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January 1, 1946
President Alfred Atkinson
University of Arizona

Dear Sir:
I have the pleasure of presenting herewith the Fifty -sixth

Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1945. It contains reports of
progress on active research projects, brief summaries of other
station activities, and the summarized fiscal statement.

Respectfully submitted,
P. S. BURGESS, Director

Note: The illustration on the cover shows alfalfa selections in the Plant
Breeding block, University Farm, Tucson, Arizona.



TABLE OF CONTENTS

PAGE

INTRODUCTION 5

RESULTS OF THE YEAR'S RESEARCH 7

Agricultural Chemistry and Soils 7
Lysimeter Studies on Nitrogen Balance in Arizona Soils 7
Boron Investigations 7
Acidulated Fertilizers and Citrus Chlorosis 8
Data on Arizona Climate 9
Soil Reaction Studies 9
Co-operative Projects with County Agricultural Agents 9
Ammonia Gas as a Fertilizer 9
Stabinol 11
Fluorine 11
Properties of some New Nitrogenous Materials 11
The Incidence of Bee Poisoning from Cotton Dusting 13
Nitrates in Irrigation Waters 13
The Nature of the San Pedro River Water 14
Community Water Supplies 14
Feeds and Fertilizers 15

Agricultural Economics and Rural Sociology 16
Agricultural Engineering 18

Groundwater Studies 18
The Tamarisk Tree and Its Wood 22
Miscellaneous 24

Agronomy 24
Cotton 24
Manures 26
Alfalfa Variety Tests 26
Small Grains 27
Sorghum Variety Tests 27
Hegari Fertilizer Tests 28
Hybrid Corn Variety Tests 28

Animal Husbandry 28
The Effect of Castration and Hormone Administration

upon Carcass Beef Production 28
Comparative Value of Irrigated Pastures for Beef Production_ 30
Potato Meal for Fattening Cattle 33
Potato Meal for Fattening Hogs 34

Animal Pathology 35
Infectious Keratitis 35
Parasite Control by Means of DDT 35
Poisonous Plants 35
Hormone Studies on Feeder Calves 36
The Diagnostic Laboratory 36

Botany and Range Ecology 36
Effects of Climate and Grazing on a Desert Grassland Range_ 36
Arizona Range Resources and Their Utilization 37
Plant Nutrition Studies
Burroweed Investigations 39
Anatomy of Grapefruit 40
Additions to the Known Flora of Arizona 41

Dairy Husbandry 43
Permanent Pasture 43
Vitamin A in Arizona Butter 44



Vitamin A Content of Milk as Related to Certain
Feeding Practices 44

Entomology and Economic Zoology 45
Range Rodent Investigations 45
DDT, and a New Method of Application 45
Thrips on Citrus 46
Flies on Cattle 47
Miscellaneous Pest Occurrences 47
Collections 48

Horticulture 49
Vegetable Crop Investigations 49
Citrus Investigations 50
Miscellaneous Studies 53

Human Nutrition 53
National Co- operative Research Project 53

Plant Breeding 58
Upland Cotton Breeding 58
Long Staple Cotton Breeding 61
Wheat Breeding 64

Plant Pathology 65
Phymatotrichum (Texas or Cotton) Root Rot 66
Verticillium Wilt of Cotton 70
Miscellaneous Studies 70

Poultry Husbandry 70
Breeding Inheritance Studies 70

APPENDIX 73

Analytical Service 73
Arizona Egg Laying Test 73
Soil Survey 74
Weather 75
Climatological Summary 76
Summary of Station Publications 77

Technical Bulletins 77
General Bulletins 78
Mimeographed Reports 78
Annual Report 79
Other Publications 79

Financial Statement 81



FIFTY -SIXTH ANNUAL REPORT

P. S. BURGESS, Director
R. S. HAWKINS, Vice -Director

INTRODUCTION

The war in Europe has been brought to a successful conclusion,
but the continued heavy production of food materials to feed our
armies both in the Pacific and in Europe as well as the civilian
population of the many war -torn countries is still of major im-
portance. The public has come to realize what the farmer has
known all along -that agriculture presents many highly technical
problems that constantly require continued and patient research.
It is apparent to well -informed groups that this war could not
have been successfully waged without the great resources of
scientific knowledge pertaining to agriculture which the experi-
ment stations and the U.S. Department of Agriculture have
accumulated during past years. The importance of an abundant
food supply will not diminish when peace again prevails. Our
own population must be better nourished and other nations also
will require much assistance.

As in the years since 1941, certain work in this Experiment
Station has been held in abeyance in order to give more attention
to projects which would make more immediate contributions to
our war effort. Requests for assistance have been far ahead of
what might have been done with more equipment and personnel.
The chief restriction has been loss of staff members and the
impossibility of securing qualified replacements. During the past
year, twelve members of our Experiment Station force were
absent on leave, either with the armed forces or on special
civilian assignments for the federal government. Some have been
gone for two or more years. Despite these handicaps, we have
diligently studied many of the more pressing problems of pro -
duction and distribution and have disseminated much information
of value to our farmers and ranchers. We are at present working
with the federal government on fifteen co- operative projects most
of which are shaped for immediate results.

During the past year five field days were held on our several
experimental farms to acquaint more quickly the farmers with
late results secured.

Land values within the state during the past year have in-
creased by about 40 per cent, while cash farm income increased
by approximately $10,000,000 over the preceding year. This year
the total cash income from the sale of Arizona farm and ranch
products amounted to approximately $134,000,000. As in previous
years about two thirds of this revenue came from the sale of
lettuce and truck crops ($38,000,000), cattle and calves ($29,-
000,000) , and cotton and cotton seed ($17,000,000) . About $8,000,000
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each was secured from the sale of citrus fruits, alfalfa, and dairy
products. Some dozen or more other commodities made up the
balance.

The following changes in personnel took place during the year:
RESIGNATIONS

Emily Caldwell, Assistant Nutrition Chemist
Helen Farrankop, Associate Nutrition Chemist
Ralph Jorgenson, Assistant Animal Husbandman
Wm. P. Martin, Assistant Soil Microbiologist
Ernest R. McCall, Associate Animal Husbandman
Margaret Cammack Smith, Nutrition Chemist
Helen Wiseman, Assistant Nutrition Chemist

NEW APPOINTMENTS

Frank W. Gould, Assistant Botanist
Ralph Jorgenson, Assistant Animal Husbandman
Helen Wiseman, Assistant Nutrition Chemist
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RESULTS OF THE YEAR'S RESEARCH

AGRICULTURAL CHEMISTRY AND SOILS

LYSIMETER STUDIES ON NITROGEN BALANCE IN ARIZONA SOILS

For many years it has been noted that Arizona farmers,
especially on farms where crop rotation is practiced, use very
little commercial fertilizer in their cropping program. Since all
semiarid soils are low in nitrogen a lysimeter experiment where
nitrogen changes can be closely controlled and studied was
started. This is a long -time experiment and two six -year rota-
tions have been completed and the third is under way. Since the
compilation of data at the end of the second six -year rotation
showed that the nitrogen content of desert soils tends to approach
an equilibrium, and that, even when legumes are not included in
the rotation, soils very low in nitrogen may increase in nitrogen
content when placed under cultivation and cropping, much
interest is now being added to the outcome of this experiment.
During the past year only routine cropping of the lysimeters
has been conducted.

BORON INVESTIGATIONS

Investigations on the part that boron plays as a plant nutrient
are being widely conducted over the United States. When an
excess is present in the soil or irrigation water, it is injurious
toward many crops and when deficient many crops cannot make
normal growth. Boron investigations in Arizona are being con-
ducted in order to investigate both phases of the problem as it
might relate to growth of crops in this state. Some of our irriga-
tion waters do contain amounts of boron which are generally
classed as an excess, yet there has been no great evidence of
injury.

During the past year more than 300 samples have been analyzed
for boron including soils, plant materials, and water samples. The
plant samples were taken from alfalfa pot experiments, citrus
trees, and apple trees. Alfalfa growing on the alkaline -calcareous
soils shows a considerable tolerance toward high boron waters.
This crop made some growth when irrigated with water contain-
ing 12 p.p.m. boron but 3 p.p.m. in the water produced some leaf
injury and this was correlated with an increase in the boron con-
tent of the leaves.

Citrus groves being irrigated with water containing 0.75 and
1.75 p.p.m. boron are being studied. Lemons irrigated with these
waters show serious boron injury while oranges and grapefruit
show less injury than lemons. Gypsum is being added to soils
around some of these trees in hopes that a more favorable calcium -
boron ratio in the leaves might be obtained. No response of this
nature, however, has been obtained thus far.
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ACIDULATED FERTILIZERS AND CITRUS CRLOROSIS

During the past ten years or more this department has been
conducting experiments on the acidulation of fertilizers as a
means of attaining a more balanced nutrition of crops growing
on alkaline -calcareous soils. Citrus chlorosis is one of the serious
nutritional disturbances found in Arizona. In view of this, major
attention in this project is being directed toward chlorosis as it
also occurs in many deciduous fruit orchards. The work on citrus
chlorosis is being conducted in co- operation with the Agricultural
Extension Service staff in Maricopa County. Experimental treat-
ments involving the application of sulphur- manure mixtures to
the soil are underway in three groves and surveys involving the
analyses of soils and leaves from twenty other groves are being
made.

Soils

There is no evidence of any deficiency of iron, manganese, zinc,
or copper in the soils examined thus far. There is evidence on the
other hand that trees growing in the alkaline -calcareous soils are
not able to utilize these elements in a normal way after they are
taken up by the roots. Briefly then, the soil studies to date in-
dicate that the problem is one of a failure of the tree to utilize
these elements rather than a deficiency in the soil.

Plants

To date 374 leaf samples have been analyzed for all the major
plant food elements and for iron, manganese, zinc, and copper.
While there is no available information on just how much each
of these elements a leaf should normally contain, the amounts
present appear to be ample if the trees were in condition to utilize
them. In view of this, attention will next be directed toward a
study of the activity of these elements in the leaves.

It is significant that moisture relations and irrigation practice
may be contributing factors in chlorosis -that is, as the trees
grow older a greater proportion of feeder roots are present in the
subsoil rather than in the surface soil where they should be and
that when the subsoil is kept continuously wet normal root res-
piration is restricted. It might naturally follow that a physiologi-
cal disturbance in the tree may result from this.

Neubauer studies

The Neubauer plant method of studying fertility problems in
alkaline -calcareous soils has been extensively used in many of
our investigations. It is now being tested as a means of
determining the availability of iron, manganese, zinc, and copper
in Arizona soils. While there is much more to be done on this
phase of our study of micronutrient elements, the evidence
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obtained to date indicates that plants are able to take up appreci-
able amounts of these elements from Arizona soils in spite of
their alkalinity.

DATA ON ARIZONA CLIMATE

An important project in the Department is the accumulation of
weather records. A compilation of weather records for the period
1892 to 1928 was published as Bulletin 130. During the past year
another compilation of records bringing the data up to 1944 was
prepared. This includes data taken at the University campus and
from weather stations scattered over the state. Such data as
temperature, rainfall, snowfall, humidity, wind velocity, sun-
shine, and evaporation are presented in this bulletin.

SOIL REACTION STUDIES

The problems involved in the determination and interpretation
of pH values of alkali soils have been a major project for many
years. During the year the fourth in a series of technical bulletins
on this research was published. The work presented therein was
reviewed in the last Fifty -fifth Annual Report.

CO- OPERATIVE PROJECTS WITH COUNTY
AGRICULTURAL AGENTS

With the increase in interest in soils over the state several co-
operative tests on the use of soil correctives and fertilizers have
been started. One is located in Cochise County where gypsum
and aluminum sulphate are being employed in an attempt to
break up a subsoil hardpan. Another is located in Yuma County
where a problem in soil structure and salinity is being studied
with the application of soil correctives. A third is located in
Navajo County where soil correctives and phosphate are being
tried on a heavy clay soil. A fourth experiment is located in
Yavapai County where nitrogen and phosphate tests have been
installed on two ranch pastures.

AMMONIA GAS AS A FERTILIZER

The Department has for several years been conducting a study,
under a financial grant from the Shell Chemical Company, on
the behavior of ammonia gas when applied as a fertilizer on
desert soils. Laboratory studies have been made to determine
the factors which affect the oxidation of ammonia to nitrate by
the nitrifying organisms. It has been found that the ammonia at
the time of application raises the pH value of the soil to a point
as high as 9.5, but within the first seven to ten days of incubation
this value drops to about 7.7 and remains practically constant
during the remainder of the incubation period. During this period
of pH drop, it is observed that the ammonia is oxidized to nitrite
ion, which accumulates in considerable amounts. Oxidation of
the nitrite to nitrate does not begin until the threshold pH value
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of 7.7 is reached, and thereafter oxidation to nitrate takes place
rapidly until all of the ammonia has been oxidized. Ammonia is
not found to be toxic to nitrifying organisms even at concentra-
tions as high as 300 p.p.m. It nitrifies nearly as readily as urea
and ammonium sulphate, provided the soil is buffered sufficiently
to withstand the initially high alkalinity.

The present field practice of applying ammonia gas to the soil
is based on two procedures: one is to bubble it into the irrigation
water, the other is to inject it directly into the soil through a
nozzle located under the plowshare. During the past year a
comparative study has been made on these two methods of appli-
cation and their effect on rate of nitrification, seed germination,
and growth of barley. Pot studies showed that when ammonia
is added by surface irrigation, the bulk of the ammonia is fixed by
base exchange in the top inch of soil. In this condition it is readily
nitrified by soil organisms. The alkalinity of the surface layer,
soon after ammonia addition, is such that it is toxic to the soil
organisms and thus slows up the nitrification process. This toxic
effect was also observed in the reduced percentage germination
of barley at concentrations as high as 500 p.p.m. ammonia -nitrogen
and above, and it is also seen in the retarded and stressed condi-
tion of plants making growth under such conditions. Field con-
centrations of ammonia are, of course, much lower than this
(about 175 p.p.m.) . The toxic condition is slight and disappears
after seven to ten days.

When the distribution of ammonia is uniform, the rate of
nitrification is found to be the same, regardless of whether ap-
plied by irrigation or injection. Nitrites accumulate in the soil
both in the presence and absence of the growing plant. To deter-
mine the effect of nitrites on the plant, pot tests with nitrite
additions up to 100 p.p.m. showed that this form of nitrogen is
not toxic and nitrifies rapidly. Tests with barley in pots treated
with ammonia at a series of concentrations showed that optimum
growth occurs at a concentration of 260 p.p.m., as measured in
dry weight of plant material produced. The ammonia nitrifies
equally as rapidly in the presence of growing plants as in their
absence, indicating that the growing plant has no effect on the
nitrification process.

A nitrogen balance was made in a series of experiments to
determine whether ammonia is lost during nitrification in desert
soils. Summing up the percentages of nitrogen present as
ammonium, nitrite, and nitrate ions, the totals checked very
closely the total amount of nitrogen originally added as ammonia.
There is no nitrogen lost from the soil, nor is there positive evi-
dence that any other intermediates are formed other than nitrite.

Ammonia gas, or liquid ammonia as it is sometimes called, is
extensively employed in Arizona when nitrogen is the only fer-
tilizer element needed. This investigation therefore is of great
value to fertilizer users over the state.
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STABINOL

This material, a commercial resinous product, is being used to a
certain extent to reduce seepage losses when applied as a lining
for irrigation ditches. Some attention was given during the past
year to its use on Arizona soils. Greatest seepage loss occurs on
the Yuma Mesa where the soils are very sandy. Tests indicated
that this soil could not be well treated with "stabinol," but with
other less sandy soils it appears to possess distinct possibilities.

