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December 1, 1934.

President Homer L. Shantz,
University of Arizona.

Dear Sir:
I have the pleasure of submitting herewith the Forty -Fifth

Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1934. It contains a report of
progress on active research projects, a description of the other
activities of the Station, and the summarized fiscal statement.

Respectfully submitted,

P. S. BURGESS,
Director.
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AGRICULTURAL RESEARCH IN ARIZONA

INTRODUCTION

When economic distress is common and profits largely disap-
pear, business practices, to be at all successful, must be based on
fundamentally sound principles. This is especially necessary for
agriculture with its complicated problems of production, packing
or processing, and distribution. A background of accurate, scien-
tifically secured information is indispensible at such times if any
progress is to be made. The agricultural experiment stations of
this country were established for the purpose of assisting agricul-
ture by securing such technical information and making it avail-
able when needed. The history of the development of scientific
agriculture shows that the most important discoveries have been
made not by those working in the fields and factories but by
scientists in the seclusion of laboratories and greenhouses. Those
engaged in field or factory are largely concerned with the imme-
diate problems of production, and find little time or opportunity
to think of new ideas or to investigate new possibilities. The
scientist, however, has the proper training, the time to think and
study, and the facilities for experimental work. A few years ago
the use of oil for sprays, antiseptic washing, gas storage and air -
proofing treatments for fruit, carbon -dioxide refrigeration, virus
diseases of potatoes and sugar beets, vitamin carriers in feeds,
high vitamin milks, black -alkali formation within soils, factors
which determine agricultural prices, selective breeding, parasite
introduction, and many other things were entirely unknown.
Such discoveries are the result of an agriculture which is ever
increasing in complexity. The farmer cannot solve these prob-
lems; neither can commercial agencies do this work. Through
experience, agriculture has learned to depend upon the state
experiment stations and the federal Department of Agriculture
for these services. Future expansion necessarily will supply new
problems. Our advance will depend largely upon a vigorous
state and federal program of agricultural research. In modern
agriculture there is no place for ignorance. Regardless of eco-
nomic conditions, there is no substitute for good farming methods
which employ the best in both science and art.

The "New Deal," with the many economic and technical
changes which it has brought to agriculture, has requested and
received much time and effort on the part of our Experiment
Station staff during the past year. New types of service have
been required, lengthy reports have been written, maps have
been drawn, detailed questionnaires have been filled out; and
in four instances, staff members have been detailed for several

3



4 AGRICULTURAL EXPERIMENT STATION

weeks on special problems. A Federal Plant Introduction and
Propagation Station recently has been established at the Univer-
sity Farm in Tucson by the Division of Plant Exploration and
Introduction of the Federal Bureau of Plant Industry. F. J.
Crider has been appointed Director. It will work in close co-
operation with this Experiment Station, utilizing our facilities
and staff members where necessary to secure special information,
and furnishing the Station with plant materials and advice when
requested.

There is another matter which should be mentioned in this
report. As important as the work of our experiment stations is
admitted to be, strong efforts during the past few years have
been made in this country to curtail seriously agricultural re-
search by drastically lowering appropriations. Arizona has been
no exception to this rule. That every effort should be made to
economize during this depression period is fully granted, but
cuts of from 25 to over 50 per cent in some cases seem hard to
justify. Should this tendency continue, permanent damage to
our research and service programs will of necessity result. We
have found it necessary here to drop staff members, suspend work
on two of our six experimental farms and otherwise drastically
curtail our research programs. Once this work is interrupted
or seriously impaired, reparation becomes slow and costly. How-
ever, every effort is being made to make our funds go as far as
possible, and we are hoping to continue without too seriously
crippling essential services. To this policy the entire staff is
giving its whole- hearted support.

SOME PAST CONTRIBUTIONS OF THIS STATION

In the Anhual Report of last year, under the title "Why Agri-
cultural Research," we pointed out a few of the many ways in
which scientific research had been of untold benefit to present -
day agriculture. Comparisons were made between methods as
practiced by backward nations where little experimental work
had been done, and up -to -date countries where scientific research
was fostered and the results followed. This year it is the inten-
tion to show some of the ways in which our own Experiment Sta-
tion has aided Arizona's agriculture. The Arizona Experiment
Station has just passed its forty -fifth birthday. Obviously, in this
short article, it only will be possible to touch upon a few of the
outstanding contributions which have been made. It is impos-
sible to give a monetary value to research, but we can say with-
out fear of contradiction that the agricultural industries of this
State have benefited greatly for many years from experimental
work carried on by their Experiment Station.

One of the first major enterprises sponsored by this Station
was an attempt to establish the date industry in the Southwest.
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This was in the early Nineties of the last century.' At the
earnest and continued request of Dr. J. W, Tourney, then Station
Botanist, and through the efforts of our Consular Service in
Egypt, and with the assistance of the United States Department
of Agriculture, ten date -palm offshoots were brought to this
country and planted in our Grand Avenue (Phoenix) experi-
mental plots. Most of these proved to be males. A few years
later this station was discontinued, but not until it had been
shown that high -quality, edible dates could be grown successfully
in the Salt River Valley.2 During 1900 another larger shipment
of date palms from Egypt and Algeria was brought in by the
United States Department of Agriculture and established at our
Tempe Date Garden. This was the first planting made at this
substation. A few years later a second importation of Persian
palms was made and planted at the Tempe Garden. Since that
time a number of other foreign importations, brought in by
different federal plant explorers, have found their way into our
Tempe Date Garden where now over one hundred of the world's
leading varieties are to be found. To Professor T. D. Cockerell,
entomologist, and to Dr. R. H. Forbes, director and chemist, must
be given the credit for the early scientific study, the origination
of the torch treatment for scale control, and the cultural methods
which made these first date -palm importations a success and
thus laid the foundations for a future industry of great promise.3
For many years experimental work has continued to yield valu-
able results at our Tempe Date Garden. A well trained staff in
a well equipped laboratory is constantly making available new
information on varieties, offshoot treatment, methods of matura-
tion, cultural practices, irrigation, fertilization, etc. At the pres-
ent time there are approximately 75,000 date palms growing in
Arizona. Of this number, abòut one -third are from varieties
originally imported from the Old World and about two -thirds
are seedlings. Of the imported varieties it is estimated that 20
per cent are in bearing, producing fruit with an annual gross
value of more than $50,000. The future value of fruit from these
imported palms will be at least a quarter of a million dollars.
Offshoots from these varieties should have a potential value of at
least another quarter of a million dollars and when planted
should, within the next twenty or thirty years, treble the acreage
of pedigreed date palms in this State. It is impossible to calcu-

A few seedlings had been grown at different points in Arizona since
about 1865. Some had produced fruit but they had been planted chiefly
as ornamentals.

2 See "The Date Palm," by J. W. Tourney. Arizona Agricultural Experi-
ment Station Bulletin 29 (1898).

3 Mention also should be made of the excellent pioneer work done on
artificial maturation by Dr. A. E. Vinson and Professor G. F. Freeman.
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late the monetary value to the people of this commonwealth of
this single research effort.

While we are on the subject of horticulture, several other
projects may be briefly mentioned. Almost from its inception,
the citrus industry in this State has received the careful study
of the Experiment Station. A very complete bulletin on "Citrus
Culture in the Arid Southwest" was published in 1908 by J. Eliot
Coit, although intermittent work along this line then had been
in progress for a number of years. Several bulletins since that
time have been issued. More recently, work has centered upon
storage problems, upon improved fertilizer and irrigation prac-
tices for higher yields of quality fruit, and upon the control of
soil temperature for the more rapid growth and development of
orchard trees. The modified methods advocated are effecting a
large annual financial saving to our growers.

The pecan is becoming commercially important in Arizona,
but a serious malady has operated against its complete success
in some districts. We refer to the "pecan rosette," a nutritional
derangement which has greatly reduced tree development and
yield of nuts. Late research has made possible the discovery of
its cause and methods of effecting its cure. In one district alone,
plantings valued in excess of $100,000 which were being aban-
doned, are now being rejuvenated. This new information should
make possible a further expansion of this industry. Space does
not permit a statement of the large amount of work done, and
now in progress, on Arizona's five million dollar truck -crop in-
dustry.

The Department of Agricultural Chemistry was one of the
first to be established when this Station was founded. A dis-
cussion of its contributions alone would fill a large volume. From
the beginning, it has dealt largely with studies of the soils and
irrigation waters of the State.4 During the past ten years it has
published more than thirty technical bulletins and several gen-
eral bulletins, besides numerous articles in scientific journals.
Its work on alkali formation in soils and methods of alkali -soil
reclamation is known in all arid countries where the alkali men-
ace occurs. The work on the fertilizer needs of our soils is im-
portant. Fertility is slowly but steadily being removed by our
intensive cropping system. Soon large applications of commer-

4 Soils and Waters, by C. B. Collingwood. Arizona Agricultural Experi-
ment Station Bulletin 6 (1892) .
Salt River Valley Soils, by R. H. Forbes. Arizona Agricultural Experi-
ment Station Bulletin 28 (1898) .
The River - Irrigating Waters of Arizona -Their Character and Effects,
by R. H. Forbes. Arizona Agricultural Experiment Station Bulletin
44 (1902).
The Underground Waters of Arizona -Their Character and Uses, by
W. W. Skinner. Arizona Agricultural Experiment Station Bulletin 46
(1903).
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cial fertilizers besides animal manures will be necessary. For
some years this Department has been studying the present
deficiencies and probable future needs of Arizona's principal soil
types. In the past we have thought that nitrogen, due to its
extremely low total amount, was the limiting element for crop
production in practically all of our desert soils. Recent research
has shown that available phosphate is often needed more than
nitrogen. While total phosphate is usually high, that which is
available to plants is often very low. The phosphate mineral
present in a majority of our soils has been identified as calcium
carbonato- phosphate, the same compound which is found in the
bones and teeth of animals. In the alkaline solutions of our high -
lime soils, this material is practically insoluble and worthless as a
plant food. Studies in soil bacteriology indicate that certain
groups of beneficial soil bacteria are very active in our soils. This
is especially true of the nitrogen -fixing bacteria, and may account
for our high nitrogen availability. Soluble phosphate applica-
tions also greatly increase bacterial action. There are several
other important plant- nutrition problems peculiar to our alka-
line calcareous soils. It has been shown, for instance, that above
a certain degree of soil alkalinity the plant is unable to absorb
several important food materials (among them, nitrogen and
phosphates) . Methods of combating this alkaline -soil condition
by the addition of sulfuric acid to the irrigation water or the
use of certain forms of organic matter are being tried. Labora-
tory studies on the effects of certain salts on rate of water and
air penetration into soils have been completed and field work is
now in progress. The importance of base -exchange compounds
in preventing serious plant food losses from soils by over -
irrigation and leaching, and the part the clay zeolites play in
black -alkali formation, have received detailed study. The first
known work on the base -exchange property of organic matter
was performed by members of this Department.

The Department of Agricultural Engineering also has been
functioning for many years. Its main effort since 1906 has been
a detailed study of the sources, movement, quantity, and methods
of using the underground water supplies of this State. This work
has necessitated a study of the geology of the different valleys
and the processes of recharge and discharge of groundwater. The
results have made possible information of great value to those
interested in water development. Obviously space does not per-
mit of even a summary of the data which have been secured.
Attention also has been devoted to methods of measuring water,
the lay -out of fields, frequency of irrigation and amounts to
apply for maximum efficiency -especially with such crops as
alfalfa, citrus and lettuce. The designing and testing of pumping
plants, canals, pipe lines and reservoirs for handling irrigation
water; the construction of septic tanks, adobe buildings, hay sheds
and other farm structures, and rural use of electrical power all
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have received much time and effort. The "Arizona State Water
Code," which became law in 1919, was written in this Department,
which is often consulted with regard to irrigation laws. During
the past few years it has been especially active in assisting in the
reorganization of defaulting irrigation districts. Many publica-
tions on these and other subjects have appeared from time to
time.

The Department of Agronomy for more than thirty years has
been interested in a study of the field crops of this State. The
University Farm, located at Mesa, is supervised by the head of
this Department. Crops receiving most attention during the past
ten or twelve years have been cotton, alfalfa, wheat, barley, and
the grain sorghums, although in the early days, much work was
devoted to canaigre, sugar beets, beans, and flax. Two surveys
on production costs and returns from field crops in Arizona have
recently been published. Cotton brings into Arizona more money
than any other crop produced. Experimental work with this crop
(both long and short staple) has been carried on at this Station
for more than fifteen years. It has included variety tests, spac-
ing, fertilization, irrigation treatments, planting methods, cultiva-
tion requirements and the value of topping. The cause of shed-
ding of bolls, which has occasioned heavy losses in past years,
has been found to be closely associated with faulty irrigation.
practices. It has been shown that proper irrigation methods will
reduce shedding and easily increase yields by at least 10 per
cent. If all of our cotton farmers would follow recommendations,
increased yields would add approximately a million dollars a
year to their income. Improvement in lint quality by cultural
methods is also receiving careful study.

Alfalfa production in normal times is a ten million dollar in-
dustry in Arizona. An average of over 20 per cent of our tilled
acreage is planted to this crop each year. The use of ammonium
phosphate as a fertilizer, in many cases, has been found to double
the yield of hay and triple the yield of seed. Similar results were
secured on both the Yuma Valley Farm, and the University Farm
at Tucson. The Station in 1927 -28 was instrumental in introduc-
ing and trying out the traveling alfalfa baler. As a result of this
work, over one -half of all hay harvested in the State is now
treated in this way. Less handling, less shattering, and a higher
grade result. It also has been shown that the Vitamin A content
of the hay is almost completely preserved by the shorter curing
period where the traveling baler is used. Time -of- cutting ex-
periments, short rotations, land leveling, variety tests, and pure -
seed work are other lines receiving attention.

The first Hegari seed was brought into Arizona many years
ago by Professor G. E. Thompson of this Experiment Station and
planted at the University Farm at Mesa. Since that time it has
been greatly improved by continuous selection for both uni-
formity and yield. It is our leading grain -feed and silage crop.
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has contributed much to our dairy industry. Feeding trials have
shown the best combinations of Arizona -grown feeds for maxi-
mum milk production and for growing calves. The stage of ma-
turity of alfalfa at time of cutting has been shown to be of much
importance when the hay is used as a dairy feed. It has been
estimated that an annual loss of nearly $400,000 formerly was
caused by infectious abortion in this State. About 25 per cent
of all dairy cows were affected. For about five years blood -
testing has been in progress with the slow elimination of the
reactors so that, at present, many of the herds are free from
this incurable disease. The Advanced Registry work of the
State is also supervised by this Department.

One of the important projects of the Department of Entomology
and Economic Zoology has been a study of our desert animals.
The rodent problem on grazing ranges has been worked out so
that control is easy and is now being practiced where necessary.
A detailed study of the life history, habits and control of jack
rabbits has also been made. Other efforts include the control
of harvester ants, green June beetles, and termites; the manu-
facture of rattlesnake -bite serum; study of our grasshopper prob-
lem; and work on scale insects, aphids, citrus thrips and leaf
hoppers. Many publications have been issued on these subjects.

The Department of Human Nutrition, while established less
than ten years ago, has made several contributions of great value
to the people of this State. The most important one was the
discovery that fluorine compounds, present in minute quantities
in drinking water supplies, is the cause of that ugly brown stain
on human teeth known as "mottled enamel." Many technical
bulletins and journal articles have been published on this sub-
ject. In connection with this work, the Department of Agricul-
tural Chemistry has made a chemical survey of the domestic
water supplies of the State for fluorine which shows that there
are about forty -five affected areas. The monetary value of such
research cannot be given, for most people would give a large
part of their possessions to be kept free from this disfigurement.
These departments are now working on corrective methods.

It was not known formerly why Hegari alone produced inferior
farm animals. The Department of Nutrition has found that this
grain lacks Vitamin A, but can be used in the ration successfully
if as little as 5 per cent of alfalfa hay or meal is included to supply
this deficiency. Results with this mixture are even superior to
the feeding of yellow corn, which is far more expensive in Ari-
zona. The method of curing alfalfa hay has been shown to be
of great importance. If exposed to the sun too long, much of its
Vitamin A content is destroyed. Fresh, Arizona -grown dates have
been found to be good sources of Vitamins A and B. Methods
also have been developed by this Department for bread -baking,
using the locally -grown, semi -hard Early Baart wheat. Formerly
our bakeries used the northern- grown, hard wheats almost en-
tirely. More of our home -grown product is now used.
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The Plant Breeding Department has been working for years
on the improvement of strains of alfalfa, cotton, and wheat, which
would be better adapted to growing conditions in Arizona. This
work is of necessity time consuming, and involves an enormous
amount of detail. Two general types of alfalfa are grown here,
the Hairy Peruvian and the Chilean. Selection and breeding
methods have given us a superior, high -yielding strain of each,
known respectively as "Arizona 5 -3" and "Arizona 21 -5." The
accrediting and registering of this seed is now supervised by the
Arizona Crop Improvement Association. Arizona has already
lost a part of its half million dollar alfalfa -seed industry to Utah.
This can be regained if these two strains are planted, kept fairly
pure, and soluble phosphate fertilizers properly used.

When cotton was first introduced into Arizona there were no
varieties well adapted to our climatic conditions. Under irriga-
tion the lint was not as uniform or as strong as the markets de-
manded. For years this Department has been improving strains
of the important uplands varieties to meet the spinning- quality
standards required. It has developed an improved techniquee
for rapidly determining the uniformity, length and strength of
the fiber on single seeds which is being adopted by many cotton -
growing countries, and which makes possible accurate selection
of seed for propagation. The wheat breeding work also has
been of considerable assistance to the farmers as well as to the
millers of the State.?

Plant- disease work at this Station was begun in 1893 by Dr. J.
W. Tourney although a Department of Plant Pathology was not
established until 1920. The research and service work of this
Department has been expanded so greatly during the past ten or
fifteen years that only two or three of the more important con-
tributions can be discussed. The invention of a machine for
treating cotton seed with sulfuric acid, thereby enabling the
farmer to get a quicker, more uniform stand, grow a healthier
crop, use less seed and harvest more cotton per acre, is proving
of value in this State and is being tried out by cotton experts
in most of the cotton -producing countries of the world. Based
upon results secured here and elsewhere, the use of this delinting
machine has resulted in average increases in yields of from 50
to 150 pounds of seed cotton per acre. In a few cases the yield
has been doubled. Studies on the Texas root rot have shown that

In cooperation with the Federal Bureau of Plant Industry, this Station
also has done considerable work on the Pima variety.

6 See Improving the Uniformity of Cotton Fiber by the Use of the Press-
ley Sorter by E. H. Pressley, Arizona Agricultural Experiment Station
Technical Bulletin 54 (1934).

7 Improved strains of Baart wheat have been created, increased at the
University Farm at Mesa, and distributed to the growers. Smut -
resistant strains also have recently been originated by this Department,
and will be distributed to the growers in the near future.
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fairly liberal applications of certain ammonium salts to the soil
are highly efficacious. This Department first introduced into the
United States the New Zealand treatment for black scurf of seed
potatoes. Up to that time, often as high as 50 per cent of our
potato crop was destroyed. Little trouble now results from this
disease. The causes and effective control of the following plant
diseases have been worked out: heart -rot of the date palm,
"black arm" of cotton, bacterial slime of lettuce, canker disease of
pecans, phytophthora rot of watermelons, bacterial blight of peas
and many others. Many publications, both technical and general,
have been issued by this Department.

The Department of Poultry Husbandry, since it was estab-
lished in 1919 has rendered valuable service. Formerly heavy
losses were incurred from Bacillary White Diarrhea of chicks.
A blood- testing control method has been developed which has
reduced these annual losses from 24 per cent to approximately 5
per cent. This service is conducted by the University free of cost
to the growers. The feeding and housing experiments, carried
on during the past eight or ten years, have practically revolu-
tionized former practices. The yearly feed bill of about one
million dollars constitutes 60 per cent of the total cost of pro-
ducing eggs and meat. The use of home -grown materials has
reduced costs by more than 10 per cent. The ration formulas
worked out by this Department are now widely used by Ari-
zona's mills and poultrymen. Seven years ago the average pro-
duction per bird in Arizona was about ten dozen eggs per year;
it is now over twelve dozen. This increase has been due to im-
proved selection and breeding methods, to information secured
from egg -laying contests, and to improved sanitation, feeding
and housing practices. The University has been the prime mover
in all of these efforts. Besides the above, the Department of
Poultry Husbandry has been active in cost -of- production work,
accrediting of breeding flocks, and in studies on forced moulting.
The Annual Arizona Egg Laying Contest also is conducted by
this Department.

The Department of Botany has been engaged for many years
in a study of our native and introduced plants. Prior to 1900
much work was done on the typical forage plants found on our
grazing ranges; their abundance, species and feed value. More
than 3,500 native plants have been studied, identified and, in
many cases, named. About 1,600 species of economic and orna-
mental plants also have received attention. An herbarium of
about 75,000 specimens has been collected, mounted, and classi-
fied. It serves as a key in identification work as well as for teach-
ing purposes. Three to four thousand plants are submitted an-
nually for identification. An important part of this Department's
work in the past has been the introduction of new species of
plants into this State, both for economic and ornamental pur-
poses.
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Since the time it came into existence some six years ago the
Range Ecology Department has been working on a range vege-
tation map of Arizona. The object of this work is to obtain a
clear picture of existing conditions and future problems. The
preliminary map has been completed and work now is being
carried forward on a more detailed map. There has always been
considerable discussion as to how close the range plants can be
grazed without serious injury. Lack of information on this
point often has resulted in overgrazing and in losses of live stock.
The problem is not a simple one, as local conditions determine
the ability of plants to withstand grazing, and these vary from
season to season. A large amount of information has been gath-
ered on this subject by the Range Ecology Department and in
many cases we can now say how much grazing a plant will stand
under given range conditions. Comparative studies of rodent
damage have also been made.

Experimental revegetation work has shown that it is possible
to bring back many of our overgrazed ranges either by natural
means or by planting. The Department has given advice as to
how revegetation may be accomplished, and has cooperated with
many stockmen in carrying out revegetation programs. Studies
on poison -plant eradication, water requirements of range plants,
and the palatability of forage plants also have been made.

As stated at the beginning of this article, space permits of only
a brief resume of a few of the more important contributions
which the Arizona Experiment Station has made, but it is hoped
that these examples will help to create a realization of the im-
portance of this work in the minds of our citizens, and stimulate
interest in our future efforts which are made entirely for the
benefit of Arizona's agriculture.

RESULTS OF THE YEAR'S RESEARCH
PHOSPHATE AVAILABILITY

During the past few years a great deal of research has been
conducted in this laboratory dealing with phosphate availability
in soils. The factors influencing availability, the forms present
in our soils and many other phases of the problem have been
studied. The chemical and physical data secured during these
investigations have all pointed toward a need for phosphate fer-
tilization for maximum yields of quality crops. In order to make
practical recommendations from this research, a fertilizer ex-
periment was started during the past year on the alfalfa fields
of the University Farm on the Casa Grande road near Tucson.
Alfalfa is one of our most important crops and any improve-
ments in yield or quality should make for profitable gains. Fur-
thermore, since it is our most important hay crop, its phosphate
content is very important..
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Before installing the experiment, soil samples from the selected
areas were examined by all available methods used in estimating
the phosphate requirement of the soil. All tests were positive,
that is, indicated that the soil would respond to phosphate fer-
tilization.

The purpose of the experiment was to study methods of appli-
cation (application in irrigation water versus by drill) , to study
amounts of application, effect upon yield of hay and effect upon
the phosphate content of the hay. Since phosphorus is classed
as one of the most important elements, from an animal nutrition-
al standpoint, the importance of the amount present in hay can
be realized.

