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April 1, 1940
President Alfred Atkinson
University of Arizona

DEAR SIR:

I have the honor to present herewith the Fiftieth Annual Report
of the Arizona Agricultural Experiment Station for the fiscal year
ending June 30, 1939. It contains an account of the history and
accomplishments of the Station for the past half century as well
as reports of progress on present active research projects, brief
summaries of other Station activities, and a condensed fiscal
statement.

Respectfully submitted,

P. S. BURGESS, Director
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FIFTIETH ANNUAL REPORT

FIFTY YEARS OF ACHIEVEMENT BY THE
ARIZONA AGRICULTURAL EXPERIMENT STATION

FOREWORD

The task of properly evaluating the work of the Agricultural
Experiment Station for a period of half a century is entirely too
large an order for any one person. The adequate treatment of so
extensive a subject in limited space is obviously impossible, but,
as this year marks the fiftieth anniversary, it was thought that
an attempt at such an appraisal should be made. The record of
the Station's findings may be found in detail in some thousands
of printed pages, but the human record is to be found in improved
practices, superior crop plants, and better livestock on the farms
and ranches of this state; also, in a higher level of rural living than
would otherwise have been possible. The Station is extremely
fortunate in having two former directors still residents of Tucson:
Dr. Robert H. Forbes, Dean Emeritus of the College of Agricul-
ture, who was active from 1894 until 1918, and Professor John J.
Thornber, now Professor of Botany and Botanist in the Agricul-
tural Experiment Station, who occupied the position of Dean and
Director from 1922 until 1928. The present Director wishes to
thank these two gentlemen for writing the first chapters of this
brief history of progress and achievement.

PIONEERING YEARS

BY R. H. FORBES

These were the years of our beginnings, years, at first, of trial
and error due to the novelty of the natural environment and to
the inexperience of most of those alien -trained young men intro-
duced to the service of an agricultural public almost equally at
odds with problems of irrigation, culture, management, and crop
selection.

There was in Arizona, fifty years ago, a scanty agricultural heri-
tage of beans, corn, and squashes of Indian origin; of wheat, vege-
tables, fruits, and domestic animals from Mexico (Spain) ; and
of alfalfa, sorghum grains, and better breeds of animals and
plants from American sources.

To this primitive agricultural scene came the vaguely promis-
ing idea of an agricultural experiment station. Administratively,
according to the records, this institution was born in 1889, nour-
ished by an anticipated federal Hatch fund allotment of $10,000
(not received until August 2, 1890) and foster -fathered by a
young attorney (Selim M. Franklin), a graduate of the University
of California, who for diplomatic reasons assumed the title of
Director of the Arizona Agricultural Experiment Station.

3



4 AGRICULTURAL EXPERIMENT STATION

Experimentally, the work of the Station
began a year later, in 1890, after rooms and
equipment had been provided, and a staff
of seven technical staffinen had been ap-
pointed-a director (Professor Frank A.
Gulley) , a chemist, an assistant chemist, an
irrigation engineer, a botanist and entomol-
ogist, a horticulturist, and an assistant hor-
ticulturist.

At first, experimental efforts were scat-
tered and desultory, with attention given to
such subjects as canaigre, the mesquite
tree, arid region soils and waters, and to the
introduction of a considerable number of
horticultural varieties of fruit trees.

These introductions were distributed to cultural stations that
had been established on the University grounds, and near Tucson,
Phoenix, Tempe, Blaisdell (near Yuma), and Willcox, but in some
cases with negative results due to adverse cultural conditions.
Although the variety orchard on the University grounds soon dis-
appeared and the stations near Willcox, Tempe, and Blaisdell were
for various reasons abandoned, the plantings made on the Old
Grand Avenue station near Phoenix, under more favorable condi-
tions of climate, soil, and water supply, continued for twenty -four
years to afford experimental results. Range conditions at large
also attracted attention, and recommendations were made that
are as pertinent today as when advanced nearly fifty years ago.

But, for the first five years of its history, the Agricultural Ex-
periment Station, with many changes in plan and personnel, has
comparatively little of research value to show in the nineteen
bulletins issued. These publications, however, were characterized
by an evident desire to render useful service. Perhaps for this
reason some of us were permitted by an indulgent public to con-
tinue our labors.

Then, in 1896, after varying periods of introductory residence
by the staffmen, the results of experience and study began to ap-
pear. During the second five years of Station history, worth -while

publications on "Weather and Climate,"
" Canaigre," "Arid Region Soils," "The Date
Palm," "Insect Pests and Plant Diseases,"
nd "Sugar Beets" were not only of scienti-

fic interest but of economic value.
Outstanding for this period was the initia-

tion by James W. Toumey of experimental
work on dates in the Southwest and also the
plan of co- operation between the Arizona
Agricultural Experiment Station and the
United States Department of Agriculture.
Under this co- operation the department im-
ported Old World varieties of date palms,
and the Experiment Station arranged for

Frank A. Gulley. ad-
ministration, farm man-

agement, 1890 -94

James W. Tourney. bot-
any, entomology, 1890 -99
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their care. Forty years of persistent work on the subject by
these two agencies has resulted, finally, in the establishment, in-
dustrially, of the date palm in the semiarid -1.11.west, to which
it is naturally ad 11.) ted.

During this period it was our good for-
tune to ''be joined by Professor A. J. 1\,Ic-
Clatchie of Ca for a, a somewhat ()tiler
and more experienced man. aì investigator
by nature, who almost ininiediately set a
new pace for .agricultural research in Ari-
zona. McClatchie, resident in Salt River
Valley, continued the experimental work
with sugar beets in co-operation with Salt
River Valley farmers and began a program
of research relating to economic crops and
cultural conditions, the results of which are
outstanding today. His publications included,
during the six and one half years of his con-
nection., bulletins on "Vegetable Growing,"
"The Relation of Weather to Crops," "Winter Irrigation of Or-
chards," and very influential studies (two publications) on "Util-
ization of the Sa it River Valle,: Water Supply." He made many
contributions to the "Timely E its for Farmers" series and mono-
graphed t h Enf'alypts for A izona, published by the United
States Departil-tent (.(t AgricuU re. His death occurred in Cali-
fornia a few years after his deîwe from Arizona in 1904.

Tvieteornioical data by Edward M. Boggs
(Li 1' 20 and 27, "Arizona Weather and
Climate"), l.)\, A J 'T cClatchle (in Burk:Ain
48) nnci h b.e-rmari Woodward afforded
a mere dOinne knowledge or cihnatic con-
ditions un which agricultural develop-
ment SO largely (lepends.

Within breild ()whiles, comprehensive of
arid region agriculture, departments of in-
vest igatmn were 1.1)Vc develeped during the
secend ditcode of t'il:ittiefi histery and cell-
tinued during the ei.ghteen yei-nts Of undis-
turbed administration after 1899,

The Department et. Chemistry. undis-
turbed for a lung pc.Tind of years. v en-
abled to concentrat( upon river waters and

sediments (including mine tili- ind their effects upon crops,
and the chemistry (lates. These studies resulted in Bulletin No,
53, "Irrigating Sediments and their Efleets upon Crops" ( l90(i),
an No. 80, "Certain Effects uier irtiou of Copper Com-
pounds upon Crops" (1916), by E. H. Forbe, The facts established
by these publications made pesible the settlement of an old con-
troversy between farming and mining interests °II t'ile Gila River.

The thoroughly scientific studies of the composition of da t es
resulted in advanced knowledge of the subject and the publictiort

Allied J. Mee la tch
agriculture, horticulture,

1898-1904

Sherman M. Woodward.
meteorology. 1899-1903



AGRICULTURAL EXPERIMENT STATION

Robert H. Forbes, chem-istry administration,
1894 -1918

of Bulletin No. 66, "Chemistry and Ripen-
ing of the Date" (1911), by A. E. Vinson.
A later and completed manuscript on the
same subject was unfortunately never pub-
lished.

The Department of Entomology, during
the pioneering period, was represented by
consulting entomologists, to whom, princi-
pally, correspondence was referred. Bulle-
tin No. 56 on "The Scale Insects of the Date
Palm," by T. D. A. Cockerell, included a
chapter on "The Extermination of Date -
Palm Scales" (1907) , by R. H. Forbes, de-
scribing the blow -torch method by means
of which the menace of Parlatoria blanch -

ardi has since been completely eliminated in
Arizona and California.

The Department of Animal Husbandry,
located in the Salt River Valley, aside
from dairy herd records and feeding tests
with steers, sheep, and dairy cows, special-
ized for several years upon Tunis native
sheep with a view to developing strains
better adapted to the climate of our arid,
subtropical valleys. These studies resulted
in Bulletin No. 50, "Steer Feeding Experi-
ments" (1905), by G. H. True and T. F. Mc-
Connell, and Bulletin No. 69, "Improved Albert E. Vinson, bio-
Types of Sheep for the Southwest" (1912) ,
by F. W. Wilson.

Gordon H. True, animal
husbandry, 1899 -1903

chemistry, 1905 -23

The Department of Botany enjoyed an
uninterrupted personnel for eighteen years
of this period, with consequent fruitfulness.

The botanist gave his attention mainly to
Arizona grazing ranges and the principal
forages grown on them. Publications in-
clude Bulletin No. 65, "The Grazing Ranges
of Arizona" (1910) , No. 52, "Alfilaria"
(1906) , No. 67, "Native Cacti as Emergency
Forage Plants" (1911), and many other pub-
lications of economic interest, all by J. J.
Thornber.

The Department of Agriculture (separ-
ately organized in 1907) following the ex-
ceptionally rainy seasons of 1905 to 1909

devoted much time to dry- farming studies throughout Arizona,
with experimental work at the Cochise, Prescott, and Snowflake
substations, results of which were published in Bulletin No. 70
(1913), "Dry farming in the Arid Southwest," by R. W. Clothier.
The later results of these prolonged investigations appeared in
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Alex. M. McOmie, dry Robert W. Clothier, agri-
farming, extension, 1910- culture, extension, 1906-

15 14

John J. Thornber, bot-
any, 1900 -1940

Bulletin No. 84 (1918) , "Dry Farming in Arizona," by A. M. Mc-
Omie and others. Dry- farming methods of culture, suitable crops,
silos for preservation of feeding values, and co- operative manage-
ment between dry farming and grazing range interests promised
the development in some parts of the state of large areas of land.

The Department of Horticulture (after 1907) was chiefly con-
cerned with dates, citrus, olives, and other fruits, and vegetable
crops. Bulletin No. 58 on "Citrus Culture in the Arid Southwest"
(1908) , and No. 62 on "Olive Culture and Oil Manufacture"
(1909) , by J. Eliot Coit were two outstanding publications. Fre-

quent changes in the personnel of this de-
partment interfered with the continuity of
its work which, nevertheless, resulted in a
number of worth -while reports and publica-
tions.

The Department of Irrigation, contin-
uously under one management for thirteen
years of this period, and subsequently has
specialized on the ground waters of the re-
gion, their amounts, their movements, their
availability by pumping, and their utiliza-
ation for irrigation.
Bulletin No. 64,
"Groundwater Supply
and Irrigation in the

Rillito Valley" (1910), and Bulletin No. 74
"Oil Engines for Pump Irrigation and the
Cost of Pumping" (1915), by G. E. P. Smith
are outstanding in the literature of the sub-
ject.

A large reference library relating to irri-
gation has been compiled by this depart-
ment and has become an indispensable
source of information for the general public.

Plant breeding, established as a depart-
ment in 1909, specialized in improvement by

J. Eliot Coit, horticul-
ture, 1907 -9

George E. P. Smith, irri-
gation engineering, 1905-

40
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George F. Freeman,
plant breeding, 1909 -18

west.

breeding of alfalfa, tepary beans, sweet
corn, wheat, dates, and grain sorghums. Con-
centrated attention to these subjects for a
period of nine years resulted in major publi-
cations by G. F. Freeman including Bulletin
No. 68, "Southwestern Beans and Teparies"
(1912); No. 73, "Alfalfa in the Southwest"
(1914) ; and No. 75, "Papago Sweet Corn"
(1915).

Gradually, therefore, following those first
few years of trial and error, these several
departments of agricultural research have
accumulated an extensive body of knowl-
edge especially relating to the arid South-

EDUCATIONAL BEGINNINGS

But along with the accumulation of a fund of agricultural
knowledge relating to the arid Southwest, extension efforts were
made from time to time in the direction of a friendly and recep-
tive public.

An agricultural convention held in Phoenix, October 18 and 19,
1895, at which farmers and staffmen exchanged observations and
experiences, seems to have been the first extension effort informa-
tive, according to the record, to both convening parties.

The first publications of distinctly extension character were
in the form of press bulletins, first recorded in 1897. These were
followed by the "Timely Hints for Farmers," beginning with No.
1, October 1, 1899, and continuing until the series ended with No.
161 in 1930.

These "Timely Hints " -short, in newspaper type, in plain lan-
guage, founded upon our own observations and, above all,
timely -were distributed to the entire mailing list, meeting with
an immediately friendly reception by farmers and ranchmen.

As their number grew, it was found possible (1909) to gather
them into chapters relating to soils, irrigating waters, alkali,
cultivation, garden crops, field crops, ornamental plantings, weeds,
insect pests, plant diseases, range industries, dairying, poultry,
and bees. The crude textbooks on arid region agriculture thus
assembled were distributed to many readers, and later (1916)
were used as texts in high schools, normal schools, and in the
development of agricultural college courses.

Farmers' institutes were a second method of approach, valuable
both to audiences and as a means of bringing the Station staff
in contact with the widely varying agricultural conditions of the
Territory. Beginning in 1896. with two meetings at Phoenix, this
service continued for many years, penetrating all sections of
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Arizona. In 1899 -1900 eight institutes were held in southern Ari-
zona; in 1907 -8 under the aggressive management of Professor
Clothier, the number had grown to fifty -six, all in southern Ari-
zona; in 1908 -9 they reached Snowflake and Taylor in northern
Arizona; and a year later institutes were held throughout the
Territory with a half dozen homesteaders under a railroad water
tank at Wellton, with an audience of 300 farmers in the Mormon
church at Thatcher, and everywhere that this informative service
was demanded.

The farmers' demonstration train at Mesa, Arizona, December 5, 1912

In 1912, with the generous co- operation of the Southern Pacific,
the El Paso and Southwestern, and the Santa Fe railroads, the
farmers' institutes took to wheels and for two years demonstration
trains of two and four cars, carrying exhibits o.f agricultural prod-
ucts, livestock, machinery, and speakers with illustrated lectures
and publications for distribution, covered practically all of the
state accessible by rail. In 1913 -14, the year of maximum farmers'
institute activity, this service was carried into every agricultural
district and every county in the state, with a total attendance
of over 48,000 people.

With the advent of the Smith -Lever Act in 1914, institute work
was in effect taken over by the Extension Service, and the Ex-
periment Station staff was relieved of this time consuming work.

Contemporary with the institutes were the short courses -
classroom institutes, usually of three weeks' duration, beginning
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Class in stock judging, University of Arizona, January 12, 1914

in 1902 -3 at Thatcher and continuing at intervals until in 1916 they
began merging into the University two weeks' farmers' short
courses at Tucson; then in 1918, into a four weeks' short course
(supplemented by correspondence courses) for those unable to
remain longer from their farming responsibilities.

With experience gained, funds of information accumulated, and
public interest enlisted, the agricultural faculty was at last en-
abled to offer two and four year college courses from which last,
the first Bachelor of Science degree was granted in June, 1913, the
second in June, 1915, and eight more in 1916. The war checked
this development temporarily, but the foundations of knowledge
and experience remained on which later to build anew.

This is the plain tale of pioneering adventure in a new and
unique agricultural field; of development from an Experiment
Station endowment of $10,000 in 1889 to $90,000 in 1918; from a
faculty of seven to nineteen; and from a few narrow rooms in Old
Main Building to the large Agriculture Building, housing research,
educational, and extension activities at the present time. With
these facilities must be included the several Experiment Station
farms, in touch with representative agricultural sections of the
state at Tucson, Tempe, Yuma, and Mesa -all productive of ex-
perimental results of value to southwestern agriculture.

As we look back over the difficult years of this period of agri-
cultural history, with their final emergence into better days, we
are reminded, on behalf of those who played the game, of the
words of Wolfville's sage, "Life ain't in holding a good hand, but
is in playing a pore hand well."
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AGRICULTURAL. STAFF, UNIVERSITY OF ARIZONA, JAN. 11, 1914

Standing. -C. E. Grassick, Secy.: G. E. P. Smith, Irrigation Engineer; W. H.
Lawrence. Horticulturist; F. W. Wilson, Animal Husbandman;
A. L. Enger, Assistant Engineer; J. J. Thornber, Botanist; C. N.
Catlin, Assistant Chemist; President A. H. Wilde; S. F. Morse,
Acting Agronomist; R. H. Forbes, Director; G. F. Freeman,
Plant Breeder; A. E. Vinson, Biochemist; J. C. Th. Uphof, Assist-
ant Plant Breeder.

Seated. -W. L. Flake, L. L. Bates, F. H. Simmons, D. C. Aepli, C. J. Wood,
C. R. Fillerup, and J. B. McGuffin, Farm Foremen.

Absent. -R. W. Clothier, Agronomist; A. M. McOmie, Assistant Agronomist;
A. W. Morrill, Entomologist.

THE MIDDLE YEARS

BY J. J. THORNBER

Upon the resignation of Dr. Robert H. Forbes as Dean of the
College of Agriculture and Director of the Agricultural Experi-
ment Station, on February 15, 1918, President Rufus B. von
KleinSmid of the University was appointed by the Regents to
this position and Director Estes P. Taylor of the Agricultural
Extension Service was named Assistant Dean and Director to
assist President von KleinSmid in carrying out the details of the
office. The work of the Agricultural Experiment Station was
continued uninterrupted along the lines of the well -organized
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plan that had developed under Director Forbes' long administra-
tion. It was generally understood that President von KleinSmid's
appointment to this office would terminate as soon as a perma-
nent head for the work could be found.

Mr. Daniel W. Working was appointed Dean of the College of
Agriculture and Director of the Agricultural Experiment Station,
March 1, 1919. He gave up his duties as Director of the Agri-
cultural Experiment Station, September 1, 1921, and resigned his
position as Dean of the College of Agriculture effective June 30,
1922. During his administration of the Agricultural Experiment
Station he made important contributions. Among these he put in
effect a budget system for the various departments of the Agri-
cultural Experiment Station and allotted to each department a
definite sum. This sum was to be spent within the fiscal year
under the direction of the head of the department in consultation
with the Director. The various farms and substations also were
given budgets. Director Working centralized the work of the
Experiment Station in the main office . to enable him better to
follow its progress. This included the filing of carbon copies of
all important correspondence of the members of the departments
in the director's office; also, the keeping of record sheets for the
various departments and farms, showing their expenditures
month by month, thus preventing overspending in the budgets.
With further growth this accounting was taken over by the Busi-
ness Office of the University.

The farms were managed by committees, and the head of the
department whose work was most important on a farm became
chairman of the committee in charge of the work of that farm.
Other members of the committees were the Director, the fore-
man of the farm, and members of the staff who were conducting
research work there.

Realizing the importance of study in plant pathology, Director
Working secured authorization from the President and the Re-
gents for the establishment of a Department of Plant Pathology
in the Agricultural Experiment Station. This department was
headed by Dr. J. G. Brown, formerly Assistant Professor of Bi-
ology in the College of Letters, Arts, and Sciences.

During Director Working's term of office a much -needed, sub-
stantial brick cottage was constructed at the Salt River Valley
Farm in the summer of 1920 as the foreman's residence; also a
brick barn was built on this farm during 1920 -21. At the Prescott
Dry Farm a combined barn and machine shed was built in 1920 -21,
and plans were under consideration for a cottage for the farm
foreman.

Concerning publications, six general bulletins and three annual
reports were issued. The "Timely Hint" series, which had been
very popular and had proved to be valuable in the earlier days
of the Experiment Station, was not continued. In its place the
circular series, which up to this time had been published by the
Agricultural Extension Service, was taken over by the Agricul-
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turai Experiment Station in January, 1921. Beginning with Cir-
cular 33 of this series, nine numbers were published.

Professor John J. Thornber was appointed Director of the Agri-
cultural Experiment Station on July 1, 1921, and assumed his new
duties September 1, 1921. He was appointed Dean of the College
of Agriculture on July 1, 1922. Prior to his appointment as
Director of the Agricultural Experiment Station, he had been
head of the Department of Biology for 14 years and head of the
Department of Botany for 7 years in the College of Letters, Arts,
and Sciences as well as Botanist of the Agricultural Experiment
Station for the 21 years. He was well known for his publications
on the grazing ranges of Arizona, grasses, alfilaria. cacti, and other
forage plants, and for numerous "Timely Hints" on gardening,
ornamental plants, and other subjects. He had also published
numerous articles on related subjects in papers of the Southwest.
Before the Agricultural Extension Service was organized, Pro-
fessor Thornber was active in lecture and demonstration work
at farmers' institutes, agricultural short courses, and on demon-
stration trains. Having been a member of the Experiment Sta-
tion staff for a long period, Director Thornber was well informed
on much of the agriculture of the state. Also, he had a kindly
feeling for the Experiment Station staff members, many of whom
he had been associated with in the study of agricultural problems.

At the beginning of his administration he co- operated with a
committee of the staff of the Agricultural Experiment Station
relative to equalizing the salaries of the staff members who were
required to give 11 months' service each year for the equivalent
salary paid to faculty members in other colleges of the University
for 9 or at most 10 months' service. This request was approved
by the Regents of the University, and the salaries of Experiment
Station workers were increased one twelfth, or the equivalent
of 1 month because of the extra time required.

Director Thornber made slight changes in the routine of the
work of the Station. Quarterly reports which were helpful to
the departments, the Director, and the President of the Univer-
sity were required of the department heads. Weekly reports were
asked of the substation farm foremen, copies of which were sup-
plied to the heads of the departments of the Station. A Farms'
Committee, composed of the heads of departments, met with the
Director from time to time to consider subjects of interest to the
Experiment Station farms. The custom of holding an annual
field day at the farms was changed to include as many as 2 or 3
field days annually, at each of which a particular subject was
stressed. These special days were under the supervision of the
department most concerned, with the co- operation of the farm
foreman.

The Experiment Station mailing list was revised, and the plan
of mailing out bulletins was changed. Circulars and "Timely
Hints," as before, were mailed to all persons whose names were
on the general mailing list. In the case of bulletins and annual
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reports, lists of these by numbers, titles, and short descriptions
were mailed to all persons whose names were on the general
mailing list with the request that the publications desired be
checked and the lists returned. If publications were of special
importance, this information was mailed out on return postal
cards. The publication "Timely Hints for Farmers" which was
discontinued in December, 1918, with No. 135, was resumed in
January, 1922. The series of circulars which the Agricultural
Experiment Station published from April to July, 1921, beginning
with No. 33 and continuing to No. 41, was discontinued, since this
series was the official publication of the Arizona Agricultural
Extension Service. A new series of Experiment Station bulletins,
known as technical bulletins, was begun in 1922. These publica-
tions represent the results of the more technical scientific study
of agricultural problems. The first bulletin entitled "Life History
of the Kangaroo Rat" by Charles T. Vorhies and Walter F. Taylor
appeared in September, 1922. This study was made by the Ari-
zona Agricultural Experiment Station in co- operation with the
U.S. Forest Service, the U.S. Biological Survey, and the Carnegie
Institution, Washington, D.C. The technical bulletin series has
proved to be of utmost value in encouraging fundamental re-
search in agricultural problems. Beginning with 1923 -24, the an-
nual reports of the Experiment Station were discontinued, since
it was contended by the administration that they were largely a
summary of results already published or that would be published.
In place of these, financial reports of the Experiment Station
were made annually to the President and the Regents of the
University and to the Office of Experiment Stations in Washing-
ton, D.C.

The period 1919 to 1928 was one of growth and expansion in
the state as well as in the University. From 1920 to 1925 numer-
ous improvements were made on the local University farms, chief
of which was the construction of a modern dairy barn, a modern
poultry plant, horse barns, feed lots, silos, and two dwellings for
foremen. Permanent improvements also were begun on the new
University Farm on the Casa Grande highway.

Early in 1925 Congress passed the Purnell Bill which granted
to each state experiment station $60,000 annually, beginning with
$15,000 in 1925 and increasing at the rate of $15,000 a year un-
til the total sum was reached. As a result of this large increase
in federal funds, together with good support from the state, the
Agricultural Experiment Station was in position to expand
rapidly in its research activities. In 4 years, thirteen new mem-
bers were added to the staff; twenty projects, all (with one ex-
ception) supported by Purnell funds, had been approved and
were under investigation; and eighteen technical bulletins were
published.

A department of human nutrition was established in 1925, with
Dr. Margaret Cammack in charge. One of the first problems to
be investigated was a study of the baking strength of Arizona
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Early Baart flour. As a part of the Nutrition Department, a
small- animal laboratory for nutrition studies was installed in the
basement of the Agriculture Building, with the necessary equip-
ment.

In June, 1928, Professor R. S. Hawkins, Head of the Agronomy
Department, made a trip through the southern states to Wash-
ington, D.C., to determine why the cotton mills there were dis-
continuing the use of Arizona -grown cotton. Professor Hawkins
took samples of Arizona cotton lint to be studied in a government
laboratory of the United States Department of Agriculture in
Washington. As a result of this trip an air conditioning machine
manufactured by the Carrier Corporation was installed in the
University cotton laboratory; this provided uniform temperature
and humidty conditions which are essential in the study of fibers.
A Baer cotton sorter and other equipment used in studying the
length, strength, and variability in length of cotton fibers were
also purchased. This equipment was the first of its kind to be
used in a cotton laboratory west of Washington, D.C.

In 1924 the soils chemistry laboratory was greatly enlarged,
and more ample laboratory facilities and equipment were pro-
vided. In 1925 all of the agricultural laboratories were renovated
and modernized, and new equipment added.

A new University poultry plant was constructed in the summer
of 1923 on a plat of ground 5 blocks north of the University cam-
pus. The area was fenced with woven wire and a 12 -inch stove-
pipe- casing well dug 150 feet deep provided a good supply of
water. The structures included a building with conrete walls and
flat roof, containing a fireproof incubator cellar, laboratory, egg
room and furnace room; also a cottage for the attendant, a com-
mercial egg -laying house, feed storehouse, cockerel house, port-
able colony and brooder houses, and twenty small houses with
yards for the Arizona Egg -laying Contest which was held for the
first time in 1923 -24.

In the spring of 1924 the Tucson Chamber of Commerce pre-
sented the College of Agriculture with a farm of approximately
161 acres, 147 of which had water rights in the Flowing Wells
Irrigation District. This was located 31/2 miles northwest of
Tucson on the Casa Grande highway. The area was cleared, sur-
veyed, and fenced. Roads and building sites were designated,
fields were laid out in lands of different slopes for irrigation,
ditches were dug, and a concrete irrigation pipe system installed
to conduct water to all parts of the farm. In July, 1926, a well
was drilled 201 feet deep and piped with 16 -inch steel casing
perforated below the water level; also a Pomona deep -well,
double -acting plunger pump was installed together with a 30,000
gallon elevated steel tank. The following spring a brick pump
house and a modern concrete -floored hay barn were constructed.

On the Yuma Mesa Citrus Farm, during 1925 to 1927, somewhat
more than 30 acres were cleared, leveled, and bordered for plant-
ing. Of this area 15 acres were planted in 1927 to Marsh seed-
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less grapefruit for irrigation studies supervised by the Irrigation
Engineering Department; and, in 1928, 16 acres were planted to
Marsh seedless grapefruit for fertilizer studies by the Horticul-
ture Department.

At the Salt River Valley Farm, in 1922 -23, a 90 -ton concrete silo
was built for enlarging the stock feeding experiments. In 1924-
25 a four -room brick building with laboratories and offices was
constructed for research studies on farm crops. In 1927 a traveling
hay bailer was purchased. With this method of harvesting,
alfalfa is cut in the morning and after a few hours drying is
raked into loose windrows to prevent the leaves from becoming
brittle. In 2 or 3 days the bailer follows along the windrows and
the hay is bailed with little loss of foliage; after further drying
in the field the bales are stacked in hay barns. This method has
greatly improved the quality of alfalfa hay harvested in Arizona
and likewise increased its value on the market.