FLUORINE

Interest in the fluorine content of domestic waters in Arizona
continues high. During the year 627 samples of water were
analyzed for fluorides of which 369 were made in Maricopa
County. It is still deemed unwise for children to drink water
containing over 1.0 part per million of fluorine (F1) .

PROPERTIES OF SOME NEW NITROGENOUS MATERIALS

During the war a large number of new nitrogenous compounds
have appeared. Under an Experiment Station grant from the
American Cyanamid and Chemical Company the fertilizing
values of some of these materials are being compared with those
of ammonium sulphate and uramon as controls.

The materials under study in the initial or nitrification stage
are cyanamid, dicyanodiamid, guanidine nitrate, guanylurea sul-
phate, thiourea, melamine, "N -20," "N -40," and phosphorus nitride.
The present purpose of the investigation is to study their break-
down into sources of available nitrogen and whether any are
toxic either in their original form or during their breakdown.

For the nitrification studies the usual incubation procedure
was followed during which determinations were made periodically
of pH, and amounts present of ammonia, nitrate, and nitrite nitro-
gen. The results are briefly summarized as follows:

The nitrification of ammonium sulphate and uramon was
essentially complete in three weeks.

The nitrification of cyanamid did not proceed beyond the for-
mation of ammonia over a period of three months when applied
at a concentration of 200 p.p.m. of N, but was nearly complete in
ten weeks when applied at a concentration of only 100 p.p.m. of N.

The nitrification of guanidine nitrate and guanylurea sulphate
was complete at the end of four months.

Melamine did not nitrify at all during the period of a year, but
it did not inhibit the nitrification of nitrogen normally occurring
in the soil.

Dicyanodiamid and thiourea neither nitrified nor allowed the
normal nitrification of naturally occurring nitrogen in the soil to
take place.

"N -40" was nitrified to the extent of about 70 per cent at the end
of seven months, and "N -20," about 25 per cent at the end of ten
months.
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During a ten -month incubation phosphorus nitride did not
nitrify at all, but like melamine did not inhibit the nitrification of
the naturally occurring nitrogen in the soil.

The influence of several of these materials upon the nitrifica-
tion characteristics of ammonium sulphate was also studied, and
found to be significant. For example, when 200 p.p.m. of N was
applied, half in the form of ammonium sulphate and half as
cyanamid, the nitrification of the ammonium sulphate was greatly
retarded, and the cyanamid did not nitrify as rapidly as when
applied alone at the 100 p.p.m. of N level. It did nitrify slowly,
however, in contrast to having not nitrified at all when applied
at a concentration of 200 p.p.m. of N.

When ammonium sulphate and dicyanodiamid were applied
together the toxicity of the latter compound to the nitrifying
flora was demonstrated by failure of the ammonium sulphate to
nitrify. As when applied alone, the dicyanodiamid again inhibited
even the nitrification of the naturally occurring nitrogen in the
soil.

The data obtained, when ammonium sulphate was applied in
conjunction with guanidine nitrate, indicate that these com-
pounds nitrified as if they were applied alone.

When applied with guanylurea sulphate, the initial nitrification
of ammonium sulphate appeared to be delayed somewhat by an
initially unfavorable pH value. Once the pH value became
favorable, the nitrification of ammonium sulphate appeared
normal, but the data were inadequate for an accurate appraisal of
the nitrification characteristics of the guanylurea sulphate when
applied in association with ammonium sulphate.

The nitrification characteristics of ammonium sulphate and
thiourea when applied together do not appear to be those of
either compound when applied singly. After the pH value be-
came favorable for nitrification, about 75 per cent of the total
nitrogen applied was converted to the nitrate form in about two
months. If the ammonium sulphate is assumed to be 100 per cent
nitrified, the thiourea is then 50 per cent nitrified.

Melamine and phosphorus nitride, when applied in conjunction
with ammonium sulphate, exhibited no significant influence on
the nitrification characteristics of ammonium sulphate, and were
themselves just as resistant to nitrification as when applied alone.

Throughout this study the validity of the threshold pH value
for nitrification of 7.7 ±0.1, established and reported in an earlier
publication from this Department, has been repeatedly verified.

The work is being carried forward at present to determine the
toxicity of several of these nitrogenous compounds to plants by
using the Neubauer technique.

In another series of incubations, the effect of various treat-
ments, such as drying and remoistening, drying and reinoculating
with fresh soil, drying and remoistening with phosphoric acid
and ammonium sulphate solutions, and combinations of these
treatments, on the nitrification characteristics of thiourea and
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cyanamid when applied at the 100 p.p.m. of N level is being
studied.

THE INCIDENCE OF BEE POISONING FROM COTTON DUSTING

In co- operation with the Bee Culture Division, U.S. Bureau of
Entomology and Plant Quarantine, the Department completed
the chemical analyses pertaining to the study of bee poisoning in
relation to insecticides applied by airplane, normal arsenical con-
tent of bees, pollen, and bee brood, lethal dose of arsenic per bee,
and the value of pollen in determining the source of poison re-
vealed by chemical analyses.

All samples of bees and pollen that were collected 3 or more
miles from known dusting contained only normal amounts of
arsenic. Particles of Paris green were identified with a hand lens
as far as 11/4 miles from the dusted field, and analysis of deposits
on exposed petri dishes showed that they drifted as far as 21/4
miles, but the amount found was considered too small to be
significant in bee poisoning.

In determining the probability of poisoning the scale developed
by the U.S. Bee Culture Laboratories was used. According to this
scale any amount of arsenic per bee less than 0.15 microgram is
considered normal; any amount greater than 0.30 microgram,
evidence of definite poisoning; and more than about 2.00 micro-
grams per gram of pollen to be toxic to the bees.

The arsenic content of bees continues high for weeks after the
dust has been applied provided the colonies have high arsenic
content in the stored pollen.

Pollens of Johnson grass and alfalfa were most common in the
samples analyzed; so little cotton pollen was seen in the hives
that it may be said that bees do not store cotton pollen.

NITRATES IN IRRIGATION WATERS

Because of the observation of large amounts of nitrate nitrogen
in waters from several sections of the state, a survey of irrigation
waters has been undertaken in co- operation with the Department
of Agricultural Engineering. Many water samples submitted in
the past have contained small but significant amounts of nitrogen
in the form of nitrates, and samples from certain areas such as
Deer Valley and the Roosevelt Irrigation District have contained
unusual amounts, ranging from 25 to over 200 p.p.m. Many waters
from all over the state contain appreciable amounts of nitrate
nitrogen approaching 25 p.p.m., whereas others contain only
trace amounts.

Since an acre -foot of water weighs approximately 2,720,000
pounds, the presence of 10 p.p.m. of nitrate nitrogen indicates an
addition of nearly a hundred pounds of this plant nutrient in the
course of a normal year's irrigation. When waters contain over
200 or 250 p.p.m., the nitrate content of the water may become a
very serious factor in crop production.
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Nitrate -nitrogen determinations are being made on all irriga-
tion waters submitted from any point in the state, and when the
body of data is sufficient to indicate the nitrate nature of the
groundwater supplies of the state, the data will be published. On
145 of the samples analyzed in the Phoenix laboratory nitrate
determinations were requested by the individuals submitting the
sample.

THE NATURE OF THE SAN PEDRO RIVER WATER

Jointly with the Department of Agricultural Engineering, and
in co- operation with John H. Gardner, District Engineer, Surface
Water Division, U.S.G.S., the Department of Agricultural Chem-
istry and Soils is conducting a series of analyses on samples of
San Pedro River water taken at Charleston, Arizona. The purpose
of the study is to determine what changes occur in the chemical
nature of the dissolved salts throughout the year. The fluoride
content of this water is being observed along with the minerals
usually determined. This study is of particular significance to the
city of Tucson inasmuch as San Pedro River water may eventual-
ly be considered as a source for the city.

Samples are taken regularly except at times of high runoff
when additional samples are taken and analysis of the silt content
is included. The data from this study will be published when
complete.

COMMUNITY WATER SUPPLIES

In co- operation with members of the Extension Service, the
Department of Agricultural Chemistry and Soils is conducting a
survey of community water supplies, with particular interest
being given to isolated communities. There are many private
water supplies throughout the state which furnish water for only
a few families; these do not as a rule submit samples to the
laboratory voluntarily for analysis.

The fluorine content in drinking water is of particular interest
because any amount of fluoride ion in excess of 1.10 p.p.m. may be
expected to cause mottling of the tooth enamel of growing chil-
dren whose second teeth are still forming. The total salt content
and the hardness are likewise of interest in domestic supplies;
for this reason a complete analysis is made when time will permit.

In Table 1 are given a few of the analytical results obtained
during the past year in this study. Several municipal supplies are
included, analyses for which were requested during this period.

Although many samples have been received from and analyzed
for residents of the communities given in the table, as well as for
other citizens of the state, the data presented in the table repre-
sent only those community water supplies included in our
records. Communities which have several water supplies have
been represented in the table by minima and maxima values
found by analyses of all samples submitted.
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A favorable water supply as indicated in the table should not
be interpreted to mean that all water in the area is good water.
Usually the community supply is the best water, and quite often
private wells are not of as fine quality as the community supply.
Because of the very large number of wells privately owned and
used by individual families throughout the state, the submission
of samples and request for analysis must originate with the indi-
vidual water user.
TABLE 1.- FLUORIDE, TOTAL SALT, AND HARDNESS CONTENT OF

SEVERAL COMMUNITY WATER SUPPLIES THROUGHOUT
THE STATE OF ARIZONA

Location Fluorides
(p per)

Total
salts

(p.p.m.)

Total
hardness

(grains /gal.)

Aripine 0.30 230 7.0
Benson 0.30 350 8.9
Bisbee 0.10 303 11.5
Clay Springs 0.75 739 21.3
Douglas 0.30 444 1.4
Duncan 0.38
Franklin School 1.10
Gila Bend 4.50 1,026 4.5
Hotevilla 1.20 769 22.7
Keams Canyon 1.20 435 14.6
Lochiel 0.05 358 11.5
Oraibi 4.20 -6.00 1,035 -1,073 0.3- 0.7
Polacca 5.00 -7.50 1,548 -1,769 0.6- 2.2
Prescott 0.25 -0.30 204- 257 5.9- 8.8
Safford 0.40 353- 485 11.6 -13.9
Toreva - Chimopovi School 3.80 2,488 2.3
Tucson 0.11 -1.20 233- 627 4.8 -15.7
Wepo Well 1.12 597 17.5
Willcox 1.30 -2.10 433- 535 6.8- 8.8
Winslow 0.10 -0.15 473 -1,084 6.0 -14.4

FEEDS AND FERTILIZERS

Administration of the Arizona Feed and Fertilizer Control
laws is a responsibility of the Head of the Department of Agricul-
tural Chemistry and Soils. The inspection work and the chemical
analyses of samples collected are conducted by a staff entirely
separate from the Department. During the past year the work
continued to be handicapped by the absence of two men from the
staff in the military service. However, by concentrated efforts
the number of samples collected and analyzed, and the number
of factory inspections were maintained at satisfactory levels.
Feeds

During the year 1944 the staff analyzed 396 samples of mixed
feeds, thirty -three samples of cottonseed meal, and fourteen
samples of mineral feeds. A report of this work has been pub-
lished as a special Experiment Station bulletin (without number) .

It is of interest to note the steady increase in sale of mixed feeds
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in the state from 31,000 tons in 1938 to 102,234 tons in 1944. During
this same period there has been a decrease in sale of cottonseed
meal. The tonnage figures are given in the following table:

Years Mixed feeds
(tons)

Cottonseed meal
(tons)

1938 31,000 25,000
1939 34,000 35,000
1940 45,000 22,300
1941 48,400 19,100
1942 55,700 21,900
1943 82,500 17,400
1944 102,234 18,568

Fertilizers

During the year the staff analyzed sixty samples of commercial
fertilizers taken from stocks on sale in the state. Nitrogenous
and phosphatic materials were not available in quantities to ful-
fill the consumer demands. This was due to an increase in fer-
tilizer use by farmers rather than a shortage of materials over
previous years. There was still an insufficiency of some of the
preferred materials which made it necessary for the farmer to
accept the forms of nitrogen or phosphate which were available.
Nitrate of soda continued to lead the sale of nitrogenous materials,
but there were large increases in sales of ammonium sulphate
and liquid ammonia over the previous year. The treble super-
phosphate supply continued short, and single superphosphate led
in sales of phosphatic materials. There was, however, an increase
in sales of liquid phosphoric acid and the ammonium phosphates.

Total tonnage of fertilizer sold in the state was 21,708 tons
which is the largest tonnage sold in one year. Of this tonnage
7,369 tons were mixed or commercial grades and 14,339 tons were
simples (simple phosphate or nitrogenous materials) .
AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY
Agricultural production in Arizona during the year 1944 was

the resultant of many forces, most important of which were the
war demand and the limitations of water supply. Of the 2,500,000
acre -feet of water applied to Arizona's irrigated farms, two fifths
was used on alfalfa, one fifth on cotton, one fifth on small grains
and sorghums, and one tenth on vegetables and citrus. Ground-
water supplies made available for agricultural use by pumping
were a more important source of irrigation water than that
diverted from river flow and from reservoirs. Part of the increase
in pumping was due to certain reductions in the electric power
rate, but most important was the fact that the power cost for
irrigation in 1944 was a much smaller percentage of the total
value of the crop than it was in prewar years.

A close relationship exists between the prices of principal
commodities produced on the land in one year and the prices of
the land in the following year. In making such comparison it is
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necessary to use land prices representing technical sales without
important building improvements or after deducting for building
improvements. While there is some variation from year to year it
appears that the sale prices of cotton- alfalfa land in the Salt River
Valley depend rather definitely upon the prices received for the
preceding year's crops, and that roughly an acre of such land
without buildings has sold in the fifteen -year period ended with
1944 for approximately the same amount as the combined return
for 7 tons of hay, 1 bale of short staple cotton lint at the gin, and
1 ton of grain. Land prices in 1945 and in the immediate years
ahead will likely follow the trend of prices of the crops grown.

One of the most striking crop acreage adjustments has to do
with American -Egyptian cotton, the acreage of which dropped
from 129,000 acres in 1942 to 8,000 acres in 1944. The chapter
covering thirty years when American -Egyptian cotton was an
important crop in the state is now ended. Rather elaborate studies
made by the Department indicate that there will be no important
acreage devoted to this long cotton in the future unless or until
the price of American -Egyptian cotton at Phoenix is two and one -
half or more times the price of strict middling 1 -inch cotton at
Phoenix.

The cost of producing barley and grain sorghum in the Salt
River Valley was estimated at $36 and $38.48 per ton respectively
for the year 1945. This calculation assumed a yield of 2,500
pounds of grain per acre with no cost items included for manage-
ment, farm automobile, fencing, or insurance. On the other hand,
no income was credited for pasture.

About 105,000 tons of milk equivalent were sold and an esti-
mated 2,000 tons used on the places where milk was produced
in Arizona. The commercial production came from about 2,000
dairies, while a very sizable part of the noncommercial milk was
produced on places with only one or two cows. Three fourths of
the state's commercial producers resided in Maricopa County in
1944. Of the product sold in the form of cream half was produced
in Maricopa County and one fifth in Graham County. Other cost
and income figures for Arizona and the supply -price relationship
are discussed further in "Arizona Agriculture," 1945, published
by the University of Arizona as Arizona Agricultural Experiment
Station Bulletin 194, and dated January, 1945.