The experimental area was composed of twenty -two borders.
Each border comprised approximately one -third acre and had a
run of 600 feet. In the borders in which the fertilizer was applied
by a drill, it was at the rates of 100, 200, 400 and 600 pounds per
acre, and where it was applied in the irrigation water it was
applied at the rate of five and twenty -five parts per million of
water at each irrigation. Since our laboratory investigations
have shown that soluble phosphates are best suited to Arizona
soils, ammonium phosphate (11 per cent nitrogen and 48 per cent
phosphate) was the only form being used in this experiment.
All fertilizer applications were made at the time of the first
irrigation following the first cutting of hay for the season (1934) .

Field operations to date (July 1, 1934) have been as follows:
First cutting of hay April 20, 1934 (this cut-

ting had not been fertilized) .

Fertilizer applied April 25.
Irrigated May 9.
Second cutting of hay May 22.
Irrigated May 28.

Irrigated June 7.
Third cutting of hay June 27.

The weight of hay cut from each border is being determined
and samples of each cutting from each border are being analyzed
for nitrogen and phosphate. The data obtained to date are given
in the accompanying table. Column 1 gives the weight of hay
taken from each border at the first cutting, that is, before any
fertilizer had been applied. Column 2 gives the weight of hay
harvested at second cutting which was less than one month after
application of the fertilizer while column 3 gives weight at third
cutting. In columns 4, 5, 6, and 7 the amount of nitrogen and
phosphate in the hay are given. It is clearly evident that this
experiment is showing profitable returns from phosphate fer-
tilizer, that the response is immediate, and furthermore that the
feeding value of the hay is appreciably increased by an increase
in both nitrogen and phosphate content of the hay. A compari-
son of hay from fertilized and unfertilized borders is shown in
Figure 2.



FORTY -FIFTH ANNUAL REPORT 15

ct3 ai cd c3sirici s i" d
Rg ó ú úl.a a a

4 4ÓÓÓ44Ó g' g' tntn4óóóó 4tntC)
C) Z% N eM C.) t) Co to tn N CV j.i r~ N w CO to to CV Cq

Co er to er CO er O 04 CV O tn CO tn C) O O eV C N --
M O er NV V. CO C. CV N CO eM CO tn CD CA CD CA Vt eM co
eM CD CD eH eM CO TM eM to tn ep tC) to Co CD tC/. tn CD CO

Nil tn .-i CO .-a CC') tC) .-C CV er to 04 er CO C- 1-i .-1 CO TM
O tn N eM CO to er CO CO NP .-t CA CA C to N CD tn tn r-1 O)
tC1 er CD C- C- et! Nt C- 01 et ef! LO. CO CO. C- CO C- tn er ar er

CD CD tn CO N CO CO eN Co N CA CV CD tn CD O CD tn CD NN
er tn tn tn CO tn to CO CD C- CD tn Co ell NP eM CO to CO to
N N CV N CN CV CV CV CV CV CV CV CV CV CV CV CV CV CV CV

ó
o

Ñ U

CO to CO tn N r-t C- CO er CO CO O CO O er co to co CA N C-
C- CD O O N to to 0 00 CD CD O CD CT. O r+ O C- CO CA 00
CV C7Co09CyNN09NCV CV Ci CCJMMNNCV N

Ttg
[-N

O to to en to to to O tn to O to to O to to O to O tn O
co CO CO a) CD tn .-t O CO CD o C) CO o o N o O CD c- m
CA CO N tV 09 N.--t eM Co CR r-1 O CO 09 co co eM CO CO r-1 CA

TT .M ri N rt NN .-1 ry NN rti NN .-/ .-t

bi3

W Ú

en O in O tn O o o tn tn 0 0 0 0 0 tn O o tn O O
Co to .-{ to N O O tn CO --t to tn tn N to eV tC) O CO tn N
CA CA r-t N co tn 0) CV C- CO CO CO C- .N ti NN .-a CO CO C- co

NN .--0 .--t r-t .-i NN .--I rH r-1 .-i

g
F
a

CO O to to CD to to O o to 0 0 0 0 U) to O o to o 0
. Ni CO CCOO V- CO t Uo M CO- C O C- CGO C UC '. 1 COO C CO D C COO C O C CDD C OO C ND C OO t o CO

CO

INN

0
w

C- CO tn eV M N .-i CO CA CO t- CD tn er co N .-t C5 O) CO
VP 'd+ NP NP eM dt ' W eM eM co co co co co CO CO CO CO CO 04 N



-.............:: s;; : °at ever 'i ;

.:, 3.,.: .:::
able to:: :arri

.. .
.lerr;`.''



FORTY -FIFTH ANNUAL REPORT 17

per acre. There is little or no immediate response to small appli-
cations in the water but there is evidence that the yields are in-
creasing with each cutting. This indicates that it may be pos-
sible to maintain high yields by using small amounts in the water
following an initial application by drill. It is planned to try
this when yields begin to decrease in the heavily fertilized
borders.

Special attention is called to plots 42 and 43. These borders
were fertilized in 1933 (200 pounds per acre) , one year before the
experiment was started, and are therefore being carried in the
experiment as checks to determine the residual effect of phos-
phate. The response is still effective but the amount of phos-
phate in the hay has dropped.

While the practical application of fundamental research, such
as the preceding experiment, is of greater interest to most readers,
there are still many fundamental problems connected with phos-
phate nutrition in Arizona soils which demand attention and
so research along these lines is being continued with interesting
results.

We have stated in past reports that carbon dioxide (carbonic
acid) is one of the most important growth -limiting factors and
probably the master key to the fertility of irrigated soils of Ari-
zona. Research continues to yield additional evidence in support
of this contention, especially as it relates to the availability of
phosphate.

Calcium carbonato- phosphate has been identified as the nat-
ural phosphate mineral present in our calcareous soils and it has
been shown that the availability of this compound is reduced to
a minimum when solid calcium carbonate is present. These, too,
are the conditions which exist in Arizona soils and an illustration
is presented to show clearly the manner in which carbon dioxide
operates in phosphate nutrition in our soils, under these condi-
tions.

In Figure 3 each one of the three pots was filled with silica
sand and planted to tomatoes. The pot on the left was a control,
the middle pot received calcium carbonate and floats (carbonato-
apatite) as did also the pot on the right. This combination dup-
licates phosphate relations in our soils. The only difference be-
tween the last two pots is that the one on the right was watered
with water which was saturated with carbon dioxide gas while
the middle pot was watered with ordinary well water. This ex-
periment has been repeated on soil with exactly the same re-
sults. It is evident from this little experiment and from many
similar experiments that we are not overemphasizing the value
of carbon dioxide in the fertility of Arizona soils, as phosphate
cannot become available without it.

For those who are interested in the more intricate theoretical
aspects of our phosphate problem it is of interest that equilibria
involving the relations existing in our soils have been studied
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Figure 3.- Showing effect of carbonic acid (carbon dioxide) on avail-
ability of phosphate from carbonato- phosphate which is the form present
in Arizona soils. Left. control; middle carbonato- phosphate plus calcium
carbonate watered with tap water; right, same as middle pot except

4. watered with carbon dioxide saturated water. . ; °

an c & rnpletely confirm field and experimental observations. This
has been accomplished by studying dicalcium phosphate, car -
bonato- apatite and carbonic acid under different conditions.
These two phosphate compounds, prepared pure, were shaken in
various amounts with carbonic acid. After equilibrium had been
reached the solutions were analyzed for free carbonic acid, bicar-
bonate, calcium and phosphate. The results obtained were then
subjected to mathematical treatment in determining the steps by
which phosphate goes into solution. These experiments will be
published elsewhere. Suffice it to say that the data prove that
in order for phosphates, in alkaline calcareous soils, to become
soluble they must first pass through the dicalcium form and that
this form governs the equilibrium involved. The amounts of
soluble phosphate present in soil extracts due to the action of
carbonic acid, when calculated, agree closely with the amounts
actually found by experiment
x`T.;it:...'.f.c: .vi3`ç,N',:,, - .Y..ís.:...}:i^x +`:i+x -'Sry.. `:`.:1::.l:açiA:.,`Y`:.:.c ÿ{.ë:.k1:..,.. `Ya..-. -,....-, ,.c ,.', .. R-.,.. . -. . :,...,,v', `t _;; SOIL MOISTURE ST DIE

During the past year a bulletin was published en ed F7tant
Association and Survival and the Build-up of Moisture in Semi-
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arid Soils. This bulletin presents some new phases of the value
of plant associations in semi -arid soils, and the mutual benefits
derived from these associations. The investigations covered by
this bulletin demonstrate that roots of certain plants can pene-
trate soils the moisture content of which is below the wilting
range. The plant accomplishes this by absorbing moisture from
a soil horizon where it is plentiful, transporting it to the horizon
where the soil is dry, and exuding it there to its own advantage.
Also this exudation of moisture may be sufficiently great to ren-
der aid to neighboring plants which accounts for the plant asso-
ciations often observed in which smaller plants are tided over
periods of stress by "robbing" another plant of this exuded mois-
ture. In other words, a deep- rooted plant may absorb moisture
from the subsoil by means of its tap root, transport this moisture
to the surface soil, and exude it where a shallow- rooted plant
may absorb it. A plant can endure drought as long as it can
slowly exude water from its own storage, or by transportation
from moist subsoil horizons and subsequent exudation and thus
maintain the soil which is in close contact with its roots at, or
slightly above, the wilting percentage.

Continuing viscosity studies begun last year, measurements
were made to determine the extent to which different conditions
such as salt concentration, soil reaction, colloidal content, and the
temperature of irrigation water affect water penetration. The
viscosity of the penetrating solution is one of the controlling fac-
tors. Measurements on sodium chloride, sodium sulfate, calcium
chloride, calcium sulfate and sodium bicarbonate solutions over
a range of concentrations from 0.1 N to 0.0001 N showed a sharp
decrease in viscosity from 0.1 N to 0.01 N.8 At 0.01 N a break
occurs in the curve, and the viscosity is found to remain constant
thereafter with further dilution. It is thus apparent that irriga-
tion waters having total -salt concentrations lying within the pro-
gressive range where this marked change in viscosity occurs, will
penetrate soils with increasing difficulty.

Temperature was found to have little effect upon viscosity.
The reaction factor, also, did not appear to have a marked effect
upon the viscosity of pure salt solutions. The effect of alkalinity
on water penetration is appreciable, however, in soils containing
organic matter, due to the saponifying effect of the hydroxyl ions.
It decreases approximately in proportion to the amount of or-
ganic matter.

Mixtures of salts also were measured with respect to their vis-
cosities. At constant total -salt concentration, it was found that
for mixtures with a common ion, such as sodium chloride and
sodium sulfate, the viscosity- composition curve is parabolic, pass-
ing through a minimum, which is approximately at 50- equivalent

s From an average of about 700 to 7,000 parts of salt per million of solu-
tion. The irrigation waters of Arizona vary from about 500 to 3,000
parts per million.
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per cent. With mixtures which do not have a common ion the
viscosity is found to vary linearly with the. composition.

Water extracts of soils were also studied in this connection.
Three typical soils were chosen from different areas in the Salt
River Valley which showed different water -penetration proper-
ties, namely, Cajon silty clay loam, Mohave clay loam, and Sun-
rise clay loam. Extracts at 1:1, 1:2, 1:3, 1:4 and 1:5 soil -water
ratios were prepared and their viscosities tested. The curves of
viscosity plotted against the soil -water ratio for these three soils
were parabolic in character, and the minimum occurred at about
1:3 ratio. With dilutions higher than 1:3 the viscosity increased
markedly and the extracts showed considerable amounts of col-
loidal clay in suspension. Dispersion of the clay colloids, there-
fore, is found to have a definite effect upon the viscosity of the
soil solution. This factor is of importance in alkaline clay soils
that are badly dispersed.

A study also was made of surface tensions of the soil extracts
to determine their possible effect upon the wetting of the soil
particles. Penetration is influenced by the difficulty with which
the air film surrounding the soil particle can be displaced by the
approaching water film. Surface tension measurements of such
extracts showed that they do not differ sufficiently from those
of pure water to favor better wetting. The alkaline, dispersed
condition of the soil, which gives the soil poor structure, more
than offsets the slight advantage gained from the lowered surface
tension. The surface tensions were observed to be only about 2
per cent less than that of pure water. The organic matter content
of the soils studied was extremely low.

A study was also made of the relation of water penetration to
the initial moisture content of the soil, in order further to test
the importance of displacement of the air film surrounding the
particle. Before the soil moisture film can advance, the particles
must be wet and the film must be continuous from particle to
particle. Air is very slightly, and also very slowly, soluble in
water. The amount of moisture initially present determines to
some extent the thickness of the absorbed air film. The experi-
ments here made consisted of placing some soil in a tube and
allowing it to compact by wetting down with water. The rate of
penetration was then determined by measuring the time required
for the first drop of water to appear at the bottom of the column.
The moisture content was then successively reduced by means of
a current of dry air, and another penetration rate determined.
Plotting these times against initial moisture contents, a curve was
obtained which exhibited a shárp discontinuity at about 22.5
per cent moisture. Above this percentage, the rate of penetration
increases rapidly. The moisture equivalent of the soils here
studied was 19 -25 per cent, and the saturation percentage 35 -43
per cent. These experiments indicate that penetration is slowed
up markedly at moisture contents near or below the moisture
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equivalent, but above the moisture equivalent the rate markedly
increases up to the saturation percentage.

Fundamental Concepts In Plant Research (Bulletin No. 147)
presents late views on plant behavior. It stresses the dangers at-
tached to the presentation in scientific literature of bare facts
without an adequate and clear conception of plant behavior which
can only be attained by close observation, a fundamental back-
ground, and the ability to interpret the "language" of plants.
Philosophy should have its usefulness in interpreting the results
of plant research. Plants have worked out most of their problems
ages ago and in the most reasonable way and therefore they may
always be depended upon to do the most reasonable thing. A
plant exercises the maximum amount of conservation that is
possible under the conditions of its growth. In fruit and seed
production a plant works on a definite margin of safety and
periods of stress largely determine ultimate crop yields. Most
phenomena of plant growth and nutrition are phenomena of
adaptation. Therefore, for example, it is usually best to find out,
if possible, how and where a plant's ancestors lived before begin-
ning a study of the needs of the present generation.

SOIL REACTION

At the present writing, we look upon soil reaction as being the
most important single determination that can be made on alkali
soils. In studying the effect of reaction, pH (alkalinity) , on the
feeding operations of plants it was a simple matter to measure
accurately the reaction of the artificial medium in which the plant
was growing. But when we extended our work to soils, many
difficulties were met in trying to get an accurate measurement of
the pH (alkalinity) value. For this reason it became necessary
to make a study of the factors which introduce errors into the
electrometric method of determining soil pH when the hydrogen
electrode is used. The most important factors affecting the deter-
mination were: amount of water used in preparing the soil sus-
pension, the influence of small amounts of carbon dioxide, and
contact of the suspension with air during the determination.
From this study, a method was developed which gives constant
and reproducible results and at the same time yields information
upon the potential alkalinity of the soil. In alkali soils the actual
pH depends entirely upon the degree of hydrolysis which the
sodium clay compound undergoes and this in turn upon the ratio
of soil to water. Therefore it is impossible accurately to deter-
mine the pH of the true soil solution unless hydrolysis can be
reduced to the point at which it exists in the soil.

In view of the above, we have suggested the procedure of
making three pH determinations on each soil: namely, 1: 1 and 1:5
soil to water ratio using carbon dioxide -free, distilled water, and
1:5 ratio after adding 10 cc. of 2M sodium chloride solution. The
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two former yield data showing the potential alkalinity of the soil
and the latter, by forcing back the ionization of sodium clay,
should yield a reaction closely approaching the pH of the soil
solution.

ELECTRODIALYSIS

This laboratory has taken a leading part in the application of
electrodialysis to the study of soil phosphates. During the past
year further work along this line has been completed and ac-
cepted for publication in a technical journal. Several new points
were brought out by this additional work. It is shown that by
electrodialysis the pH of the soil -water mixture in the central
chamber of the cell can be reduced to pH 4 and maintained at this
point throughout. Since this is the most suitable reaction for
determining available phosphate the value of this is self evident.
A good correlation between the amount of phosphate removed
from the soil by electrodialysis and the availability as measured
by plants (Neubauer method) is reasonably close. The amount
of phosphate which can be removed from a soil by electrodialysis
is a constant value for every different soil, and varies only with
the amount of electric current passing. Thus, by introducing
resistance to control the amperage and keeping an ammeter in the
circuit, reproducible results can be obtained.

FLUORINE IN DRINKING WATER

Since the discovery that mottled enamel of human teeth is
caused by the presence of fluorine in drinking waters, there has
been a great demand for water analyses by citizens of the State.
Such analyses are worthless unless they are also accompanied by
a knowledge of the amounts required in the water to produce
mottling. Since many difficulties arise in the determination of
any element which is present in the small amounts in which
fluorine exists in such waters, the analyst must be very sure of
his method, as a water may be condemned on less than one part
per million fluorine. During the past year further studies on four
methods have been made. These are the Foster, Sanchis, Willard
and Winters, and Fairchild methods. More than fifty samples of
waters were used. The first three showed quite good agreement
while the Fairchild method gave results two to three times too
high. It was revealed that this is due to organic compounds in the
water and to excessive amounts of sulfates. The toxic level
which was formerly set at 2.7 p.p.m. fluorine when the Fairchild
method was in use has now been set at somewhere below 1.0
p.p.m. when any of the other methods are used.

An extensive survey of the domestic water supply of Douglas
has been made. In view of the fact that a number of wells within
the city limits are free of toxic amounts of fluorine, the survey
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was conducted in order to explore for a new supply for the city.
Douglas is situated on the Whitewater Draw, a stream which
drains the Sulphur Springs Valley, and many wells along the
draw were found to be yielding water of high fluorine content.
The survey showed a sufficient number of wells of good water to
supply the city with a domestic supply which is below the toxic
level.

The greatest demand for work on the fluorine problem this past
year has come from the Salt River Valley which is the most
thickly populated area in the State and so a very thorough survey
is under way there. Thus far over five hundred samples of water
have been analysed for fluorine. The survey in the Salt River
Valley should be of great value. Mottled enamel of a more severe
degree than has ever been reported in the literature has been
found in certain districts. Even the mottling of deciduous teeth
was found which had not been hitherto reported. Waters were
found which contained 12.5 to 18.6 p.p.m. fluorine. It was ex-
tremely gratifying and important to find that the Phoenix city
water supply is satisfactory, that is, does not contain toxic
amounts of fluorine. Hence many hundreds of people will aban-
don their wells for domestic purposes and use Phoenix city water
instead.

Considerable time has been devoted to the possibility of remov-
ing fluorine from water by practical and economic methods but
thus far no promising results have been obtained. Among the
materials studied are aluminum sulfate, activated carbon, iron
salts, and ground bone, all of which give some removal but the
costs are prohibitive when figured to large scale water treatment.
In view of the fact that the occurrence of fluorine in Arizona
waters is more or less sporadic, the most economical solution of
the problem lies in exploration for more suitable water supplies.

REHABILITATION OF DEFAULTING IRRIGATION DISTRICTS

During the past twenty years most of the irrigation develop-
ment in Arizona has been done under the Irrigation District Act,
first passed in 1912. The act and subsequent amendments contain
many safeguards for investors in district bonds, but experience
has proved that these safeguards are not fully effective. For
this reason, and because of the injury to public interests and to
the interests of the farmers themselves, this department has
studied the many problems involved, and has urged and aided
the reorganization of several of the districts. This involves both
physical and financial rehabilitation, the adjustment of area to
water supply, and the exclusion of undesirable lands.

The Farm Relief Act of May 12, 1933, passed by Congress, pro-
vided the first practical means of reorganizing distressed districts
financially. Section 30 of that act authorized the Reconstruction
Finance Corporation to make loans to districts with which to
liquidate the bonded indebtedness, on such terms that "a sub-
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stantial reduction will be brought about in the amount of indebt-
edness." This provision necessitates negotiations with the bond-
holders. Bondholders' committees, composed of bondhouse em-
ployees and promoters, tend to procrastinate rather than facili-
tate the negotiations, since their interests are better served by
long negotiations. The committees should be made up of the
heaviest bondholders themselves, with the bondhouse experts in a
secretarial or clerical capacity.

In June, 1934, Section 30 was amended by Congress to permit
similar loans to mutual water companies, incorporated or unin-
corporated, and to permit loans of additional sums for the physical
rehabilitation of irrigation systems or to make needed increase
of the water supply. The terms of the act now are very broad.

Although scores of loans under Section 30 have been made in
other states, not one loan has been consummated in Arizona.
In three cases, however, loans have been authorized.

In another case, in which the bondholders had already made
a generous offer to settle at 25 cents on a dollar, where soil and
water supply and markets are excellent, where the resulting in-
debtedness to the federal government (a first mortgage) would
be only $21 per acre, the application of the district for refinan-
cing has been rejected. Certainly, such restricted use of the
Reconstruction Finance Corporation funds was not intended by
those who framed the legislation. On the contrary, every one of
the defaulting districts could be, and should be, granted a loan
on terms that reflect the value of the bonds, and such terms as
would make the government secure would be fair to the bond-
holders since they can hardly hope for anything better. Each
year that the default continues and taxes are unpaid, the situation
becomes worse. There is no other way to untangle the compli-
cations brought about by the peculiar provisions of the irriga-
tion district law and the depression. Until state and county taxes
can be collected, the agricultural counties particularly will be
kept on a warrant basis; desertion of lands will continue, and
local prosperity will be impossible.

RURAL HOUSING

The designing and construction of houses and other farm
buildings is an important subject within the field of agricultural
engineering. At the request of the Arizona representative of
the Subsistence Homestead Program, several designs of model
rural homes were prepared, low cost, utility and durability being
emphasized rather than appearance. In the selection of sites for
units of the Subsistence Homestead Program advice was given
as to water supplies, adaptability, and valuations.

The Department of Agricultural Engineering also was called
upon to participate in the rural housing survey in Pinal county,
financed by the Civil Works Administration. This involved the
survey of repairs and improvements needed for eight hundred
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forty rural homes. A comprehensive tabulation of unit costs at
current prices was prepared. Quantities and costs were then
determined for one hundred one homes. In many cases, how-
ever, it was judged that the present homes were unworthy of
repair, and the cost of new homes was substituted. In some
casés farms of 80 acres or more of excellent soil were found to
have houses of less than one or two hundred dollars value, unfit
for either tenant or owner. Scarcely any housing improvement
has been made in the last five years, and essential repairs have
not been made because of the lack of funds. The study included
also home water supply and sewage disposal, lighting, heating,
and refrigeration.

The census of 1930 revealed that the median value of dwellings
on farms operated by owners was $685 in Arizona, as compared
with $1,414 in the three Pacific states, $1,986 in the Middle At-
lantic states, and $1,135 for the entire country. It is likely that
great strides will be made in the building of rural homes in Ari-
zona in the next decade, and the Agricultural Experiment Sta-
tion can be of service in securing wise and efficient construction.
Studies of soils adaptable to adobe making, of the process of
adobe making and adobe wall construction have been initiated
during the past year.

GROUNDWATER STUDIES

The continuation of groundwater studies in the Pima Farms
Company area has been confined principally to the analysis and
correlation of the results of the pumping draft of the past three
years with that of the period 1923 -1930, inclusive. The average
annual draft upon the groundwaters over the eight -year period
was 25,200 acre -feet. In the lower portion of the pumping area
where continuous water level records are secured at well No.
16C2 a resultant lowering of 35 feet has occurred. During the
same period the average seasonal pumping lift increased in this
area from about 66 feet in 1923 to approximately 98 feet during
the season of 1930. A maximum pumping lift of approximately
110 feet was reached at a few wells during the summers of 1929
and 1930.

