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December 1, 1933.
President Homer L. Shantz,
University of Arizona.

Dear Sir:

I have the pleasure of submitting herewith the Forty- Fourth
Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1933. 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.



AIDING ARIZONA'S AGRICULTURE*

INTRODUCTION

In Arizona, agriculture is a basic industry second only to min-
ing. It is constantly growing in importance. It involves about
14,200 individual farms and over 100,000 farm people. The 1930
Federal Census showed that, of the 74,000,000 acres in Arizona,
10,526,000 acres were privately owned. Stock ranches comprised
over 9,000,000 acres of this privately -owned land while an addì-
tional 50,000,000 acres of grazing lands were rented by stock men
from the Federal and State Governments. Many other industries
depend upon farming and ranching. Thus, in no small measure
the welfare of the entire State is dependent upon the future de-
velopment and prosperity of its agriculture.

The object of the Arizona Agricultural Experiment Station is
to serve Arizona's varied agricultural interests by aiding in the
solution of its more important problems, by working thru the
University and other agencies to give practical educational ser-
vice and, by means of publications and correspondence, to dis-
seminate correct agricultural information.

This publication presents briefly the progress which has been
made during the past year on the many research projects which
are being conducted by the Agricultural Experiment Station.
Parts of this report should be of interest to each and every farmer
in Arizona. We are always glad to receive suggestions and con-
structive criticisms, for it is by taking advantage of these, that
we are better able to serve all branches of our ever expanding
agriculture.

WHY AGRICULTURAL RESEARCH?

Agriculture is the great sufferer in the present world -wide
crisis. The heart of the trouble lies in the fact that farmers are
receiving disproportionately low prices for everything they pro-
duce, while their fixed charges and necessary expenses have been
enormously increased. And, to make matters worse, a lack of
buying power in this country has brought about unprecedented
farm -crop surpluses. Facing these conditions, we are often asked
why agricultural research now is needed, and what it has done
for agriculture in the past to warrant the large amounts of money
which have been spent upon it. In other words, what is research
and what has it done for agriculture and for other industries?

*Forty- fourth Annual Report of the Arizona Agricultural Experiment
Station.
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4 AGRICULTURAL EXPERIMENT STATION

Research may be defined as a diligent search for new knowl-
edge which, when applied, makes this old world a better place
for all of us to live in. Considerable sums are spent by our Fed-
eral and State governments for research in the fields of agricul-
ture, mining, forestry, education, commerce, highway engineer-
ing and the like, but the amounts of government money appro-
priated for research are relatively small when compared with
the enormous sums spent by our great manufacturing and dis-
tributing industries. Every major industry in the United States
today is founded upon the results of research largely carried on
during the past two or three decades. Every electrical appliance
is the result of research; in fact, almost everything that we use,
from the telephone to the can -opener, is applied research. The
talking movies, the radio, the automobile, the airplane, the ther-
mos bottle, farm machinery and dozens of other indispensible
articles of every -day life fall into this category.

The United States Steel Corporation has 167 laboratories and
employs over 2,000 research men. A summary just published by
the American Railway Association lists some 3,000 distinct prob-
lems that have been studied by their research units. Some of
these have saved the roads millions of dollars. One road, for
example, saves over one million dollars annually by a process
of chemically treating water to prevent boiler corrosion. A
recent test on air brakes which occupied 8 years of research and
cost about 2 million dollars, saves this amount and more annually.
That such expenditures pay returns to the roads is shown by a
pledge adopted a few months ago at a meeting of railway execu-
tives which reads, "We shall continue to utilize our organizations
in the field of research and experimentation even more exten-
sively than we have in the past," and this in spite of the most
severe financial strain which the railroads of this country have
ever faced.

The chemical industries have largely been founded on the re-
sults of research. A survey was recently completed by the Na-
tional Research Council of 60 of our largest chemical- manufactur-
ing companies including such concerns as Atlas Powder, Du Pont,
Eastman Kodak, Mathieson Alkali, Union Carbide and Carbon,
Air Reduction, Armour Fertilizer, and many others. Each of
them spends over $200,000 annually for research and many spend
several millions. Now what effect has the depression had upon
these expenditures? Sixty -seven percent have considerably in-
creased research expenditures during the past two years; 9 per-
cent have made no change, and 24 percent have decreased e-
penditures. If, however, we consider only those companies whit
spend the larger amounts for research, we find that 86 percei
either increased or made no change.

What is true for our chemical concerns and the steel and trans
portation companies is true also for practically all of our great
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industries. All are emphasizing their research programs in de-
veloping new products, improving the quality of old products,
and reducing costs.

The world is now going through a transition stage. We are
beginning a period of readjustment after having passed through
the greatest business depression in history. During normal times,
conditions change slowly, but during periods of stress, business
is quickly revolutionized and only the fittest survive. Contrary
to general belief, more progress is made in efficiency during one
year of depression than during 5 years of great business activity.
The firm or the farmer that emerges from one of these adjust-
ment periods with more efficient and more economical methods
and with new and better products will be the one most likely
to succeed in the next era of prosperity which is sure to come.
Preparation for future success takes the form of original research
carried on assiduously during periods of stress. Changes are
probably not quite so abrupt in farming as in other lines of busi-
ness but the final results are similar. The farmer of the future
cannot operate his farm as he did 10 years ago any more than
can the railroad official manage his road as he did in past years.
If motor -truck competition cuts into railroad earnings, it must
be met by cheaper, quicker and safer transportation. With the
farmer, if nation -wide under -consumption changes his profits into
losses, he must learn to raise crops cheaper, or of better quality
than his neighbor, if he expects to remain in the farming busi-
ness.

There are two well- recognized types of research; fundamental
and applied. Fundamental or theoretical research has for its ob-
ject the furtherance of human knowledge without regard to its
immediate application. The results of such research are the tools
which the applied research worker uses in constructing the things
of value. Thus, both kinds of research are necessary. It is inter-
esting to note that many of our best known inventions, as the
radio, the telephone, the aeroplane, radium, X -rays, the thermos
bottle and anaesthetics are all the direct result of fundamental
research. Not a single one of these was the result of a deliberate
intention on the part of the inventor to make money or to im-
prove living conditions and yet the general public entirely fails
to appreciate the value of fundamental research. Without it
there could be no applied research. Most of our agricultural re-
search is applied but it is directly based on the fundamental re-
searches of the chemist, the physicist, the geneticist, the botanist
and the zoölogist.

The art of agriculture dates far back into the prehistoric past,
but the science of agriculture is of relatively recent origin. This
is well illustrated by a comparison of agriculture as practiced in
India and in America. In India, where agriculture has been
followed by rote -of -thumb methods for 3,000 years, few improve-
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ments have yet been made. On the other hand, the American
farmer uses machinery, commercial fertilizers, highly pedigreed
plants and animals and modern methods of management, all of
which are the direct result of scientific research. Without this
new information which research has supplied, our farmers would
still be operating as do Indian farmers today, or as did our own
farmers in Colonial times.

Agricultural research is an extremely broad field. It includes
the following branches of science: Plant and animal breeding,
soil and fertilizer studies, irrigation and drainage engineering,
dairy husbandry, plant and animal diseases, horticulture, the
study and control of insect pests, predatory- animal and rodent
control, agronomy, animal husbandry, poultry husbandry, animal
nutrition, farm machinery, agricultural marketing, and several
others. Information in all of these fields is important to a well -
rounded agricultural production, and all of these branches re-
quire the services of well -trained men and women.

Many instances of the enormous value of agricultural research
could readily be cited. For example, to first consider its abstract
value on living standards; In China the coolie farmer works hard
at purely manual labor from sun -up until dark and secures only
the barest necessities of life- coarse food and clothing, and a mud
house to live in. He cannot read nor write. He has no amuse-
ments nor enjoyments. Every few years, due either to famine,.

flood, or disease, thousands die prematurely. He has lived thus
for 4,000 years. On the other hand, what are the conditions of
our rural population? Even in this unprecedented depression,
with low prices and heavy financial burdens, most of our farmers
and ranchers are still riding in automobiles, many of them have
radios, and none are starving to death or suffering from uncon-
trolled disease epidemics. The hardest manual labor, both in
the field and in the home, is often made easier with modern farm
machinery and with electrical appliances. Our farmers read
the daily papers, magazines and books, and enjoy many amuse-
ments absolutely unknown in the more backward countries.
They raise high -yielding crops and pedigreed animals, thanks to
the plant and animal breeders, and use commercial fertilizers and
insect -killing sprays where necessary to increase production and
produce a quality product. All has been made possible through
research work, done almost entirely by our agricultural experi-
ment stations and by the United States Department of Agricul-
ture. There are many things which the farmer can do for him-
self, but there are equally as many things which he cannot do.
He must use the results of scientific experimentation more and .

more if he is to continue to maintain his high standards of living
and, at the same time, successfully compete with the low -priced
labor of other countries when marketing his surpluses.
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The fertilizer industries have resulted directly from soil -
chemistry and plant- nutrition studies. Approximately 45,000,000
tons of commercial fertilizer are manufactured and sold annually
at a cost to farmers of over $600,000,000. These figures should
convince all of the value of agricultural research, for no farmer
will buy and use fertilizer unless it returns him a profit. It would
be interesting to know just how great a profit results from the
use of this enormous amount of fertilizer.

Space does not permit of even briefly mentioning the dozens
of agricultural advances which have been made possible by
science. An article from the pen of Dr. A. L. Mehring, of the
United States Department of Agriculture, appeared in the New
York Times under date of October 7, 1933, entitled, "Research
Alone Averts Famine." Let us quote briefly: "Almost every
year a new insect or plant disease previously unheard of, sud-
denly becomes epidemic and sweeps like wild fire through large
sections. The farmer, unaided, would be helpless before these
unexpected attacks that he did not understand. If disaster is to
be avoided the country must maintain staffs of research workers
competent to find means of controlling or eradicating these pests
in season and out, just as we keep firemen and policemen on
hand all the time."

After explaining how scientific agricultural research had
solved the age -old problem of providing sufficient food and cloth-
ing for the world's constantly increasing population, Dr. Meh-
ring said:

"For many years, as agricultural production became more
efficient, the excess man power no longer required was absorbed
in other industries and this has contributed very largely to the
much higher plane on which we now live. At present, however,
the labor not needed in agriculture cannot be absorbed in other
industries without some drastic readjustment, for nearly all in-
dustries are faced with overproduction. The National Recovery
Administration may, however, bring about this readjustment.

"Destruction of a considerable part of a crop is always effective
in raising prices and justifiable in an emergency, but it would
appear more efficient, when possible, to find some new use for
the part of a crop that cannot be consumed in the usual way at
fair prices. Chemical research of this kind was never needed
so badly as it is now."

Besides the Federal and State Agricultural Experiment Sta-
tions there are several privately endowed agricultural research
organizations under the American flag. The largest of these is
the Experiment Station of the Hawaiian Sugar Planters' Associa-
tion in Honolulu. The sugar- plantation owners of the Hawaiian
Islands organized this station in 1897 to conduct research work
on all problems pertaining to the growing of sugar cane and the
manufacture of sugar. This station was established because it
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was felt that the State and Federal governments did not appro-
priate sufficient money to adequately study all of the problems
of the sugar industry. The land devoted to sugar -cane produc-
tion in the Hawaiian Islands amounts to approximately 225,000
acres, little more than one -half of the area of the Salt River
Valley, yet they spend more than $300,000 annually for the sup-
port of their experiment station. This is about twice the amount
now available to the Arizona Agricultural Experiment Station.
You may well ask: Is such a high annual expenditure for agri-
cultural research profitable to the Hawaiian Sugar Industry?
The writer worked for nearly 5 years in this experiment station
and his answer is, "Yes, very profitable." The men who own
the industry dictate the policies of their experiment station and
they are men who must be shown a profit. In the last 20 years
the sugar production of the Islands has been increased from
around 500,000 tons of sugar per year to 1,000,000 tons without
increased acreage. This 100 percent increase in production has
been due largely to research - superior cane varieties, more in-
telligent fertilization, better insect and plant- disease control
measures, and more efficient milling and manufacturing prac-
tices. The sugar industry, as all know, has been hard -hit by the
depression, yet thus far, their research appropriations have not
been curtailed. The next logical question is: If organized agri-
cultural industries get so much out of research work, why don't
the farmers of this country get better results from their state
experiment stations? The answer is this. In a private organ-
ization the grower is always in close contact with the work of
the research men and, as they are directly paying the bills, they
are always willing to take advice and put into practice the sug-
gestions which the research men make. After the successful
solution of several important problems, a mutual confidence is
built up which is indispensible to the proper utilization of the
results of research. Effective research depends absolutely upon
the active cooperation of the farmer and the scientist.

Problems originate on the farm but must be solved in the lab-
oratory or under controlled greenhouse or field conditions. If
the farmer will observe, and if the scientist will explain, surely
such a partnership will produce results. The scientist should
find out the "reasons why," then the intelligent farmer can work
out his own economic salvation. It is in times of stress like the
present that the results of research are especially needed. To
succeed, farmers and ranchers must raise quality products cheap-
er than their competitors, and we must all learn more about the
economics of present -day social relationships. Only research of
a high order can solve these problems. An increased correspond-
ence shows that many are taking advantage of the services which
the Agricultural Experiment Station is able to offer. Let us all
cooperate for the betterment of Arizona's agriculture!



FORTY -FOURTH ANNUAL REPORT 9

RESULTS OF YEAR'S RESEARCH

COMPOSITION, FORMATION, AND DETERMINATION OF BASE
EXCHANGE COMPOUNDS IN SOILS.

Zeolites, the compounds which impart the property of fixing
mineral plant foods, or exchanging one base (as potassium or
calcium) for another, are components of the clay fraction and the
organic- matter fraction of all soils which exhibit this peculiar
property known as base replacement. A study of the composition
and conditions (especially of reaction) under which these im-
portant compounds are formed and destroyed in soils, is of de-
cided importance, since these zeolites play an important role in
the formation of black alkali in soils and in plant nutrition. The
chemical composition of these compounds has been fairly well
established in our laboratories. In western lands this problem is
of greater importance because of the relation of base fixation and
exchange to such alkali troubles, plant food availability, water
penetration, plasticity of soils, etc. In fact a knowledge of this
problem is of great importance in the handling of western soils.
Base exchange studies are of universal value, for zeolites are
components, in greater or less degree, of all cultivated soils.

During the past year much has been added to our knowledge
of both organic and inorganic exchange compounds and their
reactions and properties.

Every available form of organic matter is utilized in the tillage
of Arizona soils because nature has allowed them to "burn out."
Our interest in the value of organic material is therefore far
deeper than that of the eastern farmer whose soils are already
well supplied and are continually receiving organic supplies from
natural sources. While we are largely interested in improved
tilth, better water holding capacity, and several other soil prop-
erties which are enhanced by organic matter, there is still the
fact remaining that the fixation and exchange properties of soils
are also influenced by organic matter. We have already dem-
onstrated that green manures contain compounds (largely lignin)
which possess the property of fixation and exchange and will im-
prove such properties in soils when plowed under and allowed to
rot. While little consideration is ever given to the amount of
root material left in soil by crops it is nevertheless a fact that
roots play a very important part in building up or maintaining
the organic fraction of the soil. So we have extended our studies
of the exchange properties of organic matter to include roots.
These investigations have given positive evidence that roots pos-
sess an appreciable exchange capacity and that the large quan-
tity of roots left in soils will materially enhance their fixing and
exchange capacity.

Plants are composed of both organic and inorganic compounds.
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the next logical step we extended our studies to determine
what part each played in the exchange property of green

and roots.; This study has established the presence of
oth'rganic and Inorganic exchange compounds in the above

ground parts and roots of plants and suggests that the latter
are synthesized by plants, a property we had previously observed.
or soils. The proportion of inorganic to organic exchange cox
pounds in roots appears to be.. eater th for the above: d

arts t I n ........:. ...................

igure I. howiñg response of alfalfa to Ammo -phos at University,
Farm, Tucson. Left, check border; right, border fertilized with phos-

phate. Note line of demarkation between fertilized and unfertilized
borders.

In connection with this base exchange work, a rather extensive`.
study of replaceable potassium in Arizona soils has been con-'
ducted. Since it is well known that replaceable potassium is
readily available to crops, it is possible through this knowledge`
to learn rather definitely about the potassium requirements of
soils. It was found in this work that Arizona soils are well sup -
plied with replaceable potassium and, except in rare instances,';''
will not require any potassium fertilization for some time t-"
come.

During this work, some distinctive properties of replaceable pot -
assium in our calcareous soils were observed. As distinct from''';
noncalcareous soils, the potassium is not readily replaced by solu-
tions of calcium salts; it has a higher availability per equivale
weight but a lower equivalent solubility in water. In other;'
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words, the calcareous material depresses the solubility of ex-
change potassium and its hydrolysis but does not apparently in-
terfere with its availability. It was shown that the amount of
replaceable potassium in our soils may be increased three fold by
grinding the soil for 72 hours in a ball mill. This demonstrates
the crystaline structure of the major part of the exchange com-
pounds.

SOIL CONDITIONS WHICH INDUCE MALNUTRITION OF PLANTS

Apparently certain plant foods or nutrient elements, may be in
solution and yet unavailable to plants. Plants absorb food in res-
ponse to a definite stimulus, this in turn determines the move-
ment of ions in the plant -soil system and may be due to a differ-
ence in electrical potential between the absorbing surfaces of the
root and the synthesizing centers in the above ground parts. The
station is studying this process from the standpoint of electrical
transference and the availability of plant -food ions in arid soils,
at and below the wilting point, where there is little or no water
movement, as well as at higher moisture contents.

Some time has been devoted during the past year to the study
of potassium assimilation by crops, preparatory to determining
whether or not the chemical nature of our arid soils exercises
any influence on the absorption of this element by plants. Some
of the findings were published in our technical bulletin No. 50.
Briefly, the results show that soil reaction influences largely the
rate of absorption of available potassium, that in most of our
soils, available and water soluble potassium decreases with depth.
Too large amounts of calcareous material in soils depress the
solubility of soil potassium. Loss of replaceable potassium by
leaching with pure water is negligible. Grinding increases the
exchange capacity in inorganic, but does not alter exchange ca-
pacity in organic, soil compounds.

FACTORS WHICH INFLUENCE WATER PENETRATION IN ALKALI SOILS

No question is of more vital interest to the southwestern farmer
at the present time than water penetration which is of course in
part a matter of soil texture and structure. The salts present in
irrigation water materially affect the movement of water in soils
due to the effect of these dissolved salts on the surface tension of
the water. The value of establishing a satisfactory basis by
which water penetration could be predicted, or by which a water
might be chemically changed to improve its penetration quali-
ties, can be easily appreciated by all. Experiments are accord-
ingly in progress to determine the single and combined effects of
the alkali salts: sodium chloride, sodium sulphate, sodium bi-
carbonate, sodium carbonate, calcium chloride and calcium sul-
phate on water penetration of soils. Reaction and organic mat-
ter are among the other variables which will be studied later.
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The results thus far obtained indicate that at any given tem-
perature and concentration of salt solution, the viscosities of
the salt solutions in ascending order are, sodium chloride, cal-
cium chloride, sodium sulphate and calcium sulphate. Increasing
the alkalinity causes a decrease in both viscosity and surface
tension down to 0.001 molal solution, falling rapidly below this
point to that of pure water. Surface tensions of sodium sulphate
are less than those of sodium chloride. The investigations will
ultimately include measurements on soil columns using irrigation
waters of known chemical composition so as to effect a correla-
tion between the physical measurements so obtained with con-
ditions existing in the field thus approaching the practical appli-
cation of the findings.

A MICROBIOLOGICAL STUDY OF ARIZONA SOILS

Studies are in progress dealing with the distribution and ac-
tivities of nitrogen fixing, ammonifying, nitrifying and sulpho-
fying bacteria in Arizona soils.

Here in the southwest we are particularly interested in the
so- called Azotobacter population of our soils for these are the
organisms which are able to withdraw gaseous nitrogen from
the air and fix it as protein nitrogen in the soil. Having shown
that it is difficult for plants to use phosphorus in alkaline soils
and knowing that phosphorous is one of the essential foods for
soil bacteria, a study was made of the effect of soil reaction on
the ability of Azotobacter to utilize phosphorus. It was found
that they act like the higher plants and are not able to feed
on soil phosphorus at a highly alkaline reaction. In other words
they demand phosphate in the form of the H2P0, ion. If a nutri-
ent solution of Ph 8 to 10 is inoculated with a suspension of Azo-
tobacter there is no assimilation of phosphorus until the alkalin-
ity has been reduced by the growing bacteria expelling carbon
dioxide to approximately pH 7.6 at which point the organisms
will feed normally and fix nitrogen.

In another study it was shown that nitrogen fixed by Azotobac-
ter in solutions containing varying amounts of phosphorus fol-
lowed closely the law of Mitscherlich and when values for k,
in Mitscherlich's formula, were calculated, fairly constant results
were obtained showing again that these organisms respond to
phosphorus in the same manner as do higher plants.

A biochemical study has been conducted on the four species of
Azotobacter namely agilis, chroococcum, beijerinckii and vine-
landi. Nitrogen distributions were studied according to the
method of Van Slyke and proximate analyses were made accord-
ing to the methods of Waksman and Stevens. This investigation
will be published elsewhere. Suffice to say here, that there was
a pronounced chemical similarity between A. agilis and A. vine-
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landi and also between A. Chroococcum and A. beijerinckii, in-
dicating a very close relationship between the organisms thus
paired.