Following serious outbreaks of parlatoria scale in 1920 -21 on
the Tempe and Yuma Valley date orchards, the Director of the
Experiment Station entered into a co- operative agreement with
A. J. Shamblin, of the Federal Horticultural Board, and Don C.
Mote, Entomologist of the Arizona Commission of Agriculture and
Horticulture, to make regular monthly inspections of the palms
in these orchards with a view to eradicating permanently parla-
toria scale. Valuable palms found infested with the scale were
defoliated and severely torched, and offshoots of valuable vari-
eties were fumigated and planted in quarantine gardens for
regular inspection. In this work H. B. Skinner and Frank Todd
represented the Arizona Commission of Agriculture and Horti-
culture, and T. L. Stapeley and Leslie Beatty the Agricultural
Experiment Station. A. J. Shamblin directed the work and per-
sonally assisted in the inspection work. Monthly inspections
were continued for 2 years and bimonthly inspection for 2 ad-
ditional years. As a result of this regular inspection with follow -
up treatment, parlatoria scale was completely eradicated in both
these orchards.

In connection with date palm work, much progress was made
through carefully planned studies extending over several years
in the successful rooting of date palm offshoots.

During the 10 -year period under discussion, twenty Adams
and Purnell fund projects, in addition to numerous Hatch and
state fund projects, were formulated and approved. The follow-
ing were among the subjects for investigation in the Adams and
Purnell projects: composition, formation, and determination of
zeolites in soils; studies of cotton -boll shedding, root develop-
ment of the cotton plant in relation to irrigation, and cotton pro-
duction as affected by soil environment; cost of producing field
crops under irrigation in Arizona; study of the vegetation on a
selected number of sheep and goat ranches in Arizona; study
of the properties of sweet buttermilk powder; study on the scale
insects (Coccinae) of Arizona; life history of the western green
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June beetle; lettuce irrigation; fertilizer and irrigation studies
of Marsh seedless grapefruit on the Yuma mesa; effect of sun-
light in the curing process upon vitamins A and D of alfalfa hay;
value of hegari and yellow milo compared with yellow corn as a
source of vitamin A; quantitative measure of vitamin A, B, and C
content of several varieties of Arizona dates; selection and breed-
ing of Los Angeles market lettuce for slime resistance; bacterial
root rot; study of the life history of Graphiola and of the control
of Graphiola leaf spot of palms. Twenty -four "Timely Hints,"
thirty -five general bulletins, and twenty -four technical bulletins
were published. Of the technical bulletins six related to base
exchange in soils, and five treated of alkali soils, including perme-
ability in the presence of aluminum hydroxide, phosphates in
alkali soils, and zeolite formation in soils; six bulletins were on
plant physiology, including physical and chemical factors in as-
paragus growth, alkali tolerance in plants a phenomenon of
adaptation, vitaminlike substances, and soil zeolites in plant nutri-
tion, variation of water and dry matter in cotton leaves, and the
effect of one element of plant food upon the absorption by the
plant of another element. Of the remaining publications one
treated of Colorado River silt, one discussed the baking strength
of Arizona Early Baart flour, one was a study of the life history of
the kangaroo rat, one described the life history and habits of
Thurberia bollworm, one a study of sunburn and aphid injury of
soybeans and cow peas, one discussed the distribution of Arizona
wild cotton, and one treated of the efficiency of legume inocula-
tion for Arizona soils.

Director Thornber resigned as Dean of the College of Agricul-
ture and Director of the Agricultural Experiment Station Septem-
ber 1, 1928, and immediately took up his former work as Pro-
fessor of Botany in the College of Letters, Arts, and Sciences and
Botanist of the Agricultural Experiment Station.

Dr. Elmer D. Ball was appointed Dean of the College of Agri-
culture and Director of the Agricultural Experiment Station on
September 1, 1928, and assumed his duties a few weeks later.
For many years he had been outstanding in the field of entomol-
ogy where he has made many important discoveries. As Director
he delegated as far as possible the details or routine of his office
work. He did not require requisitions for travel in the state,
since it was apparent that when staff members were engaged in a
study of problems in different parts of the state it was necessary
for them to travel to these stations or localities to make their
studies. He put the operation of the various Experiment Station
farms and substations in charge of the department of the Experi-
ment Station that had the major work on that farm or substation,
and the head of that department automatically became the chair-
man of the committee in charge. Following an exhaustive publi-
cation on the work of the Prescott Dry Farm, which demonstrated
that it was not suited for dry farming practices, he recommended
to the President of the University that the work on the farm be
closed and the farm be disposed of. This was done.
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In agricultural chemistry an experimental plat on the Univer-
sity campus was enclosed with a permanent woven wire fence,
and lysimeters were installed for soil studies. A laboratory was
built in the basement of the Agriculture Building for the study
of fluorine in drinking water, and a branch soil- chemistry labor-
atory was established at Phoenix with an assistant chemist in
charge to make routine soil and water analyses for the farmers
of the Salt River Valley. This made it possible for farmers in
the central part of the state to get soil and water analyses
promptly. In the Home Economics Department the research nu-
trition laboratory was moved from the first floor of the Agricul-
ture Building to the basement, and an assistant nutrition chemist
in Experiment Station work was added to the staff.

The old Experiment Station farm in the Yuma Valley was sold,
and a new one of about 100 acres in the Yuma Valley near the
Yuma Mesa Citrus Farm was purchased in 1929. The following
year a modern dwelling for the foreman and a laboratory for
studies in horticulture and irrigation were built on the new farm.
In the spring of 1931 a variety planting of 5 acres of dates and one
of 15 acres of pecans, both for research work, were made on this
new farm in the Yuma Valley.

In July, 1930, Associate Professor D. W. Albert was transferred
from horticultural work on the University campus to horticultural
work in the Salt River Valley, with residence at the Tempe Date
Garden. Professor Albert's work was chiefly with the study of
dates. Robert H. Hilgeman was appointed full -time research
assistant in dates and citrus fruits, on Purnell funds, and was
associated with Professor Albert. During 1930 -31, the foreman's
dwelling at the Tempe Date Garden was rehabilitated and en-
larged, and a research date processing laboratory was built. The
commercial processing of dates by the Agricultural Experiment
Station, which had been carried on for many years and had re-
sulted in much valuable information, was discontinued.

During Dr. Ball's directorship, nine Adams and Purnell fund re-
search projects, in addition to numerous Hatch and state fund
projects, were formulated and approved. Among the subjects for
investigation were the following: water requirements for desert
animals; studies of the forage habits of range cattle and range
livestock losses from poisonous plants; relation of fluorine to mot-
tled enamel of human teeth endemic in certain Arizona com-
munities; biological value of hegari proteins and the supplemental
value of certain protein concentrates; the mechanism of ion
absorption by plants and a study of the availability of plant nutri-
ents in arid soils; a microbiological study of Arizona soils; a funda-
mental study of soil conditions inimical to crop production in
semiarid soils under irrigation; and lysimeter study of the nitro-
gen balance in irrigated arid lands. Nine general bulletins, nine
technical bulletins, and three "Timely Hints" were published. Of
the technical bulletins, two treated of plant and soil relations at
and below the wilting percentage, two treated of soil zeolites, two
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treated of the base -exchange property of organic matter in soils,
one discussed milling and baking qualities of pure lines of
Arizona -grown wheat, one discussed the cause of mottled enamel,
a defect of human teeth, and one treated of lettuce seedbed irri-
gation under high temperatures.

Dr. Ball resigned his position as Dean of the College of Agricul-
ture and Director of the Agricultural Experiment Station on
September 15, 1931, and was appointed Professor of Zoology in
the College of Letters, Arts, and Sciences, and Economic Ento-
mologist in the Agricultural Experiment Station. Following this,
Walker E. Bryan, Professor of Plant Breeding in the College of
Agriculture and Plant Breeder of the Agricultural Experiment
Station, was named Acting Dean of the College of Agriculture and
Acting Director of the Agricultural Experiment Station. On Octo-
ber 24, 1931, Dr. Paul S. Burgess, Head of the Department of
Agricultural Chemistry and Soils, was appointed Dean of the
College and Director of the Station.

THE LAST DECADE OF AGRICULTURAL RESEARCH

BY P. S. BURGESS

The farmer's business is to raise things; the Experiment Sta-
tion's function is to minimize the risk. Agriculture is an art and
as a science is ever changing. Its procedures and techniques are
never static. New problems, both natural and economic, must
be met and many old ones still remain to be solved. This is es-
pecially true in Arizona where crops are grown from an elevation
of 100 feet in the Yuma Valley to 8,000 feet on the northern Colo-
rado Plateau; where agriculture extends from regions in which
no frost is known to those where frosts may occur during any
month of the year, and where the mean annual rainfall varies
from 3 to 30 inches. This wide range of environmental factors
makes possible a great diversity of crops. Of all the states in the
Union, California alone produces a greater variety of agricul-
tural commodities. More than one third of Arizona's annual
income comes from the sale of agricultural products. In 1939
this amounted to over 54 millions of dollars.

Arizona's agriculture must not only adjust itself to great en-
vironmental changes but to economic and sociological changes
as well. During the past 2 decades, the entire economy has been
definitely shifted by forces national and international to such an
extent that drastic action is now required to again restore a proper
economic balance or alignment between agriculture and the other
great industries of the nation.

The sound and permanent readjustment of agriculture is a
slow, evolutionary process which can only be made successfully
with the aid of carefully planned research, involving not only
work in the physical and biological sciences but also in the econ-
omic and social sciences as well. Only when such information is
available can it be translated into effective action. The task of
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experiment stations is to establish the facts and principles nec-
essary to this end.

During the past 10 years the staff of the Arizona Station steadily
has increased in numbers and in scope of work accomplished. All
that can be done in a brief review of its attainment is to choose
a few examples that will illustrate something of the underlying
objectives and which will suggest the fields of endeavor and the
significance of the efforts. To this end, two or three of the more
outstanding pieces of work which each of the departments has
contributed during the past decade will be briefly described.

The Department of Agricultural Chemistry and Soils has done
outstanding work in the field of alkaline -calcareous -soil studies
as affecting plant growth, fertilizer response, and the soil- water-
plant relationship. Accurate methods have been developed in
the laboratory for determining soil reaction at field -moisture con-
tents, for measuring "bound" water in soils, and for differentiating
between available and unavailable phosphates. Exhaustive phos-
phate studies have shown Arizona soils to be deficient in available
phosphates but well supplied with the insoluble carbophosphate.
Care must be used in phosphate fertilization, due to the great
excess of lime carbonate always present. Acidulated mixed f erti-
lizers have been developed by adding sulphur to the mix and
using an organic base. This permits the plant to absorb a bal-
anced diet. The application of sulphur in bands under the seed,
or of sulphuric acid in the irrigation water, aids the crop in
obtaining zinc, iron, copper, and manganese, when deficiencies
occur due to excessive alkalinity. Potash, fortunately, is always
present in sufficient amounts, but nitrogen is deficient in Arizona
soils and must be supplied in fertilizers or by crop rotations. The
effects of puddling on soil structure, moisture relationships, and
plant food absorption; base exchange and black alkali formation;
gas movement as a criterion of soil structure; the beneficial
effects of carbon -dioxide evolution in soils; and many other
subjects in the field of soil science have also received attention.
All of the irrigated lands have been shown to be well supplied
with all of the necessary beneficial soil bacteria, and they are
known to be extremely active.

Since the discovery that fluorine in excess of 0.9 ppm in drink-
ing waters will cause mottling of human teeth, a survey involving
the analyses of over 2,600 potable waters of the state (mostly well
waters) has been made. A practical and economical method of
removing fluorine from water has been developed. This involves
the simple passage of water through a finely ground bone filter.
Methods of increasing the efficiency and utility of the bone have
been developed.

The Department of Agricultural Economics and Rural Sociol-
ogy has published three noteworthy studies since its establish-
ment in 1936.

The first of these studies was an analysis of the acreage, produc-
tion, and prices of Arizona grapefruit, including comparisons with
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other states. It points out the serious need for acreage reduction
in the entire desert grapefruit area and furnishes a statistical basis
for the consideration of a grapefruit prorate within the state of
Arizona and in the Southwest.

The second study made a much needed analysis of Arizona farm
laborers, showing their origin, mobility, size of families, national-
ity, and location. Careful sampling was made of the laborers in
nine townships in the irrigated areas of the state. The adequacy
of Arizona's labor supply was made a part of the study, the de-
termination of which required an analysis of labor requirements
by months, and an analysis of recent sources of supply of resi-
dent and migrant laborers. It was found that the resident sup-
ply was sufficient during the first two thirds of each calendar
year, but outside labor was needed during the last third when
cotton picking was in progress.

The third study considered an important commodity, the
American production of which is grown entirely within Arizona -
that is, American -Egyptian cotton. This study, made at the re-
quest of the American -Egyptian cotton growers, consisted of a
rather complete analysis of the markets which utilize American -
Egyptian cotton and an analysis of the competition which pro-
ducers of this commodity have in the eastern seaboard mill areas.
The findings indicated that there is a place in the market for both
varieties of long staple cotton commercially grown, Pima and
SxP. The study showed that American -Egyptian cotton, on ac-
count of its strength, is used in airplane and balloon cloth, in
typewriter ribbons, and tire fabrics and, because of its fineness,
in broadcloth, shirtings, lawns, voiles, and organdies. The quan-
tity of American -Egyptian cotton used in America annually, 1930
to 1937, averaged 14,600 bales, while the quantity of Egyptian
cotton of competitive lengths averaged 53,000 bales. The study
indicated that within the range of supplies available in recent
years, the price of American -Egyptian cotton was determined pri-
marily by the price of Egyptian cotton, and secondarily by
available supplies of American -Egyptian cotton.

The Agricultural Engineering Department is one of the oldest
departments. Most of their studies are of long duration. The
first of these, "The Physiography of Arizona Valleys and the Oc-
currence of Groundwaters," has just been completed. The Qua-
ternary deposits in Arizona valley fills, containing the adequate
supplies of irrigation water, are found at four ages or levels: in
the surface stratum of bottom lands and in three successive bench -
lands. The youngest deposits -those beneath the bottom lands -
yield the best supplies containing continuous open gravels. The
older deposits are much consolidated. Physiographic history is
correlated with erosion and with climatic changes. A detailed
account of this exhaustive study would here be impossible.

A new simplified method of determining the yield of a ground-
water basin has been worked out in the Eloy district. Heavy
draft by pumping during 1936 -37 resulted in a considerable low-
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ering of the water table. The problem was to determine losses of
stored water and the quantity that could be pumped annually
without permanently lowering the water table. Using data se-
cured from field work, an equation was written: volume of ground
unwatered X specific yield + new water = quantity pumped.
Solving the equation for 1936 and also for 1937, all unknown fac-
tors could be calculated. Specified yield was shown to be 11.5
per cent and recharge 18,500 acre -feet. In other words, if 18,500
acre -feet were pumped, and no more, the summer drawdown
would completely recover during the winter. In well- defined un-
derground water areas, this procedure gives a quick method for
determining the proper limits for pumping.

The tamarisk tree is alkali resistant, requires little irrigation,
and is well suited to semiarid climate. By submerging fence
posts of this wood in creosote without heating or vacuum treat-
ment, they readily absorb the preservative. This renders them
extremely resistant to insect or fungus attacks, and apparently
solves the problem of low -cost fence posts for this region. Tests
have been in progress for the last 5 years.

The work which the Department of Agronomy has done in seed
improvement during the past 10 years is one of its outstanding
contributions and is of untold value to growers of field crops.

Careful research over a considerable period has shown that cot-
ton shedding of squares and bolls is due largely if not entirely, to
lack of certain available plant foods during critical periods of
growth. This availability is directly influenced by moisture sup-
ply and by temperature. Corrective measures have been sug-
gested and adopted which now largely control this difficulty. In
the light of fairly recent work on the Mesa Farm, and elsewhere
in Arizona's irrigated valleys, a modification of the usual irriga-
tion procedure for cotton is suggested. In the past, growers have
usually withheld water after planting to prevent excessive vege-
tative growth and force deep root penetration. This work indi-
cates that early and frequent irrigations following planting, with
less water during the latter part of the season, promote earlier
maturity and materially increase yields. This is especially true
with Pima cotton.

Experiments in the Yuma Valley have demonstrated the su-
periority of Stoneville cotton for that section. It is well adapted
to soils infested with Texas root rot and is early maturing, thus
avoiding fall insect infestations.

During the past decade, small grains also have received much
attention. As an average for 8 years, Vaughn barley has averaged
16 per cent higher in grain yield than the Common Six -Row.
Lodging was 38 per cent greater with the latter variety. Arivat
(Atlas X Vaughn selection) during the past 3 years, in turn, has
yielded 12 per cent higher than the Vaughn and 28 per cent above
the Common Six -Row. Arivat is also very resistant to lodging. It
doubtless soon will replace all other barleys now being grown.
Grain sorghums have been greatly improved during recent years
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by selections at the Mesa Farm. Irrigation practices with small
grains have shown rather wide yield differences. Highest grain
yields were obtained with 3 inches of water before planting, 3
inches at the jointing stage, 6 inches at heading, and 6 inches at
the soft dough stage.

The work of the Animal Husbandry Department falls into three
rather distinct parts. The cattle feeding tests, conducted at the
Mesa Farm during the past 10 years, have materially aided the
feeders in the irrigated valleys. A study of the comparative
values of locally -produced feeds has shown that a ration of hegari
silage, alfalfa hay, ground barley or hegari grain, and cottonseed
meal or cake is most efficient and economical for fattening cattle
in Arizona when used as directed.

The program of herd improvement, resulting several years ago
in the organization of the Arizona Hereford Breeders Association,
has been of definite benefit to cattlemen. Through the efforts of
this Association, the Tucson Livestock Show was established. An
important aftermath of this show is the steer -feeding project
showing the relation of type and conformation to later economy
of gain and killing qualities of range steers. Data for the past 5
years on this correlation between body form and feed lot perform-
ance are available but cannot be detailed here.

The nutritional studies with cattle on the grassland -type range,
recently completed at Sonoita, have furnished information of much
value to southern Arizona cattle growers. Proximate feed analy-
ses, including determinations of calcium and phosphorus, on the
grassland flora, showed it to be adequate for yearlong mainten-
ance of a breeding -cattle unit. Neither calcium phosphate feed-
ing nor the use of cottonseed cake in winter proved sufficiently
beneficial to warrant the extra cost. Many data were secured on
salt and water consumption, vitamin content of range grasses at
different stages of growth, supplemental feeding on percentage
calf crop and calf weights, and the use of different types of bulls.

In 1934 a veterinarian was added to the Animal Husbandry De-
partment, and in 1938 the new Animal Pathology Department was
established. While great research production over so short a
period is hardly to be expected, much progress has been made.
Mineral -deficiency studies on all of the important range areas of
the state are being made by means of blood, soil, and forage an-
alyses.

Bacterial studies on infectious keratitis (pink eye) are being
conducted on herds throughout the state. Over 200 pure -culture
isolations of bacteria have been made from the diseased parts and
healthy animals injected without positive results. Studies on
sunlight and sensitivity to pollens or other allergic factors are also
receiving attention. Investigations over several years have
shown unnecessary the practice of treating ewes and lambs on
pasture for hemorrhagic septicemia. Deaths here are due to sud-
den feed changes. Correction of feeding methods has effectively
controlled such losses. When calves are placed on alfalfa pasture,
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a form of anemia occasionally results. No protozoa have been
found, and cross inoculations so far have proved negative. A nu-
tritional disorder is possible.

The Department of Botany and Range Ecology has been work-
ing on a variety of subjects. The relative water requirements of
six groups of Arizona range plants recently was completed. No
direct correlation between water requirements and distribution
was noted. Many desert plants are not economical in water use,
but owe their existence to their ability to grow rapidly when
moisture is available and remain alive during long drought pe-
riods. Trees and shrubs especially fall into this class.

The deer -feeding experiment, recently terminated, extended
over a 4 -year period. During that time, thirty -eight deer repre-
senting the two native Arizona species, were experimentally fed.
The forage requirements of adults were 2.35 pounds of dry weight
per day, per 100 pounds of body weight. Compared with range
livestock, one mule deer eats about the same amount of forage
as two sheep, and one whitetail deer eats as much forage as one
sheep. Breeding periods, hybridization, and other studies were
made.

Sugar- beet -seed production continues as a research project.
Proper methods of irrigating and fertilizing the most desirable
market varieties to promote bolting are giving results. Removal
of leaves by grazing or other means greatly hinders seedstalk
development.

Two large monographs are nearing completion: one is a study
of the grasses of Arizona and the other is a study of the ornament-
al plants of the state. The latter will include more than 2,400 var-
ieties of trees, shrubs, vines, flowers, aquatic and winter -garden
plants, cacti, succulents, and desert species. The herbarium also
has grown enormously during the past decade. Some 27,000 sheets
of mounted specimens have been added in recent years. The total
collection now numbers over 75,000 sheets. It is the best in the
state and is widely used, not only by the staff but also by many
of the federal agencies, by individuals, and by visiting botanists.

Almost 10 years ago the Dairy Husbandry Department worked
out and put into effect a practical plan for testing and segregating
to elimnate Bang's disease from Arizona's dairy herds. At that
time more than 25 per cent of all dairy cows in the state were in-
fected, representing an estimated annual loss of some $400,000. At
present, the Yuma and Safford valleys are practically clean, and
not more than 6 or 7 per cent of the dairy animals in the Salt River
Valley are reactors.

As a result of some early experiments by this department, the
trench silo was introduced to the dairymen of Arizona and has
been used almost exclusively for nearly 10 years. The trench silo
is a money saver. It costs about a dollar per ton less to fill than
the above -ground types. It is easier to empty and there is a large
saving in construction costs.

A number of minor studies included a method for preserving
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surplus skim milk for poultry feeding, relationship between fat
content of fresh milk and acidity, and factors affecting the solu-
bility and keeping qualities of milk powders.

During the past 10 or 12 years the Department of Entomology
and Economic Zoology has been working on a variety of insect
pests and small desert animals. A study of a native bollworm on
wild cotton showed that it could not transfer to the cultivated
varieties. A complete survey of scale insects in Arizona is well
under way and a report on the olive parlatoria scale has been pub-
lished.

The life history of the green June beetle or fig beetle has been
determined. The only method of eradication is to kill the larvae
at the breeding places. The adults are hard to exterminate.

A new melon pest, a midge, has been discovered and its life his-.
tory determined. Control methods are being worked out.

Last year, an alfalfa weevil, new to North America, was dis-
covered in the Yuma district. It is being studied by a representa-
tive of the Federal Bureau of Entomology.

The life histories, food requirements, and range ecology of the
kangaroo rat, the jack rabbit, and the wood rat have been com-
pleted and published. A large amount of information on distribu-
tion, numbers, habits, enemies, diseases, economic status, and con-
trol is given in these printed reports.

The Department of Horticulture was one of the four depart-
ments first established in the Station. Its study on commercial
date growing in the Southwest began about 40 years ago and is
still in progress. Probably no agricultural enterprise has profited
more from research. Varieties adapted to Arizona, methods of
offshoot removal, pollination, maturation, and late summer fruit
losses, as well as irrigation and fertilization practices, all have re-
ceived attention. The untimely death of Professor D. W. Albert
was a great loss to the Station and to the date industry of the
Southwest. While not a major agricultural enterprise, it never-
theless returns about one half million dollars annually to the
state and has amply justified the research effort expended.

Another old project still being continued is the work on vege-
table fertilization started in 1922 by Professor F. J. Crider. He
showed a marked response of lettuce to quick- acting nitrogenous
fertilizers. Phosphorus, when used with nitrogen, was later
shown to be a further improvement. At planting time Ammo -
Phos is now placed in narrow bands near the root zone or broad-
cast before furrowing. Later, side dressings of calcium nitrate or
Ammo -Phos are given, depending in part on weather conditions.
Slight modifications of this procedure are used with other vege-
tables and with cantaloupes.

For over 2 years intensive investigations on the effects of fer-
tilization and irrigation on grapefruit quality have been in prog-
ress. Nitrogen only has given results on the Yuma mesa, although
applications of nitrogen and available phosphorus together ap-
pear better suited to some Salt River Valley soils. Several shots
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of available nitrogen should be applied during the winter and very
early spring, followed by Sudan grass in the summer to remove
all soluble plant foods from the soils. Small irrigations during
summer months should be given. This procedure has been found
in preliminary work to increase both quality and yield of mar-
ketable fruit.

Since 1931 the Department of Horticulture has been experi-
menting with pecan growing. The first difficulty, rosette, was
controlled by applications of zinc sulphate to the soils. Cultural
practices which improve filling and oil content of the nuts have
been studied. Opening up the trees by rather heavy pruning,
curbing summer vegetative growth by light irrigations, and re-
ducing soil nitrogen by growing summer cover crops all tend to
bring this about. Losses from preharvest germination of nuts
have been greatly reduced by attention to time and methods of
harvesting. Varieties requiring the least amount of winter chill -
ing-i.e., Humble, Halbert, Mahan, and Western, are proving to
be the best producers in the warmer valleys.

The Department of Human Nutrition was established in 1928.
During the past 12 years, a number of important studies have been
made. Foremost was the discovery that the ingestion of com-
pounds of fluorine cause mottled enamel or brown stain in human
teeth. It can be produced at will in many laboratory animals.
The toxic level for drinking waters is 0.9 ppm. Mottled enamel
is primarily a defect of the permanent teeth, but the deciduous or
baby teeth may be affected if drinking water used by the mother
during pregnancy or by the baby carries a concentration of 8 to
16 ppm. Excessive amounts of fluorine in the diet interfere with
bone development and cause rickets. A comprehensive survey
showing the amounts of fluorine in the potable waters of the state
has been made. Twenty -four bulletins and articles dealing with
different phases of this problem have been published.

The importance of vitamins in foods is well known. For several
years vitamin studies have formed a part of the work of this de-
partment. These include measurement of the vitamin contents
of such foods used for human consumption as Arizona dates, three
varieties of squash, pumpkin, certain berries, and carrots. Varia-
tions in the vitamin A value of carrots with depth of color occur,
but no arithmetical proportion to the content of carotene and the
vitamin A value has been found. The inaccuracy of the deter-
mination of the carotene content of foods as a measure of their
vitamin A value, a practice in common use, is thus pointed out.

Studies of more interest to farmers show that there is very lit-
tle vitamin A in the grain sorghums (hegari and milo), but a small
amount of alfalfa in the ration will supply this deficiency. In cur-
ing alfalfa hay it should be exposed to direct sunlight a minimum
length of time. One third of the vitamin A content is lost during
3 hours of direct exposure. Alfalfa during storage under com-
mercial conditions lost about two thirds of its vitamin A content
during 1 year. Vitamins are present in range forage grasses only
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when they are succulent and green. Range livestock thus must
gather most of their vitamins during very limited seasons of the
year.

Very recently this laboratory has found that vitamin A in large
quantities is lost from the body by the regular use of mineral oils
commonly taken for the alleviation of constipation. This may re-
sult in definite nutritional disadvantages.

Another important field of work has been on the availability of
iron in different foods for blood hemoglobin formation, and thus
the value of these foods in preventing or curing anemia. Experi-
mental techniques have proved difficult. Also, experimental ani-
mals show a sex difference in their ability to utilize iron, the fe-
male regularly transforming about a third more soluble iron into
hemoglobin than the male. However, it has been found that the
iron in all cereals is almost completely available, whereas the iron
in spinach, apricots, and other vegetables and fruits is only parti-
ally utilized. Iron transfer from mother to offspring and differ-
ences in susceptibility of the young to anemia are now under in-
vestigation.

The research projects of the Plant Breeding Department of nec-
essity extend over long periods of time. Their work in improving
the cotton and alfalfa varieties grown in Arizona has extended
over many years and will doubtless continue into the future. As
a result of breeding within inbred lines of the best Chilean alfalfa
types, a superior strain of this plant, both in seed and hay quali-
ties has been established at the Yuma Experimental Farm. It is
designated as 21 -5, and commercial fields are now planted with
seed of this strain. This makes available to growers an alfalfa
well adapted to Arizona conditions and superior in seed, hay, ajad
winter grazing qualities.