Following this eight -year period of overdraft, there was, during
the years 1931, 1932 and 1933, a total pumpage of only 21,800
acre -feet or 3,400 acre -feet less than the previous average annual
demand. During this three -year period of low pumping draft,
recharge to the pumping area occurred to the extent that in the
spring of 1934 the water level in the lower end of the project
was approximately 3 feet above that in the spring of 1927.
In the upper part of the pumping area and in certain portions of
the groundwater basin adjacent to the pumping area residual
depletion still existed as compared with the spring of 1927. It is
evident that to a certain extent at least underdrainage of the
upper part of the area occurred, resulting in more rapid recovery
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during the past three years in the lower portion of the pumping
area. This is also true for some parts of the groundwater basin
along the sides of the pumping area, which still lag behind the
lower central portion of area in recovery.

The period 1927 -1933, inclusive, is ideal for the purpose of esti-
mating the safe yield of the pumping area. Residual depletion
occurring in the upper end and adjacent to the area very nearly
balances the over -recharge in the lower end of the pumping
area. Both are comparatively small quantitatively when spread
over the seven -year period and become relatively unimportant.
The average pumpage for this period was about 17,500 acre -feet
per year which may then be considered as the safe annual yield
of the groundwater basin for the period 1927 -1933. The average
water level in the lower end of the project at well 16C2 over this
period was approximately 73 feet. If it is considered desirable
to maintain a higher water level in order to reduce pumping
costs the estimated safe yield would have to be reduced by a
small amount due to increased outflow from the basin.

The precipitation over the drainage basin was almost exactly
normal or average for the seven -year period. The mean annual
runoff of the Santa Cruz and Rillito rivers for the period for
which records are available is 38,500 acre -feet. However, for the
period 1927 -1933 (water years) it was only 24,300 acre -feet or 63
per cent of normal. Since the variation of the maximum from
the mean in the case of runoff is much greater than is the case
with precipitation the above relation is to be expected. The
combined maximum flood flows of the two rivers in 1915 (water
year) was 640 per cent of their mean and their record minimum
in 1913 was only about 10 per cent of their mean.

PUMPING MACHINERY

In assisting in the preparation of the data for the Flowing Wells
Irrigation Districts application for a loan, for the purpose of re-
financing, from the Reconstruction Finance Corporation, a study
of their pumping equipment was necessary.

The importance of proper selection of pumping equipment
especially adapted to the conditions at each individual well is
particularly well illustrated by the conditions found in the old
"cross -cut" installations. Pumps, installed in 1913, had rated ca-
pacities which were found to be almost three times the capacity
of the wells with resulting efficiencies in some cases as low as 30
per cent. The average efficiency for the remaining eight pumps
of the original installation is probably less than 35 per cent.
Proposed replacements of pumping equipment in these wells con-
template the development of an increased supply of water with
a corresponding increase of about 40 per cent in pumping lift.
Notwithstanding this greatly increased lift it is estimated that a
net saving of 25 per cent in the power cost per acre -foot of water
will be effected. This lower cost of pumping is partly due to
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improvements in pump design and to refinements in manufac-
ture, but principally to the correct selection of pumping equip-
ment to fit the conditions of the individual wells.

Investigation of transmission line losses from the central trans-
former station to the wells, which are charged to the District,
revealed the fact that under certain conditions of load there was
a loss of over 17 per cent and that for the pumping season there
was an average loss of between 14 and 15 per cent. Through the
cooperation of the local power company this loss to the District
will be entirely eliminated:

The above conditions have obtained for a period of some ten
years and have resulted in the unnecessary expenditure of sev-
eral thousands of dollars, which might have been saved to the
District.

CITRUS IRRIGATION INVESTIGATIONS

Soil temperature control. Studies of soil temperature control
in young citrus orchards, reported rather fully in the last Annual
Report, were continued in 1934. Differences in tree growth in
response to various methods of control have become so accentu-
ated during the intervening year that definite recommendations
can now be made for controlling the high soil temperatures that
normally occur on the Yuma Mesa from June 15 to September
15, and in varying degree in other citrus districts.

Results of these studies show conclusively that a thick dry
straw mulch is a most excellent and practical method of control.
The particular type of mulch used on our test plot each year has
consisted of a mat of freshly cut Hubam clover 7 feet in diameter
and from 8 to 12 inches thick. After placing it about the trees
in June, the straw quickly dries in the sun and compacts to such
extent as to be secure from scattering by winds. Records of
soil temperatures one foot deep for three summers show the
mulch to provide a cooling of 7 to 9 degrees.

Two cautions should be borne in mind by citrus growers using
a straw mulch. One is that the mulch may harbor ants or other
pests that will injure the young trees and the other is that heat-
ing may occur with some kinds of straw when packed densely
about the tree and wetted by irrigation. No trouble of this kind,
however, was experienced in the experimental plot on the Yuma
Mesa during the three summers that Hubam has been used.
Occasional inspections should be made to guard against these
contingencies.

The value of the straw mulch over other methods studied is
shown in Figure 4, which shows the tree growth under various
conditions. It will be noted that the growth in tree trunk cir-
cumferences for the plot with straw mulch has, since planting in
1932, been slightly over twice as great as for the check bare plot
with frequent irrigations.
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Frequent light irrigations provide an excellent means of tem-
perature control, however. A thorough study of this method was
reported in Technical Bulletin 37, published in 1931.

Both the straw mulch and the frequent irrigations method have
the advantage that they can be applied only when they are
needed.

A cowpeas cover crop provides good shading by June 15 if
planted May 1. The results of our work show it to be on a par
with frequent light irrigations so far as tree growth is concerned.
Failure to obtain an even stand about all the trees during the
first two summers caused the average growth attained to be
lower than it should have been. Brabham and Iron cowpeas
have been found to grow well on the Yuma Mesa and both are
much superior to the Whippoorwill variety for vigorous growing
and ground shading. The average shading by the Brabham and
Iron cowpeas for this season was estimated at 90 per cent of the
ground surface.

Sesbania as a cover crop has been tested for controlling soil
temperature for two summers. Its growth has been slow and
unsatisfactory, probably due to the light texture of the Mesa
soil. The plants grow for the most part into long stems and the
leaves are small and scanty. The best shading by the cover crop
was estimated 60 per cent of the ground surface. Soil tempera-
ture records at one foot depth show the temperature under the
Sesbania to run from one to three degrees cooler than at the
same depth under bare soil, subjected to weekly irrigations.
Sesbania is not recommended for temperature control on the
Yuma Mesa, but would be satisfactory, perhaps, on heavier, more
fertile soil.

In Figure 4 it will be noted that the trees with alfalfa cover
crops have made but very little growth in two and one -half years
since planting. The alfalfa provides excellent shading and cool-
ing of the soil temperature. Records at one foot depth prove it to
be as effective as straw mulch for control. However, it is appar-
ent that the alfalfa robs the trees of plant food in the winter
and spring and the consequent injury offsets the value of soil
cooling in summer.

A special attempt was made this season (1934) to revive the
trees on the alfalfa plot by regular applications of ammonium
sulfate in the irrigation water. Applications were made at the
rate of 3 pounds per row of thirteen trees at two -weeks intervals
throughout late spring and summer. No beneficial results have
yet been noted in the growth of the trees.

The annual depths of irrigation water required with the various
methods of control have an important bearing on their relative
values. Results show the straw mulch method to have consider-
able advantage in this respect. Thus, during this season it was
found that irrigations at three -weeks intervals were sufficient to
maintain the soil moisture of this plot well above the wilting per-
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centage while the cover crops had to be irrigated twice weekly
in extreme hot weather to supply their water requirements.
All plots were watched carefully and irrigated according to the
needs of the cover crops or trees except the bare plot where
light irrigations were applied frequently for controlling soil
temperature. The total annual depths of irrigations applied on
the various plots for the last two years are as follows:

Method of Control
Total depth
applied 1933

Inches

Totali depth
applied 1934

Inches

Frequent irrigations 42.5 55
Alfalfa cover crop 88 90
Straw mulch 44 37
Cowpeas cover crop 52 61
Sesbania 55.5 68

1 Included are actual measurements from January 1 to October 1 and
estimated depths for balance of year.

CONSUMPTIVE USE OF WATER BY CITRUS

Transpiration studies were begun November 7, 1933, on two
grapefruit trees selected in one row of the 1927 planting. The
trees had, therefore, the same irrigation history and were equal
in size, having a height and spread of 8 feet and trunks 4 inches
in diameter. As a regular part of these studies measurements
were taken of the trunk circumferences at semi -monthly inter-
vals, and beginning April 18, 1934, fruit diameters were measured
at weekly intervals throughout the growing season. Soil mois-
ture samples to a depth of 5 feet were taken, one day after
irrigation, the second day, the sixth day and every seventh day
thereafter. Four samples per tree were taken each time, on the
north, east, south and west sides respectively. The percentages
for the four sides were averaged and used for plotting graphically
the soil moisture records from which the transpiration rates
and depths were determined.

The results for the various irrigation periods are given in the
accompanying table. It will be noted that, in winter, thirteen
or twenty days elapsed following an irrigation before a measure-
ment period was started and, in summer, six days was the usual
time allowed to elapse. This was done to avoid error from down-
ward movement of moisture which continues at a decreasing
rate following irrigations. The movement is slower in winter
and thus more time is given than for it to diminish to a point
where it may safely be neglected in computations of consumptive
use. There is fairly close agreement between the transpiration
of the two trees, as would be expected of trees of the same size.
The soil- moisture record for late July and early August was
found inconsistent and, therefore, the results for that period are
not shown in the table.
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As the consequence of a mild winter and an extremely warm
spring, the depths; of water transpired during that time must
be somewhat more than would normally Occur. From the records
of the Yuma Weather Bureau Station the following comparison
is made of the deviations of the monthly mean air temperatures
from their normals.

1933 -34

Nov. Dec. Jan. Feb. Mar.

Monthly mean
Above Normal

65.2
2.8

57.1
1.9

57.5
3.1

62.6
4.0

73.0
8.9

1934

Apr. May June July Aug. Sept.

Monthly mean....
Above Normal....
Below Normal....

76.0
6.5

81.6
5.6

81.2

3.5

93.0
2.2

91.0
1.4

85.6
1.9

There was a noteworthy difference of growth between the two
trees during the 1934 season as disclosed by trunk measurements.
Thus the trunk circumference on Tree 5 increased uniformly
from 0.995 feet on March 29 to 1.125 feet on September 17, while
that of Tree 8 increased from 1.024 to 1.104 over the same period.
These different rates of growth are, apparently, not correlated
with the transpiration rates but are in agreement with their
respective fruit loads.

At the beginning of fruit measurements on April 18, Tree 5
was found to have a total of forty -one young fruit and Tree 8 a
total of 175. Through late spring and early summer these
amounts were reduced considerably by dropping. The number
of fruit to reach maturity on Tree 5 was twenty -seven and on
Tree 8, sixty -four. Picking records of previous years do not re-
veal Tree 5 as being a consistent light bearer. The record of
fruit measurements show the fruit on Tree 5 to have gained near-
ly 7 per cent in diameter over that of Tree 8 by October 15.

COTTON PRODUCTION AS AFFECTED BY SOIL ENVIRONMENT

During the summer of 1931 data were accumulated from cotton
plots whose subsequent analysis (through the interrelation of
osmotic pressure and specific conductivity of the leaf sap, the
carbohydrate contents of the stems, and the close inverse correla-
tion of these three properties with shedding) , furnished further
evidence that the percentage of shedding is regulated by the
amount of plant food available for the development of the young
bolls. Sorter distributions of representative samples of cotton
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lint from the 1931 plots showed that plots receiving intermediate
amounts of soil moisture produced longer lint than plots receiving
either limited water supplies or large water supplies. The 1933
work on this project, consisted largely of a study of the influence
of various amounts of irrigation water on the yield and quality
of cotton lint.

The results from the 1933 plots indicate definitely that under
the conditions prevailing, yields are not materially affected by
increased supplies of soil moisture providing such moisture does
not drop lower than 2 per cent above the permanent wilting point.
Nine plots of cotton were included in the irrigation studies. Irri-
gations were applied in accordance with soil auger determinations
of available moisture. The following tables show the dates of
irrigation, approximate amount of water applied and the yield of
cotton per acre for each plot.

Plot No.
No. óf

irrigations

Dates of Irrigation
June July August September October

1 14 13-30 19-29 9-15-21-30 5-11-20-26 5 -16
2 9 20 7-27 9-15-21 5-14 9
3 7 20 27 12-19-31 23 21
4 8 13-30 19 8-21 5-26 25
5 9 13-30 19 8-19-31 14-30 25
6 11 20 7-25 5-15-21-31 8-23 5-25
7 8 20 7-29 12-21 7-30 25
8 7 10 10 10-19 3-30 8.

Plot Acre feet per acre
Yield of lint per acre in

bales including bolls

1 5.75 3.47
2 3.75 3.73
3 3.00 3.54
4 3.30 3.38
5 3.75 3.66
6 4.75 3.76
7 3.30 3.60
8 3.00 3.54
9 2.00 2.65

Shedding was not greatly different between any of the plots.
Osmotic pressure values were taken each three days during the
flowering season.

Correlations are now being made between length and uni-
formity in length of lint, and osmotic values; available soil mois-
ture, and total dry matter in sap. Calculations are not complete
at this time and no definite conclusions can be made.

COST OF PRODUCING FIELD CROPS IN ARIZONA

This project was begun in 1928 and data were secured during
the three years 1928, 1929, and 1930. Pima and upland cotton,



34 AGRICULTURAL EXPERIMENT STATION

alfalfa and wheat were included each year. Barley, Hegari
grain, and Hegari silage were added in 1930.

The results secured have been analysed and interpretations
have been made during the past year. Arizona Agricultural Ex-
periment Station Bulletin No. 146 carries the detailed data to-
gether with several tables which should assist farmers to cal-
culate costs and returns from the above named crops during fu-
ture years.

TIME OF CUTTING AND METHODS OF CURING AND
HANDLING ALFALFA HAY

A study was made of the effect of sunlight exposure on hay
in the field to determine the measurable changes which take
place. Five men were occupied in spreading the individual stems
of alfalfa over approximately 1,600 feet of hay in the swath in
order to secure uniform and maximum exposure. A sample of
the hay was cured in the dark, and curing of all samples was
completed in darkness. Samples were collected at intervals for
three days. Exposure of the last samples collected amounted to
considerably more than would be obtained by leaving hay in the
field for a week or more.

Samples were carefully defoliated and leaf percentages cal-
culated. Nitrogen determinations were made by the Agricultural
Chemistry Department. These determinations indicate very
clearly that loss of nitrogen in the curing process is confined to
minor losses from the stems and to reductions in leaf percentage.

Changes in color take place rapidly in alfalfa hay as it cures
in the field but such changes have been difficult to measure ac-
curately. The samples collected in the present study were sub-
mitted to the Bureau of Agricultural Economics, United States
Department of Agriculture, which is working On color standards.

COOPERATIVE CORN CROP PROJECTS

Corn variety trials were conducted during 1933 in cooperation
with the Agricultural Extension Service in Coconino, Navajo,
and Cochise counties. In Pima county several cooperators were
secured through the county agent to grow isolated plots of single
varieties of corn in the yellow corn acclimatization project. In
addition, twenty -four dent varieties, mostly yellow, were grown
in a competitive trial on the University Farm at Tucson.

Coconino county: With the first killing frost occurring almost
two weeks later than average at Red Lake some of the medium
late varieties out -yielded the earlier ones. Such varieties as
Eureka yellow dent, Duncan yellow, Kaw Chief and Improved
Learning had time to mature almost completely and they pro-
duced much more forage and grain than such early small -eared
strains as Colorado 13, Maule's Earliest, Maule's Droughtproof
and King of the Earliest. Under average season conditions, how-
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ever, the later varieties would not mature and the earlier strains
are to be recommended.

Navajo county: At Joseph City on poor soil under supplement-
ary irrigation and with a very dry summer, none of the varieties
succeeded very well. Extra early and late varieties were both
poor. Such mid- season varieties as Reid yellow from Illinois,
Golden Beauty from Kansas, Duncan yellow (Arizona), and the
local strain called 4X yellow dent appeared most promising. All
varieties should do better under a normal season and on better
soil.

Under full irrigation at Snowflake such late and medium -late
varieties as Duncan white and yellow dent, Reid yellow, 4X
yellow, Golden Beauty and Alof white looked best for grain and
silage purposes. Early varieties were entirely outclassed.

At the much higher altitude of Pinedale under dry farming
and with frost occurring later than usual, several mid- season va-
rieties did well. Among the better ones were local (Snowflake)
strains such as Reid yellow, 4X yellow and Duncan yellow. For
an average season, the earlier varieties, Colorado 13, King of the
Earliest, and Maule's Droughtproof gave most promise of ma-
turing grain. The mid -season varieties from seed grown at Snow-
flake, however, produced more grain and much more forage.
With seed always available from Snowflake, use of such later
higher yielding varieties could well be extended in the Pinedale
country where grain and forage are so much in demand.

Cochise county: Near Cochise, under irrigation, a very success-
ful trial was conducted. There again the mid- season varieties
out -yielded the late ones such as Mexican and Sacaton June and
Duncan white, and the early strains were very poor. Highest
yields of grain were produced with Golden Republic, Doubet
yellow, Ferguson yellow, Bloody Butcher and Golden Beauty.

Pima county: In the trial on the University Farm none of the
very early varieties were planted. Ferguson yellow (Texas) ,

Golden Republic (Kansas) , and Sommer yellow (Illinois) were
the leading varieties. They far surpassed Mexican June, Saca-
ton June and Duncan white dent, which late varieties suffered
somewhat for water during the fruiting period. All the corn
at Tucson, planted May 30, was damaged badly by the ear worm
and the green June beetle.

CHINO VALLEY COOPERATIVE DRY FARMING EXPERIMENTS

The Chino Valley experiments are located on somewhat mar-
ginal land of low fertility and poor texture. The purpose of the
experiments is to ascertain the possibility of producing winter
wheat preceded by fallow and such summer crops as corn,
sorghums and beans also preceded by fallow.

Results with wheat, 1933: The wheat plots were followed from
the fall of 1931 to the fall of 1932. Turkey Red wheat was planted
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October 8, 1932, on sufficient moisture to provide a good stand
and a good growth of seedling plants. Snow covered the ground
all winter from early December to March. No rain occurred from
planting to harvest with the exception of half an inch on May 2.

The average yield of wheat was 12.7 bushels per acre. Such
a yield demonstrates the possibility of producing profitable wheat
crops on this soil by utilizing moisture stored during the preced-
ing fallow supplemented by small amounts of moisture during
winter and the growing seasons.

Results with corn and beans, 1933: Moisture was insufficient
to provide for either adequate germination or growth. Such ex-
perience is common with summer growing crops in this district.

COTTON VARIETY TESTS

Yuma county: Stoneville No. 4 out -yielded other varieties
with the Shutz strain of Mebane second. Both Acala and Delfos
No. 719 yielded very poorly compared with the above two va-
rieties as seen in the accompanying table. As the result of this
year's tests together with behavior of the Stoneville in previous
years, all of the available Stoneville seed will be planted in the
Yuma Valley in 1934.

YUMA COTTON VARIETY TEST -1933

Plot yields of seed
cotton in pounds Acre yields Ginning per cent

First Second First Second
picking picking Seed Lint picking picking

Stoneville No. 4 226 168 2364 810 33.1 35.8
Mebane, A. D.

Mebane Strain 102 168 1620 606 36.1 38.2
Shutz Strain 196 160 2136 793 36.4 38.0
Delfos No. 719 111 118 1374 433 29.9 33.1
Acala (Bakersfield) 104 95 1194 439 35.7 38.0

Pinal county: Queen Creek Acala cotton gave consistently
better yields than the Bakersfield strain of Acala. These results
tally with those obtained on the Salt River Valley Experiment
Farm and also with the yields obtained at the Sacaton Experi-
ment Station. Stoneville yields were materially lower than the
Queen Creek Acala which results coincide with the 1932 yields.

PINAL COUNTY COTTON VARIETY TESTS -1933

Ginning
Per cent

Ave.

Yield per acre seed cotton
Lint
Ave.2 3 Ave.

Acala (local) 36.66 1,744 1,865 1,574 1,727 633
Acala (Bakersfield). 39.27 1,269 1,425 1,226 1,307 513
Acala

(Queen Creek) 36.65 1,957 1,638 1,574 1,723 631
Stoneville No. 4 35.86 1,701 1,481
Kasch 38.72 1,610 1,440
Mebane 39.74 1,538 1,340
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Greenlee county: An exceedingly poor stand prevented the
obtaining of any worthwhile yield results. The ginning percent-
age was high with all varieties included in the test.

CULTURE AND DEVELOPMENT OF PIMA AND UPLAND COTTON

The work on this project has all been confined to the follow-
ing tests run on the Salt River Valley Experiment Farm at Mesa.

1. Variety tests
2. Border effect

a. Acala
b. Pima

3. Width of rows
4. Influence of late fall irrigations on yield and quality

of lint.
a. Acala
b. Pima

In the variety tests the U.S.D.A. Sakel -Pima hybrid out - yielded
the Pima very materially. Also the Queen Creek selection of
Acala out -yielded the Coachella Valley strain of Acala. Stone-
ville, which has made such a good showing at Yuma continued
to yield low at Mesa.

Plots of two rows with third row blank, of three rows with
fourth row blank, of four rows with fifth row blank and of seven
rows with the eighth row blank were planted to ascertain border
effect on yields. The yields per acre were as follows:

YIELD IN POUNDS SEED COTTON PER ACRE

No. of rows

2
3
4
7

Acala Pima

1766
1734
1700
1688

989
846
850
673

In the width of row tests the rows were spaced 3, 4, and 5 feet
apart. Yields were 1,645, 1,738, and 1,489 pounds of seed cotton
per acre respectively.

This year's work indicates that it does not pay to irrigate cot-
ton after the first to the tenth of September provided the soil is
well filled with water at that time and the soil is of a nature that
will hold water well.

CULTURE AND IMPROVEMENT OF FORAGE CROPS

The grain- sorghum variety tests started the previous year were
continued. Eleven varieties were included in four -row dupli-
cated plots while the same number was included in a preliminary
test in single two -row plots. Yield data are considered some-
what inaccurate because of rather poor stands secured on. all
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plots. The test was conducted on land which had been in small
grain the previous winter and trouble was experienced with the
straw clogging the planter shoes. Yields of two of the varieties
on plantings not included in the test were considerably higher
than those from the test plots.

Fargo Straightneck, Milo, and Ajax led in yield. This was the
first season in which Ajax was included in the duplicated plots.
The yielding ability of Fargo Straightneck for the past two years
together with the exceptional yield secured on an increase plant-
ing and the consistent manner in which this variety has out-
yielded other grain sorghums at the Sacaton Station justify its
recommendation to farmers. The tall, weak stalks and resultant
lodging are its chief disadvantages but these are counterbalanced
by the high grain yields obtained. The variety is not adapted
to machine harvesting. It is of promise for crossing with some
of the dwarf varieties such as Double Dwarf Milo.

The varieties are arranged according to yield in the following
table. (Heads were bagged on all plots of all varieties to secure
a pure seed supply.)

YIELDS OF SORGHUM VARIETIES IN POUNDS OF
GRAIN PER ACRE

Averages of duplicate plots
Averages of two 100 -ft. sections from

single two -row plots.