MAINTAINING PERMANENT FERTILITY IN IRRIGATED SOILS

For years, in most of the older irrigated districts of the West
and Southwest, there has been noticed a gradual but definite de-
cline in yields and in quality of crop plants grown. Among those
which have been adversely affected may be mentioned, citrus
fruits, cotton and alfalfa as outstanding examples. Many fields
in southern Arizona as well as in the Imperial Valley of Cali-
fornia which 15 or 20 years ago produced 1.5 bales of cotton lint
per acre now do well to produce three -quarters of a bale. Areas
which regularly yielded 6 or 7 tons of alfalfa now yield 4 tons.
The early decline of citrus groves in these districts during recent
years has also caused much alarm. The factors operating to bring
about these results are not definitely known but suspicion is
strongly directed toward unfavorable soil conditions such as lack
of fertility; over irrigation resulting in improper aeration; the
presence of alkali salts; tight subsoil conditions due to colloidal
dispersion, causing a lack of water penetration; high soil tem-
peratures, or low bacterial activity. Obviously this is a subject
of the utmost importance to the irrigation farmers of the south-
west.

In order to learn more about maintaining the fertility of ir-
rigated soils, a fundamental study of soil conditions inimical to
crop production in semi arid soils under cultivation has been in
progress for several years. Since the inauguration of this study,
six bulletins have been published dealing with phosphate avail-
ability and phosphate absorption by plants in arid, calcareous
soils. As these investigations are being carried into the field
we are accumulating more and more evidence of the profit in
using soluble phosphate fertilizers. An accompanying illustra-
tion shows the response obtained on alfalfa at the University
Farm in Tucson. In this experiment the yield of alfalfa was
practically doubled by soluble phosphate fertilization.

Further work on the electrodialysis method as a means of
measuring soil phosphate availability has been done. We find
that when a weighed amount of soil is subjected to electrodialysis,
it will yield phosphate, to the solution, very rapidly for a limited
time, after which no more phosphate can be removed except by
increasing the amperage. That is, the amount of phosphate given
up by a soil is a constant for any amperage (the amount of cur-
rent passing) and this constant will vary for different soils. The
relation between this constant and phosphate availability as
measured by the Neubauer test with growing plants and field ob-
servations has thus far shown good correlation.

Following up a theoretical study of soil phosphates, published
in our Technical Bulletin No. 42, a study has been made of the
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chemical properties of several solid, relatively insoluble phos-
phates of calcium occurring in soils with reference to reactions
they undergo in the soil and how these changes affect phosphate
availability. Carbonato- apatite, the chief solid phosphate present
in calcareous soils, was prepared by several methods and found
to have a composition agreeing very closely with the theoretical
calculated from the formula. This is the first time the compound
has been prepared in the laboratory. Solubility and equilibrium
studies were made on this compound with solutions of NaC1,
Na2SO4, CaC12, CaSO47 and Na2CO3. It was found on plotting that
in dilute solutions up to a limiting concentration, all of these salts
except sodium carbonate increase the solubility of carbonato-
apatite. Beyond this limit calcium salts decrease the solubility
while sodium salts continue to increase it. In dilute solutions
the increase is to be attributed to the neutral salt effect. In the
case of sodium carbonate, the effect is probably due to the higher
pH. Conversion of dicalcium phosphate into carbonato- apatite
proceeds readily in presence of sodium carbonate, but the re-
verse change does not take place easily. Thus, under calcareous
conditions, carbonato- apatite is the stable phase and governs the
equilibrium. The effect of carbonic acid on the solubility was
found to be closely in accord with the theoretical formula de-
rived in Bulletin 42.

In addition to the phosphate studies being conducted on this
project a study of potassium relations has been taken up. While
potassium is usually the last plant food to be exhausted in arid
soils, there was need for more information on this subject. A
large number of soils have been examined, and comparisons
made with soils from other parts of the United States. The data
thus far obtained show that Arizona soils are amply supplied
with potassium and that it is readily available to plants. While
the solubility in water is low, it reacts quite easily to the sol-
vent action of carbonic acid and is therefore of high availability.

A LYSIMETER STUDY OF THE NITROGEN BALANCE IN IRRIGATED
ARID SOILS

Nitrogen has long been recognized as a limiting element in
crop production, particularly in humid regions. It has been
noticed that arid soils do not lose their nitrogen as rapidly as
humid soils when cropped in the same manner.

Experiments to determine the nitrogen content of soils after
long periods of cropping have been made in cultivated fields using
adjacent virgin soils as controls. Some instances have been noted
where the nitrogen content of the soil has apparently increased
after several years of cropping, due undoubtedly to non -sym-
biotic nitrogen fixation by bacteria or to other causes.

In 1930 a project for the study of the effect of long -time crop-
ping under controlled conditions on the nitrogen content of arid
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soils was started. A series of 12 square, concrete soil tanks
4 x 4 x 5 feet deep, were made available for the work, and were
filled with definite amounts of two soil types typical of central
and southern Arizona. Tanks 1 -6 received 5726 lbs. of water free
Gila Clay and contained 4.88 pounds or 2213.5 grams of nitrogen.
Tanks 7 -12 received 5019.5 lbs. of water free Mohave Clay. This
soil contained 2.63 lbs. or 1195.2 grams of nitrogen.

During the winter of 1930 -1931 a test crop of wheat was grown
on each of the plots and in the spring of 1931 a good standard five
year rotation was begun. A tank rotation which is begun with
cotton, for example, will have cotton, hegari and wheat, alfalfa,
alfalfa, and alfalfa before going back again to cotton.

The crops of two full years have already been analyzed for
nitrogen. These give an indication of amounts of nitrogen which
may be removed yearly by the different crops. Cotton may re-
move between 15 and 20 grams per season, hegari about 40, wheat
about 20 and alfalfa 50 grams. Thus we find over 130 grams of
nitrogen removed in a single rotation. If nitrogen were not add-
ed to these soils by rainfall and by symbiotic and non -symbiotic
nitrogen fixing bacteria, and crops continued to remove nitrogen
at the present rate, the soils would be completely exhausted in
40 years in one case and 75 years in the other. It is too early yet
to predict the future level of nitrogen in the soil, but at 5 or 10
year intervals the soils will be analyzed to note any loss or gain
in total nitrogen.

GRAPE FRUIT MATURITY

With the cooperation of the Horticultural Department which
collected the samples, a preliminary study has been made of the
factors influencing the date of maturity of grape fruit. Since
the earlier fruit usually commands a higher price, and since some
orchards in the Salt River Valley mature earlier than others, the
factors inducing early maturity are of great value. Samples of
soil (first, second and third foot separately) and samples of
leaves (new growth) were taken from nine groves the fruit
of which was early in passing the maturity test, and nine which
were late. Chemical and mechanical analyses of the soils and
chemical analyses of the leaves were made.

The mechanical analyses of the soils showed no outstanding
correlation except that a slightly higher clay and silt content was
found in the soils from the late groves.

Chemical analyses of the soils indicated that the soils contain-
ing the richest store of plant food, especially where nitrogen and
potassium were highest, produced the latest fruit. (The fruit
had a longer growing period) .

The chemical analyses of the leaves yielded the most promising
data. Calcium was consistently higher in the leaves from early
groves as was also the percentage of ash in the leaves, the per-
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centage of ash insoluble in water, and the alkalinity of the in-
soluble ash. Soluble ash was found to be the same in both sets
of leaves. The data suggest that gypsum (calcium sulfate) might
induce early maturity. Since conclusions cannot be drawn from
a single year's study we plan to repeat the analyses of soils and
leaves each year until definite conclusions can be drawn from
the data.

MOTTLED ENAMEL OF HUMAN TEETH IN RELATION TO FLUORIDE
CONTENT OF DRINKING WATERS

In July, 1932, the Station published Technical Bulletin No. 43
which was a cooperative study by the Departments of Human
Nutrition and Agricultural Chemistry. This bulletin covers a
study of the fluoride content of over 150 Arizona drinking waters,
with correlation of the presence or absence of mottled enamel
of human teeth and its severity.

After the publication of this bulletin, water studies were con-
fined more largely to the areas in which mottled enamel was
found during the first part of the investigation. As a result,
waters sufficiently low in fluoride content to be safe for drinking
have been found for Douglas, Ajo, Oracle, St. David, Artesia,
Pomerene, Sacaton, St. Johns and Sol.omonsville as well as for
the rural communities surrounding Chandler, Gilbert, Mesa,
Phoenix, Safford, Tucson, Willcox, and Yuma. Other communi-
ties such as Florence, Gila Bend, Buckeye, Wellton, San Simon,
Sentinel, Arlington, Palo Verde, Aztec, Duncan, Hayden, Kelvin,
Roll and Tacna seem at the present to be located in a region
where waters of low fluoride content are unavailable.

Additional work on the method of determining fluorides in
waters has shown the Fairchild method to give results consist-
ently higher than results obtained by the Willard method or the
Foster method. The toxic level which had been set at 2.0 parts
per million by the Fairchild method will have to be revised down-
ward, probably to less than 1.0 part per million when results are
obtained by the Willard or Foster methods.

GROUNDWATER STUDIES

Groundwater studies in progress on the Pima Farms area have
been continued. The small draft upon the groundwater reservoir
since 1930 has resulted in a general recovery in the water level
over the project area. This has afforded means for the study of
volumetric recharge and depletion under conditions of a light
pumping draft and a slowly rising water table as compared
with those which occurred with the excessive pumping draft and
lowering water table of previous years. There are indications
that the shape of the water table as it extends away from the
immediate zone of pumping is not the same for these different
conditions even though the water levels within the pumping



FORTY -FOURTH ANNUAL REPORT 17

area should show a complete recovery of the water table. The
rapid recovery of the water table in the pumping area which
follows heavy pumping does not mean that recharge to the
groundwater basin has taken place to the same extent, for the
water table along the sides of the basin may continue to lower
for some time and furnish the supply for this apparent recharge
in the pumping area.

Since the primary source of all water within a closed drainage
basin such as the Santa Cruz, in which the Pima Farms Company
project is located, is the precipitation upon the drainage basin,
a detailed study of the precipitation and its relation to runoff has
been made. Runoff from the drainage above the pumping area
constitutes an important source of direct recharge to the ground -
waters through seepage losses from the stream channels of the
Santa Cruz and Rillito Rivers within the project boundaries.

Stream gaging stations are maintained on the Santa Cruz River
at Tucson and on the Rillito River about 5 miles north of Tucson
by the Water Resources Branch of the U. S. Geological Survey.
Both of these stations are above the pumping area of the Pima
Farms Company project. The drainage area above the gaging
station is 3003 square miles while that above the lower end of
the pumping area in the project is 3430 square miles. Records of
runoff are available for the past 26 years on the Santa Cruz and
for 23 years on the Rillito. The combined mean annual discharge
of the two streams is 39,700 acre -feet.

A precipitation map of the drainage area has been prepared
which shows the lines of equal rainfall based upon a study of
records from 47 precipitation stations. Records from all stations
were corrected for the long term mean upon the basis of the 57
year record at Tucson, which is the longest record of precipita-
tion in the drainage basin. A special study of the relation of
precipitation to elevation was necessary because of the small
number of precipitation records at elevations above 5000 feet.
It was found that the straight line, E = 190.5 R -f- 540 in which
E is the elevation in feet above sea level and R is the precipita-
tion in inches per year represents this relationship reasonably
well for mountain areas according to existing records. Thus the
annual rainfall in the drainage area varies from about 11.5 inches
at Tucson to a computed value of about 39 inches at an elevation
of 8000 feet. The average precipitation over the entire drainage
area above the lower end of the pumping area was found to be
about 17.5 inches per year.

A special study of the relation of runoff to precipitation has
been made for the period 1922 -1932, inclusive, paralleling the
period for which records of pumping are available on the Pima
Farms project. The results of this study have been condensed
and are presented in the accompanying table.
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RELATION OF RUNOFF TO PRECIPITATION IN THE SANTA CRUZ
AND RILLITO DRAINAGE BASINS ABOVE TUCSON, ARIZONA.

Year
Percent of

mean annual
precipitation

Computed
precipitation
in acre -feet

Runoff
in

acre -feet

Ratio of
runoff to

precipitation
1922 93.5 2,665,000 13,900 0.005
1923 79.2 2,262,000 22,400 0.010
1924 88.2 2,516,000 9,450 0.004
1925 63.1 1,800,000 11,700 0.006
1926 114.2 3,259,000 22,100 0.007
1927 109.2 3,116,000 7,720 0.003
1928 67.8 1,934,000 4,320 0.002
1929 105.0 2,996,000 51,100 0.017
1930 105.0 2,992,000 18,680 0.006
1931 134.7 3.840,000 49,400 0.013
1932 102.0 2,909,000 29,500 0.010

Average 96.5 2.753.000 21.800 0.0077

Due to areal and seasonal distribution of rainfall as well as
variation in intensity, the ratio of runoff to total precipitation is
not at all consistent. It has its lowest value in years of least pre-
cipitation and its highest value during years of greatest precipi-
tation. It is important, however, to note the extremely small
value of this ratio. Even in those years of maximum precipi-
tation the runoff is found to be less than 2 percent of the total
precipitation.

The structural features of both the Santa Cruz and Rillito
valleys are such that it may be definitely determined that only
a negligible amount of recharge to the pumping area of the
Pima Farms Project occurs in the form of underflow or ground-
water movement from the upper portions of the drainage basins.
Recharge is confined almost entirely to that from seepage from
flood flows in the lower reaches of the Santa Cruz and Rillito
stream channels and their tributaries, and to the underflow from
those areas directly adjacent or tributary to the pumping area.

A special study of groundwater conditions is being made at
the Flowing Wells Crosscut in the Santa Cruz Valley near the
base of Sentinel Peak. An underflow collecting pipe line was laid
across the valley in a crosscut trench and connected to 20 shallow
drilled wells and designed to intercept the underflow down the
valley. As a collector of underflow by gravity the system has
not proven very effective as evidenced by the very slight de-
pression of the water table in its immediate vicinity. This area
constitutes the principal source of water supply for the Flowing
Wells Irrigation District.

The Department also prepared the engineering report submit-
ted by the Irrigation District to the Reconstruction Finance Cor-
poration in their request for a loan for the purpose of consum-
mating the financial reorganization of the District.
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PUMPING MACHINERY

In cooperation with the Cortaro Water Company, field tests
have been made of 31 motor -driven, direct -connected, deep -well
turbine pumps on the Pima Farms Company project. This af-
forded opportunity to study the effects of length of service on the
capacity and efficiency of pumps, a subject on which very little
data is available. At the time of last installation, these pumps
were designed to operate at a pumping lift approximately 20 feet
greater than that found in the 1933 tests. Comparative data for
15 pumps from the tests made in 1931 and 1933 are given in the
accompanying table.

COMPARATIVE DATA FROM PUMP TESTS OF 1931 AND 1933 ON
PIMA FARMS COMPANY PROJECT

Well Total Head Discharge Pump Eff. Years

No. 1931 1933 1931 1933 1931 1933 Ser-
vice*

Ft. Ft. Cu. Ft. /Sec. % %

8 -B 83.5 78.8 3.28 3.07 61.9 52.9 5

8 -J 91.6 81.2 3.06 3.46 59.8 57.0 12

16 -C3 94.3 84.8 2.90 3.14 68.2 64.0 9

16 -D2 89.2 75.0 3.08 3.38 64.3 61.0 9

16 -F2 84.9 76.5 2.77 2.82 61.1 54.8 8

16 -P 93.8 87.4 3.12 3.56 65.8 64.6 5

17 -I2 84.9 70.2 2.70 2.79 64.2 51.3 9

17 -P1 81.6 71.4 2.82 2.96 62.0 57.6 8

17 -P2 93.0 73.7 2.00 2.24 59.0 52.6 5

20 -A 81.5 67.8 3.02 3.02 62.8 51.8 4

21 -0 86.6 75.6 2.78 2.76 62.2 52.2 7

22 -P 84.5 77.8 3.66 3.92 66.6 65.2 7

27 -N 76.4 69.0 2.51 2.50 57.0 48.0 5

27 -L 89.2 82.4 2.26 2.55 62.5 60.2 9

35 -H 98.1 96.6 1.90 2.00 55.6 55.4 8

Average 87.5 77.6 2.79 2.94 62.2 56.6 7.3

*In 1933
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Characteristic curves are not available for pumps at 8 -B, 17 -P2,
27 -N, 27 -L and 35 -H. Of the remainder of the pumps, those at
1.6 -C3, 16 -D2, 16 -P, and 22 -P apparently continue to maintain their
original efficiency and capacity for the conditions under which
they are operating. But in general the effect of length of ser-
vice is reflected in the lower capacity and decreased efficiency as
compared with the original test curves for the pumps. There
also appears to be some evidence that those pumps which have
been idle for several pumping seasons, including 8 -B and 27 -N
have deteriorated fully as much if not more than pumps which
have been operated continuously during the pumping season.
It would be good practice therefore in pumping plant operation
for each idle pump to be run for at least a few hours twice a year,
at which time the pump should be given a complete lubrication.

The decrease of 10 feet in lift or 11.3 percent under ordinary
conditions should have resulted in an approximate saving in
power of the same amount. Operation of the pumps under con-
ditions for which they were not designed together with the nor-
mal decrease in efficiency due to corrosion and wear has re-
sulted in the low average efficiency of 56.6 percent which prac-
tically offsets the saving due to the 10 feet decrease in pumping
lift. The average efficiency of the entire group of pumps should
be brought up to at least 65 percent by re- conditioning or re-
building with a resultant saving in power sufficient to pay for
the changes in one or two years.

The project has been in operation 13 years and during this
period between 2 and 3 changes in pump bowls has been made
at each well. Under these conditions the determination of a fair
value for depreciation of deep -well pumping plants becomes
difficult. Rapidly changing water levels and resultant capacity
of the wells, together with obsolescence, become of much greater
relative importance than the factor of depreciation alone.

CONTROLLING SOIL TEMPERATURES IN CITRUS ORCHARDS

Studies started in the spring of 1932 on various methods of con-
trolling summer soil temperature* were continued this year. An
additional plot of 39 trees was planted March 2 in order to test
Sesbania as a cover crop for comparative study with the four
methods previously, which are, an alfalfa cover crop, a cowpeas
cover crop, a dry -straw mulch, and weekly irrigations on bare
soil. The value and relative merits of the methods studied are
being shown by the varying growth and development of the trees.
Records are kept of the soil moisture, soil temperature, and
depths of irrigation.

*Note: Ariz. Agric. Expt. Sta. Tech. Bul. 37, Chap VI. It is shown that
it is desirable and practicable to control soil temperatures in young or-
chards on the Yuma Mesa from the middle of June to the middle of
September.



mposite pictuf '> ho i `trees in dur "a `ë plots is ex-
hibitéd in Fig. 2, The temperature records over ' 24 -hour period
for the 5 plots, and also for desert soil and soil under taxer,
are shown in

Figure 2. -Four views in temperature control plots. A, young cite s tree
in plot on bare soil; B, tree in plot with cover crop of alfalfa; C, tree in

cowpeas plot; D, tree in plot where dry Hubam straw mulch is used:

The alfalfa cover crop did not produce satisfactory shading dur-
ing the early summer of 1932 which may be attributed to several,;
causes. It was planted in March about three and half months
before the time when shading ç. f, the ground around the young
trees was needed. A good standstatitt ' was secured, but the plants'-'
grew slowly and were set back''' severely by rabbits before a.
woven wire fence was provided to protect the cover crops. By
the end of summer the soil temperature at one foot deep aver-
agd about 4' F. lower than the check plot which was subjected
to weekly irrigations.
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In 1933 the alfalfa plot was reseeded and cultivated in late
January, and by June 14 the young alfalfa plants were about 8
inches high. Also, the older alfalfa had stooled out considerably
and was growing vigorously. It was estimated that the younger
and older alfalfa together were shading about 80 percent of the
ground surface. Readings of soil temperatures at one foot depth
over a 24-hour period September 14 -15, showed a cooling by
the alfalfa of 7° to 8° (see Fig. 3).

Despite the cooling by the alfalfa cover crop, the trees on this
plot have made very little growth, and are far behind the trees
subjected to the other methods of temperature control. It is
thought that the trees on this plot may be deprived of plant food
by the alfalfa. Attempts have been made to help the trees by
three applications of sodium nitrate in the irrigation water.
No beneficial results were shown in the condition of the trees,
although the alfalfa grew more vigorously.

The upper three -fourths of each row on one of the test plots
was seeded to Whippoorwill cowpeas May 31, 1932, and although
the seed had been treated with a culture of nodule bacteria at
planting, the plants were weak. The lower one -fourth of each
row was planted on the same date to Brabham cowpeas which
attained more than twice the size of the Whippoorwills. The
cowpeas were held back in June and July by aphis, but made
better growth after dusting with nico -dust. This year Brabhams
were planted May 22 and are providing good shade except around
a few trees where the seed was not sown evenly. The cooling at
one foot depth on September 14 as shown in Fig. 3 was from 3
to 4 degrees, but the density of shade around the thermometer
was below average. A lowering of 7 degrees was found in 1932
under the Brabham cowpeas where the shading was nearly 100
percent.