Estimates for crop production in 1946 and recommendations for
a conservative pattern for crop production in the years immediate-
ly ahead gave special consideration to the presently declining
water supply of the state. In spite of falling water tables, well
drilling, and new land leveling, operations are going on for pos-
sibly three reasons:

1. The impetus of the greater wartime spread between gross
crop values and water costs.

2. The application of devises to appropriate for land improve-
ment money that would otherwise be used in the payment of
federal taxes.
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3. Because of a prospective state water code which, if adopted,
might limit underground water rights to developed land. This
matter is more completely discussed in the Arizona State Report
on Anticipated Production Adjustments in Agriculture for the
Year 1946, a mimeographed release dated July 25, 1945.

The selection of settlers for new lands in Arizona should be a
studied process in which much effort is placed in ways and means
of spotting the applicant who will be most likely to stay with the
project, pay his obligations, and develop a going community.
The work of selection consists largely of determining and
devising measures of the critical qualifications and of apply-
ing these measures to prospective settlers. The object of selection
is not to deny the settler the right to make mistakes and find his
place in the social order in his own way, but it is rather to limit
the extent of his mistakes at public expense. Initial applications
should be received and final decisions for the applicants approved
for settlement should be made by a qualified local project selec-
tion committee. No overhead board should be empowered to
override the decision of this committee. These matters are more
fully discussed in "Selecting Arizona Settlers," published as
Arizona Agricultural Experiment Station Bulletin 196, and dated
February, 1945.

A study on processes and procedures in community organization
showed that much remains to be done in providing the physical
equipment for a satisfactory rural living. For example, although
authorization to establish county libraries was made two years
ago by the Arizona legislature, so far only one county has a
county library system. Another example is the distribution of
hospitals. It seems evident from hospital maps that the Indians of
Arizona are much more adequately provided for in this respect
than the other inhabitants.

AGRICULTURAL ENGINEERING

GROUNDWATER STUDIES

Upper Santa Cruz Valley

Surface runoff during the winter months has been negligible
at both the Nogales and Tucson stream gaging stations on the
Santa Cruz River during the past four years. There has been
little opportunity for recharge from winter runoff since the
winter of 1940 -41.

Water -level measurements in October, 1945, indicate that the
summer flood flows of the preceding July and August were
sufficient to provide effective recharge. As compared with
measurements of October, 1944, a recovery of 2 feet took place in
the section of the valley above Calabasas. In the area of rather
concentrated pumping just below Calabasas a residual lowering
of from 2 to 3 feet occurred. An average recovery of approximate-
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ly 1 foot occurred in the section of the valley between Tumacacori
and Continental. Between Continental and Tucson residual low-
ering of a foot or more occurred in those areas subject to heavy
pumping while in other portions of this section only limited
recovery took place.

It is becoming more apparent that underflow down the valley
is of much less importance than the lateral recharge from the
sides of the valley and seepage from flood flows in the recharge to
groundwater basins in the trough of the valley.
Cortaro -Marana district

Pumping from the Cortaro area in 1944 amounted to approxi-
mately 20,700 acre -feet. Relatively little pumping during the
winter of 1944 -45 together with recharge from the summer flood
flows of 1944 resulted in general recovery of the water table in
this area. Water levels in this area in the spring of 1945 were com-
parable with those of January, 1943. Thus the results of two
years' pumping of about 47,000 acre -feet from the basin resulted
in no material residual lowering of the water table within the
area. During both of these years effective recharge from summer
floods occurred. During the summer months of 1943 the surface
flow of the Santa Cruz River at Rillito was over 17,000 acre -feet
and in 1944 it was over 14,000 acre -feet. This is a measure of the
amount of water which flowed past the north or lower end of the
area and was therefore lost insofar as recharge to this ground-
water basin is concerned. Comparison with the stream flow
records of the Santa Cruz at Tucson for this period would indicate
that a major portion of the flood flows passing through the Cortaro
area originated on the watershed below Tucson.

In the Marana area the pumping draft amounted to almost
10,000 acre -feet in 1944, slightly less than in 1943. Residual lower-
ing, as indicated by the water levels at pumped wells, averaged
about 2 feet as the result of this pumping. This lowering may be
somewhat local in character and not reflect the condition of the
groundwater basin as a whole. The area of the Marana basin is of
such extent that only by heavy pumping over a period of years
can an accurate estimate of residual lowering be obtained.
The Eloy district

Limited studies are continuing on the effect of overpumping on
the groundwater supply in the Eloy Valley in Pinal County.

Although the automatic water -level recorder has been removed
from the unused Wagner No. 1 well, sufficient periodic measure-
ments are being made to continue a good graph of the depth to
water in this well. Since March, 1936, the residual lowering at
this well has totaled 50 feet. The lowering has been at an acceler-
ated rate since 1941.

Measurements were taken of the depth to water on February
8 -10, 1945, for comparison with measurements taken January
17 -20, 1944. The average lowering at eighty -six wells for this
interval was 4.95 feet.
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By drawing contours of equal lowering on a map of the district,
it was possible to determine the volume of ground which was
unwatered by pumping in 1944. This was computed to be 631,000
acre -feet.

The quantity of water pumped during this period cannot be
determined satisfactorily for the reason that no reliable crop
acreages are available. Hitherto, the quantity pumped has been
computed by the indirect method of using average duties of water
for the various crops. The acreage cropped during the year
1944 -45 is estimated to be the same or a little less than for the year
1943 -44 when the amount of water pumped was computed to be
119,000 acre -feet.

Using an estimate of 110,000 acre -feet as the quantity pumped
during the year 1944, the equation for recharge is:

631,000 S -I- N= 110,000
where S is the specific yield of the ground unwatered, and N is
recharge or new water available.

During the period 1936 -38 the value of S was determined to be
11.12 per cent. Using this figure in the above equation the
quantity of water taken from storage was found to be 70,000
acre -feet, and the amount of new water including the recharge
from percolation to be 40,000 acre -feet.

There was no expansion in the area during 1944, but eight new
wells were put in for the 1945 season. No wells were abandoned
during 1944.

Little Chino Valley

The acreage irrigated solely from groundwater in the Little
Chino area, north of Prescott, was increased to almost 2,000 acres
in 1945 compared with 1,800 acres in 1944. However, due to the
effective rainfall in August, 1945, the draft upon the artesian basin
was no greater and was possibly even less than in 1944. The
drawdown effect of the heavy irrigation draft during the summer
results in a lowering of artesian pressures of as much as 18 to
20 feet in the artesian area. The discharge of flowing wells is
greatly reduced and during the 1945 season only eight flowing
wells were used for irrigation. There are thirty wells in the area
equipped with pumps of which twenty -three are electric motor
driven and seven engine driven.

It is now believed that the water -level and artesian -pressure
measurements made in the spring of 1944 did not reflect the true
picture of the residual lowering for the preceding year. Irrigation
draft previous to the taking of water -level measurements was
apparently sufficient to cause a lowering of the artesian -pressure
surface and the residual lowering reported for the previous year
was probably somewhat in excess of the true amount.

It is believed that the comparison of the measurements made
in the spring of 1945 as compared with those of the spring of 1943
reflects very closely the residual loss resulting from two years'
draft upon the groundwater basin. These measurements indicate
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an average general lowering of approximately 1.9 feet per year
within the artesian district. The wells along Granite Creek and
in Lonesome Valley at distances of 4 to 8 miles east and southeast
of the center of the artesian area show the effects of irrigation
draft. The water levels in these wells indicate a residual lowering
of 1.3 feet for the year 1943 -44 and of 1.8 feet for the year 1944 -45.

The recharge from flood flows in Granite Creek, east of the
artesian area, as indicated by the water table in a single well
with a perched water table has been negligible since the spring
of 1941. Runoff during the wet winter of 1940 -41 resulted in rise
in water level of 17 feet in this well in a period of a few months.
Since then a continuous steady lowering has occurred with the
water level in the spring of 1945 reaching a point a foot below
that in the spring of 1940.

Surface water wells in the upper end of the artesian area
near the Mormon Church showed an average annual lowering of
almost 1.7 feet per year over the two -year period, 1943 -45. In
the lower end of the artesian area the seepage from irrigated
fields appears to be the dominant factor in the fluctuations of the
water levels in surface water wells. Water -level changes in the
surface -water wells are not consistent throughout the area.

Rainfall records in Little Chino Valley are available only since
July, 1941. The annual rainfall for the years 1942, 1943, and 1944
were 7.20, 8.77, and 9.12 inches, respectively. The rain gage is
located in about the center of the irrigated area at an elevation of
about 4,670 feet above sea level. Compared with the mean annual
rainfall of about 21 inches at Prescott, at an elevation of 5,400
feet above sea level, the rainfall is exceedingly low. This low
annual rainfall combined with relatively high wind movement
throughout the growing season may account for the high water
requirements for some crops in the area. Records from a few
farms indicate a seasonal duty of water of more than 3 acre -feet
for pinto beans, one of the principal crops grown in this area.
Other pump - irrigation districts

Initial development started in Deer Valley, a small pumping
district at the mouth of Cave Creek just above the Arizona Canal
in the Salt River Valley, about 1939. Since that time the irrigated
area has steadily increased until in 1945 the gross cropped acre-
age exceeded 5,000 acres. A comparatively large part of the area
is of the highly developed type necessary for the production of
commercial truck crops. Water levels in the area have dropped
consistently each year with the increased draft upon the ground-
water basin. Recharge to the groundwater basin is principally
from seepage losses from the flood flows in Cave Creek and
possibly from Skunk Creek, which roughly parallels the former
some 5 miles to the west. Water levels in this pumping area in
the spring of 1945 were between 6.5 feet and 11 feet lower than in
1944.

The Magma area is located about 7 miles northwest of Florence,
Arizona, and is on the divide between the Queen Creek drainage
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and the Gila River drainage. The irrigated crop acreage in this
area was over 4,800 acres in 1943 with a reduction to about 4,000
acres in 1944. The crop acreage in 1945 is about the same as it was
in 1944. Water levels taken in the spring indicate an average
lowering of about 1 foot as the result of the 1943 pumping season
and of about 0.5 foot from the 1944 pumping.

City of Prescott water supply

Following the recommendations of this Department, the city
of Prescott drilled a deep test well at the airport in the south end
of Little Chino Valley. A 14-inch well was drilled to the depth
of 825 feet. It was hoped that the underlying lava formations
known to be present were connected with and a part of the
artesian aquifer found in the north end of the same valley. The
driller reported cavernous lavas were encountered below 650
feet and from his description it was believed that they were the
same as those found in the artesian area in which the artesian
flow was encountered. The results of a pumping test were dis-
appointing as the capacity of the well was found to be only 200
gallons per minute with drawdown of as much as 195 feet. The
static water level was about 332 feet.

A water supply at this location would save about 8 miles of
pipe line in comparison with pumping from a well with a known
water supply in the artesian area to the north. The pipe line
cost is the major item of the capital investment required for this
water development program, and it is believed that the drilling
of the test well was warranted. The situation was fully explained
to the officials of the city of Prescott at the time the recommenda-
tions were made, prior to the drilling of the test well.

THE TAMARISK TREE AND ITS WOOD
Preservative treatment of tamarisk fence posts

Tamarisk fence posts, most of them treated by cold-soaking
with coal-tar creosote but some with various other preservatives,
are being tested in the ground in various localities to determine
the length of useful life.* Annual inspections are made in the
latter part of each year.

The inspection in November, 1944, revealed one more post,
No. 98, a dry-treated post, failed in the half-mile fence line on the
George Kinne farm near Coolidge and no failures in the other
locations. Farmers in southern Arizona, where the tree tamarisk
grows rapidly, can and should grow tamarisk trees and supply
their own (and neighbors') needs for fence posts.

*For details of treatment consult Arizona Agricultural Experiment Station
Tech. Bull. 92, "Creosoted Tamarisk Fence Posts and Adaptability of
Tamarisk as a Fine Cabinet Wood."
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Plantings of tamarisk trees for saw logs

Extensive plantings of tamarisk trees. Tamarix aphylla, were
made in 1942 on the Yuma Valley Farm to determine whether'
straight, vertical trunks can be grown by applying forestry
principlesk

In the last annual report it was stated that a pathologic condi
tion developed on a large part of the plantings late in 1943, but
that one large area and several small groups of trees remained
free from this condition. On the affected trees the foliage became;.
Tight gray in color and the trees became partly defoliated. The
slender twigs, which resemble pine needles, were found to be

irregularly with incrustation of a mixture of soluble salts.
The condition of the affected trees is shown in Plate I. The foliage
on the trees shown in that picture should be about as green as
that of the alfalfa in the foreground

Plate I. -The south side of the north planting of tamarisk, December 11,.
1943, after the change of foliage from green to light gray in color. The
foliage should show as dark in the picture as the alfalfa in the foreground

No similar case has been observed and inquiry has failed to
reveal any. Examination in other localities revealed a few cases
of abandoned trees which showed some salt incrustation on the
lower, shaded foliage, but in no case was the condition so severe
as that shown.

Examination by Dr. J. G. Brown, plant pathologist, showed that
the salt was deposited in the salt glands from which it was exuded
to the surface. The incrustation must tend to interfere with the
normal transpiration processes of the twigs and minute leaves
The cambian layer on the trunk of the tree appeared to be normal
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The affected trees made about, one half the normal growth in
1944. To determine whether the condition was due to some soil
deficiency, certain rows were fertilized in the spring, some with
nitrate, some with phosphate, and one with iron sulphate. The
responses were negative except for very slight effect from the
nitrate. In the spring of 1945 one row was fertilized with
potassium sulphate, although potash is seldom or never used on
Arizona soils. It is possible that deficiency of some minor element
is the fundamental cause of the pathologic condition.

For the irrigation season of 1945 one plot of six rows is being
irrigated weekly, another plot is being maintained dry with no
irrigation.

The unaffected trees continue to grow rapidly. A view in the
best grove of the healthy trees was shown in Plate I of the last
annual report. Pruning and some thinning have been done as
needed, and measurements of height and diameter of all trees
were made in December.

Many inquiries have been received from manufacturers regard-
ing the hard and beautiful wood of the tamarisk tree and samples.
of the wood have been sent to those showing most interest.

MISCELLANEOUS

Forecasting late in March of the irrigation water supply for the
ensuing season, a service begun in 1939, is being continued. The
forecast for 1945 was broadcast over a southern Arizona network
on April 9, and was also publicized in the press. Special considera-
tion was given to the middle Gila River supply where water
shortage was most acute. Individual farmers in the San Carlos
Project were advised to reduce the previous year's crop acreage
by 20 per cent or to shift from alfalfa and cotton to hegari, milo
maize, or Sudan grass, which have lower water requirements.

Special studies of the hydrology of the Colorado River and of
the effect of the Mexican Water Treaty on Arizona were reported
in an address to the Arizona Section, American Society of Civil
Engineers, at the spring meeting of the section, April 28, 1945.

AGRONOMY

COTTON
Upland cotton variety tests

Acala cotton has exceeded all others in money value per acre
over the four -year period 1942 -45 as indicated in Table 2. Num-
erous upland varieties have been tested through the years. Those
lacking commercial possibilities have been dropped and new ones
added.