Due to climatic differences, no single upland- cotton variety has
been found suitable for all of Arizona's valley conditions. Stone-
ville breeding work is carried on at the Yuma Experimental Farm
to provide seed for this valley. Progency rows are grown each
year. The best seed from these is turned over to the Pure Seed
Committee of Yuma County for increase. The same plan of im-
provement by selection and quick distribution is being used with
Acala seed for use in the other cotton areas of the state. The
Acala breeding plots are located at Tucson and at Sacaton. As a
result of this work in 1939, 15 tons of parent seed for the pro-
duction of foundation seed in 1940 and 35 tons of foundation seed
for the production of certified seed in 1940 are now available. The
primary object of this work is to increase yields from already
established varieties, to improve lint quality, and to distribute the
better seed to the growers as soon as possible rather than attempt-
ing to produce entirely new varieties with attendant difficulties
in pure seed production. In attaining these ends a careful analy-
sis of the fiber of each plant entering the breeding plots is made,
and spinning tests of the more promising strains are carried on
to determine comparative commercial values.
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The Department of Plant Pathology was established exactly 20
years ago. This department has a tremendously big job in any
experiment station. It must of necessity investigate all of the
major plant diseases occurring on all of the crop plants commer-
cially grown, besides those appearing on ornamentals, flowers, and
other miscellaneous plantings. In Arizona, where a greater var-
iety of crops is grown than in any other state except California,
the responsibilities of this department are obvious. This makes it
rather hard to pick out two or three projects and call them the
most important contributions which have been made during the
past decade, for many are important. However, a few diseases which
are, or were, of definite commercial significance will be discussed.
The bacterium Phytomonas malvacer causes angular leaf spot,
black arm, seedling blight, and boll rot of cotton. It was first de-
scribed in Alabama in 1911 and is world -wide in distribution. It
was doubtless brought into Arizona on the seed in the early days
of local cotton production and quickly spread. The second or third
year that cotton was grown in this state, three sections near
Peoria were ruined by this disease. It, and probably the seed dis-
semination of verticillium wilt (a fungus disease of cotton), can
be readily controlled by treating the seed with sulphuric acid,
since it is spread chiefly on fuzzy seed. Delinted seed also ger-
minates quicker and goes much farther, as less is required per
planted acre.

Texas root rot is one of the most serious fungus diseases. It is
indigenous to the Southwest and attacks practically all taprooted
plants. For some time the fact has been known that ammonia is
toxic to the root -rot fungus, but much experimentation has been
necessary to determine the proper ammonium compounds, the
correct dosages, and best methods of application for crops on dif-
ferent soil types. The results of these studies have meant the sav-
ing of thousands of dollars' worth of pecan orchards, ornamentals,
and other crop plants.

One of the most devastating diseases of the irrigated valleys is
the watery brown rot of lettuce, cabbage, carrots, and other vege-
tables. It was discovered 14 years ago, and recommendations
were then made to quarantine the affected area, but this was not
done. It is now well distributed. The loss to Arizona truck
growers will probably average better than $75,000 per year. The
means of control consist in rotating the fields and in harvesting
the culls and diseased plants by pasturing off to sheep and cattle.
To accomplish this, however, the co- operation of all growers will
be necessary.

The Poultry Husbandry Department has been conducting ex-
periments along the following lines: breeding for egg production,
pullorum disease control, locally produced grains in the ration,
housing problems, and economic studies.

Progeny testing through males from high egg -producing dams
has not proved successful. Selection and breeding on the basis of
early maturity, intensity and length of lay, winter pause, broodi-
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ness, and persistence is in progress. The mating of several blood
lines by systematically outcrossing to established families em-
bodying the greatest number of desirable characters is to date
giving best results. This work has been in progress since the fall
of 1932.

Pullorum disease is responsible for a large percentage of poul-
try losses. In co- operation with the Extension Service blood test-
ing of all breeding birds and incubation disinfection play a large
part in this eradication program. A survey of chick losses last
year gave about 5 per cent from tested stock and 25 per cent from
nontested parentage. Work on the development of resistant
strains, to this disease by selection is in progress.

On the basis of locally produced feed products and in conjunc-
tion with the organized poultry interests of the state, a set of ra-
tions known as the "Arizona Conference Formulas" has been
worked out and checked. This work has indicated that these ra-
tions are economical and worthy of use, although not quite so ef-
ficient as those carrying yellow corn and some out -of -state pro-
tein supplements.

Housing tests, using a number of types including houses with-
out roofs, have shown the old, orthodox, shed -shaped type with
corrugated iron siding to be most adaptable and in the long run
most economical. Three square feet of floor space per bird should
be allowed.

Economic surveys from time to time have shown many failures
to occur in the practical poultry production business. The main
reasons are the following: the average flock is too small, often
around 600 birds; a one -man flock is generally conceded to be
about 2,000 birds; no one can expect a full -time income on a
third -time labor basis. Low egg production per bird is another
important reason for no profits. Another glaring fault is lack of
sufficient capital invested in the business. One -hundred -per -cent
incomes, while expected by the uninformed, are not possible in
any legitimate business. And finally, efficiency for production
rather than cost in the selection and purchase of feeds is essential
to success.

This should give a bird's -eye view of a few of the lines of work
recently completed or in progress in the Experiment Station and
possibly bring our thinking up to date before starting a new
decade of effort.

RESULTS OF THE YEAR'S (1938 -39) RESEARCH
BY R. S. HAWKINS, ACTING DIRECTOR

AGRICULTURAL CHEMISTRY AND SOILS
SOIL REACTION

Alkali soils studies are now in what may be termed a third
period of progress. The first period was that in which sodium
carbonate, as black alkali, dominated the studies. The second was
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that in which the investigations were largely devoted to sodium
clay as a source of alkali. The third and present period is one in
which more attention is being given to the role of calcium carbon-
ate. While calcium carbonate is not so destructive of root tissues
as sodium carbonate, its adverse influence upon the absorption
and solubility of some essential plant food elements is greater. It
is now apparent from studies that the major productivity problem
in alkali soils is not one of direct alkali toxicity but rather of
physiological disturbances arising from the reduced solubility of
essential elements.

For years investigations in alkali soils have been handicapped
by a lack of satisfactory precise methods of measuring soil alka-
linity. It is believed that a solution of this problem has been ac-
complished by the method of determining the pH of soils at field
moisture content -namely, the pH at which the plant roots actu-
ally feed and not a high soil -water ratio never met by the plant
under field conditions as was formerly used.

The progress in these studies was published during the year as
Technical Bulletin No. 78, Factors Contributing to the Reaction
of Soils and Their pH Measurement. In this bulletin the effect of
soil -water ratio on pH is shown, and a method is proposed for pH
determination in alkali soils in which the glass electrode and a
moisture content closely approximating the moisture equivalent
are used. In addition, the relation of replaceable bases and salt
content of the soil to pH was studied. Titration studies were con-
ducted on soils of varying replacement capacities to learn the na-
ture of the titration curves. Titration curves are also presented
in which the titration of alkali soil was conducted by maintaining
the moisture content at the moisture equivalent, and this method
of measuring the acid required to neutralize alkali soils appears
quite logical. An important point brought out in this bulletin is
one showing the contribution of calcium carbonate to the alkalin-
ity of semiarid soils. Sodium saturated noncalcareous soils have
a lower pH than sodium saturated calcareous soils. An interest-
ing straight line relationship between replacement capacity and
clay content of the soil is shown. Also in all soils containing in
excess of 10 milliequivalents replaceable sodium there is a straight
line relation between sodium and pH when more than 20 per cent
of the exchange capacity is satisfied by sodium.

CO- OPERATIVE WORK ON pH DETERMINATION

The laboratories of the experiment stations of the eleven west-
ern states are co- operating on a project to standardize the pH de-
termination of alkaline soils. This work is being centered at the
Arizona Experiment Station. The aim of this project is to estab-
lish a method, suitable to all, by which results obtained on the
soils of one state can be compared with those obtained in another.
For the first year's work a set of soil samples was sent out to the
various laboratories for analysis. The data obtained showed a
serious lack of correlation, and so the project is being continued in
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an effort to determine the sources of error. The first year's work
has been submitted for publication.

GYPSUM IN IRRIGATION WATER

Scattered impermeable areas and slick spots continue to be a
major problem in Arizona. They arise largely because of the dif-
ficulty in obtaining a uniform penetration of water in large bor-
ders. As a means of preventing this condition and even as a help
in correcting existing impermeability, some success has been at-
tained by placing gypsum in the irrigation canals. The idea is to
harden the waters, many of which are too soft for irrigation.
Gypsum is not a very soluble salt and so by keeping a bag or a few
lumps of crude gypsum in the canal, a little will go a long way and
pay big dividends in improved soil structure.

SOIL CONSERVATION STUDIES

Under a co- operative agreement with the Soil Conservation
Service a research chemist, Joel E. Fletcher, from that Service is
carrying on in the laboratory investigations on erosibility of Ari-
zona soils. In some of this research men from the staff are active-
ly co- operating. These investigations consist primarily of studies
of erosibility of soils, determination of infiltration rates and ca-
pacities of several of the important soils occurring in the state,
and a study of the intrinsic effect of various types of plant covers
in controlling runoff and erosion on range lands. In addition an
instrument has been developed for determining soil moisture by a
dielectric method.

Erosibility studies.-As a result of analyzing soil conservation
survey data, a method was devised for interpreting the erosibility
characteristics of certain Arizona soils. Results of this analysis
indicate that (1) composition of the parent rock has a marked ef-
fect on the erosibility of a soil and (2) sandy soils are more ero-
sible than finer soils; stony soils are more erosible than gravelly
ones.

On the basis of field data a number of soils were chosen for lab-
oratory analyses. Low contents of iron and potassium and high
contents of sodium and calcium appear to be characteristic of
highly erosible soils. It was also found that the higher the per-
centage of moisture per unit of colloid, the higher is the erosibility
of the soil.

In connection with rain simulator experiments samples of run-
off were taken periodically from all study plots making it possible
to determine rate and total quantity of soil loss expressed in
inches of soil removed. Laboratory analyses are being made of
physical and chemical properties of each soil which has been sub-
jected to artificial rainfall experiments, and data are being anal-
yzed to determine the relationship between soil loss and these
properties.

Infiltration studies. --A sprinkler apparatus or rainfall simula-
tor was constructed and has been successfully used for determin-
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ing infiltration in the field. Constant infiltration rates' for the
twelve soil types studied vary from 0.13 to 1.20 inches per hour.
These are for bare, undisturbed soils as they occur in the field.
Throughout the experiments the infiltration capacity= was in
every case higher when the soil was originally in a dry condition
than when original soil moisture was higher. Preliminary studies
show that the surface condition of the soil has a great influence
on the infiltration capacity. Experiments are being conducted to
determine the effects of plant cover and organic litter as well as
surface soil structure on infiltration capacity.

Effect of plant cover in controlling erosion and runoff. -Simu-
lated rainfall experiments have been conducted on a number of
types of vegetation to determine relations between plant cover,
erosion, and runoff. In good tobosa grass areas runoff was only
29 per cent of applied rainfall as compared with 84 per cent on
similar soils where tobosa grass had deteriorated and the soil was
laid bare. Furthermore soil losses under the grass cover were
negligible, while they reached high proportions in the denuded
areas. These studies are being continued on a number of other
vegetative types which occur in Arizona.

Biological, physical, and chemical characteristics of some typi-
cal range soils from Mt. Graham. -In this investigation forty -one
soil samples representing thirteen profiles have been taken from
Mt. Graham near Safford. These samples represent a cross sec-
tion of the typical range lands of the state and contain soils from
forest, meadow, and desert areas. Counts were made of the num-
bers of bacteria and actinomyces, molds, cellulose destroyers, ni-
trifiers, and Azotobacter colonies, and a determination was made
of the rates of nitrification. Physical and chemical properties
were also determined, and it is contemplated that these can be
correlated by statistical methods with the biological characters.
Three collections of soil samples have been made, approximately
3 months apart, in order that different seasons may be represent-
ed. Two more samplings will be made to complete the study.

DISTRIBUTION AND ACTIVITY OF AZOTOBACTER IN
ARIZONA SOILS

Of eighty -seven samples of Arizona's cultivated soils which
were examined for Azotobacter seventy- three, or 84 per
cent, contained the bacteria. Of the 119 samples of range soils ex-
amined, however, twenty- seven, or but 22.7 per cent, contained
them. Correlation of the activity of the Azotobacter in these soils
with their calcium, magnesium, chloride, sulphate, phosphate,
and total soluble salt contents as well as pH, showed a highly sig-
nificant correlation coefficient of 0.7643 for the cultivated soils. In
these correlation studies an examination of the beta's showed that

Infiltration rate is the rate at which soil takes water over a sustained
period and is essentially constant.

2 Infiltration capacity is the capacity of the soil to take up water in a given
time and varies with soil condition - notably water already present in the
soil.
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the sodium and calcium contents were the most important. No
correlation existed with the range soils. The influence of fertil-
izer treatments on Azotobacter activity in some inoculated and
uninoculated range soils under ideal and under natural range con-
ditions is being studied.
INOCULATION EXPERIMENTS WITH CERTAIN OF THE LEGUMIN-

OSAE IN SOME ARIZONA SOILS

A field experiment in co- operation with the Agronomy Depart-
ment at the Mesa Experimental Farm showed that soybeans did
not nodulate even though inoculated. An attempt to solve this
problem with soils in the greenhouse by varying the soil environ-
ment with fertilizer treatments and type of inoculant is in prog-
ress.

An attempt has been made to obtain Rhizobia from nodules
produced on roots of native legume seedlings in soils from their
natural environments. Thus far no nodules have been found on
the native legumes. This work is in progress at the Soil Conser-
vation Nursery with some 100 species of leguminous plants.

In co- operation with the Agronomy Department field inocula-
tion experiments with alfalfa have been conducted at the Yuma
Experimental Farm. Inoculation caused a twofold increase in
alfalfa yield.

FERTILIZER REQUIREMENT OF CITRUS

During the past 10 years a great many chemical analyses of
grapefruit leaves and fruit have been made. The leaves of course
drop to the ground and their plant food content is reincorporated
with the soil. The only plant food sold off the land is that in the
fruit. Selecting an arbitrary yield of 750 boxes of fruit per acre
and seventy fruit per box, some interesting calculations from the
fruit analyses have been made. Since in most cases the rind and
juice have been analyzed separately, separate calculations have
been made. The results obtained are given in Table 1.
TABLE 1.- NITROGEN, PHOSPHATE, AND POTASSIUM REMOVED

PER ACRE BY GRAPEFRUIT.

Lbs.
removed by rind

Lbs.
removed by juice

Total
lbs. removed

Potassium (K) 61 30 91
Nitrogen (N) 51 20 71
Phosphate (P205) * 18 9 27
Phosphate (P)* 8 4 12

* Phosphate is expressed both as P206, as is used in fertilizers, and as the
element P which is a fairer way of comparing with the nitrogen and po-
tassium which are given as elements N and K.

The ratio of P2O,: N: K is 1:2:3 in the juice, 1:3:3.4 in the rind,
and 1:2.5:3.3 for the whole fruit.

These data are of more than passing interest. The greatest plant
food requirement for grapefruit is potassium closely followed by
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nitrogen, while the phosphate requirement is very much lower. It
is also evident that more of the plant food is removed in the rind
than in the juice, and that if the waste from grapefruit juice can-
neries is returned to the groves as fertilizer a saving in fertilizer
cost would be accomplished.

The data have also been calculated on the basis of the fertilizer
materials which would be required to replace this removal. This
calculation shows that approximately 455 pounds of sulphate of
potash, 458 pounds of calcium nitrate, and 54 pounds of treble
superphosphate per acre, approximately 1,000 pounds of mixed
fertilizer, per year would be required to replace that sold off the
grove as fruit. This testifies to the immense reserve of potassium
in Arizona's soils, for there is no evidence as yet that potash ferti-
lizers will give response on Arizona citrus. The extremely low
phosphate requirement of grapefruit is also of interest and may
explain in part why citrus does not show the great response to
phosphate fertilization that is obtained with other crops on these
same soils. There is little need for comment on the nitrogen, as
it is the principal plant food now used in citrus fertilization and
will continue to be because of the high nitrogen requirement of
the crop and the fact that soil does not possess the property of
building up a nitrogen reserve that it has for potash and phos-
phate.

NITROGENOUS FERTILIZERS
There is a steadily increasing consumption of nitrogen ferti-

lizers in Arizona. During the year an article was published on the
suitability of the various nitrogenous materials for Arizona soils.
A suggestion was made that rotation or alternating different forms
of nitrogen might be a good practice or that mixtures of several
forms of nitrogen be used. The basis for this suggestion is the
difference in rate of availability with organic nitrogen at one ex-
treme and nitrate nitrogen at the other and the difference in "car-
rier" such as calcium in calcium nitrate, sulphate and residual
acidity in ammonium sulphate, and rare elements in natural sodi-
um nitrate.

ACIDULATED FERTILIZERS

A steadily increasing interest in acidulated fertilizers as devel-
oped in this laboratory continues. For mixed goods this acidula-
tion is accomplished by adding a small amount of sulphur to the
mixture of plant food materials and building the whole with a
finely ground animal manure or sewage sludge as base. For fer-
tilizer "simples" the sulphur is mixed directly with the material
or is added to the soil with the simple and in the same band.

SULPHUR
The great value of sulphur as a corrective for the many ills of

alkali soils has been demonstrated numerous times. In Arizona
the cost per ton, largely because of high freight rates, has made
its use on any large scale prohibitive. In recognition of the value
of sulphur a more economical method of utilizing it on alkali soils
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has been sought. In the past it has been the practice to broadcast
the sulphur on alkali soils, and obviously such a method requires
large amounts to be effective. It is largely an application of the
principles involved in the liming of acid soils. This laboratory
has shown that most of the alkali soils do not contain enough ac-
tive alkalinity to be toxic and that the potential alkalinity is
largely calcium carbonate. It has also shown that the principal
productivity problems arising on these soils are nutritional and
are due to the effect of alkalinity on the solubility of some essen-
tial plant food elements. Since so much success has been obtained
by fertilizer placement, obviously sulphur placement should be
equally effective if the primary goal is one of aiding nutrition.
An experiment of this nature was started on chlorotic citrus trees
in 1934 and it has proved quite successful as a means of correcting
the nutritional disturbance manifested as chlorosis. In this case
the sulphur was placed in a furrow around the drip of the trees
and covered with soil. After a period of 1 year the foliage began
to take on a normal green color and analyses of the leaves at that
time showed an increase in absorption of calcium and iron. Dur-
ing the past year another examination of the trees was made, and
there is now full recovery from chlorosis. On this basis it is sug-
gested that sulphur be applied in bands as a means of preventing
the chlorosis of citrus on alkaline -calcareous soils.

The analyses of fruit and leaves taken from the trees in this ex-
periment in the spring of 1939 are given in Table 2.
TABLE 2.- ANALYSES OF FRUIT AND LEAVES FROM SULPHUR-

FERTILIZED TREES AND CONTROLS.

Ash
Cal-.
cium
(Ca)

Phos-
phate
(PF0s)

Iron Manga-
(Fe) nese

(MnO)
Zinc
(Zn)

Juice analyses - milligrams per 100 cc

1. Sulphur
1. Check
2. Sulphur
2. Check

398
367 5.8
394 2.0
374 1.9

41
42
43
43

1.6
0.25
0.20
0.20

0.15
0.07
0.12
0.10

Rind analyses -per cent dry matter
1. Sulphur
1. Check
2. Sulphur
2. Check

5.10
4.68
4.93
4.86

0.77
0.88
0.81
0.78

0.37
0.31
0.32
0.31

0.0020
0.0020
0.0030
0.0030

0.0016
0.0008
0.0016
0.0012

Leaf analyses -per cent dry matter
1. Sulphur 15.38 4.88 0.41 0.024 0.0100 0.0010
1. Check* 16.31 5.38 0.33 0.020 0.0073 0.0006
1. Checkt 17.22 5.08 0.43 0.026 0.0053
2. Sulphur 17.75 6.14 0.33 0.020 0.0166 0.0008
2. Check* 18.19 6.04 0.34 0.020 0.0100 0.0004
2. Checkt 17.77 5.48 0.39 0.016 0.0067

* Nonchlorotic leaves from check trees.
Chlorotic leaves from check trees.
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PHOSPHATE STUDIES
The problems involved in the availability of phosphate in Ari-

zona soils and the use of phosphate fertilizers still occupy a great
deal of time. During the year much of the late research on this
problem was prepared for publication and will appear as Techni-
cal Bulletin 82. The investigations presented in this bulletin deal
principally with the efficiency of the various phosphate materials
on Arizona soils. Special attention was given to metaphosphates.
The influence of magnesium, nitrogen, carbon dioxide, and cal-
cium carbonate on phosphate absorption by crops was also studied.
The new calcium metaphosphate being produced at T.V.A.
showed a surprisingly high efficiency, but treble superphosphate
and ammonium phosphate were most consistently the best.

OXIDATION - REDUCTION STUDIES
The study of this problem has been continued from the previous

year with particular emphasis on the influence of puddling, or-
ganic matter decomposition, and pH on the redox3 potential of
arid alkaline soils. The chief source of difficulty in the method of
measurement has been mercury contact between the poteniomet-
er connecting wire and the bright platinum wire electrode. With
elimination of this source of error by direct welding, redox poten-
tials can now be measured with an accuracy better than 3 milli-
volts. In experiments with two soil classes, in which Mohave clay
loam and Clarion silt loam, respectively, were incubated with and
without organic matter, it was found that puddling causes (1) a
marked decrease in the redox potential, especially where the soil
had been treated with alfalfa, and (2) a decrease in bacterial activ-
ity, shown by a decreased amount of carbon dioxide evolved, after
any given period of time. These effects are attributed in part to
oxygen depletion and partly to the accumulation of toxic sub-
stances. When nitrogen is bubbled through the soil suspension,
the potential decreases sharply, but it increases in the presence
of oxygen. These results give evidence of an oxygen potential and
emphasize the importance of adequate aeration in soils under
cultivation, especially when considerable organic matter is pres-
ent.

The relation of redox potential to pH was also studied. To ob-
tain a range of pIi values for a given soil, the usual procedure is
to add varying amounts of acid or base prior to the measurement.
This method was found to be unsuitable for alkaline -calcareous
soils since it changes the composition of the soil itself and of the
soil solution. When, however, the pH was allowed to change as
a result of simple dilution of the suspension with water, a typical
straight line graph is obtained when Eh4 is plotted against pH.
The slope of the line is -0.068 which corresponds closely to the

Redox is an abbreviation of red(ucíng)- ox(idizing) and refers to balance
between these two conditions in soils.

* Eh refers to redox potential in volts. Eh measures degree of oxidation in
soils just as pH measures alkalinity. A high Eh represents a good oxidiz-
ing soil, a low Eh a poor or reducing soil environment.
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theoretical value for the organic systems commonly present dur-
ing carbohydrate decomposition in soils. This value makes it
possible to reduce all measured Eh values to a standard reference
pH value of 7.0, so that the results obtained for different soils can
be compared. The investigation is being continued on other phases
of this important problem.

BOUND WATER IN NORMAL AND PUDDLED SOILS
By means of a new dilatometer technique developed in this

laboratory, a study has been made of the water bound by a typi-
cal arid and humid soil under different conditions. In general, the
arid soil is found to bind a greater percentage of the moisture than
the humid soil, although the latter is considerably higher in or-
ganic matter. Puddling is found to increase the amount of water
bound by soils. When an arid soil, such as Gila clay, is puddled
at different moisture contents, the bound water curve passes
through a maximum at a point near the moisture equivalent. This
result is in agreement with previous studies on soil structure in
which it was found that the apparent density, structural stability,
and other physical properties pass through a maximum at that
point. The behavior of humid soils under corresponding condi-
tions is markedly different; for example, Clarion silt loam from
Iowa shows an increased amount of water bound in the puddled
soil over that in the unpuddled soil, but instead of passing through
a maximum at any given moisture content, the amount of bound
water remains constant throughout the entire range of moisture
contents. In unpuddled soils the percentage of water bound
varies inversely as the total water initially present; in this case,
however, it is difficult to secure uniform moisture distribution at
the lower moisture contents.

Experiments with sand ground to various degrees of fineness
showed a certain amount of binding even where there is no evi-
dence of chemical hydration. This result indicates that the bind-
ing of water by soils is in part a purely capillary effect in which,
as the particles become smaller, the capillary forces holding the
moisture film are so great as to prevent the water molecules from
orienting themselves into crystals of ice at subzero temperatures.

Alternate freezing and thawing were found to decrease the
amount of water bound by the puddled arid soil. No such effect
was observed in the case of the puddled humid soil. This effect
may be due to an irreversible dehydration of the colloidal frac-
tion, which results in its gradual aggregation of flocculation.

The dilatometer method was applied to determine changes in
free and bound water in the course of base exchange reactions.
While it is well known that the ions which take part in the ordin-
ary base exchange reactions in soils are hydrated, no work has as
yet been done to indicate whether water, as such, or combined
with zeolites or ions as water of hydration, is involved in the base
exchange process. To gain evidence on this point bound water
determinations were made on Gila clay soil saturated with the fol-
lowing ions: H, K, Na, NH4, Ca, Mg, and Cu. The puddled sam-
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pies saturated with the divalent ions were found to bind more
water than the samples saturated with the univalent ions, with
the exception of hydrogen. In every case puddling was found to
increase the amount of water bound, and the percentage of water
bound was also greatest at or near the moisture equivalent. While
these experiments are concerned only with the clay saturated
with the individual ions, and as such do not represent actual base
exchange processes, the differences are so marked that they indi-
cate definitely the possibility that water functions in such proc-
esses, being bound or set free according to the ions going into or
coming out of the complex. These experiments are preliminary
and are to be followed by actual soil -salt mixtures in which base
exchange is allowed to take place. It is believed that such results
will add much to our present knowledge of this important soil
process.

FLUORINE IN DRINKING WATER

Research on the problem of removing fluorine from drinking
water by means of bone has been continued this year. Improve-
ments in preparing and treating bone have increased the efficien-
cy of the material to the point where 1 cubic foot of bone will re-
move the fluorine from 5,800 gallons of water which originally
contained 2.0 parts per million.

Bone without any preliminary treatment has a tendency to
putrefy in the filter after it has been in use a short time. Calcin-
ing the bone for 10 minutes at 600 degrees C. has entirely stopped
this disagreeable feature.

Some of the factors influencing the efficiency of the bone are pH,
rate of flow of water through the bone, time of contact of the
water with the bone, fineness of the bone, etc. These factors were
taken into consideration in designing filters for use with the bone.

Two types of filters for commercial use have been developed.
The olla or fountain type was designed for home or school use
where running water is not available. Water from an inverted
5- gallon bottle percolates through a cartridge of activated bone
and is defluorinated in passing. This unit has a capacity of 258
gallons of water containing 2.0 parts per million of fluorine and
should last the average family approximately 6 months before it
is necessary to renew the bone.

The pressure type filter is connected directly to the water line
and may supply faucets or fountains with fluorine -free water.
This filter holds a large supply of bone and will serve a school for
many months with safe water. Children should not drink water
containing more than 0.8 part per million of fluorine until all of
their permanent teeth have erupted. These units have been in
use in schools for over a year and have given very good results.

In addition to developing a practical filter which could be used
commercially, some of the more theoretical aspects of the prob-
lem have been attacked. For example, when the problem was
first investigated it was believed that the fluorine in the water was
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removed by anion exchange, but further investigation has shown
the reaction to be much more complicated than at first supposed.
Evidence has now been produced to show that the fluorine com-
bines with the hydroxyapatite on the surface of the bone forming
hydroxyfluorapatite which forms a solid solution with the bone,
carbonate -apatite. Regeneration is accomplished by washing with
alkali and neutralizing the excess base with dilute acid.

An additional use for these filters is in the removal of fluorine
from cider prepared from unwashed apples which have been
sprayed with fluorine sprays.

Other phosphates, both natural and artificial, were tested for
their fluorine removing ability, but none were as successful as
bone in defluorinating water.

This work is reported in detail in the Arizona Agriculture Ex-
periment Station Technical Bulletin 81.

Referee work.-Many methods of analysis for fluorine in water
have been proposed and are in daily use. The Water Purification
Division of the American Water Works Association appointed a
committee to study these methods and make recommendations for
an official method. This laboratory was asked to join the commit-
tee in this study. Something over eighty analyses were made here
in comparing the various methods. The results will be published
as a joint report of the committee.

