Two lines of investigation have been carried out
with this material, viz: inheritance of grain texture in a cross be-
tween hard and soft wheats, and the inheritance of earliness in a
cross between early and late-maturing wheats. In making the
cross, a late-maturing wheat with hard, glassy grains was crossed
with an early maturing variety with soft grains. This combina-
tion made it possible for the two lines of work to be carried on
with the same material. The economic end sought in this work
is to produce a hard, early maturing wheat suitable for growth
under Arizona conditions. In order to understand the significance
of the present year's work, it will be necessary to make a study of
all the material which has accumulated since the initial cross.

In the spring of 1917, thirty-three flowers of the hard-grained
late \anety (Turkey Red, 36-36) were pollinated with pollen from
the soft-grained early variety (Sonora, 35), Two of these proved
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to be pure Turkey grains. All the thirty-one grains were as haid
as the hard parent, no signs of xenia being apparent. The texture
of the more than eight thousand seeds which grew on the 31F2

plants was mostly of the diffuse type (soft), with a few grains
almost as hard as the grains of the hard parent; but the diffuse
grains of these first generation plants were distinctly harder than
the diffuse grains of the soft parent. No selections were made
in this generation on the basis of texture, the progeny of each F1

plant being planted separately. The main object in making the
cross was to study the segregation of these two types of texture in
the second generation and to test them in the third and succeeding
generations. However, selections have been made and planted
for the purpose of testing the effect of the selection of hard and
soft grains from the first generation plants.

For the second plant generation studies, 4581 plants were
grown to maturity, and the classification of the grain of these
plants according to texture was as follows:

983 plants having all hard grains;
2285 plants having hard and soft grains;
1313 plants having all soft grains.

A more desirable classification would have resulted if it had
been possible definitely to separate the grains in the hard- and
soft-grained plants into the two types used, but this was impossible
on account of the almost insensible gradations in passing from one
extreme to the other. This classification gives the ratio 0.859
1.995:1.146, which rather distantly approaches the 1:2:1 ratio. In
testing this classification in the third generation, the following
selections were grown:

Three hundred and six plants, grown from seeds of F2 plants
having all hard seeds, gave 301 plants having seeds all hard, and
5 plants having seeds all intermediate; 476 plants, grown from
seeds of F2 plants having all soft seeds, gave 476 plants all soft;
143 plants grown from hard seeds selected from F2 plants having
both hqrd and soft seeds gave:

131 plants having all hard seeds;
4 plants having all soft seeds;
3 plants having hard and intermediate seeds;
3 plants having hard and soft seeds;
1 plant having intermediate seeds;
1 plant having soft and intermediate seeds

Eighty-two plants grown from soft seeds selected from Ks

plants having both hard and soft seeds gave:
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47 plants having all soft seeds;
23 plants having soft and intermediate seeds,
4 plants having hard and intermediate seeds;
3 plants having hard and soft seeds;
1 plant having hard, soft, and intermediate seeds;
3 plants having all hard seeds

The seeds of the third generation seem to confirm the second
generation classification fairly well. The live plants with seeds
all intermediate probably indicate either an error in the classifica-
tion of the second generation or some environmental disturbance
in the growth of the intermediate plants, such as receiving more
water than the rest of the plants. The breaking up in the groups
planted from seeds selected from plants having both hard and soft
seeds is somewhat irregular, and the intermediates, as well as the
intermediates occurring in the hard class, require further testing
m at least another generation.

So far in this cross at least one thing is clear, the two type^
of texture have segregated sharply in the second generation and
have maintained their identity. There is also a fair indication that
there is a single factor difference beteen the two types of texture

Along with the study of gram texture, considerable attention
has been given to the question of inheritance of earliness in ordei
to produce an early maturing variety. In the fall of 1919, selec-
tions were made from the second generation plants that headed
during the heading period of the early parent

Table VII shows the coefficient of heredity in the offbprmg of
34 of these early selections

VII.—COEFFICIENT OF HEREDITY ( r ) l N THIi

SELECTIONS

. Off 34

Mean Date of First Head of Offspring
March April

o

!? P*

w ^

28
29
30
31

1
2
3
4

28

1

1

29 , 3U 31

3
3

1

1
1

2

7
7

3

3
3

4

4
4

5

5
5

3
3

7

3
3

a

2
2

9 w !

2
2

1

1

33
34 }

p = .4199 + 0952



ARIZONA AGRICU^TURAI, EXPERIMENT STATION 483

The offspring of 28 of the 34 selections had individual ranges
of heading dates that were approximately the same as those of the
parents The standaid deviations from the mean heading dates
were of appioxirnately the same size as those of the parents. Thes*.
facts, together with the fairly high coefficient of heredity and the
orain texture studies, indicate the possibility of producing early
iaceb of hard wheat which are suitable for the irrigated districts
of Arizona

POULTRY HUSBANDRY

U K E N N E Y , N . L IL\RRIb

During the fall, several cockerels of breeds and varieties promi-
nent in Arizona were purchased for breeding purposes. These
cockerels are of known pedigree fiom high-producing strains, and
are to be used in founding high-laying strains from which males
can be secured to improve the flocks of Arizona.

A number of vocational students enrolled for work in poultry,
which greatly increased the incubation and brooding activities.
Two large brooder houses were erected and equipped with oil-
burning brooder stoves. These houses were designed to accommo-
date five hundred to one thousand chicks each, but it was soon
found that they would handle these chicks for not to exceed four
weeks.

An 1800-egg Mammoth incubator was also installed; but the
results from it were not satisfactory, due to improper coal and
unsuitable location for operation

Owing to the very limited housing and rearing facilities fot
developing chicks, it was necessary to dispose of almost all the
young stock

Considerable data were secured as to the advisability of an
intensive fattening period before marketing the early broilers and
the practicability under many conditions of caponizing the later
hatched cockerels.

The different climatic and environmental conditions in this
part of the Southwest and the lack of informatioin as to suitable
buildings, feed, etc, make experimental work along these lines

e. From the results of this season's work, the great im-
of having a house that can be adjusted to care for the
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radical climatic changes, an abimdnce of shade, and a plentiful
sllPply °f green feed the year around demand primary consideration

The correspondence course was inaugurated with an enroll-
ment of over a hundred to meet, in part, the needs of those unable
to leave their homes for such study

The department and people of this State suffered a severe loss
by the resignation of N L Harris, the Extension Specialist

In making a survey of the field at the end of the fiscal year
the legitimate demands on the Poultry Department are found tc
be rapidly increasing and it is hoped that in the near future the
depaitment may be enlarged, and a larger, better located, and bet-
ter equipped plant secured so as more adequately to meet these
needs