Six new strains of Acala, originated by the cotton breeders of
the irrigated Southwest, have not as yet proved their superiority
over the Santan and Shafter strains of Acala.
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TABLE 2. -MONEY VALUE OF COMMERCIAL UPLANDS, MESA FARM

Variety
Money value per acre (seed and lint)

1942 1943 1944 1945 Average

Acala, Santan $265.42 $304.41 $298.22 $251.11 $279.79
D & PL No. 14 241.82 202.73 301.87 247.64 248.51
Stoneville 2B 226.32 181.87 317.95 257.86 246.00
Coker 100 248.22 149.97 315.06 255.68 242.23
Coker Wilds 271.23 210.73 187.76 226.59 224.08
Acala 1517 229.21 219.67 242.20

Cotton defoliation

Work was conducted from August 21 through September 6, 1945,

to determine the effectiveness of calcium cyanamid as a cotton
defoliant on upland cotton in the Salt River Valley. Calcium
cyanamid was applied as a dust to Acala cotton. All dust was
applied before 8:00 A.M., and in most cases before 7:00 A.M. each
day at rates varying from 45 to 125 pounds per acre. Since calcium
cyanamid is apparently more effective as a defoliant when the
leaves are damp, the soil moisture was varied in order to deter-
mine its effect upon moisture accumulation on the leaves. This
was done by using areas that had been irrigated at different
dates. The weather was exceedingly hot and dry during the
period of dusting and very little dew was present. Bermuda
grass along the edges of the fields was often quite wet in the
morning but at the same time, near -by cotton plants showed little
or no dew on their leaves. The Bermuda grass was probably wet
by exudation of water from the leaves rather than by condensa-
tion of moisture from the air.

The amount of defoliation varied from 10 -15 per cent in most
cases, and exceeded 25 per cent in only one instance. In this case,
the field of planted cotton was exceedingly tall and from 50 -75

per cent of the lower leaves shed. However, there was no notice-
able loss from the top one half of the plant. There was a very
light dew on the lower leaves at the time the plants were dusted
and this was apparently responsible for the increased loss of the
lower leaves. It was difficult to get dust to stick to the leaves and
even when it did stick, the leaves failed to drop, apparently, un-
less moisture was present at the time dust was applied, or
appeared later in the form of dew before the dust was lost from
the leaves. Calcium cyanamid appears to do little if any
damage to the leaves in the absence of moisture. Under the con-
ditions of this experiment, calcium cyanamid was not effective
in defoliating either stub or planted Acala cotton when applied
at rates varying from 45 to 125 pounds per acre, nor was there any
correlation between rate of application within these limits used
and amount of defoliation.
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MANURES

Summer green manures

Guar continued to be the outstanding summer green manure
crop in 1945. as measured by the yields of the subsequent barley
crop. Substantial increases in barley yields were obtained for all
the green manure crops tested, but it is felt that the 58 per cent
increase in barley yields obtained by using guar as a summer
green manure crop over a period of five years justifies the con-
sideration of this cropping practice at the present prices of barley.

TABLE 3. -YIELD OF ARIVAT BARLEY FOLLOWING GREEN
MANURE CROPS AND SUMMER FALLOW,

MESA FARM, 1941 -45

Previous crop
Pounds barley per acre

1941 1942 1943 1944 1945 5-yr.av.

Guar 4,051 3,958 4,203 3,455 7,197 4,573
Sesabania 3,215 3,197 4,063 2,388 6,265 3,826
Tepary beans 2,952 2,921 3,959 2,422 6,167 3,684
Crotalari juncea 2,943 2,875 3,453 2,521 5,908 3,540
Cowpeas (Brabham) 3,070 3,151 3,644 2,141 5,448 3,491
Check (fallow) 2,958 2,917 2,648 1,448 4,497 2,894

Winter green manures

As in the case of summer green manures, Hubam clover gave a
47 per cent increase in crop yields as measured by the succeeding
hegari crop of sorghum for a three -year period. Substantial yields
over fallow were obtained by all the winter green manure crops
tested.

TABLE 4. - YIELDS OF HEGARI SILAGE AS INFLUENCED BY
PREVIOUS GREEN MANURE CROPS, MESA FARM, 1942 -44

Previous crop
Tons of hegari silage per acre

1942 1943 1944 Average

Hubam clover 16.18 16.07 12.33 14.86
Purple vetch 16.05 16.21 11.82 14.69
Hairy Peruvian alfalfa 16.02 15.86 11.54 14.47
Sour clover 15.03 14.51 11.59 13.71
Calcarata vetch 14.58 14.16 11.70 13.48
Fenugreek 14.35 13.70 11.38 13.14
Early sour clover 13.14 12.88 10.56 12.19
Check (fallow) 13.07 9.36 7.97 10.13

ALFALFA VARIETY TESTS

Due to the proposed increase in alfalfa plantings in the Yuma
Valley, an alfalfa variety test was established on the Gila Project
Farm in 1943. Yield data in the following table show the distinct
superiority of the southern types over the winter dormant types
in the Yuma district.
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Chilean 63 -1 is a new variety selected out of Chilean 21 -5 by
the Plant Breeding Department of the University in 1938. It is
both a good seed and forage producer. Although it tends to be
slightly dormant in the winter, it has led the alfalfa variety test
for two years. Hairy Peruvian was second and African was third
in these tests.
TABLE 5.- SUMMARY OF ALFALFA HAY YIELDS, POUNDS PER ACRE, GILA

PROJECT FARM, 1944 -45

Variety

0 0
Cutting date ro ° 0 8 ! . o

,.dr )o .F
EZ Ñ ti S.1

E b H ,,,,
,

occ'I N <Co x41 4 Ú,0

June 6, 1944 4,657 5,359 4,466 4,976 4,913 5,168 4,657 5,040
July 25,1944 3,828 4,594 4,466 3,828 4,275 4,211 4,466 4,594
Sept., 1944 2,233 2,935 2,935 2,233 2,361 2,424 2,616 2,871
Oct. 28, 1944 2,169 1,978 2,169 2,233 4,530 2,169 2,223 4,530

Total 1944 12,887 14,866 14,036 13,270 16,061 13,972 13,962 17,035

Feb. 24, 1945 1,659 1,978 574 1,595 2,169 1,659 319 2,105
April 4, 1945 3,254 2,941 2,361 3,445 3,573 3,318 2,552 4,019
May 25, 1945 4,530 5,232 4,275 4,275 4,530 4,594 4,083 5,040
June 30, 1945 4,338 4,083 4,147 3,956 4,019 4,466 3,764 4,785
Aug. 6, 1945 2,042 2,488 2,042 1,850 2,361 2,424 1,850 2,105
Sept. 11, 1945 1,021 1,531 1,021 957 1,311 1,276 702 829
Nov. 11, 1945 1,148 1,021 1,021 1,276 1,467 1,487 702 1,212

Total 1945 17,992 19,274 15,441 17,354 19,430 19,204 13,972 20,095

SMALL GRAINS

Two Arivat selections each yielded about 5 per cent higher than
Arivat in eight replications at Mesa. Each of these had two -year-
average yields over 6.5 per cent higher than Arivat.

A total of fifty -six of the 170 Vaughn x Scarab selections had
higher grain yields than Arivat in the randomized replicated 16-
foot row nursery at the University Farm, Tucson. The highest
yielding selection was 30 per cent above the average of the Arivat
checks. This selection had no lodging. It had white kernels, erect
heads, and a higher estimated forage value than Vaughn on
February 2, and March 11, 1945.

Uton oats outyielded Markton slightly at Mesa. Both had about
the same hay yields, and also about the same estimated forage
yields on February 2, and April 4, 1945. Clinton and Westdale oats
ranked lowest in grain yields.

Baart 38 had nearly 1 bushel higher grain yield than Baart (in
the absence of rust), in eight replications at Mesa.

SORGHUM VARIETY TESTS

Variety tests were undertaken with out -of -state sorghum
varieties in 1943 so as to determine the best variety for local con-
ditions and to determine the yielding capacity of the various
sorghums for possible out -of -state seed sales. Caprock led in
grain yields for all the combine sorghums for the years 1944



28 AGRICULTURAL EXPERIMENT STATION

and 1945. Hegari 13, which led the variety test in 1944, was
significantly outyielded by Early Hegari in 1945.

TABLE 6. - SORGHUM YIELDS OF GRAIN IN POUNDS PER ACRE,
MESA FARM, 1944 -45

Northern sorghum -belt varieties Combine sorghum varieties

Variety 1944 1945 Variety 1944 1945

Red Top 2,591 Caprock 5,023 4,171
Hegari 13 __ 4,487 2,421 Plainsman 3,731
Early Kalo.. 3,297 2,993 Westland 3,602 3,824
Cody 3,295 2,591 Beaver 3,799 3,596
Norkan 2,922 3,394 D. D. No. 38 3,874 2,859
Early Hegari 4,496 Midland 2,866
Atlas 3,096 1,815 Martin 3,928 3,436
Imperial Bonita 4,645 3,246

Kafir 1,715
Kalo 617 ____ 3,135

HEGARI FERTILIZER TESTS

Phosphorus, either in the form of treble superphosphate or
liquid phosphoric acid, caused a stimulation in early plant growth
but no response was obtained from applications of nitrogens
either as NH3, ammonium sulphate or ammonium nitrate. Bird
damage prevented the obtaining of grain yields and all plots were
harvested for silage. Silage yields were slightly greater on the
phosphorus treated plots than on those receiving no fertilizers.
Nitrogen had no influence on silage yields.

HYBRID CORN VARIETY TESTS

Increasing interest on the farmers' part and the possible su-
periority of hybrid corn over present open pollinated pure lines
at higher elevations led to the establishment of co- operative corn
variety tests in seven corn -producing counties. The data indicate
the possible superiority of certain hybrids in the northern areas
of the state. Many hybrids have been tested, but only the leading
ones are given in Table 7.

ANIMAL HUSBANDRY

THE EFFECT OF CASTRATION AND HORMONE ADMINISTRATION
UPON CARCASS BEEF PRODUCTION

A study was instituted during the past year in conjunction with
the Department of Animal Pathology to study the effect of
castration and hormone administration upon carcass beef produc-
tion. It has been observed that bull calves whose secondary
characters have been inhibited by other causes than that of
castration have made exceptionally rapid growth. The abdominal
retention of one or both testicles and the impairment of visual
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powers in young bulls have been associated with stimulated
growth and satisfactory carcass development. These occurrences
suggest the possibility of effecting to a degree artificial control
upon the male hormone and thereby influencing beneficially the
growth rate and carcass formation of the immature beef animal.

A test was conducted with thirty -nine weaner top -grade Here-
ford range raised calves (twenty -two steers and seventeen bulls).
They were allotted into eight groups and fed a fattening ration
of alfalfa hay, hegari silage, rolled barley, and cottonseed meal
for a period of 180 days. One lot each of ten steers and six bulls
served as check groups. A group of six bulls was given periodic
injections of stilbestrol, a snythetic oestrogenic hormone, to in-
activate the male secondary hormones by effecting a fat deposi-
tion, as has been done with small animals. To study the effect of
the male hormone on castrates, two lots of three calves each were
given testicular implants and injections of the synthetic hormone
testosterone, respectively. Another group of six steers was given
administrations of the growth - promoting hormone from the
anterior lobe. And the effect of delayed castration was observed
with two groups of bulls, two - and three -head each. The former
were castrated at the start of the feeding period, and the other
group seventy -five days following the beginning of the test period.

The allotment of the test animals and the results of their per-
formance in the feed lot, together with their slaughter record, are
shown in the following table.

In comparison with the check groups, no effect was discernible
upon the animals from the administration of the different hor-
mones. The exceptionally high rate of gain made by the two lots
of bulls and their very satisfactory carcass grades are interesting
to note. The bulls were sold for one- fourth cent less per pound
than the price received for the steers and, because of their
superior gaining performance, realized a substantially greater net
return. Delayed castration did not greatly impair the rate of gain
made by the calves in these two groups, both of which made gains
intermediate between those of check groups of steers and bulls.

COMPARATIVE VALUE OF IRRIGATED PASTURES FOR
BEEF PRODUCTION

The Departments of Animal Husbandry and Agronomy initi-
ated a series of tests on the Salt River Valley Experimental Farm
last fall to determine the comparative value of certain irrigated
pastures in terms of beef production. Because of the prominence
in recent years given to so- called permanent pasture grass
mixtures as a desirable pasture crop in this area, the test was
arranged to include one of the grass mixtures. It was planned to
compare this pasture with three of the commonly grown crops
used for this purpose -alfalfa, barley, and Sudan. The experi-
mental tract of 9.6 acres was evenly divided into areas of three
replicas for each crop in order to afford proper rotation use and
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also to avoid differences in soil types. The same areas were used
for the barley and Sudan pastures.

Barley was planted in late September at the rate of 150 pounds
per acre, and was pastured from early January to about April 1.
The Sudan was planted in April and June, and cropped until
October 1. The grass mixture and alfalfa were planted in October.
The grasses composing the mixture were planted at the following
rates per acre:

Perennial rye 4 lb. Meadow fescue 6 lb.
Orchard grass 4 lb. Dallis grass 8 lb.
Alfalfa 2 lb.

The alfalfa was not grazed during the first year to avoid
injuring the stand. The grass mixture made very slow growth
during the winter months and was not ready to pasture until
June 9. Only the perennial rye and alfalfa have made anything
like satisfactory production from the planted mixture. Scarcely
more than a few occasional plants of the meadow fescue and
orchard grass made satisfactory growth. In the late summer the
Dallis grass has shown some evidence of developing a stand. A
considerable growth of volunteer alfalfa, together with the rye,
has composed at least 90 per cent of the crop on this pasture area.
Alfalfa and some Dallis grass constituted the only feed during
the late summer and fall.

An indication of the productivity of the respective pasture
crops as measured in terms of beef production is shown in the
accompanying table. Steers were used to determine the carrying
capacity of the different pastures. Weights were recorded of the
test stock when placed on each pasture and at the time of their
removal. The number of animals and the length of the grazing
period were also noted. Clipping records of the pasture were
taken at the beginning and close of each period to measure crop
production and the approximate degree of utilization. The cattle
were rotated among the three replica tracts of each crop with the
objective of securing a satisfactory gain in their weight.

Barley greatly excelled the other two pastures in the amount
of gain in weight made by the test steers. This crop provided
81.5 steer-days of feed that produced 234 pounds of gain per acre.
The grass mixture had a carrying capacity of sixty steer-days
per acre, but yielded only 68 pounds of gain on a per acre basis.
The Sudan grass made the poorest yield from the standpoint of
cattle gains which totaled less than 10 pounds per acre. This
crop, however, furnished fifty-eight steer-days of feed per acre
which during the hot summer months could do little more than
maintain the weights of the cattle at this rate of stocking. It is
doubtful that the steers would have made any appreciable gain at
a reduced rate of stocking.

The cattle were rotated at from -about seven- to fifteen-day
intervals. Pastures were irrigated approximately every twelve
to fifteen days. Regrowth of the barley pasture required at least
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forty -five days, and the Sudan and grass mixture (mostly alfalfa)
between thirty and forty days. The test cattle were coralled and
fed alfalfa hay when pastures were too wet or immature to graze.

POTATO MEAL FOR FATTENING CATTLE

A surplus accumulation of Irish potatoes by the War Food
Administration in Arizona prompted this organization to salvage
them for possible use as a stock feed. They were dehydrated by
drying in the sun, and subsequently ground in a hammer mill and
sacked. A portion of this product was made available to this
Station for experimental stock feeding.

TABLE 10.- POTATO MEAL IN THE CATTLE FATTENING RATION
(One test -duration 120 days)

Rolled barley,
potato meal

60:40

Rolled barley,
potato meal

72:28

Number of lot
Number of steers
Average initial weight (lb.)
Average final weight (lb.)
Gain per head (lb.)

1

14
438.8
789.3
350.5

2
15

438
798.7
360.7

Average daily gain per head (lb.) 2.33 2.41
Average daily ration (lb.)