Fargo Straightneck 4,490 Yellow Hegari (Tucson) 4,375
Ajax 4,490 Yellow Hegari (Mesa) 4,195
Algeria 4,042 Club Kafir 4,000
Double Dwarf Milo 3,926 Kafir x Milo 38 -1 -2 3,188
Feterita 3,740 Two foot Milo 2,875
Yellow Hegari (Tucson) 3,693 Custer Milo 2,719
Grohoma 3,448 White Milo 2,626
Kalo 3,438 Beaver Milo 2,625
Wheatland 3,129 Darso 2,500
Hegari 3,079 Blackhull Kafir 2,438
Sooner 2,126 Kafir x Milo 8 -2 -6 2,344

CULTURE AND IMPROVEMENT OF LEGUMES ADAPTED
TO THE SOUTHWEST

One of the problems of the lettuce growers is the development
of a method by which the lettuce and a small grain crop can be
grown on the same ground and the fertility maintained with a
green manure crop all in the same year. Cowpeas are used for
the soil building crop but the cost of seed and land preparation
is excessive.

A preliminary test to determine the possibility of using Ses-
bania following the wheat crop was conducted this season.
Sesbania was seeded broadcast on growing wheat February 18
at the rate of 40 pounds per acre. The seed was left on top of
the ground and did not germinate until after the wheat had been
harvested and the land irrigated. The Sesbania produced a good
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cover crop early enough for the land to be plowed in preparation
for lettuce.

Row plantings of some promising summer legumes, thought
suitable for green manure purposes, were grown at Tucson. Red
Stemmed Sesbania out -yielded the ordinary kind but excessive
coarseness of the stalks make it unsuitable for field production.
Cassia occidentalis made excellent growth but is likewise too
coarse for green manure purposes. Crotalaria incana was by far
the most suitable of several crotalarias tried for production but
the seed production is disappointing. Guar showed more prom-
ise than any of the other kinds of plants and produced a good
seed yield. Some difficulty may be experienced in the harvesting
of guar seed by machinery but should not be serious.

Chilean alfalfa out -yielded Hairy Peruvian on two year old
plantings on the Salt River Valley Experiment Farm. Sixteen
borders planted to each variety gave the following yields: Pounds
per acre -Hairy Peruvian 12,378, Chilean 13,347.

THE CULTURE AND IMPROVEMENT OF SMALL GRAINS
INCLUDING WHEAT, OATS, BARLEY, AND RYE

An experiment has been started to determine the reason for
the difference in drought resistance between two varieties of
spring wheat, namely, Baart and Hope. Baart is very resistant
to dry conditions while Hope is very susceptible. The two va-
rieties were grown side by side in the field in two plats, one in
which the plants had not been irrigated since planting, and the
other where they have been normally irrigated. The osmotic
pressure of the cell sap and the per cent of bound water in the
sap were determined for the varieties under the two conditions.
The data accumulated to date seem to indicate that under very
dry conditions the osmotic pressure of the cell sap of Baart is
much higher than in Hope. Under normally irrigated conditions
they are about the same. Evidently Baart is able to build up
its reserve foods better than Hope.

Additional information relative to drought resistance in wheat
is being obtained. A total of eighteen varieties of spring wheat,
varying in drought resistance, were planted in the field in each
of two plots, one normally irrigated and the other kept dry.
Plants of each of these varieties, and from the two plats, were
dug up at frequent intervals, roots cut off, and moisture deter-
minations made under uniform conditions. The plants were
weighed hourly the first day, and every day from then on until
they became air dry. Oven -dry weights were then obtained.
From the determinations to date, there seems to be a rather defi-
nite relation between the per cent loss of moisture in the various
varieties and their drought resistance. The varieties resistant
to dry conditions loose moisture much more slowly than the ones
susceptible to those conditions.
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COTTON GRADE AND STAPLE

The cooperative project conducted by the Division of Cotton
Marketing, U.S.D.A. Bureau of Agricultural Economics, has been
continued through its sixth year in Arizona. A bulletin sum-
marizing the results is now being prepared.

The accompanying table presents a few data which will give
an indication of the variation in lint quality between the five
districts in the State where the project has been continued for
at least five years with upland cotton.

AVERAGE PERCENTAGES OF SPECIFIED GRADES AND STAPLE
LENGTHS OF UPLAND COTTON FROM FIVE

ARIZONA DISTRICTS

District
Number of

years

Grade percentages Staple length percentages

Good
middling

Strict
middling

1 -1 /8
inches

1 -1/16
inches

Safford 6 30.6 35.1 11.2 52.6
Coolidge 5 30.4 39.4 4.2 35.3
Peoria 6 10.8 50.8 2.0 36.9
Mesa 5 23.1 38.7 2.3 31.8
Yuma 5 17.7 32.2 Trace 4.4

Short staple (upland) cotton was sampled from the Yuma,
Mesa, Peoria, Coolidge, and Safford districts during the 1933 -34
season. That year three districts, viz.: Yuma, Mesa, and Peoria,
showed a great improvement in grades as compared with the
1932 -33 season. Of cotton grading Extra White Strict Middling
and above, Yuma produced 8 per cent more, Peoria 15 per cent
more, and Mesa 43 per cent more than the previous year. Mesa
also had much less Spotted (low quality) cotton in the 1933 crop.

Grades for Safford cotton ran about alike for both years, while
at Coolidge there was a decrease in grade quality, there having
been less Extra White Strict Middling and better and consider-
ably more Spotted cotton than the year before.

Staple lengths were decidedly improved at Mesa, held about
steady at Coolidge, but were drastically shorter at Yuma, Peoria,
and Safford.

In general, upland cotton showed real improvement at Mesa
in 1933 -34 in both grade and staple; Yuma, Coolidge and Peoria
were better in one respect and worse in the other, while Safford
declined in both grades and staples. In spite of the decline,
however, cotton from Safford still showed the highest quality
of any in the State.

Pima, American -Egyptian, cotton during the past season was
sampled from Peoria, Glendale, Coolidge and Mesa. In general,
the year was one of poor yields in relation to upland but the
quality was excellent. Pima cotton from Mesa was not sampled
during the year 1932 -33.
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Of the districts sampled both years, all showed better grades
and staples in 1933 -34 than the year previous. Peoria showed
the greatest improvement in grades. No district produced any
appreciable amount of Pima grading below 3%. At Coolidge,
where the grades were lowest, there was only a little more than
12 per cent below 2 %, most of which was either 3 or 3% in grade.

Staple lengths were best at Coolidge where 81.5 per cent was
1 -9/16 inches and longer in length including 11.3 per cent of
1 -5/8 inches staple.

Based on staples 1 -9/16 inches and longer, Peoria showed the
greatest improvement over the previous year jumping from 23 to
48 per cent. The four districts ranked as follows in amounts of
Pima stapling 1 -9/16 inches and longer: Coolidge, 81.5; Glendale,
67.9; Mesa, 64.2; and Peoria, 48.1 per cent.

THE NUTRITIONAL DEFICIENCIES OF ARIZONA RANGE FORAGES

A lapse of twelve months since the inception of this project
last June has failed to reveal any apparent beneficial results at-
tributable to the use of two mineral feeds, namely, Mono -sodium
phosphate and mono -calcium phosphate plus sodium iodide when
fed to cows in the Sonoita district on a grass range which is pre-
dominantly grama and curly mesquite and devoid of browse
plants.

Beginning January 2 a third lot of cows were fed cottonseed
cake until July 24 at the rate of 1.06 pounds per head daily. This
feed served to maintain the weight of the cows approximately
60 pounds per head above that of the check lot cows. Whether
this advantage in weight and condition will ultimately result
in the production of more and heavier calves sufficient to pay the
cost of feed cannot be determined at this stage of the experiment.

It is recognized that the seasonal shortage of range feed may
overshadow the value of mineral feeding. There is a further like-
lihood of a Vitamin A deficiency by reason of the absence of green
growth during the winter and late spring season. In the course
of this experiment it is planned to test for this and the other
factors of protein and energy as they relate to the nutritive value
of the range forage on the experimental area.

STEER FEEDING

The cattle feeding experiment this year was the third and final
one of a series initiated in 1931 -32 by the Animal Husbandry De-
partment for the purpose of determining the feeding value of
Arizona grown roughages when used in rations composed only of
locally produced feeds. The 1933 -34 steer feeding was so con -
ducted as to give additional information on the following prob-
lems or objectives: 1. To determine the value of three different
grades of alfalfa hay when fed with Hegari silage and cottonseed
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meal with, and without ground barley. 2. To study the suit-
ability of a ration composed of ground Hegari fodder and cotton-
seed meal. 3. To secure information on the economy of a ration
composed of alfalfa hay, ground barley and whole cottonseed
when the cottonseed is fed in rations with and without the addi-
tion of silage. 4. To determine the comparative economy of
rations balanced with grain and of rations with a high cottonseed
meal and protein content.

1. The feeding value of different grades of alfalfa hay. In this
experiment two lots of steers were fed No. 1 alfalfa in the ration,
two lots received No. 2 alfalfa and two lots were fed No. 3 alfalfa.
One of the two lots fed each of the three grades of hay received
hay, silage and meal (lots 1, 3, 5) while the other was fed hay,
silage, barley and meal (lots 2, 4, and 6). By averaging the re-
sults secured on No. 1 hay (lots 1 and 4) , and No. 2 hay (lots 2
and 5) and on No. 3 hay (lots 3 and 6) it is found that the grade
of hay used had no significant effect upon the average daily gain
or the actual selling price of the steers. At the prices quoted for
the three grades of hay ($8.00, $7.00 and $6.00, respectively) the
feed cost per cwt. of gain and the profit per steer was in favor
of the lower priced hays. In this experiment, on the basis of the
cost of gains, with No. 1 hay at $8.00, the No. 2 hay was worth
$7.46 and the No. 3 returned $7.26 per ton. The No. 2 hay was
approximately 93 per cent as valuable as the No. 1 and the No. 3
approximately 90 per cent as valuable as the No. 1.

It should be noted that hay as used in this experiment made
up only a small part of the total ration, and that the rations used
were high protein rations. Although duplicate series were run
it should be remembered that only one year's results are re-
ported here.

The palatability of the alfalfa hays used in this experiment was
independent of the grade of hay. The No. 3 hay used in this
experiment was coarse and stemmy but it was more palatable
than the No. 1 or No. 2 hay as shown by the heavier hay weigh -
back in all lots fed the No. 1 and No. 2 hay.

The hays used in this experiment were graded by E. H. Phillips,
Hay Grader, U. S. Department of Agriculture and Ian A. Briggs,
of the Agronomy Department, University of Arizona. Analysis
of the hays used will be reported in a later publication.

2. The economy of grain in the ration. Steers receiving ra-
tions in which a high cottonseed meal allowance was fed (meal
used as a concentrate) made more economical gains than did
those receiving rations containing added grain. With cottonseed
meal fed as a concentrate and priced at $23.75 the rolled barley
used in this experiment was worth only $25.00 per ton. Cotton-
seed meal had, on the basis of the results secured in this experi-
ment, a feeding value of approximately 95 per cent of barley
when used as a concentrate to take the place of barley in the
rations used.
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This experiment indicates that when rolled barley is approx-
imately equal in price to choice cottonseed meal and not more
than $2.00 a ton higher, barley may be used to advantage in the
steer feeding ration. Barley at a higher relative cost can be fed
economically only to "sweeten" the ration toward the close of the
feeding period, to increase rate of gains or to secure additional
finish.

3. Ground Hegari fodder and cottonseed meal make a good
ration. The steers receiving a ration of ground Hegari fodder and
cottonseed meal made an excellent return in terms of rate of
gain and efficiency of gains. These results agree with those of
the preceding experiment and demonstrate the suitability of
these feeds as a ration for fattening steers. The cost of process-
ing Hegari fodder should be accurately determined for the benefit
of the feeder.

4. Whole cottonseed gives excellent results. The most rapid
gains secured in any of the lots this year were made on the lots
in which whole cottonseed was fed in place of cottonseed meal,
lots 7 and 10.

The ration fed in lot 7, consisting of alfalfa hay 7.31 lbs., Hegari
silage 14.78 lbs., ground barley 2.86 lbs. with whole cottonseed
4.30 lbs., per head daily gained 2.16 lbs. per head daily at a feed
cost of $5.42 per cwt. of gain and returned a net profit of $5.66
per steer. In all respects this ration gave entirely satisfactory
results and is recommended when the price of seed falls below
50 per cent to 55 per cent that of choice cottonseed meal.

The results secured from the ration of alfalfa hay, rolled barley
and whole cottonseed checks closely with those secured last year.
The gain on this ration in the 1932 -33 test was 2.21 lbs. daily and
in the 1933 -34 experiment, 2.22 lbs. These were the most rapid
gains made in each of these experiments. On the other hand
the cost of gains was slightly higher than they were in the hay,
silage, barley and meal lots. The hay, barley and whole cotton-
seed ration is satisfactory and is recommended where silage is
not available and where the price of meal is out of line with the
price of seed.

ADDITIONS TO THE HEREFORD HERD

The past year has brought a marked improvement in the Here-
ford herd at the University. In January, 1934, Marshall Mischief,
a Mischief Mixer bred bull that won two seconds, five firsts, three
Junior Championships and two Reserve Champion bull awards
in the major show circuit in 1933, became the herd sire at the
University Farm. In order to raise the quality of the cow herd
with which this good bull has to work, several inferior cows have
been sold and three select ones added. Royal Heiress 3rd, by
Prince Domino C, and two Wyoming Hereford Ranch Onward
Girl heifers by Onward Domino 20th were purchased from the
Wyoming Hereford Ranch, Cheyenne, Wyoming.
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THE TUCSON LIVESTOCK SHOW

During the past year the Animal Husbandry Department has
taken an active part in organizing the Tucson Livestock Show.
This show, to be held in February, 1935, is to be devoted to beef
cattle and saddle horses. One of the classes is of particular in-
terest to this Department, for from it will come our feeder steers
for the 1934 -35 feeding experiment. Seventeen of the best herds
in Arizona will furnish entries of ten head each in this feeder
steer class. The University is preparing an educational exhibit of
Herefords for the show.

RANGE LIVESTOCK LOSSES FROM POISONOUS PLANTS9

At the conclusion of the report on this project as given in last
year's Annual Report, the statement was made, "Further sub-
stantiation of the evidence that the losses are cyanide cases, and
that one or more of the cyanide containing plants in the lime-
stone area are responsible for the losses are objectives of the
work on this project this fall."

Fortunately this fall proved a good season in which to study
these limestone -area losses. Several head of cattle died within
the area, Post mortem examinations and tissue cultures failed
to reveal pathogenic organisms as the probable cause of the
deaths, and pointed directly to plant poisoning as the cause.
Furthermore, blood taken from sick animals and injected hypo-
dermically into healthy steers failed to produce disease symp-
toms.

A gentled steer held on the poison plant area died. Another
such steer grazed on grass only for several days and then fed
only the two plants, Cercocarpus .sp. (mountain mahogany) and
Acacia sp. (catsclaw) died; also a typical case.

The investigators conclude that the limestone cattle losses are
caused by prussic acid poisoning: that there are at least five
plants in the limestone plant association that, under proper con-
ditions, may yield hydrocyanic acid in varying amounts, namely
Catclaw (Acacia sps.), Mortonia (Mortonia scabrella), Sprangle
top (Leptochloa dubia), Sumac (Rhus sps.), and Mountain Ma-
hogany (Cercocarpus sp.) and that two of these plants, Moun-
tain Mahogany and Acacia, are especially high in cyanide form -
'ng compounds, either one or both having been found on all loss
areas studied, and further, the two together have been demon-
strated to cause death of cattle.

In the fall of the year at or near frost time, when the range
grasses become less palatable and the cattle begin to eat heavily
of these cyanide forming plants, death is likely to result.

9 Animal Husbandry and Range Ecology departments cooperating.
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A. publication on the results secured in this experiment is being
prepared for distribution to the ranchers in the affected areas.

Due to severe drought extending throughout the year, range
stock have been driven to eat almost any growth at hand, in-
cluding, of course, weeds and poison plants. This has resulted
often in severe losses. Cases of stock poisoning have been re-
ported from many parts of the State and plants believed to have
caused the poisoning have been sent to the Station for examina-
tion. The following are the commoner poison plants that have
been received: Loco Weeds, species of Astragalus; Larkspur,
species of Delphinium; Lupines, species of Lupinus; Milkweeds,
including Asclepias latifolia and Asclepias galioides, both widely
distributed in the State; Water Hemlock, Cicuta occidentalis;
Rayless Golden -rod or Burro weed, Haplopappus hartwegi and
Haplopappus pluriflorus; Arrow Grass, Triglochin maritima, from
swamps in northeastern Arizona; Death Camas, species of Zyga-
denus from various parts of the State; and wild Tobacco, Nicoti-
ana trigonophylla, and Nicotiana attenuata. The Experiment Sta-
tion is engaged in the preparation of a publication with illustra-
tions, on the poisonous plants of the State, with suggestions,
wherever possible, for treatment of the animals affected.

UNIVERSITY PLANT COLLECTION

During the year a large amount of work has been done on the
University herbarium. Four thousand plants have been mounted
arid added to the collections, and about 3,500 specimens have been
collected for identification. Critical studies have been made of
several important groups of Southwestern plants, as follows:
the Borage Family (Boriginaceae), the Spurge Family (Euphor-
biaceae), and the species of Eriogonum of Desert Buckwheat.

The Station Botanist has completed a study of exotic plants
growing in Arizona without cultivation. This includes about 350
species, represented by 53 families and 186 genera. As a group,
these plants are indigenous to more than thirty countries. Of
the total number, 150 are perhaps as abundant in our State now
as are the commoner native species that have been growing here
for an indefinite time; they include many of our worst weeds, a
considerable number of valuable economic plants, several medici-
nal plants and some poisonous plants. The remaining ones,
about 200 in number, are for the most part rare or uncommon.
Fifty -six per cent of these naturalized exotic plants are annuals
and 26 per cent are perennial herbs; a few are biennials and the
remainder are trees and shrubs. Fifty -eight per cent are indige-
nous to Europe and the Mediterranean region, and about 13 per
cent are native to Asia. California has supplied more than any
other state, but a considerable number have come from the East-
ern states, and from Central America. During the last twenty
years these plants have been added to our flora at the rate of
about thirteen per annum.
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The following are the more important families of these plants:

Gramineae (Grass Family) 71
Polygonaceae (Buckwheat Family) 13
Chenopodiaceae (Goosefoot Family) 12
Caryophyllaceae (Pink Family) 11
Cruciferae (Mustard Family) 27
Leguminosae (Pulse Family) 21
Malvaceae (Mallow Family) 10
Tamariscaceae (Tamarisk Family) 8
Umbelliferae (Parsley Family) 10
Convolvulaceae (Morning -glory Family) 10
Labiateae (Mint Family) 9
Scrophulariaceae (Figwort Family) 8
Compositae (Composite Family) 37

species

STUDIES IN ORNAMENTAL PLANTS

Work has been continued on the intensive study of ornamental
plants and many additions have been made to the list published
in last year's Annual Report; also brief descriptions of many
trees, shrubs and vines have been prepared. Interest in orna-
mental plants has continued unabated, particularly cacti and
other succulents, water garden plants, and choice flowers and
trees.

The following is the list of ornamentals grown in the State,
including additions made during the year:

Trees, evergreen and deciduous 296 kinds
Shrubs, evergreen and deciduous 303 "
Woody climbers, evergreen and deciduous 68 "
Herbaceous climbers, annual and perennial 66 "
Perennial flowers 336 "
Annual flowers, winter and summer bloomers 205 "
Rock garden plants 132 "
Water garden plants 84 "
Cacti 170 "
Desert plants other than cacti 140 "
Conservatory and potted plants 174 "

Total 1974 "

Work is now under way on the preparation of a publication on
the more important shade and ornamental plants of the State.
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LISTS OF ECONOMIC AND ORNAMENTAL PLANTS

During the year, obedient to requests of interested persons and
communities, the botanist prepared twenty lists of economic or
ornamental plants, totaling 1,271 species. These included trees
and shrubs for growing at widely different altitudes in the State;
plants resistant to heat, alkali, and drought; hardy flowers for
winter gardens; pasture grasses and clovers for high altitudes;
native flowers, shrubs and trees for planting in desert parks;
plants causing hay fever at different seasons; cacti suitable for
growing at widely different altitudes; medicinal and special crop
plants for growing in Arizona; trees indigenous to Arizona; also,
lists of plants for various C.C.C. camps throughout the State.

PLANT IDENTIFICATION STUDIES

This work has continued heavily throughout the year. Some-
what more than 400 persons and agencies have brought in or
mailed in approximately 4,500 plant specimens for identification.
This includes material collected by workers in the Agricultural
Experiment Station, the Agricultural Extension Service, and
other departments of the University engaged in plant investiga-
tion; also several bureaus of the United States Department of
Agriculture, including the Bureau of Plant Industry, Plant Intro-
duction and Exploration, Bureau of Biological Survey, United
States Geological Survey, the United States Forest and Indian
services, besides material sent in by citizens of Arizona and
other Southwestern states. Interest has been particularly strong
in forage and ornamental plants of various kinds, trees that are
valuable for wood, cacti and fiber plants, special crop plants, and
honey, poison and medicinal plants. This work has required
about one -fourth of the time of the botanist. As a result of these
studies more than 400 species have been added to the native and
cultivated plants of the State. It will help much in the identifi-
cation work if the specimens sent in, as far as possible, are fairly
complete, that is, with stems, leaves, flowers and fruits. If
pressed and dry, they may be sent between sheets of newspaper,
if fresh, wrapped in newspapers and packed in pasteboard car-
tons. To prevent delay the material should be addressed to the
Botanist, University of Arizona, Tucson, Arizona.

STUDY OF INFECTIOUS ABORTION IN DAIRY CATTLE

The purposes of this study are to secure data on the extent of
infectious abortion in Arizona and to find a practical means by
which Arizona dairymen may eliminate the disease from their
herds. One hundred and one herds, containing in all about 2,500
cows, have been tested for infectious abortion since this study
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was started. About 78 per cent of the herds tested had one or
more positive animals and about 25 per cent of all animals tested
were positive. Quite a number of herds in two of the principal
irrigated sections of the State were entirely negative on the first
test. It would seem that the danger of infection from irrigation
ditches is not as serious as it is commonly thought to be.

Ten herds are being studied in detail to secure data on the
most feasible method of eliminating the disease. These herds
are being tested at frequent periods. The reactors in these ten
herds are segregated from the negative cows. On some farms
this separation consists of no more than a double fence between
two corrals. In all cases the same help takes care of both posi-
tive and negative cows. The results in this work have been very
satisfactory. Three herds, badly infected at the start, are now
considered definitely negative, all the reactors having been dis-
posed of some months ago and no new reactors having appeared.
Testing will be continued on these negative herds at less frequent
periods for an indefinite time.

The most difficulty has been experienced with those farms
where cattle are bought occasionally and with those having poor
fences. It appears that even if cattle are purchased on the basis
of the blood test, there may be danger of bringing the infection
onto the farm with the acquired animals.

THE EFFECT OF STAGES OF MATURITY OF HAIRY PERUVIAN
ALFALFA ON MILK PRODUCTION

Five feeding trials have been conducted to compare the feed-
ing value for milk production of alfalfa hay cut in bud stage with
hay cut when in one -third bloom stage. Each year for five years,
hay from one field has been divided into two parts and one part
of the field was cut at bud stage and the other part at one -third
bloom. By this method hay of the two types grown on the same
character of soil and at the same season was secured. The hay
was fed to groups of cows by the double reversal system and
records kept of the effect of the hay on quantity of milk and fat
production and also of the amount of hay refused by the cows.