At the present time a dry straw mulch is proving to be the
best of the methods studied for controlling the summer soil
temperature on the Yuma Mesa. A mat of freshly cut Hubam
clover about 6 feet in diameter and 10 inches thick was placed
about each tree on one of the test plots on June 15, 1932. It af-
forded excellent control throughout the summer as was evidenced
by weekly readings of a thermometer placed one foot deep in
the soil under the mulch. Temperature readings at 2-hour in-
tervals on August 2, 1932, showed the maximum daily tempera-
ture under the mulch to be 9 degrees lower than in soil without
a cover protection. As shown in Fig. 3, a similar set of readings
made September 14, gave an equal amount of lowering under the
similar mulch of Hubam clover straw placed about the trees on
June 12 of this year. The trees of this test plot have made splen-
did growth and are larger than trees of the same age on any
of the other test plots.
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Sesbania was planted in the fifth plot July 3. It grew very slow-
ly during the early summer which was probably due to the fact
that it was planted on virgin desert soil without inoculation of
nodule- forming bacteria. The plants attained an average height
of about 4 feet by the middle of September at which time they
were estimated to be furnishing 65 to 70 percent shading. The
temperature advantage, as can be seen on Fig. 3, is comparable to
that of the cowpeas. It is expected that next summer a better
stand and better growth will be obtained on this plot.

In establishing the comparative values of the methods of tem-
perature control, consideration must be given to the relative
amounts and costs of irrigation water required. (All the test .

plots were laid out carefully to have a slope of 0.1 foot in 104
feet. The bare plot having no obstruction to flow has required .

the smallest head of water in each row.) Alfalfa as a cover crop
on the light sandy soil of the Yuma Mesa requires frequent irri-
gations in summer. Starting June 19 it was necessary to place
the alfalfa plot on a weekly schedule and in the extreme hot
weather of August it was irrigated twice weekly. The total
depth of water applied to the alfalfa from January 1 to September
15, not including 2.31 inches of rain, has been 75 inches. Assum-
ing that 12 more inches will be required for the remainder of the
year, there will be a total of 87 inches applied to the alfalfa.
Some of the irrigations were excessively heavy due to obstruction
to flow given by the thick planting.

In contrast to the alfalfa, the plot with the straw mulch went
through the warmest months on a 2 -week schedule of irrigations
and the depth applied from January 1 to September 15 has been
34 inches. The annual total will be about 42 inches or one half
of the total depth applied to the alfalfa.

The Sesbania and the cowpeas have required frequent irriga-
tions but unlike the alfalfa and straw mulch have not offered
much obstruction to the flow. The short growing season of these
cover crops tends to a low annual water requirement in contrast
to the alfalfa which is dormant for only a very short while in
winter.

In order to test the influence of a tarpaper cover, a small basin
12 feet square was prepared and irrigated in June of this year.
Twenty -four hours after the irrigation, five strips of one -ply black
tar roofing paper were laid down and lapped so as to provide a
continuous tight cover over the wet soil. Loose soil was thrown
back over the tar paper to give a cover layer of 2 inches depth.
Temperatures taken at weekly intervals through the summer at
one foot depth under the tarpaper were consistently higher than
at the same depth in the bare plot subjected to weekly irrigations.
(See Fig. 3.)
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DOWNWARD MOVEMENT AND WATER- HOLDING CAPACITY

Tests of downward movement and water -holding capacity were
conducted on virgin desert soil on the Yuma Mesa in small bare
basins during the 1932 season. One basin was irrigated November
24, again on March 29, and again on July 1. The depth per irri-
gation was from 51/2 to 8 inches and in each case was considered
sufficient to wet the soil to its field capacity to a depth .some-
where between 8 and 15 feet. Soil samples were taken weekly
beginning 2 days after each irrigation. The result of the moisture
tests gave rise to the following conclusions.

1. The effect of surface evaporation is confined within the top
foot of the soil for three months or more following an irri-
gation.

2. The retentivity or water - holding power is much less in
summer than in winter.

3. The rate of downward movement is greater in summer than
in winter.

4. The downward movement continued at least two months
after an irrigation.

5. The field- water -holding capacity when defined as the per -
centage of moisture held by the soil one or two or three days
after an irrigation is not a definite term.

A new bare basin was prepared on raw Yuma Mesa soil this
year for further study of downward movement. It was provided
with a canvas shelter for use during storms to keep rainfall from
disturbing the soil moisture condition. The basin, however, was
uncovered during all clear weather. In contrast to the previous
year much heavier irrigations were applied. The winter irriga-
tion consisted of three 10 -inch applications. The first was applied
December 19, the second on December 20, and the third on Janu-
ary 3. A spring irrigation of 15 inches depth was given April 13,
and a summer irrigation of 111/2 inches was applied June 9.
Sampling after irrigations was conducted in the same manner as
was done the previous year except that a special scheme of plac-
ing sample holes was adhered to in order to minimize errors that
could occur from slight variations of soil texture within the basin
area.

Comparisons of a winter and summer sampling series for this
year did not exactly corroborate quantitatively in some respects
the work of the preceding year on the same soil type. Thus, it
was found this year that water retentivity in summer was only
one -half of 1 percent lower than that of winter, whereas in the
previous year a difference of 11/2 percent was found at the same
depth range. (The portion of the soil column used in these com-
parisons was from 3 to 6 feet deep.) Also, the results of this year
showed the downward movement to slow down to a comparative
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standstill in about 4 weeks following an irrigation, which is in
contrast to last year when it continued for 2 months before reach-
ing an equivalent degree of slowness.

It seems likely that the difference in behavior of the downward
movement in the 1932 and this year's study is the result of using
much heavier irrigations in the new basin tested this year, and
thereby reducing the downward capillary gradient.

THE FINANCIAL REHABILITATION OF IRRIGATION AND DRAINAGE
DISTRICTS

Under this title a bulletin has been prepared and published.
It includes a tabulation of all the irrigation, power, electrical, and
drainage districts organized in Arizona and shows their present
financial status. The total number of these districts is 50. Nine-
teen of them have outstanding bonded indebtedness, and of this
number 14 districts are in default.

The purpose of the bulletin is three -fold: first, to show the
hopelessness of many of the districts under the present load of
debt and delinquent taxes, and that the only way out of the diffi-
culty is through a survey of the ability of landowners to pay
under present and probable conditions, and a compromise of the
debts on that basis; second, to detail the steps necessary, to bring
bondholders and landowners together, and to conduct the neces-
sary soil, engineering, and economic surveys, and further to sug-
gest various terms of settlement, one of which is the payment to
bondholders of an agreed -upon amount in cash; third, to urge
that state and county taxes be compromised on the same terms
as accepted by the bondholders, since taxes levied to meet the
bond obligation are on a parity with state and county taxes.

Since the publication of the bulletin the Congress of the United
States appropriated $50,000,000 for refinancing reclamation dis-
tricts.* The fund is administered by the Reconstruction Finance
Corporation, which has organized a new division known as the
Drainage, Levee and Irrigation Division. Before a loan is au-
thorized, an appraisal of the district must be made, and it must
be determined that the project is economically sound. The act
states that the loan is for the purpose of enabling the district "to
reduce and refinance" its indebtedness, and requires that an agree-
ment be made with the bondholders "at a price determined to be
reasonable after taking into consideration the average market
price of the bonds over the six months' period ending March 1,
1933, and under which a substantial reduction will be brought
about in the amount of indebtedness." The loans are to be at 4
percent and may be amortized over a long period of years. The
time limit for making loans is "prior to January 23, 1934."

*This appropriation is a part of the emergency farm mortgage act, ap-
proved May 12, 1933.
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The districts in Arizona should make immediate efforts to
qualify themselves for these loans, not only to save themselves,
but for the welfare of the State. The writer visited the offices of
the Reconstruction Finance Corporation at Washington to present
the case of the Arizona districts, and in particular the case of the
Flowing Wells Irrigation District, which has already come to an
agreement with the bondholders. Two questionnaires have been
sent to the districts to determine the present conditions and to
stimulate action.

The soil, engineering and economic surveys should be made by
technically trained men. These men should be independent and
neutral and not controlled by either party to the compromise.
They should be agreed upon by the landowners and the bond-
holders committee in advance. The personnel of the agricultural
college shoiild be drawn upon for the surveys, for they have both
the technical training required and familiarity with local condi-
tions. Also bureaus of the Federal Government may detail some
of their technical personnel to assist in the surveys if requested.
The Bureau of Agricultural Engineering has been making just
such surveys for distressed districts in other western states for
several years. The interests of the community and the State in
the rehabilitation of defaulting districts are so . vital that the
State should contribute one -third of the expense incident to the
reorganization.

COTTON BOLL SHEDDING

An investigation on the effect of periods of water shortage of
varying lengths upon internal plant structure, and upon changes
in the amount and utilization of food supplies as affecting boll
shedding has given significant results.

Moderately high concentrations of plant food in the cell sap,
when accompanied by moderate plant growth, were followed by
little shedding. Evidently under these conditions, sufficient plant
food was present fo provide for moderate plant growth and also
for the needs of most of the flowers and bolls. Conversely, when
the supplies of plant food within the plants were low, rapid
growth was stimulated and high boll- shedding was induced, be-
cause of insufficient food supplies for both the excess vegetative
growth and also for fruiting purposes. Extremely high osmotic
pressures (concentrations of plant food in the cell sap) when
caused by severe shortages of soil moisture, were followed by
much shedding. Microscopical examinations of cross sections of
the stems, collected during such extreme conditions, indicated
that the cambium was very inactive and the last cells produced
were small and thick -walled. The inactivity of the cambium, the
thickening of the cell walls, and the high carbohydrate content
would indicate that although the supply of plant food was high.
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it was used to build thick walls in cells already formed, and for
storage purposes. As a consequence, the amount of available food
being used for growth in the rapidly developing young bolls was

Figure 4. -This plot of cotton, grown on the University Farm at Tucson,
yielded 3.3 bales to the acre. Crop rotation and proper irrigation were

the principal contributing factors to this phenomenal yield.

too limited and shedding resulted. Thus, the amount of
available soil moisture, through its influence upon the supplies of
plant food within the plants and as it affects the utilization of
food in different parts of the plants, is a major factor in boll
shedding.

A PHYSIOLOGICAL FACTOR AFFECTING LENGTH OF COTTON FIBERS

During the first part of the flowering period a good negative
correlation was obtained between osmotic pressures in the sap of
leaves collected when the bolls under consideration were 15 days
old, and the length of lint subsequently developed. Previous in-
vestigations had shown that Acala cotton fibers elongate more
rapidly in bolls 15 days old than at any other time, and it was
assumed that factors affecting length of lint would be most influ-
ential at that period. Low osmotic pressures during the fore part
of the fruiting period while cotton plants are normally making
rapid growth, are associated with rapid vegetative development
during the first part of the fruiting period unless environmental
conditions are of such a severity as to inhibit plant activity almost
completely.

When the season has advanced to the point that plant growth
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has become materially reduced osmotic pressure and lint length
show a positive correlation. The competition between vegetative
and fruiting parts for plant food then is not so keen as earlier in
the season.

These results indicate that on fertile soils where cotton plants
are likely to become over vegetative, maximum lint length can
best be obtained under moderate soil moisture conditions and
that excessive irrigation, particularly during mid -season, will
reduce the length of lint.

COOPERATIVE COTTON TESTS

The Stoneville variety of cotton, which was introduced into the
Yuma Valley through the variety tests, has created more interest
among growers than any other cotton introduction of recent
years. This section needs an early maturing variety which will
escape damage from Texas Root Rot, late summer insect damage
and early fall silt loads in the irrigation water. The Stoneville
puts on a heavy load of early bolls, thus escaping much of the
damage experienced by later maturing varieties.

Stoneville was also included in the variety tests in the Upper
Gila district around Duncan. This is a short -season district and
the Stoneville is meeting with considerable favor among the
growers.

COTTON GRADE AND STAPLE WORK

Cotton grade and staple estimates have been conducted by the
Agronomy Department of the Arizona Experiment Station in
cooperation with the Bureau of Agricultural Economics of the
U. S. Department of Agriculture for the past five, years. The
work is done as follows: From selected gins in each of the major
cotton producing districts, samples are taken from each bale
throughout the ginning season. The samples are sent to El Paso,
Texas, for classification as to staple length and grade by a com-
petent cotton classer.

Results from this project furnish an accurate source of infor-
mation as to the quality of the crop of each season and from
year to year indicate whether the crop from any given district is
being decreased, maintained, or improved in quality.

A brief discussion is given of the data as gathered for short
staple cotton from a representative gin at Safford, Coolidge
Peoria, Mesa, and Yuma. In this discussion only the crops for
1931 -32 and 1932 -33 are compared. Grade comparisons will be
made first, followed by a summary of staple length differences.

Safford, long known in Arizona for its production of high qual-
ity cotton, continued in that role in 1932 -33 but was surpassed by
the newer Coolidge district in 1931 -32. The respective percent-
ages of the total crop grading better than Middling Extra White
were as follows: Safford, 1931 -32, 29.0 percent; Coolidge, 56.8
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percent; 1932 -33, Safford, 85.5 per cent; Coolidge, 82.1. Peoria
ranked third in grade with 36.0 and 55.5 percent better than
Middling, then Yuma with 15.2 and 43.3 percent; and Mesa, show-
ing a decline in grade, with 36.2 and 33.6 percent for the two years.

In staple length also Safford is outstanding. Twenty percent
of the 1931 -32 crop from that district was Pk inches or more in
staple length, the amount being increased to 50.8 percent in 1932-
33. The cotton from Peoria and Coolidge also was improved in
staple in 1932 -33, having the bulk of the crop in the 1 -1 /16 and
1 -3/32 inch group. Mesa produced more 1- and 1 -1/32 inch
growths in 1932 -33 than either Peoria or Coolidge and much less
cotton stapling from 1 -1/16 to 1 -3/32 inches. Yuma staple was
poorest, running mainly to 15/16 and 1 inch lengths.

Briefly, it has been shown that during the past two years Saf-
ford and Coolidge made the most improvement in grade of cotton
while Mesa showed an actual decrease. All districts except Mesa,
which held about the same, produced definite improvements in
staple lengths.

In summarizing, Safford, Coolidge, and Peoria have all made
marked progress in the quality of cotton produced, while Mesa
and Yuma indicate a definite need for improvement.

Pima cotton samples were classed from Scottsdale and Peoria
districts for the past 2 years and from Coolidge during 1932 -33.
In 1931 -32 Peoria produced the greatest percentage of high grade
Pima, but Scottsdale went well ahead last year. Rather surpris-
ingly, Coolidge, in its first year with any considerable Pima acre-
age, produced a greater percentage of Pima l's and 2's than
either Scottsdale or Peoria. Coolidge district Pima had a staple
length about equal to Scottsdale in 1932 -33, but the staple length
at both Peoria and Scottsdale fell off last year as compared with
1931 -32.

This project is being continued with the 1933 -34 crop and a
bulletin will be published soon summarizing the results of the
past five years.

LAND LEVELING AND WATER PENETRATION

Practically all of the plots on the Salt River Valley Experiment
Farm have been brought to a dead level. Satisfactory water
penetration is now assured over the entire area of the levelled
plots whereas formerly very poor penetration was obtained mid-
way between the irrigation ditches and the lower ends of the
plots. The crops produced on these level plots during the season
of 1932 were very uniform in growth, a condition not experi-
enced before the plots were levelled. Past experience has demon-
strated that the cost of levelling on this farm is fully repaid
within one or two seasons, due to larger and more uniform yields.
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YIELDS OF DIFFERENT SORGHUM VARIETIES

A sorghum variety test conducted on the Salt River Valley Ex-
periment Farm proved to be of considerable interest to many
farmers. The purpose of the test was to determine the relative
yielding ability of a number of varieties and to gain information
concerning varieties adapted to combine harvesting. Stands were
not all that could be desired and repetition of the test will be
necessary before definite recommendations can be made. Hegari,
a variety grown extensively, justified its popularity although it
was surpassed in yield by a new variety, the Fargo Straightneck
Milo. The earliness of the Sooner Milo, which is fully three
weeks ahead of the ordinary varieties, indicates that it may find a
place in Arizona for unusually late summer plantings and for
plantings in higher altitudes and colder parts of the State.

Double Dwarf Milo, another variety grown extensively, appears
to be superior to the other short combine -type varieties. The
average yields from three plots of each variety were as follows:

Average acre
yield in pounds

Variety (threshed seed)
Fargo Straightneck Milo 6185
Hegari 5168
Double Dwarf Milo 5097
Grohoma 4946
Feterita 3477
Wheatland Milo ___ 3461
Sooner. Milo 2943
Beaver Milo 2665

The stands of the Feterita, Sooner and Beaver varieties were so
poor that the yields with these varieties are not at all compar-
able with those of the others.

Approximately 15,000 pounds of seed of the Experiment Farm
Strain of Hegari were distributed to farmers. Most of this seed
went to farmers of the Salt River Valley, but sufficient seed for
increase fields went to several different counties. Differences
between plantings of this seed and local seed were most out-
standing in all localities except in the Salt River Valley, where
differences were not marked. The wide differences in results ob-
tained constitute one of the finest pieces of evidence of the value
of the Experiment Farm as a source of seed supply, for the reason
that farmers throughout the Salt River Valley have been getting
the surplus seed from the Experiment Farm while very little of
this seed has been going to more distant communities.

SESAME

A test planting of sesame demonstrated the impracticability of
attempting the production of this crop until more non -shattering
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strains fairly suitable for machine handling have been developed.
The crop seems admirably suited to southern Arizona conditions
as indicated by the thrifty plant growth. Yields, however, were
very low, ranging from 216 pounds to 595 pounds of seed per acre.
Seed loss due to shattering was from 50 to 75 percent.

Sesame had received extensive promotional advertising
throughout south -central Arizona, and the demonstration by the
Experiment Station of the questionable character of this crop was
instrumental in preventing its production by a number of
farmers.

COOPERATIVE SMALL -GRAIN EXPERIMENTS

Experiments with small grains were continued this year in co-
operation with the U. S. Department of Agriculture. Plot varietal
tests were conducted with wheat, barley, and flax at the Salt
River Valley Experiment Station, Mesa, Arizona. The irrigation
experiment with wheat was also continued at the Mesa Station.

Of the 11 varieties of barley tested Vaughn, Sacramento, and
Scarab produced the highest yields. Lodging was very heavy in
the barley plots this year. Three varieties, one of which was
Common Six Row, were flat on the ground, or 100 percent lodged
plants. Vaughn and Sacramento were very resistant to lodging
and no lodging was found in these varieties.

The long cool spring seemed to favor the later maturing varie-
ties of wheat at Mesa this year. Irwin Dicklow, South African
and Jenkin were the three highest yielding varieties out of the
fourteen tested in plots.

The wheat irrigation experiment continued to be of a special
interest. This year, as in 1932, lodging occurred in all plots which
received no irrigation between early tillering and heading, an
interval of over 70 days. On examination of the roots of the
plants in these plots at jointing it was found that those lateral
roots forming around the crown were just beginning to develop.
When no irrigation was applied between tillering and heading
these roots at heading were but slightly further developed than
they were at jointing. This may be due to the fact that during
the period from jointing to heading (30 days) the moisture in
the first two feet of soil was below the wilting point. This con-
dition seems to have kept the lateral roots from making much
additional growth after jointing. When irrigation water was ap-
plied to these plots at heading the plants lodged because of the
very poor lateral root development. In plots where irrigations
were also applied at jointing there was no lodging at heading.

Nursery varietal tests were conducted in several locations in
northern Arizona. Rust resistant varieties of wheat like Hope
and Ceres were high in yield. In the barley trials Union, a
hooded variety, and Hannchen, a two -row awned variety, led the
others in yield. Markton and Colorado 37 led the oat varieties
in yield.
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THE NUTRITIONAL DEFICIENCIES OF ARIZONA RANGE FORAGE

Arizona ranchmen have noted the fact that in certain instances
where cattle have ample amounts of native feed, they do not
always remain thrifty or grow to normal size. Frequently trouble
is encountered in the late winter or early spring when cows are
gestating and calving on a ration consisting only of native
grasses. Cow and calf death losses are heavy at that time despite
the presence of what appears to be ample feed.

Figure 5.- General view of equipment and cattle on Animal Husbandry
experimental range area.

The Agricultural Experiment Station is instituting a series of
experiments to determine the nature of the deficiencies in range
forages on different types of range and at the different seasons
of the year, and to formulate suitable recommendations for pre-
ventive or corrective supplemental feeding in light of the deter-
mined deficiencies.

A range experimental area embracing 1520 acres was made
available to the Station for this work through a cooperative
agreement with R. C. Larimore, a cattleman, who agreed to par-
ticipate in the project by furnishing the land and cattle for a
period of three years. The area has been equipped with the
necessary facilities for the work and the experiment was started
on June 1, 1933.

Four pastures of equal size, centering on a newly constructed
corral divided into four smaller corrals, have been provided. A
total of 72 cows together with 66 calves, divided into four groups,
each composed of 18 cows with their calves are being used. The
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present experiment is planned to determine whether or not a
mineral deficiency exists in the form of phosphorus, calcium or
iodine. Mineral supplements in the form of mono -sodium phos-
phate, mono -calcium phosphate plus sodium iodide are being ad-
ministered in the drinking water to lots 1 and 2 respectively. A
third lot will receive cottonseed cake as a supplement to the
range feed during the winter months, and the fourth lot will
serve as the check lot. The cattle in each pasture have access to
plain salt and the same kind of range.

Individual weights of cows and calves are taken monthly and
at this time blood samples from six cows in each pasture are
taken for calcium and phosphorous determinations. Chemical
analyses of range -grass samples taken at different stages of
growth are being made. Results of observations made on these
experiments will be made available in publications of the Station
from time to time.