Alfalfa hay 2.09 2.21
Rolled barley 5.33 6.51
Hegari silage 15.71 15.73
Potato meal 3.77 2.49
Cottonseed meal 1.33 1.34

Feed required per 100 lb. gain
Alfalfa hay 90.3 92.0
Rolled barley 230.7 270.3
Hegari silage 679.9 653.8
Potato meal 163.1 103.4
Cottonseed meal 57.7 55.7

Dressing per cent per lot 59.253 58.167
Feed cost per 100 lb. gain $14.76 $14.11
Feed cost per ton

Barley $53.00
Potato meal 53.00
Alfalfa hay 22.00
Hegari siilage 5.00
Cottonseed meal 56.00

Government carcass grades both lots._.. 22 Choice 7 Good

Knowledge of its comparatively unpalatable qualities sug-
gested that the potato meal be fed in combination with a succulent
feed. The following test consequently was conducted to study the
value of this feed as a partial replacement of barley when fed
with a basal ration of alfalfa hay, hegari silage, and cottonseed
meal for fattening weaner calves (Table 10) . It was fed to
two lots of fourteen- and fifteen -head each of high -grade Hereford
weaner calves in the ratio of 28 per cent and 40 per cent respec-
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tively of the combined total allowance of the potato meal and
barley. Excepting the difference in the potato meal, both lots
consumed practically identical amounts of the other feeds in the
ration. The slight advantage in the rate of gain made by the
calves on the smaller allowance is not significant. In the course of
the experiment when the potato meal in Lot 1 slightly exceeded
the amount of barley, a part of the potato meal was refused. The
results of this test are indicative that potato meal, when used in
otherwise palatable and succulent ration, is equivalent in value
to barley when fed as a partial replacement of this grain in the
ratio of sixty parts barley and forty parts potato meal.

In one test at the Colorado Agricultural Experiment Station,
dehydrated potato meal was found to be practically equal to
ground corn when fed in equal parts with this grain in a ration
including silage for fattening cattle.

POTATO MEAL FOR FATTENING HOGS

The value of potato meal for replacing a portion of the grain
allowance in a fattening ration for hogs was tested by feeding
three lots of pigs. The check group received a full feed ration of
hegari grain and a protein supplement of meat meal, cottonseed
meal, and alfalfa meal. The two lots fed potato meal received
the same ration as the check lot, except that the pigs in Lot 2
were fed a mixture of 30 per cent potato meal and 70 per cent
hegari; and in Lot 3 a mixture of 43 per cent potato meal and 53
per cent hegari was given.

Both lots fed the potato meal excelled the check -lot pigs, which
can be attributed to a skin affliction that affected half of the pigs
in this lot. The excellent gains made by both of the potato-meal-
fed lots indicate that this product is fully equal to hegari when
fed to replace from 30 to 43 per cent of this grain in a hog
fattening ration.

TABLE 11. - POTATO MEAL IN A SWINE FATTENING RATION
Lot no.

1 2 3

Number of pigs in lot 10' 9 10
Number of days on feed 90 90 90
Initial weight per pig (lb.) . 106 107 107
Final weight per pig (lb.) 233 276 267
Gain per pig (lb.) 127 169 160
Average daily gain per pig (lb.) 1.41 1.88 1.78
Daily ration (average)

Hegari 5.64 4.9 3.9
Potato meal 2.15 2.9
Meat meal .50 .64 .6
Cottonseed meal .25 .32 .3
Alfalfa meal .25 .32 .3
Total feed 6.64 8.33 8.0

Total feed required per 100 lb. gain 471.3 445.2 449.2
Cost of feed per 100 lb. gain $ 11.79 $ 9.55 $ 8.98
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ANIMAL PATHOLOGY
INFECTIOUS KERATITIS

Continued study on the bacteriology of this disease showed
varied organisms. Field tests were set up on range cattle to
study effect of large peroral doses of Vitamin A. One million
units Vitamin A were given in a capsule, and blood studies are
being made to study the storage and plasma levels.

PARASITE CONTROL BY MEANS OF DDT

Fly control

One pound of 50 per cent water dispersible DDT was added to
1 gallon of water and sprayed under 100 pounds pressure on walls
and ceilings in cattle and horse barns. One gallon was used per
1,000 square feet. Considerable effect was noted for about seven
to ten days and then the killing effect rapidly diminished. There
were no significant lethal differences between smooth and rough
surfaced walls. Probably some chemical action occurs which dis-
courages contact of the insects with the walls.

Concentrations of from 0.25 per cent up to 2.5 per cent water -
dispersible solutions were used for horse fly control. The concen-
tration did not seem to alter the residual effect. There was good
control for three to six days after which the effect diminished
rapidly.
Lice control

Concentrations of 0.25 and 0.5 per cent proved very effective in
lice control. It was necessary to repeat the second spray since the
residual effect was not sufficient to control the subsequent larvae.
Ear ticks

Concentrations of 0.5 to 2.5 per cent solutions were effective
in controlling ear ticks in cattle.

Oil- miscible materials were not used because in this area there
is too much danger of scalding from sunlight.

Extensive studies were started on the control of internal para-
sites in sheep using phenothiazine. Numerous outbreaks occurred
in pastures and considerable loss was experienced by the sheep
men.

A 1 -to -9 mixture of salt and phenothiazine was used in in-
fected flocks after an initial treatment of phenothiazine.

The presence of internal parasites was demonstrated in several
cattle feeding establishments. Control methods are being set up
using phenothiazine.

POISONOUS PLANTS

Feeding tests were conducted to determine losses caused by
poisonous plants in southeastern Arizona. The two plants
suspected were tansy mustard (Descurainia pinnata) and Cory -
dalis aurea.
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No symptoms of poisoning occurred after feeding over 125
pounds of tansy mustard to two 400 -pound steers. Sufficient
quantity of Corydalis aurea was not available to set up suitable
feeding tests. The symptoms found in this area were blindness
and bulbar paralysis.

Investigations are being conducted in co- operation with the
Botany Department on acute poisoning in limestone areas of 4,000
to 5,000 feet elevation.

HORMONE STUDIES ON FEEDER CALVES

Hormone injections including anterior pituitary extract, dihy-
droxy- alpha- beta- diethylstilbene in a slow absorbing base, and
testosterone were made. Testicular transplants and later castra-
tions were also done. This work was reported by the Animal
Husbandry Department.

THE DIAGNOSTIC LABORATORY

The volume of materials sent in has greatly increased in the
laboratory. Over 3,500 different cases have been reported. These
include cattle, horses, poultry, hogs, and suspected poisonous
materials.

BOTANY AND RANGE ECOLOGY

EFFECTS OF CLIMATE AND GRAZING ON A DESERT
GRASSLAND RANGE

A project correlating the effects of climate and grazing on the
vegetational composition of a desert grassland range has been
conducted at the Santa Rita Experimental Range continuously
since 1931. Basic climatic data including air temperature, soil
temperature, and precipitation have been secured at four stations
representative of the altitudinal range of the grassland belt. In-
tensive data on evaporation, wind velocity, rainfall, light inten-
sity, and humidity have been obtained at the central station in
conjunction with the vegetational composition studies. Consider-
able time has been spent during the past year in bringing these
records up to date and in the synthesis of the data into a summary
of climate for this important vegetational type.

Observation of the permanent quadrats representative of three
conditions of grazing intensity has shown little significant change
during the past year. A summary of species densities of the
principal perennial grasses is presented in Table 12, for the cur-
rent year and for five -year intervals from the initiation of the
study. Comparison of these data for 1931 and 1945 reveals a
decline in total density of perennial grasses under all three
grazing conditions. This decrease in density amounted to approxi-
mately 50 per cent on the area grazed by cattle and rodents and
to about 35 per cent on the area receiving total protection and on
that grazed by rodents. Some differences in species composition
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TABLE 12. - TRENDS IN VEGETATIONAL COMPOSITION ON
DESERT GRASSLAND RANGE

Grazing condition
and species

Grazed by cattle and rodents
Perennial three -awn
Arizona cotton grass
Black grama
Rothrock grama

Total

Grazed by rodents
Perennial three -awn
Arizona cotton grass
Black grama
Rothrock grama

Total

Total protection
Perennial three -awn
Arizona cotton grass
Black grama
Rothrock grama

Total

37

Basal area of perennial grasses
(cm. per sq. meter)

1931 1935 1940 1945

2.9 1.1 1.1 0.7
15.1 7.1 3.8 11.8
19.8 7.6 4.0 11.1
11.1 13.3 3.5 0.1

48.9 29.1 12.4 23.7

1.6 2.9 3.0 1.7
16.0 12.5 4.6 17.3

7.2 12.8 10.7 8.8
18.2 6.4 3.9 0.2

43.0 34.6 22.2 28.0

1.0 6.5 4.0 1.0
43.6 28.0 11.5 23.8
13.6 41.8 36.2 26.7
23.1 4.9 1.6 0.6

81.3 81.2 53.3 52.1

attributable to grazing conditions have been manifest over the
fourteen -year observation period. Black grama has increased on
the total protection and grazed -by- rodents areas. On the area
grazed by both cattle and rodents this palatable species has shown
a decline from its initial density but has recuperated partially
during the last five -year period. Arizona cotton grass decreased
in density during the period from 1931 to 1940 under all conditions
of grazing but has shown partial recovery during the last five -
year period. Perennial three -awn, a poor forage species, exhibited
minor fluctuations under the three intensities of grazing; Roth -
rock grama, a short -lived palatable perennial, has shown wide
fluctuations dependent upon climatic conditions and is at present
poorly represented on all areas.

ARIZONA RANGE RESOURCES AND THEIR UTILIZATION

Arizona's range resources comprise a large and vital back-
ground for the range livestock industry. Knowledge of the pres-
ent condition of this resource is necessary for its continued
management at full utilization and optimum development.
Materials for an inventory of the range resources of the state
have been assembled and will be released as individual county
reports.
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The second report of this series will deal with Coconino County.
Field work has been conducted in this area during the past sum-
mer and a detailed study made of the range vegetational types
and indicators of range condition. The completed report will
include descriptions of the range types and their important forage
plants, indicators of range condition, and recommendations con-
cerning range management practices applicable in each range
type.

PLANT NUTRITION STUDIE

In the fall of 1944, hegari on a series of green manure plots on
the Salt River Valley Experiment Farm at Mesa, showed what
appeared to be symptoms of mineral nutrient deficiencies. In co-
operation with the Department of Agronomy, two series of pot
tests were run on soil taken from the plots in attempts to
determine the causes of the symptoms.

CHECK
VETCH +PM.;

VETCH

Plate II.- Response of hegari to mineral nutrient supplements on Mesa
Farm soil (vetch plowed under as green manure) .

The first series of tests, run in the greenhouse during the
winter showed that nitrogen and phosphorus, applied as "Ammo -
phos," gave better growth than any other treatment. Neither
nitrogen (ammonium sulphate) nor potassium (potassium sul-
phate) gave increased growth over that in the untreated soil.

The second series, run out -of- doors, during the summer, re-
ceived the following treatments:

Check No treatment
Plus N- Ammonium sulphate -0.9 gram per pot (200 pounds

per acre)
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Plus P- Treble superphosphate -0.9 gram per pot (200 pounds
per acre)

Plus PMg- Treble superphosphate -0.9 gram per pot (200
pounds per acre)

Magnesium sulphate -0.45 gram per pot (100 pounds per acre)
Plus NP-"Ammophos"-11-48--1.25 grams per pot (300 pounds

per acre)
As shown in Plate II, increased growth resulted in all of the

phosphate- treated pots. The 11 -48 "Ammophos" treatment was
significantly better than treble superphosphate alone or with mag-
nesium sulphate added, indicating that more nitrogen was needed
as the plants made additional growth in response to the phosphate
applications.

In the summer series, as in the winter series, the additions of
nitrogen alone did not produce much more growth than the check,
indicating that primary nutrient deficiency was in phosphorus.

BURROWEED INVESTIGATIONS

Control by burning, grubbing, and mowing

Additional evidence has been obtained to show that burroweed
(Haplopappus tenuisectus) can be eradicated from southern Ari-
zona range lands if control treatments are made in late spring or
early summer. Experiments carried on at the Santa Rita Experi-
mental Range show that burning and grubbing treatments are
effective in June, July, and August, while mowing treatments
give complete control only in June.

Line- intercept measurements of changes in densities of pe-
rennial grasses made one year after removal of the burroweed
show that small but significant increases in grass cover have
taken place. The preliminary data indicate that the rate of grass
recovery is approximately the same under all treatments.

TABLE 13. - CONTROL OF BURROWEED WITH HERBICIDES

Herbicide Concentration Air temp.
(degrees F.)

Relative
'humidity

(per cent)

Burroweed
killed

(per cent)
Weedone Recommended 86 12 58

2, 4 -D* 0.1% 86 12 94

2, 4 -D* 0.2% 86 12 94

Du Pont
IN- 6065 -A9 6.0% 86 12 99

Diesel oil Undiluted 86 12 96

*2, 4- dichlorophenoxyacetic acid with Carbowax "1500" as solvent and
spreader.



Control. with herbicides

Burroweed can be killed with "2, 4 -D" herbicides as shown by
the results of spray treatments made in June, 1945. Very low con-
centrations of 2, 4- dichlorophenoxyacetic acid, applied as spray,
give excellent control provided that the foliage of the plants is
thoroughly wet. Results of a test in which several types of
"2, 4 -D" herbicides were compared with Diesel oil are given in
Table 13. The sprays were applied to duplicate fiftieth -acre plots
on June 5, 1945, and the counts on burroweed mortality were
made on November 1, 1945.

ANATOMY OF GRAPEFRUIT

As part of a project on grapefruit quality being conducted by
the Department of Horticulture, a study of the developmental
anatomy of thin- skinned and thick -skinned grapefruit was begun
in April, 1945. Collections of fruits were made at three -week
intervals from low -nitrogen and high- nitrogen plots on the Yuma
Mesa, beginning when the fruits were less than 1/4 inch in
diameter.

Plate III. -High- nitrogen fruit. Section through similar area of thick -
skinned fruit, showing many actively dividing cells forming thick skin.



DiateIV.- Low - nitrogen fruit. Se
ikied grapefruit at' early stage.

through rind showing typical thin

The first collections showed differences in the amounts of rind
tissue in the process of formation. Fruits from the high -nitrogen
plot showed much greater meristematic activity (production of
new cells) and enlargement of cells (Plate III).;, than did fruits
from the low -nitrogen plot (Plate IV) . In the later stages of
growth the high rfitrogen fruits 'showed a much` greater develop-
ment of intercellular spaces in the rind tissue than did correspond-
ing low -nitrogen fruits. The results of the study obtained thus
far, show that the thicker skins in high- nitrogen fruits result
from more cells, larger cells, and larger intercellular spaces. The
study ,,will be continued until the, growth cycle,, of the frujt ,t
o pleted

ADDITIONS TO THE KNOWN FLORA OF ARIZONA

During the past year the flora of the state has been surveyed
carefully and the University herbarium has been checked sys-
tematically for unreported species of Arizona plants and for
extensions of known ranges Records thus, obtained are being

le available to. Dr. T. H. Kearney for the .revised editio `cif
"`Flowering Plants and Ferns .íf Arizona.' At present the list of
previously unreported species `collected by members of the staff
stands at fourteen and the number of significant range extensions
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exceeds 100. Data on some of the more important collections are
given below.