DISTRIBUTION OF BURROWEED ON ARIZONA RANGES
IN RELATION TO SOIL CONDITIONS

During the past several years an investigation has been in prog-
ress to study the relation of soil conditions to the spread of bur -
roweed (Aplopappus fruticosus) on Arizona grass ranges. Co-
operating in this study are the Pima County Agricultural Agent,
the Southwestern Forest and Range Experiment Station, the Soil
Conservation Service, and the Agricultural Chemistry and Soils
Department. The grazing areas thus far studied are the Altar
Valley, the Empire Ranch district, the Santa Rita Range reserve,
the Arivaca district, and the ranges of the Oracle district. Typical
locations showing varying extents of infestation with the weed
were chosen to determine the degree of correlation of abundance
with soil composition, slope, elevation, and degree of erosion. At
each location soil samples were taken, and the plant associations
and density of stand were recorded. The soils are being analyzed
for textural composition, water -holding capacity, moisture equiva-
lent, pH, soluble salts, available phosphates, and organic matter.
Preliminary results indicate that the soils in which the greatest
infestation occurs have a higher pH, a higher salt content, and
show considerable deficiency in phosphates and organic matter.
At higher elevations the grasses are in predominance, and the
weed is not yet extensively distributed. Enclosed areas, well cov-
ered with grass, showed a greater amount of moisture in the sub-
soil than those which have been heavily grazed and in which the
weed is very abundant.
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LYSIMETER STUDIES

This long -time experiment, begun in 1930, was designed to
study the nitrogen balance in arid soils under irrigated conditions.
Both river bottom soils (Gila) and upland soils (Mohave) placed
in lysimeters are being treated to a series of 5 -year rotations of
alfalfa, cotton, hegari, and wheat. During the present year the
rain water has been analyzed and the crops harvested, weighed,
and analyzed for nitrogen. The experiment is now in its third
year of the second 5 -year rotation.

FEEDS AND FERTILIZERS

The Department of Agricultural Chemistry and Soils is charged
with the enforcement of the Feed and Fertilizer Control laws
which were enacted by the Arizona legislature in 1937. During
the past year annual reports of the operations of each law for
the first year were published as Experiment Station bulletins.
Five hundred sixty -one samples of feed and sixty samples of fer-
tilizers, representing the brands on sale in Arizona, were collected
and analyzed.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY
COMPOSITION, TRENDS, AND MOBILITY OF RURAL POPULATION

IN ARIZONA

An analysis of wage rate data in Arizona and adjoining South-
west states showed that farm wage rates per day, without board,
as of January, 1938, were 3.75 times as great in California as in
South Carolina. The bold western peak was attained by a series
of rises. Both daily and monthly wages changed gradually from
South Carolina across the Old South, with additional gradual in-
creases across the western cotton region. Abrupt increases were
registered across New Mexico, through Arizona, and into Califor-
nia. Factors associated with these changes were increases west-
ward in ability to pay high wages; decreases westward in the
competition of the family unpaid labor; competitive wage rates in
the oil and metal mining industries of the West; differences in the
efficiency of workers; and elevation, westward, of rural standards
of living. Additional factors in Arizona were the proportions of
Mexicans among farm laborers and competitive urban and rural
wage rates on public works projects. This study was reported in
Rural Sociology, Vol. 4, No. 1, March, 1939.

A study of the forms and migration of agricultural wealth in
Maricopa and Pima counties of Arizona was under way during
the year. A total of 6,300 schedules of probated farm estates and
6,700 schedules of city estates afforded some materials for estim-
ating the extent of wealth transfer between city and farm on ac-
count of the inheritance rights of migrants.

The composition, character, and adequacy of Arizona farm labor
was made a subject of study. Practically all of Arizona's laborers
on irrigated farms were found to have an agricultural back-
ground. More than half of the heads of laborers' households were
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of Mexican origin, born in the state of Sonora or in southern Ari-
zona. A third of them comprised white farmers from the cotton
belt, from other states, or native to Arizona, and the remainder
were Yaqui Indians and Negroes, or Orientals. By far the great-
est number of all farm laborers' households made no change in
residence during the sample period of 15 months. Similarly, a
very large part of heads of laborers' households made no change
in occupation during this period. Almost 70 per cent of the heads
of households who were farm laborers were under 45 years of age.
Farm laborers that have recently come into Arizona from other
states and remained in the Salt River and other irrigated valleys
were found to be willing and capable workers grouped in normal
households. By and large, farm laborers' households were located
in the open country, in the proportion of two of every three house-
holds. The remainder were in towns. Arizona's resident labor
supply was increased by about 4,000 workers who remained after
the close of the 1937 -38 cotton season, 90 per cent of these becom-
ing resident in the Salt River Valley. Questions dealing with
Arizona's farm laborers were more fully reported in a bulletin
entitled Arizona's Farm Laborers, Arizona Experiment Station
Bulletin No. 163, May, 1939.

MARKETING PROBLEMS OF THE ARIZONA GRAPEFRUIT INDUSTRY

A specific study of supply and price relationships in respect to
the Arizona grapefruit industry indicated that the Southwest
must plan to market at least one half more grapefruit by 1943 than
that available for market in 1938. It showed also that Arizona's
yield of grapefruit per acre of mature trees is greater than that of
any other state. The 12 -year (1925 -36) average yield on a mature-
tree basis was 13 tons per acre in Arizona. The yield from 1 year
to another was shown to be less variable in Arizona than in the
states of Florida and Texas. The study showed further that
"price reduction to the consumer has been accompanied by in-
creased consumption. It appears, however, that in the process of
price reduction through 9 years prior to 1938, in which period
American grapefruit consumption increased approximately as
rapidly as production increased, practically all the reduction in
price was assumed by the producer." The study pointed out that
most progress in the securing of greater returns for growers could
likely be made by effecting economies in handling the fruit from
the tree to the consumer. The findings of this study were pub-
lished by the University of Arizona in November, 1938, in Ari-
zona Experiment Station Bulletin No. 161, under the caption The
Arizona Grapefruit Industry: Some Economic Aspects.

STABILIZING FARM LEASES
A study of leasing practices and leasing forms used in the state,

as well as forms used in the older agricultural sections of the Uni-
ted States, was made for the purpose of searching out devices for
increasing the length of tenure of tenants in the irrigated farming
areas of Arizona. A model lease form was developed which makes
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possible a long -term lease providing for crop rotation, mainten-
ance of crop fertility, maintenance and repair of fences and farm
buildings, and compensation of tenants for improvements made
to the extent that the improvement remains with the place at the
termination of the lease agreement.

FACTORS AFFECTING THE PRICE AND CONSUMPTION OF
AMERICAN -EGYPTIAN COTTON

A representative of this department, assisted by a representa-
tive of the Division of Cotton Marketing, U.S. Department of Agri-
culture, interviewed dealers in and users of American -Egyptian
cotton. These included brokers, manufactures, converters, whole-
sale and retail cloth merchants, and garment makers. It was
found that the manufacture of woven goods constitutes the prin-
cipal use of American -Egyptian cotton in the United States. The
use of American -Egyptian cotton in shirtings varies with the pro-
duction and sale of shirts, especially those in the higher retail -
price brackets. Special advertising of Pima shirts by money -or-
der houses and department stores has tended to stimulate the use
of American -Egyptian cotton for this purpose.

In most uses for American -Egyptian cotton, other long- staple
cottons, especially those from Egypt, may be substituted with very
little difficulty. The longer staples of American upland also com-
pete indirectly with American- Egyptian cotton. Rayon un-
doubtedly displaced a substantial quantity of cotton during the
decade ended with 1937 -38, and there is some reason to believe
that the demand for long -staple cotton was more adversely af-
fected than was the demand for the shorter lengths.

Prices of American -Egyptian cotton fluctuate with the level of
cotton prices generally but more directly with the changes in
price of extra -staple Egyptian cottons. The supply of American
Egyptian cotton within the last decade has been a factor in deter-
mining the price paid for that cotton, a factor second in import-
ance, however, to that of the price of the longer staple Egyptian
cottons.

AGRICULTURAL ENGINEERING
GROUND -WATER STUDIES

The Cortaro -Marana district. -An average residual lowering of
1.6 feet in water level was found in the spring of 1939 as the re-
sult of the previous season's pumping draft of 16,400 acre -feet in
the Cortaro area. Since the spring of 1934, with renewed draft
upon the ground -water supplies, an accumulated lowering of
about 12 feet has occurred with an average yearly pumping draft
of 17,100 acre -feet. During this period runoff in the Santa Cruz
and Rillito rivers has been below average each year with the ex-
ception of 1935. Thus recharge through seepage from flood flow
has also been less than the long -period average.

The Eloy pumping district. -The hydrology of the Eloy pump -
ing district was outlined in the Annual Report for the year end-
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ing June 30, 1937. A method of evaluating the permanent
ground -water supply was devised whereby with 2 years' observa-
tions of the quantity of water pumped and the volume of ground
unwatered, the safe permanent pumping rate could be deter-
mined. Field observations and studies for the 1936 and 1937 years
were made and computed, indicating a safe pumping rate of 18,500
acre -feet.

Similar records kept in 1938 provided a check on the value of
the safe rate. It was found to be reasonably close, the deviation
being due mainly to the assumption of a uniform duty of water
for each crop, uncertainty as to lowering of the water table in
marginal areas where there are insufficient wells, and increasing
downward percolation in the irrigated area.

With 3 years' records (and three equations) it is possible to in-
troduce another unknown factor -the annual increment in the
safe pumping rate, which is relatively small. Solving the prob-
lem in that manner gives a safe rate of 19,700 acre -feet for the
year 1936 and an annual increment of 2,500 acre -feet. The incre-
ment can be expected for a few years until the depression basin
reaches the boundaries of the valley or other depression basins
and the downward percolation from irrigated fields and farm
ditches is fully effective.

The upper Santa Cruz Valley. -In order to complete the study
of the Santa Cruz Valley ground -water supply, its sources, move-
ment, annual yield, and physiographic relations, the investiga-
tions have been extended to that part of the valley from the in-
ternational boundary line to San Xavier. All irrigation wells
have been located, their yields determined, and a study of the
main aquifer is underway. Also, a survey was made of the physi-
ography of the triangular area between the Santa Cruz River and
its largest tributary, the Sonoita Creek, to map the areas of the
respective benchlands.

The Queen Creek ground -water basin. -A study of the ground-
water supply of that part of the Queen Creek Valley occupied by
the Queen Creek irrigation district and neighboring independent
landowners has been initiated. Using the method developed for
the Eloy district, the preliminary results indicate that about one
third of the ground water pumped annually is drawn from stor-
age, while two thirds of the water pumped is replaced by the re-
charge from natural sources. The ground -water supply is fully
developed therefore, and the sinking of additional wells would
work injury to those already in use.

Little Chino Valley.- Studies made so far indicate that only
slight lowering of artesian pressure has occurred as the result of
draft on the artesian waters. In the spring survey of 1939, the
irrigation of approximately 650 acres in the area the previous year
had resulted in an average lowering of 0.6 foot in pressure head.
This small lowering in pressure might not in itself be significant,
but it does serve as a warning that overdevelopment of the area
should be guarded against.

Special emphasis should be placed upon the proper construc-
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tion and more complete casing of the wells. Already at least two
of the flowing wells are leaking badly, one leak coming out at
the ground surface near the well and the other appearing as seep-
age on lower -lying land close by. Most of the wells are between
500 and 700 feet deep and are cased to depths of less than 100 feet.
Under these conditions it is suspected that other artesian wells
are leaking into the shallow water strata.

However, a deep -well current meter survey of the Dan Sulli-
van nonflowing well in the southeast quarter of Section 10, T.16
N., R.2 W., G. & S. R. B. & M. disclosed no leakage. The meter is
sensitive to velocities as low as 0.2 foot per second, and the survey
was carried to a depth of 500 feet in the 700 foot hole. This well
was cased to a depth of only 80 feet and the results of the survey
indicate that below the casing the formations are practically im-
pervious to the movement of water.

Del Rio Springs at the north end of the artesian area appear to
be a natural outlet for the artesian waters. Their average flow is
between 3 and 4 second -feet. Through the co- operation of the
Santa Fe Railroad Company, a weir has been installed below the
springs, and a daily record of the discharge is being obtained.

THE DROUTH OF 1939

The water shortage on the Gila River projects during the spring
and summer of 1939 caused great injury, especially on the San
Carlos project. Foreseeing the injury and in an effort to minimize
it, the records of precipitation and runoff were studied, and a fore-
cast of the water supply to be expected during the period March
to July was made for the benefit of the San Carlos irrigation and
drainage district. The forecast and the conclusion that not over
one half of the land should be planted were publicized and influ-
enced the planting program. The principle involved is that a good
crop on a partial acreage is more profitable than a poor crop or
failure on a larger area. A manuscript was prepared analyzing
the history of fluctuations on the Gila, the Salt, and the Santa
Cruz rivers, explaining the methods used in forecasting, and
setting forth the principles that should apply in fitting the agri-
cultural program to the water supply.

Snow courses were laid out on the headwaters of the Gila River
in the fall of 1937 and a few courses on the headwaters of the Salt
River in 1938, and surveys of the snow cover were made, mostly
by rangers of the United States Forest Service, on the first days
of February, March, and April. This service was in charge of the
Bureau of Agricultural Engineering of the United States Depart-
ment of Agriculture, the Experiment Station and local interests
co- operating. While snow -survey forecasting has proved to be
valuable in states farther north, the 2 years' experience in Ari-
zona is not promising. The snowfall the past winter was greater
than any previously recorded, yet the effect on the runoff of the
rivers was slight. Had a warm rain occurred following the snow-
fall, a great volume of the melted snow would have been brought
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down into the San Carlos and Roosevelt reservoirs. Nevertheless,
despite the lack of correlation, the snow course surveying should
be somewhat helpful in forecasting and should be continued for a
period of 5 years in order that its value may be determined fully.

THE GOVERNOR'S COMMITTEE ON GROUND -WATER LAW

A committee of nine was appointed by the Governor of Arizona
to study and report on ground -water law with a view to legisla-
tion for the protection of priorities in the use of ground water.
The Agricultural Engineer of the Agricultural Experiment Sta-
tion was chairman of the committee. The committee held many
meetings and examined alternative proposals for the administra-
tive control of some classes of, or of all, ground waters.

The reports of the committee states that the committee tended
to favor a procedure whereby all areas with important ground-
water supplies available in quantity sufficient for municipal use,
mining, irrigation, other industrial uses, and power are declared
to be underground basins or channels, and the waters thereof are
declared to be public; lateral physiographic boundaries are fixed,
within which the ground waters come under the administrative
control of the state water commissioner. Such declaration would
be based on examination of the area and determination of the ex-
tent and effect of pumping and might be deferred until the de-
velopment is approaching its proper limit. It is known, however,
that in various parts of Arizona the proper limit has been exceed-
ed already.

The committee considered also as one possible solution the ap-
plication of the doctrine of priority only to such ground water as
is at present unused. This proposal was rejected because it
would destroy the incentive on the part of present users to secure
a complete determination and adjudication of all present uses (at
the expense of the users), and no successful administration can
be accomplished unless the present uses are first adjudicated.

The committee was unfriendly to the Utah law of 1935 which
requires that every well, including house wells, must be recorded
within a time limit, believing that every landowner outside of in-
corporated cities should have a right to a well or wells on his land
for beneficial domestic use, including stock watering, watering
of shade trees and lawns, and a kitchen garden. The public con-
trol therefore should apply only to what have been called "com-
mercial" ground waters, those used in industry including irriga-
tion.

However, it was recognized that successful administration of
ground water requires a body of knowledge and accumulated
data concerning the ground -water supply of each basin, and that
some person in the commissioner's office must be trained, in
theory and in practice, in the hydrology of ground waters, and
The report is a continuation of the study published as Technical Bulletin
65 and is therefore presented here in some detail.
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that abortive attempts to control ground water might accomplish
injustice rather than the protection that is sought.

Efforts to draft a ground -water law which would be self -exe-
cuting or could be administered under present conditions were
unsuccessful, and therefore the committee recommended that dur-
ing the next biennium an intensive study of the ground -water
supplies of the state, basin by basin, should be made.

At present practically all ground -water users are free from re-
straint or control, but also they are in the position of having no
protection from newcomers who may underpump their wells or
may intercept their water supplies.

AGRONOMY
COTTON

Irrigation studies. -Cotton irrigation experiments were con-
ducted on the Mesa University Farm by the Division of Irrigation
in the U.S. Bureau of Agricultural Engineering and the Univer-
sity co- operating.

Pima cotton, based on three replications for 1938, yielded best
when the soil- moisture content was kept above 12 per cent until
the beginning of flowering. From then on the moisture content
was allowed to go to a low of 9 per cent before each irrigation.
In other words, irrigating so as to push the early plant growth
and then to retard vegetative growth after flowering started gave
higher yields than any other combination tried, the average yield
for these plots being 1,823 pounds of seed cotton per acre.

The next highest yielding plots were treated the same as de-
scribed above during the early season, but received more moisture
during the fruiting season. The soil -moisture content was kept
above 10 per cent during the late season, high enough to maintain
a moderate rate of plant growth. The average yield was 1,718
pounds of seed cotton per acre.

Plots which were irrigated to hold back early plant growth, or
irrigated to save water early for use later, yielded only 1,368
pounds of seed cotton per acre on an average. The soil moisture
was allowed to decline to 9 per cent prior to flowering, and down
to 101/2 to 11 per cent during the fruiting period.

Plots which were irrigated at 9 per cent throughout the season
yielded 1,393 pounds of seed cotton per acre on an average.

An irrigation series similar to that described above, but with
Acala instead of Pima, gave identical results, except that the dif-
ferences were not quite so large.

Delinting vs. nondelinting. -The delinting of cotton seed before
planting greatly facilitates the ease of planting and the uniformity
of seed distribution. Experiments on the Mesa University Farm
have not consistently favored delinting. However, in 1938 with
three replications delinted Acala yielded 338 pounds more seed
cotton per acre than nondelinted Acala seed, the yields being
2,790 and 2,452 pounds of seed cotton per acre respectively. There
was no material difference in a test with Pima, a slick- seeded
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American -Egyptian variety. Seasonal conditions, soil type, time
of planting, condition of seedbed, and others may be contributing
factors in the results to be expected.

Fertilizer treatments.- Fertilizers have failed to give much re-
sponse on cotton on the Mesa University Farm. However, during
1938 plots treated with barnyard manure yielded slightly higher
than any other plots. It is known that at times good responses are
obtained from commercial and other fertilizers within the Salt
River Valley. Soil type, fertility level, and other factors are
widely variable in the different valleys, and as a result widely dif-
ferent responses are obtained.

Date of emergence of seedlings as related to plant growth
characteristics. -In a date -of- emergence test with Hartsville, an
upland long staple variety at Tucson, it was determined that seed-
lings which emerged earliest under uniform planting conditions
tended to stay ahead all through the season. One exception to
this was the plants which emerged the first day, May 11. These
plants did not reach the height or produce as many flowers or bolls
as did those which emerged May 12 or May 13.

Those emerging over the 7 -day period of May 11 to May 17, in-
clusive, stood definitely above those of May 18 emergence in plant
height throughout the season.

From the preliminary observations it would appear that the
natural tendency thinning or chopping cotton of saving the

Plate I.- Hartsville cotton photographed July 11, 1938. Reading from left
to right, these plants emerged as seedlings on May 14, May 12, May 16, May
14, and May 12. Those which emerged earliest are the tallest, a charac-

teristic which they maintained throughout the season.
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tallest plants is a sound one. The tallest seedlings are most
likely to remain the tallest, blossom the most, produce the most
bolls, and perhaps mature a little earlier. The shorter plants are
behind at the start and are likely to fall farther and farther be-
hind as the season progresses until, at the end of the season, the
disparity is greater than at the beginning.

Cotton temperature studies. -Seed germination. -Seed of five
varieties delinted and nondelinted were germinated at both the
high and low extremes of the temperature scale as a part of pre-
liminary work in studying temperature relationships in cotton.
The data obtained are shown in Table 3.

TABLE 3.

Variety

Per cent
germinated in 2 days

at 114° F.

Per cent
germinated in 23 days

at 55° F.
Nondelinted Delinted Nondelinted Delinted

SxP 12 24 26 31
Pima 2 12 39 18
Back cross 3 21 29 29
Acala o 11 16 41
Stoneville o 9 11 32

Apparently delinting removes seed coat wax and lint obstruc-
tions to water penetration and permits more rapid water absorp-
tion and germination at high temperatures. This enables germin-
ation to take place before injury from heat has manifested itself
as much as it does in nondelinted seed which is slower in germin-
ation. These seedlings were removed from the germinator as
rapidly as the radicle emerged in order to prevent autointoxica-
tion and subsequent death from accumulated waste materials in
the seedlings.

The germination results at low temperatures emphasize the
need of waiting for the soil to be sufficiently warm before plant-
ing, especially under irrigated conditions. Germination is much
slower under cool conditions and if too cold the germination may
be retarded to the extent that soil moisture becomes inadequate
before the seedlings have become established.

Plant studies. -Four temperature chambers and control equip-
ment have been installed and some preliminary tests have been
made in a study of the temperature relationships of the growing
cotton plant. Consideration is being given to both yield and qual-
ity of lint as related to temperature and especially high tempera-

,ture.
Quality studies on long -staple high yield contest fields. -With

an oversupply of cotton both domestic and foreign and the quality
of foreign cotton improving yearly, the emphasis on quality of
the domestic supply becomes more acute.

In a study of twenty -two fields in the Salt River Valley during
1938, the following conclusions based on 1 year's results were
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Plate II. -SxP cotton photographed August 22, 1938. As compared with
other fields this one yielded low, quality was not good, and the plants were
much too tall and vegetative. This field was excessively irrigated resulting

in vegetative growth and minimized fruiting.

reached. Fiber maturity, based on fiber obtained by random
sampling, was studied in relation to field data taken during fre-
quent visits made during the growing season. Fiber maturity was
used as a criterion of quality.

The fiber of highest maturity was obtained where there was
mainly a bottom crop of bolls and where no severe or excessive
water stressing was evident. Any practice which delayed the
setting of early bolls or bottom bolls apparently caused the pro-
duction of less mature fiber.

It was also determined that cotton produced from stubbed or
ratooned plants was inferior in practically all respects than was
that produced from seeded plants. The bolls and seed were
smaller, the maturity of fiber was lower, there were fewer devel-
oped seed and less fiber per boll, and the yield in pounds of lint
per acre was significantly lower on an average. Stubbed and
planted cotton did not differ materially in lint percentage, seed
index, and lint index.

DEVELOPMENTS ON NEW YUMA MESA FARM

The new Yuma Mesa Farm at Yuma was improved, buildings
constructed, and crops planted. A good four room cottage and
garage were built. Local conditions governed the type of construc-
tion, and the buildings have proved very satisfactory.
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It was considered essential that the entire farm be planted to
alfalfa in order to condition the land for further test plantings.
Considerable trouble was experienced from soil blowing, and the
use of barley as a nurse crop was not very effective, although this
was not used until a replanting was made on areas on which the
stand of alfalfa had been destroyed. Drilling alfalfa in Sudan
stubble without plowing and drilling on land to which wheat
straw had been applied gave the most satisfactory results.

The use of phosphate fertilizer applied at planting time was de-
cidedly beneficial as indicated by Plate III, and the later results
from this treatment were very pronounced.

Plate III. -Effect of phosphate fertilizer on Hairy Peruvian alfalfa on Uni-
versity Yuma Mesa Farm; right, 100 pounds treble superphosphate per acre
at planting time; left, no fertilizer. (Planted Dec. 15, 1938; photographed

May 10, 1939.)

GRAIN SORGHUMS
Work with the sorghums again demonstrated considerable

promise for the Manko variety which for the 2 -year period it had
been included in the tests averaged nearly 500 pounds more grain
per acre than any other variety. The high grain yield of this var-
iety in addition to the high yield and silage value of the stalks in-
dicate a possible place over the dual purpose hegari variety.

Yields in pounds for the leading varieties for 1938 and for the
5 -year averages are as follows:

1938 1934 -38 ay.
Manko 6,430 6,333 ('37 and '38 only)
Algeria 5,410 5,227
Ajax 5,187 5,169
Fargo 5,536 5,094
Hegari 5,982 5,084
Kalo 4,906 4,932
Double Dwarf

Yellow Milo 4,489 4,889
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Work with the sorghum hybrids indicated yields from the Dou-
ble Dwarf Yellow Milo X hegari approximately equivalent to the
combined yields of the parents. The use of close spaced rows com-
pared with wide spacing with Double Dwarf Yellow Milo showed
a yield advantage for the wider spacing possibly attributable to
the heavy rate of seeding used.

GREEN MANURE CROPS

Green manure trials were conducted with both summer grow-
ing and winter growing green manure crops. The summer crops
were planted at different dates, and yield data indicate a wide
range of satisfactory planting dates. Guar included for the first
time gave the highest average yields. Cowpeas proved superior
to soybeans, particularly for the later plantings.

Winter green manure crops grown in random plots replicated
four times gave yields as follows:

Air -dry weights (lbs.)
Crop Cut April 4 Cut May 25

Hubam clover 2,182 7,173
Sour clover 3,157 3,697
Early sour clover 4,835 Mature
Purple vetch 3,303 5,821
Fenugreek 2,621 4,906
Vaughn barley 6,720 Mature

FACTORS AFFECTING ALFALFA SEED YIELDS

Analyses of the data obtained in the study of the factors affect-
ing alfalfa seed yield and quality demonstrated the necessity of
applying irrigation water during the blooming period of alfalfa
under conditions prevailing on the test plots at Marana. Total

TABLE 4.

Variety or strain Date
harvested

Lengthof
growing
season

Calculated*
bushels per

acre

Calculated
relative

yield index

U.S.D.A. 86736 Nov. 1 146 42.35 126
U.S.D.A. 71583 Oct. 13 127 40.21 119
Tokio Oct. 19 133 39.86 118
U.S.D.A. 71663

local seed Oct. 19 133 38.97 116
Laredo Oct. 13 127 34.70 103
U.S.D.A. 71587 Oct. 18 132 33.10 98
U.S.D.A. 71662

North Carolina Oct. 19 133 32.03 95
Chiquita Oct. 5 119 30.96 92
86736 -1 Oct. 19 133 30.61 91
U.S.D.A. 86722 Nov. 1 146 28.54 85
U.S.D.A. 86728 Nov. 1 146 27.22 81
Haberlandt Oct. 18 132 26.16 78

Average 134 33.73 100

* Based on three replications.
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yields ranged from almost complete failures to 417 pounds per
acre. The highest yield was on a plot not irrigated during bloom-
ing, but the yield of plump seed was highest on a plot which was
irrigated. The plot producing the largest amount of plump seed
also showed the highest correlations for percentage of total ra-
cemes bearing pods and plump seed per pod; number of pods per
raceme and plump seed per pod; per cent of total racemes bear-
ing pods and total seed per pod; and number of pods per raceme
and total seed per pod. The correlation coefficients for these
ranged from 0.88 to 0.81 respectively.

A variety test at Tucson, Arizona, gave the results shown in
Table 4. All plantings were made June 8, 1938.

Comparing yields from seed of U.S.D.A. 71663 grown in Arizona
and that from out of state, there was a difference of almost 7
bushels in favor of home grown seed.

CORN

Considerable corn is shipped into Arizona every year due to the
demand of poultry and other stock feeders exceeding the domestic
supply. Most of the corn in the lower irrigated valleys of the
state is of the white Mexican June types and is grown mainly for
silage. It is felt that if higher grain yields could be obtained, and
particularly of yellow types, there would be more corn grown
locally.

Consequently a variety test is maintained and considerable em-
phasis placed on the finding of a suitable yellow variety. Also
due to the interest in hybrids a number of yellow hybrid strains
have been tested.

Analysis of the corn variety test at Mesa revealed that the hy-
brids yielded 29.9 bushels per acre on an average, all varieties
averaged 35.3 bushels, and the selections of Mexican June aver-
aged 39.9 bushels or 10 bushels per acre more than did the hy-
brids.

The nine hybrids included in the variety test at Tucson aver-
aged 34.89 bushels per acre, the total seven varieties averaged
52.13 bushels, and five Mexican June selections averaged 60.32
bushels or 25.43 bushels per acre more than did the hybrids.

In obtaining seeds of the hybrids tested climatic, soil, and other
pertinent data were furnished the seed companies in order to aid
them in choosing available hybrids best suited to these regions.
Hybrid seed of various strains were obtained not only for the
lower irrigated valleys but also for the high elevations in the
state. The seed for the higher elevations were distributed to
county agents for their supervised tests with co- operative farmers.
The results from these trials were in all cases much the same as
were obtained for the lower irrigated valleys.

SOYBEANS

Farmers in Arizona are now growing soybeans for use as hay
or silage and some for green manure. The main problem in grow-
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ing soybeans in Arizona is not so much that of obtaining high
yields as it is finding nonshattering varieties or finding means of
preventing or avoiding shattering. Contrary to Midwest condi-
tions, the soybean pods ripen here before the leaves or vines, since
the plants are not subjected to frosts. This along with their inde-
terminate manner of ripening the pods makes harvesting difficult
when the threshed bean is desired.