STEER FEEDING

The conclusions reported here are based solely upon the results
of a steer feeding project which is the second of a series of cattle
feeding tests being conducted at the Salt River Valley Farm at
Mesa. This series of tests is planned principally to determine
differences in the feeding value of the three grades of alfalfa hay
when fed with a ration of hegari silage, cottonseed meal and
ground barley, and to compare these results when fed to calves
as well as to yearlings. The experiment also provides for a com-
parison of rations with and without grain, and studies of the
suitability of a ration composed solely of hegari fodder and cot-
tonseed meal, of the economy of a ration of alfalfa hay, ground
barley and cottonseed, and the economy of feeding balanced ra-
tions as compared to the narrow rations previously used in our
feeding tests.

The results obtained this year warrant the following conclu-
sions:

1. At the prices quoted for the three grades of alfalfa hay
(No. 1 hay $7.50 per ton, No. 2 hay $6.50 per ton, No. 3 hay $5.50
per ton), the No. 1 hay was able to return the price difference as
compared to the No. 2 hay, but neither of these grades proved as
economical as did the No. 3 hay used in this experiment.

2. The results obtained from the calf lots on the three grades
of hay were consistent with those shown by the yearlings.

3. The two years' work with grades of alfalfa hay in the ra-
tions for fattening steers indicate that factors other than those
taken into consideration in grading hay influence the palatability
and feeding value of the hay.

4. The rate of gain in this year's experiment, when barley was
added to the ration of hay, silage and meal, was materially higher
than that obtained last year when no grain was added. Appar-
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ently the gains in this experiment were more economically pro-
duced than those in the previous experiment when no grain was
used.

Figure 6. -Group of weaner calves from cows used in mineral- deficiency-
feeding experiment.

5. 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 pre-
ceding experiment and demonstrate the suitability of these feeds
as a ration for fattening steers. The cost of processing hegari
fodder should be accurately determined for the benefit of the
feeder.

6. Favorable results were obtained by the use of cottonseed
(6.87 lbs.), alfalfa hay (7.35 lbs.), and ground barley (4.96 lbs.)
as a ration for fattening yearling steers. The steers on this ration
made excellent gains, but the gains were expensive as compared
to those made in most of the other lots.

7. Limiting the silage to an amount equal to the hay consumed
definitely increased the cost of gain as compared to the free -will
silage ration.

LAMB FEEDING EXPERIMENTS

The lamb feeding experiments at the Mesa Farm this year were
planned to duplicate the previous year's work, to determine the
value of different grades and ways of preparing alfalfa hay in
rations composed of Arizona -grown feeds when fed to fattening
lambs. Due to a heavy death loss, however, aggregating 40 of the
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160 experimental lambs, the feeding test was discontinued, and
attention turned to studying the disease.

In attempting to ascertain the cause of the deaths an interest-
ing development pertaining to diseases of sheep was introduced
probably for the first time in the state. The symptoms manifested
by the lambs were typical of hemorrhagic septicemia according
to local veterinarians and upon their recommendations, the entire
flock of lambs were vaccinated on two different occasions with
the hemorrhagic septicemia bacterin, but the vaccinations proved
ineffective. Pathological specimens were dispatched to a labora-
tory in Kansas City, where it was disclosed that the animals had
a colon bacillus infection with Diptheroid streptococci. This in-
fection, it was reported, is capable of producing losses and post
mortem findings indistinguishable from hemorrhagic septicemia
in the usual post mortem examinations. Lack of additional speci-
mens rendered a definite diagnosis of the cause impossible, but
it was recommended that mixed ovine bacterin be used and that
the lambs be placed in uninfected quarters. It seems evident
from this report that a very thorough laboratory analysis is essen-
tial to the proper diagnosis of sheep diseases typical of hemorr-
hagic septicemia. This is but one example of the urgent need of
an animal pathologist in the College of Agriculture.

RANGE LIVESTOCK LOSSES FROM POISONOUS PLANTS

Investigations under this project during the 1932 -33 season were
devoted to a continuation of cattle death losses in the limestone
hills area of Southern Arizona.

Conditions during the fall season apparently were not right
to cause heavy death losses in the limestone hills. No death
losses occurred in the areas referred to in the last annual report.
One yearling died just outside the area. A prompt post mortem
examination showed no recognizable internal lesions. The
paunch showed mostly grasses, an abundance of the browse plant
Cercocarpus (Mountain Mahogany) and traces of Mortonia and
Rhus (three leaved Sumac) .

The tests for cyanogenetic glucosides on plants within the ex-
perimental areas showed but one plant, in addition to those re-
ported last year, that gave positive evidence of cyanide forming
compounds- namely, Cercocarpus sp. The following plants from
the limestone plant association have reacted positively to the
test.

Reaction
Plant intensity

Catclaw (Acacia sps.) x x x
Sprangle top (Leptochloa dubia) x x
Mortonia ( Mortonia scabrella) x
Sumac (Rhus sps.) x
Mountain Mahogany (Cercocarpus sp.) x x x
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Of these plants only Cercocarpus sps, has been found on each
area where typical limestone hills death losses have occurred.

Further substantiation of the evidence that the losses are cy-
anide cases, and that one or more of the cyanide containing
plants in the limestone area are responsible for the losses are
objectives of the work on this project this fall.

PLANT COLLECTIONS

During the year the University herbarium has been rearranged
and classified after the system of Dalla Torre and Harmes. This
change was made largely by a graduate student, almost without
expense to the University. Another graduate student was
granted a half -time fellowship in botany and rendered valuable
assistance, both in the herbarium and the department. With the
work of classifying the specimens of the herbarium completed,
it is possible for the scientific worker to locate at once any speci-
men in the collection of more than 90,000 sheets. This is of in-
estimable value to the botanist and to students making studies of
special plant groups in our flora.

IDENTIFICATION OF PLANT MATERIAL

The botanist identified 4400 plant specimens during the year.
These were from county agricultural agents, farmers, stockmen,
tourists, and workers in the U. S. Forest Service, the Agricultural
Experiment Station and the Agricultural Extension Service.
Plants of almost every description were included- weeds, poison
plants, honey plants, grasses and other forage plants, cacti, trees,
shrubs, and miscellaneous ornamental plants. A collection of
plant specimens taken from prehistoric ruins and in a good state
of preservation were among those studied. From this work 350
species were added to the native and cultivated floras of the
State, and many to the plant collections.

The University is the only agency in the State where plant
specimens can be sent for study and accurate identification. There
is no charge for this work which, within recent years, has be-
come an important part of botanical investigations in the Ex-
periment Station. As far as possible, specimens for identification
should have stems, leaves and flowers or fruits, or both of these;
if sent dry, they should be pressed between blotters or other
papers; if shipped fresh they may be wrapped in dry newspapers
or paper towels and packed in cartons or other suitable con-
tainers. And to insure their being received promptly they should
be addressed to The Botanist, University of Arizona, Tucson, Ari-
zona.

ORNAMENTAL PLANTS

The ever -increasing interest in shade and ornamental shrubs
and flowers for growing successfully under southwestern condi-
tions, as evidenced by the number of requests for information
concerning them, led the botanist to prepare a list for the State,



Figure 7.- Acacia pendula. Weeping Myall. A small graceful tree with
gray foliage and slender pendulous branchlets. Introduced by Director
F. J. Crider and growing at the Boyce Thompson Southwestern Arbore-

tum, Superior, Arizona.
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as far as they have been studied. This totals 1654 species and
varieties, and includes a wealth of fine shade ornamental and
flowering trees, shrubs and vines and flowers that blossom at
different seasons. In this study the scientific name, the common
name and the native distribution or habitat of the plant, together
with brief notes relative to its growth, have been included.
There is no section of our State, no soil or climatic conditions so
unfavorable, but that, with reasonable care, some of these plants
cannot be grown successfully.

The list includes the following:

Trees, evergreen and deciduous, two groups 280
Shrubs, evergreen and deciduous, two groups 292
Woody climbers, evergreen and deciduous, two

groups 59
Herbaceous climbers, annual and perennial, two

groups 60
Perennial flowers 293
Annual flowers, summer and winter bloomers, two

groups 180
Cacti and hardy desert plants 160
Aquatic or water -garden plants 70
Rock -garden plants 120
Conservatory and potted plants 140

Total 1654

FROST INJURY

The Desert Milkweed (Asclepias subulata), native in south-
western Arizona and southeastern California, was killed to the
ground with winter temperatures ranging from 24 to 18 degrees
F., on the University campus. This plant has green, leafless stems
3 -5 feet tall which contain considerable rubber. Other plants
severely injured by these temperatures were Butterfly -leaf
(Bauhinia purpurea), Solanum Seaforthianum, a choice but ten-
der evergreen climber; Organ -Pipe Cactus or Pitahaya (Cereus
Thurberi); Senita (Cereus Schottii); and Opuntia subulata. The
latter species was killed outright, while the tips of the stems of
Pitahaya and Senita were killed. Opuntia vulgaris was injured
slightly, and Cereus peruvianus was uninjured, even with these
low temperatures. Young vigorous growing pepper trees (Schi-
nus molle), Bagote or Mexican Palo Verde (Parkinsonia aculea-
ta), Desert Ironwood (Olneya tesota), Huisache or Popinac (Aca-
cia Farnesiana), and Brachychiton populneum, an attractive Aus-
tralian evergreen tree, were killed or severely frozen back dur-
ing the past year.
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EFFECT OF MATURITY OF ALFALFA ON MILK PRODUCTION

Another feeding trial was conducted during the past year to
compare the feeding value of alfalfa hay cut in bud stage with
hay cut in one -third bloom, for milk production. This is the
fourth feeding trial on this project. As in past tests, there was
less waste when the bud -stage hay was fed. Also the cows gave
a little more milk and butterfat when fed bud -stage hay but the
difference was small, only 1.28 percent more milk and 1.3 percent
more butterfat.

Figure 8.- Riverside's Anapauma Lad, Jersey Herd Sire, University Farm.

The cows were fed the same amounts of hay and grain through-
out the feeding test. There was not enough change in milk pro-
duction to justify changing the amounts of feed. The cows re-
jected 258.5 pounds of one -third bloom hay as compared with
169.6 pounds of bud -stage hay. This difference in amount of hay
actually consumed probably accounts for the greater production
of milk and butterfat when bud -stage hay was fed.

INFECTIOUS ABORTION IN DAIRY CATTLE

Ninety -one dairy herds representing over 2200 animals have
been tested for abortion since this work was started three years
ago. Over 78% of the 91 herds contained either positive or sus-
picious animals and approximately 25% of all animals tested were
positive. Approximately 3.5% were suspicious. Over 28% of
the total animals were either positive or suspicious as shown by
the first test of each herd. Ten herds are being used in this
project for detailed study. All experimental herds are being
tested every 30 to 60 days. The owner of one cooperating herd
disposed of all positive animals in June, 1932, and another sold
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all positive animals in June, 1933. These herds are 100% nega-
tive as shown by recent tests.
BACTERIA IN MILK AT TIME OF REDUCTION IN THE "METHYLENE

BLUE REDUCTION TEST"

Two hundred sixty four samples of milk have been studied in
this work. The average percentages of the different varieties of
bacteria as shown by their action on litmus milk are as follows:
acid -coagulated, 8.894; acid -not -coagulated, 46.303; acid- coagulat-
ed- gas- proteolotic, 4.075; acid -proteolotic, 25.227; alkaline, 2.848;
inert, 2.894; and blank, 9.759. All test tubes which failed to pro-
duce growth were called blank.

There is apparently a variation in the percentage of the differ-
ent varieties of bacteria at the different seasons of the year. Not
enough work has been done to determine accurately the effect of
season on these percentages. This work is being continued.

SCALE INSECTS OF ARIZONA

A special study of the olive parlatoria (Parlatoria oleae Colv.)
scale was made during the year. As this European olive pest is
not known to occur elsewhere in the United States, except in
Baltimore, Maryland, a detailed study of its occurrence and life
history under Arizona conditions appears highly desirable. Much
time has accordingly been given to a technical study of this in-
sect. A campus survey to determine the species and lo-
cations of plants infested was made during the summer of
1932. A great quantity of material for study was accumulated
in this work, and many determinations were made. The Ari-
zona Commission of Agriculture and Horticulture made a sur-
vey of Tucson during July, 1932, to determine the extent and
distribution of this infestation. Many determinations were made
by the University in this connection. Life history observations
were made whenever possible, to determine on what plants, and
when, the olive parlatoria breeds. These activities show that
the olive parlatoria now occurs on 39 species of plants in and
about Tucson. These include ornamental and fruit trees and
shrubs of such widely different kinds as olive, almond, palm,
and citrus. Data secured indicate that this scale breeds on at
least 21 of the 39 species on which it is found. It is rather widely
distributed in and near Tucson.

The University undertook control of the scale on the campus.
Defoliation and spraying of olive trees, and spraying without de-
foliation were tested. Several different strengths of a commer-
cial petroleum oil spray were applied in June, July, and Septem-
ber. Results of tabulation of more than 2,000 scale insects indi-
cate that good control was secured. This material is being pre-
pared for publication.
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Fi ;ure 9.- J .ck z :obit habitats, Santa Rita Range'1 `Excellent grass in
mesa type, whore .jack rabbits are scarce; B, Sparse grass and abundant
{az r oweed in mesa type -jack rabbits numerous: C, Semi- desert type

where.. Arizona ,jack rabbits:are more abundant than, ip. other ,types,,:,
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WATER REQUIREMENTS OF DESERT ANIMALS

Recording instruments used up to last year on climatic ob-
servations in a Kangaroo rat mound were moved in November
to the den of a wood rat (Neotoma albigula) for a similar series
of studies. This to some extent correlates the work of this project
with studies of range rodents. Studies with this rat indicate
that this animal can live for a long period under laboratory con-
ditions without free water, on a diet exclusively of cactus. At-
tempts to rear two litters of young born in captivity with the
mothers on exclusive cactus diet failed, but apparently on ac-
count of the artificial conditions and necessary daily disturbance
rather than because of a food or water deficiency.

LIFE HISTORIES AND ECOLOGY OF RANGE RODENTS

Results of the jack rabbit studies which have been under way
for some years as a part of the range -rodent investigations have
been published under date of May 31, 1933, as Technical Bulletin
No. 49. The title of this 112 -page bulletin is "The Life Histories
and Ecology of Jack Rabbits, Lepus alleni and Lepus tali f ornicus
spp., in Relation to Grazing in Arizona." The authors are Charles
T. Vorhies and Walter P. Taylor.

A brief summary of the most important findings and practical
applications of this work has been prepared and mimeographed
for general distribution.

A detailed study of life histories and ecology of wood rats
(chiefly Neotoma albigula) on which work was begun last fiscal
year, has been pushed vigorously this year. Field work has been
done each month, and from October into March weekly trips
were made with scarcely an exception. Careful examinations of
many dens have been made, weights, measurements and breed-
ing data taken from a large number of rats (200 -300) , and 30
stomachs per month collected and preserved for food analyses.

Notwithstanding that this rodent is one of the most abundant
mammals on the Experimental Range, our studies increasingly
indicate that it is essentially harmless as a destroyer of valuable
forage.

We find an assassin bug, Triatoma sp., which occasionally at-
tacks human beings, sometimes with serious results, as a regular
inhabitant of Neotoma dens. The evidence indicates that they
breed therein and live on the blood of the wood rats. The Tria-
toma aspect of the work on material gathered during investiga-
tions of Neotoma dens in the field is being studied.

GRASSHOPPERS

The work on this project started in the fall of 1931 with a gen-
eral survey of the forms occurring at that time on the ranges of
the State. During the season of 1932 a general survey of the
range grasshopper problem was made, over 200 species were
collected and preliminary life history, food plant distribution,
and egg records were made on over half of these.
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This season the work will be followed up and, as the season
progresses, the different grasshoppers will be recorded as they
appear, the food plants in the nymphal stages determined, the
time and place of laying eggs, the number of eggs laid per pod,
and the number of pods laid determined on as many species as
possible. Especial attention will be paid to the injurious and
beneficial forms, in which the information will be used to devise
methods of destruction or methods of encouragement as the case
may be.

Two preliminary publications are contemplated as the result
of the season's work - "The Grasshoppers Injurious to Cultivated
Crops in Arizona," and "The Range Grasshopper Problem in the
Southwest," the latter to discuss the 10 or 12 most injurious spe-
cies, their life histories and habits, the factors that control grass-
hopper abundance on the ranges, parasites, predators, diseases,
etc., and the factors that may assist in controlling outbreaks, and
methods of destroying grasshoppers on the range. Beneficial
species of grasshoppers (destroying bad range weeds) and how
to encourage them will also be discussed.

The 5 or 6 most injurious on cultivated crops are all long
winged and capable of flight from one area to another. The 10
or 12 most injurious on the range are nearly all short winged
and limited in movement. Grasshoppers in the northern and
eastern (humid) sections prefer dry open places for egg laying.
In the hot southwestern region grasshoppers that lay in the sum-
mer seek the deepest shade and the dampest situations for egg
laying.

There are many more beneficial grasshoppers than injurious.
Almost every one of the serious range weeds (except the poison-
ous ones and cacti) have grasshoppers that feed exclusively on
them. The creosote bush has 3, the snakeweed 1, the burroweed
1, the sunflower 2, the goldenrod 1, the ragweed 1, the grease -
wood 2, the salt bush (A. polycarpa) 1, other salt bushes 3, the
desert broom 2, the mallow 1. None of these grasshoppers at-
tack grass at all and there are many others that feed only on
other weeds and shrubs that are of little or no forage value.

Strange to say, even in the arid Southwest the most helpful
destructive agent (on the range) is the fungus disease - insect
parasites come next and birds are of great value while rodents .
probably come last in the major factors of destruction.

Grasshoppers lay from 4 to 110 eggs at one time. The injurious
species are usually so because they lay a large number of eggs
and are more or less omnivorous in food habits. Most grass-
hoppers are quite restricted in food habits.

The work of the past two years on the grasshoppers has de-
veloped a knowledge of their peculiar life history under arid
conditions and especially of the place where the eggs are laid
which is very different from that in more northern and humid
climates. This information is now sufficiently complete to war-
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rant an attempt to interest the farmers in a general eradication
campaign, which should start on the eggs this fall and winter
and be continued on those young hoppers which appear next
spring. Such campaigns have proven highly successful in Colo-
rado and Utah in the past and with the information now at hand
should be successful in the Salt River Valley if the leadership
can be developed to carry it out.

COTTON INSECTS

The cotton growers in some sections of the Salt River Valley
have been suffering considerable losses for the past two or three
years in the failure of the cotton bolls to fill out towards the end
of their growing period. Strong suspicion has been directed to-
ward the triangular alfalfa leafhopper as the possible source of
this trouble. A careful check has been kept on a number of
areas this season and the relative amounts of damage noted of
the triangular leafhopper, the stink bug which most of the
growers think is the cause of the damage, the cotton stainer
which is becoming injurious in certain areas, and the cicada that
is doing a considerable amount of damage by laying its eggs in
the stems and weakening them. While the situation is compli-
cated, progress is being made.

DATE STUDIES

Maturation and Storage -Following the promising results of
cold -storage ripening of dates as carried out on a limited scale in
1931 -32, the project was enlarged in 1932 -33 to include four va-
rieties using about 25 pounds of fruit per sample.

The problem was studied by following three methods of treat-
ment on fruit at four different stages of maturity. This was ap-
plied to four varieties, Hayany, Khadrawi, Hellawi and Mactum.
Methods of treatment used were as follows: (1) no treatment,
fruit direct from tree; (2) pasteurization, heating of the fruit
at 70° C. for periods varying from one to two hours; (3) check,
fruit processed according to maturity into four stages as follows:
20 -40% ripe, 40 -60% ripe, 80 -90% ripe, and tree ripe.

Moisture determinations were obtained before the dates were
placed in storage. Analyses were also obtained at each stage of
observation while in storage. Sugar samples were obtained be-
fore the dates were stored and after the December 5 observation.

Dates were removed from storage for observation on December
5, January 31, and March 28.

The storage conditions were not entirely satisfactory due to
the storage of several carloads of cauliflower in the room dur-
ing December and January. This increased the humidity which
in turn caused the fruit to absorb moisture as evidenced by the
data obtained. This also accounted for the mold which occurred
during the later stages of the storage period. In many cases this
mold was not found inside the package, it confining itself en-
tirely to the outside of the cellophane wrap.
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No souring or fermentation occurred in any varieties until
the final observation was made; at that time such was confined
principally to those dates which had absorbed the greater quan-
tities of water. This is especially interesting in the case of the
Hayany which ordinarily sours very readily.

From the data obtained the standard processed packages have
a slight advantage. However, those picked at the tree ripe stage
and pasteurized for one and one -half hours have held their color
and flavor very well and grade very closely to them.

Processing Dates for Home Use- Simple equipment and
methods have been devised for the home processing of dates using
solar heat. Such will be extremely useful for the home having
from one to a few fruiting date palms.

While a first class commercial product will not likely result
from the use of the method, solar heat was found to be adequate
for maturation, dehydration and sterilization of the fruit so that
it will keep for use over a period of several months. Details of
the equipment and method are presented in Extension Circular
No. 79, "The Home Curing of Fresh Dates in Arizona."

Fruit Growth and Sugar Influx -Date fruit growth studies re-
ported briefly in the last Annual Report were continued in 1932.
Hayany, Deglet Noor, Mactum and Khadrawi varieties were used
for the study. Due to the fact that the palms were late in blos-
soming in 1932, the growth lagged behind that of 1931 three to
four weeks.