Grasses

Schismus arabicus: A grass that is well established in the Tuc-
son area, appearing in the early spring as bright green tufts on
roadsides and in openings in desert shrub areas. An introduced
'species, this annual was first thought to be S. barbatus, which is
fairly abundant in Pinal and Maricopa counties. Both species
appear to have value as spring range grasses. Panicum antidotale
(giant panic grass) and Eragrostis lehmanniana (Lehmann's love
grass) : Two introductions of the U.S. Soil Conservation Service
that have become well enough established on Arizona ranges to
be considered part of the state flora. Arrhenatherum elatium (tall
oatgrass) : A large, showy bunchgrass previously reported only
from Prescott. Mr. E. W. Phillips of Flagstaff has reported that
this grass is abundant and spreading on his ranch and that it is
eaten by cattle but not by horses. A collection of this grass in the
University herbarium shows that it occurs also in the Pinaleno
Mountains. Bromus texensis: A collection from the Huachuca
Mountains is the first Arizona record for this brome grass. The
previous range of the species is listed as Texas and northern
Mexico. Paspalum virletti: A native grass was collected in Syca-
more Canyon near Nogales (Darrow 2226) . This is the first record
of its occurrence in the United States.

Weeds

Lepidium campestre (poor man's pepper) was collected in
Maricopa County by Dr. T. J. Smith. This weedy mustard is
known to infest grain fields and young seedings of clover and
alfalfa in eastern United States, but this is the first report of its
occurrence in Arizona. Lamium amplexicaule (dead nettle) ,
found in the lawns of the University campus, and Veronica
arvensis (corn speedwell), established on the greens and fairways
of the Randolph Golf Course, near Tucson, are two weeds appar-
ently recently introduced into the state.

Native plants other than grasses

Collection of an interesting native composite, Brickellia par -
vula, was made in the Baboquivari Mountains (Gould, Darrow,
and Haskell 2744) . The species is known only from the type
collection made in Texas and from another collection in the
Baboquivari Mountains. Sisyrinchium cernuum, a plant known
only from the type collection made in Mexico, was collected in
Happy Valley east of the Rincon Mountains (Puitz and Phillips
1573) . Other plants new to the state collected during the year,
are a sedge, Carex brevior, and a showy composite, Eupatorium
maculatum, found in Navajo County (Lakeside) .
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DAIRY HUSBANDRY
PERMANENT PASTURE

Fields "Q," "P," "S," and "T," a total of 31/2 acres on the Uni-
versity Farm, were seeded September 26, 1944, to the following
mixture:

Pounds per acre
Perennial rye 4
Meadow fescue 6
Orchard grass 4
Dallis grass 8
Alfalfa 11/2

Total 231/2

Ammonium sulphate at the rate of 200 pounds per acre was ap-
plied as a top dressing on December 21. On February 15, rye grass
and meadow fescue represented about 70 per cent of the total
growth, the balance being largely alfalfa except three borders on
the east side of field "P" which had a heavy growth of volunteer
clover. There was some orchard grass but very spotty. Possibly
50 per cent of all growth was rye grass. There was an occasional
plant of Dallis grass but it was very small.

Because of a heavy growth of wild mustard and other weeds
which smothered the grasses it was necessary to mow all fields
on November 15, January 10, and February 15. If it had not been
for these clippings there would likely have been sufficient growth
to pasture by February 10. There was.an average growth of about
9 inches when the first samples were taken on March 21. Other
samples were taken May 5, June 8, and July 16.

Alfalfa represented only about 5 to 10 per cent of the total
yield in March but increased to 30 to 60 per cent by late July.
Alfalfa and Dallis grass supplied fully 90 per cent of the total yield
in August and September.

Six square meter samples were taken each time. The average
yield per meter for the four clippings was 6 pounds green weight
and 1.52 pounds dry weight. This is equivalent to an acre yield
of 12.14 and 3.07 tons respectively of green and dry weight. If we
assume that one sample was lost by the early clippings to destroy
the weeds we can add 25 per cent to the above yield. This will
give an acre yield of 3.8 tons of dry forage up to July 16.

Water penetration was slow in spots which materially reduced
the yield. In some places after the water had stood for twenty -
four hours the soil was moist for only 8 to 12 inches. This condi-
tion of the soil required more frequent irrigations.

Field "D" which was planted to permanent pasture in Septem-
ber, 1943 (see Fifty -fifth Annual Report) has largely been taken
over by Bermuda grass. There was one good crop of clover in the
spring and considerable Dallis grass on some borders during the
summer. The indications are that there will be very little growth
next summer except Bermuda grass.
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The data so far indicate that alfalfa and Dallis grass are the
only plants which have been used in permanent pasture mix-
tures that will provide summer feed. Dallis grass is not palatable
to dairy cows, but they will eat it fairly well after becoming
accustomed to it. The cost of water and competition from Ber-
muda grass are likely to be the limiting factors in permanent
pastures.

VITAMIN A IN ARIZONA BUTTER

Samples of butter produced by the Associated Dairy Products
Co., of Glendale, Arizona, were tested for Vitamin A potency at
frequent intervals from December, 1943, through May, 1945. The
samples were secured by the Department of Dairy Husbandry
and tested by the Human Nutrition Department.

The results of this work show that Arizona butter is quite uni-
form in Vitamin A potency. The Vitamin A content of twenty -
five samples ranged from 15,000 to approximately 20,000 Inter-
national Units per pound and averaged 17,500. Butter produced in
December gave the lowest vitamin analysis. This butter was
made largely from hand -separated cream from outlying districts
where the feeding practice does not include as much pasturing as
in the irrigated valleys.

Three samples of butter made from milk produced in Mari-
copa County during February averaged 22,000 I.U. per pound.

"Miscellaneous Publication No. 571," U.S.D.A., estimates that
the average Vitamin A potency of all butter made in the United
States is approximately 15,000 I.U. per pound. This estimate is
based on analysis of butter in fourteen states representing about
64 per cent of all butter produced in the United States. Winter
butter in these states averaged 11,200 I.U. and summer butter
averaged 18,000. Butter made from cream produced in the irri-
gated valleys of southern Arizona where green pasture is an
important factor in the feeding practice would no doubt easily
average one -third higher in Vitamin A than the butter produced
in the country as a whole. If butter contains 20,000 I.U. per pound,
and when the annual per capita consumption is as high as it was
immediately before the war, approximately 18 pounds, butter
would supply approximately 1,000 I.U. of Vitamin A per capita
per day, or about 20 per cent of the daily allowance (5,000 I.U.)
recommended for normal adults by the Food and Nutrition Board
of the Nutritional Research Council.

VITAMIN A CONTENT OF MILK AS RELATED TO
CERTAIN FEEDING PRACTICES

This study has been completed and data are now available for
a one -year period. These data are being prepared for publication.

The total Vitamin A value of milk from cows on pasture was
greater for each month than for those receiving hay or hay and
silage. The Vitamin A potency of milk from all pasture -fed herds
ranged from 974 to 2,776 I.U. per quart and averaged 1,664.



FIFTY -SIXTH ANNUAL REPORT 45

The milk from the dry- lot -fed herds ranged from 456 to 1,375
I.U. per quart with an average of 1,015. The milk from the herds
receiving silage averaged 1,368. The average for all herds on
pasture for each month ranged from 1,427 to 1,976 I.U. The low
vitamin potency for one herd given in the herd average may be
accounted for by the pasture being closely eaten off so that only
the older growth of the plant was available.

The results of this study show that by providing good pasture
for the cows, milk of uniformly high Vitamin A potency can be
produced every month of the year. If soiling is to produce milk
with a high Vitamin A value, the crop must be fed before it is too
mature.

The above data are adjusted to milk testing 3.5 per cent fat.

ENTOMOLOGY AND ECONOMIC ZOOLOGY

RANGE RODENT INVESTIGATIONS

Cottontails continue in an unusual "low" of population, as men-
tioned in the last annual report. Mr. E. M. Mercer of the U.S.
Fish and Wildlife Service, State Leader for Predatory Animal and
Rodent Control, informs us that his field observations bear out
this estimate, and for a much wider area than we suggested. The
scarcity may not be correlated with coyote abundance. It may
well be a result of poor range (feed and cover) conditions. Work
on the Arizona round -tailed ground squirrel in its one- litter
breeding season was interfered with by important experiments in
application of DDT.

The investigation of microclimates of certain range rodents, a
related study, has been closed with publication of a bulletin on
"Water Requirements of Desert Animals in the Southwest."

DDT, AND A NEW METHOD OF APPLICATION

Early in the spring of 1945, Colonel Dale Bumstead of Tál -wi -wi
Ranch, Peoria, Arizona, conceived the idea of using a "fog gener-
ator" as an applicator of insecticide, specifically DDT, since the
generators were developed for the armed forces to create dense
fogs of oil, in which medium this insecticide is soluble. Through
co- operation of the Experiment Station in sponsoring experi-
ments, a fog generator released by the navy was supplied by the
manufacturers, the Todd Shipyards Corporation of New York.
Supplies of DDT and oil were secured through co- operation of the
E. I. du Pont de Nemours Company of Wilmington, Delaware,
and the Shell Oil Company.

Members of the Department of Entomology and Economic
Zoology, entomologists of the du Pont and Shell Oil Companies,
and of government agencies, and other specialists gathered with
engineers of the Todd Company at Tál -wi -wi on April 24 -27, 1945,
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to experiment with control of certain insect pests by means of
fog generator application of DDT in oil.

Available for tests were 100 acres of Thompson Seedless grapes
infested with leafhoppers (Erythroneura variabilis and Dikra-
neura cockerelli) , and 135 acres of citrus (grapefruit and orange)
infested with citrus thrips (Scirtothrips citrio) , and the grass
thrips ( Anaphothrips obscurus) .

Grapes were treated with a fog of oil containing 5 per cent
of DDT. The fog generator, mounted on a light truck, was driven
along the windward sides and ends of 10 -acre blocks of grapes,
and also between rows at various intervals. Because of the rapid
production of great volumes of light fog, drifting easily, it was
hoped to secure control by fogging an entire 10 -acre block by
driving the generator down only the windward side and end of
the block. Satisfactory kills of leafhoppers were not secured,
however, beyond three rows down wind from the generator.
Leafhopper counts taken less than twenty -four hours after treat-
ment showed good control on the vines nearest the route of the
generator. Nearly forty -eight hours after treatment, the counts
showed about 97 per cent control. The fog carries well into the
vines, and leaves particles of DDT on both sides of the grape
leaves.

Perhaps the best indication of successful control lies in the
fact that at . the time of harvesting the grapes in July the vines
were still bright green, only lightly infested, and showing little
damage from leafhoppers.

In mid -August when the vines had become very heavily in-
fested (as many as 1,200 -1,500 leafhoppers per vine), a further
experiment was conducted. A new fog generator, produced
specifically for insect control by the Todd Company as a result
of the earlier tests, was used. This time the machine was driven
down alternate rows of grapes. Thus each row received an appli-
cation of fog from one side. A 2.4 per cent solution of DDT in oil
was used in this experiment. While accurate counts of such large
leafhopper populations could not be made, it was estimated that
93 -95 per cent control was secured. The vines entered the autumn
season in unusually verdant condition. Cost of treatment was
somewhat higher than in the April tests, on account of the in-
creased quantity used in alternate row application.

THRIPS ON CITRUS

Navel orange and grapefruit trees heavily infested with citrus
thrips (Scirtothrips citri) were fogged with 5 per cent DDT in
oil, applied from the windward side only. This was unsatisfactory,
as with grapes; but when every row of a 10 -acre block was
treated with the same material, apparently 100 per cent of the
citrus thrips were killed. The grass thrips (Anaphothrips ob-
scurus) , however, which were abundant in young stages on the
trees, were not noticeably affected. We believe these to have been
the first experiments to apply an insecticide on crops with a fog
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generating machine, and we are quite definitely sold on "fogging"
as a method of application.

FLIES ON CATTLE

Vapona F -3 oil containing 2.4 per cent DDT was applied as a fog
for the control of flies on cattle. Two lots of cattle were fogged for
11/2 minutes each in a closed and covered chute. A larger herd
in a partially enclosed barn and a bull in a separate pen in the
same barn were treated for a 3- minute period. An empty barn
also was fogged. The fog was exceedingly effective against the
house fly and other flies present. The cattle remained quiet during
the application. The treatment was remarkably effective and last-
ing in reducing the fly population in the barns and on cattle.

MISCELLANEOUS PEST OCCURRENCES

The fig beetle (Cotinis texana) was exceedingly numerous on
grapes in the summer and fall of 1944. The eggs are laid in soil
rich in decaying organic matter on which the larvae feed. They
do not attack live plants. It is believed that the large number of
victory gardens have created conditions which are unusually
favorable for this insect.

The brown cotton bug (Euschistus impictiventris) injured to-
matoes in August, 1944. Both green and ripe tomatoes were
affected, the feeding punctures showing as tiny brown or black
specks surrounded by discolored tissue.

The squash vine borer (Melittia satyriniformis) was very in-
jurious in 1944. The larva, which burrows in the vine, is white
with a brown head. Infested vines become weakened and die.
The parent moth is wasplike in appearance.

Hornworms (Protoparce spp.) , were unusually injurious on
tomatoes in the Tucson area in August. Calcium arsenate dust,
as recommended, was very effective against these caterpillars and
soon brought them under control. Fruit so treated must be care-
fully washed or wiped clean of poison before using.

Occurrence of the potato tuber worm (Gnorimoschema oper-
culella) in Arizona was established by the U.S. Bureau of En-
tomology and Plant Quarantine in the summer of 1944. Indi-
viduals were reared in the Department of Entomology and
Economic Zoology in August and September, 1944, from infested
Arizona potatoes.

The corn earworm (Heliothis armigera) was very injurious to
golden bantam sweet corn in August, and on another variety
during the first two weeks of October.

The fall armyworm (Laphygma frugiperda) was unusually
numerous in the season of 1944, severely damaging young sweet
corn plants in August. This insect and the southwestern corn borer
(Diatraea grandiosella) destroyed a planting of golden bantam
sweet corn. Dusting with calcium arsenate controlled the fall
armyworm, and possibly the southwestern corn borer to some
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extent. These two caterpillars are easily confused on corn. Both
were present in roasting ears in early October. Fall armyworms
ruined at least one Australian rye lawn near Tucson in late
October.

The onion thrips (Thrips tabaci) and a species of flower thrips
(Frankliniella occidentalis ?) caused an estimated loss of 25 -30 per
cent of a large planting of lettuce south of Tucson in late March,
1945. Infested plants became yellowish green and old in appear-
ance, with the tip edges of the leaves burned or brown. Such
lettuce deteriorates rapidly when shipped.

The vegetable weevil (Listroderes obliquus) injured tomato
plants in a Tucson garden, May 1, 1945. This is the first record of
this insect in this area, if not in Arizona.

The false chinch bug (Nysius ericae) appeared in swarms in at
least two instances in May and in the Tucson area. Outbreaks of
this insect originate from growths of wild mustard on neglected
land.

Aphids seriously damaged potatoes at Yuma in the spring of
1945. Control measures were hampered by the scarcity of nico-
tine sulphate.

The pea aphid (Macrosiphum pisi) did some serious damage to
alfalfa in the spring of 1945. Both first and second crops were
injured. The convergent ladybeetle (Hippodamia convergens)
definitely checked an outbreak of this aphid in late April near
Tucson. Very few aphids remained by May 2, but immense num-
bers of adult ladybeetles and many pupae were present on the
alfalfa.

In June, 1945, some excitement was created by the appearance
of white, woolly, wax material on twigs, petioles, and undersides
of leaves of certain trees. Young citrus and pepper trees seemed
to be especially affected. This material was deposited by an un-
identified "wax hopper" (Family Fulgoridae) while laying eggs in
punctures in plant tissue. Normally a tiny clump of white woolly
wax projects from each egg puncture, and when numerous these
are quite noticeable.