We have found the bud stage hay to be more palatable. There
has been very little difference in the milk production resulting
from the feeding of the two hays. Three of the feeding tests in-
dicated a superiority of the bud -stage hay while in two of the
tests the one -third bloom hay held a slight advantage. It appears
from these tests that if the hay is grown under favorable circum-
stances and is cured properly, there is very little difference in the
feeding value for dairy cows, whether it is cut at bud or one-
third bloom stage.
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PHYSIOLOGICAL VARIETIES OF BACTERIA IN MILK AT THE TIME
OF REDUCTION IN THE METHYLENE BLUE REDUCTION TEST

Four hundred fourteen milk samples studied in this work to
date give the following percentages for the different varieties of
bacteria in milk at the time of reduction in the methylene blue
reduction test: 6.23 per cent acid -coagulated; 48.51 per cent acid -
not- coagulated; 7.57 per cent acid -coagulated- gas -proteolitic;
26.04 per cent acid -proteolitic; 2.31 per cent alkaline; 2.38 per cent
inert, and 6.97 per cent blank.

No attempt is made to analyze the data at this time but the
fact that approximately 75 per cent come within two groups may
be of some significance. This work is being continued.

STUDY OF THE LIFE HISTORY OF RANGE RODENTS

Intensive work on the life history and ecology of the wood rat
(pack rat or trade rat, Neotoma) has been continued. Notwith-
standing the great abundance of these rats, which has brought to
control authorities many requests for their elimination, there still
appears no evidence to indicate that the wood rat is really a
detrimental factor on the range. Their apparently greater abund-
ance on areas of little grass than on well grassed areas seems
rather to be an effect than a cause. That is, they cannot only
exist, but thrive, in cactus and brush areas where the grass is gone
or scanty; and since they use little or no grass and are relatively
scarce in good grass, they can hardly be responsible for disap-
pearance of range grasses.

The presence and breeding of assassin bugs (Triatoma) in dens
is still the worst count against wood rats, and indicates the desir-
ability of keeping the premises of human habitations clear of
them.

STUDIES ON THE SCALE INSECTS (COCCIDAE) OF ARIZONA

A manuscript on the parlatoria scale of the olive (Parlatoria
oleae) is nearly complete, in which are covered local distribution,
host plants, methods of control, and other points. Several new
host plants have been recorded in the past year, bringing the
total number of plants affected in the Tucson region to forty -one
species. The scale reproduces on at least twenty -three of these
plants.

Red Scale (Chrysomphalus aurantii) was discovered locally.
This scale, serious on citrus, is not yet established in Arizona, and
the State Entomologist, who was promptly notified, is undertak-
ing eradication of this infestation.

A species of insect closely related to the Coccidae, Margarodes
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meridionales, became destructive to Bermuda grass lawns in
Douglas, Arizona, in the past year. Biological studies of the pest
have been begun.

The already fine collection of permanent preparations of Ari-
zona scale insects has been much enlarged, and accompanying
studies made.

THE BIOLOGY OF THE RANGE GRASSHOPPERS

The number of species added to the list last year, after wide and
intensive scouting, was small, indicating that we have the major
portion of those in the State already under observation. We
found two last year new to the State and one new species, indi-
cating that we are getting the Arizona species pretty well cov-
ered. One of those new to the State, a great plains species 600
miles out of its range, is confined to a particular food plant which
is abundant in the small area where it is found in Arizona.
Grasses in the plains area are so uniformly mixed that it was
never possible to determine the food plant in that area but with
Arizona conditions the food plant was very definitely determined
in a few hours' observation. (The bird locust, Schistocerca line -
ata, feeding on side -oats grama, Bouteloua curtipendula.)

Determination of food plants has given very interesting results.
More and more species are found that are confined to a single
food plant or a single environment. They are often highly bene-
ficial in that they feed on noxious weeds, or of no importance one
way or another as their food is not important- lichens, algae,
mallow, etc. The smaller number that are real range grasshop-
pers because they eat the range forage can be divided into those
with low multiplication rates and those with higher rates and
subject to periodic increases to injurious abundance. The eight
or ten species in the latter class are the real economic problem
of this investigation.

The biological control is seriously complicated in this region
as the extremes in temperature and moisture often affect the dif-
ferent parasites and predators quite differently from the effect on
the grasshoppers. The birds have proven to be much more im-
portant in control even in outbreaks than had been expected. An
outbreak in the Salt River Valley at this time is being very
largely "mopped up" by blackbirds and lark buntings, the migra-
tory flocks of which are passing through the area.

The work is progressing satisfactorily but the variations in
seasons and their varying effects on the hoppers, parasites, and
predators have complicated the problem and extended the time
necessary to interpret relationships correctly.

The present season of severe and prolonged drouth has had a
remarkably variable effect on the grasshopper population of the
different areas. The high temperatures of the early season
brought out the young hoppers in the irrigated areas from three
weeks to one month earlier than usual. In the Salt River Valley
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the migratory grasshoppers, instead of hatching April 1 as they
would in a normal season, appeared the first week in March and
were half grown by April 1. If they had all been developed they
would have been at the height of their destructiveness at the time
this species normally hatches in the midwestern regions. On the
other hand, on the ranges the high temperatures made the season
much earlier than usual but the lack of moisture prevented the
eggs from hatching and few hoppers appeared. Most of those
that did appear were unable to survive upon the parched grass of
the early summer period. In both areas the early and continu-
ous warm weather and lack of storms was exceptionally favorable
to hatching and survival, but only in the irrigated areas, and even
here only in those areas actually below the level of the irrigation
water, was there moisture enough in the soil for the eggs to
hatch. The eggs laid on the ditch banks and on high borders,
roadsides, etc., did not hatch until after a rain nearly six weeks
later.

The control campaign carried on in the Salt River Valley was
highly successful. The area north of the Baseline and east of
Mesa, where the previous year one -half of all the alfalfa was lost
and most of the rest injured, did not have a single field damaged
this year. This remarkable change in condition was the logical
result of four cooperative factors -first, many of the young ones
were caught by the balloons and killed- second, most of the worst
fields were poisoned and many hoppers killed- third, the birds
and gophers in great numbers fed upon them throughout the
season -and fourth, as the result of an intensive educational
campaign by all forces nearly every infested field was either
plowed or disked and thus the great majority of the eggs de-
stroyed. As a result there were so few hoppers hatched in this
area that the large flocks of birds that returned this season soon
cleaned them up and had to go elsewhere in search of food.

The results in this area were in sharp contrast with those in an
area extending from Gilbert to near Kyrene where there were
only scattering infestations the year before and little interest
taken in control. The favorable spring season brought the little
hoppers out in swarms and much damage would have resulted if
an extensive poisoning campaign had not been put on early and
followed up by the use of government- furnished poison later.
Even then a few crops in neglected fields were destroyed.

PECAN STUDIES

Pollination. The dates of receptivity of stigmas and of pollen
shedding have been observed another season. Data on this are
now available for three consecutive years. Of the more popular
varieties, Halbert and Success have borne pollen at the time their
own stigmas are receptive. These varieties are probably self -
fertile. Burkett and Schley have produced receptive stigmas
ahead of pollen. These varieties may not be self -pollinated. It
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is suggested that a few Halbert trees be included in Burkett and
Schley plantings for pollen shedding in Halbert tends to coincide
with stigma receptivity in Burkett and Schley, and possibly with
the Mahan variety. ' In the Western variety, stigmas tend to
become receptive after some pollen is shed but probably not
enough later but that the variety may be self -pollinated satis-
factorily. In all varieties there is a wide variation among indi-
vidual trees in time of pistillate and staminate blossoming.

Fruiting studies. The failure of pecan trees to blossom regu-
larly and satisfactorily, to hold the nuts throughout the summer,
to size and fill the nuts well, have all been a source of loss to
pecan growers in the older pecan districts for many years. With
the coming into production of groves in Arizona it is evident that
similar problems exist here. Also, nuts of some varieties tend to
germinate on the tree shortly before harvest and are thus ren-
dered unmarketable. This condition has been termed "pre -
harvest germination." Other problems of maturity, including
one of late ripening of the nuts and difficulty of threshing nuts
from the tree and of separating shucks from the nuts are some-
times encountered.

Further evidence was obtained in 1933 that these problems

;#1',

Figure 6.- Filling of nuts in relation to vegetativeness of the tree.
Collected October 21, 1933, Yuma, Arizona. Left to right: poorly to
highly vegetative trees. Note differences of filling, coloring of shell and

adherence to shuck.

are of a nutritional origin and that the various phases of fruiting
are highly related to vegetativeness of the trees. It now appears
that the problems of maturity have a common fundamental
cause, namely: the failure of carbohydrates to accumulate abund-
antly in the tree during the summer. The practical solution of
these problems appears to lie in making the trees less vegetative
or succulent during the latter part of the summer and fall. Con-
versely, the best blossoming, setting and sizing of nuts seems to
be related to a relatively high degree of vegetativeness and
rapid growth in the spring and early summer. Studies are now
in progress designed (1) to test this diagnosis of the problems
and (2) to learn practical means of controlling vegetativeness
of the trees.
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Nursery studies. A wide difference in stand and rate of growth
of trees from seeds of different varieties and sources has been
revealed from the nursery studies. Some seeds clearly produce
larger trees and better stands. Nursery trees so produced are
now being budded and plans made to determine during the next
few years if these differences in root stocks influence the variety
growing upon them.

Pecan rosette. Progress on the treatment of pecan rosette has
been reported for the past two years. Field studies of rosette
have now been brought to a close with the publication of Exten-
sion Circular No. 82, Zinc Treatment of Pecan Rosette. This cir-
cular contains recommendations for treatment and control of
rosette based upon experimental work since 1931. Observations
are frequently made of the success growers are encountering in
maintaining their trees free of rosette. Soil applications of zinc
sulfate have been uniformly successful thus far. Where small
quantities of the material have been used symptoms of rosette
have sometimes reappeared in a few months after treating. In
these cases re- treatment has again been followed by the produc-
tion of healthy new growth. Where larger quantities have been
used, the trees have continued healthy throughout two seasons.
Thus far there has been no case of injury to pecan trees from
toxic action of the zinc sulfate.

Chemical studies of healthy and rosetted pecan tissue were
again made during the past year. Like previous analyses, these
have indicated that rosetted trees contain less zinc than do
healthy ones. There appears to be no relation of other elements
to the occurrence of rosette except that the ash content is higher
in rosetted than in healthy tissue.

The experimental orchard. The 5 -acre Burkett orchard planted
on the Yuma Valley Station in 1931 has grown well. The 10
acres of seedling trees planted at the same time have been
budded to various varieties. There are now two rows of each
of the following: Schley, Halbert, Mahan, Kincaid, Merit, Garcia,
Govett, Humble, Success, Philema and Western. In addition
there are a few trees of miscellaneous varieties. There should
be some production of nuts from all varieties next year. In two
or three years, more production should be sufficient to make pos-
sible studies of the effect of controlled soil moisture, fertilizer
materials and cultural systems on various phases of fruiting.
The time when this can be undertaken more intensively and
under better controlled conditions than is now possible in pri-
vately owned orchards is eagerly awaited. This orchard, with
its opportunity to control soil moisture will offer possibilities for
the study of fundamental factors involved in the blossoming of
pecan trees, and the setting, sizing, filling and maturity of nuts
which are not available anywhere else in the United States. The
need for such information is urgent. The continued develop-
ment of the pecan industry in Arizona is dependent upon it.
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CITRUS CHLOROSIS AND DECLINE

It was reported one year ago that a widespread chlorosis or
yellowing of plants in Arizona yielded to treatment with iron.
A list of more than twenty different plants displaying these symp-
toms was presented. Of these, citrus trees are of the most eco-
nomic importance in Arizona. Accordingly, efforts have been
concentrated during the past year upon finding a means of cur-
ing or controlling the chlorosis or decline of citrus. Notable
progress has been made.

During the past winter some citrus tissue has been analyzed
for iron and other elements. These analyses did not reveal a
reduced iron content in affected tissue. Rather, as many workers
have reported for other plants, they indicated that affected trees
may contain as much or more iron than healthy green ones.
Apparently then the problem of citrus decline in Arizona is not
one of a deficiency of iron in the soil or in the tree as was sug-
gested a year ago. The problem may be one of maintaining a
quality of iron available for use in the tree.

Field experimentation has been directed toward two ends:
(1) to find a satisfactory means of applying iron to the trees and,
(2) to find means of rendering the iron held in the tree available
to the growing tissue and in this way overcome the chlorosis.
The following treatments have been made.

1. Placing ferric citrate in holes bored in the tree trunks.
2. Placing ferrous sulfate in holes bored in the tree trunks.
3. Placing ferric tartrate in holes bored in the tree trunks.
4. Soil applications of ferrous sulfate.
5. Soil injections with solution of ferrous sulfate.
6. Soil applications of iron oxide.
7. Application of sulfuric acid in irrigation water.
8. Shading of affected trees.
Old chlorotic trees in advanced stages of decline, as well as

younger, less severely affected trees, have responded well to the
placing of ferric citrate in the trunk. The response to similar
treatment with ferrous sulfate and ferric tartrate has been less
striking. The action obtained from soil applications of ferrous
sulfate is beneficial but less rapid and may be less permanent
than the trunk treatment with citrate. Iron oxide in the soil has
had no effect. Sulfuric acid applied in the irrigation water either
alone or in combination with other materials has as yet given no
response with old trees but some benefit is in evidence when ap-
plied to young trees that had become chlorotic.

The continued response to treatment with iron leaves little
room for doubt but that the specific cause of citrus chlorosis or
decline is in some way related to iron. Studies of the distribu-
tion and role of iron in citrus are being continued with the
hope that from them more satisfactory and permanent methods
of preventing or treating affected trees can be devised. In the
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Figure 7.-The . response of chlorotic citrus trees to treatment with iron.
Trees on the Yuma Mesa. Upper -- Marsh grapefruit tree. Left-as it
appeared oil Octoher 20, 1933, whey if was photographed and treated in
the trunk.' with commercial ferrous sate. Right ---as it appeared
August 25, 1934. Lower- Two chlorotic lemon trees which were in
advanced stages of decline in spring of 1934. Left-untreated.:,--.Right-

treated with ferric citrate during April. Both photos made'-
August 25, 1934
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meantime, growers can postpone the period of decline and cor-
rect the condition, at least temporarily, in trees already affected,
by following one of the above methods for supplying iron. In
fact, a number of growers in the State are already taking the
initiative in making such treatments.

Chlorosis or decline is probably the most important physio-
logical disease of citrus in Arizona. There are others which are
similar in that they arise from imperfections of mineral nutri-
tion. The so- called mottle leaf is one. This like pecan rosette
yields to treatment with zinc. Recently other distinct types of
abnormalities have been reported by growers as causing appreci-
able loss in some districts. It is suspected that these are re-
lated to still other phases of mineral nutrition involving unde-
sirable quantities or relationships of elements other than iron
and zinc.

For several years soil research has been conducted on the re-
lation of several alkaline soil characters to soil productivity,
particularly crop nutrition. One important phase of this work
was the observation that even small traces of alkali (hydroxyl
ions) will seriously disrupt the normal feeding activities of roots.
During the past year a large number of citrus leaves have been
analysed to determine the mineral balance of normal, chlorotic
and "crazy -top" leaves. At the same time alkalinity (pH) de-
terminations have been made on soil samples from around many
tree types. In some cases the alkalinity (pH) of the irrigation
water was also determined. The data obtained yielded very
strong evidence that an unfavorable soil reaction may be a con-
tributing factor in the physiological disturbances present in some
of the citrus groves just as has been found true for some other
crops grown on alkaline soils.

The principal differences in the leaf analyses were the higher
calcium content and the lower water soluble alkalinity of the
ash of normal leaves which can be explained by the lower solu-
bility of calcium at alkaline reactions and absence of sufficient
amounts of carbon dioxide in the soil.

If hydroxyl ion concentration (alkalinity) is in any way a
contributing factor the use of acid reacting soil amendments
should improve the fertility of these soils. On this assumption
pot experiments have been conducted with some of these soils,
using corn which is very susceptible to chlorosis, and irrigating
with water which had been slightly acidified with sulfuric acid.
On analysing the corn plants it was found that the use of this
slightly acidified water increased the absorption of iron by the
plant as compared to the plants watered with neutral (pH 7.0)
or alkaline (pH 8.5) water. Another striking effect was the re-
duction in the alkalinity of the water soluble ash which is char-
acteristically high in the chlorotic leaves.
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CITRUS FERTILIZER STUDIES

The fertilizer plots with both Washington Navel orange and
Marsh grapefruit in the Salt River Valley and on the Yuma
Mesa have received continued study. Variations in treatments
have been designed to determine the effect of the materials upon
young -fruit shedding, fruit set, time of maturity, and texture of
the fruit.

With the navel orange in a light -crop year, girdling the trees
at full blossoming was decidedly more effective in maintaining
the production of the previous year than was any fertilizer treat-
ment.

With grapefruit, supplemental applications of nitrogen in late
winter have tended slightly to reduce shedding and increase yield.
Extra quantities of manure (20 tons per acre) tend to produce
larger and somewhat coarser fruit and to delay maturity. Bene-
fits resulting from the application of phosphoric acid are nega-
tive or at best indefinite. A tendency for a slightly decreased
acid -content of the juice, thus affecting earliness of maturity, is
seen as is also a slightly smaller and smoother fruit.

Nitrogen -starved trees produce fruit which colors early, has a
low acid content and early maturity but has a thick rind and a
low juice content.

Conclusions to date indicate that the fruiting behavior of cit-
rus in Arizona is more closely associated with the nitrogen supply
during the winter and spring months than with any other
nutrient material.

GRAPEFRUIT STORAGE

In view of the present overproduction of grapefruit and the
increasing interest in storage of citrus fruits, the Arizona Citrus
Growers have sponsored a study of the problems involved in the
storage field. The cooperation of the Experiment Station has
been solicited in this work. Since the investigations did not
get under way until April (1934) and therefore only late fruit
was available, the data thus far must be considered as prelim-
inary.

The plan of the experiment has the following purposes:
1. To enable Arizona grapefruit growers to pick fruit while

still of best quality and texture, hold it in storage and
market during the regular marketing period.

2. To improve grade by shrinking coarse, thick skinned rind,
thereby improving texture.

3. To pick fruit early enough to eliminate sun damage to the
fruit.

The following problems are involved:
1. The economics and feasibility of grapefruit storage as a

benefit to the Arizona grower.
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2. Maintaining desirable color and flavor in storage and after
removal from storage.

3. Controlling decay.
4. Maintaining fruit in firm, fresh condition from grove to

consumer. Six groves were selected for fruit, two of which
were eighteen years old, one ten years old, one nine years
old and two five years old. Storage was conducted at two
temperatures: namely, 55 and 63 degrees F.

Beginning with the month of May, nine shipments of grape-
fruit from storage were submitted to us at intervals, twelve
samples in each shipment, representing six different groves and
two different storage temperatures. While the consumer and
buyer judge fruit largely by appearance, taste, etc., and the
study of changes by such tests is probably of great importance
in a storage experiment on fruit, the chemical changes which
take place further aid the experienced judge.

The following determinations were made on ten or twelve
individual fruits from each sample; weight of fruit, volume of
fruit, ratio of weight to volume, volume of juice, ratio of volume
fruit to volume juice, weight of rind, per cent rind, per cent acid,
Brix (total solids) , ratio of acid to soluble solids. In addition
the total sugars after inversion was determined on the composite
juice from each sample. From this data average, minimum and
maximum values were calculated. A brief summary of this pre-
liminary work indicates the following:

1. Sugar tends to decrease on storage.
2. Brix, or solids, tends to increase on storage.
3. Sugar: acid ratio tends to increase on storage.
4. Acid tends to decrease on storage.
5. Ratio of volume fruit to volume juice tends to increase on

storage.
6. Ratio of weight of fruit to volume of fruit shows tendency

to decrease on storage.
7. Per cent rind decreases on storage.
While the above are only tentatively offered, they appear to

be logical changes. It is unfortunate that analyses of the fruit
before storage are not available for comparison with the changes
due to extended storage periods.

In case of further work it is planned to make analyses of com-
posite samples of fruit rather than individual samples as this
can be done without jeopardizing the value of the data and at
the same time save considerable time. The preliminary work of
only three months duration required nearly 10,000 actual deter-
minations on individual fruits.

DATE STUDIES

Date varieties. The 1933 season was characterized by two un-
usual conditions. First, blossoming was delayed due to the ex-
tremely cold weather during February; second, ripening started
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at approximately the normal time but the season was of consid-
erably shorter duration due to abnormally high temperatures
during the summer and fall months.

Rainfall in July caused some "checking" on the more suscep-
tible varieties. Heavy rains during the first part of September
did little damage except to the Rhars variety. However, in late
September and early October, all the mid -season varieties were
damaged. Although only 0.41 inches of rain fell during this
period, atmospheric conditions were very unfavorable to ripen-
ing. The loss was due chiefly to "Brown fungus spot," calyx end
rot and souring.

The accompanying table shows the blossoming and ripening
dates and the losses of the more important varieties.

Maturation and storage. Cold storage ripening was continued
on approximately the same scale as in the 1932 -33 season. The
procedure was revised to include only one -half ripe, translucent,
and tree -ripe fruit of the Halawi and Maktoom varieties, and
two degrees of ripeness, translucent or hard -ripe, and tree -ripe
with Khadrawi and Hayany fruits. Pasteurization temperatures
and periods were changed to include a wider range.

Storage conditions were more satisfactory than during the
previous season. Both temperature and humidity were held
fairly constant through the storage period. Samples were re-
moved from storage on December 12, March 8, and June 20 and
a detailed description was made of their general condition and
appearance.

A general summary of the data collected indicates that the
Khadrawi, Hayany and Halawi varieties maintain their color,
flavor, quality and appearance in storage better if harvested at a
tree ripened stage than if the fruit is picked at a less mature
stage. Maktoom fruit picked at a full translucent stage main-
tained its grade better than either tree ripened or one -half rip-
ened fruits. Apparently the degree and period of heat have less
effect on the storage of fruit than the degree of ripeness or mois-
ture content.

Fruit growth and temperature relationship. During the 1931,
1932, 1933 seasons measurements of dates on three varieties, Mak-
toom, Hayany, and Deglet Noor, were made at regular intervals
throughout the fruit development period. Observations were
also made with reference to time of blossoming and ripening.
Growth curves were plotted for each variety. These growth
curves were studied with reference to weather conditions during
each period. Correlations of maximum and minimum tempera-
tures and relative humidity gave inconclusive results. There
was, however, a slight indication in 1931 that the rate of growth
was retarded by extremely high temperatures. The humidity
during that period was unusually high and may also have been
a factor in retarding growth. The heat units, which were cal-
culated upon the mean daily temperatures above 50 degrees F.,
gave the results shown in the following table:
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It is noteworthy that approximately the same number of cal-
culated heat units were required to mature the fruit each of
the three years, although the time of blossoming and ripening
and seasonal temperature conditions varied markedly.

Ripening dates by removing fruit clusters. Preliminary tests
were made to ripen dates artificially by removing the entire
fruiting clusters from the palm. After removing the clusters
the stems were immersed in a 0.1 per cent solution of sulfuric
acid. The solution was changed every forty -eight hours and fresh
cuts were made on the fruit stems. Tests were made with several
varieties placed under different humidity and temperature con-
ditions.

A large percentage of the fruit shriveled and dropped from
all clusters which were removed early in their respective ripen-
ing seasons. The greater number of those fruits which did ripen
were watery and insipid in quality. Clusters removed after one-
third to one -half of their fruit had ripened naturally on the palm
reacted more favorably to artificial maturation and produced a
large percentage of good quality fruit.