Following is a summary of results obtained from the season's
study:

1. The period of most rapid growth of the fruit occurs in mid-
summer during July and early August.

2. The fruit attains maximum size at the close of this period.
3. During the very green stage sugar contained in the fruit is

largely invert (fruit) sugar.
4. During the period of most rapid growth the quantity of

cane sugar in the fruit increases rapidly so that when ripening
begins, the ratio is approximately two parts cane sugar to one
part fruit sugar.

5. As ripening progresses, the cane sugar in the varieties
studied is inverted, so that at the tree; ripe stage, the cane sugar
is almost entirely changed over to the fruit sugar form.

6. At the time ripening begins, the fruit contains on the aver-
age, 75% of the total amount of sugar it would ultimately attain
if left to ripen fully on the tree, when it is 50 -70% ripe the sugar
has increased to nearly 90 per cent.

Heat Units Required to Mature Different Varieties- During
1931 and 1932 complete data have been kept with reference to
dates of blooming and ripening of the different varieties at the
station. From these data and the Station weather records the



FORTY -FOURTH ANNUAL REPORT 47

number of heat units required to mature certain varieties has
been ascertained. These are as follows:

Variety

Amari

Khir

Rhars

Khadrawi

Hayany

Apdamdon

Mactum

Heat Units
1931 1932

5919 5730

7481 7164

6974 6798
Premature

7441 ripening

7218 7571

7237 7070

8750 8677

Thinning Experiments Completed -Five different methods of
thinning were compared during the 1932 season. As reported for
the previous seasons work, each of the methods influenced fruit
size about the same. The average increase over unthinned palms
was approximately 8 per cent. One method with one variety re-
sulted in 11 per cent increase. In this case half the length of all
the fruit bearing strands were clipped. Fruit on these bunches,
however, were most seriously damaged by rain. A method which
reduces the compactness of the bunch by removing half of the
fruit bearing strands or removing half the fruit from all the
strands would appear best from all considerations.

Absorption of Moisture by Dates During Rain -Tests were
made to determine the amount of water absorbed by Iteema date
fruit during a severe rain. On October 8, 1932, at 10 a. m., samples
of green and 20 -30% ripe dates were harvested and the moisture
content determined. A total of .87 inch rain fell during the aft-
ernoon and evening of the 8th and the morning of the 9th. At
10 a. m. October 10, samples were again taken and the moisture
content determined. The results were as follows.

Before
rain

per cent
moisture

Following
rain

per cent
moisture

Per cent
increase

Green 61.1 64.7 3.6

20 -30% ripe 44.4 51.35 6.95
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Variety Losses Due to Rain -The rain occurring October 8 and
9, 1932, gave very specific data as to rain damage, due to the fact .

that no loss had occurred prior to that date. Varieties which had
large quantities of fruit in the / ripe to ripe stage suffered most
severely indicating that the date is more susceptible to loss at .

this stage than at any other.
Splitting and cracking were the most serious forms of damage

although the skin of many fruits of some varieties in the green
stage were badly checked. With other varieties, fungus spot
developed some days after the rain to increase the loss.

Spraying for Rain Protection -Spraying date fruit clusters with
vegetable oil sprays with a hope of rendering the fruit more re
sistant to loss in periods of wet weather as they approach matur-
ity was continued with the 1932 crop.

Varieties with which the fruit tends to shrivel during ex-
tremely dry seasons were found to maintain moisture more uni
formly when sprayed.

Results in the control of splitting or other forms of damage -

were not such as to warrant the commercial application of pro-
tective sprays.

LETTUCE SEEDBED IRRIGATION STUDIES

The effect of varying the amount of water applied to lettuce,,
immediately following seeding, and its subsequent influence on
the crop was studied in an experiment on the Mesa Experimental.
Farm during the fall of 1932. Three plots were laid out in dup-
licate and irrigated as follows:

Plot 1. Heavy irrigation treatment. Initial irrigation of 70
hours and a follow -up irrigation of five hours applied two days
later.

Plot 2. Moderate irrigation treatment. Initial irrigation of 34
hours and a follow -up irrigation of five hours applied two days
later.

Plot 3. Light irrigation treatment. Initial irrigation until the
beds were soaked through. A follow -up irrigation until the beds.

were soaked through was applied when the soil over the seed
had started to dry and crust.

The plots were all handled the same following this initial treat-
ment. Lettuce was seeded September 10, 1932, in standard com-
mercial beds and the water was applied 24 hours after seeding
to closely adhere to commercial practice. Half of each plot was .

planted with seed as received and the other half with seed that
had been subjected to chilling at 34° F. for four days. Light .

sprinklings of water were applied to the seed daily during the
chilling period.

The results of this test indicate that the light irrigation treat-
ment is not only more economical of water and labor but that
it is also more conducive to larger heads, a higher percent of
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plants making heads and a slightly earlier maturity. A com-
mercially favorable stand of plants was secured from the light .

irrigation during this season of abnormally high temperature.
The absence of outstanding difference between chilled and un-
chilled seed suggests that chilling of lettuce seed is not necessary
in order to obtain a favorable stand of plants under the climatic
conditions normally present at fall seeding time in the Salt
River Valley.

CANTALOUPE VARIETY TEST

A production test of several recently developed strains and
varieties of cantaloupes was conducted at the Tucson Station
during 1933. A row of 60 hills of each was grown according to
commercial cultural practice. The table on page 51 presents the
harvest data from this test.

In comparing the individual varieties from a commercial view-
point the Superfecto is outstanding in production of high quality
fruit, uniform in size and shape and well adapted to local con -
ditions as it is quite resistant to splitting even in rainy weather.
McDaniels Nugget is a close second and will be fully as good
when the variety has been stabilized as to size and shape by seed
selection. This melon is outstanding in its ability to be stored
with little loss in quality.

The Hale Best strains are all very early but quality, flavor and
sugar content are sacrificed to a considerable degree in order to
obtain this earliness.

The Weaver Special is by far the best in texture and sugar con-
tent, and the flavor is outstanding. The lateness of maturity,
low yield and extreme susceptibility to splitting in damp weather
does not permit of its recommendation except for locations of
very dry weather free from summer showers. '

The newly developed mildew resistant variety of Dr. Ivan C.
Jaegger is not well adapted according to this trial.

The remainder of the varieties tested were all very mediocre
and do not offer outstanding qualities that would warrant their
recommendation.

Cantaloupe Storage - Preliminary investigations with cold
storage of cantaloupes during the past season have shown that
melons stored below 40° F. develop a flat storage taste and a
tough, rubbery texture of the flesh. Quality of flavor and tex-
ture are maintained in the temperature range of 40 ° -50° F. and
the melons may be stored efficiently for a period of more than a
week, if picked at the hard ripe stage. Storage of melons above
50° F. was found hazardous as this temperature does not proper-
ly hold storage diseases in check. The storage life of melons is
very short at temperatures in this range.
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STRAWBERRIES

Seven varieties of strawberries were planted at the Yuma Val-
ley Experiment Station, the Mesa Farm, the Tucson Farm and on
the ranch of a cooperator near Glendale, in October, 1932. Only
those varieties that mature an early crop and reported to be
adapted to arid conditions were used in the test in order to as-
certain the one best suited to commercial production in Arizona.

Strawberries have been a very uncertain crop in Arizona as it
has been impossible to maintain commercial plantings satisfac-
torily for more than two years due to the short life of the plants.
The general assumption has been that excessive summer tempera-
ture has been the limiting factor and to that end the experiment
on the various plantings has been treated in various ways to
combat temperature effects, as follows:

1. A variety of irrigation treatments.
2. A cottonseed mulch over the vines to protect from the sun.
3. The use of shade plants between the rows.
4. The use of organic and commercial fertilizers to improve

the vigor of the plants.
An interesting development manifested itself early in the

summer of 1933 which indicates that temperature may not be the
factor controlling the adaptability of the strawberry to Arizona.
The plants on the Mesa and Tucson farms became decidedly
chlorotic and many died whereas the plants at the Yuma Sta-
tion and on the ranch of the cooperator remained healthy and
vigorous. The plants in all plantings were from the same lot,
planted and handled in the same manner. Cultural and irriga-
tion practices were identical for all. Alkali cannot be blamed
as the Mesa farm is free from injurious salts and the Yuma Sta-
tion possesses the greatest amount. Preliminary indications
point to the possibility of one or more of several causes such as a
mineral deficiency, the presence of some toxic substance, the pres-
ence of a soil borne disease, unfavorable soil texture or perhaps
an unsuitable hydrogen ion concentration. The problem will be
studied both in the field and laboratory during the coming year.

PECAN STUDIES

Pollination studies during the past two seasons have indicated
that various varieties of pecans may be effectively pollinated by
their own pollen or by the pollen of any other variety if it is
available when stigmas are receptive. Apparently then the only
requirement for a variety to be self- fertile or for varieties to be
inter -fertile is that they produce pollen at the time stigmas are
receptive.

Records for two seasons indicate that in Arizona Halbert, Suc-
cess, Clark and possibly Onliwon and Delight produce pollen
when their own stigmas are receptive. They would probably not
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need interplanting to assure satisfactory pollination. Western in
some cases, has tended to produce receptive stigmas after the
pollen is gone. Burkett, Schley and Millican tend to produce
pollen considerably before the first stigmas are receptive.

Filling of nuts in the 1932 crop was not found to be correlated
with any variety of pollen used to pollinate stigmas the previous
spring. This problem is also being studied from the point of
view that the failure of many nuts to fill may be related to cer-
tain nutritional and growth processes in the tree. By influencing
these thru certain types of pruning and fertilizer treatments, the
yield of Kincaid trees was increased over check untreated trees
and at the same time the number of unfilled nuts, "sticktights,"
was reduced.

Further evidence that the failure of nuts to fill is a nutritional
problem has been gained thru girdling and defoliating experi-
ments. During middle and later summer (after any influence of
pollinating could be operative) some limbs of Burkett, Halbert
and Kincaid trees were girdled and others defoliated. At harvest
time wide differences in number of typical unfilled nuts and
"sticktights" resulted.

Serious reduction in yield of nuts occurs in Arizona some sea-
sons because of an excessive dropping of young nuts during the
early summer. Studies made during this period in 1933 indi-
cated that the drop may be divided into three rather definite
classes.

1. Dropping of the terminal nutlet or terminal and sub- termi-
nal nutlets of the cluster at about the time of receptivity. This
drop occurs on all clusters. In a sense it limits the number of
nuts in the cluster. It is apparently related to the cessation of
terminal elongation. The greater the elongation the more nuts
formed before the drop occurs.

2. Abscission of the cluster stem with loss of the entire clus-
ter. This loss is limited to so- called "weak shoots." Elimination
of it will come thru pruning practices causing more uniform
growth of shoots in the tree.

3. Dropping of individual nuts in the cluster following recep-
tivity. This drop is least understood. Unpollinated nuts of some
varieties drop five weeks after receptivity. Failure' of pollina-
tion is not believed to account for all of the drop occurring at
this period.

Investigations of nursery problems have been continued. Seed
of many different varieties of pecans and of species of hicory
have been planted each winter for the past two seasons. Wide
variations in size of trees and percent stand have resulted. Nuts
of improved varieties have produced larger trees both seasons
than seedling nuts. Local grown nuts have produced better trees
than those obtained from Georgia, Alabama and Texas. Trees
which made the best growth the first year from planting the
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nut have maintained the lead during the second year. Millican
nuts have produced outstanding trees. Small nuts and imperfect
nuts have produced smaller trees than large nuts of the same
variety.

In the annual report of one year ago it was stated that of a
number of different chemicals applied to rosetted pecan trees,
zinc compounds brought about improvement or recovery of the
trees. During the year elapsed a satisfactory and economical
means of applying zinc sulfate to the trees has been worked out,
with the result that growers are now successfully treating affect-
ed trees and maintaining them in a healthy condition. A total
of about 750 acres in the Gila, Salt River, Yuma, Santa Cruz,
Safford and Florence Valleys have been successfully treated.
Communities in distress because of the disease have taken heart.
Others, in which pecan growing was condemned because of
rosette are now contemplating plantings and the establishing of
a pecan industry.

FACTORS INFLUENCING CITRUS PRODUCTION

The fruiting response of mature Marsh grapefruit and Wash-
ington Navel orange trees to fertilizer applications received con-
tinued study on the Yuma Mesa Citrus Station plots and on co-
operative plots in the Salt River Valley. Indications to date are
that an annual application of ten tons of manure per acre is main-
taining production and tree health. The addition of readily avail-
able nitrogen, phosphoric acid and potash to the above treatment
gave inconclusive evidence of increased production or better
quality fruit under the conditions studied. Phosphoric acid ap-
plied with trenched manure produced fruit of somewhat finer
texture, but not consistently so. The application of excess quan-
tities (20 to 50 lbs. per tree) of ammonium sulphate has tended to
produce a coarser textured fruit and at Yuma, increased the yield
somewhat. The results were not consistent and the only defii-
nite recommendation possible at this stage of the study is the
continued use of generous quantities of manure annually.

Special treatments designed to create differences in the nutri-
tional balance of grapefruit trees to determine the influence of
such differences on fruiting performance, particularly young
fruit shedding, fruit quality and time of maturity are being
studied. Fruit drop counts from mid -April to July first indicate
that trees girdled at time of full blossom and regirdled at 15 -day
intervals to June 1 and trees carrying the 1932 full crop of fruit
until June 20 shed much less fruit than trees receiving excess am-
monium sulphate, check trees (receiving manure alone) or check
trees completely harvested in November, 1932. It was apparent
that the trees receiving excess ammonium sulphate "set" a great-
er number of fruit than check trees and the late harvested trees
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set a much smaller number. Fruit size on these latter trees is
somewhat larger than on check trees as are those on the girdled
trees, while fruit on trees receiving excess ammonium sulphate
are slightly smaller. Rather wide differences in the number of
fruits developing to maturity undoubtedly influences fruit size.
Repeated girdling gives evidence of earlier maturity and finer
texture. Final yield data will be secured later.

Mature grapefruit trees shaded by palm leaf structures con-
structed in the spring of 1932 failed to blossom in 1933 due to re-
duced light affecting photosynthetic activity. Fruit on these trees
during 1932 matured smaller and contained less sugar in the
juice than outside fruits but were of finer texture and thinner
rind. The treatment resulted in a marked increase in dead wood
in the body of the tree, indicating the significance of the light
factor in pruning practices.

New leaves produced on the shaded trees were much larger and
thinner than outside leaves. Osmotic value determinations (a
measure of dissolved nutrient material) of the leaf sap from
shaded and unshaded trees in mid -spring of 1933 indicated this
value from the former to be only 80% of that from leaves of un-
shaded trees. This difference accounts for the inability of the
shaded trees to manufacture sufficient reserve food for the de-
velopment of blossom buds.

Grapefruit trees subjected to soil moisture stress at intervals
during the growing season produced smaller fruit with thicker
rind and less juice content than fruit from trees irrigated at more
frequent intervals.

Soil moisture studies in mature orange and grapefruit groves .

in the Salt River Valley are being continued in cooperation with
the Bureau of Agricultural Engineering, U. S. D. A. An accurate
measure of the amount of water actually used by the trees is
being secured. The quantity used annually by mature grape-
fruit trees is approximately 68 percent greater than that used by
mature Washington Navel orange trees. The studies indicate
that the withdrawal of moisture by the tree roots from the dif-
ferent soil depths is at such a rate that soil moisture replenish-
ment is necessary in the first foot of soil at approximately one -
half the interval required in the second foot and one -third the
interval in the third foot.

CITRUS CHLOROSIS AND DECLINE

Many mature citrus groves in Arizona are deteriorating in tree
health and fruitfulness. The condition is apparently not the re-
sult of parasites but is physiological or nutritional in nature. The
symptoms are similar to the so- called lime- induced chlorosis
which occurs in many western states on many plants, and which
is often remedied by the addition of a soluble iron salt to the
plant or to the soil.
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Figure 11.- Response of some chlorotic leaves to treatment with iron salts.
A. Orange leaves on Creighton grove, Salt River Valley. Left -Tip

dipped in dilute ferric chloride. Right- Untreated.
B. Young pear shoots on Geo. Ray place northwest of Tucson. Left -
Sprayed three times with 1 percent ferrous sulfate. Right- Untreated.
C. Young grapefruit leaves on L. M. White grove, Yuma Mesa. Left -

Dipped four times in .35 percent ferrous sulfate.
D. Old lemon leaves on Yuma Mesa Orange Ranch, scratched with a knife
and then dipped in .35 percent ferrous sulfate. Note that the resulting
green color is most pronounced near the scratches - possibly suggesting

that the iron solutions do not penetrate readily into citrus leaves.

Citrus trees badly affected fail to produce commercial crops of
fruit. In severe cases, the branches die back and most of the
foliage produced on the tree is yellow or very light green in
color. Numbers of plantings in Arizona, particularly of oranges,
have been removed because of the condition. The rate of de-
cline is apparently accelerated by a continued frequent irriga-
tion schedule. This Experiment Station has reported improve-
ment of seriously affected trees following the drying out of the
soil and the subsequent adoption of an irrigation schedule which



FORTY -FOURTH ANNUAL REPORT 57

permits the greater amount of soil moisture in the root zone to
be used out between applications of water. This treatment
has not universally restored seriously affected trees to normal
condition.

In recent studies in a seriously affected orange grove, heavy
applications of ammonium sulphate, phosphoric acid, cyanamid,
and barnyard manure have produced no improvement in tree
condition. Severe root and top pruning was given several trees
in the spring of 1933 with no marked improvement during the
subsequent growing season.

Following the lead obtained in 1932 in which a greening of the
foliage resulted from the injection of an iron salt solution into
the branch of a seriously affected tree, additional trees were
treated in 1933 by placing the dry chemical in holes bored in
the trunk. The following chemicals were used: Ferric chloride,
Ferric citrate, zinc sulphate, magnesium citrate, manganese
citrate and metallic zinc dust. As the growing season advanced
it was evident that only the iron salts were producing evidence
of improved leaf color. Spraying the chlorotic foliage with Fer-
ric salt solution or dipping the leaves in such solution, resulted in
the production of normal green spots or areas on the leaves so
treated. Furthermore, newly developing chlorotic leaves when
dipped in the same solution developed with normal green color.

From the foregoing indications it is possible that the condition
in its initial stages may be due to simple iron deficiency in the
growing points of the shoots. Additional experimentation may
prove this to be the case, but it appears likely that other com-
plicating factors are involved with trees in advanced stages of
decline rendering them but slowly susceptible to improvement
when this deficiency is supplied.

In addition to placing the chemicals in the tree trunks, ferrous
sulphate and zinc sulphate were placed in trenches near the
trunks of badly affected trees and the applications followed by a
heavy irrigation. It is too early to note results.

MINERAL NUTRIENT STUDIES WITH MISCELLANEOUS HORTICUL-
TURAL PLANTS

A commonly occurring form of chlorosis of a number of hor-
ticultural plants in Arizona was studied in the summer of 1933.
The same or a similar malady occurring widely in the United
States on soils containing lime in excess has been termed "lime-
induced chlorosis" by other workers. The condition has been
successfully remedied by supplying iron to the plant. Many
plants of economic importance are seriously affected in Arizona.
Leaves at the shoot tips first become pale green to yellow in
color thru the loss of the normal green coloring material in the
leaf, or thru the failure of this material to develop. Later, the
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leaf margins may "burn," shoots become defoliated and die and
the plant becomes worthless. Dipping young affected leaves in
a C. P. solution of ferrous or ferric sulphate resulted in an im-
provement within three days with some plants. Older leaves did
not become uniformly green. Instead, green spots appeared, the
area and number of which increased with repeated dipping and
spraying. Leaves of most plants studied which were unfolding
when dipped developed uniformly a normal green color. New
leaves produced subsequent to dipping were not influenced, de-
veloping typically chlorotic.

Plants affected with this chlorosis which responded favorably
to dipping or spraying of affected leaves with a solution of fer-
rous or ferric sulphate included apple, pear, quince, peach,
orange, grapefruit, lemon, tung -oil tree, apricot, pomegranate,
rose, strawberry, plum, red -bud, jasmine, pyracantha, myrtle,
zinnia, Johnson grass, pittosporum, eucalyptus, vinca, cotton-
wood, Arizona ash and Bermuda grass.

Satisfactory commercial control of this chlorosis by spraying
with one of the iron salts was obtained with a number of the
above plants. Definite evidence that this is possible with all the
plants studied if taken in time was indicated.

MOTTLED ENAMEL OF HUMAN TEETH

Mottled enamel of human teeth is a serious and irreparable
defect. It is chiefly characterized by the presence of dull, chalky -
white areas distributed more or less irregularly over the sur-
face of the tooth. Enamel which is mottled does not have the
translucent, glassy luster of the enamel of normal teeth. In all
but mild cases there is an infiltration of stain into the mottled
areas which varies in color from dark brown (almost black)
through orange to yellow, and is easily recognized. Mottled
enamel which is severe in type is further characterized by pitting,
and corrosion, and the teeth are structurally weak, the enamel
tending to chip off. Filling these teeth when decayed is unsuc-
cessful for they do not hold fillings well.

Mottled enamel was first reported in the United States by
Black and McKay in 1916. It is common in certain communities
in .Arizona as well as in sections of Colorado, Texas, Kansas, New
Mexico, Virginia, Arkansas, Illinois, North and South Dakota,
Holland, China, Spain, South America, South Africa, Bahama
and the Cape Verde Islands.