COLLECTIONS

Notable additions to the vertebrate collections are:
1. A Dall sheep, skin -with- skull, from the far Northwest,

courtesy of Jack O'Connor, formerly of the Liberal Arts College,
now on the writer's staff of Outdoor Life. This is the only white
species of mountain sheep or bighorn. We are indebted also to the
Game Department of Alberta, Canada, for issuance of the permit
entitling us to this specimen.

2. A California condor, study skin. This species, nearly extinct,
is carefully safeguarded in every way. Our acquisition does not
represent a recent kill but is a specimen collected long ago from
a collection placed on the market. It is a gift to our collection
presented by Mr. Harold H. Bailey of Coral Gables, Florida.
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3. Two skins of whistling swan, presented by the Arizona
Commission of Game and Fish, representing illegal kills con-
fiscated by the authorities.

HORTICULTURE

VEGETABLE CROP INVESTIGATIONS

The Salt River Valley Vegetable Research Farm

For the past several years this farm has been improved for use
as a center for the vegetable- investigation program. Fifteen acres
of land are now in a reasonably satisfactory state of tillage for
vegetable growing. All breeding and genetical studies, fertilizer
studies, variety trials and studies of seed production are centered
on this farm. The greenhouse has been of valuable use in studies
of premature seeding of lettuce.

Lettuce breeding and selection

A variety resulting from single -head selection and inbreeding
in a U.S.D.A. strain known as 41068 has been released jointly by
the University and the United States Department of Agriculture
under the variety name of Imperial No. 410. This variety is an
extremely vigorous, thick -leafed type which produces larger
head sizes than Imperial 615. It is resistant to tip burn and slime
but is late and is adapted only for the spring crop of the Salt
River Valley.

Selection and breeding for strains more resistant to bolting
under high temperatures continues; augmenting the established
hybrid lines, selections have been made of slow bolting plants in
commercial fields of No. 44 and No. 152.

The seed program of the Central Arizona Grower -Shipper As-
sociation has been expanded and this year under the supervision
of the Experiment Station some 23,000 pounds of seed were pro-
duced and turned over to the association for distribution to its
members. The seed program as it is now operating comprises the
following points:

1. The production of foundation seed from single -head selec-
tions grown at the Vegetable Research Farm.

2. The increasing of the foundation seed on the Vegetable Farm
under rigid rogueing. (It should be emphasized that both of the
above are carried out in the Salt River Valley under the climatic
conditions where the commercial crop is grown.)

3. The increasing of seed to commercial quantities in the Yuma
Valley where it is again rogued carefully.

This program would seem to assure uniform seed of well -
adapted strains for the lettuce industry of the Salt River Valley.
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Cantaloupe breeding and selection

During 1944 -45 about 400 hybrid and inbred strains of canta-
loupe have been carried two generations further. These are of
the same general character as those reported a year ago and can
be placed in three classes:

Selections from crosses between the Jap melon and the Im-
perial 45 cantaloupe. These are now in their- fifth generation
and are directed toward a superior melon for the home gardener
and local market grower.

Selections from crosses between Hearts of Gold and Imperial
45. These are in the fifth generation and are directed toward a
higher quality shipping melon.

Selections from crosses between a U.S.D.A. mildew resistant
melon and Arizona 13. This has resulted in an improved melon
resistant to mildew.

Premature seeding of lettuce

Two years' results in the greenhouse have indicated that if
seed stalks were initiated at 85 degrees F. under a high -nitrogen
nutrient, lowering the temperature to 55 degrees during the latter
stages of growth did not materially slow up premature seeding.
Lettuce plants which were started at 55 degrees and low nitrogen
and then moved to 85 degrees F. and high nitrogen did not bolt
as rapidly as plants grown continuously at 85 degrees F. and high
nitrogen.

CITRUS INVESTIGATIONS

The Salt River Valley Citrus Research Farm

The plot studies on the farm are now becoming better estab-
lished and will soon be in a position to yield information on the
effects of various cultural treatments and physiological situations
on yield and quality of fruit. Certain important relationships are
already in evidence. All plots are designed with definite pur-
poses in mind. These might be outlined as follows: To influence
the seasonal nitrogen nutrition of the tree as this is known to have
important influences upon the fruiting behavior of the tree. Plots
are set up so that by use of different cultural treatments varying
nitrogen levels are maintained at different seasons. Practices
employed have to do with seasonal fertilization with nitrogen,
disking which is proving to have a marked effect upon nitrogen
uptake by the tree, cover cropping, and nontillage with use of oil
spray. These studies refer to grapefruit, navel and Valencia
oranges.

Differential irrigation plots have been set up in which dry,
medium, and wet plots are maintained through the summer to
observe the effect upon the quality of grapefruit. Soil moisture
is determined electrometrically by means of gypsum resistance
blocks. The study is in co- operation with Mr. Joel Fletcher of
the Soil Conservation Service.
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The effect of earliness or lateness of harvest upon yields is be-
ing studied especially in relation to nitrogen nutrition of the trees.
This is important because under Salt River Valley conditions fruit
must be held on the trees until late in the marketing season. The
present evidence is that if trees are held high in nitrogen through
the fall they may, yield less the following year if fruit is carried
late, whereas if they are lower in nitrogen in the fall a crop can
be carried late with relatively less reduction in yield the follow-
ing year. Plots are arranged to provide early and late pick trees
under both high and low nitrogen nutrition.

Studies on absorption of minor elements and their possible in-
fluence on yield and quality of fruit are being outlined for one
block under the direction of Mr. W. T. McGeorge of the Depart-
ment of Agricultural Chemistry and Soils.

Relation of nitrogen level to yield and quality in grapefruit

A 5 -acre block of grapefruit on the Yuma Mesa which was uni-
form as to handling and leaf nitrogen content in December, 1943,
was divided into four equal plots and fertilized to obtain the leaf
nitrogen levels shown in Figure 1 for January, February, and
March, 1944., The new leaves that grew in the spring of 1944 re-
flected the nitrogen content as shown. The yields of fruit and
percentage culls are shown in Table 14.
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Figure 1.- Nitrogen in grapefruit leaves as related to fruiting and fruit
quality.
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TABLE 14. - YIELDS AND PERCENTAGE CULLS OF GRAPEFRUIT
GROWN UNDER DIFFERENT NITROGEN LEVELS AT

YUMA, 1944 -45 CROP

Plot no. Fruit per plot Culls (per cent)

1

2

3

4

56,019 43

55,192 41

66,001 43

64,382 76

The data indicate that Plots 1 and 2 were too low in nitrogen
for maximum yields, while Plot 4 was too high for maximum
quality. It would appear that under the condition of this experi-
ment Plot 3 was about right in regards to nitrogen nutrition.

Leaf nitrogen values in Salt River Valley grapefruit groves

A co- operative program of leaf analysis for nitrogen in some
thirty grapefruit groves has been undertaken with the Arizona
Citrus Growers Association. To date this study has served to
show the extreme variation in nitrogen nutrition of orchards in
the valley. It has emphasized especially that the common prac-
tice of applying nitrogen fertilizers on the arbitrary basis of
pounds -per -tree is subject to serious question. By it fertilizers
may be wasted and nitrogen added to the soil which may delay
maturity and impair yields the following year.
Survey of orchards producing good and poor fruit

At the request of citrus growers a study of orchard conditions
surrounding the production of good and poor fruit has been con-
ducted. At present it appears that the main difference lies in
irrigation and in fertilization and other practices which influence
growth development of the fruit. No differences in the so- called
minor elements have thus far been revealed. This study is in
co- operation with the Department of Agricultural Chemistry and
Soils.

Growth, fruiting, and nitrogen relationships in grapefruit

During the past half dozen years or so much work has been
done on the nitrogen nutrition of grapefruit and its effect upon
fruit quality and yields. As related to peel character, it has been
repeatedly shown that where nitrogen is restricted as the fruit
develops, a relatively thinner peel results. In some instances,
this has been popularly interpreted as meaning that peels will not
be thin unless nitrogen is limited. Actually, other factors which
restrict growth and also water relations influence peel thickness
and texture in much the same way. Perhaps instead of nitrogen
control the idea of a control of vegetativeness should be empha-
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sized. As an illustration, inadequate soil aeration as induced by
plow soles or natural soil conditions is now suspected to be a fac-
tor in retarding summer growth and contributing to better fruit
quality in some instances.

MISCELLANEOUS STUDIES

The 1945 season at the Yuma Valley Date Garden

This garden was again fruited commercially. Some rain fell
during the period of fruit growth and maturity but fruit of
superior quality was produced, although somewhat small in size
because relatively larger numbers of bunches were allowed to
mature on each palm. The experience with this garden and that
of one other on the California side of the river is revealing the
superiority of the lower Colorado River valleys over some of the
other desert areas for date production.
Pecans

Relatively little work has been done with pecans during the
past year. The experimental orchards have been maintained, and
it is again apparent that many of the newer varieties have a su-
perior yielding performance as compared to the older varieties
which were extensively planted in the 1920's and early thirties.

HUMAN NUTRITION

NATIONAL CO- OPERATIVE RESEARCH PROJECT

During the year 1944 -45, intensive studies of the nutritive value
of foods as a part of the National Co- operative Research Project
have again been carried on by the Department of Human Nutri-
tion. The findings of some of this research have been made
available in mimeographed reports of the Arizona Agricultural
Experiment Station.

Variations in the ascorbic acid content of Arizona oranges

Previous work in the Arizona Department of Horticulture has
shown differences in the quality of citrus fruit, especially grape-
fruit, from the standpoint of external texture and form, thickness
of rind, sweetness, flavor, color, and percentage of juice. Since,
however, the importance of citrus fruits for human consumption
lies in their nutritive value, primarily their Vitamin C content, it
seemed worth while to iñvestigate variations in their ascorbic acid
content in relation to different factors.

As stated in Mimeographed Report No. 68, it was found that the
average ascorbic acid concentration of the juice of 240 Yuma navel
oranges which were carefully selected weekly or bi- weekly from
different positions on the trees over a four -month period of
marketable maturity (October to January) ranged from 29 to 52
milligrams per 100 milliliters.
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Apparently there was no significant correlation between the
age of the navel oranges and the concentration of ascorbic acid
in the juice. The trend of increasing size of fruit during the four
months after reaching marketable maturity in which they were
allowed to remain on the trees, could not be correlated with
changes in ascorbic acid concentration in the juice. As the volume
of juice increased in proportion to the weight of the fruit, so the
total ascorbic acid per orange increased with its size.

The most consistently significant differences in Vitamin C values
were found to be related to the position of the oranges on the tree
relative to their exposure to the sun. Usually, the fruit picked
from the center of the tree were larger and heavier than those
picked at the same time from outside branches of the same tree.
Always, the concentration of ascorbic acid in their juice was lower
on the average (26 per cent) . That exposure to the sun, irrespec-
tive of size of the fruit, was the main factor causing a variation
in the ascorbic acid concentration of orange juice was further
emphasized by the higher concentration of ascorbic acid in
oranges picked from the south and west as compared with those
picked from the north and east which received more protection.

Further evidence of the same order which showed the con-
sistently lower concentration of ascorbic acid in oranges less well
exposed to the sun was found in Valencia oranges picked in April
from trees grown in the Salt River Valley.

The vitamin content of fifteen varieties of Arizona dates

Arizona is one of the few states which produces dates on a
commercial scale and some of the most choice varieties are now in
production. As the use of dates has been recommended during
the war as a means of "stretching the sugar supplies for the
family," more information concerning the nutritive value seemed
desirable. As previously determined in this laboratory by bio-
assay methods, three varieties of dates were found to contain
small but measurable amounts of certain vitamins. This past year
a new study using chemical methods of assay has been carried
on and extended to include the carotene (Vitamin A) , thiamin
(Vitamin B1), riboflavin (Vitamin B,), and ascorbic acid (Vita-
min C) content of the following fifteen different varieties of
Arizona -grown dates: Amarillo, Brain, Deglet Noor, Gush,
Halawi, Hayany, Iteema, Khadrawi, Kustawi, Laguna, Maktoom,
Sayer, Tadala, Zahidi, and 16 -23. These dates were grown on the
Arizona Experiment Station Experimental Farms in Yuma and
were pollinated, processed, and packed for sale by a commercial
concern.

As presented in Experiment Station Mimeographed Report
No. 69 the findings were as follows:

The size of these dates ranged from small Khadrawi dates,
averaging 7 gm. in weight, to large Laguna dates weighing
18 gm.
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The moisture content ranged from 18 per cent in the semi-
soft Deglet Noor dates to 33 per cent in the soft Sayer dates
and averaged 24.5 per cent.

The percentage of refuse ranged from 8 per cent for Maktoom
dates to 18 per cent for Halawi dates.

The carotene content ranged from 0.01 mg. /100 gm. in Mak-
toom to 0.035 mg. in Amarillo dates and averaged 0.02 mg. or
40 I.U.

The thiamin content ranged from 0.08 mg. /100 gm. in Gush
dates to 0.15 in Maktoom dates and averaged 0.10 mg.

The riboflavin content ranged from 0.07 mg. /100 gm. in
Iteemas to 0.12 mg. in Khadrawi dates and averaged 0.10 mg.

No measurable amount of ascorbic acid was found in any
variety.

Tangerines, their ascorbic acid content and factors that affect it

Many investigations have been made in this Department in the
past of factors which cause a variation in the ascorbic acid con-
tent of Arizona oranges and grapefruit but little attention has
been given to another citrus fruit, the Mandarin orange, more
commonly called tangerine. This year therefore a study was
made of the ascorbic acid value of tangerines.

More than 400 assays were made of the ascorbic acid content
of over 800 Dancy and Algerian tangerines picked at intervals
throughout the season (1944 -1945) from fifteen trees located in
three different sections of Arizona. The concentrations were
found to range from 16 to 91 milligrams per 100 grams of their
edible portions.

The several factors disclosed which at least partially explain
the rather wide range in antiscorbutic values, presented in Ex-
periment Station Mimeographed Report No. 72, are as follows:

Variety: -The Algerian variety of the tangerine was richer
in ascorbic acid than the Dancy variety, the amount of ascorbic
acid in Algerian tangerines ranging from 32 to 91 and averaged
54 milligrams per cent as compared with the range of 16 to 65,
and average of 34 milligrams per 100 grams of the edible por-
tion of the Dancy's.

Position on trees: - Tangerines picked from the center, north,
and east of the trees were consistently found to have a lower
concentration of ascorbic acid (approximately 25 per cent)
than those picked from the south and west which received
greater exposure to the sun.

Seasonal changes: -A small decline in the concentration of
ascorbic acid in the Dancy tangerines was noted during the
period of time they were left on the trees after having reached
marketable maturity. The trend of decreasing values which
occurred when the Algerian tangerines, which ripen and ma-
ture earlier in the season, were left on the tree was more pro-
nounced. Senescent Dancy and Algerian fruit had lost on the
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average approximately a fourth or a third of their ascorbic
acid respectively.

Rootstock: -Algerian tangerines grown on rough lemon
rootstock contain less ascorbic acid than tangerines of the same
variety, grown side by side but on trees of soûr orange root-
stock. This finding for tangerines is in agreement with that re-
ported for oranges by the Bureau of Plant Industry of the
U.S.D.A.

Tangerines are worthy of emphasis along with other citrus
fruits as excellent sources of Vitamin C, perhaps especially
because of the ease of separation of the peel from the flesh of
the fruit. This means that they are commonly consumed as
segments, the percentage of refuse is low, and there is, there-
fore, comparatively little waste.