Pollination studies. Tests were made to determine the length
of time that pistillate flowers could be fertilized after the spathes
opened. Similar tests were made in 1926 at the Tempe Garden
and again in 1929 on palms growing at the Mesa Experiment Sta-
tion. In both tests there was the possibility of wind -blown pollen
influencing the set of fruit obtained. During the fall of 1932 at-
tention was called to several young palms growing by them-
selves in a recently developed tract of land 2 or 3 miles from the
nearest male palm and with the owner's permission the tests
were repeated during the past season. All flower clusters were
tagged and dated as the spathes burst open during a period of
twenty -nine days after which all clusters were pollinated. When
the dates had reached maximum size the number of fertilized
fruits on each cluster was counted. The results obtained show a
high correlation with results of the two previous tests and closely
indicate that pollination must not be delayed longer than four or
five days if a maximum set of fruit is desired. When pollination
was delayed ten days or longer only a few fertilizations were
effected.

LETTUCE SEEDBED IRRIGATION

Field plot experiments with September seeded lettuce designed
to learn the effect of varying the amount of water applied to
lettuce immediately following seeding upon the stand and upon
the crop as it matured were again conducted on the Mesa Experi-
mental Farm and at the Tucson Station. The results obtained
further substantiate those of the previous season and permit the
following conclusions:
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1. An initial irrigation which soaks the seedbed to the point
of wetting all of the surface soil, followed by repeated light irri-
gations when it begins to dry, is sufficient irrigation to produce
a commercial stand of lettuce under normal hot weather condi-
tions of September.

2. Compared to heavier irrigation treatments, this program
is conducive to the production of larger heads, a higher percent-
age of plants making commercial heads, and to a slightly earlier
maturity.

3. The economy of labor and water in such an irrigation pro-
gram is to be recommended.

4. Pre -chilling of seed before planting offers no advantage in
obtaining a commercial stand of plants as compared to non -
treated seed.

LETTUCE FERTILIZER TEST

A field fertilizer test on lettuce was conducted on the farm of
Harley Harmon of Yuma during the winter season of 1933 -34.
Commercial fertilizers were applied at the normal application
rates and the results are compared in the accompanying table.
Fertilizers were applied both at seeding time and, in some plots,
as side dressings of quickly available mineral nutrients. In the
plots receiving the fertilizers prior to seeding, the fertilizer was
drilled in ahead of the seeder and approximately 3 inches under
the seed. Two types of fertilizers were used in this; the slowly
available nitrogen -bearing organic fertilizers and the mineral
phosphate in the form of quickly available superphosphate.
These were selected as being most desirable from previous ex-
periments.

The plots receiving the side dressings of quickly available
nitrogen and phosphoric acid were all treated with 400 pounds of
superphosphate at seeding time. The side dressings were ap-
plied broadcast in the furrow and cultivated in and immediately
irrigated. The time of application was approximately six weeks
before harvest.

The fertilizers used were as follows:

Fertilizer
% available

Nitrogen
% available

Phosphoric acid
Cost

per ton

Hard Head Brand 4.0 10.0 $36.00
Special Fruiting Brand 4.0 0.0 36.00
Superphosphate 0.0 18.0 28.50
Flying Bat (No analysis given) 36.00
Ammonium Sulfate 21.0 0.0 55.00
Sodium Nitrate 15.0 0.0 45.00
Ammophos "B" 16.0 20.0 65.00
Ammophos "A" 11.0 48.0 77.50
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As in previous experiments it was again clearly shown that
the maximum increase in size of head, firmness, and earliness in
maturity were obtained where a slowly available organic nitro-
gen fertilizer was supplemented with acid phosphate. This
applies to those fertilizers applied at seeding time and probably
is a desirable program of fertilization for lettuce on all Arizona
soils and for all seasons.

The use of quick- acting nitrogen and combination nitrogen and
acid phosphate fertilizers as side dressings to stimulate growth
as maturity approaches was tested for the first time this season.
The combination of nitrogen and soluble phosphate in the Am-
mophos "B" was outstanding in its effect as measured by size
and weight of head, commercial pack -out and yield per acre.
Sodium nitrate produced favorable increases in yields but had
the disadvantage of small sized heads. The ammonium sulfate
gave evidence of excessive stimulation of vegetative growth at
the expense of head solidity, and is not recommended except in
combination with acid phosphate. The results do not indicate
that Ammophos "A" is suited to use as a side dressing.

The following amounts of fertilizers have been found to be
economical in lettuce fertilization, either as single applications
or in combinations.
Superphosphate, single (14 -18% available) 300 -400 pounds per acre.
Superphosphate, treble (44 -50% available) 100 -150 pounds per acre.
Organic Nitrogen (4 -8% available N) 300 -500 pounds per acre.
Mineral Nitrogen (14 -21% available N) 100 -200 pounds per acre.
(As side dressings only, as severe burning results when used at seeding.)

Maximum value in usage of the above fertilizers is obtained
when those applied at seeding are placed in a ribbon at least
3 inches under the seed. With the quickly available types that
are used as side dressings, it is imperative that they be either
drilled in beside the row or mixed with the soil in the furrow by
cultivation and carried into the root zone by irrigation water.

STRAWBERRIES

The strawberry experiment at Phoenix and Tucson clearly
demonstrated the superiority of the Missionary variety over the
others tested in (1) production of fruit (2) production of runner
plants and (3) general adaptability to climatic and soil conditions
as manifested by the lowest summer mortality. A statistical
comparison of production and quality is given in the accompany-
ing table.

One of the more serious problems confronting the strawberry
grower in Arizona is the loss of plants during the hot weather
of August and September. An effort was made to control this by
the use of frequent irrigations, commercial fertilizers to stimu-
late vigorous growth, cotton hull mulch over the plants, and the
use of shade plants.
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The effect of shade plants was the only outstanding result of
the different treatments. Sesbania planted in hills 4 feet apart in
late June provided a shade by the first part of August and the
strawberry plants of all varieties carried through the rest of the
summer with a negligible mortality. Plants under the other
treatments suffered a high death rate and extensive replanting
was necessary in October. In addition to the direct beneficial
effect on the strawberry plants, the sesbania shade completely
controlled weeds and grasses to the point that this plot was clean
of weeds at the end of the summer.

CANTALOUPE SHIPPING TEST

Due to continued reports of unsatisfactory condition of Ari-
zona cantaloupes arriving in eastern markets, a cantaloupe ship-
ping test was drawn up and executed in cooperation with the
Bureau of Plant Industry of the U. S. Department of Agriculture.

Test lots of melons from the same field were shipped at vine -
ripe and half -slip maturity under the following conditions:

1. Pre -cooled to 70 degrees F. and 3 per cent salt added at
first and second icing stations. Destination Chicago.

2. Not pre -cooled. Three per cent salt added at first and
second icing stations. Destination Chicago.

3. Not pre -cooled. No salt added. Destination New York.
4. Pre- cooled to 70 degrees F. No salt added. Destination

New York.
5. Pre -cooled to 50 degrees F. No salt added. Destination

New York.
The test lots were placed in three locations in each car: Top

layer south side, center quarter length and center bottom bunker.
A recording thermometer was packed in the center of a crate at
each location to give the temperature in transit.

The temperature records indicated that the pre -cooling was
insufficient, as all effect was lost within twenty -four hours. The
ice -meltage records also do not show any saving in ice during
transit in the pre- cooled cars.

The outstanding result obtained was with vine -ripe melons
loaded near the bunker. These melons carried through in ex-
cellent condition and at the end of three days following unloading
were still of fine edible quality. This clearly indicates that
with improved refrigeration and pre -cooling the quality of Ari-
zona cantaloupes can be maintained from field to market.

FLUORINE STUDIES

Effect upon metabolism of calcium and phosphorus. Balance
studies to determine the effect of fluorine on bone development
as evidenced by the ability of rats to metabolize calcium and
phosphorus when the diet contains an ample supply of these
mineral elements have been completed. Results published in
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the American Journal of Physiology, Vol. 109, p. 654, 1934, show
that rats, when fed fluorine in the high concentration of 0.1 per
cent of sodium fluoride in the ration, retained less calcium and
less phosphorus than the control animals reared on the same
ration but without the addition of fluorine. This difference was
seen whether the results were expressed as total amount of
calcium and phosphorus retained, as the percentage of the intake
of calcium and phosphorus retained, or as milligrams of these
minerals retained per gram of body weight.

A difference was also noted in the proportion of calcium and
phosphorus retained as well as in total amount. The fluorine -
fed animals consistently retained less calcium in proportion to
the amount of phosphorus; a retention ratio of above 1.0 for
the non -fluorine -fed animals and ratios as low as 0.54 in the
younger fluorine -fed animals indicated a greater growth of
muscle than bone in the fluorine -fed group.

A difference in the path of excretion was also noted, the
fluorine -fed rats excreting a much larger proportion of calcium
and, phosphorus in the feces; and also, a larger proportion of the
calcium than of the phosphorus appeared in the feces. This fact
suggests that fluorine affects the calcium -phosphorus ratio by
interfering with the absorption of calcium. In the fluorine -fed
animals, therefore, bone development was much slower and, the
period of calcification extended over a longer period of time.

Effect upon rate of eruption of, the incisor teeth. Weekly meas-
urements of the rate of eruption of the lower incisors over a ten -
week period of rats on diets containing 0.05 and 0.1 per cent of
sodium fluoride have been made and compared with the eruption
rates of the lower incisors of their litter -mate animals which re-
ceived no fluorine in their ration. Results showed that fluorine
feeding decreased the rate of eruption of the incisors. A total
average eruption of 31.7 millimeters was recorded for the con-
trol animals, whereas the total growth of the incisors of rats fed
0.05 and 0.1 per cent of sodium fluoride were 27.7 and 16.8 milli-
meters respectively.

Sodium fluoride also retards the rate of body growth and lowers
the retention of calcium and phosphorus. A probable relation
between these three effects is suggested by the similarity in the
degree of the effect produced. For example, at the 0.05 per cent
level of sodium fluoride, the rate of body growth, the amount of
calcium and phosphorus retained in the body, and the rate of
eruption of the incisors were 84.1, 85.9 and 84.3 per cent, res-
pectively, of that of the control non -fluorine -fed animals.

At the higher levels of 0.1 per cent of sodium fluoride, the effect
was more pronounced. These animals grew at only 39.8 per cent
of the normal rate, retained only 44.2 per cent as much calcium
and 47.8 per cent as much phosphorus and the incisors erupted
at 52.9 per cent of the rate recorded for their non -fluorine -fed
litter mates. A possible relation of tooth eruption to growth and



70 AGRICULTURAL EXPERIMENT STATION

bone development is thus suggested. These results have been
reported in the Journal of Dental Research, April, 1934.

Effect upon digestion and metabolism of proteins. In order
to throw some light upon the growth stunting action of fluorine
and the poor utilization of foods of the fluorine -fed animals, a
study has been made of the effect of fluorine feeding upon the
digestion and metabolism of proteins. The effect of fluorine
upon the proteolytic enzyme, pepsin, in vitro, using milk and
egg white as substrates upon the digestion of proteins by albino
rats and also upon the ability of rats to metabolize protein, has
been investigated.

It has been found that a low concentration of fluorine accel-
erated the coagulation of milk by pepsin in vitro where a high
concentration had an inhibiting effect. When the influence of
hydroxyl ions liberated by the hydrolysis of sodium fluoride was
eliminated, the fluorine was found to be without influence upon
the digestibility of egg white by pepsin in vitro.

The coefficients of digestibility of protein in white rats were
also found to be the same as the control and fluorine -fed animal
groups, as was also the ability to metabolize protein as evidenced
by nitrogen balance experiments. It was concluded, therefore,
that the growth stunting effect of sodium fluoride is not due -to
its interference with either the digestion or retention of protein
food.

Comparative toxicity of fluorine compounds. This study has
been completed as reported in the Journal of Industrial Engineer-
ing Chemistry, Vol. 28, p. 791, 1934.

Retardation of the growth rate during a six -week experimental
period, and a decrease in the efficiency of utilization of the food -
i.e., a lower gain in weight per gram of food consumed - resulted
when fluorine was incorporated in the diet at a 0.0226 percentage
level when the source was sodium, potassium, or ammonium fluo-
ride, or barium or sodium fluosilicate. Cryolite and calcium fluo-
ride were found to be less toxic sources of fluorine from the
standpoint of their effect upon growth rate and food utilization.
It required ten times as much fluorine combined as cryolite and
twenty times as much when combined as calcium fluoride to pro-
duce the slight stunting of growth which was caused by the in-
clusion of 0.0226 per cent fluorine combined as the sodium salt.
The difference in apparent toxicity of these compounds was even
greater when the amount of fluorine necessary to inhibit growth
severely was considered. It required thirty times as much fluo-
rine combined as cryolite than as sodium fluoride to reduce the
growth rate to half that of the control non -fluorine -fed litter
mates.

Fluorine interfered with the normal process of reproduction
only at those levels of feeding which resulted in a stunting in
growth of the female. No evidence of specific damage to the
reproductive organs was evidenced.



FORTY -FIFTH ANNUAL REPORT 71

A concentration of fluorine of 0.0904 per cent from sodium,
potassium, and ammonium fluorides and from any of the fluosili-
cates studied, including barium, caused death of the animals in
from nine to eleven days. On the other hand, it required a con-
centration of 3.6 per cent fluorine from cryolite and 5.4 per cent
from calcium fluoride to cause death in the same length of time.
This meant a daily intake of approximately 40 milligrams per
kilogram of body weight of fluorine from sodium fluoride as
compared with 1,900 and 3,400 milligrams per kilogram from
cryolite and calcium fluoride, respectively. Therefore from the
standpoint of lethal concentrations and amount of fluorine neces-
sary to cause growth inhibition, wide differences in toxicity of
some of the compounds of fluorine were noted.

Fluorine in concentrations far below those necessary to inter-
fere with growth or general health of the animal caused damage
to the incisor teeth. Considered from the standpoint of the most
severe type of damage to the teeth, again it was noted that it
required more cryolite and calcium fluoride than any of the other
compounds studied. At least ten times as much fluorine from
cryolite and twenty times as much from calcium fluoride were
necessary to cause corrosion and pitting of the enamel. How-
ever, all the compounds of fluorine studied, including the less
soluble barium fluosilicate, cryolite, and calcium fluoride, left a
mark characterized by the appearance of fine, lighter pigment
lines on the incisor teeth when incorporated in the diet at a
0.0014 per cent level (fourteen parts per million) or fed separate-
ly in daily doses of 0.2 milligrams fluorine to young rats or fed
at the level of 1 milligram per kilogram of body weight. Fluo-
rine, regardless of its source, caused interference with normal
tooth development at this level of feeding but no discernible
effect could be consistently noted when less than this amount
was fed. The amount of fluorine required to cause initial dam-
age to the rat incisors was so small that differences in solubility
of the compounds were not a factor, and no differences in toxicity
of fluorine from the various compounds studied could be noted.

Fluorine is more toxic to the teeth of human beings than to
rat incisors which grow at a more rapid rate. Small amounts of
fluorine in excess of that usually occurring in food and water
causes the damage to the developing teeth of human beings
known as mottled enamel. More than five hundred water sup-
plies have been analyzed and their fluorine contents correlated
with the occurrence of mottled enamel among the users of these
waters. The findings have shown that use of drinking water
containing as little as one part per million of fluorine produces
mottled enamel. In other words, the permanent teeth of a child
who drinks water containing one part per million of fluorine
during the period of formation of these teeth will be mottled
when erupted. If we assume an average water intake of from
four to eight glasses per day during that period, the average in-
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take of fluorine from this source will be from 1 to 2 milligrams
per child per day. Analyses of apples which have been sprayed
with barium fluosilicate have shown an average fluorine residue
before washing of 5.6 parts per million or approximately 2.5 milli-
grams of fluorine per pound. A large apple a day, therefore,
would provide as much fluorine as four glasses of water contain-
ing one part per million of fluorine, if the apple had been sprayed
and not washed. It appears, therefore, that the use of fluorine
compounds for the control of insect damage to fruits and vege-
tables is fraught with danger, and unless steps are taken to con-
trol the use of these compounds or to insure their subsequent re-
moval from the food material, mottled enamel will be more wide-
spread and will no longer be a sectional problem only.

Histological changes in enamel of fluorine -fed animals. His-
tologic examinations have been made at the Medical School of
the University of Illinois of the incisor teeth of albino rats fed
sodium fluoride or given intermittent subcutaneous injections of
a 21 per cent solution. Microphotographs and discussion of the
changes occurring in the enamel and dentin have been presented
in Arizona Agricultural Experiment Station Technical Bulletin
No. 53.

PHOSPHATASE STUDIES

In order to throw light on the nature of fluorine action, th(
effect of fluorine feeding upon. the phosphatase content of blood,
bone, and teeth is being investigated. Results at hand do not
corroborate the work of Phillips (University of Wisconsin) who
found fluorosis is accompanied by a rise in plasma phosphatase.
Instead, it has been found that in young growing animals, fluo-
rine feeding results in a lower phosphatase content of the blood,
bone, and teeth. The differences noted tend to disappear
age except in the case of the teeth. It appears that the phospi_
tase values noted are the result of a retarded rate of bone (
cification.

MOTTLED ENAMEL IN DECIDUOUS TEETH

Although mottled enamel has been considered a defect of the
permanent set of teeth in humans, recently a community has
been found in which the native -born children have the severest
type of mottled enamel upon their temporary set of teeth. Anal-
ysis of their drinking water supply revealed the presence of from
twelve to eighteen parts per million of fluorine which is the high-
est concentration of fluorine yet reported for potable water sup-
plies. As the calcification of deciduous teeth begins in the third
week of fetal, the belief that fluorine, when present in the water
supply of the mother, does not pass into the fetal system or into
the milk supply of the lactating animal, is untenable.
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ALFALFA BREEDING

Inbreeding work has been continued during the growing period.
Two hundred seven plants from twenty -eight different second
generation selfed progenies were pollinated by means of bagging.
The seed thus obtained was used in planting the third inbred
generation of these progenies. These progenies were obtained
originally from a field of common alfalfa in the Yuma Valley,
and were selected on the basis of leafiness, uprightness, fineness
of stems and seeding ability. In the first inbred generation of
these progenies, there were many differences between the prog-
enies in regard to all the above characters, but the uniformity
within most of these lines has been rather high with the excep-
tion of seed setting. In the second and third selfed generation,
most of the lines have shown a decrease in seed setting, but a
few are producing as high seed yields as open pollinated alfalfa.
Likewise, the vigor has decreased in most of the progenies, but
some of them are apparently as vigorous as the open pollinated
alfalfa. Also, vigor and high seed production appear to be com-
bined in some of the lines. These facts indicate that these in-
bred lines are segregating for the genetic factors controlling vigor
and seed production, and that, as the inbreeding process con -
nues, we may expect certain lines to appear that will be still
more vigorous and higher in seed yield. One of these strains,
R1 -5 -1, has shown such vigor, uniformity, and high seed produc-
tion, that it has been isolated in order to increase the seed for
commercial growers.

Inbreeding work was also begun last season with the Chilean
alfalfa from Arlington, Arizona, and with Hairy Peruvian.
Seventy -five first inbred generation lines of the Chilean and five

*he Hairy Peruvian were grown. The diversity shown
rise progenies indicates that they are also a valuable source
m which improved strains may be obtained. Commercial
:try Peruvian, as is well known, does not produce hay of the
nest quality, particularly when the stand is thin, due to coarse
'sG of the stems. Also the winter growth is sometimes injured

frost which reduces its value for grazing. Some of these
first year inbred Hairy Peruvian lines have fine stems and show
considerable frost resistance. In case these strains have the good
seeding qualities which Hairy Peruvian usually has, it will be
possible to establish a valuable strain for commercial growing.

WHEAT BREEDING

Inheritance studies in smut resistance have been continued
during the past year and third, fourth and fifth generation pro-
genies have been grown. These progenies have included the
following crosses:
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Fifth generation;
Hope (resistant) X
Ridit X
Ridit 77 X
Hussar X

Fourth generation;
Hussar (resistant) X
Ridit 7, X

Third generation;
Ridit (resistant) X

Sonora
Pusa
Escondido
Sonora

(susceptible) 24 progenies
54 progenies
12 progenies
6 progenies

,,

Escondido (susceptible) 66 progenies
Hard Baart 77 54 progenies

Sonora (susceptible) 160 progenies

Four plot -rows, each at a different location in the field, were
planted of each parent in order to have some basis of comparison
between the resistance of the progenies of hybrid origin and that
of the original parents used in the crosses. All progenies and
each parent were heavily inoculated with bunt spores immediate-
ly before planting.

The fifth generation progenies have been carried far enough to
definitely establish the resistance of the progenies studied, and
to indicate the relative value of the three resistant parents in
breeding for bunt resistance. Out of three generations of test-
ing, beginning with the third hybrid generation, Hope has not
produced a single immune progeny, although considerable re-
sistance has been shown by one progeny line. On the other
hand, Ridit has established three immune lines and Hussar two.
With these immune, or highly resistant, lines further breeding
work is being carried forward in order to bring out the highest
yielding, and otherwise desirable, strains. Strain No. 194, ob-
tained from a cross between Ridit and Pusa has apparently dem-
onstrated that it is immune to smut. During the three years,
two of which were very favorable for smut infection, that strain
194 has been tested, not a single smutted plant has appeared
among the 1,500 heavily inoculated plants which have been
grown. During the same time, and with the same treatment,
all of the Arizona standard varieties have shown from 50 per
cent to 100 per cent smut infection.

COTTON BREEDING

In May, 1933, the seed of seventy -three plant selections were
planted in progeny rows on the University Farm at Tucson. From
approximately 7,000 plants thus grown, 1,600 were selected in the
field and harvested for further study in the laboratory.

The size, or weight, of bolls was determined from a ten -boll
sample for each of the 1,600 plants harvested. Those plants
whose boll weight varied too much from the average of the va-
riety as determined above were discarded. In turn the following
averages were determined for each plant remaining:

Per cent lint, lint index, weight of 100 seeds, and number of
seeds per boll. At the conclusion of each determination those
plants whose values varied too greatly from the average of their
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respective varieties were discarded. In this way approximately
1,000 of the original 1,600 plants were eliminated.

The lint of ten seeds from each of the remaining plants, one
from each of ten different bolls, was then combed out so that
a study of its uniformity could be made. This study resulted
in the elimination of approximately 300 more plants on the basis
of length of lint as measured on the seed, amount of variation
in the length of lint of seeds from the same plant, and too great
a degree of butterfly.

The lint of the combed ten -seed samples of the remaining
plants, approximately 300, was then sorted in a further attempt
to determine its uniformity. Further eliminations were then
made on the basis of percentage of lint less than % inch in
length, percentage of lint in the modal quarter (the two largest
1/s -inch classes) , and length of lint as determined from the sort-
ing data. This resulted in the elimination of all but seventy -one
plants in one variety and sixty in another. The sixty plants in
the second variety are from two different strains, forty -nine from
one and eleven from the other.

The data upon which the above selections and, eliminations
were made were all obtained from ten -boll samples taken at the
time of harvesting. The attempt was made to select bolls from
all parts of the plants, including in this way bolls that matured
throughout the season. This was done in order to secure as rep-
resentative a sample from each plant as could be obtained. For
the sorting data a mature seed was taken from the center of one
of the locks of each of the ten bolls. After all selections were
made, the remainder of the seed cotton of the selected plants was
ginned, and all seed delinted and made ready for planting.

Arrangements have been made for planting the seed of the
seventy -one plants mentioned above in the most isolated place
that could be obtained in the Yuma Valley. Most of these plants
belong to four families originally selected from a commercial
strain. If these selections show up well plants will be taken
from the best progeny row of the best family for further progeny
tests, and the seed of the remaining plants of the best progeny
row will be planted in an increase plot in the Yuma Valley in
1935.

Arrangements are under way for the planting of selections of
another variety in the Gila Valley at Safford. If these plans are
carried out seed will be made available for the planting of an
increase plot at Safford in 1935.