It is impossible to use the combine for harvest as is done in the
soybean growing region of the Midwest. Instead, they must be
cut and allowed to dry before threshing. This usually results in
much shattering of the beans unless extreme care is taken in time
of cutting and after cutting operations. It appears that the best
time to cut is at the stage of maximum number of yellow pods.
After curing 2 or 3 days in the swath they may then be placed in
small cocks for further curing before threshing, the main point
being to minimize handling after drying.

One year's harvesting tests with the Charlee and Arisoy var-
ieties have shown that harvesting at the stage of maximum num-
ber of yellow pods reduces size of bean or yield but little if any.
Furthermore the oil and protein content is only slightly, if at all,
affected. Germination tests showed high viability.

In addition to experimentation with time or method of harvest
as a means of avoiding shattering, the problem is being ap-
proached from the standpoint of searching for nonshatter types.
During 1938, 557 different strains and varieties were seeded in
25 -foot rows for observational purposes. Many of them showed
promise of yielding as well or better than any now in the regular
variety test. Thirteen of them shattered less than 40 per cent,
even after a part of the plants was allowed to stand in the field
until near Christmas. A few of them shattered only 5 or 10 per
cent.

No significant yield differences were obtained with soybeans
grown on ridges as compared with flat plantings. Since it is more
economical to seed them on flat borders in a moist seedbed, this
method is being recommended for Salt River Valley conditions.
Under the Safford Valley conditions it appears that seeding in a
dry seedbed and irrigating up is preferred.

Increased plantings of the Arisoy and Charlee varieties were
made at the Mesa University Farm with the following results.

Yield per acre
Variety Hay Seed

Arisoy or U.S.D.A. 86736 3.98 tons 1,852 lbs.
Charlee or U.S.D.A. 71663 . 2.70 tons 1,052 lbs.

WEED ERADICATION AND CONTROL
Bindweed.- Eradication of bindweed was started in the 1938

growing season on field plots at St. Johns and Tucson. Visual
estimates of stand showed a reduction of approximately 50 per
cent of the stand after one season of cultivation, at weekly and
2 -week intervals. The growing of small grains during the winter,
after summer fallow, resulted in no visible reduction of stand.
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Estimates of stand based on counts of shoots in the same area at
succeeding dates and on weights of roots in a unit volume of soil
were so erratic that no statistically significant reductions were
shown. Chemical treatments were continued in 1938 and indi-
cated that carbon bisulphide and sodium chlorate were effective
killing agents for bindweed when properly applied. Plots treat-
ed with bisulphide in 1937 showed no visible regrowth in the next
year, and plots treated in the fall of 1938 had not shown growth
in June, 1939. Spring, summer, and fall treatments of bindweed
with bisulphide were equally effective. Treatments made on dry
soil were sometimes effective but not uniformly good. The ease of
application in moist soil and the more efficient kill indicate that
moist soil would be advisable before treating with carbon bisul-
phide. October sprays of sodium chlorate were more effective
than April, June, and July applications when made as a spray at
equal rates. Fall applications of chlorate in the dry form resulted
in a satisfactory kill of bindweed when applied at the rate of 6
pounds per square rod. Four gallons of chlorate spray with 11
pounds of sodium chlorate per gallon when applied to a square
rod were not as effective as the dry treatment. Early summer
applications of dry chlorate were not as effective as fall applica-
tions but were more effective than the same rate applied as a
spray. Hoeing and burning treatments started in 1937 were con-
tinued and further reductions, but not eradication, of bindweed
were obtained by hoeing. Burning treatments resulted in no fur-
ther increase of bindweed from June, 1938, to June, 1939.

White horse nettle. -Fields infested with white horse nettle
were cultivated at Tucson and Phoenix to determine the number
of cultivations necessary for the eradication of this weed on moist
and dry soils and under summer and winter cropping conditions.
Visual estimates of stand indicate that 40 per cent of the original
stand remained after one season of fallow at Phoenix and 30 per
cent at Tucson. Weed stand in plots planted to winter grain after
summer fallow was similar to the stand in plots cultivated
through all the growing season. White horse nettle stand was
not reduced where hegari was planted broadcast after 3 months
of fallow.

Carbon bisulphide gave indications of good control of white
horse nettle. Sodium chlorate was less effective. Fall applica-
tions of 4 pounds of sodium chlorate to the square rod as a dry
powder were the most effective of the sodium chlorate treat-
ments.

Nut grass. -Nut grass was reduced about half by disking at
Mesa when continued in the fall or when grain was planted in
mid -October. No reduction was noted in the spring after a hegari
crop had been planted in mid -July. Hoeing each week reduced
the stand of nut grass on small plots at Tucson more than hoeing
every 2 weeks. Plants hoed each week and irrigated each month
showed more reduction at the end of one season than plots left dry
and hoed each week. The plots started in November, 1937, were
hoed each week from May 13 to Nov. 5, 1938. The number of
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tubers on the hoed plots on May 13, 1939, was 1.22 per cent of the
number of tubers on the check plots. No further increase in nut
grass which was burned each week was noted after June, 1938.
The increase in nut grass during the fall and spring was possibly
the result of eradication of Bermuda and Johnson grasses which
had been in the plots. No permanent reduction of nut grass re-
sulted from applications of carbon bisulphide and arsenic sprays.
Nut grass was reduced by applications of sodium chlorate, but no
complete kills were obtained with the rates used.

Nut grass was grown successfully in the greenhouse, and ex-
periments to determine the effect of clipping under different mois-
ture and temperature conditions were started.

One hundred nut grass tubers were planted at each of seven
depths from 3 inches to 3 feet on March 19, 1938. The percentages
of tubers sending shoots to the surface prior to July 13, 1938, were
as follows: 3 inches, 62 per cent; 6 inches, 60 per cent; 9 inches,
81 per cent; 12 inches, 58 per cent; 16 inches, 62 per cent; 24 inches,
57 per cent; and 36 inches, 8 per cent.

ANIMAL HUSBANDRY
NUTRITIONAL STUDIES OF ARIZONA RANGE PLANTS AND CATTLE

Standard feed analysis and calcium and phosphorus determin-
ations of over 200 range forages have not revealed sufficient evi-
dence as to the necessary level of either protein or phosphorus
required by the range cow. Seasonal variations in the protein
content of the forages are very marked. Blue grama (Bouteloua
gracilis) dropped from 13.75 per cent crude protein in the early
stage to around 10 per cent at the head stage, 8 per cent at ma-
turity, and gradually dropping to a low level of 2.69 per cent. This
is about 1 per cent below wheat straw, indicating that on a grass
range (with no browse) a prolonged drought would put a cow on
a low protein intake. The protein content of black grama (Boute-
loua eriopoda) dropped to 3.62 per cent, and that of alkali sacaton
(Sporobolis airoides) dropped to 2.12 per cent in two different

areas.
Arizona soils are generally high in calcium, and range plants

are found to be quite variable in calcium content, having no ap-
parent relation to any factor being studied.

Soils testing less than 5 parts per million carbon -dioxide solu-
ble phosphorus are considered very low in this element. Soil
samples from a ranch in the Holbrook area tested only 2 ppm.
Notwithstanding these low tests, stock are apparently unaffected
during some years.

There does not appear to be a definite correlation between soil
phosphorus and the amount of protein in the plants. There is a
distinct relation between stage of plant growth and phosphorus
content. Young plants are relatively high in this element, ma-
ture plants contain much less, and when dry for a long period
may drop to a negligible amount. However, the level of plant
phosphorus does not reflect very closely the soil phosphorus level.
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On several areas of suspected nutritional deficiency, the dry
mature grama grasses show a phosphorus content of from 0.06 per
cent to 0.02 per cent, which is below the minimum requirements,
yet generally cattle on these areas experience no trouble other
than emaciation which may be attributable only to low energy in-
take.

Many of the grazing areas contain browse plants which provide
a source of protein and phosphorus. Browse plants do not drop
to the low levels of the grasses, although the palatability factor
limits the intake of these coarser forages. It is possible that range
stock derive a sufficient intake of nutrients from this type of for-
age during the seasonal dry grass periods.

No correlation has been found between carotene content of for-
age and soil type or phosphorus content of soil. Blue grama and
side oats grama range in carotene content from 8 mgm. per 100
grams green weight to a mere trace. Black grama is not as rich
in carotene in the early stages as these two forages but does not
fall below a minimum of 0.4 mgm. per 100 grams. The maximum
carotene content of alkali sacaton (Sporobolis airoides) and tobo-
sa (Hilaria mutica) was 5.5 mgm. per 100 grams and drops to a
trace after maturity. Bermuda grass (Cynodon dactylon) con-
tains slightly more carotene than blue grama in the green state.
Carotene analysis of three important browse plants revealed them
to be a rather rich source of this nutrient. Winter fat (Eurotia
lanata) tested 3.8, chamise (Atriplex canescens) 2.5, and shad-
scale (Atriplex con f ertitolia) 1.82 mgm. per 100 grams. One sam-
ple of oak browse (Quercus turbine/la) analyzed 6 mgm. per 100
grams carotene, but a low palatability factor limits its value.

Blood calcium and phosphorus determinations are made of sam-
ples taken from cows grazing on the ranges on which the forage
tests are made. The fact that a low phosphorus content of the
soil or the forage does not necessarily signify that livestock are
suffering a phosphorus deficiency, blood analysis is considered
essential to this study.

In the late spring of 1938 the average blood phosphorus of fif-
teen cows on one ranch was 3.67 mgm. per 100 cc. serum. On July
27 of the same year the blood phosphorus of these cows had in-
creased to 5.57 mgm. as a result of the green summer feed. The
following year bone black was fed on this ranch, and, at a time
comparable to the low phosphorus reading above, the blood phos-
phorus averaged 6.2 mgm.

Blood phosphorus readings as low as 2.26 mgm. have been se-
cured from cattle that were not manifesting any symptoms of
phosphorus deficiency except emaciation and pica. From obser-
vations made in this study, which was conducted jointly with the
Department of Animal Pathology, when the blood phosphorus
drops to around 3 mgm. bone chewing may be expected. An ani-
mal may chew bones at a much higher rate if it has been fed a
phosphorus supplement which has since been removed.
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UTILIZATION OF THE GRAIN IN HEGARI SILAGE BY BEEF CATTLE
In the one test to study this problem it was found that 10.4 per

cent of the grain in the silage passed through the animal undi-
gested. While this is probably low because of limited feeding, it
is not believed the loss would exceed 15 per cent fed to cattle on
full feed. Unless there is a greater loss than these results show
it does not appear practical to do further processing of the silage
to reduce the loss of the grain.

FEEDER STEER TYPE STUDY
The results of the fifth annual test of Arizona feeder steers are

presented in this report. The purpose of the project is to study
the relationship between the conformation and other character-
istics of feeder cattle with their rate of gain and killing efficiency,
to test Arizona feeder cattle, and to stimulate interest in the Tuc-
son Livestock Show cattle exhibit. The test each year is divided
into three divisions: Division A, judge's rating as feeder steers;
Division B, economy of gain; Division C, killing efficiency.

The economy of gain test was conducted at the Salt River Valley
experiment farm beginning March 17 at which time each steer
as in the four preceding tests was judged separately and given a
rating for each of the following "points ": type, disposition, con-
dition, feeder grade, color, body width, bone, and head. Actual
measurements of the height at withers, depth of chest, width at
thurls and circumference of "shin" bone were taken of each steer
this year to supplement the above individual records by providing
a numerical value for correlation studies which should to a large
extent eliminate the chance of error in visualizing the "points" of
an animal.

Table 5 shows a summary of the ratings made by each lot in the
three divisions of the test.

TABLE 5.

Lot

Division A
Judge's rating*

Division B
Economy of gains

Division C
Killing efficiency

Tucson Feed cost Est. gross packersno.
Livestock

Show
per cwt.

gain
Rating return per lot

above steer cost
Rating

1 5 $5.81 1 $ 8.86 10
2 3 6.70 3 14.88 5
3 10 6.26 2 20.42 4
4 4 7.07 4 14.31 6
5 8 7.46 6 6.51 9
6 2 7.47 7 25.15 3
7 6 7.83 9 7.54 8
8 1 7.88 10 41.13 1
9 9 7.69 8 26.54 2

10 7 7.38 5 12.18 7

* The judge's rating of the lots in Division A is in fairly close agreement
with the ratings in Division C. In this year's test the packer -buyer
"topped out" the steers irrespective of lots according to their marketable
finish. Heretofore all lots were marketed together.
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Correlation between conformation and rate of gain and carcass
grade. - Accompanying the competitive phases of this project, an
experimental study has been in progress to determine if the ex-
teriorly visible "judging points" of a steer had any predictive in-
dications as to his rate of gain and carcass grade. Biometrical
comparisons of two groups of data and determination of the sig-
nificance of the difference between the means of each group were
made of the individual records of 289 to 369 high grade feeder
steers in the first four of the five tests. In analyzing the data it
was evident that the error originating at the source of the data
due to the human element in appraising the "points" of a feeder
steer served to depress significant differences and was the cause
of some inconsistencies. Inability to bring each steer to the same
"end point" or degree of finish does not permit final interpreta-
tion of the results.

Notwithstanding these limitations the analysis of the data ob-
tained in this experiment revealed the probable existence of a
number of relationships between body form and feed lot perform-
ance.

Color. -The light colored steers made greater daily gains than
medium or dark red steers. It is possible that had there been a
larger number of light red steers the differences may have been
negligible. Color did not bear any relationship to hide weights
nor was there any correlation between hide weights and daily
gains. Variation in hide weights of steers weighing 775 to 825
pounds is equivalent to approximately 1 per cent of the dressing
percentage.

Disposition. -Quiet disposition made not only for more rapid
gains but better carcass grades.

Bone. -No relationship was detected between "bone" or shin
bone circumference with carcass grade or average daily gain.

Body width. -Steers judged as "wide" or "thick bodied" made
greater daily gains and finished out at a higher grade than "nar-
row" steers. On the contrary, actual measurements of the thurls
(width at rump) in the 1939 test of ninety -nine steers failed to
show any association with gains or carcass grade.

Head.- Steers classed as "short- headed" produced better car-
casses than the "long- headed" group.

Type.-The type of feeder steer was definitely reflected in its
carcass grade but failed to show any relation to rate of gain in the
feed lot. A highly significant relationship existed between the
proportion of chest depth to height at withers and carcass grade.
The deep bodied steers apparently possessed the pattern desired
for the higher carcass grades. Comparison of the proportion of
depth of chest to height at withers with the proportion of width
of thurls to depth of chest indicate that body proportions are
variable and that depth and width do not increase together; it
might even be said they are independent.

Condition. -Steers in choice condition at the beginning of the
period maintained their lead and had enough finish to attain the
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higher carcass grades. Those steers rated as good and medium in
condition significantly outgained the steers in choice condition.

Feeder grade. -The grade of a f eéder steer and its ultimate car-
cass grade were associated to the extent of distinguishing the top
and lower grades.

BOTANY AND RANGE ECOLOGY
GRASS FLORA OF THE STATE

The study of the grasses of Arizona including ninety genera and
370 species has been completed, and the manuscript is now in
preparation for publication as a bulletin of the Arizona Agricul-
tural Experiment Station. The list includes several grasses that
were not known to occur in the United States and a considerable
number that previous to this study had not been found growing
within the state. Pen and ink drawings of 100 kinds of the more
important grasses of the state have been made to illustrate the
publication.

In the preparation of the manuscript, following the scientific
name one or more common names usually are given for each
species. The descriptions have been made uniform for all the
species, the corresponding parts of each grass being described in
the same order throughout, thus making it possible for one to
compare quickly any species of grass with any other species of
that group. In a separate paragraph following the description,
the distribution of each species is given, also its relative abund-
ance, its value as a grazing or hay crop, and it uses in other ways
such as soil erosion control.

The grasses of Arizona constitute the most valuable family of
flowering plants, and one of the three largest families in the flora.
They number slightly more than one tenth of all flowering plants
and supply a larger amount of feed for livestock on the ranges
and in pastures than all other plants in Arizona combined. The
large grass collection of the University Herbarium, built up al-
most entirely during the last 40 years, has been used as a basis
for this work, and the sheets of Arizona grasses have been studied
and correctly labeled.

PLANT COLLECTIONS AND IDENTIFICATION

A large number of plant specimens has been sent to the Uni-
versity for identification from many parts of the state by county
agricultural agents, agricultural specialists, members of the Agri-
cultural Experiment Station staff, U.S. Forest Service, U.S. Park
Service, U.S. Soil Conservation Service, Department of Interior,
Division of Grazing, and also numerous interested citizens. As a
result of the study of these plant specimens and also through plant
exchanges, about 3,500 specimens have been received, mounted,
and added to the University Herbarium. In order to facilitate the
work in identification of plants, a card index of periodical litera-
ture in plant taxonomy has been started. This index includes a
card for each genus mentioned in each article. About 10,000 cards
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have been prepared and placed on file during the year. Assign-
ment of a worker from a W.P.A. project in the University Library
to the Herbarium has facilitated mounting of plants, preparation
of the card index mentioned above, and arrangement of speci-
mens.

A monograph of the seventy -eight species and sixty -three var-
ieties of the genus Ranunculus occurring in North America north
of Mexico was brought to completion. This work will form one
section of the encyclopedic North American Flora, written by
specialists and published by the New York Botanical Garden.

A project has been started to clear up the confused scientific
names of some common plants of Arizona that are listed in vari-
ous books under different names. Steps have been taken to de-
termine which of these names must be used for certain plants in
accordance with the International Rules of Botanical Nomencla-
ture. Among the species studied are the blue paloverde, which
has two species names; the burroweed, which has five generic
names used in various combinations with five specific names; and
the velvet mesquite, which some writers have considered to be
indistinguishable from the honey mesquite, but which has been
shown to be actually different.

BEET SEED PRODUCTION

Six varieties of sugar beets were planted at three different
planting dates (Aug. 16, Sept. 7, and Oct. 2) and were studied
throughout their entire period of growth. The principal objec-
tives were to determine the seed yields as they are related to the
soil temperatures, soil nitrates, and the chemical composition of
the plants. The varieties used were selected because of differ-
ences in bolting tendency, seed yield, resistance to curly top, and
resistance to leaf spot disease. Some of these varieties are not
suitable for market demands but are useful for research purposes
due to the extremes. From the standpoint of demands for seed
these varieties with low bolting tendency are of greatest import-
ance.

TABLE 6. -YIELD OF BEET SEED (NOT RECLEANED) (LBS. PER
ACRE).

Variety Planting date Bolting
tendencyAug. 16 Sept. 7 Oct. 2

Great Western 3,350 3,450 1,790
R and G 3,365 2,840 1,245 low (ay.)

Average 3,357 3,145 1,517

U.S. 14 3,690 2,680 2,685
U.S. 12 4,060 4,095 3,630
U.S. 33 4,420 4,500 3,690 high (ay.)
U.S. 217 3,335 3,650 2,565

Average 3,876 3,731 3,142
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It is believed the effect of planting date was primarily one of
soil temperature. The early plantings with consequent shading
produced uniformly lower soil temperatures. Judged by chemi-
cal determinations and field observations, the general effect of
date of planting upon all varieties was quite similar except with
respect to bolting tendency and seed yields. Those varieties which
were low in bolting tendency were markedly affected in their
yields by the time of planting.

Evidence for the correlation of soil temperature with yields is
indicated by thermograph records showing consistently marked
temperature differences in the surface soil several hours per day
through the growing season until April.

Figure 1 illustrates temperature differences between plots
planted August 16 and October 2 as recorded during the week be-
ginning March 20, 1938. Comparable differences were recorded
throughout the autumn and winter seasons.
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Figure 1. -Daily fluctuation of soil temperatures in sugar beet plots planted
on October 2 and August 16, respectively.

Chemical determinations included a study of five nitrogen frac-
tions and two carbohydrate fractions in the plant. In the soil, ni-
trates accumulated rapidly after irrigation in midsummer extend-
ing to a depth of 6 feet. Growing plants removed these nitrates
rapidly after 3 weeks of age, and the earlier plantings depleted the
soil to the extent that nitrates were deficient by January 1 in spite
of the usual autumn application of ammonium phosphate.

The rather brief period through which these experiments ex-
tend indicates the importance of fertile soil, early planting, abund-
ant nitrates, and ample and judicious irrigation in building a
stable industry for beet seed production.

CLIMATIC CONDITIONS AND DESERT GRASSLAND VEGETATION

Permanent quadrats established in 1931 at Desert Grassland
Station have been studied yearly to measure the amount of forage
produced and to note the changes in vegetation occurring on areas
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totally protected from grazing, areas grazed by rodents only, and
areas grazed by cattle and rodents. Changes resulting from these
various grazing influences and from variation in climate are thus
being studied on a typical southern Arizona semidesert range. De-
tailed weather observations covering air and soil temperature,
rainfall, humidity, evaporation, wind velocity, and sunlight in-
tensity have been made at Desert Grassland Station and two sup-
plementary stations in conjunction with the quadrat studies.
Compilation of these quadrat and climatic data has been made to
date, and it is planned to continue observations over a long pe-
riod of time.

Preliminary summaries of the climatic data from the three sta-
tions located throughout the altitudinal range of the desert grass-
land type have shown the greatest range of variation in air tem-
perature, rainfall, and humidity at the lowest elevation. Vegeta-
tion analyses, particularly of the areas occupied by perennial
grasses, have shown Rothrock's grama (Bouteloua rothrockii) to
exhibit a great variation in volume from year to year, governed
largely by climatic conditions rather than by grazing influences.
The percentages of ground covered by grasses such as poverty
grass (Aristida divaricata), Arizona cotton grass (Trichachne
californica), and black grama (Bouteloua eriopoda) were affected
more by the intensity of grazing than by climatic conditions.

EFFECTS OF FERTILIZERS ON RANGE GRASSES
The effects of yearly applications of fertilizers to range grasses

have been studied on experimental plots at the Santa Rita Experi-
mental Range. Two sets of fertilizer plots, one set open to graz-
ing and the other set fenced against cattle have been established
since 1936, and yearly applications of calcium nitrate and am-
monium phosphate are made. Changes in vegetative cover and
density under the various treatments have been recorded by
means of quadrat and line transect counts.

Initial treatment of these plots brought about an increase in
density of the dominant grasses, poverty grass (Aristida divari-
cata) and slender grama ( Bouteloua filiformis), but continued
fertilization has brought about little further change in density of
perennial grasses as compared with check areas. Preliminary
germination tests and counts of viable seeds per spike have indi-
cated a possible practical application of these fertilizer studies.
It has been found that the number of seeds per spike in the grama
grasses found on the plots was greater in fertilized plants than on
check plants receiving no treatment. Similar results were ob-
tained in viability tests on the seed produced indicating that ap-
plications of ammonium sulphate or calcium nitrate induced
greater seed production per plant as well as a greater percentage
of viable seed.
RELATIVE WATER REQUIREMENTS OF ARIZONA RANGE PLANTS

The water requirements of twenty -eight species of Arizona
range plants and five crop plants were determined under varying
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climatic conditions during the period from 1931 to 1936. The
group of plants included (1) perennial grasses of desert grass-
land, (2) perennial grasses of plains grassland, (3) southern tall
grasses, (4) winter annuals, (5) summer annuals, (6) xerophytic
trees and shrubs. This study has been published as Technical
Bulletin No. 80 by W. G. McGinnies and Joseph F. Arnold.
SEASONAL UTILIZATION AND FORAGE REQUIREMENTS OF RANGE

VEGETATION BY RODENTS

During the past year several antelope jack rabbits were fed ex-
perimentally to determine the amounts and types of forages re-
quired for their maintenance. The preliminary results of the
base ration tests indicated that a mature antelope jack rabbit
weighing about 63/4 pounds required daily feedings of alfalfa
roughage and barley concentrate in amounts equivalent to about
3.2 per cent of the animal's body weight. The same rabbit was
found to require an average daily dry weight ration equal to 4 per
cent of its body weight when placed on native forage maintenance
tests. A palatability list of about fifty plants was obtained from
hand feeding trials. Data on the percentage of forage utilization
and waste were recorded on several fenced plots on which the ex-
perimental rabbits were grazed for 3 or 4 days. The utilization
trials revealed that the diet of a mature antelope jack rabbit con-
sists of about 21 per cent herbs and annuals, 78 per cent grasses,
and 1 per cent trees and shrubs during the summer growing sea-
son. Other significant results obtained from the utilization trials
indicate that coarse range grasses such as Heteropogon contortus
are likely to be fairly free from rabbit damage. This may prove
an important point in selecting grass species for reseeding de-
pleted range areas.

DISTRIBUTION OF ARIZONA RANGE PLANTS

Information concerning the distribution of the more common
and important Arizona range plants has been assembled in the
form of detailed distribution maps. Herbarium records and per-
sonal observations are being used to make these maps as com-
plete as possible. The information contained in these maps is of
primary importance in studies of range types, in noting the spread
of poisonous plants or weeds, and in studying the environmental
factors governing plant distribution. It is planned to continue
assembling information on additional plant species.

LIFE HISTORY STUDIES ON BURROWEED

Plots have been established yearly since 1937 at Desert Grass-
land Station to study the effects of various control treatments on
individual burroweed plants. Cutting, grubbing, burning, and
acid spray treatments have been applied to plants on small areas
at different seasons, and careful observations were made as to the
type of growth response produced under these conditions. Previ-
ous studies have shown that burning and grubbing individual
plants were uniformly successful control measures. Other meth-
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ods have been found to be only partially successful when applied
in single treatments, so emphasis is now being placed on studying
these methods under varying schedules of retreatment. Incom-
plete grubbing or cutting above the root crown level and applica-
tion of 5 per cent sulphuric acid are being studied in detail under
varying seasonal conditions.

Seasonal changes in the food reserves of the leaves, stems, and
roots of burroweed plants are being traced to determine the pe-
riods of greatest physiological activity in the plants and the pe-
riods in which food storage occurs. Comparison of the periods of
dormancy and activity in both burroweed and associated grasses
will furnish definite information of value in control measures, as
the growth potentialities of treated burroweed plants will be gov-
erned to a large extent by the amount of food reserves present.

Anatomical material has been prepared and studied through
one season to determine the time for flower and fruit development
relative to environment and seasons. Drawings of the stage of
development for the one season are complete for publication. Re-
sults indicate that a very short period is necessary from origin of
flower parts to mature fruiting. Buds originate flower parts as
late as August and mature seed within 60 days.

DAIRY HUSBANDRY
SOME PROPERTIES OF MILK POWDER WITH PARTICULAR REFER-

ENCE TO SWEET BUTTERMILK POWDER.

This project has been completed and manuscript has been pre-
pared and published in the March, 1939, Journal of Dairy Science.
THE PHYSIOLOGICAL TYPES OF BACTERIA IN MILK IN RELATION

TO REDUCTION OF METHYLENE BLUE

This work has been completed and published in the April, 1939,
Journal of Dairy Science.

THE RELATIONSHIP BETWEEN FAT CONTENT OF FRESH MILK AND
ITS APPARENT ACIDITY

Results of work on this project show that milk in general in-
creases in apparent acidity as the fat content increases up to 6
per cent butterfat; from this point on the acidity decreases. This
phenomenon was also noted in milk taken from Holstein cows ex-
clusively and from Guernsey cows exclusively, but it was not so
apparent in Jersey milk. Individual cows likewise did not show
this variation. As summer conditions became prevalent, the mean
titratable acidity of milk in general decreased. Milk from the
morning milking did not display the same trend in variation in
acidity that was displayed by milk from the afternoon milking.

A small number of cows tested showed abnormal tests at all
times: two animals produced milk which was always abnormally
low in acidity and one cow produced milk that was always abnor-
mally high in acidity. Cows advancing in their lactation period and
sick cows produced milk abnormally low in acidity. Cows after
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freshening, for a period of about 30 days, produced milk abnormal-
ly high in acidity.

THE SOLIDS -NOT -FAT CONTENT OF MILK

The Agricultural Chemistry Department is co- operating with
the Dairy Department on this project.

This work was not started until April. Therefore, sufficient data
are not available to justify any conclusions.

THE EFFECT OF SUNLIGHT AND FEED ON THE VITAMIN D
POTENCY OF MILK

A study is being made in the Human Nutrition Department of
the vitamin D content of milks obtained from cows that have been
exposed to the sun and from cows that have been protected from
the sun. However, it is too soon to be able to draw any conclusions
from this work.