In an investigation into the cause of mottled enamel, experi-
mental production of the defect in laboratory animals was at-
tempted. From these experiments definite proof has been ad-
vanced to show that mottled enamel is caused by the destruc-
tive action of the element fluorine in the water supply of the
affected communities. A preliminary report of the findings of
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these experiments was published in Technical Bulletin No. 32
of this Station. Since that time, mottled enamel has been pro-
duced both by feeding and by the subcutaneous injection of
fluorides into rats, dogs and guinea pigs. The methods used
have been described and the results illustrated in Technical Bul-
letin No. 45, entitled "Experimental Production of Mottled
Enamel."

The effects of fluorine feeding upon the chemical composition
of the teeth have been extended to the analysis of both teeth
and bones at higher levels of fluorine feeding. Analyses have
been made of the ash, calcium, and phosphorus of the teeth and
bones of the fluorine fed animals and the results compared with
those for their controls which did not receive additional fluorine.
When the sodium fluoride is fed at a level of 0.1% of the ration,
both the teeth and bones of the animals receiving the fluorine are
poorly calcified.

The supplemental feeding of 30 school children of St. David
has been carried on for the third consecutive year. During this
time, the first group of the permanent teeth and part of the
second group have erupted in all of the children. Examinations
of their teeth made in May showed that all of the teeth of these
children native to St. David have erupted with mottled enamel
thus showing that a regular intake of vitamin D during the ages
of 6 and 7, fed in the form of codliver oil, or viosterol, did not.

prevent the destructive action of fluorine present in their drink-
ing water supplies. Examination of their teeth to determine the
incidence of dental caries in the codliver -oil -fed group and a
control group without codliver oil were made by Dr. Alex Bard.
D. D. S. This study is being continued.

With the purpose of obtaining information as to the period of
greatest destructive action of fluorine upon the unerupted teeth
of children who drink water containing fluorides, seven St. David
families have been selected for observation. A drinking foun-
tain has been installed in each of these households and they are
supplied with water relatively free from fluoride obtained from
the nearby town of Benson. These families contain children of
all ages from infancy up to 6 and 7 years of age, which is the
age at which the first permanent teeth erupt. It is too early to
report which age groups will be benefited by the change in
water supply.

The investigation of the effect of fluorine feeding upon the
metabolism of calcium and phosphorus has been continued the
past year. Calcium and phosphorus balance experiments were
conducted with children who drank fluoride -containing water
and with rats and with dogs fed sodium fluoride in their ration.
In each case, a diet constant in composition and amount has
been fed over several experimental periods. Analyses of the -
calcium and phosphorus content of the food intake and of the
feces and urine have been made, and the balance of calcium and
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phosphorus determined. Many difficulties are encountered in
balance studies. The data at hand show that young rats that
are fed fluorides have impaired ability to metabolize calcium
and phosphorus. They retain a lower percent of calcium in their
food intake and a less number of grams of calcium per kilogram
of body weight than do their litter mates who served as con-
trols. When as much as 0.1% of their ration is sodium fluoride
they retain about 50% less calcium than the control, non-
fluorine -fed rats. The interference with their ability to retain
phosphorus is even greater. Adult dogs fed rather large doses
of fluorine also show a lowered retention of both calcium and
phosphorus although the differences from the retention figures
for the control animals are less striking than in the case of rats.
The balance experiments conducted on four St. David girls,
and four Tucson girls of the same age who served as controls,
do not show any striking differences in their ability to metabolize
either calcium or phosphorus in spite of the fact that the St.
David girls were drinking water with a fluoride content suffi-
ciently high to have caused rather severe mottling of their teeth.
A difference in the path of excretion of calcium and phosphorus
between the two groups of girls was noted. The St. David girls
excreted a larger percent of both calcium and phosphorus through
the kidneys in the urine. It has been suggested that this differ-
ence in excretion is indicative of some difference in the meta-
bolism of calcium and phosphorus.

Working in collaboration with this laboratory, histological ex-
amination of the teeth of rats receiving fluorides in their diet
and also those which received intermittent injections of fluorides
have been continued by the University of Illinois College of Den-
tistry. A report of this work will be published soon from this
Station.

With conclusive evidence at hand of the destructive action of
fluorine upon teeth, the increasing use of fluorine compounds as
spray insecticides against agricultural pests in many parts of the
United States becomes alarming. Fluorine- bearing insecticides
are being turned to as substitutes for arsenicals whose toxic ac-
tion is recognized. The question of comparative toxicity of dif-
ferent compounds of fluorine is being investigated in this lab-
oratory and the minimum toxic dose for experimental animals
determined. The comparative effect upon the teeth, growth rate,
food intake and general well being of rats produced by feeding
such compounds of fluorine as sodium, potassium, ammonium and
calcium fluorides; sodium, potassium, calcium and barium fluo-
silicates, and cryolite is being studied.- In some experiments the
fluorides have been incorporated in the ration. In other cases
the drinking water has contained the fluorides, and in other cases
the fluorides have been fed separately in definite, weighed
amounts. The concentration of fluorine has been varied from



62 AGRICULTURAL EXPERIMENT STATION

3.5 to 18,000 parts per million of diet, or of water, or from 0.0001
gram to 0.2 gram of fluorine daily. Results at hand show that
a marked difference in toxicity exists between the different com-
pounds of fluorine.

Briefly, all of the soluble fluorides, and the less soluble spray
compound, barium fluosilicate, produced a definite stunting of
growth at a concentration of .0226% fluorine. Fluorine combined
as calcium fluoride or as the insecticide cryolite, has a less
toxic effect upon growth for it required 10 times as much fluorine
as cryolite and 20 times as much as calcium fluoride to produce
the same degree of growth stunting. This difference may prob-
ably be due to the lesser solubility of these compounds. How-
ever, a destructive effect upon the teeth of the animals was noted
at concentrations far below those necessary to interfere with the
growth rate. Seven parts per million of fluorine in the diet as
sodium fluoride interferes with normal calcification of the teeth.
At this low level of feeding, differences in toxicity of the various
compounds of fluorine are not as apparent. It would appear
that all compounds of fluorine are dangerous and their use as
insecticides should be discouraged or carefully checked.

VITAMIN STUDIES

The study of the effect upon the incisor teeth and bones of
albino rats resulting from a deficiency of vitamin A in their ra-
tion has been completed except for the histological examinations
now being made. Briefly, it has been shown in this laboratory
that outward changes in the appearance of the incisors of rats
upon a vitamin A deficient diet appear at the same time that
cessation of growth and early signs of opthalmia indicate that
the body reserves of vitamin A have become exhausted. The
incisors cease to grow at a normal rate, lose their luster and pig-
ment and become white, short and blunt. The inclusion of
viosterol in the diet did not prevent these changes from occurring
but the addition of vitamin A as codliver oil resulted in normal
teeth. Comparison of the chemical analyses showed that the
teeth of the vitamin -A- deficient rats contained less ash, and a
slightly higher percentage of calcium with a higher calcium and
phosphorus ratio. No significant differences were found in the
bones of the two groups of rats.

The vitamin B and G content of two Arizona products- grape-
fruit and brocolli -has been measured in the past year. The dis-
tribution of these vitamins in the raw pulp and in the fresh and
boiled peel of the grapefruit and in the raw flower and leaf of
the brocolli plant has been determined. Results show, in brief,
that grapefruit pulp contains from 1% to 2 times as much vita-
min G as vitamin B and that the fresh peel contains 3 times as
much vitamin G as vitamin B. Boiling the peel caused a loss of
practically all of the vitamin B and of 50% of the vitamin G.
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Both the leaf and the flower of brocolli were found to be ex-
cellent sources of vitamin G and to compare favorably in vitamin
B content with those vegetables which are rich in vitamin B.

The effect of storage of baled alfalfa upon its nutritive value
as shown by its vitamin A and D content is being measured.
Vitamin measurements have been made after 3, 6, 9 and 12
months' storage. Results show a marked destruction of vitamin
A which may be due to enzyme action in the hay. This work is
being continued.

PROTEINS IN HEGARI

To further determine the feeding value of the proteins in hegari
and also to obtain information as to the best commercial protein
concentrates to be used as supplements, the "biological efficiency"
of the nitrogen in hegari and hegari supplemented with cotton-
seed meal, skim milk powder, meat scraps, and tankage is being
measured. Nitrogen- balance experiments with rats on a protein -
free diet have first been carried on to determine the normal "met-
abolic nitrogen" for each animal. Keeping the total nitrogen
constant, the efficiency with which the animals use hegari nitro-
gen, and hegari nitrogen supplemented with nitrogen from the
above listed protein concentrates, is now being determined.
Analyses of the nitrogen of the food and excreta show a slightly
greater plus balance of nitrogen, i.e. perhaps a slightly greater
retention or storage of nitrogen, when hegari proteins are sup-
plemented with cottonseed meal. Work with the other protein
concentrates is incomplete. This work is continuing.

IMPROVING ALFALFA

The Station is carrying on breeding work with alfalfa in an
attempt to increase the yield and quality of the hay and seed.
Arizona not only produces alfalfa hay in large quantities but also
alfalfa seed.

For several years the breeding work was carried on at the
Yuma sub -station. This year, all plot work with alfalfa was
transferred to the experimental farm at Tucson. In making the
plantings at Tucson an attempt was made to secure as many
types as possible since it is highly important to have the best
available varieties, both for the purpose of making selections
and for later comparisons.

The planted stocks now include:
1. Forty -four self -pollinated progenies which were trans-

planted from Yuma in March, 1933.
2. Two hundred and twenty -seven field selected, individual

plants, taken from the Chilean alfalfa field of Mr. A. Anderson
at Arlington, Arizona.

3. Row plantings of Arizona strain 5 -3 (Hairy Peruvian),
Minnesota Grimm, Montana Common, N. D. Cossack, Michigan
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Hardigan, Arizona Common, imported Turkestan, Oklahoma
Common, Nebraska Common, and Idaho Common.

Figure in winter growth of adapted varie-
ties of alfalfa. At left: three rows of Arizona Common; Center: five
rows of unadapted northern varieties; Right: two rows of adapted Hairy
Peruvian. Last cutting, November 1, 1933. Picture taken January 1,

1933, at University Farm, Tucson.

The 44 progenies transplanted from the Yuma Sub -station con-
stitute the second self -pollinated seed generation, and self- polli-
nated seed was taken from them during the summer of 1933 for
planting the third self -pollinated generation plantings. Self -
pollination among plants not only increases their uniformity, but
also permits the recognition of the various types which are pres-
ent. Among the self -pollinated progenies, some commercially
promising types have begun to appear. Leafiness and heavy
seed setting are combined in some of them and it seems possible
at this stage to establish a strain which has both of these char-
acteristics. There is some indication that this inbreeding is re-
ducing the vigor of the individual strain, but it is believed that
the vigor can be restored, as is done with corn, by permitting
two or more desirable inbred strains to intercross.

Self- pollinated seed is also being taken from all promising in-
dividual plants among the commercial varieties listed under (3)
above. However, a comparison of these varieties shows that the
locally grown Arizona varieties are superior to those which have
been brought in from other states.
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IMPROVING LINT CHARACTERISTICS OF COTTON

The purpose of breeding experiments with cotton at this Sta-
tion is to produce under irrigated conditions, a strain of cotton
with more uniform lint characteristics, as length, uniformity of
length, and density of lint per seed. Obtaining greater uniform-
ity in these characteristics naturally will increase the quantity
and quality, hence the price per pound received by the growers.
Experiments conducted by the Station show considerable prom-
ise for obtaining substantial improvement in these characteristics
within certain cotton varieties.

In May of 1932, 620 rows each 50 ft. long were planted with
the seed from 194 plants selected from the progeny rows grown
during 1931. In the fall of 1932 each of these progeny rows
was carefully studied in the field and selections made for plant-
ing in 1933. The vegetative characters of the plants were care-
fully observed, and a preliminary study of the lint was made in
the field. Because of the excessive dryness of the lint in the
field, a determination of its actual length and uniformity is diffi-
cult, and many plants were selected and harvested that were later
rejected when tested in the laboratory under conditions of uni-
form humidity and temperature.

From approximately 20,000 plants grown in the progeny rows,
between 1000 and 1200 were selected for further study. At the
time of harvesting, a twenty -lock sample was taken from each
plant for study in the laboratory. These samples, together with
the cotton from each plant, were brought into the laboratory
and conditioned.

A sample of 10 seeds from each plant was used as a basis for
the study of length of lint and uniformity. They were also used
to determine the amount of lint per seed. The lint on each seed
was carefully divided into two approximately equal parts and
then combed out straight. Those plants showing a lack of uni-
formity or a small amount of lint per seed were discarded. Those
having a rather dense, uniform lint were sorted on the sorting
machine developed in 1932 in order to determine the length of
lint and the amount of substaple or waste. Out of more than 1000
plants selected, samples from 324 were sorted and the percentage
of lint in each eighth inch class determined.

All selections from one variety were discarded because of the
high percentage of motes contained in them. Selections from
two other varieties were discarded because of unsatisfactory
length and lack of uniformity in length. From the remaining
varieties 65 selections have been retained for planting in 1933.
The selection of these 65 plants was based on their length of lint;
uniformity of lint as determined by the total amount in the modal
quarter; the percentage of lint, or gin out -turn; and the total
amount of lint per seed, or density of lint on the seed.

It was feared that the selection of plants with a high percent-
age of lint in the modal quarter and a correspondingly low per-
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tentage of lint in the modal quarter and the total amount:
of lint per seed. The coefficient of correlation between the per-
centage of lint in the modal quarter and the total amount of lint
per seed was determined for 550 plants sorted in 1932 and 1933.
This coefficient of 0.12948 ± 0.028278, although 4.58 times its prob-
able error, is only slightly significant. It does show, however,
that there was no tendency among plants studied for high per-
centage of lint in the modal quarter to be associated with a low
amount of lint per seed.

The following table shows the range in the percentage of lint .
in the modal quarter and the total amount of lint per seed for
the 550 plants referred to above:

Lint in modal
quarter

Lint per
seed Mg..

Highest 69 102

Lowest 45 54

Difference 24 48

Average 57 78

Selections for planting in 1933 show the following averages for
length of lint, percentage of lint in the modal quarter, amount of
lint per seed, and percentage of lint.

Variety
Lint in modal

quarter %
Lint per
seed mg.

Length of
lint in.

Per cent
lint.

Kasch 62 95 1 1/16 39.9

Acala-
Strain A 56 78 1 1/8 37.3

Acala-
Strain B 55 82 1 9/64 37.7

As can be seen from the above table, the Kasch selections lead
all others in uniformity of lint, lint per seed, and percentage of
lint. A number of these selections show considerable promise,
and it is hoped that seed for an increase plot will be available in
one more year. Several of the Acala selections may also be placed
in increase plots next year.

Four plants, apparently of hybrid origin, have been found that
show extreme density of lint. They range from 113 to 118 mg. of
lint per seed. This is an average of 116 mg. and is respectively 21
and 36 mg. greater than the averages for Kasch and Acala. The
uniformity of lint as determined by the percentage in the modal
quarter lies between Kasch and Acala, or about 58 %. The length
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of lint is approximately 1 inch. These selections will be carefully
watched next year.

An attachment for straightening the lint and placing it uni-
formly upon the combs of the sorter has just been perfected. It
is felt that this attachment will make the results obtained in
sorting much more uniform and reliable.

A device for holding the seed to reduce the loss of lint from
combing to as low a percentage of the total as possible is needed.
An attempt is being made to construct such a device.

BREEDING WHEAT RESISTANT TO SMUT

Bunt, or "stinking smut," reduces the yield of wheat, increases
the expense of milling, and often causes explosions in threshing
machines. To these losses must be added the loss due to "dock-
age" for smut, the cost of treating seed grain, and the loss of in-
vestment due to low yields or failure of the crop.

There are several methods of control for smut available, but it
is often difficult to get farmers to apply these control methods
before planting. All of the high -yielding, commercial varieties
of wheat grown in Arizona are very susceptible to smut. A num-
ber of varieties of wheat in other states have been developed
which are immune, or resistant to smut, but they are otherwise
poorly adapted to growth in Southern Arizona, since they are of
late maturity and low yield. Therefore, it would seem that the
solution of this smut problem would be to develop strains or
varieties of wheat through breeding and selection which are
resistant to smut, and have the other qualities of high yield and
early maturity necessary to profitable production here, and to
continue efforts to get wheat growers to apply control methods
in order to keep wheat thus developed clean and pure.

There is ample indication that work on breeding and selection
for smut resistance should prove valuable to Arizona. With this
purpose in mind the Plant Breeding Department is conducting
experiments, crossing varieties of wheat susceptible to smut with
imported varieties which are immune or resistant in order to
combine resistance with the desirable qualities which our best
wheats already possess.

From tests already conducted, it was found that the percentage
of infection in our common Arizona wheats- Sonora, Escondido,
Pusa, and Baart- ranged from 54 to 68 percent, which is consid-
ered very high when compared to the percentage of infection
found in the imported wheats- Hussar, Ridit, and Hope -which
show from 0 to 1 percent infection.

By crossing the non -resistant Arizona wheats with the resistant
varieties, it was found that it is possible to establish immunity or
high resistance in a number of segregated families of each of the
crosses studied. This is shown by the number of zero and low
infection families within each of the crosses in data obtained by
inoculating 158 (F3) third generation progenies.
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While the imported varieties are highly resistant to smut, they
do not have the same ability to transmit resistance to their hybrid
progeny. The Hope- Sonora cross gave only one F3 family which
showed no infection, while the Hussar -Sonora cross gave 92 F3
progenies which showed no infection out of a total of 158 inocu-
lated progenies of each cross.

Although further testing will be required to determine defi-
nitely the number of genetic factors involved in each of these
crosses the data at present indicate that the factors are multiple
and cumulative.

Among the immune or resistant progenies, there appeared sev-
eral with white grains which were as early as the susceptible
Arizona varieties. This indicates that it is possible to establish
desirable commercial varieties with high smut resistance.

TEXAS ROOT ROT

Experiments on the control of Texas root rot in the deciduous
orchards of the Oak Creek -Camp Verde district 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 most successful are rather heavy
applications of ammonium sulphate 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; both leave a large residue of quickly available
nitrogen in the soil, since nitrification of the ammonia in either
case is well advanced in two or three weeks. The strong stimu-
lating effect of the nitrogen appears to be essential to recovery,
for trees visibly affected by Texas root rot have much weakened
and decayed root systems 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 some-
what better for treating trees in an advanced stage of the rot.
Since both chemicals, especially the hydrate, are very toxic to
trees if applied in too strong concentration, a method was evolved
for the safe and accurate application of the chemicals under field
conditions.

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
Fig. 14. 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 Fig. 14; in the second grove about 40 percent of the
trees died, but many others show great improvement Fig. 14,
B, C, D) . The higher mortality, as compared with the first or-
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Figure 14.-Effects of treatment of pecan trees for the control of Texas
root rot. A. Infected tree treated in October, 1932; now in excellent con -

<dition. B. Pecan tree showing typical symptoms of early stages of root
rot. Other trees treated in these experiments were in as had or worse
condition. C. Check tree, untreated. This tree looked better than D
when the latter was treated in November, 1932. D. Treated tree showing

vigorous new ...growth. .Both : :.:.anc :.:D. were cut back.. when. treated.
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chard, 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.

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 orchards have been
consistent and encouraging, but two other orchards have shown
contradictory results.

Experiments on the effect of trenching -in large quantities of
organic matter of low nitrogen content (green manure crops,
weeds, spoiled hay, manure) and of high nitrogen content (poul-
try droppings) are showing less rapid but usually favorable re-
sponse. This kind of treatment is considered protective rather
than curative and should be applied in advance of possible in-
fection. 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 to the commercial grower
if applied to trees only slightly infected or standing in the path
of the advancing fungus. Such trees might be maintained with-
out loss of production whereas badly diseased trees usually must
be severely pruned to balance the top with the weakened root
system.

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 indi-
cator for the presence of active root -rot infection. Among the
susceptible species not previously reported are bird -of- paradise
bush (Poinciana gillesii) discovered by M. M. Evans of this De-
partment; fiejoa (Fiejoa sellowiana), and weeping acacia (Acacia
pendula).

A study of certain phases of the root -rot problem was under-
taken for his master's thesis by Mr. Karl D. Butler (6), who found
that the watermelon (four varieties studied) was neither highly
resistant nor immune to Texas root rot, but was susceptible, both
in the field and in the greenhouse. 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. Butler also found that the root -rot
fungus is inhibited or killed in the presence of another fungus,
Trichoderma lignorum. The thesis will be published in a tech-
nical journal.

A DISEASE OF MILO MAIZE NEW TO ARIZONA

A disease of milo maize new to Arizona appeared in one field
during the year. Plants affected by the disease bear dwarfed
heads. The leaves first showed water -soaked streaks which are
approximately 1/12 inch wide and up to several inches long.
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Very soon the streaks turn red. So many streaks occur on the
leaves that the latter may be killed. The death of leaves is suf-
ficient to explain the dwarfing effect on the heads, for dead
leaves cannot make food for plant growth.

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 we have iso-
lated a yellow organism. 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 Phytomonas (Bacter-
ium) holcicola reported to occur in Texas, Oklahoma, Kansas,
and Montana.