The sorter used in this work was developed by the Plant
Breeding Department in the fall of 1931. Selections from the
plants grown in 1931, 1932, and 1933 were made partly on the
results obtained from this machine. The figures in the accom-
panying table are given to show the results obtained in two years
of selecting for uniformity of lint by the sorter method. The
figures show the averages for each year of all the plants sorted
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of one variety. Final data covering other strains and varieties
are not available at this time.

RESULTS OF TWO YEARS' SELECTION FOR UNIFORMITY OF LINT

Lint classes
Length of lint

(inches)

Per cent lint in each class for years Plants
selected for

19341931 1932 1933

11/8 to 11/4 .43 .14 .31 .29
1 to l l/s 11.38 9.94 7.71 7.85
7/stol 28.39 31.46 30.95 31.61
3/4 to 7/8 29.25 28.94 33.03 33.11
% to 3/4 12.86 12.90 13.13 12.75

0 to % 17.69 16.62 14.87 14.39

100.00 100.00 100.00 100.00

Averages 1931 1932 1933
Plants
selected
for 1934

% lint in modal eighth 29.25 31.46 33.03 33.11
% lint in modal quarter 57.64 60.40 63.98 64.72
% lint less then %" 17.69 16.62 14.87 14.39
% lint in all other classes 24.67 22.98 21.15 20.89
Encrease in modal eighth 2.21 3.78 3.86
Encrease in modal quarter 2.76 6.34 7.08
Decrease in lint less than W' 1.07 2.82 3.30
Decrease in all other classes 1.69 3.52 3.78
Length of lint 1 1/16 1 1 /16 1 1 /16 1 1/16
Lint Index 8.9 9.2 9.8 10.0
Per cent lint 39.9 39.9 41.3 41.9

From the above figures it may be seen that the percentages
of lint in the modal eighth and modal quarter have increased
3.78 and 6.34 respectively from 1931 to 1933. A part of the in-
crease in these classes was caused by a decrease of lint in the
classes longer than the modal quarter and the remainder by a
decrease in the classes shorter than the modal quarter. The de-
crease in the amount in the two longest classes continued in the
1933 crop in .spite of the fact that an attachment was used for
the first time on the sorter for straightening out the lint on the
teeth more uniformly than could be done by hand in 1931 and
1932. The percentage of lint in the classes from 0 to % inch de-
creased also while growing conditions, due chiefly to transferring
the plantings to a different field, were much poorer in 1933 than
in the two preceding years.

While an increase of 6.34 per cent of lint was obtained in the
two longest classes, modal quarter, there was an increase in the
total amount of lint per seed, or lint index, of 10.1 per cent.

The per cent of lint increased 1.4 from 1932 to 1933, but most
of this was probably due to the small size of the seed caused by
poorer growing conditions in 1933. The length of lint remained
the same to the nearest 1/64 inch as determined from the sort-
ing data.
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The column on the right in the table shows the averages of the
plants selected for planting at Yuma in 1934. The length of lint
of these seventy -one plants varies only 1/16 inch, while for fifty -
eight of the seventy -one the variation is only 1/32 inch.

ROT OF DATE FRUIT

Several sprays have been used in the experiments on the con-
trol of rot in date fruit. Copper acetate leaves no conspicuous
coating on the leaves and is desirable where inspection for scale
is necessary; lime- sulfur is a valuable fungicide but somewhat
tedious to prepare. Both sprays have reduced fruit rot of dates.
This year Bordeaux mixture has been tried.

The University Date Orchard near Tempe was sprayed with
Instant Bordeaux, 4 -4 -50, during the middle of April, 1934. To
facilitate the spraying of tall palm trees, a tower was built from
which spray guns were directed. Approximately 500 pounds of
powdered copper sulfate and the same quantity of powdered
lime were required for the orchard of about 9 acres. The spread-
er "Fluxit" was found to be unsatisfactory when used in the
quantity recommended by the manufacturers because it formed
a dense tough foam, possibly due to the alkalinity of the water
available for making the spray. The addition of small quantities
(50 to 200 cc. of 66 degree Beaume per 200 gallons of spray)
somewhat improved the mixture. One -half pound of spreader
added to 400 gallons of spray resulted in a smooth residue of
spray on the palm leaves.

The effect of Bordeaux spray is to reduce spotting of leaves
and fruits. New leaves are remarkably clean as compared with
unsprayed palms in the University and other orchards in the Salt
River Valley. Although one week during the summer was espe-
cially favorable for the development of fruit rot, no extensive
rotting occurred excepting that of the very susceptible Iteema
variety in which it developed from the calyx -end of the fruit.
In the other varieties studied, some fruits showed small initial
infections but almost no soft rot or blacknose.

In the Homer Diller orchard 2 tons of dates were rotted in an
estimated crop of 3 tons. The owner attributes his loss chiefly
to two factors: he protected fruit clusters with gunny sacks when
he was unable to procure paper bags; the cloth sacks retained
enough moisture to make favorable conditions for the develop-
ment of rot. He states that an exceptionally heavy rain fell on
his orchard.

At the University Date Orchard the season has not been very
favorable for a test of spraying against date fruit rot. The crop
was about two weeks ahead of the harvest in past years with the
result that the fruit was more mature than usual before infec-
tion began. Furthermore, the summer rains at the Orchard were
not heavy and prolonged. However, the studies made on the
sprayed trees warrant the conclusion that spraying with Bor-
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deaux mixture decreases the loss from date fruit rot. A spray
program extending over a period of three or more years prob-
ably will be necessary to clean the Orchard.

ANGULAR LEAF -SPOT OF COTTON

Comprehensive studies of the symptomology of cotton angular
leaf -spot show that infection usually is present in the young
crop of Pima variety and that it is overlooked by the farmer.
From the primary infection on the cotyledons caused by the bac4
terium in the lint the disease spreads to the stems and starts
the more permanent blackarm phase. Careful studies show that
the growth of the seedling may be closely related to the number
of lesions present on the plant.

Severe loss caused by angular leaf -spot of cotton is reported
this year from the Marana district northwest of Tucson. Since
delinting the seed with sulfuric acid protects the crop from this
disease and also hastens germination, as proved on thousands of
acres of land in Arizona over a period of years, the practice of
using delinted seed should be followed. Less delinted seed is
needed per acre because all light, weak seed is discarded, there-
fore the cost of seed is no greater than the cost of gin -run seed
which must be planted at a higher rate per acre. The preceding
statement probably explains the hesitancy of the seed dealer to
promote the practice of using delinted seed. In many cases the
farmer accepts cotton seed for planting which he would not pur-
chase if it had been delinted and the fuzz removed so that the
poor quality of the seed could be clearly seen.

TEXAS (COTTON) ROOT ROT

Experiments on the control of Texas root rot in the deciduous
orchards of the Oak Creek -Camp Verde districts in Yavapai
county and in the pecan groves of Yuma county have received
considerable attention during the past two seasons. For the most
part, the results have been encouraging. In the experiments the
treatments which have been the most successful are rather heavy
applications of ammonium sulfate, and ammonium hydrate di-
luted with water to a safe concentration.

The choice of the two compounds of ammonia appears to be
particularly fortunate, for they are relatively inexpensive and
easily obtained, and both leave a large residue of quickly avail-
able nitrogen in the soil since nitrification of the ammonia in
either case is well advanced in two or three weeks. The strong
stimulating effect of the nitrogen appears to be essential for
recovery, for trees visibily affected with Texas root rot have
a much weakened and decayed root system which must be
quickly replaced if the tree is to survive. Ammonium hydrate is
somewhat disagreeable to handle because of its volatile nature,
but it is perhaps somewhat better for treating trees in an ad-
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vanced stage of disease. Since both chemicals, especially the
hydrate, are very toxic to trees if applied in too great concen-
tration, a method was evolved for the safe and accurate applica-
tion of the chemicals under field conditions.

The treatment of infected pecan trees in the Yuma Valley is
the outstanding success, probably due to the fact that the pecan
tree shows more resistance to root rot than trees of deciduous
fruits. Pecan trees usually are visibly affected a year before they
die from root rot. The largest number of the treated trees were
in two orchards. In the first orchard no treated trees were lost;
in the second grove about 40 per cent of the trees died, but many
others show great improvement. The higher mortality, as com-
pared with the first orchard, is explained by the fact that the very
worst diseased trees were chosen for treatment and the general
condition of the grove was less favorable. Figure 8 shows a
pecan tree twenty months after treatment indicating complete
recovery and greater growth than adjacent healthy trees.

Figure 8. -Pecan tree treated for control of root rot. Tree at left photo-
graphed twenty months after treatment is now larger and thriftier than

healthy trees.

Experiments with deciduous fruit trees in the Oak Creek -
Camp Verde district presented the major difficulties of great
variability in orchard soils and the problem of treating enough
infected trees to obtain significant data. The results in two or-
chards have been, until the summer of 1934, consistent and en-
couraging, but two other orchards have shown contradictory re-
sults. During the past year many of the trees in the experiment-
al orchards died of crown gall. It is possible that a high alkalin-
ity of the soil is responsible for poor results in the Oak Creek
district as better results have been obtained in the Tucson dis-
trict with the same species.

Experiments with shade and ornamental trees and shrubs in-
dicate that the ammonium sulfate treatment is of great value in
saving and restoring trees and shrubs. Among the trees, fruit-
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less mulberry, pepper tree, and Arizona ash have been treated
with conspicuous success while Casuarina and Sterculia respond
favorably but not rapidly. Among the shrubs, Japanese privet,
California privet, cotoneasters, and Pyracantha spp. respond
readily to treatment.

Although the experiments have been conducted chiefly with
badly diseased trees, it is obvious that the effect of the treat-
ments would be much more valuable if applied to trees and
shrubs only slightly infected. Such fruit or nut trees might be
maintained without loss of production and ornamentals without
loss of growth, while badly diseased trees and shrubs usually
must be severely pruned to balance the top with the weakened
root system.

Experiments on the effect of trenching -in large quantities of
organic matter of low nitrogen content (green manure crops,
weeds, spoiled hay, or manure) and of high nitrogen content
(poultry droppings) are showing less marked effect than am-
monium sulfate. The use of organic matter should be considered
protective rather than curative and should be applied in advance
of possible infection. Small amounts of organic matter have no
noticeable effect, and this is likewise true of the usual fertilizer
applications of commercial forms of nitrogen aside from am-
monium salts.

The plot for testing crop and ornamental plants for resistance
to Texas root rot, mentioned in previous reports, has been doubled
in size and many new species of plants have been added to it.
The rows are interplanted with cotton, which serves as an in-
dicator for the presence of active root -rot infection. Among the
susceptible species not previously reported are: bird -of- paradise
bush (Poinciana gillesii); fiejoa (Fiejoa sellowiana), and weeping
acacia (Acacia pendula).

A border was planted to different seedling rootstocks of pecan,
black walnut and related species in the spring of 1933, and this
planting has just been extended. The experiment should de-
termine whether there is any significant difference in the resist-
ance of the rootstocks used for pecans.

A study of certain phases of the root -rot problem showed that
the watermelon (four varieties studied) was neither highly re-
sistant nor immune to Texas root rot, but was susceptible both
in the field and in the green house. Severe losses were observed
in certain commercial plantings near Tucson. A detailed study
was made of the method of penetration of the fungus in field ma-
terial and in pure cultures. It was also found that the root -rot
fungus was inhibited or killed in the presence of another fungus,
Trichoderma lignorum.

A DISEASE OF MILO MAIZE NEW TO ARIZONA

A disease of milo maize new to Arizona was sent in from the
Salt River Valley during the year. Plants affected by the disease



FORTY -FIFTH ANNUAL REPORT 81

bear dwarfed heads and the leaves show water -soaked streaks
at first which are approximately 1/12 inch wide and up to several
inches long. Very soon the streaks turn red. So many streaks
occur on the leaves that the latter may be killed. The death of
the leaves appears to explain the dwarfing effect on the heads.

This bacterial streak disease is not to be confused with the long
known, red, almost rust -like disease on sorghums so common the
country over, which is caused by a different bacterium, Phyto-
monas andropogoni. Spots caused by the common bacterial dis-
ease are red from the beginning, not water -soaked; furthermore,
the cause is a white bacterium when it is grown in cultures.
From leaves attacked by the new bacterial streak disease we,
have isolated a yellow organism. Inoculation experiments show
that the disease can attack other sorghums. Apparently the new
disease can cause greater damage than the common one, but it .
may be easier to control. Symptoms and other evidence appear
to agree with the description of bacterial streak caused by Phyto-
monas (Bacterium) holcicoia reported to occur in Texas, Okla-
homa, Kansas, and Montana.

AN UNREPORTED DISEASE OF HEGARI

An unreported disease of Hegari in the form of a stalk rot was
found in one field west of Phoenix. About harvest timé the
stalks in affected areas, which were several square rods in ex-
tent, weakened and collapsed and the whole affected areas lodged
badly. The lower portions of the stalks appeared to be most
seriously affected and were undersized, shrunken and weak.
They broke easily showing the pith disintegrated and the vas-
cular bundles covered with very small black bodies, apparently
the immature fruiting bodies of the stalk -rot fungus (Fig. 9) .
The grain on the infected stalks did not fill and the lodged areas
were burned by the farmer. The disease will be studied further
and watched with interest for hitherto Hegari has been almost
free from disease in Arizona.

EFFECT OF COPPER COMPOUNDS ON BUNT OF WHEAT

Duplicate plots were planted December 19, 1933, with selected
wheat grains which were prepared as follows: Untreated;
heavily artificially smutted and dusted with copper oxychloride,
cuprous oxide, copper. carbonate and copper zeolite. On Feb-
ruary 14, a third single plot was planted with grain prepared in
the same manner. Approximately equal numbers of grains were
planted in the duplicate plots and exactly the same number for
each treatment in the later single plot. Soon after the grain
sprouted the plots were raided by birds and some of the seed-
lings were destroyed, so that the results are valuable only so
far as they relate to the efficiency of the disinfectant and not
for the percentage of germination.
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Figure 9. -A new stalk -rot disease of Hegari. Shrunken diseased stalks
at left; healthy stalk at right.
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The copper compounds, excepting copper carbonate, were sup-
plied by the United Verde Copper Company of Clarkdale, Ari-
zona. It is described as "cupro- cupric oxychloride" and the
original analysis is given as:

Total copper 53.6 per cent
Chlorine 27.5 "
Combined water 13.8 "
Oxygen 5.4 "

The cuprous oxide was made from blister copper by burning
the copper in a converter and afterward passing it through a disc
pulverizer to pass about 100 mesh. Thus made, the product was
somewhat coarse for seed disinfection. The copper carbonate
was the commercial "Copper carb." The copper zeolite analyzed
5.3 per cent copper when it carried about 20 per cent moisture.
It was pulverized to pass a 300 mesh screen.

Copper oxychloride was the most efficient of the compounds
tested and appears to be worthy of further trial; both cuprous
oxide and copper zeolite were inferior to copper carbonate. The
oxide should be given a trial after it has been ground finer.
That the oxide and zeolite supplied us may affect germination
is shown by another test in which treated seeds gave, respective-
ly, 278 and 212 plants as compared with 426 wheat plants from
the control.

PSYLLID YELLOWS AND EARLY BLIGHT OF POTATOES

The first serious outbreak of psyllid yellows of potatoes oc-
curred in northern Arizona during 1933 when one county re-
ported a loss of 80 per cent of the crop, or about $100,000. A sur-
vey of two counties showed the infection to be widespread and

' serious, although early blight caused by Alternaria solani was
also prevalent. Blight caused partial to almost complete defolia-
tion of the Irish Cobbler variety, and abundant leaf- spotting of
the Bliss Triumph while Polaris (a minor variety) was only
slightly infected. Yellows was recorded in 1933 in all potato -
growing districts from Springerville to Chino Valley and Pres-
cott.

Psyllid yellows was again prevalent in 1934, but less severe, and
was very satisfactorily controlled where the summer- strength
lime- sulfur spray was applied promptly. Early blight also was
controlled by the lime -sulfur spray. Psyllid yellows occurred
in the spring crop in at least one potato -growing district in the
Salt River Valley causing a reduction in yield of 40 per cent.
Figure 10 illustrates the effect of psyllid yellows on the size and
vigor of the tubers.

COTTON WILT

Cotton in the vicinity of Perryville, west of Phoenix, has been
attacked this year by a wilt which shows the symptoms of Wax-
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crops, have been extended to include many other noxious plants.
In June the spraying of a large area of loco weed was supervised
on the Western Navajo Indian Reservation. The spray used in
this work (and in most of the weed experiments this year) is
the arsenic -sulfuric acid solution. Although the Navajos had
never handled sulfuric acid, the spraying was completed with-
out mishap. The loco weed was too mature to expect a perfect
kill, but plans are made to continue the spraying program next
spring.

On plots in the Salt River Valley and on one of the University
farms near Tucson, in cooperation with the Agricultural Exten-
sion Service and farm officials, the spray has been tested. So
far the work has demonstrated (a) that practically all kinds of
weeds can be killed; (b) that in this dry climate a spraying with
water shortly after the arsenic -acid spray is applied is very im-
portant. The most difficult weed to kill is Johnson grass, but it
has been destroyed by using water spray after the weedicide.
Morning glory (several species) and potato thistle (Solanum
elaeagnifolium) are more easily killed.

ASSISTANCE TO SEED POTATO GROWERS

A program to aid the growing of seed potatoes suitable for
registration and certification in four northern counties was under-
taken in cooperation with the Extension Horticulturist and the
county agents concerned. The work involved a trip through
the four counties in which the purpose and methods of roguing
potato seed plots were explained and demonstrated to the
growers.

Practically all potatoes harvested in northern Arizona last fall
showed more or less yellowish to brownish discoloration of the
vascular bundles, which threatened to disrupt the seed registra-
tion work. A large number of cultures made from discolored
vascular bundles showed that most of them were sterile or yield-
ed only non -pathogenic bacteria and fungi. Representative
tubers from each lot were grown in sterilized soil to see if any
disease or virus was present. All plants appeared normal and
healthy for some time but later the plants from discolored tubers
sickened and died prematurely showing that such tubers are
not suitable for planting.

Although the number of growers participating was greatly re-
duced in 1934 owing to lack of water and suitable seed stocks,
the work has been continued with the Irish Cobbler, Bliss
Triumph and Katandin varieties.

RHIZOCTONIA ON STRAWBERRY

Rhizoctoniose of strawberry is at present the major disease of
the crop in Arizona and this Department was one of the first
in the United States to recognize its seriousness. Studies have



repeat
chlokiatit,

noticedSome t

,N

was that' the Missionary van
ost other, varieties in the same soil

e chiorotic. Plants brought Department for stt..
ve shown that the Missionary variety as, in Arizona at

...,:::.marked resistance to attacks o! Rhizoconia

Figure 12.RhitObtoniose of strawberry; Missionary variety on left,-.
Klondyke variety on right. Note difference in color of leaves and size
of root systems::. The Missionary plant has a comparatively healthy root
system; the Kiondyke has many dead roots. -.:The plants are the same

age and grew only a few inches apart.

ROOT KNOT CONTROL

The roOtknot :::.::.:#0*a.ts:.....e::::Ag.S,,i:ecTrn#4:Ancreaslogly.'''seriotig.,::In:::A



GRICULTURAL EXPERIMENT STATION

esistant cowpeas and bush velvet beans stand foremost among
e nematode- resistant plants but their adaptability to Arizona

conditions must be determined. The first year's results indicate
that Iron and Brabham cowpeas produce quicker, more uniform,
and thriftier growth than the bush velvet bean (Fig. 13). The
seed yield of cowpeas will be much heavier.

.<<;:..:r>..

Figure I3.--Iron (left) and Brabhaxai (right) cowpeas on nematode'`
infested soil in Yavapai county.

ART' RßT 0:

;dips on the heart rot of the date and other palms were con
pletec së.nd pub] is} ï£'t_i, together with suggestions for the pre
ventiob and cororoi of the disease. The cause is Thielavic:p s:
paradox a, a fungus which appears to be unable to attack hezl -i}, t l v
palms; therefore, control is chiefly a matter of prevention taind:
sanitation. The disease is characterized by a retarded develop-
ment of new leaves; drying of pinnae from the tip downward,':
first on the older leaves; brown to deep brown discoloration of.
certain tissues of the trunk. The fungus is believed to enter tîe <
plant through the roots near the soil line, or through unpro-
tected wounds inflicted in removing the offshoots, or in other';
ways. Destruction of diseased palms and avoidance of defolia-
tion in the presence of excessive soil moisture are suggested as
necessary for the control of the ro
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THE EFFECT OF BACK CROSSING AND RECIPROCAL CROSSES
ON EGG PRODUCTION IN THE OFFSPRING

Surveys conducted by the Department of Poultry Husbandry
clearly indicated that there was a direct correlation between the
factor of average egg production per flock and labor income, that
the greater the average egg production per flock the greater the
labor income. A recent survey in the Tucson area has indicated
that the average flock has a very low egg production per bird and
that this fact is more responsible for unprofitable poultry farm-
ing than any other one factor.

Progeny testing based on the assumption that increased egg
production came about through the male from a high producing
dam has been conducted at this Station for the past five years
with resultant decrease rather than increase in egg production.
Ten years of records from the Arizona Egg Laying Contest have
shown that the average egg production per individual is on the
decrease rather than on the increase. Some work with out -
crossing of unrelated blood lines conducted at this Station for the
past five years has indicated that this may be one means of
partially correcting this problem, but the influence is apparently
limited.

It is quite evident from the above facts that knowledge re-
garding a method or methods of increasing and maintaining egg
production is vital to continuing the life of the poultry indus-
try. Experimental work is now being carried on with founda-
tion stock selected on the basis of early sexual maturity, a high
rate of production, lack of broodiness, the least amount of winter
pause or molt, and long continued egg production in a high pro-
ducing line. The males were selected from females with the
same characters in order to have these characters as uniformly
established as possible.

A low producing line also was selected from the opposite point
of view, i.e., low production. A full brother of the male heading
the high producing line was used in this mating. Another year
a male from a low line female will be used.

One hundred and seventy -five birds have been placed by them-
selves to obtain a normal production of eggs. Next year's founda-
tion stock for the high and low lines will be selected from them.

One Barred Rock, four Rhode Island Red, and four White Leg-
horn matings were used in father and daughter matings involving
162 females. Next year these original males will be mated to the
granddaughters. The progeny of the father -daughter mating
will have 75 percent of the sire's blood, while the progeny from
the grandfather and granddaughter mating will have seven -
eighths blood of the original sire. One half- brother and sister
mating was made involving ten Barred Rocks. Six brother and
sister matings included White Leghorns and Barred Rocks in-
volving six pens. Results will be checked through progeny tests.
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Eight pens of birds were mated on a mother and son basis. These
matings included seven pens of White Leghorns and one pen of
Barred Rocks.

Hatchability and liveability records are now available on all
of the matings. Progeny testing will go forward this fall.

NECESSITY OF SHADE FOR POULTRY GROWTH

Experience has indicated that, in a section such as the southern
part of Arizona, shade is vital to the proper development of
growing poultry but no definite work has ever been done to
ascertain the real value of shade. Three years of work has proven
that sufficient shade can be furnished by the poultry house pro-
viding it is properly constructed and an ample supply of proper
feed and water are available.

TRENCH AND TENT BROODING

Tests with an underground, or trench, brooder which utilizes
waste stumps or other waste wood as a source of fuel has proven
both practical and economical. The use of a tent which is port-
able rather than a permanent house has made it possible to brood
chicks economically and to decrease mortality by being able to
get chicks on new ground each year.