PASTURE FOR YOUNG CALVES

Results to date indicate that calves on pasture make slightly
better growth than calves kept in dry lot. It also has required
slightly fewer services on the average for conceptions for the
pasture heifers than for the heifers on dry feed. The calves in
pasture, also were slightly larger in the heart girth than the dry
lot calves.

The number of animals represented is not large enough to draw
any definite conclusion.

ENTOMOLOGY AND ECONOMIC ZOOLOGY
RANGE RODENT INVESTIGATIONS

All compilations of data on the ecology and life history of the
wood rat have been completed, and a bulletin on the relation of
this rodent to grazing ranges is ready to be submitted for publica-
tion. As a sort of by- product of the wood rat studies, the rela-
tion of cone -nose bugs (blood sucking ) to certain human discom-
forts and ills has been investigated, and the bugs were proved to
breed in the dens of wood rats. A paper on this study has been
published (see publications) .

Some work has been done on the common (small) ground squir-
rel, which may be taken up next in this series of studies.

WATER RELATIONS OF DESERT ANIMALS

Recording of field data has been continued, and preparation of a
bulletin will begin early next year.

RANGE GRASSHOPPERS

Owing to serious illness of the original investigator on this
project, a substitute was appointed for the last 10 months of the
year. Studies of egg deposition, numbers, and specific character-
istics have been made. The entire collection of Orthoptera, in-
cluding the extensive additions made during the life of this pro-
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ject, has been rearranged to incorporate all material in a single
series, which now occupies some sixty -five cabinet drawers.

Work on keys and on distribution of Arizona species was carried
on.

It is now planned to bring this work to a close with publication
of a bulletin as soon as the extensive and involved data of the
original investigator can be abstracted and compiled.

SCALE INSECTS

This long -time and detailed study, involving precise mounting
methods and microscopic study, has been steadily continued.
Identifications as an aid to control are now frequently and readily
made. Co- operation of the State Entomologist and his staff is
greatly appreciated.

ALFALFA WEEVIL

The finding of an insect enemy of alfalfa new to Arizona and
the United States was an important entomological discovery. On
April 11, 1939, a weevil was found infesting fenugreek and alfalfa
in the Yuma Valley. Later it was found also on sour clover. The
identity of the weevil was soon established by government ento-
mologists as Hypera brunneipennis, previously known only from
Egypt and Ethiopia. In Egypt it feeds on berseem or Egyptian
clover. This is not the already well -known "alfalfa weevil,"
Hypera postica, common in neighboring states.

Adults, larvae, and pupae were present in the Yuma district in
mid -April. Both fenugreek and alfalfa showed some injury, but
damage was most severe on sour clover.

The infestation was found to extend a distance of about 8 miles
on both sides of a highway in the irrigated district southwest of
Yuma. Inspection soon showed its presence also in Winterhaven,
California, just across the Colorado River from Yuma.

After completing development in the spring the weevils seek
suitable shelter under bark of trees and elsewhere, where they
spend the summer without feeding or reproducing.

OTHER INSECTS

Life history studies and methods of control of insects affecting
the pecan have been undertaken in co- operation with the Horti-
culture Department. Especially in this connection an injurious
aphid (Monellia costalis) is under investigation. This insect, es-
pecially in the winged form, seems to be unusually resistant to
the commonly used strength of nicotine sulphate.

HORTICULTURE

VEGETABLE CROPS

Lettuce fertilization. - Experiments on the placement of ferti-
lizers in bands at the time of planting or as a side dressing later
have been made on fall and spring lettuce during the past year.
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All of the band placements gave better growth responses and
earlier maturation than broadcast or drilled application of simi-
lar quantities of fertilizer. The soil (Mesa Experimental Farm)
on which the experiments were conducted was low in available
phosphate and nitrogen. Further tests will be made in commer-
cial fields during the coming season.

Of the various placements made during the past year the best
results were generally obtained with the single band 11/2 inches
laterally toward the irrigation furrow and 3 inches below seed
level. Similarly side dressings made during the growth period
were most effective when this placement of fertilizer at time of
planting had been made. This indicates that the heavy root con-
centration induced by the band, slightly on the furrow side, per-
mits more effective utilization of side dressings, which are applied
to the bed shoulder and just outside the original band placement.

Soil analyses showed that the irrigation water caused apprecia-
ble lateral movement of phosphates and nitrates from the bands.
The result was the establishment of a rather wide band of nutri-
ents through the region of heavy root concentration suggesting
that a narrow band can be used at time of planting.

In this preliminary work with band placement in raised, irri-
gated beds, 3 inches is the greatest depth that has been used. It
will take several years to work out the best placement for the
many varying conditions found in commercial lettuce fields of the
state. A mimeographed report on this year's studies is available.

Lettuce and cantaloupe breeding and selection.-This project,
started in the spring of 1938, has the following objectives: (1)
reselection within present varieties of melons and lettuce for
maintenance of purity of seed stock or improvement over existing
stocks; (2) testing of new introductions to determine their value
under Arizona conditions, particularly introductions from the
Bureau of Plant Industry, U.S. Department of Agriculture, with
whom a co- operative memorandum of understanding is in effect;
and (3) development of new varieties by breeding and selection.

The powdery mildew- resistant No. 45 melon is now used for
most of the Arizona cantaloupe acreage. This melon has excellent
shipping qualities, but because of a tendency to produce large
fruits it is not entirely satisfactory. A reduction in the size of
the fruit is desirable. Other improvements would be a heavier
foliage, greater fruit set, and better edibility.

For the spring crop of 1938 at Phoenix a large number of strains
of the No. 45 melon were grown to determine whether any of the
above desired variations might be noted in some lots. This in-
cluded eighteen strains from the Bureau of Plant Industry. No
significant strain variations have been found so far.

Crosses of Superfecto with No. 45 were made at Phoenix in the
spring of 1938. The F1 was grown on the Yuma mesa in the fall of
1938. The F2 was grown at Phoenix in the spring of 1939, and a
large number of individual fruit selections from this F2 have been
made for 1940 spring planting. Other crosses which have been
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made are: No. 45 X AZ; (Superfecto X No. 45) X (No. 45 X AZ) ;
Keystone Winner X Superfecto; Yuma Gold X (No. 45 X AZ) ;
Yuma Gold X (Superfecto X No. 45) . Certain back crosses have
also been made. From these varieties it is hoped to eventually
incorporate into a variety the shipping quality of No. 45; fruit
size and set of Yuma Gold; heavy, solid set of AZ; and edible
qualities of Superfecto.

Individual plant selections of Imperial 152 and Imperial 615
varieties of lettuce have been continued, and seed further multi-
plied of selections made originally in 1935 by M. F. Wharton.
Comparison of these Arizona stocks of 152 and 615 with commer-
cial lots will be made in 1939 and 1940 to determine their real
merit.

Lettuce seed storage.-Spring harvested seed (May to June) of
varieties 152 and 615 were placed under the following storage
temperatures: (1) outside temperatures (38 -112° F.) ; (2) lab-
oratory (75 -88° F.) ; (3) oven (105° F.) ; and (4) cold storage
(40° F.) . At each temperature, both open and airtight containers
were used. Germination of the various lots was studied in the
laboratory and field in the fall.

Storage in airtight containers of this "new" seed reduced the
percentage germination secured in August and September for all
storage temperatures except 105 degrees F. Low temperature
storage (40° F.) reduced the field germination for September
planting compared with higher storage temperatures.

These data indicate the desirability of storing "new" seed, har-
vested in the Salt River Valley in May to June, at relatively high
temperatures and in open containers. This precaution is neces-
sary, however, only for seed that is to be planted the current year.
The value of low temperatures for long -time storage is well
known.

"New" seeds of Imperial 615 gave earlier satisfactory germina-
tion percentages in the field than seeds of Imperial 152.

Vegetable crop adaptation tests on the Yuma mesa. - Trials of
certain varieties of tomatoes, melons, sweet corn, beans, and car-
rots for late fall, winter, and early spring were begun on the
sandy soil of the Yuma mesa in the fall of 1938.

Tomatoes transplanted the last week in August and heavily
side dressed with commercial fertilizers began to mature fruits in
mid -December and continued to bear until late February. The
vines were "brushed" for frost protection. These same vines pro-
duced a heavy spring crop of fruits, which matured in late April
and May. December and January had minimum temperatures
above normal, while November and February minima were below
normal. Since these adaptation tests must be continued over sev-
eral seasons before satisfactory growth and fruiting behavior of
tomatoes can be determined, it is unsafe to make predictions at
this time.

Cantaloupes planted the first week in August matured fruits in
late October and November.
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Golden Cross Bantum sweet corn, planted for late fall, matured
desirable ears in early November. Dusting to partially control
corn ear worms was necessary.

Green beans and carrots gave less satisfactory performances in
the sandy soil than tomatoes and melons.

CITRUS STUDIES

Grapefruit maturity. - Studies of grapefruit maturity continue
to be directed toward finding physical or chemical situations in
the fruit which can be used as a satisfactory index of maturity.
As previously reported the percentage of juice and the solids to
acid ratio differs between seasons and cannot be correlated satis-
factorily with the attainment of desirable eating qualities.

It was suggested a year ago that a more satisfactory standard of
grapefruit maturity might be had by using a sliding value for
soluble solids to acid ratio in relation to size and juice content of
the fruit. Data for the past year support this view and Table 7
is presented to illustrate how it might be employed.

TABLE 7.- EXAMPLE OF SLIDING SCALE STANDARD FOR GRAPE-
FRUIT MATURITY.

Commercial
size

Volume of
fruit

Requirement A Requirement B
Brix to

acid
ratio

Per
cent
juice

Brix to
acid
ratio

Per
cent

juice

100 375 6.45 32.0 6.15 35.0
80 475 6.60 30.0 6.30 33.0
64 600 6.75 27.5 6.45 30.5

Fruit which meets the requirements set up in either A or B or
interpolated between them would be considered mature. This
standard would allow movement of fruit with a higher ratio and
lower percentage of juice, and also fruit with a lower ratio and
a higher percentage of juice both of which will give consumer
satisfaction. Such requirements would require some seasonal
modification.

Winter temperatures in Salt River Valley citrus groves. -Dur-
ing the past winter data on temperature situations surrounding
Salt River Valley citrus groves have again been obtained. As
was done last year, minimum registering thermometers were
placed in the citrus areas of the Salt River Valley to determine
possible heating requirements. The data show as much as 23 de-
grees difference in temperature between various points on mod -
erately warm nights, with 8 to 11 degrees difference on the cold-
est nights. A general relationship in temperatures exists be-
tween districts and particularly within districts.

It was again found that there is usually a warmer upper stratum
of air above the ground. A greater difference in temperature
occurred between 4 and 25 feet than between 25 and 50 feet; the
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difference frequently was greatest in the early evening, becoming
less in the early morning, and is related to the temperature of the
previous day. Inversion is directly affected by wind movement
which mixes the warmer upper air with the colder lower air. The
difference in temperatures at 4 feet and at 50 feet varied from
2 to 17 degrees.

Orchard heaters placed forty -eight per acre raised the air tem-
perature three degrees above the control on February 10 when
the temperature dropped below 26 degrees for 8 hours with a
minimum of 22 degrees. Oranges which received radiant heat and
those in the tops of the trees were undamaged. Fruit on the op-
posite side of the tree from the heaters was damaged. Unheated
grapefruit were not damaged, excepting for outside exposed fruit.
Freezing of oranges occurred at 27.5 degrees fruit temperature.

Citrus fertilization. -For 3 years grapefruit plots on the Yuma
mesa receiving commercial nitrogen have produced the largest
yields. Barnyard manure applied at the rate of 6 and 9 tons per
acre has given no greater yields than 3 tons per acre, and this
latter has produced but slightly more than where no manure or
other fertilizer was applied. Similarly phosphorus and potash
fertilizers have had no effect upon yield. It appears quite defin-
ite now that citrus fertilization should center around the use of
commercial nitrogen.

As was reported last year, the differences in amount of fruit
borne on the various plots have not been accompanied by com-
parable differences in quality. Apparently improvement in qual-
ity cannot be expected from the application of any of the mate-
rials used in these trials.

Chemical analyses of leaf tissue made by the Department of
Agricultural Chemistry have indicated several significant points.
There is a definite relation between the percentage of nitrogen
content of the tissue and the fruitfulness of the trees. The plots
receiving manure alone or manure with phosphorus or with pot-
ash had a lower percentage of nitrogen in the leaves than plots
receiving commercial nitrogen. Leaves having a high percentage
of nitrogen tend to have a low percentage of phosphorus -thus
the heaviest yielding trees have leaves containing a low percent-
age of phosphorus.

Quality and yield of grapefruit. - During the past year definite
progress has been made in determining the factors affecting yield
and quality of grapefruit. Feeding practices, which increase
vegetativeness and nitrogen content, and starving practices, which
reduce vegetativeness and nitrogen content, both have marked
effects on the yield and quality of grapefruit, but the commercial
value of such treatments depends upon their being made at the
right season of the year.

Trees given treatments to increase the nitrogen of the tissue
prior to bloom have produced 30 per cent more fruit than did trees
unfertilized during the winter and further starved by a compet-
ing cover crop of barley. The former trees contained 42 per cent
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more nitrogen in leaves and 35 per cent more nitrogen in the
twigs than was found in corresponding leaves and twigs on the
starved trees just prior to bloom.

Summer treatments exert a striking influence upon the com-
mercial quality of the fruit at harvest. Trees receiving readily
available nitrogenous fertilizer during the summer produced a
large proportion of culls and coarse textured fruit, while trees
receiving no summer applications of nitrogen and which were
further starved with a competing cover crop of Sudan grass pro-
duced a small proportion of culls and a large proportion of high
quality fruit according to commercial grading. It appears that
for maximum yields and quality a program of winter fertilization
followed by summer starvation will give the best results at Yuma.

Similar experiments have been started with grapefruit in com-
mercial groves in the Salt River Valley and on the Yuma mesa
as well as with a small block of navel oranges on the Yuma Mesa
Experimental Farm.

Nitrogen assimilation by citrus trees. -The recognition from
citrus fertilization studies and studies of quality and yield of fruit
that nitrogen may play an important role in regulating the fruit-
fulness of citrus trees emphasizes the need for answers to such
questions as: how quickly is nitrogen from various fertilizers as-
similated? What is the difference in rate of assimilation of nitro-
gen applied at different seasons and under different soil types and
with different ages of trees? How long does nitrogen remain in
the tissue? In an effort to answer such questions studies were
undertaken during the past year. Various nitrogen fertilizers
were applied and changes in the nitrogen content of the leaves
through the season were determined by chemical analysis.

From these preliminary studies of nitrogen assimilation using
trees of different ages growing in two different soil types in the
Salt River Valley, the following points are suggested. The rate
of assimilation is more rapid in the fall and spring than in the
winter. The amount of nitrogen assimilated is partly related to
the amount of nitrogen contained in the leaves prior to fertiliza-
tion. Thus, mature leaves having more than 2.2 per cent nitrogen
do not show material increases in nitrogen especially in the win-
ter, regardless of amount or kind of nitrogen applied. Calcium
nitrate produced a greater increase in nitrogen than ammonium
sulphate during the winter, however, the new spring leaves con-
tained slightly greater percentages of nitrogen where ammonium
sulphate had been applied.

Grapefruit storage. -Studies of grapefruit storage have been
continued in co- operation with the Arizona Citrus Growers' As-
sociation and with the Field Laboratory of the California Fruit
Grower's Exchange. During the 1938 -39 season, fruit from all dis-
tricts about Phoenix was found to store satisfactorily (in com-
mercial storage at 60 to 61° F. and 80 per cent relative humidity)
for at least 3 months without development of off flavors or pitting
if picked in January, February, or March. Some early picked
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fruit was held 6 months in storage and remained in fair condi-
tion. It appears that the later the picking date the shorter be-
comes the storage life of the fruit, due to increased shrinkage
rates in storage and softness of the fruit on the tree as the season
progresses. Losses in weight of commercially handled fruit have
been determined by individually weighing large numbers of fruits.
The most rapid loss of weight takes place in the first 2 weeks of
storage, and the rate of loss becomes relatively constant after 1
month of storage.

Shrinkage in storage was of both weight and volume, and slight
but consistent increases in specific gravity indicate that the fruit
lost volume more rapidly than weight. The percentage of juice
by volume increases with storage and is due to reduction of thick-
ness of the rind and apparently also to changes in the structure
of the juice sacks with the result that juice could be more rapidly
extracted after storage and that a smaller amount of pulp re-
mained than in freshly harvested fruit.

Waxing lengthened the storage life by reducing shrinkage and
by eliminating much of the variation caused by very different
shrinkage rates among individual unwaxed fruits. Waxing, on
the other hand, made for a rapid decrease in total soluble solids
and a very rapid drop in percentage of acid with the result that
ratio of soluble solids to acid increased far more rapidly and
reached higher values in waxed than in corresponding unwaxed
fruit.

Data obtained from the shipment of fruit to Los Angeles for ob-
servation following removal from storage have shown that waxed
fruit retains its color better, is of good flavor longer, and shrinks
less than unwaxed fruit. Late picked fruit or fruit held too long
in storage seems especially liable to mold infection.

DATE STUDIES

The 1938 date season. -The 1938 date season was characterized
by ideal ripening conditions. No rain fell from September 2 to
December 1, and low humidity prevailed most of the period.
Losses in the majority of varieties were reduced to a minimum,
and the fruit was of exceptional quality. Losses of Hayany,
Rhars, and Iteema followed 0.35 inch of rainfall on August 4 and
lesser showers later in the month. The time of ripening was
about normal for the early varieties but was extended on the
late ones due to low November temperatures which were 5 de-
grees below average.

No marked reduction in the number of blossoms on the palms
was noted, which was in sharp contrast with commercial date
gardens where the crop was generally very light.

Date maturation and storage studies. - Experiments during the
past year included storing Khadrawi, Maktoom, and Sayer fruits
which had been dehydrated to different moisture contents in com-
mercial storage at 32 degrees F. and relative humidity 75 to 80
per cent, and in a small refrigerator at 0 to 5 degrees F., relative
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TABLE 8.- SUMMARY OF 1938 DATE SEASON.
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Variety Date
blossomed

Date
ripened per cent loss

Apdandon April 5 Sept. 2 15- Slight checking -good
Bent Kebala April 20 Sept. 20 15- Moderate checking
Braim April 25 Sept. 4 15 -Good
Deglet Noor April 25 Sept. 15 10- Slight check -good
Halawi April 20 Sept. 2 50- Shrivel -deep apical split
Hayany April 25 Sept. 5 70 -Severe checking and blacknose
Iteema April 20 Sept. 10 50- Severe checking- souring
Khadrawi April 12 Aug. 28 15-
Khir March 10 Sept. 5 10 -Good
Kustawi April 22 Sept. 20 20- Blistering
Maktoom April 28 Sept. 25 30- Discoloration -good
Rhars April 3 Aug. 23 70- Splitting- souring
Sayer April 15 Sept. 9 5-
Saidy May 2 Oct. 20 20 -Very slight checking
Tadala April 14 Sept. 18 5-
Zahidi April 18 Sept. 20 5-
16-23 April 16 Sept. 1 25- Moderate checking and blistering

humidity 40 to 50 per cent. Excellent ripening conditions pro-
duced a high quality fruit so that differences between these two
storage conditions were not great.

The Khadrawi fruits stored at 0 degrees had less deterioration
from sugar spot and discoloration than the fruit stored at 32 de-
grees, excepting the first picking. However, fruit which entered
storage with high and low moisture content had wider variations
in deterioration than were induced by the differences in storage
temperatures. In general, fruit picked at the tree ripe stage and
dehydrated to 28 to 30 per cent moisture stored better than fruit
having higher or lower moisture contents. Pasteurization at 140
degrees, or low temperature curing at 100 degrees followed by
dehydration, and 28 to 30 per cent moisture produced equally sat-
isfactory results.

The Sayer fruits stored well over the entire range of experi-
mental conditions.

The Maktoom fruit picked tree ripe and processed at 100 de-
grees without dehydration and then stored at 0 degrees was
superior.

PECAN STUDIES

Pecan yields. -Data obtained during the past year again indi-
cate that nitrogen nutrition of the tree as influenced by irrigation,
culture, and fertilization practice and a condition of incomplete
winter dormancy as induced by insufficient chilling during the
winter months have an important bearing on the amount of blos-
soming and extent of the "May drop."

Yields of trees in plots on the Yuma Farm which have received
treatment to induce various conditions of vegetativeness -i.e.,
nitrogen nutrition, have been heaviest on moderately highly vege-
tative trees. However, the largest yields have not been commer-
cially satisfactory, and production has tended to fluctuate more
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from year to year than between plots in the same year. Trees
have been sprayed with dinitro -o- cyclohexyl phenol, ethylene,
ethylene dichloride, ethylene chlorhydrin, and other chemicals in
an effort to influence dormancy. Some very striking results have
been obtained but thus far nothing that can be recommended as
a commercial practice.

Information has developed to where a tentative classification
of varieties in regard to tolerance of warm winter temperatures
can be attempted. Present information would suggest an order
somewhat as follows for varieties under observation.
1. Payne Seedling 8. Burkett 15. San Saba
2. Halbert 9. Delmas 16. Texas Prolific
3. Humble 10. Clark 17. Love
4. Mahan 11. Millican 18. Royal
5. Western 12. Kincaid 19. Schley
6. Onliwon 13. Success 20. Govet
7. Delight 14. Stuart

This list cannot be looked upon as being completely accurate
and is of value only in serving as a rough comparison of tolerance
to warm winter temperatures. The evidence suggests that com-
mercial varieties for the warmer districts should be selected from
those occurring high on the list unless the grower believes that
the superior quality of nut produced by other varieties will offset
their lower yields.

Pecan nut filling. -For a number of years it has been reported
that the best quality of nut filling accompanied a condition of
medium to low vegetativeness of the trees. Several factors in-
cluding soil nitrogen and moisture and shade have been suggest-
ed as influencing the vegetativeness of the trees and filling. For
the past 2 years efforts have been made to measure the relative
importance of some of these factors.

It appears that exposure to sunlight is a more important factor
in influencing summer vegetativness and nut filling than is cul-
ture or fertilization and that regardless of culture, satisfactory
filling cannot be expected if there is dense shade in the orchard.
Pruning and orchard thinning to admit sunlight are indicated as
remedial measures.

The pecan aphid (M. costalis Fitch) has become more numer-
ous in recent years and is suspected of contributing to poor filling.
The extent of its influence has not yet been evaluated.

Preharvest germination in relation to date of harvest. -For 3
years nuts have been collected at regular intervals from late
summer through harvest. The condition of shuck loosening and
opening and amount of preharvest germination at each collection
date have been recorded and later various physical and chemical
measurements of quality and maturity made, the kernels being
finally subjected to tests of edibility and flavor.

It has been found that shuck opening -the usual index of ma-
turity -does not occur in the climate of the hot Arizona valleys
until long after full kernel quality has been attained and is there-
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fore not a satisfactory index of when harvest should take place.
However, the separation or loosening of the shuck from the shell
appears to be correlated with the attainment of full quality and
provides the best index of maturity that has been found yet.
Maximum kernel quality appears to have been reached when a
substantial portion of the shucks has loosened. If nuts are har-
vested before the shucks loosen there is a sacrifice of quality. If
they are allowed to remain on the tree until the shucks open, har-
vest is delayed and losses from germination may be serious in
some varieties.

Subjecting the nuts to an atmosphere of ethylene will loosen
any shucks that have not loosened naturally at harvest.

Within a variety, maximum quality has been attained remark-
ably near the same date each year. It is indicated that harvesting
by a calendar date may become possible.

MISCELLANEOUS FRUITS

New varieties and rootstocks. -New types and varieties of hor-
ticultural plants and rootstocks have been introduced during the
past year, many in co- operation with the Department of Plant
Pathology. The Shalil peach has continued to grow well and give
evidence of being adapted to the climate and conditions of Ari-
zona. Its resistance to nematodes under Arizona conditions has
not yet been learned. Ficus P. I. No. 52406, a fig stock thought
by the Department of Agriculture to be highly resistant to nema-
todes, has been established. Similarly grape rootstocks having
qualities of resistance to nematodes, phylloxera, and possibly
Texas root rot have been introduced.

The recognition that delayed foliation is, a major limiting fac-
tor in the growing of deciduous fruits in the Salt River Valley has
been followed by the introduction of a number of new varieties
of peaches, plums, and apricots that are thought to be especially
tolerant of warm winter temperatures.

On the Yuma mesa, where the warmest winter temperatures
of the state are to be found, some subtropical plants have been
established. These include the mango and cassava or tapioca
plant. The latter seems to thrive very well.

HUMAN NUTRITION

VITAMIN STUDIES

The utilization by dogs and rats of the fat -soluble vitamins in
the presence of mineral oil.-It has been noted that children may
develop rickets while taking cod -liver oil if mineral oil is con-
stantly used as a laxative. As a result of this observation, this
investigation was undertaken to study the effect of mineral oil in-
gestion on the absorption of the fat -soluble vitamins A and D in
dogs and rats.

Five or 10 per cent by weight of mineral oil was incorporated in
Sherman's Diet B, an amount computed to be equivalent to the



76 AGRICULTURAL EXPERIMENT STATION

human dosage. The rats did not have diarrhea nor was the rapid-
ity of elimination of the feces markedly increased on these levels.

The vitamin A store of rats kept on the mineral oil diets for 1
year was far less than in the litter -mate rats having only Diet B.
Also the rats receiving 10 per cent mineral oil showed decided de-
crease in their powers of reproduction, both as to number and
size of litters. Furthermore, the young from the mothers on the
mineral oil diets became depleted in vitamin A when on an A -free
diet much faster than the young of the controls, showing that they
had obtained a smaller store of vitamin A from the mother.

Young rats which had been made rachitic were fed cod -liver
oil both in the presence and absence of mineral oil. From line
tests and the percentage ash of the bones it was found that three
times as much cod -liver oil was necessary to produce 2+ healing
with 5 per cent mineral oil and five times as much with 10 per
cent mineral oil as when there was no mineral oil in the diet. Also
irradiation was found much less effective in curing rickets if min-
eral oil were in the diet than if it were not.

Dogs also were fed diets containing mineral oil at the 5 and 10
per cent level. In spite of a protective dose of vitamin D the dogs
became rachitic, and balance studies showed a series decrease in
the retention of calcium and phosphorus in the presence of the oil.
The livers of the dogs were tested for vitamin A using the anti-
mony trichloride method and measuring the blue color with the
Lovibond tintometer. The livers of the dogs having no mineral
oil showed large stores of vitamin A, while absolutely no vitamin
A was found in the livers of the dogs having mineral oil. Un-
doubtedly the mineral oil interfered seriously with the utilization
of the fat -soluble vitamins A and D in both dogs and rats.

Chemical versus biological assay of the vitamin A value of
foods. -In determining the carotene content of carrots by the
Peterson -Hughes modification of Guilbert's method, it was found
that several factors caused a marked change in the carotene con-
tent. As was expected, the color of the carrot gave an indication
of its carotene content, the very dark carrots having about ten
times as much carotene per gram as the very light ones. How-
ever, the carotene content was also found to vary with the ma-
turity of the carrot, the xanthophyll content decreasing and the
carotene increasing as the carrot matures. The carotene content
is not constant for a given carrot but increases from the root to
the stem end. Finally the carotene content was found to increase
decidedly during a few month's storage at 40 degrees F., a pale
carrot changing to a medium colored one and the carotene con-
tent about doubling. With these causes of variation in carotene
content in mind, it can be seen that during the 8 weeks' test period
used in making a bio -assay it would be practically impossible to
feed a uniform sample. However, the differences between the
results of the chemical and the bio -assay are too great to be ex-
plained by these variations in the carotene content of the carrots.
Dark carrots which by analysis contained 140 micrograms of caro-
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tene per gram were found by bio -assay to have only a little more
than twice the vitamin A value of light carrots containing only
12 micrograms of carotene per gram. In order to avoid the long
feeding period with its probability of attendant changes in the
carrots being fed, vitamin -A- deficient rats were fed massive doses
(0.3 or 0.6 mgm., which is 500 or 1,000 International Units if the
carotene is all beta carotene) of carotene during 4 days. After 2
more days to allow for the assimilation of the carotene and trans-
fer of it into vitamin A, the rats were killed and the store of vita-
min A in the liver was determined, using the antimony trichlor-
ide method. The Lovibond tintometer was used to match the
colors and the results expressed in the "blue units." Litter -mate
rats fed equivalent amounts of pure beta carotene in solution in
cottonseed oil served as controls. It was found that about six
times as much carotene derived from carrots as from pure beta
carotene was necessary to give the same liver storage of vitamin
A. Other foods fed on the basis of carotene analysis and tested as
above were cooked pumpkin, raw yams, canned apricots, canned
spinach, cooked watercress, cooked endive, canned broccoli, and
canned green asparagus. Feeding on the same carotene basis,
variations were noted in the amount of vitamin A stored in the
livers. For equivalent amounts of carotene, pure beta carotene
solution gave 57 blue units, the green vegetables 34 to 48 blue
units, and the yellow plant foods 9 to 13 blue units. Whatever is
the explanation of these facts, the analyses of plant foods for their
carotene content as made by the accepted procedures in use at
this time cannot be considered a reliable procedure for an accu-
rate picture of their physiological value as a source of vitamin A.