FUSARIUM -WILT- RESISTANT WATERMELONS FOR ARIZONA

Fusarium wilt of watermelons annually causes considerable loss
to gardeners and truckers in Arizona, therefore this Department
has given some attention to the disease. For a period of three
years the wilt- resistant varieties, Iowa Belle, Iowa King, and
Pride of Muscatine, have been planted in experimental plats on
the campus, the University Farm, and elsewhere in the State. The
varieties are vigorous here; Iowa Belle and Iowa King will produce
two crops of fruit on the same vine in one growing season; all
three varieties are wilt resistant. However, the flesh of the fruits
is light red whereas the Arizona market demands a deep red flesh.
Furthermore, the long type of Iowa Belle sometimes shows an
internal brown discoloration of the rind. The problem has been
to select and breed from these varieties a wilt- resistant water-
melon with deep red flesh. From 42 plants reared from an open
field selection of the Iowa King variety during the past season,
3 plants produced watermelons which resembled the Klondyke
and had crisp, firm, sweet, deep red flesh. Seed from this crop
will be planted in wilt -sick soil and the surviving plants will be
"selfed" in the attempt to obtain a better watermelon for Arizona.

RELATION OF CROWN GALL TO TEMPERATURE

Crown gall is next to Texas root rot in destructiveness in or-
chards of deciduous fruits in Arizona. For this reason the disease
has been studied in the effort to find out its relation to tempera-
tures and other factors. The statement has been published by the
Wisconsin Station that crown galls do not develop above approxi-
mately 30 degrees centigrade (86 degrees F.). This statement
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is based upon experiments in which inoculated plants inclosed
in temperature tanks were grown at several constant tempera-
tures.

Under field conditions in Arizona aerial galls developed on
plants of castor bean grown in a maximum temperature which .

fluctuated between- 29 degrees C. and 41 degrees C., and in a
minimum temperature which fluctuated between 12 degrees C.
and 27.5 degrees C. The temperature relations are given in the
accompanying chart. The plants used in the experiment were
sowed July 1, and needle -inoculated with the poplar strain of
Phytomonas turne f aciens on July 21, season of 1932.

Unreported experiments with crown gall on peach trees in the
open, chiefly by members of this Department, indicate that the
galls continue to grow at soil temperatures of 30 degrees C. and
higher.

NOTES ON PLANT DISEASES

Psyllid Yellows and Early Blight of Potatoes. The first serious
outbreak of psyllid yellows of potatoes occurred in northern Ari-
zona during the past summer when one county reported a loss
of 80 percent of the crop. Investigation showed that although
yellows was the principal cause, early blight was also prevalent.
A mimeographed circular (9) was prepared in which the diseases
were described and methods for their control were suggested.
The circulars may be obtained by addressing the nearest county
agricultural agent, the Experiment Station, the Agricultural Ex-
tension Service, or this Department.

Assistance to Seed Potato Growers. A program to aid the
growing of seed potatoes suitable for registering and certification
in four counties of the State was undertaken in cooperation with
the Extension Horticulturist and the county agents concerned.
The work involved a trip through the four counties on which the
purpose and methods of rogueing potato seed plots were explained
to the growers. A mimeographed circular (10) was prepared for
aid in this work.

Smuts of Barley. Smuts of barley, always present in the fields
in Arizona, appear to be increasing in importance. Loose smut is
much less serious than covered smut. Owing to the campaign to
reduce the acreage of cotton and wheat, the acreage of barley is
likely to increase. For this reason the treatment of seed barley
has been emphasized. Grain in small quantities to be used for
seed plats may be treated with hot water, which is the only satis-
factory control for loose smut but which also kills the spores of
covered smut. For commercial plantings the seed should be
treated either with formaldehyde or with Ceresan. Directions
(1) have been prepared for the use of farmers who plan to treat
seed.
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Root Knot in Peach Orchards. Upon the request of interested
farmers several peach orchards in northern Pinal County were
inspected. Three orchards showed yellowed foliage, dwarfed
fruits, and in one case several dead trees. These orchards were
infested with nematodes. Fruit produced in one orchard was so
dwarfed that it could not compete with California peaches in
the market, therefore the crop amounting to several tons was a
loss. The infested orchard is young; the owner states that root
knot never before appeared on the ranch; the nursery from which
the trees were purchased is blamed for the diseased trees.

A Fusarium Disease of Cereus Schottii. Complaints from the
owners of cactus gardens that plants were attacked by a serious
disease suggested the investigation undertaken by Miss Alice Mc-
Laughlin (7) , a graduate student in plant pathology. Cereus
schottii was the species concerned. Symptoms of the disease
were a dark discoloration and decay which finally destroyed the
stem. From the lesions a species of Fusarium was isolated which
produced the disease when inoculated into healthy plants. The
Fusarium was identified as a strain of F. oxysporium.

Heart Rot of Palms. Work on heart rot of the date and other
palms was completed and published, together with suggestions
for prevention and control of the disease (8) . The cause is Thiel -
aviopsis paradoxa, a fungus which appears to be unable to
attack healthy palms; therefore control is chiefly a matter of
prevention and sanitation.

Heart rot of the date palm is characterized by a retarded de-
velopment of new leaves; drying of the pinnae from the tip
downward, 'first on the older leaves; brown to deep brown dis-
coloration of certain tissues of the trunk. The fungus is believed
to enter the plant through the roots near the soil line, or through
unprotected wounds inflicted in removing the offshoot, 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 rot.

Shade and Ornamental Trees Respond to Treatment. A large
planting of shade and ornamental trees, consisting of Eucalyptus,
Washington Palm, Oleander, Pepper Trees, Tamarisks, and other
plants has demonstrated the value of optimum water content of
the soil, mulching, and soil fertility. Many trees in the planting
were not growing normally; some were dying and suspected to
be attacked by parasites. Use of the soil auger showed that too
much water was given to most of the trees. Restricted use of
water, permanent mulching with manure, and the application of
ammonium phosphate have resulted in a healthy, luxurious
growth.
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Phytophthora Rot of Watermelon. Further study of the Phy-
tophthora rot of watermelon which was briefly mentioned in last
year's report, has apparently confirmed the provisional identifica-
tion of the causal fungus as Phytophthora cactorum. The results
of the investigation will appear in the form of a technical bulle-
tin (4) ; therefore only a summary omitting the facts previously
reported, is given here.

The fungus grows well in cultures in oat -meal, corn -meal, and
potato -2 percent dextrose agars at 28 degrees C.; primary hyphae
in cultures are 4.4 µ to 8.5 N, in diameter; sporangiophores are
mostly simple on watermelon and loosely branched on media;
sporangia are abundant on the host and in cultures, typically citri-
form, non -papillate to papillate; oögonia and antheridia are ab-
sent on watermelon, but abundant on certain cultures; sphaero-
conidia are present in cultures and one type develops internal
spores. The fungus is pathogenic for ripe apple, pear, orange,
and tomato fruits; for green tomato, cucumber, and bell pepper
fruits; for roots of turnip and sweet potato; for leaves of Agave
and tomato; for stems of Agave and Cereus schottii; it is non-
pathogenic for potato tubers and ripe lemon fruits.

Fertilization stages show both normal antheridial tubes and
absence of tubes, with a predominance of the latter condition. A
"manocyst" did not appear.

Watermelons in the same field where the crop was attacked
last year, have not been attacked at the time this report is writ-
ten. Since the disease appears to be favored by cool weather, its
presence or absence cannot yet be determined. Farmers can
recognize the rot by the target -like markings on the fruits.

Graphiola Leaf -Spot of Palms. Material for a technical bulle-
tin on the life history and control of leaf -spot of the date and
other palms has been assembled, but the completion of the manu-
script has been delayed by other work during the spring and
summer months. Experiments will be continued on the effect
of climatic and other conditions on the susceptibility of palms to
the disease. Graphiola was found on a canary palm in a Tucson
greenhouse, this being the first record of such infection in the
Tucson district. The plant had been shipped from a nursery in
California.

Cotton Angular Leaf -Spot. The first serious outbreak of angu-
lar leaf -spot on short staple cotton was recorded on Acala va-
riety grown in the southeastern part of the State. The boll -rot
phase of the disease was worst. Little secondary infection was
present in the material studied. Previous attacks of the disease
on short staple have been found in the eastern part of the State,
but they have heretofore been of slight importance. Seed treat-
ment is not practiced in the district concerned.
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PROTEIN SUPPLEMENTS FOR CHICKS

Protein in the feeding ration for poultry is one of the most .
essential elements and, from the standpoint of cost, one of the
most expensive. In conducting the protein -supplement experi-
ments the Station is endeavoring to find the best protein supple-
mentary feed for producing maximum growth at minimum cost.
It is known that certain proteins cause nutritional disturbances,
so the discovery of any ill effects from feeding certain protein
feeds is being noted.

Three years' work on the above subject reveals that the price
of a protein is no criterion of its efficiency. The lowest priced
feeds proved the poorest in growth production. On the other
hand, the highest priced feeds did not produce the greatest
growth over the twelve weeks period.

A grouping of the protein supplements used, based on the
weight per bird at the end of a twelve weeks feeding period from
day old to twelve weeks, the cost of the ration per pound, and
the feed cost per pound of growth, follows:

Weight per Bird

(Starting with greatest
gain)

All proteins
Dried Buttermilk
All protein 1 bran
All protein double bran
Dried buttermilk and

bonemeal
Semi -solid buttermilk
Meat scraps
Cottonseed meal
No protein
Alfalfa leaf meal

Cost of Ration
per Pound

(Starting with
lowest cost)

Cottonseed meal
No proteins
Alfalfa leaf meal
Meat scraps
Dried buttermilk
D.B.M. and bone -

meal
All proteins double

bran
All proteins
All proteins 1/2 bran
Semi -solid butter-

milk

Feed Cost per Pound
of Growth

(Starting with
lowest cost)

No proteins
Cottonseed meal
Meat scraps
All proteins
All proteins double

bran
Alfalfa leaf meal
Dried buttermilk
All proteins 1 bran
Dried buttermilk and

bonemeal
Semi -solid buttermilk

This complete work will appear in a later publication.

POULTRY NOTES

Effect of Inbreeding and Outcrossing on Egg Production and
Vigor -From the seventh year's work on this question it is evi-
dent that outcrossing alone does not solve the question of in-
creasing and maintaining increased egg production, for in all
three groups of birds used in this work the annual production de-
creased compared to the previous year's production. The fact
that the mortality in all cases was relatively high, indicates that
the method does not answer entirely the question of maintaining
vigor. This work is being discontinued.

Male Birds from High Producing Hens for Increased Egg Pro-
duction- Progeny tests of birds from blood lines in which there
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`was high p oducti oni both the male and female side have
failed to reveal the increased egg production expected in the offs:
springy Evidently the male coming from a high producing femal
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Figure 16. -Types of equipment used in moulting and housing experi-tk
Top -Houseless method showing exposed roosts. _, Bottom- Type;

of house used in check pen.
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and in turn mated to high producing females is not the entire
solution to the question of increased egg production. The nega-
tive results from this practice covering seven years of work will
appear in a later publication.

The Utilization of Some Available Poultry Feeds -A meat meal
produced in the Salt River Valley has proved the equal of similar
products shipped in from distant points outside of the state in
promoting egg production, and was more economical to use. Man -
amar, a combination of sea weed (kelp) and fish meal, proved
to be a stimulator of egg production at least equal to a good
mash, as represented by the U. of A. laying mash. Commercial
mashes tested were found to be very satisfactory when compared
with proven farm mixed mashes.

Shade for Poultry -A situation at the University of Arizona
poultry plant made it possible to carry on a test to determine
whether or not shade was necessary to the successful growing
of poultry. Two years of work with growing stock has indicated
that, providing feed and water are available in proper kinds
and amounts, and there is an acceptable shelter provided in the
form of a poultry house, shade is not essential. Groups of birds
without shade other than that furnished by the poultry house
have grown just as fast or faster than those that had shade avail-
able in the yards.

Conference Feeds -A group consisting of state and government
poultry workers located in Arizona met and formulated rations
for poultry feeding, having in mind the utilization of Arizona-
grown grains. It was felt by some present that these rations
would not wholly replace proven rations which of necessity con-
tained some feeds purchased outside of the State. In order to
get definite information regarding the relative values in ques-
tion a series of tests were carried on with the following results.

The "U. of A. starting mash" proved more efficient in develop-
ing growth over the first twelve week period than did the "Con-
ference mash" formulated for the same purpose. It also proved
more economical, producing a pound of growth at a less feed
cost than did the "Conference mash."

In the comparison of the "Conference growing mash" and the
"U. of A. growing mash" it was found that the U. of A. mash
caused a greater development at a less cost per pound in feed
over the three -months period from June first to September elev-
enth, than did the "Conference mash."

Growing Poultry under Confinement- Reports of phenomenal
success in disease and parasitic control are quite common when
new ground and equipment are used. After a few years the
same poultryman often suffers severe losses and in some cases is
forced to abandon poultry raising due to parasitic infestations.
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Growing birds in confinement was suggested as a possible remedy
and has been given a thorough trial. But close confinement as a
means of intestinal parasite control has its limitations. Birds
reared entirely in confinement, that is, on wire floors and on
concrete, were infested with tapeworms. A fly tight screen would
have been necessary to prevent this contamination and results
would not justify the expenditure. In addition cannibalism and
rough feathering in confined groups make outside runs desir-
able.

Using Arizona Grown Grains- Arizona poultrymen each year
purchase large quantities of grain produced outside of the state.
Arizona and local grain growers produce barley, milo, hegari and
other grains for which it has been difficult to find a market. At-
tempts have been made to use these local products in poultry
rations. Tests at the Arizona Station show that the utilization
of Arizona -grown grains in poultry rations will depend on the
cost of producing a dozen eggs. To date this cost has been
slightly higher than with outside feeds. The feed required to
produce a dozen eggs was 0.1 lb. more in the case of red milo
and 0.59 lb. more with barley than that in the check lots.

Battery Brooding Rations-The brooding of chicks in batteries
was offered as a means of solving one of the poultrymen's most
difficult problems. This equipment had a wide acceptance but
was not entirely satisfactory, especially from the standpoint of
feeding rations.

Battery brooding or the all -mash method of feeding or both
has resulted in deformities of the skeletons of young birds. Ade-
quate amounts of Vitamin D did not prevent this. This form of
rickets is probably the result of excessive amounts of calcium
or phosphorus. By eliminating the bone -meal and substituting
fish meal for one -half the meat scrap allowance this type of de-
formity did not appear. Chicks fed on grain and mash and hav-
ing access to range seldom develop rickets, since they secure
proper amounts of minerals from natural sources.

Pullorum Disease Control - Whenever large numbers of chick-
ens are kept, pullorum disease often makes its appearance. In
Arizona this disease is responsible for a large percentage of the
poultryman's losses. It has been given much study by the Ex-
periment Station. Hatchability and livability of chicks has been
greatly increased by blood testing for this disease. The whole -
blood method with stained antigen has been adopted for this
work. Incubator disinfection is a very important part of this
program.

In cooperation with the Arizona Extension Service, an eradica-
tion program has been inaugurated which includes the testing
of all breeding birds in the state, when requested. A survey
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showed the loss of chicks in the hands of Arizona poultrymen
last year to be 4.95 percent from tested stock, and 24.77 percent .
from non -tested parentage.

Ulcerated Gizzards -In cooperation with the Plant Pathology
Department an unusual poultry disease is being studied. We
have called it ulcerated gizzard. This complaint is of great eco-
nomic importance in the flocks where it has appeared. An as-
pergillus fungus has been isolated and later inoculations have
proven it to be highly infectious. This disease is causing serious
losses only in the summer months. Methods of treatment are
being studied.

Hen Batteries -The apartment -house method of managing lay-
ing hens is being investigated. This system consists of a series of
single hen wire cages, one placed above the other. Each bird
has a space 16" x 18" x 18" with individual water and feed hop-
pers. No provision is made for exercise and the birds are never
removed from the cages. By confining hens to individual bat-
teries much valuable data may be secured. An accurate trap
nest record together with parasite control is possible. By means
of controlled environmental conditions the habits of the hen may
be changed, such as uniformity of lay during the entire 24 -hour
period.

Forced Moult -In the past, many poultrymen have resorted
to forced moulting of their birds, believing this to be a good
practice. They did not have any means of accurately checking
the effects of this system, therefore, tests were conducted, result-
ing in the following observations: The practice of attempting to
force birds into a premature moult and bring them back into
production during the period of high egg prices is not to be
recommended. In some cases the birds remoulted while in others
they did not return to production until late spring. An average
return of 68.3 cents more per bird was secured when the birds
were allowed to follow a normal course as to moult.

Housing -There is a wide variety of poultry housing systems
in Arizona. One of the most unique methods consists of placing
perches over outside dropping boards leaving the birds entirely
unprotected from the weather. It has the advantage of requiring
a very small initial outlay. Due to maintenance requirements
the amount of feed consumed and the amount necessary to pro-
duce a dozen eggs is greater with this method. Livability, how-
ever, was slightly higher than with housed lots. In view of the
greater feed costs, the construction of a suitable house is to be
recommended.

GRAZING HABITS AND FOOD REQUIREMENTS OF GAME ANIMALS

The grazing habits and food requirements of game animals
have come to the front as major range problems in Arizona. The
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stockman is interested in securing the greatest economic use of
the range, and he wants information as to the amount of forage
on his ranges that is being consumed by game animals. The
stockmen as a class are somewhat unfavorable toward hunting
on their ranges because this privilege has been misused by many
careless hunters resulting in losses and some inconvenience to
the stockman. On the other hand if their ranges are not open
to hunting, game animals may increase to such an extent as to
seriously compete with domestic livestock for the limited forage
available.

The conservationist ' is interested in these game problems as
he likes to see as many wild animals as possible on our ranges.
The sportsman, however, thinks that under the control of man,
game will increase to such extent that the ranges will eventually
become overgrazed unless the natural increase is removed in
some manner. It is quite possible that there never will be abso-
lute agreement among the interested parties as to how the game
problem should be handled. However, many of the present dif-
ferences of opinion are due to a lack of information. It is for
this reason that the Range Ecology Department has undertaken
studies to determine the food habits and food requirements of
game animals. This same information is being collected for
domestic animals, so that the interrelations between these two
classes can be determined.

The work at the present time might be divided into two parts.
1. Attack on pressing problems which require immediate action
to prevent undue harm to the ranges, to the game animals, or to
stockmen who depend on the ranges for a livelihood. 2. Experi-
mental work which will increase our information in regard to
the potential grazing capacity of the ranges, forage requirements
of game and domestic animals, and finally, to determine the class
and number of grazing animals or the combination of classes and
numbers of animals which will result in the best use of ranges
in the future.

The problems of an immediate nature given attention during
the past year included examinations of the Kaibab deer range,
the Anderson Mesa and Hay Lake Antelope ranges, the elk
range on the Sitgreaves National Forest, and the Coconino, San
Francisco Mountain, Huachuca and Chiricahua deer ranges. In
each case a copy of the report of conditions found was furnished
to the interested parties. As each of the cases studied represented
individual problems it would be impossible to summarize the
studies here.

The experimental work represents long -time studies in which
there is an accumulation of information from year to year. This
is only the second year for such studies in the department so
that much of the time has been spent in gathering basic data.
A partial collection of the important forage plants and seeds
from important plants has been made to facilitate the identifica-
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tion of plants found in animal stomachs. So far the contents of
the stomachs of 18 deer, mostly killed by hunters-, have been
examined and the plants identified.

In addition, studies have been made on many game ranges to
determine what plants are being grazed, and the extent of grazing
by the different classes of animals.

INFLUENCE OF CLIMATE AND SOIL ON RANGE VEGETATION*

Our native vegetation is just as dependent on climate and soil
as any cultivated crop. The problem is more difficult, as we
cannot control the water supply as does the irrigation farmer,
nor can we improve the tilth of the soil by ploughing. Because
of limiting economic conditions it is impossible to do much cul-
tural work on range lands. However, management practices
have a marked effect on forage production, and are under man's
control.

Native forage plants vary in yield according to climatic and
soil conditions. The same species of grass will show a wide varia-
tion in number of plants per acre, size and vigor of plants, and
in resistance to killing out by grazing.

Every range includes many different kinds of plants. Each
one has its own particular soil and climatic requirements and the
distribution of. each species over the state is different. Further-
more continued close grazing may cause a given species to be
killed out over part of its normal habitat so that, on some of our
ranges, it is hard to say just what species should be present and
how many individual plants per acre might be expected under
the best management practices.

Moisture seems to be the most important factor in determining
the normal distribution and abundance of the various plants. In
order to find out if the different plants have different require-
ments for water, an experiment was set up in which plants were
grown in large sealed cans in such a manner that no moisture
could be lost from the soil. The plants were given water as often
as needed and they were cropped at maturity, dried and weighed.
In order to have a common basis for comparison the water re-
quirement of each was calculated on the basis of the number of
pounds of water used by the plant in producing a pound of dry
forage. The following table shows the water requirements,

tThe department would be glad to receive the stomach contents of any
game animals. The contents should be removed, placed in a sugar or
flour sack, washed until the rinse water is clear and then dried. The
sack containing this material can then be mailed to the Range Ecology
Department, University of Arizona, Tucson.

*This work is being carried on at the Desert Grassland Station, located
40 miles south of Tucson, in cooperation with the U. S. Forest Service.
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average amounts of water used daily per can, the normal altitud-
inal range and the variation in rainfall at these elevations for
some of the important southern Arizona forage plants.

Table No. 1- Average water requirements of important forage plants at
the Desert Grassland Station. Summer 1932.

Plant
Water

require-
ment

Daily
use of
water
(oz.)