ULCERATED GIZZARDS

A peculiar ulceration of the gizzard is being studied. This
abnormality is occurring in both chicks and growing pullets.
Latest tests at this institution have shown unhatched chicks to
be affected indicating the possibility of transmission through the
e
This condition has appeared in several flocks and because of

heavy losses is of great economic importance. An Aspergillus
fungus has been isolated and inoculations have proven it to be
highly infectious. Methods of treatment are being studied. This
work is being done in cooperation with the Plant Pathology De-
partment.

MAPPING ARIZONA RANGE LANDS

The Range Ecology Department in cooperation with the U. S.
Geological Survey has undertaken the task of making a vegeta-
tion map of each county in Arizona. This project includes a
classification of each county by vegetation types, soil conditions,
and grazing capacity. The vegetation classification includes sev-
enteen types ranging from sub -alpine on the highest peaks down
to the desert found in the low, hot and dry areas of the State.
Four different grassland sub -types are being mapped and the
desert type includes seven sub -classes. Any plant community
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covering more than 30 acres will be mapped. All cultivated lands
and land in farms are also being noted. Insofar as possible, soil
conditions and degree of erosion are to be shown on the map.

The field work for Pima and Santa Cruz counties has been
completed during the past year and the field maps sent to Wash-
ington to be copied and the necessary plates for printing pre-
pared.

EFFECT OF DROUGHT ON RANGE VEGETATION

Another opportunity was presented during the past year to
study the effect of drought on range vegetation. On the Santa
Rita Experimental Range, where these studies were carried for-
ward, the rainfall was 23 per cent below the eleven -year average
during the summer of 1933. This was followed by good rains in
the autumn, but the winter rains were about 24 per cent below
normal, and the spring precipitation was 48 per cent below nor-
mal. Soil moisture became exhausted with the first warm
weather and growth was at a standstill until nearly the end of
July. Many of the oaks lost their leaves early in the spring and
remained apparently lifeless until after the summer rains. For-
tunately the new leaf buds were not destroyed. The grasses
suffered a severe mortality. Many grass clumps died out entirely.
Many of the stem and leaf buds of the grasses were killed and
the remaining buds were greatly weakened. Those plants that
did survive the drought were slow to recover and the effects of
this last spring drought are apt to be noticeable for some time.
It was noted that on closely grazed ranges and on unprotected
areas the damage was greatest. The moderately grazed ranges
appeared to come through the drought with the smallest losses
in density.

SOIL MOISTURE AND PLANT GROWTH

Studies were continued on soil moisture in relation to range
plant growth during the past year. The soil moisture was de-
termined at weekly intervals during the growing season and
once a month during cooler weather. Records were kept as to
the rate of growth and volume of forage produced under various
moisture conditions. Because of the unusual dryness during the
past year, it was possible to study the reaction of vegetation to
rather severe soil moisture conditions. It was found that a bal-
ance exists between the sap concentration of the plants and the
amount of available moisture in the soil. When there is plenty
of moisture in the soil, the sap is dilute. As the moisture con-
tent of the soil decreases, the plant sap tends to be more concen-
trated.

UNIVERSITY CONTRIBUTION TO "A CENTURY OF PROGRESS"

The University was requested by the Arizona World's Fair
Commission to take charge of the work of gathering, transport-
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ing, and setting up a typical desert flora exhibit at the "Century
of Progress" in Chicago.

Early in May collection of this material was started. About
25 tons of cacti, trees, shrubs and other desert plants were loaded
into a baggage car furnished by the Southern Pacific Railroad.
This company furnished free transportation. Crating material
and other supplies were donated by the Tucson Senior and Junior
Chambers of Commerce. Plant donations were also received
from the Boyce Thompson Southwestern Arboretum at Super-
ior, Chris Hoyer, and J. E. Thompson, Jr., of Phoenix.

The cactus garden was erected on the Fair Grounds in Chicago
before the opening day and from the beginning proved extreme-
ly interesting and instructive to the thousands of visitors. Fair
officials repeatedly assured the Arizona Exhibit that the cactus
garden was by far the most popular natural exhibit on the
grounds. It was estimated that between eight and ten thousand
photographs were taken of the garden. It was self advertising
to a great degree, many visitors coming on the recommendation
of others who had seen the exhibit. The universal response of
visitors who were unacquainted with the Southwest and espe-
cially Arizona, was that if this unique and interesting type of
landscape was native to the State, they were certainly going to
visit it.

A brief but attractive pamphlet of the State's resources was
also furnished by the University.

A selection of slides covering the State in scenery, industry
and recreation was in continuous automatic operation and this
University contribution also was much patronized.
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APPENDIX

CHANGES AND ADDITIONS

Few changes of a material nature have been possible during the past
year either on the campus at Tucson or on the outlying experimental
farms except for necessary replacements and repairs to laboratory equip-
ment and to farm machinery. The properties at Yuma, Tempe, Mesa
and Tucson have been kept in fair repair although no improvements or
additions have been made except at the Mesa Farm. Here, with the
aid of FERA labor, concrete pipe was made and a concrete irrigation
system installed on the southwest one -fourth of the farm. The Ex-
periment Station furnished only the actual cost of materials. Due to a
drastic curtailment of the budget for the past fiscal year, it has been
necessary temporarily to discontinue experimental work on the Yuma
Valley Farm and on the Santa Cruz Farm at Tucson. To meet water
charges, cotton and forage crops have been grown and sold from these
farms.

No additions have been made to our staff of workers. The following
resignations have been accepted: Dr. Gladys H. Roehm, formerly Asso-
ciate Nutrition Chemist; and Lawrence D. Love, formerly Research
Assistant in Range Ecology.

RESEARCH PROJECTS

A complete list of the active research projects of the Station were
published in the 43rd Annual Report (1932). It was revised the follow-
ing year (see 44th Annual Report) . During the present year no
changes have been made except to add one new Purnell project en-
titled "Vegetable Fertilization." Several publications have been issued
but no projects have been completed or dropped from the list.

TECHNICAL SERVICES RENDERED TO FARMERS AND RANCHERS

As in previous years, submitted samples of waters, soils, feeds and
fertilizing materials have been analyzed free of charge for residents of
the State. Laboratories for this work are maintained in connection
with the Maricopa County Agent's office in Phoenix and at the Uni-
versity in Tucson. The appended table shows the numbers of samples
analyzed during the past fiscal year and the approximate value of this
work to the State. The estimate of value is based on the minimum
charges made by commercial chemical laboratories for work of this
nature.

Infectious abortion is a disease of serious economic importance to our
dairymen. The Department of Dairy Husbandry makes blood tests for
this disease free of charge to all who submit samples. A large number
of tests were made during the past year. Pathological laboratories
charge at least $1 per test for this work. This Department also handles
all Advanced Registry testing for dairymen in Arizona.

Besides these services, the Department of Plant Pathology identifies
hundreds of plant diseases and recommends remedies; the Departments
of Horticulture and Agronomy make many viability tests of seeds and
grains; the Departments of Animal Husbandry and Poultry Husbandry
diagnose animal and poultry diseases; the Department of Entomology
and Economic Zoology examines submitted specimens carrying insect
pests injurious to plants and animals; and the Department of Botany
identifies hundreds of plants sent in for this purpose. The other de-
partments also furnish information when requested.
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MISCELLANEOUS SAMPLES ANALYSED BY THE AGRICULTURAL
CHEMISTRY LABORATORIES, 1933 -34

Phoenix Laboratory Tucson Laboratory Total

No. Approx. Val. No. Approx. Val. No. Approx. Val.

Soils 635 $ 9,530.00 880 $13,200.00 1,515 $22,730.00
Waters 403 6,050.00 410 6,150.00 813 12,200.00
Manures 93 465.00 5 25.00 98 490.00
Guano 49 245.00 14 70.00 63 315.00
Poison

cases
Johnson

grass 22 110.00 0 0.00 22 110.00
Others 7 140.00 8 160.00 15 300.00

Feeds,
Plants,
Grasses 10 150.00 157 2,355.00 167 2,485.00

Citrus
Fruits 26 260.00 360 3,600.00 386 3,860.00

Blood 0 0.00 . 118 590.00 118 590.00
Misc. 21 210.00 733 7,330.00 754 7,540.00

Total 1,266 $17,160.00 2,685 $33,480.00 3,951 $50,640.00

EGG LAYING CONTEST

A compilation of results in the November issue of Poultry Item, the
national official journal, places the Arizona Egg Laying Contest first in
the United States. This includes first in average production of eggs per
bird and in average weight of eggs per bird.

The relative positions in these contests is determined by what is known
as the point system. In this system the weight of the eggs as well as
the number laid is taken into consideration. The Arizona Egg Laying
Contest finished with an average of 225.4 points per bird, the Western
New York 222.7 points, Georgia 217.8 points, Huntington county, New
Jersey 217.7 points, and Pennsylvania 216.9 points, for the first five
ranking contestants.

In the Arizona Contest the 200 birds originally entered finished the
fifty- one -week period with an average production of 219.9 eggs. The
nearest competitor, Western New York, had an average production for
each bird of 216.8 eggs, the Georgia Contest 216.7 eggs, the Huntington
county contest 215.9 eggs, and the Pennsylvania Contest 214 eggs. The
poorest contest of the sixteen averaged 115.4 eggs.

The average results of all contests were higher than those of last year.
In the average lay per bird the 1934 contests averaged 204.1 eggs com-
pared to 202.6 eggs for 1933. The points per bird in 1934 were 205.9
compared to 203.1 in 1933. The weight per dozen eggs in 1934 was
24.16 ounces compared to 24.04 for 1933. The Arizona Egg Laying Con-
test was the first in history to average or exceed the government stand-
ard of 24 ounces to the dozen eggs. It also maintained the lead in egg
weight for the 1934 Contest until the last month.

The Arizona Contest was won by a State breeder, Max Johnson, of
Mesa, whose pen of ten Single Comb White Leghorns laid 2,584 eggs
with a value of 2,676 points in fifty -one weeks. Another Arizona breeder,
G. S. Stover, of Tucson, owned the pen of White Leghorns which placed
second with 2,504 eggs with 2,620 points. Third place went to the entry
of P. S. Dickey, of Puyallup, Washington. Another Arizona breeder,
Leon Jones, of Mesa, was the owner of the fourth place pen, with still
another, Cumagen Farms, of Tucson, taking fifth place.
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The highest producing individual was a Single Comb White Leghorn
hen owned by P. S. Dickey, of Puyallup, Washington, which laid 307
eggs with a value of 316 points during the 357 -day period. A Rhode
Island Red hen owned by Cumagen Farms, of Tucson, Arizona, was the
second best individual. The Max Johnson entry, of Mesa, included the
third best individual.

Through the medium of this Egg Laying Contest, the Arizona Agricul-
tural Experiment Station has demonstrated that there is just as good
stock in this State as in any state in the Union, that methods of manage-
ment employed and recommended are sound, and that it has encouraged
the selection and breeding for larger egg sizes to a point where excellent
results have been obtained.

SOIL SURVEYS

Each winter the Arizona Agricultural Experiment Station, in coopera-
tion with the U. S. Department of Agriculture, Bureau of Chemistry and
Soils, makes a soil survey of some important agricultural area in the
State. To date, fifteen areas have been surveyed and reports and maps
have been published on ten of these. The following table gives this
information in detail:

Area surveyed
Year

surveyed
Year

published

Middle Gila Valley 1917 1920
Benson 1921 1924
Winslow 1921 1924
San Simon 1921 1924
Salt River Valley 1926 1931
Buckeye -Beardsley 1927 1930
Paradise -Verde 1928 1931
Gila Bend 1928 1931
Yuma- Wellton 1929 1932
Nogales 1930 1933
Santa Rita Range Reserve 1931 unpublished
Tucson 1932 11

St. Johns
Safford
Casa Grande (revision of Middle Gila)

1932
1933
1934

11

11

11

During the winter of 1933 -34, E. N. Poulson worked on the resurvey
of the Casa Grande area (old Middle Gila Valley area) . This survey has
not yet been completed but will be continued during the coming winter.
Since the construction of the Coolidge Dam, much new land in this dis-
trict has been brought under cultivation. All will be included in the
revised survey.

COOPERATION

As agricultural research progresses and the problems involved become
of greater scope and more difficult, the need for cooperation both be-
tween departments within the Station and also between the Station
and other outside research agencies becomes increasingly desirable. At
present a number of projects are receiving joint attention from the
Arizona Agricultural Experiment Station and the following divisions of
the United States Department of Agriculture: State soil survey, with
the Bureau of Chemistry and Soils; soil -moisture studies with citrus,
with the Bureau of Agricultural Engineering; range rodent studies, with
the Bureau of Biological Survey; study of small grains, with the Office
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of Cereal Crops and Diseases, Bureau of Plant Industry; study of staple
length of Arizona cottons, Division of Cotton Marketing, Bureau of
Agricultural Economics. The Station also cooperates whenever pos-
sible with the State Commission of Agriculture and Horticulture, the
State Livestock Sanitary Board, the State Fair Commission, the Arizona
Fruit and Vegetable Standardization Service, the Federal Predatory
Animal and Rodent Control Services and the Federal Forestry Service.
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SUMMARY OF STATION PUBLICATIONS

Technical Bulletins
No. 50. Potassium in Calcareous Soils. Part I- Solubility and Avail-

ability. Part II -Some Properties of Replaceable Potassium, by W. T.
McGeorge. 42 pages. As a rule potassium is the last plant food to be-
come exhausted in semi -arid soils. Evidence that this holds true for
Arizona soils is shown in this bulletin, published during the past year.
This bulletin deals in one part with the relation of replaceable potas-
sium to the solubility of soil potassium in water and carbon dioxide
saturated water and the availability as measured by plant growth and
plant analyses. In the second part it deals with some properties of
replaceable potassium which are peculiar to Arizona soils. A total of
thirty -seven soils was used in this study and they were selected from
most of the irrigated districts of the southern part of the State. Total
potassium, replaceable potassium, water soluble potassium and Neubauer
values (availability as measured by the amount of potassium absorbed
from soils by rye plants) showed a rather close agreement. The in-
vestigation shows no immediate need for potash fertilization for Arizona
soils.

A comparative study of replaceable potassium in our calcareous soils
and in some non - calcareous types showed that this element is much
more easily replaced in the non -calcareous types. Also solubility in
water was less for calcareous soils where soils containing equivalent
amounts of potassium were used. On the other hand the availability
as measured by plant absorption shows that availability is greater in
the calcareous soils.

No. 51. A Phytophthora Rot of Watermelon, by J. G. Brown and
M. M. Evans. 20 pages. A fruit rot of watermelon is described which
is caused by Phytophthora cactorum. The report appears to be the
first record of the fungus on this particular host. Symptoms of the
disease; macroscopic and microscopic studies of the fungus and its cul-
tural reactions; the results of inoculations into numerous plants and
plant parts are given; also new features are described for the mech-
anism of fertilization and for sphaero- conidia. The bulletin is illus-
trated with four plates.

No. 52. The Histologic Changes in the Enamel and Dentin of the Rat
Incisor in Acute and Chronic Experimental Fluorosis, by Isaac Schour
and Margaret Cammack Smith. 21 pages. The histological effects of
chronic and accute fluorosis on the enamel and dentin of rat incisors are
herein reported and the gross chemical, and rate of eruption changes
are briefly reviewed.

The evidence indicates that fluorine exerts a direct local action upon
the enamel forming cells and that the changes observed are not pri-
marily produced by changes in blood calcium or by disturbances in
the parathyroids.

The material presented throws interesting lights on various phases of
the growth process in the enamel and the dentin.

No. 53. Plant Association and Survival, and the Build -Up of Mois-
ture in Semi -Arid Soils, by J. F. Breazeale and F. J. Crider. 28 pages.
There is a certain amount of dependence of one plant upon another with
reference to moisture supply and nutrition. A deep rooted plant may
absorb moisture from the subsoil, transport this and exude it into the
surface soil where shallow rooted plants may absorb it and thereby
tide over periods of stress.

Roots of certain desert plants are able to penetrate a soil which is
below the wilting percentage. Such plants can endure drought as long
as they are able to exude water which has been stored in their tissues
and thus to maintain the soil in close contact with their roots, at the
wilting percentage.
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General Bulletins

No. 145. Factors Influencing the Cost of Production of Eggs and
Pullets in Southern Arizona, by H. Embleton and H. C. Morse. 23 pages.
The analysis of a survey of fifty -one poultry farms in Pima county in 1932
in which the factors influencing the cost of producing eggs were found
to be, in order of their importance: production per bird, size of flock,
price of eggs, labor efficiency, mortality, feeding, housing, cost and
quality of replacements, proportion of pullets, culling, lighting, and
breeding.

Factors influencing the cost of producing pullets included: number of
pullets, source of chicks, quality of pullets, low mortality, efficient feed-
ing, prompt separation of the broilers from the pullets, good care, and
rigid and prompt culling of low grade pullets.

All of the above conditions are thoroughly discussed.
No. 146. Production Costs and Returns from Major Salt River Valley

Field Crops, 1928 -1930, by R. L. Matlock and S. P. Clark. 57 pages. Based
on a three -year farm survey study, detailed data are presented on costs
and returns per acre for the major field crops grown under irrigation
in the Salt River Valley. Outline forms are offered for use in estimating
future costs under any given conditions. During the period of the
study, net returns to capital and management were highest for Pima
cotton, followed in order by alfalfa hay, upland cotton, and wheat.

No. 147. Fundamental Concepts in Plant Research, by J. F. Breazeale.
23 pages. This is largely a philosophical discussion, calculated to show
how plant behavior should be studied to best advantage. Philosophy
in science should have its usefulness. There are many basic factors in
plant research which, if understood, should enable an investigator to
interpret properly the results of his research experiments.

Publications in Technical Journals

Albert, D. W., and Hilgeman, R. H., "Fruit Growth and Temperature Re-
lationship in the Date Palm." Proceedings American Society for Hor-
ticultural Science, Vol. 30, 1933.

Ball, E. D., "Some New Western Leafhoppers of the Fulgorid Family
Achilidae." Panama Pacific Entomologist 9, pp. 133 -138. July, 1933.

Ball, E. D., "The Genus Myndus Stal in N. A. (Homoptera Fulgoridae) ."
Journal Washington Academy Science 23, pp. 478 -484. Oct., 1933.

Ball, E. D., "Some New Genera and Species of Western Leafhoppers."
Bulletin Brooklyn Entomology Society 28, pp. 223 -228, Dec., 1933.

Ball, E. D., "Notes on the Fulgoridae with Some New Species." Psyche
40, pp. 145 -150, Dec., 1933.

Ball, E. D., "The Genus Oeclidius Van Duzee (Homop. Fulgorid) ." Pana-
ma Pacific Entomologist 10, pp. 77 -80, (April) June, 1934.

Ball, E. D., "The Genus Oliarus and its Allies in N. A. (Homop. Fulgo-
rid) ." Journal Washington Academy Science 24, pp. 268 -276, June,
1934.

Ball, E. D., "Notes on Philaronia abjecta Uhler (Homop. Cercopidae)."
Proceedings Biological Society Washington 47, pp. 113 -114, June,
1934.

Brown, J. G., "Watermelon Susceptible to Texas Root Rot." Science,
78:509. Dec., 1933.

Finch, A. H., "Notes on Pecan Filling and Maturity." Proceedings
American Society for Horticultural Science., Vol. 30, 1933.

Finch, A. H., Albert, D. W., and Kinnison, A. F., "A Chlorotic Condition
of Plants in Arizona Related to Iron Deficiency." Proceedings
American Society for Horticultural Science, Vol. 30, 1933.
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Finch, A. H., "Cultural Methods for Young Pecan Orchards in the Irri-
gated Southwest." Proceedings National Pecan Association, 1933.

Greene, R. A., "Some Factors Limiting the Applicability of Biological
Methods for Determining the Availability of Plant Food Elements in
Calcareous Soils." Soil Science, Vol. 36, pp. 261 -266, 1933.

Greene, R. A., "The Relation of Phosphorus to Biological Nitrogen Fixa-
tion and the Conformity to the Law of Decreasing Increment." Soil
Science, Vol. 36, pp. 383 -386, 1933.

Hawkins, R. S., Clark, S. P., Serviss, Geo. H., and Hobart, Chas. A., "Va-
rietal Differences in Cotton Boll Shedding as Correlated with Osmo-
tic Pressure of Expressed Tissue Fluids." Journal Agricultural Re-
search 48: pp. 149 -156, Jan. 15, 1934.

Kinnison, A. F., and Finch, A. H., "Some Effects of Special Practices In-
fluencing the Nutritional Balance on Yield, Texture, and Time of
Maturity of Grapefruit." Proceedings American Society for Horti-
cultural Science, Vol. 30, 1933.

Lantz, E. L., and Smith, Margaret Cammack, "Effect of Fluorine on the
Calcium and Phosphorus Metabolism in Albino Rats." American
Journal Physiology 109, pp. 645 -654. 1934.

Schwalen, H. C., "Drawdown- Capacity Curve for Water Wells." Civil
Engineering, Jan., 1934.

Scott, E. L., "Condition in Bulls." American Hereford Journal, Oct. 1,
1933.

Scott, E. L., "Why a Registered Bull." American Hereford Journal, Oct.
1, 1933.

Scott, E. L., "Peas in a Pod." Western Livestock, Oct., 1933.
Scott, E. L., "Encourage Better Breeding." Western Livestock, Nov., 1933.
Scott, E. L., "Herefords Reign Supreme in Arizona." American Hereford

Journal, Aug. 15, 1934.
Smith, Margaret Cammack, and Leverton, R. M., "Comparative Toxicity

of Fluorine Compounds." Industrial Engineering Chemistry 26, pp.
791 -797. 1934.

Smith, Margaret Cammack, "The Effect of Fluorine upon the Rate of
Eruption of the Rat Incisor and Its Correlation with Bone Develop-
ment and Body Growth." Journal Dental Research, April, 1934.

Streets, R. B., "The Treatment of Deciduous Fruit Trees and Nut Trees
Infected by Phymatotrichum Omnivorum with Ammonium Com-
pounds." Science N. S. 79; pp. 417 -418, May 4, 1934.

Vorhies, C. T., "The Black Vulture in Arizona." Condor, XXXV, pp.
205 -206. 1933.

Vorhies, C. T., "Second Record of the Red -billed Tropic Bird in Ari-
zona." Condor, XXXVI, pp. 85 -86. 1934.

Vorhies, C. T., "Records of Lesser Snow Goose and Whistling Swan in
Arizona." Condor, XXXVI, p. 115. 1934.

Vorhies, C. T., "The White- necked Raven, a Change of Status ?" Condor,
XXXVI, pp. 118 -119. 1934.

Vorhies, C. T., "Arizona Records of the Thick -billed Parrot." Condor,
XXXVI, pp. 180 -181. 1934.
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THE WEATHER

Systematic weather observations which were begun sixty -six years
ago have been continued during the calendar year 1933. Abnormally
cold weather was experienced during the first five months of the year.
During June the temperatures were normal. The last six months of
the year were warmer than the average, bringing the yearly average
to within one -half degree of the fifty -six -year mean.

Yearly precipitation was about 2 inches below normal. Precipitation
of 0.01 inch or more was recorded on forty -nine days during the year.
Only fifty -nine days were recorded as cloudy.

No high winds were recorded. The average velocity on the roof of
the Agricultural building was 6.6 miles per hour while on the ground
the movement was only 1.3 miles per hour. The relative humidity, at
8 a. m. averaged 51. At 12 noon the yearly average was 28 and at
5:00 p. m., 25. During the months of March and May in which no rain
fell the 5:00 p. m. relative humidity was 13 and 12 respectively.

The length of growing season of 245 days was practically normal.
The last killing frost in the spring occurred on March 6, the first in the
autumn on November 6.
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