Dark adaptation in persons with a history of tuberculosis. -It is
a question whether poor food selection from the standpoint of
vitamin A or inferior ability of the individual to absorb and util-
ize carotene or vitamin A is one of the causative factors in the sus-
ceptibility of individuals to tuberculosis. Inferior dark adapta-
tion-i.e., night blindness -is accepted as the first clinical evi-
dence of vitamin A deficiency. Accordingly, light threshold meas-
urements, using the Jean's biophotometer, are being made on
three groups of subjects including (1) adults with active tubercu-
losis, (2) children with active tuberculosis, and (3) adults and
children having no active tubercular lesions but who give a posi-
tive reaction to the Mantoux skin test showing previous tubercu-
lar infection. Altogether several hundred biophotometer tests
have been run. Practically all of the cases tested thus far were
receiving cod -liver oil or some other vitamin A rich concentrate,
and the group as a whole showed superior dark adaptation indi-
cating that with tuberculosis at least there is no inability to ab-
sorb and utilize the vitamin A in their food supply.

The growth of Mexican school children. -In a study made pre-
viously on the adequacy of the usual Mexican diet in vitamin A,
as shown by the Jean biophotometer test made on several hun-
dred Mexican school children, it was noted that the children re-
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ceiving cod -liver oil grew more rapidly than the controls. As the
Mexican children are shorter than the average American child of
the same age, the possibility of its being due to suboptimum
amounts of vitamin D was investigated. About 300 Mexican
children in a Tucson grammar school, ranging from 7 to 13 years
in age were divided into groups of approximately the same num-
ber. At each age level for each sex there were four groups: (1)
those receiving vitamin D milk, (2) those receiving dicalcium
phosphate, having the calcium equivalent of the milk -fed group
with a cracker spread with sugar and lard frosting to equalize the
calories from the milk, (3) those receiving Navitol with a cooky
for the calories, and (4) those receiving no supplemental feeding,
or the control group. Unfortunately the school became food
conscious and this control group did not truly represent the usual
Mexican dietary. The children were carefully weighed and meas-
ured and the arm X -rayed at the beginning of the experiment in
December and again at the end of the supplemental feeding
period in May. The X -ray pictures have not been interpreted, and
the statistical study of the data is not complete, but the children
fed the dulcet bars and the milk made slightly greater gains in
growth.

The effect of sunlight and feed on the vitamin D potency of
milk. -This project is being carried on in co- operation with the
Dairy Husbandry Department. The milk produced by cows, some
of which have been exposed to the sunlight and others protected
from the sunlight, is being tested in the nutrition laboratory for
its vitamin D potency. This study is to be carried out for a year,
the milk being tested at periodic intervals. So far the work is in
its preliminary stage, but the indications are that the fat from
the milk of cows exposed to the fall sun is somewhat higher in
vitamin D than the fat from the milk of cows protected from the
sun during this season. However, it is too soon to draw defin-
ite conclusions.

DENTAL STUDIES

Fluorine studies. -The danger of toxic fluorine compounds
being absorbed by plants used as foods or feeds is a vital ques-
tion for people living in regions where mottled enamel is endemic
and where many of the vegetables used are grown locally, or if
not grown locally, are cooked in water containing fluorine.

In co- operation with the Agricultural Chemistry Department,
a study is being made of the fluorine content of various foods and
feeds. Progress in this phase of the fluorine problem, which has
been under investigation at the University of Arizona for the past
few years, has been handicapped by the lack of any accurate
analytical method for the determination of fluorine in foods. Now
that a quantitative method is available, emphasis is being placed
on this study. Plants have been grown in experimental plots
where the soil is of known pH and known fluorine concentration.
The fluorine content of these plants has been determined, and the
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toxicity of the fluorine compounds occurring in these plants will
be measured by the effect on the dentition of the rats fed definite
amounts of the food. Although this work is in its preliminary
stage, after growing alfalfa, beets, carrots, corn, hegari, soybeans,
string beans, sweet potatoes, tomatoes, and wheat, the indications
are that plants show considerable variation in their ability to ab-
sorb fluorine from the soil, some taking up considerable quanti-
ties. Also the fluorine content of foods raised in regions where
mottled enamel is not endemic but prepared by boiling in fluor-
ine- containing water is being investigated from the point of view
of both the amount of fluorine taken up by the food and the toxi-
city of the fluorine in the food.

It has been shown clearly what must be done in regard to
waters in a region where mottled enamel is endemic if the devel-
opment of mottled enamel is to be prevented in these places, and
now that this work is completed it is necessary to indicate what
precautions should be taken in regard to foods.

IRON STUDIES

Emphasis this year has been placed on the determination of the
total iron content of rats, for the preliminary work last year
showed that the total iron content was a far more significant value
than the hemoglobin concentration. The total iron determination
was made by ashing the whole rat, and the iron content was de-
termined on aliquots of the hydrochloric acid solution of the ash,
using the Farrar method. Different determinations agreed with-
in 0.001 mgm. iron per gram of rat.

In studying the iron content of female rats it became evident
that there was considerable variation in the iron content of stock
females from different litters, but for litter -mate rats the iron con-
tent was remarkably constant. This difference in the total iron
content of the rats of different litters is not reflected in the hemo-
globin concentration. The hemoglobin concentration of the adult
female rat is fairly constant. It is the nonhemoglobin iron that
varies, so in studying the transfer of iron from mother to her
young, litter -mate females were compared. Half the females of
the litter underwent various numbers of pregnancies, raising their
young while on the stock diet, and the other half of the litter
underwent the same number of pregnancies, raising their young
while on the Elvehjem- Kemmerer technique for the production
of young rats to be used in anemia studies. The conclusion
reached from this work on the iron content of mothers and their
young killed at parturition is that for the mother and her young
on stock diet the hemoglobin concentration (mgm. Fe /gm. of rat)
and the milligrams of nonhemoglobin iron per gram of rat vary
but little from one pregnancy to the next until the mother has
raised five or six litters. However, in the case of the mothers who
reared their young on the Elvehjem- Kemmerer technique, the
hemoglobin concentration is about the same at all times, but for
both the mother and her young the milligrams of iron per gram
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of rat and the milligrams of nonhemoglobin iron per gram of
rat decrease decidely after the second litter is raised. This varia-
tion in the nonhemoglobin iron of the young explains why such
marked differences are noted in the time required to produce
anemia in young rats. Also it is obvious from this work that the
hemoglobin concentration of the mother gives under ordinary
conditions no idea of the iron reserves of the mother or of her
offspring. While the mother is only very slightly anemic as
judged by the hemoglobin concentration of her blood, her reserve
iron may have been decreased so the iron supply she passes on to
her young is far below normal.

In studying the effect of feeding iron -containing supplements
to anemic rats the total iron content of the rat and its hemoglobin
concentration were determined at the end of the test period. A
study of the total iron content of rats at the end of the iron deple-
tion period showed a variation of only 0.013 to 0.017 milligram of
iron per gram of rat although the hemoglobin concentration
varied from 2.9 to 5.4 grams hemoglobin per 100 milliliters of
blood. Hence at the start of the test period the iron content of the
rats can be considered constant.

The effect of adding various ions to the diet was studied.
To the milk powder was added Ca + +, Na +, CH3CHOH.000 -,
CI -, CO3--. In no case was the growth of the animal as much
when fed the milk and the salt as when fed the milk alone. Al-
though there were changes in gain in hemoglobin (the lowest
gain of hemoglobin being on the milk -calcium carbonate diet)
from the total iron studies reported as milligrams of iron per
gram, the addition of the various ions caused no significant varia-
tion. A diet consisting of two thirds rice and one third milk was
used in place of the milk so as to reduce the amount of calcium in
the basic diet. The results obtained using this milk -rice diet
agreed with the previous work. A variation was noted in the gain
in grams of hemoglobin per 100 milliliters of blood, but the milli-
grams of iron per gram of rat agreed within the range of experi-
mental error. Here again the calcium carbonate diet caused a
marked lowering in the gain in hemoglobin but only a slight
lowering of the total iron (from 0.022 to 0.017 mgm. Fe /gm. of
rat) .

Working with grains, the milligrams of iron per gram of rat
showed that the availability of the iron was 100 per cent but did
not give a greater iron content than was given by the same
amount of iron fed as ferric chloride, although the gain in hemo-
globin per 100 milliliters of blood in some cases was more than
the gain observed when fed the ferric chloride solution.

The previous findings in this laboratory on a sex difference in
the ability of rats to utilize iron was supported by the total iron
studies. Although at the end of the iron depletion period the iron
content of both the male and female rats was the same when fed
ferric chloride solution in amounts up to 0.10 milligram daily,
the female rats actually retained more iron in their bodies than
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the male rats in spite of their smaller size and smaller food in-
take. At higher levels of iron feeding (0.2 mgm. Fe daily) when
the gain in weight of the male and female was the same, again
actually more iron was found in the female rat (4.6832 mgm.)
than in the male rat (3.5707 mgm.) . In all cases the milligrams
of iron per gram of female rat was higher than the milligrams of
iron per gram of male rat when both were fed the same iron sup-
plement daily.

PLANT BREEDING
ALFALFA

Selection work for high seed production, as described on page
621, of the Forty -ninth Annual Report of the Arizona Agricultural
Experiment Station, has been continued with the Chilean inbred
strains within the original 21 -5, which was inbred three genera-
tions before isolation.

During the present season an attempt was made to determine
the extent of seed setting within the individual pods of the differ-
ent progenies by plants. A ten -pod sample was taken from each
of twenty plants within each of the seventy -eight progenies grow-
ing on the Experiment Station Farm at Yuma, Arizona. From
these ten -pod samples the number of seeds per pod distributions
were determined for the individual plants of each progeny. These
twenty individual plant determinations taken together for each
progeny make up the distributions shown in Table 9. An inspec-
tion of this table shows that there is considerable variation in the
number of seeds per pod within the different progenies. For in-
stance, progeny No. 39 had the highest number of seeds per pod,
averaging 4.45 and having only six pods out of this 200 -pod sample
with no seed, while progeny No. 3 had an average of only one seed
per pod and 105 pods without any seed in a sample of the same
TABLE 9.- DISTRIBUTION OF THE NUMBER OF SEEDS PER POD OF TEN
HIGHEST AND TEN LOWEST SEED - PER -POD PROGENIES AND THEIR AVER-

AGE.

Number pods per plant

No. o i 2 3 4 5 6 7 8 9 10 11

39
31
29
74
27
77
75
51
43
56
3
1

32
63
71
2
9

57
7

65

6
11

7
8

17
9

19
12
7

18
91

105
66
82
67
88
56
43
47
49

18
16
23
18
21
16
22
22
23
25
58
39
57
34
50
24
47
50
58
40

12
31
32
27
23
28
32
35
29
26
28
21
37
35
33
29
28
25
27
43

32
28
29
41
29
39
20
39
43
35
13
11
21
11
18
26
33
28
23
25

32
24
24
27
24
32
23
24
32
31

7
7

11
12
13
15
12
12
25
20

29
30
19
26
22
30
32
27
34
18
0

10
2
7
9
6
9
9
8

13

31
27
21
27
28
22
29
12
15
23
2
4
2
2
5
4
8
6
5
7

30
19
17
10
22
13
11
12

9
9
1
2
3
5
3
4
4
6
3
3

8
10
10
9
9
8
9
9
5
6

1
1
2
2
3
3
1
3

2
2
7
6
5
2
2
3
3
7

1

1
1

1
1
4

2

1

Average
number

seeds
per pod

4.45
4.10
4.02
4.00
3.98
3.91
3.74
3.73
3.64
3.64
1.00
1.19
1.44
1.49
1.67
1.68
1.98
2.02
2.03
2.04
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size. While it is well known that soil and seasonal conditions in-
fluence seed setting to some extent, even on the same plants with
successive cuttings, it is believed that those progenies which con-
sistently produce a large number of seeds per pod are inherently
more productive than those which produce a small number of
seeds per pod. An outstanding feature of the progenies with a
small number of seeds per pod is the large number of empty pods.
This of course contributes to a low average, but it is presumably
possible to have a low average with a small number of empty pods
provided all or most of the pods should have, for example, one to
four seeds per pod. But in those progenies with a low average
number of seeds per pod, the number of empty pods is large, and
the seeds -per -pod distribution runs consistently low (see Table
9) . Selections are being made on the basis of a high average num-
ber of seeds per pod.

Winter growth. -Winter grazing of alfalfa in southern Ari-
zona is important, and the value of an alfalfa for grazing purposes
is obviously determined by the amount of winter growth which
the alfalfa makes. During the winter of 1938 -39 winter growth
studies were made with 346 inbred alfalfa progenies grown at
Tucson. It is believed that these progenies constitute a fair sam-
ple of the alfalfa grown in our commercial Chilean alfalfa fields.

Plate IV.- Selfed alfalfa progenies showing stakes on which the successive
height measurements were marked at the end of each 10 -day period from
December 23, 1938, till March 23, 1939, at Tucson. Ten stakes were placed

in each progeny.
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The progenies were cut November 23, 1938, and the successive
heights of each progeny was marked every 10 days on ten per-
manent stakes at different locations within the progeny. The av-
erage height indicated on the ten stakes was taken at the height
of the progeny at any given date (Plate IV) . The first height was
marked 30 days after cutting (Dec. 23) , and the others, as stated
above, at the end of each 10 -day period. The last height was
marked March 23, 1939. By February 1, twenty -nine of these prog-
enies had attained an average height of 12 inches or more, while
thirty -three of them had attained an average height of only 6
inches or less. It thus appears that an alfalfa with strong winter
dormancy is not desirable for southern Arizona. Seed setting
seems to be as high in the rapid, winter- growing types as in the
more dormant types. Consequently winter -growing types have
been included in the selections which have been made.

Seed production. -About 2,000 pounds of seed of strain 21 -5 was
produced in isolation on the Experiment Station Farm at Yuma.
At the rate of 20 pounds per acre this is sufficient seed for plant-
ing 100 acres. This seed will be distributed for planting founda-
tion fields by the Extension Service and the various pure -seed
producing agencies.

WHEAT

Smut resistance studies were continued with the F4 progenies
of Hard Federation -Martin X 194. The F3 smut infection dis-
tribution of this cross with Tritici No. 15 is shown on page 67 of
the Forty -ninth Annual Report of this Station. Selections for
testing the resistance of the F4 progenies to this particular smut
form were made as follows:

Ten plant progenies each from an F3 progeny which showed no
smut infection. Six of these F4 progenies showed no infection,
while the other four showed 1.2, 2.9, 9.5, and 44.0 per cent.

Plant progenies from the 10 per cent F4 infection class gave
average F4 infections of 61.2, 35.0, 21.3, 60.0, 39.7, 69.5, 54.8, 50.0, 73.4,
and 75.0 per cent from parental plants which showed infection,
and 6.0, 0.0, 1.5, 55.3, 0.0, 61.5, 0.0, 17.7, 17.3, and 4.8 per cent from
parental plants which showed no infection.

Plant progenies from the 20 per cent F3 infection class gave
average F4 infections of 61.4, 66.6, 63.3, 72.1, 50.7, 54.2, 69.2, 67.1,
16.9, and 58.9 per cent from parental plants showing infection and
0.0, 61.9, 6.2, 0.0, 0.0, 19.6, 78.7, 7.3, 12.7, and 20.9 per cent for par-
ental plants showing no infection.

Plant progenies from the 30 per cent F3 infection class gave
average F4 infections of 55.5, 58.6, 70.5, 14.5, 59.0, 34.6, 32.3, and
86.7 per cent from parental plants showing infection, and 15.5,
11.1, 52.9, 26.1, 25.7, 7.8, and 11.7 per cent from parental plants
showing no infection.

Plant progenies from the 40 per cent F3 infection class gave
average F4 infections of 21.2, 30.6, 67.2, 45.1, 44.2, and 36.7, per cent



84 AGRICULTURAL EXPERIMENT STATION

from parental plants showing infection, and 28.0, 54.8, 0.0, 8.9, 44.0,
and 17.3 per cent from parental plants showing no infection.

Plant progenies from the 50 per cent F3 infection class gave
average F4 infections of 84.2, 58.6, 77.0, 71.7, and 63.1 per cent
from parental plants showing infection, and 60.3, 50.0, 73.5, 70.2,
and 40.3 per cent from parental plants showing no infection.

Plant selections from F3 progenies having infections above 50
per cent gave F4 progenies whose average infections were 52.0,
27.0, 75.0, and 39.2 per cent from parental plants showing infec-
tion, and 63.1, 48.3, 65.3, and 57.9 from parental plants showing no
infection.

The resistant parent of this cross, Hard Federation -Martin, ap-
pears to be immune to this form of smut, showing no infection on
477 plants distributed over the plots in seven different plantings.
Wheat No. 194, the susceptible parent, showed an average infec-
tion of 44.1 per cent on 496 plants distributed over the plots in
seven different plantings.

These studies indicate (1) that transgressive segregation has
taken place, since the average infection of some of the segregating
progenies is approximately twice that of the susceptible parent;
(2) that the resistance of Hard Federation -Martin parent is due
either to multiple factors or to one main factor with which minor
modifying factors are associated; and (3) that the expression of
resistance in the segregating progenies is not associated genetical-
ly or physiologically with any of the characters of the wheat
plant, making it possible to isolate strains not only resistant to
smut but also strains with other desirable characters of the par-
ents.

COTTON BREEDING
The plan for the breeding of upland cotton calls for the grow-

ing of progeny rows each year from the seed of the best plants
from the best progeny rows grown during the preceding year,
and for the production in a parent seed field of seed for distribu-
tion from the remaining plants of the best progeny rows. As this
plan was followed in 1939, the work was naturally a continuation
of that done previously.

Acala. -From eighty -two of the progeny rows grown at Tucson,
765 plant selections were made in the fall of 1938. No selections
were made from the other sixty -two rows because of undesirable
plant or lint characters that could be determined in the field.
After the selected plants had been picked, each progeny row was
harvested, and its yield determined. Low yields resulted in the
discarding of several of the rows from which samples had been
taken. Lint percentage, lint index, and seed index determina-
tions made in the laboratory resulted in the discarding of further
progeny rows.

A ten -seed sample from each of ten plants from each of the re-
maining forty -six progeny rows was then sorted on the automatic
sorting machine to determine the length of lint of each plant and
of each progeny row, as well as the uniformity of lint. Here again
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a number of progeny rows were discarded because of lint too
short or lacking in uniformity.

In the spring of 1939 duplicate progeny rows were planted from
the seed of each of 149 plants representing selections from thirty-
two of the progeny rows grown in 1938.

The mass cotton from the thirty -two rows mentioned above was
ginned, and the seed held for distribution. Two fields of cotton
were grown from this seed in the Santa Cruz Valley in 1939 and
should produce several tons of registered seed for use in 1940.

In co- operation with the United States Field Station at Sacaton,
Acala breeding work is being carried on in the Queen Creek sec-
tion of the Salt River Valley on the farm of Leo Ellsworth. In
1938, 278 progeny rows and a parent field of approximately 20
acres were grown. Two hundred twenty -four plant selections
were made from the best thirty -seven of these progeny rows in
1938, while the cotton from the remaining plants of these rows
was harvested and ginned for use in a parent field in 1939. The
remaining progeny rows together with the parent field were har-
vested with the intention of using the seed for distribution. Fire
in the field and at the gin, however, destroyed most of this seed.
Enough was saved to plant approximately 140 acres in 1939.

The planting on Mr. Ellsworth's farm in 1939 consists of 170
progeny rows, a parent field of approximately 20 acres, and an in-
crease field of 140 acres. These fields were rogued in the summer
of 1939 and are expected to produce between 35 and 40 tons of seed
for use in 1940.

Stoneville. -Since the growth of Stoneville is confined almost
exclusively to the Yuma Valley, all of the field work with this
variety has been carried on at the Yuma Experiment Farm. Suffi-
cient seed known to be free from crossing with Acala could not
be obtained from individual plants of the 1938 progeny rows to
grow progeny rows in 1939 due to the fact that an isolated field
was not available. However, seed produced by bolls that flowered
and were tagged before Acala in an adjoining field came into
bloom were used to plant strain tests of the best of the 1938 prog-
enies and for increase in a parent field. The same situation exist-
ed in 1939, and it was found necessary to tag Stoneville bolls set
before blossoms appeared in the Acala field. This will necessarily
greatly reduce the amount of usable seed that can be obtained
from the Stoneville breeding plots. While sufficient seed free
from mixture with Acala will be obtained for further strain tests
and for a small parent field, progeny rows will be so short in
length as to be of very little benefit as a progeny test.

Two strains of Stoneville that were relatively free from hair in
1938 were again tested in 1939. It is evident from the tests made
in both years that they do not have the yielding ability of the
more hairy strains. Further progenies will be grown from hair-
free plants of these two strains in an attempt to secure yielding
ability, as this hairy condition is one of the chief causes for the
low grades of cotton produced by this variety.
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Stoneville- Hartsville cross. -In an attempt to eliminate the
hairy condition of the stems, leaves, and bracts, Stoneville was
crossed on Hartsville, and plants selected in the F2 that were
relatively free of hair and that had most of the desirable char-
acteristics of Stoneville such as earliness and fruitfulness. The F3
plants of this cross were grown at Tucson in 1938. Selfed seed
was secured from the plants of the best progenies. Because of a
lack of time it was not possible to sort a ten -seed sample from
each plant selected, so a mass sample of fifty seeds was used in de-
termining the length of lint and the percentage of lint in the vari-
ous 8 -inch classes for 145 of the 333 progenies grown in 1938.

The F4 grown at Tucson in 1939 consists of progeny rows from
selfed seed of 1,180 F3 plants representing 130 of the 145 F3 prog-
enies from which fifty -seed samples were obtained and sorted.
Self ing was again done on the best of the F4 progenies in the sum-
mer of 1939 to provide seed for growing the Fr, in 1940. Selections
are made each year from those plants that are comparatively free
of the hairy condition and that carry as many as possible of the
desirable characters of the Stoneville variety.

In 1939 mass lots of seed from twenty -seven of the most prom-
ising looking F3 progenies were planted on the Yuma Mesa Ex-
periment Farm to obtain some indication of their behavior in the
Yuma Valley. Three out of the twenty -seven produced excellent
looking rows whose plants were fairly uniform and well fruited
with good bolls. The lint was satisfactory in length and abund-
ance.

The solid line in Figure 2 shows the length of lint of the 145 F3
progenies sorted, while the dotted line shows the same thing for
forty -two Acala progenies grown in 1938. Some idea of the great
variation in staple length of the F3 progenies can be obtained by
comparing the two curves.
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Pima -Tanguis cross. -One hundred fifty -five progeny rows each
40 feet long were grown of this cross in 1938. Lint per cent, seed
weight, and lint index studies were made of each of these prog-
enies in comparison with the Pima variety, which is one of the
parents of the cross. These progenies were grown from plants
selected on the basis of lint qualities and lint productiveness. The
following are the lint percentage, seed weight, and lint index
distributions of the progenies grown:
Lint per cent classes 29 31 33 35 37 39 41
Frequencies 3 7 33 54 29 19 6
Weight 100 -seed classes

(grams) 10 11 12 13 14 15 16 17
Frequencies 1 19 54 47 28 4 1 1
Lint index classes 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5
Frequencies 1 7 32 43 39 23 5 3

The averages for Pima were lint per cent, 32.7; lint index, 6.0;
and weight of 100 seeds, 12.6 grams. Seventy -two per cent of the
progenies had a higher lint index, 52 per cent had a greater weight
per 100 seeds, and 69 per cent had a higher lint per cent than the
averages obtained for Pima on six different plot rows. Lint length
determinations are made on the combed lint on five seeds from
each selected plant. No plants are used for parents whose lint
length is less than 1% inches. The lint length and lint per cent of
these progenies are sufficiently uniform to justify increasing the
seed for comparative yield tests.

The lack of properly isolated fields for use as breeding and in-
crease plats is a very serious handicap in the production and dis-
tribution of pure cottonseed. At Yuma in both 1938 and 1939 at
least 80 per cent of the seed produced was unfit for use because
of the fact that Acala was grown in an adjoining field. It was
necessary in both years to tag the Stoneville bolls that set before
the Acala began blooming. Many of the bolls so tagged were
damaged or destroyed by late irrigations and diseases. Due to
this shortage it is often necessary to use seed from the less desira-
ble rows in order to have a supply sufficient for the next year's
work.

At Tucson a distance of 1 mile is not sufficient to prevent cross-
ing between American -Egyptian and Acala. Each year F1 hybrids
between these varieties have appeared in the Acala breeding plots
and in fields grown from seed produced in the breeding plots.
These F1 plants can be readily detected and removed, but this
cannot always be done before they begin blooming. Back crosses
occur in this way, and they are much more difficult to detect than
the F1 plants. It is practically impossible to recognize even the F1
hybrids between two varieties of upland cotton. A study of Fig-
ure 2 will show what crossing between upland varieties that differ
considerably in staple length may do to the uniformity of the lint
produced.

At Queen Creek in 1938 a distance of 2 miles between the Acala
breeding plots and the nearest field of American -Egyptian was not
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sufficient to prevent the appearance of numerous hybrids in the
1939 crop. Sufficient selfed seed to carry on the work cannot be
obtained due to the expense involved.

PLANT PATHOLOGY

A branch pathological laboratory was established in Phoenix in
the fall of 1938. Through co- operation with the Agricultural Ex-
tension Service, the assistant pathologist in charge of the depart-
mental branch carried on extension work as well as assisted with
the regular research projects located in the valley. Since the es-
tablishment of the branch laboratory, considerable assistance has
been extended, not only to farmers, particularly to the vegetable
growers, but also many calls for help with plant diseases in cities
and towns have been answered.

ROT OF DATE FRUIT

The object of spraying experiments at the Tempe Date Orchard
was to determine the comparative value of a single spraying with
that of two sprayings per season as a protection of date fruits
against fungus rot. For the study selected palms were arranged
in series. Series I, sprayed on May 19, consisted of two palms of
the Hayany variety, four Deglet Noor, and two Iteema; Series II,
sprayed May 19 and August 11, of the same varieties and numbers
listed for Series I with two Maktoom and two Sayer in addition;
Series III, sprayed August 11, of two Iteema and two Halawi;
Series IV, sprayed August 29 and September 15, of four Deglet
Noor, two Iteema, and four Sayer. Suitable controls were pro-
vided. Series I, II, and III were sprayed with Instant Bordeaux
4 -4 -50; Series IV with Cuprocide. A Bean power sprayer was
used. In judging the results of spraying, two bunches of fruit on
each palm, which had been tagged and numbered, were compared
with similar bunches on other palms; inspections were regularly
made and records were kept for the individual bunches of fruit
on the appearance, kind, and extent of rot, and finally on the
yield of harvested fruits. The data thus obtained could not be
continued through the harvest, for the unusually heavy rains of
late August destroyed 85 per. cent of the fruits. As in previous
years, some varieties of dates were more susceptible to fruit -rot
fungi than other varieties. Hayany was most susceptible to
blacknose; Iteema, to souring, followed by Maktoom, Deglet Noor,
and Hayany; severe splitting affected Hayany only. Bordeaux
mixture appeared to be less efficient in controlling date fruit rot
than lime -sulphur previously used. Cuprocide was applied too
late to afford a comparison before the summer rains destroyed
the crop.