Normal
altitudinal

range (feet)
Variation

in rainfall
(inches)

Side -oats grama 1012 2.8 3500 - 6000 15 - 28

Cotton grass 751 3.2 3000 - 5500 13 - 25

Curly- mesquite grass 613 3.0 3500 - 6000 15 - 28

Black grama 602 3.1 2500 - 5000 11 - 23

Blue grama 531 6.4 4500 - 7000 20 - 34

Rothrocks grama 494 2.8 1500 - 4500 8 - 20

With the exception of blue grama the water requirements of
the various grasses are roughly proportional to the average rain-
fall under which they normally occur. Thus we would expect a
greater abundance of rothrocks grama at the lower elevations and
a greater abundance of side -oats grama at the higher elevations.
After the accumulation of more data it is possible that we may
be able to predict the normal abundance of the various grasses
under a given set of conditions and if the normal plant population
is not present it may be possible to modify the management prac-
tices in such a way as to bring about the maximum forage pro-
duction.

Experiments are also being carried on to determine the varia-
tion in available soil moisture under various climatic and soil
conditions, and the influence of these variations on forage pro-
duction. Because of the great seasonal variability, adequate
conclusions cannot be drawn from these experiments, until they
have been carried on for several more years.

INFLUENCE OF GRAZING ON RANGE VEGETATION

This work is tied in with the experiments mentioned above.
Our plan is to determine the kind and amount of vegetation pro-
duced where there is no grazing, and the changes which take
place under light, moderate and heavy grazing. As there are
rodents on all ranges it is necessary to determine the amount of
forage consumed by them as well as by domestic livestock. When
the influence on the vegetation of all range animals is known,
the most economic practices can be determined. This is a long-
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time experiment and there is very little in the way of results,
which can be reported upon, until the experiment is completed.

FORAGING HABITS OF LIVE STOCK

For some time studies have been under way to determine the
grazing capacities of various types of ranges in the state. The
principal object of these studies is to determine just how many
animals can be grazed year after year on any given range area
without deterioration of the range. It is important from an
economic viewpoint that we obtain the fullest use possible of our
range lands, but on the other hand it is equally important to
avoid overgrazing. All plants are not grazed to the same extent
by live stock. There are over 3,000 species of plants on Arizona
ranges, but probably less than a third of these are eaten by live
stock. Some of these are grazed to a considerable extent while
others are barely touched or used only in emergencies, and it
appears that when the range is used to an extent which will
force the live stock to eat the less palatable plants, the more pal-
.stable plants will be grazed so closely that they are killed out.

In the present study, the amount of grazing which each kind of
plant will receive when the total utilization of the range is such
as to insure the maintenance of the more valuable species, is
being determined. Palatability lists are being prepared to show
the average percentage of each species which will be grazed
when the range as a whole is properly utilized.
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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 experi-
mental farms except for necessary replacements and repairs to labora-
tory equipment and to farm machinery. The properties at Yuma, Tempe,
Mesa and Tucson have been kept in good repair although no improve-
ments or additions have been made. Due to a voluntary cut of $137,000
on the budget for the present fiscal year which the University took, it
was found necessary to materially curtail all research work formerly
carried on at the Yuma Valley Farm and at the Santa Cruz Farm in
Tucson. To meet water charges, alfalfa, hegari, and other forage crops
were grown commercially on these farms.

No additions have been made to the staff of workers. The following
resignations have been accepted: Mr. A. F. Carps, formerly Field
Assistant in Irrigation and Horticulture; Mr. D. M. Gorsuch, formerly
Research Assistant in Economic Zoology; and Mr. A. D. Ayres, formerly
Assistant Agricultural Chemist. Mr. W. T. McGeorge has been promoted
from Acting Agricultural Chemist to Agricultural Chemist in charge of
the Department of Agricultural Chemistry and Soils.

RESEARCH PROJECTS

A complete list of the active research projects of this Station was
published in last year's annual report. Since that time, a number of
changes have been made. These are indicated below.

The following projects have been completed during the year:
No. 72. Soil, water and alkali factors that govern the successful recla-

mation of alkali lands in the Salt River Valley (State).
No. 122. Wheat varieties for northern Arizona. (State).
No. 106. Study of the Iife history of the western green June beetle

(Purnell) .
No. 149. The value of Arizona sorghum grains, hegari and yellow

milo, compared with yellow corn as a source of vitamin A. (Purnell) .
No. 153. The quantitative measure of the vitamin A. B. C and G con-

tent of several varieties of Arizona dates (Purnell) .
No. 123. An ecological study of vegetation on a selected number of

sheep and goat ranges in Arizona (Purnell) .
No. 39. Pecan studies (State) .
No. 49. Grape investigations (State, Hatch) .
The following projects have been temporarily suspended:
No. 65. The culture and improvement of legumes adapted to the

Southwest (State).
No. 110. A study of the effect of storage under arid conditions upon

field -crop seeds (State).
No. 119. Pasture of young calves (Hatch Sales) .
The following old projects were reinstated and further work done on

them during the past year:
No. 55. Protein supplements for baby chicks (State).
No. 132. Lettuce seedbed studies (State).
The following new projects have been added during the past year:
No. 184. A study of the life histories of certain game animals (Pur-

nell) .
No. 185. A study of the life history and ecology of the wild turkey

(Purnell) .
No. 186. Food requirements of certain game animals in the South-

west with especial reference to the influence on the live stock industry.
(Purnell).
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No. 187. The fluoride content of water and plant material in relation
to mottled enamel of human teeth (Purnell) .

No. 188. Physiological factors affecting seed -setting in alfalfa (Pur-
nell) .

No. 189. A study of the influence of storage conditions on lettuce
seed and its vitality (Purnell) .

No. 190. The effect of back crossing and reciprocal crosses on egg
production in the offspring (Purnell) .

No. 191. Cultural experiments with strawberries (State).
While projects No. 184 and No. 185 have been approved by the Fed-

,eral Office of Experiment Stations, the money for this work has not
as yet been made available.

MISCELLANEOUS SAMPLES ANALYSED BY AGRICULTURAL
CHEMISTRY LABORATORIES, 1932 -33.

Soils, (Complete
alkali analyses)

Soils, Moisture
Equivalent

Soils, Mechanical
Analyses

Water Analyses
(Complete)

Feeds (Complete
Analyses)

'Cottonseed Meal

Meat Scraps

Fertilizers
Complete
Manure
Bat Guano

Poison Cases, live
stock

Sugar Beets

Miscellaneous
(Beer, Wine, Blood,
Plants, Minerals,
pH determinations,
Grapes, Grapefruit,
Tankage, etc.)

Total

At Tucson At Phoenix
Total

No.
Sam-
pies

Total
Approx.
Value

No.
Approx.

Value No.
Approx.
Value

276 $4140 876 $13140 1152 $17280

295 1475 4 20 299 1495

32 480 32 480

320 4800 118 1770 438 6570

46 690 4 60 50 750

10 50 15 75 25 125
I

6 30 2 10 8 4C

8 80 4 40 12 12C
10 50 57 275 67 325
15 75 31 144 46 23(

1

8 160 2 40 10 20(

24 120 24 12(

280 2480 45 450 325 293(

1330 $14630 1158 $16035 2488 $3065f
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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 Univer-
sity in Tucson. The table given on p. 86 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. More than
2,000 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 Husbandary
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 depart-
ments also furnish information when requested.

EGG LAYING CONTEST

Much . valuable information is secured each year from our egg laying
contests. This year, 23 birds of the 190 originally entered laid over 250
eggs each during the 357 days. The White Leghorn entries averaged

Year
Arizona

Average per bird
Eggs

Other contests in
U.S.A. and Canada,
Average per bird

Eggs

1923-24 205 181

1924-25 191 172

1925-26 206 173

1926-27 213 191

1927-28 213 185

1928-29 211 191

1929-30 202 188

1930-31 195 191

1931-32 189 196

1932-33 186
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197 eggs per bird whereas the Rhode Island Reds averaged 156 eggs
per bird. The average for all entries was 186 eggs per bird, the smallest
in the history of the Arizona Egg Laying Contest to date (see table
given). This was probably due largely to the high death rate this year.
In former contests a mortality of 12 or 14 percent was average. This
year it was 27 percent, due for the most part to egg troubles.

The contest was won by a pen of single -comb White Leghorns owned
by George England of Inglewood, California, with an average of 234
eggs per bird (2483 points*). The second pen, also White Leghorns, was
owned by P. S. Dickey of Puyallup, Washington; and the third, by Max
Johnson of Mesa, Arizona. It should be stated that this contest is con-
ducted primarily for Arizona poultrymen. They are given preference
but if at the end of the entry period space still remains, outsiders in the
order of application are allowed to participate. The entry fees and the
egg sales pay all costs of the contest. Arizona's rating, in comparison
with the average for the entire country, is given in the table included
here.

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, fourteen areas have been surveyed and reports have
been published on nine of these. Other published reports are expected
soon. During the winter of 1932 -33; Mr. E. N. Poulson and Mr. F. O.
Youngs of, the U. S. Department of Agriculture resurveyed the Safford
Area, including much new land which had been brought into production
since the first soil survey was made over 30 years ago. Due to irrigation,
the land has been heavily silted with a very rich and friable material
which has made some of the soils in this district especially fertile.

In addition to the new surveys being made, our Departments of Agri-
cultural Chemistry and Soils, Horticulture, and Agronomy classified all
of the previously surveyed areas according to crop producing ability.
This information is being used by the National Land Use Planning
Committee and may be the basis for withdrawing certain marginal lands
from crop production.

COOPERATION

As agricultural research progresses and the problems involved be-
come of greater scope and more difficult, the need for cooperation both
between 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 Ari-
zona Agricultural Experiment Station and the following divisions of the
United States Department of Agriculture: in plant nutrition and in soil
studies, with the Office of Western Irrigation Agriculture, Bureau of
Plant Industry; 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 Sur-
vey; study of small grains, with the Office 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 possible with the State Commission
of Agriculture and Horticulture, the State Livestock Sanitary Board,
the State Fair Commission, the Arizona Fruit and Vegetable Standard-
ization Service, the Federal Predatory Animal and Rodent Control Ser-
vices, the Federal Forestry Service, and the Boyce Thompson South-
western Arboretum.
*Birds are scored according to methods approved by the American

Poultry Association for laying contests.
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SUMMARY OF STATION PUBLICATIONS

Technical Bulletins
No. 43. "Mottled Enamel in Arizona and its Correlation with the

Concentration of Fluorides in Water Supplies," by H. V. Smith and
Margaret C. Smith. 74 pages. Every important community in the
State has been visited, water supplies collected and analyzed for
fluorine, and the teeth of school children examined for mottled enamel.
There are forty-five communities in which native -born children have
mottled enamel. In these cases fluorides varied from 2.7 to 12.5 parts per
million. Where less than 2 parts per million was present, no mottled
enamel was found.

No. 44. "Two Diseases of Peas New to Arizona," by J. G. Brown and
M. M. Evans. 37 pages. Fusarium root rot, described in this bulletin,
is a destructive disease which attacks the seedling and later stages of
peas in this State. Descriptions of the disease, the fungus, and inocula-
tion experiments, are given. Phytomonas pisi Sackett, the cause of
bacterial blight of peas is also described and discussed.

No. 45. "Experimental Production of Mottled Enamel," by Margaret
C. Smith and Edith M. Lantz. 35 pages. This bulletin describes the
methods whereby mottled enamel, a defect of human teeth, was experi-
mentally produced in albino rats, dogs, and guinea pigs by feeding and
subcutaneous injection of sodium fluoride. It is fully illustrated.

No. 46. "Physiological Factors Affecting the Fruiting of Cotton with
Special Reference to Boll Shedding," by R. S. Hawkins, R. L. Matlock
and Charles Hobart. 47 pages. This bulletin describes investigations on
the effect of periods of water deficit of varying lengths upon the inter-
nal plant structure and upon changes in the amount and utilization of
plant -food supplies as affecting boll shedding.

No. 47. "Pecan Rosette: Soil, Chemical and Physiological Studies,"
by A. H. Finch and A. F. Kinnison. 35 pages. Pecan rosette was not
correlated with soil alkali or reaction but with a lack of available zinc.
When soluble salts of zinc are supplied to the trees, either in holes bored
into the trunk or by spraying or dipping the leaves, recovery is rapid.
In districts where rosette is common, the irrigation water contained na
zinc. Where rosette is not found, the reverse is true. Diseased leaves
and shoots contained less zinc than healthy ones.

No. 48. "Heart Rot of the Date Palm," by R. B. Streets. 30 pages.
The fungus Thielaviopsis paradoxa (De Seynes) von Hohn is the cause
of a heretofore undescribed rot of the trunks and roots of the date palm
and other palms occurring in Arizona and California. The symptoms,
causal agent, portals of infection, geographical distribution, and the
morphological and physiological characteristics of the fungus are all
described in detail. Control measures are also discussed.

No. 49. "The Life Histories and Ecology of Jack Rabbits in Relation
to Grazing in Arizona," by C. T. Vorhies and W. P. Taylor. 117 pages.
The antelope jack rabbit is found chiefly in Mexico and southern Ari-
zona. The Calif ornicus group of jack rabbits occur over practically the
whole western United States. The former average 8 pounds in weight
while the latter average 5.5 pounds. Full biological, physiological and
ecological descriptions are given. Calculations indicate that 15 antelope
jack rabbits or 30 of the smaller species eat as much forage as one
sheep, and 74 or 148 eat as much as one cow. Stomach analyses indi-
cate that grass and mesquite constitute about 80 percent of the food of
both species. They prefer grass where available. Jack rabbits are
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estimated to weigh about 7 percent as much as the cattle on southern
Arizona ranges, and to consume about 3 percent of the potential grass
supply. Jack rabbit effects, however, may be quite important during
the drier years. Where control measures are adopted, cost and other
advantages favor shooting.

General Bulletins
No.. 140. "The Pecan in Arizona," by A. F. Kinnison and A. H.

Finch. 40 pages. This is a general discussion of commercial pecan
production in Arizona. Directions are given for establishing an orchard,
later treatment, pollination, varieties, and insect and disease pests. The
economic aspects of the industry are also considered.

No. 141. "Present -day Agriculture in Arizona," by the Staff. 40
pages. This bulletin gives detailed information about present farming
conditions and livestock production in Arizona. The following sub-
jects are discussed: climate, soils, irrigation practices, field crops, seed -
growing, horticultural crops, plant diseases, insect pests, beekeeping,
economic native plants, the livestock industry, dairying, poultry grow-
ing and animal diseases.

No. 142. "Diseases of Peas in Arizona," by J. G. Brown and M. M.
Evans. 38 pages. The green -pea crop of Arizona is becoming import-
ant. This publication discusses the symptoms, cause and control of the
fungal, bacterial and physiological diseases of peas which are known
to occur in this State.

No. 143. "I. Poultry Feeding Experiments, II. Moulting and Housing
Experiments," by H. Embleton and H. B. Hinds. 42 pages. A narrow
nutritive ration is recommended for young chicks. Alfalfa meal is com-
pared with bran for mashes. Cotton -seed meal, meat scraps, and dried
buttermilk as protein supplements are compared for egg production.
Feed costs are also discussed. Forced moulting is not recommended.
The poultry housing problems in the Salt River Valley and in Southern
Arizona generally have been studied in detail and plans for a satisfactory
house are given.

No. 144. "The Financial Rehabilitation of Irrigation and Drainage
Districts," by G. E. P. Smith. 20 pages. A thorough discussion of this
very important subject is given. Due to the depression, many districts
in Arizona, as well as elsewhere, have been unable to meet their financial
obligations and are at present virtually bankrupt. Plans for financial
reorganizations are suggested together with the legal aspects involved.

Publications in Technical Journals
Ball, E. D., "The Food Plants of the Leafhoppers." Ann. Ent. Soc.

Amer. 25, pp. 497 -501. September, 1932.
Ball, E. D., "The Food Plants of the Leafhoppers Formerly Included in

the Genus Platymetopius Burm." Canad. Entom. 64, pp. 251 -255. Nov.,
1932.

Ball, E., D., "Notes on Walker's Types of N. A. Leafhoppers of the
Genus Draeculacephula together with a New Species." (Ball and
China) J. Kans. Ent. Soc. VI, pp. 1 -4 Pl. 1. Jan., 1933.

Ball, E. D., "Some New Treehoppers from the Southwest with Notes
on Others." Proc. Bio. Soc. Wash. 46, pp. 25 -32. Feb., 1933.

Brown, J. G., "Crown Gall on a Conifer." Phytopathology 23:97 -101.
1933.

Brown, J. G., "Smuts of Barley." Ariz. Agr. Exp. Sta. Ext. Leaflet
(mimeographed) .

Bryan, W. E. and E. H. Pressley, "Hard Grain Texture of Wheat in
Mechanical Mixtures and in Crosses." J. Am. Soc. Agron. v. 25, No. 1.
(1933) pp. 64 -69.
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Davis, R. N., "The preservation of skimmilk curd for poultry feed-
ing." J. Dairy Sci. 16, pp. 295 -299.

Finch, A. H., "Pecan Rosette, A Physiological Disease Apparently
Susceptible to Treatment with Zinc." Proc. Am. Soc. for Horticultural
Sci. Vol. 29, 1932.

Greene, R. A., "Composition of the Pulp and Seeds of Adsonia Digi-
tata," Bot. Gaz. v. 94 (1932) p. 215.

Greene, R. A., "Composition of the Beans of Parkinsonia Aculeata,"
Bot. Gaz. v. 94 (1932) p. 411.

Greene, R. A., "The applicability of the Azotobacter (Plaque) Method
for Determining the Fertility Requirements of Arizona Soils," Soil
Science, v. 34 (1932) p. 83.

Greene, R. A. and Guy H. Murphy, "The Influence of Two Burrowing
Rodents Dipodomys Spectabilis Spectabilis (kangaroo rat) and Neotoma
Albigula Albigula (Pack Rat) on Desert Soils in Arizona. II. Physical
Effects. Ecology v. 13 (1932) p. 359.

Greene, R. A. and E. Osborne Foster, "The Liquid Wax of the Seeds
of Simondsia Californica." The Bot. Gaz. v. 94 (1932) p. 826.

Leverton, Ruth and Smith, Margaret Cammack, "The relation of cal-
cium and phosphorus in the diet to the cause of mottled enamel of hu-
man teeth. J. Home Econ. 24, 1091, 1932.

McGeorge, W. T., "Phosphate Availability in Alkaline Calcareous
Soils," Jour. Amer. Soc. Agron. v. 25 (1933), p. 351.

McGeorge, W. T., "Some Problems Connected with Phosphate Fertili-
zation," Proceedings of the Internat. Soc. Sugar Cane Tech. Bul. 111
(1932).

Pressley, E. H., "A New Type of Cotton Sorter." J. Am. Soc. Agron.
v. 25, no. 2 (1933), pp. 89 -98.

Smith, G. E. P., "Crop Demand and Canal Capacities." Civil Engineer-
ing, vol. 2, No. 10, October, 1932.

Smith, H. V., "The Relation of Soil Type to Mottled Enamel." Bul. 14
of the American Soil Survey Ass'n. 1933.

Smith, Margaret Cammack and Briggs, Ian A., "The Vitamin A Content
of Alfalfa as Affected by Exposure to Sunshine in the Curing Process."
Jour. Agric. Res. 46, 229, 1933.

Smith, Margaret Cammack and Briggs, Ian A., "The Antirachitic Value
of Alfalfa as Affected by Exposure to Sunshine in the Curing Process."
J. Agric. Res. 46, 235, 1933.

Smith, Margaret Cammack and Lantz, Edith M., "Changes in the In-
cisors of Albino Rats Accompanying a Deficiency of Vitamin A." J.
Home Econ. 25, 411, 1933.

Smith, Margaret Cammack and Lantz, Edith M., "The Effect of the
Feeding of Fluorides upon the Chemical Composition of the Teeth and
Bones of Albino Rats." J. Biol. Chem. 101, 677, 1933.

Streets, R. B., "Psyllid Yellows and Early Blight of Potatoes in Ari-
zona" Ariz. Agr. Exp. Sta. Ext. Leaflet (mimeographed) .

Streets, R. B., "Rogueing Potatoes for the Control of Virus Diseases."
Ariz. Agr. Exp. Sta. Ext. Leaflet (mimeographed) .

Besides the publications listed above, many articles of a semi -technical
nature are published each year by members of the Experiment Station
staff in the "Arizona Producer" and in other farm papers of the South-
west.
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THE WEATHER

Weather observations have been made at Tucson since 1868 and at the
University of Arizona station since 1907. In addition to the usual obser-
vations, a study of rainfall intensity also has been made. This study
shows that during the five year period 1928 -1932 rains of a torrential na-
ture have not occurred and that local rains of high intensity are of
short duration.

The accompanying tables give the general weather statistics for Tuc-
son during the year 1932 and rainfall intensity records for the years.
1928 -1932.

EXCESSIVE PRECIPITATIONS AT THE UNIVERSITY OF ARIZONA, .
1928 -1932.

Maximum amount for the period indicated (inches) .

5 min. 10 min. 30 min. 60 min.

January 0.05 0.08 0.12 0.13

February 0.05 0.08 0.15 0.29

March 0.07 0.12 0.23 0.27

April 0.20 0.23 0.25 0.25

May 0.24 0.35 0.50 0.67

June

July 0.15 0.25 0.49 0.55

August 0.26 0.36 0.62 0.65

September 0.19 0.22 0.34 0.5e

October 0.24 0.38 0.60 0.68

November 0.08 0.10 0.16 0.26

December 0.03 0.04 0.11 0.12
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