ANGULAR LEAF SPOT OF COTTON

The incidence of angular leaf spot of cotton for the state, in
general, was light during the season of 1938, although considera-
ble damage resulted in individual fields planted with fuzzy seed.
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Survey of numerous fields, with a total area of several hundred
acres, grown from seed that was acid delinted by a commercial
plant, disclosed no primary infection from the seed. On the Uni-
versity Farm near Mesa borders planted with commercially acid-
delinted seed gave a good stand which remained free from angu-
lar leaf spot, but borders planted with fuzzy seed required a sec-
ond planting, and the seedlings showed considerable angular leaf
spot.

The effectivness of the sulphuric -acid treatment varies when the
seed is treated by hand; for that reason commercial application
of the acid treatment is preferable. A tract used for cotton vari-
ety tests, and therefore planted with numerous lots of seed too
small to be delinted in a commercial plant, was sown with seed
acid delinted by hand stirring. That part of the tract seeded to
long staple varieties of cotton was almost ruined by the black -
arm, leaf -spot, and boll -rot phases of the angular leaf -spot disease.
Because no other land was available for variety tests in the sum-
mer of 1939, the same tract was used in which the disease had
been prevalent during the preceding season. Care was taken to
plow under all loose bolls and masses of lint littering the surface
of the soil, and the seed for planting was painstakingly acid de-
linted by hand. Although angular leaf spot was present in other
fields planted with fuzzy seed, none occurred in the variety plots
from acid-delinted seed excepting a solitary boll whose tip may
have been insect punctured. The demonstration was as striking
here as it was also in commercial plantings which remained free
from angular leaf spot, although other fields in the vicinity,
planted with fuzzy seed, were attacked.

PHYMATOTRICHUM (TEXAS OR COTTON) ROOT ROT

The plan of field and laboratory experiments initiated in 1937
under co- operative agreement with the Division of Fruit and
Vegetable Crops, U.S.D.A., has been continued with certain modi-
fications.

The recovery of badly diseased pecan trees following treatment
and the rapid development of new roots replacing those killed by
Phymatotrichum have been outstanding (Plate V) . The mortal-
ity from root rot in a badly infected 80-acre orchard following the
removal of the alfalfa intercrop, substitution of Sudan grass and
treatment of diseased trees dropped to 10 per cent of that experi-
enced in 1937.

Chemical treatments.-During the summer of 1938 a total of
610 infected trees was given chemical treatments under field con-
ditions. Although final conclusions cannot be drawn for several
years, the following trends have been noted: (1) ammonium
phosphate 16 -20 appears to be definitely more efficient than am-
monium sulphate; (2) combinations of either ammonium salt
with sulphur or sulphuric acid are very promising; (3) the injec-
tion of one chemical, or a combination, under pressure into the
soil gives the most rapid and best response in case of visibly in-
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Plate V. -Root systems of root -rot- infected pecan trees, 16 months after
treatment, exposed by washing away soil to show abundant development
of new roots: A, root growth of moderately infected tree; B, root growth of

severely infected tree -taproot killed almost to the soil line.

fected trees; (4) better results are obtained with dosages two or
three times that originally recommended (1 pound to 10 square
feet) , and these have been tested extensively without toxic effects
on pecan trees.

New methods of applying chemicals. -Two noteworthy im-
provements have been made in the field application of chemicals:
(1) chemicals are applied in a basin around the tree to ensure
even penetration and prevent loss by runoff. A quick and easy
method was devised for erecting borders to confine water. A
tractor was used to pull a border disk around the affected tree
three to five complete turns which produced an adequate border
enclosing a circular area from 15 to 30 feet in diameter, depending
upon the size of the tree. From 3 to 5 minutes per tree were re-
quired to make borders by this method which was successful even
in hard, dry soil. The only hand labor necessary was to cut the
border on the high side to admit irrigation water. (2) The in-
jection of one or more chemicals in solution or suspension by
means of a power sprayer maintaining 200 to 300 pounds of pres-
sure and a 4 -foot steel -pointed injecting rod gave prompt re-
sponse; more than 200 trees were so treated in one large orchard.
With adequate equipment the injection method is rapid enough
to be practical and sufficiently effective to be worth while.

Barriers by injection.- Barriers placed in July, 1937, by injec-
tion in a pecan orchard and an alfalfa field have not been crossed
by the root rot fungus in 2 years.
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Field surveys for root rot.- Detailed root -rot maps have been
made of 590 acres of pecans in which root rot is active, and the
condition and progress of each affected tree have been noted in
June and October of each year beginning in 1937. These records
make it possible to follow closely the spread of infection where
no treatment is made and the effect of various treatments in
checking the spread of root rot. The most valuable achievement
resulting from a close study of apparently normal trees and those
suspected of root -rot infection has been the ability to recognize
two early stages of the disease not previously detected, thus en-
abling the operator to treat earlier stages of root rot with corres-
pondingly better response and recovery.

MISCELLANEOUS STUDIES
Fusarium wilt of cantaloupes. -Fusarium wilt of cantaloupes

(Plate VI) occurred in two 40 -acre fields in the Salt River Valley
during the first week in July. Later it was found in several other
plantings of 10 to 40 acres each. Incipient ripening and sunburn

Plate VI.- Fusarium wilt in field of cantaloupes, variety Imperial 45, in
first week in July. Note in foreground the dead vines. Incipient ripening

and sunburn of fruits result as well as loss from death of vines.
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of fruits exposed by wilting and drying of foliage of infected
plants caused a loss as well as the death of the vines. The causal
fungus was isolated in pure cultures from diseased roots and vines
and gave the same wilt when inoculated into healthy plants. Al-
though Fusarium wilt of cantaloupes has long been recognized in
the valley, indications this year suggest the introduction of the
wilt by infected seed.

Bacterial wilt of cantaloupes.- Cantaloupe plants grown in the
fields of an Arizona company in New Mexico were attacked by a
disease which caused considerable loss. Specimens sent to this
laboratory were cultured and from them was isolated in pure
culture a bacterium which caused a wilt in healthy plants. The
bacterium was identified as Erwinia tracheiphila.

Cantaloupe fruit disinfection. -Cantaloupe fruits are usually
picked and placed in crates in the field at harvest. One Arizona
company sought to reduce overhead by placing the fruits directly
in trucks from which they roll into a washing tank upon the low-
ering of the hinged side of the truck body. Fruits washed in
water were subject to decay. Upon the request of the company
concerned, a successful disinfectant wash was experimentally
devised by the Phoenix branch laboratory.

Carrot leaf blight. -Carrot leaf blight again appeared in the
Salt River Valley in January. Affected leaves of the plants were
pale yellow to dark brown with narrow cracks in the larger veins.
They gave a pure culture of Macrosporium in the laboratory, and
the fungus concerned appears to be M. carotae. Since winter
carrots are marketed with tops attached, discolored and dead tops
result in loss.

Preliminary tests of Cuprocide and Copper Hydro No. 40 dusts
and Bordeaux 4 -4 -50 reduced the number of infected leaves per
100 feet of row from an average of 542 for the controls to approx-
imately fifty -five and seventy -one, respectively, for the dusted
plants and seventy -one for the sprayed plants. The trials suggest
that either dusting or spraying of commercial plantings would be
worth while.

Bud rot of Washington palms. -Symptoms of bud rot of Wash-
ington palms are the sudden wilting of the youngest leaves and
a general bleaching of the erect new foliage. So sudden may the
wilting be that it is often said to occur over night. Characteristi-
cally, the central part of the top is easily pulled out and for a few
days after wilting has a foul odor which may attract insects and
result in an infestation with maggots. Counts made at the branch
laboratory gave 1,343 palms of Washingtonia filifera which were
killed by the rot to one dead palm of Washingtonia gracilis (rob -
usta) . Palms have been extensively planted along highways and
streets as well as on privately owned property, and the loss from
bud rot has amounted to several thousand dollars.

From the margin of necrotic lesions in palms, a species of Phy-
tophthora and a species of Fusarium have been isolated; the fungi
are now undergoing inoculation studies.
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Dodder on alfalfa. -An infestation of alfalfa with dodder
(Cuscuta arvensis) (Plate VII) had reached an extensive area in
the Chandler district by July 19, 1939. There existed a suspicion
that the dodder on puncture weed (Tribulus terrestris) had gone
over to the alfalfa, but no proof of this was found, although one
case of Cuscuta reaching from alfalfa to puncture weed was un-
covered. In view of the testimony of a few farmers, the infesta-
tion is to be traced to contaminated seed.

Plate VII.- Alfalfa field with spots of dodder -infested plants. The species
of dodder is Cuscuta arvensis.

Dry root rot of citrus. -This, the only root -rot disease of com-
mercial importance in the citrus orchards of Arizona, has never
been controlled. In March, 1938, control measures similar to
those successfully used for Phymatotrichum root rot were ap-
plied to 20- year -old tangerine trees which were wilting and dying.
No further losses were experienced. Cultures of the affected roots
yielded a high percentage of colonies of two, or possibly three,
species of Fusarium which are undergoing tests for pathogenicity
on seedlings in sterilized soil. The same species appear to affect
seedlings in commercial plantings (Plate VIII) .

Sclerotiniose of lettuce. -Sclerotiniose of lettuce (Sclerotinia
sclerotiorum) caused less loss during the season of 1938 than in
previous years. However, some individual fields had an infection
of 50 per cent or more. Sheep were not available for pasturing
harvested fields; many fields were either disked or shallowly
plowed without removing discarded refuse with the consequent
development of sclerotia in great numbers. The occurrence of
sclerotiniose of certain vegetables and herbaceous ornamentals in
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Plate VIII.- Citrus seedlings attacked by Fusarium root rot in nursery.

towns probably indicates that sclerotia of the fungus have be-
come mixed with manure in the many barnyards and corrals in
which cull lettuce and trimmings are fed to livestock.

In the belief that the sclerotia of Sclerotinia sclerotiorum can
not directly infect lettuce plants and that the infection is pre-
dominantly from ascospores, some lettuce growers have spent
considerable amounts of money for disinfectants to apply to grow-
ing lettuce. Evidence in the field is strongly against the belief that
ascospores are responsible for heavy infection.

In an experiment to infect lettuce with ascospores, 1,836 apothe-
cia were collected just before maturity and placed under 1,221
lettuce plants at three different times during the most favorable
season for sclerotiniose. Thus 831 apothecia were placed under
423 lettuce plants on February 4; 325 apothecia under 165 lettuce
plants on February 18, and 680 apothecia under 633 lettuce plants
on March 6. No infection whatever resulted.

At the same time that the apothecia were placed under lettuce
plants 4,736 sclerotia were planted under 1,280 individual heads
of lettuce, likewise in the field. The sclerotia and host plants were
inspected twice weekly; no apothecia formed, but thirty -nine
lettuce plants became diseased. A higher incidence of watery
brown rot might have been obtained had the weather been fa-
vorable. The experiment will continue next season.

In addition to the experiments with lettuce described above,
work has been done with disinfectant dusts and with roguing to
determine their effects in the attempt to control watery brown
rot and other diseases caused by soil -dwelling organisms.
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Graphiola leaf spot of the date palm.-Difficulty has been ex-
perienced in collecting Graphiola leaf spot on palms in Arizona,
since the severe freeze of January, 1937. A new infestation was
found in the Salt River Valley in 1938, but applied control meas-
ures have almost eradicated the fungus. The installation of air -
conditioning apparatus in the greenhouse and the use of seedlings
of small size are expected to facilitate infection studies.

POULTRY HUSBANDRY
THE EFFECT OF BACKCROSSING AND RECIPROCAL CROSSES ON

EGG PRODUCTION IN OFFSPRING

This work was started in 1932 -33, and since that time 174 coat-
ings have been made as follows: original foundations, twenty -
three; father and daughter, eighteen; mother and son, twenty -
two; grandfather and daughter, twelve; grandmother and son;
three; brother and sister, twenty -two; outcrosses, twenty -six;
double outcrosses, twenty; long continuous laying, five; high line,
five; and low line, five.

Although the compiling of this material for a progress report
is under way, the press of other work has not permitted its com-
pletion. Future work will consist of family selections on the basis
of egg production, egg size, and livability.

EGG LAYING TEST

The Seventeenth Egg Laying Test terminated on September 22,
1939. The last monthly national rating placed this test in second
place. Demands were so great for the Eighteenth Test, 1939 -40,
that it was necessary to construct ten additional pens. Even at
that, many applicants were turned away.

This project operates on a revolving fund and every year has
proved self- supporting. It is a poultrymen's institution, supported
by them.

The pullet -testing project with 325 birds this current year will
have considerably less the following year. Just why there should
be this sudden lack of interest has not been determined.

FEEDING TESTS

Five rations are under test as follows: (1) low protein, 14 per
cent, fed intermittently; (2) grains with milk supplement; (3)
economy on the basis of price alone; (4) check pen, U. of A. ra-
tion; (5) dehydrated carrots, 5 per cent, plus check pen.

Results for the first year. -The check pen (U. of A.) produced
the largest number of eggs per bird on a hen -day basis. If this
group is taken at 100 per cent, the milk supplement would pro-
duce at a rate of 96.2 per cent, the dehydrated carrot pen at 93.1
per cent, low protein pen 92.3 per cent, and economy pen, 90.8 per
cent.

Feed consumption per bird was approximately the same in all
pens, ranging from 65.09 pounds to 68.58 pounds per bird, indi-
cating that palatability was not a factor.
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Mortality was greatest in the dehydrated carrot pen, followed
by the milk supplement, low protein, economy, and the U. of A.
check pens in the order given.
ENVIRONMENTAL FACTORS AND THEIR EFFECT ON THE NATURAL

EGG CYCLE

Due to lack of stock and the need for improvement in the me-
chanical recording device, work was not done on this project this
year but will be carried out the coming year.
DEVELOPING STRAINS OF CHICKENS THAT ARE RESISTANT TO

PULLORUM DISEASE AND RANGE PARALYSIS

Work has consisted of breeding and rearing chicks from re-
sistant and nonresistant fowls. Livability and growth records are
kept on a 12 -week and 1 -year basis. Hatchability and production
will be correlated.

VETERINARY SCIENCE
INFECTIOUS KERATITIS

The bacteriological studies on infectious keratitis have involved
311 separate cultures taken from various field cases of keratitis in
cattle and goats from five localities in Arizona. Sixty -eight of
these organisms have been studied culturally. Twelve pathogens
were isolated. Animal inoculations were made of these patho-
gens. Inoculations were made by swabbing the eye with a cot-
ton swab and injecting 2 cubic centimeters of a 24 hour broth cul-
ture (subcorneally) . These inoculations were negative. Obser-
vations were made daily for 21 days.

Direct transfer of eye discharges from infected field cases were
negative when swabbed or injected subcorneally. Curetted ma-
terial from infected eyes was also negative when inoculated on
the sacrificed cornea. This project is being continued to deter-
mine the etiology of infectious keratitis.

MINERAL AND VITAMIN STUDIES

This project is being conducted in co- operation with the Animal
Husbandry Department and will be reported by that department.

DEATH LOSSES ON ARIZONA RANGES

Asclepias galioides, Aplopappus heterophyllus, and prussic -
acid- producing plants caused many livestock deaths.

Amaranthus palmeri caused two different losses in cattle. These
losses occurred in November and December following frosts. Hy-
drocyanic acid was isolated from the native plants whose stalks
were still succulent. Feeding tests will be conducted this fall on
these plants to establish the toxic principals of Amaranthus pal -
meri.

Good results were secured from the use of sodium iodide in-
jections in the treatment of Actinomycosis. This method of treat-
ment is being practiced now throughout the state.
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An area project was started to control Hypoderma lineata lar-
vae in cattle. Derris root solution is being applied with a brush
once every 6 weeks during the season that they appear on the
back. Results are not yet available.

Death losses in young calves which are brought in from ranges
and placed on alfalfa pastures are generally controlled by the
feeding of dry hay. The etiology of these losses has not been es-
tablished. A project will be started under control conditions to
study this condition.

Fifty range cattle were injected with 30 cc. of wheat germ oil
intramuscularly to study its effect on the calf crop. These cattle
are also being studied for vitamin and mineral deficiencies. The
results were not conclusive because of difficulties in the identifi-
cation of the cattle. Only seven cattle were identified and all had
calves. In the check lot the calf crop was 60 per cent. This sea-
son 125 cattle have been injected with vitamin C and identified. A
similar number of 125 are being held as a check.

No ewes were injected with gonadin because of grazing condi-
tions during the year, but the trial was again repeated in June
on 200 ewes. These results will be available next year.

SUMMARY OF STATION PUBLICATIONS

TECHNICAL BULLETINS

No. 78. Factors contributing to the Reaction of Soils and Their
pH Measurement, by W. T. McGeorge. 31 pages. This bulletin
presents a new method for determining the pH of alkali soils by
which the determination can be made at field- moisture content
and shows the great difference between the value thus obtained
and that obtained at higher soil -water ratios such as has been
used in the past. It also presents data showing the relation of the
replaceable bases and salt content of the soil to pH. A number
of titration curves is given for soils of widely varying exchange
capacity. A study of the role of calcium carbonate in high soil pH
is presented as a part of this bulletin.

No. 79.- Nutritional Studies with Cattle on a Grassland -Type
Range in Arizona, by E. B. Stanley. 33 pages. The nutritive qual-
ities of a grassland range composed principally of perennial
grasses containing on an average of 6.37 per cent crude protein,
0.227 per cent calcium, and 0.178 per cent phosphorus (air -dry
basis) were found adequate for the yearlong maintenance of a
cattle breeding unit. Provision of calcium -phosphorus salts was
found in no way to be beneficial, and the use of cottonseed cake
as a winter supplement proved impracticable except as an emer-
gency feed.

Bio- analysis of blue grama grass revealed it to be a rich source
of vitamin A in the early stages of growth, but for the greater part
of the year it was relatively deficient in this vitamin.

The average daily salt consumption was 1.68 ounces per cow.
Seasonal use was greater during the dry winter period amounting
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to 3 ounces per cow daily and was least in late summer and
early fall averaging less than 1 ounce daily.

Supplemental feeding of range cows with cottonseed cake will
not increase the calf birth weight and weaning weight or the per
cent calf crop sufficiently to warrant the practice when the natur-
al forage is adequate for the production of a living calf and main-
tenance of health and thrifty condition in the breeding herd.

A significant correlation exists between the birth weight of a
calf and its weight when about 200 days old. A 10- pound- weight
advantage at birth is indicative of a 46- pound- heavier calf at 200
days of age.

Improved range and herd management practices including the
use of well -bred bulls was a part of this study. There was an
increase of 100 pounds in the average weaning weight of the
calves and a like amount in the average weight of the cows. This
can be largely attributed it is believed to the improved range and
herd management practices, including the use of good -type bulls.

No. 80.- Relative Water Requirement of Arizona Range Plants,
by W. G. McGinnies and Joseph F. Arnold. 82 pages. The water
requirement of twenty -eight species of Arizona range plants was
determined under varying climatic conditions during the period
from 1931 to 1936. The group of plants included (1) perennial
grasses of desert grassland, (2) perennial grasses of plains grass-
land, (3) southern tall grasses, (4) winter annuals, (5) summer
annuals, and (6) xerophytic trees and shrubs.

No. 81. The Development and Use of the Bone Filter for Re-
moving Fluorine from Drinking Water, by H. V. Smith and W. B.
Davey. 42 pages. Since the discovery, in the Experiment Sta-
tion laboratory, that bone will absorb and remove the fluorine
from water, research on the development of bone filters has been
conducted. This bulletin presents the successful solution of this
problem. Descriptions of practical and economical filters are
given as well as data on the factors which influence the efficiency
of the bone and methods of preparing bone of maximum absorb-
ing power.

GENERAL BULLETINS
No. 161. The Arizona Grapefruit Industry: Some Economic

Aspects, by George W. Barr. 28 pages. This study proposed to
clarify the problems facing Arizona producers of grapefruit in the
year 1938. While the study centered specifically around the prob-
lems in Arizona, included in the study were certain data showing
the relationships of the Arizona crop to all desert grapefruit and
to other American production and to world production and mar-
kets.

No. 162.- Grapes in Arizona, by A. H. Finch, R. H. Hilgeman,
H. F. Tate, R. B. Streets, and L. P. Wehrle. 43 pages. This bulle-
tin was prepared to answer general questions on grape growing
in Arizona. It discusses the industry of the state, cultural re-
quirements, propagation, varieties, pruning, diseases, and insect
pests.
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No. 163. - Arizona's Farm Laborers, by E. D. Tetreau. 40 pages.
Arizona's farm labor population has the characteristics that make
for a reasonable degree of social adequacy and stability in its oc-
cupation. Households are located within 20 minutes of the field,
generally near or convenient to public roads, and near other la-
borers' households. The resident labor supply is numerically ade-
quate for irrigated farms excepting during the season from Sep-
tember through December when many additional workers come
in. Data for this study were gathered as of April 1, 1936, from
1,500 farm laborers' households located in the upper Gila, Salt
River, Casa Grande, and Yuma valleys.

No. 164. -First Annual Report of the Arizona Feed Control Of-
fice. 94 pages. This bulletin presents the first year's work in
poultry and stock feed control in Arizona. There are included in
this report (1) the definitions of materials which are used in mix-
ing feeds as compiled by the Association of American Feed Con-
trol Officials, (2) a table showing the composition of many of the
materials used as feed in Arizona, (3) a tabulation of all the feeds
registered in the state and a comparison of the registered guaran-
tees with the analyses made in this laboratory. A total of 814
mixed feeds was registered, of which 519 were found on sale and
analyzed. Twenty cottonseed meals were registered and thirty -
three samples analyzed. Twenty -six mineral feeds were reg-
istered and nine analyzed. Stamp sales showed an approximate
sale of 31,000 tons of mixed feeds and 25,000 tons of cottonseed
meal.

No. 165. -First Annual Report of the Arizona Fertilizer Control
Office. 14 pages. " This bulletin reports the first year's work in
commercial fertilizer control in Arizona. It is devoted principally
to a tabulation of the fertilizers registered and a comparison of
their guarantees with the chemical analyses made in the labora-
tory. Of 106 fertilizers registered, only sixty were found on sale
and analyzed.

No. 166. -Small Grain Varieties for Northern Arizona, by A. T.
Bartel and Ian A. Briggs. 19 pages. This publication reports the
results of small grain nursery trials conducted at Springerville,
Nutrioso, and Flagstaff, and wheat plot trials at Springerville.
Hope wheat and Trebi barley gave the best results at Springer -
ville and Nutrioso, while Reliance wheat and Union Beardless
barley yielded highest at Flagstaff. The Markton oat proved su-
perior to other varieties in the three areas.

OTHER PUBLICATIONS

Bartel, A. T., and Martin, J. H. "The Growth Curve of Sorghum,"
Jour. Agr. Res., 57: 11, 843 -49, Dec. 1, 1938.

Bartel, A. T., and Aepli, D. C. "Arivat, Possible New Barley for
Southern Arizona; Beats Vaughn at Mesa and Tucson," Ari-
zona Farmer, Nov. 11, 1939.
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Benson, Lyman, and Carter, Annetta. "Two New Species of
Ranunculus § Flammula," Amer. Jour. of Botany, Vol. XXVI,
No. 7, 555 -57, 1939.

Benson, Lyman. "Notes on Taxonomic Techniques," Torreya,
Vol. 39, No. 3, 73 -75, 1939.

Bradfield, D., and Smith, Margaret C. "The Ability of the Dog to
Utilize Vitamin A from Plant and Animal Sources," Amer.
Jour. Physiol., Vol. 124, 168 -73, 1938.

Briggs, Ian A. "Something New in Peanuts," Arizona Farmer,
Apr. 15, 1939.

Brown, J. G., and Butler, Karl D. "Inflorescence Blight of the Date
Palm," Jour. Agr. Res., Vol. 57, No. 4, Aug. 15, 1938.

Buehrer, T. F., Mason, C. M., and Crowder, J. A. "The Chemical
Composition of Rayless Goldenrod (Aplopappus hartwegi) ,"
Amer. Jour. of Pharmacy, Vol. III, No. 3, pp. 1 -8, Mar., 1939.

Buehrer, T. F., and Rosenblum, M. S. "A New Dilatometer for
Determining Bound Water in Soils and other Colloidally Dis-
persed Material," The Jour. of Physical Chemistry, Vol. 43,
No. 7, pp. 941 -51, Oct., 1939.

Buehrer, T. F., Martin, W. P., and Parks, R. Q. "The Oxidation -
Reduction Potential of Alkaline Calcareous Soils in Relation
to Puddling and Organic Matter Decomposition," Jour. of
Amer. Soc. of Agron., Vol. 31, No. 11, pp. 903 -14, Nov., 1939.

Chandler, Ray C., and Carsner, Eubanks (U.S.D.A. Division of
Sugar Pl. Invest.) . "Beet Seed Production in Arizona," Ari-
zona Producer, Vol. 17, No. 20.

Crooks, D. M. "Plants of the Southwest Offering Opportunity for
Botanical Research," Amer. Jour. of Botany, Vol. XXVI, No.
8, 676, 1939.

Davis, Charles Homer. "Bindweed is a Bad 'Un," Arizona Farm-
er, Jan. 15, 1939.

Davis, R. N. "Some Properties of Milk Powder with Particular
Reference to Sweet Buttermilk Powder," Jour. of Dairy Sci.,
Vol. XXII, No. 3, March, 1939.

Davis, R. N., and Lines, K. W. "The Physiological Types of Bac-
teria in Milk in Relation to Reduction of Methylene Blue,"
Jour. of Dairy Science, Vol. XXII, No. 4, April, 1939.

Frazier, W. A., and Wharton, M. F. "Effect of Certain Storage
Treatments on Field and Laboratory Germination of Seeds of
Imperial 152 and Imperial 615 Lettuce," Proc. Amer. Soc. for
Hort. Sci., 36: 680 -86, Dec., 1938.

Lines, K. W. "The Relationship between Fat Content of Fresh
Milk and Its Apparent Acidity," Jour. of Dairy Sci., Vol. XXII,
No. 5, May, 1939.
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McGeorge, W. T. "How Crumb Structure is Destroyed and How
Its Loss Affects Plant Growth," Arizona Farmer, Aug. 15,
1938.

McGeorge, W. T. "Another Aid to Better Crops," Arizona Farm-
er, Jan. 1, 1939.

McGeorge, W. T. "Nitrogen Fertilizers and What They Will Do
for Arizona Soils," Arizona Farmer, May 13, 1939.

McGeorge, W. T. "Gypsum in Irrigation Water to Prevent and
Control Alkali," Arizona Farmer, June 24, 1939.

Schour, I., Smith, Margaret C., and Hoffman. "Effect of Vitamin
A Deficiency on the Rate of Apposition of Dentine," Proc. Soc.
Experimental Biology and Medicine, Vol. 39, pp. 447 -50, 1938.

Sherwood, L. V. "Soybeans in Arizona," Arizona Farmer, June
10, 1939.

Sherwood, L. V. "Cotton Quality Studies," Arizona Farmer, Nov.
11, 1939.

Streets, R. B. "A Nursery Blight of Citrus Caused by Phytoph-
thora citrophthora," (Abstract) Phytopathology 28:673, Sept.
1938.

Streets, R. B. "A Root Rot Disease of Citrus," (Abstract) Phyto-
pathology 28: 673, Sept., 1938.

Streets, R. B., and Brinkerhoff, Lloyd A., "Control Measures for
Phymatotrichum Root Rot of the Pecan," (Abstract) Phyto-
pathology 28:673, Sept., 1938.

Streets, R. B., and Brinkerhoff, Lloyd A. "Effects of Soil Treat-
ments for the Control of Phymatotrichum Root Rot on the
Soil and the Pecan," (Abstract) Phytopathology 28: 674, Sept.,
1938.

Streets, R. B., and Finch, A. H. "Some Problems in Growing De-
ciduous Fruits in Southern Arizona," Arizona Producer, Mar.
15, 1939.

Streets, R. B., and Brinkerhoff, Lloyd A. "Two Years' Work on
the Control of Phymatotrichum Root Rot in Yuma Valley
Pecan Orchards," Ariz. Agr. Exp. Sta. Mimeo. Circ., Apr.,
1939.

Tetreau, E. D. "Recent Business Recession," Proc. of the Western
Farm Econ. Assn. Eleventh Ann. Meet., July 6, 7, and 8, 1938.

Tetreau, E. D. "Profile of Farm Wage Rates in the Southwest,"
Rural Sociology, Vol. 4, No. 1, March, 1939.

Wehrle, L. P. "Observations on Three Species of Triatoma (Hem -
iptera: Reduviidae) ," Bull. Brooklyn Ent. Soc. 34 (3) : 145-54,
1939.
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Soc. 34 (3) : 170, 1939.
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