Tangerines, their pro - Vitamin A value

In general, carotene is associated with the green and yellow
color of plant foods, the difference in depth of the color of the
flesh indicating a corresponding difference in the Vitamin A
value. Most fruits are thought of as poor sources of carotene, but
the yellow color of the flesh of tangerine suggests that this fruit
may be rich in the precursor of Vitamin A. It is true, however,
that not all yellow pigments are biologically active and play a
role as precursor of Vitamin A. The flesh of one plant root or
fruit may show more yellow color than another and yet not
necessarily have a higher Vitamin A value. Therefore, to obtain
further information as to the pro -vitamin value of tangerines,
samples were taken two or three times from fourteen tangerine
trees of two varieties, namely, Algerian and Dancy, in three sec-
tions of the state, i.e., the Yuma Valley, Salt River Valley, and
Santa Cruz Valley. Also, in order to obtain some information as
to variations in their Vitamin A value which might be due to a
difference in their exposure to the light, a dozen tangerines were
picked from the north, south, east, and west of the trees on the
University of Arizona Experimental Farm in Yuma and were
prepared for analysis separately.

Carotene determinations were made on both segments and
juices of the tangerines following in general the method of Moore
and Ely as modified in our laboratory. The results presented in
Experiment Station Mimeographed Report No. 70 have shown
that although less than 10 per cent of the orange -yellow pigments
of tangerines have been found to be carotene, tangerines can be
expected to contribute more than their "share" of pro- Vitamin
A. There is, however, a marked difference in the amount con-
tributed by different varieties. Common servings of the Dancy
tangerines appear to supply approximately two and one -half times
as much as the common serving of the Algerian variety.

Edible segments of the Dancy and Algerian tangerines con-
tained on the average 0.295 and 0.12 milligram of carotene per
100 grams respectively. When the tangerines were juiced and the
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juice strained, however, the amount of carotene yielded per fruit
was only one third of that yielded when prepared as segments.
This is no doubt because carotene, contrary to certain other vita-
mins, is only slightly water soluble. Most of it is combined with
the fruit tissue itself and much of this is discarded when the fruits
are juiced.

The ascorbic acid and carotene content of three varieties
of sweet potatoes

Certain varieties of sweet potatoes have been found to be well-
adapted for growth under the climatic conditions of southern
Arizona and their production on a commercial basis is increasing.
It is common practice to hold sweet potatoes in storage after they
have reached marketable maturity, for like other root crops,
sweet potatoes if properly handled, can be kept in good condition
for several months. In Arizona, some growers store their sweet
potatoes in pits in the ground after they are dug. Others keep
them in "potato houses" under controlled temperature and humid-
ity conditions. Still others leave them untouched in the field,
harvesting them during the winter months only when the con-
sumer demand arises. Data obtained in the years 1944-45 con-
cerning the ascorbic acid and carotene content of three varieties
of sweet potatoes grown in this state and the change which
occurred during their storage have appeared in Experiment Sta-
tion Mimeographed Report No. 71.

The ascorbic acid content of the first lot of Nancy Hall sweet
potatoes which was analyzed, ranged from 32 to 52 milligrams
of reduced ascorbic acid per 100 grams of their edible portion and
averaged 39. Apparently on the average, 7 milligrams of ascorbic
acid in these sweet potatoes were present in the dehydro form,
for their total ascorbic acid values averaged 46 milligrams per
100 grams. The reduced ascorbic acid values of twelve Porto Rico
sweet potatoes which were planted, dug, and analyzed at the same
time as were the Nancy Halls, ranged from 26 to 42 milligrams
per 100 grams and averaged 34. These sweet potatoes also ap-
peared to contain on the average an additional 5 milligrams of
ascorbic acid in the dehydro form.

Sweet potatoes stored in pits in the ground appeared to lose
their ascorbic acid less rapidly than did the few sweet potatoes
of the same variety which were held in the laboratory under
room conditions.

Varietal differences in the carotene content of sweet potatoes
were found to be consistently greater than differences in their
ascorbic acid values. The carotene content of the twelve sweet
potatoes of the Nancy Hall variety analyzed in this study ranged
from 0.80 to 1.90 and averaged 1.31 milligrams per 100 grams as
compared with a range of 3.09 to 6.22 milligrams per 100 grams
in the Porto Rico variety.

Unfortunately sweet potatoes of the Red Velvet variety that
had been planted and harvested at the same time were not
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analyzed for their carotene content when they had first been
harvested. However, analyses of the Red Velvet sweet potatoes
made after they had been stored along with the other varieties in
the ground pits showed that the concentration of carotene in
sweet potatoes of this variety fell in about the same range as the
Porto Rico's.

Sweet potatoes of three varieties which have already been
recognized as being well -adapted to growth in different sections
of Arizona have been found in this study to be superior to many
vegetables as stable sources of both ascorbic acid and carotene.
Controlled studies of the best strains for high yield and for rich-
ness in both ascorbic acid and carotene as well as studies of the
best methods of storage of sweet potatoes under Arizona's climatic
conditions are worthy of further investigation.

PLANT BREEDING

UPLAND COTTON BREEDING
Acala

As has been the custom since 1937, the breeding work with
Shafter type Acala was carried on in co- operation with the U.S.
Field Station at Sacaton. Progeny rows and a parent seed field
were grown in the Queen Creek section of the Salt River Valley
in 1944. In the fall of 1944 approximately 500 plants were selected
from the best progeny rows for carrying on the work in 1945.

Field selection of these 500 plants was based on the appearance
of the progeny rows and the length of lint. Laboratory study
resulted in the discarding of all but approximately 150 of these
plants on the basis of size of boll, percentage of lint, lint index,
seed index, percentage of lint 1 inch long or longer, and the
strength of lint index. Seed of the plants finally selected was
planted in progeny rows in the same district in 1945. Seed of the
best progeny rows grown in 1944, as determined by field inspec-
tion and laboratory study, was planted in a parent seed field
in 1945.

Stoneville 2B

Progeny rows of S2 -45, a selection from Stoneville 2B, were
grown at Yuma in 1944. Plant selections were made from these
progeny rows. This breeding stock has been stored for possible
future use due to the fact that no cotton is now being grown in
the Yuma Valley.

Work with hybrids

Third generation progenies of crosses between Santan (Shafter
type Acala) and 1517 (New Mexico Acala) , Santan and Stoneville
2B, and Santan and Wilds No. 13 were grown on the Mesa Experi-
ment Farm in 1944. Second generation progenies of the back -
crosses Santan x (Santan x 1517), 1517 x (Santan x 1517), San-
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tan x (Santan x Wilds No. 13) , and Wilds x 13 x (Santan x Wilds
No. 13) were also grown. Selfing was carried on during the sum-
mer of 1944.

In the fall of 1944, plants were selected from these progeny
rows as follows:

Plants from progenies
Santan x 1517 203 44
Santan x Stoneville 2B 173 39
Santan x Wilds No. 13 186 32
Santan x (Santan x 1517) 180 30
1517 x (Santan x 1517) 62 15
Santan x (Santan x Wilds No. 13) 188 40
Wilds No. 13 x (Santan x Wilds No. 13) 29 8

These field selections were based chiefly on the general appear-
ance of the progeny row as a whole. The type of plant, yield, the
length of lint, and storm resistance were given consideration.

Open pollinated samples of these selected plants were brought
into the laboratory for further study. Determinations were made
on the weight of bolls, percentage of lint, lint index, seed index,
number of seeds per boll, and strength of lint. On the basis of
the results obtained from these determinations, a large number of
the selected plants were discarded. The remainder were then
tested for length of lint by sorting a ten -seed sample of each on
the mechanical sorter. The percentage of lint 1 inch long or longer
was used as a measure of lint length.

After further discarding was done on the basis of lint length,
there remained for planting in 1945 the following selections:

Plants
Santan x 1517 54
Santan x Stoneville 2B 48
Santan x Wilds No. 13 48
Santan x (Santan x 1517) 25
1517 x (Santan x 1517) 22
Santan x (Santan x Wilds No. 13) 33
Wilds No. 13 x (Santan x Wilds No. 13) 11

As would be expected, there was a great deal of variation
between the progeny rows of each of the crosses and backcrosses,
as well as considerable variation between the plants of individual
progenies.

Table 15 gives the mean values of the plants grown in 1945
for most of the determinations made.

The selections listed above were planted on the Mesa Farm in
1945. An advanced strain test, consisting of varieties common to
the irrigated region and of selections from this and other stations,
was also planted. Considerable variation was noted among the
different strains in the length of time required for emergence
and in the percentage of stand obtained.
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LONG STAPLE COTTON BREEDING
Eight F5 families of the second backcross of Pima on Tanguis,

consisting of 656 progenies, were grown in 1944. Length, fineness,
and strength tests were made on 508 of these progenies from
seven families. Also seed weight per 100 grams, lint percentage,
and lint index were determined for each of the 508 progenies.
Each of these F5 progenies was planted from a single selfed plant
from F4 of 1943.

In Tables 16, 17, and 18, the lint length, lint fineness, and lint
strength of two F5 families, Nos. 12 and 120, are presented in
comparison with their respective F4 parents. Since this cross has
been grown from selfed seed in all generations, it would be
expected that more than 90 per cent of the individual plants
would be homozygous for each character pair for which the F1
cross was heterozygous. Since length, fineness, and strength are
quantitative characters, it is highly probable that more than one
gene is involved in each of these characters. Even so, a certain
number of individual plant progenies would be true breeding
after five generations of selfing for one or the other of these char-
acters, although a smaller number of progenies would be true
breeding each for long lint, fine lint, and strong lint.
TABLE 16.- LINT LENGTH OF F5 FAMILIES 12 AND 120 IN COM-

PARISON WITH THEIR RESPECTIVE PARENTAL MEANS

Crop of 1943
F, parents

Crop of 1944
F5 progenies - length classes,

upper half mean (in )

No.
Length
classes
(in.)

1.30 1.35 1.40 1.45 1.50 1.55

12 -12 1.38 1 7 4
12 -9 1.41 2 11 5
12 -1 1.43 2 12 4
12 -2 1.43 7 12 1
12 -10 1.43 3 8 9
12 -6 1.44 12 6
12 -8 1.44 1 4 8 1
12 -5 1.45 2 13 3
12 -3 1.47 1 7 11
12 -7 1.47 12 8
12 -11 1.49 3 15 2
12 -4 1.51 2 14 4

120 -2 1.36 15 3
120 -11 1.36 3 13 4
120 -8 1.38 4 11 5
120 -6 1.39 3 9 6
120 -3 1.40 4 12 2
120 -7 1.40 1 15 4
120 -12 1.40 --- --s 5 13
120 -4 1.41 8 4
120 -1 1.42 1 5 9 5
120 -5 1.42 4 13 3
120 -10 1.42 7 13
120 -9 1.44 6 11 3
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An examination of Table 16 shows that in family 12, progenies
12 -7, 12 -11, and 12 -4 have attained true breeding for lint length
of approximately 1.5 inches; while progenies 12 -12 and 12 -9 have
attained true breeding for lint length of about 1.4 inches. The F5
progenies on the whole in family 12 show a rather strong correla-
tion in lint length with their respective parents. Table 16 also
shows that family 120, which is shorter than family 12, is breeding
truer for lint length than family 12. With the exception of prog-
eny 120 -12, all the progenies in family 120 are breeding fairly true
to a lint length of 1.4 inches.

In Table 17, lint fineness in the F5 progenies shows a small
amount of correlation with their respective F4 parents, although
some of the coarser F4 parents produced progenies as fine as the
finer F4 parents. This irregularity may be due to soil differences
or other environmental factors, and will require further testing
in succeeding years and on different soils. Table 17 shows that
some of the progenies in family 12 are approaching the fineness
required in lint of the better commercial long staple varieties.

The lint strength distributions of the F5 progenies of families
12 and 120 in comparison with their respective parents are shown
in Table 18. In family 12 it will be seen that there is a fairly
pronounced correlation between the F5 progenies and their re-
spective F4 parents, showing that families with different genetic
lengths are being established in this family. In family 120 it is
seen that F5 progenies are not correlated in lint length to any
significant degree with their respective F4 parents, which seems
to indicate that the F4 parents of this family were not
significantly different in their genetic length factors, with
the exception of progeny 120 -9 which has a higher distribu-
tion than the other progenies of the family. It is of interest to
note that progenies are being established which are from 7 to 10
per cent stronger than the stronger parent of the cross. Another
factor also should be considered in an interpretation of the
strength distributions in Table 18, that is, the effect of seasonal
influences, amount of water available to the plants, and perhaps
soil differences. Consequently it will be necessary to test these
progenies for strength for several seasons before their true
strength is determined.

WHEAT BREEDING

In order to show the total amount of work that has been done
in an attempt to combine the rust -resistance of Timopheevi wheat
with that of Baart 38, the following summary is presented:

Baart 38 has the Hope type of resistance to rust which is not
resistant to some of the forms of rust which occur in the South-
west in about one year out of every four. Since this periodic
occurrence of rust is highly destructive to the wheat crop in Ari-
zona, it was thought worth while to attempt to combine the Timo-
pheevi type of rust resistance with the Hope type in Baart 38.
The tabulated summary presented below shows the backcross
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procedure and the extent to which these backcrosses have been
carried. All the crosses shown in the tabulation are being grown
each year in bulk. Each backcross is made on the F1 of the pre-
ceding cross or backcross. Since rust does not occur each year the
recurring parent (Baart 38) is crossed on as many plants as pos-
sible of the previous cross in order to increase the chances of
including plants with both types of resistance on which the re-
curring parent is crossed. Not more than four backcrosses will
be made. As rust infections occur from time to time, resistant
selections will be made from these backcrossed populations from
which resistant varieties will be established.

Parents
Years

Cross
made

1st
generation

2nd
generation

3rd
generation

Timopheevi derivatives
x Baart 38

1st backcross
on Baart 38

2nd backcross
on Baart 38

3rd backcross
on Baart 38

1942

1943

1944

1945

1943

1944

1945

1944

1945

1945

PLANT PATHOLOGY

Plant disease work has been increased during the year by the
swing in agriculture from field crops to vegetable production. The
change in many cases has involved the substitution of vegetable
crops for cotton. Owing to the inexperience of farm operators in
the growing of vegetables, considerably more trouble was en-
countered than normally would have been the case.

Most important of the diseases of vegetables in the season of
1944 -45 was bacterial ring rot of potatoes that originated with
infested seed. Although some plantings remained free from the
disease, many other fields sustained loss, in one case at least
amounting to 80 per cent of the crop.

In order to avoid extensive loss from ring rot next season, the
Potato Growers Association requested that this Department
should lend help for personal inspection of growing fields of
potatoes intended for certification in states outside Arizona and
from which seed potatoes might be purchased. That help was
provided.

Vegetables other than potatoes in which considerable loss
occurred were celery (California yellows virus, Plate V, first re-
port of Arizona) . chili (wilt due to Fusarium annuum) , spinach
(Fusarium sp. probably F spinaciae), sweet potato (Fusarium
yellows, F. spp.; rootknot caused by Heterodera marioni; black
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Plate V.-Celery plants affected with California yellows virus.
petioles and cupped leaves.

Note twisted

rot due to Ceratostotomella fimbriata) , tomato (yellows caused
by the curly top virus) . In several cases a considerable acreage of
tomatoes affected with mite, Phyllocoptes destructor, was mis-
takenly believed by the owners to be diseased with curly top; no
control was attempted that otherwise might have reduced the
loss.

PHYMATOTRICHUM (TEXAS OR COTTON) ROOT ROT

The nature of root rot and the possibility of its reappearance in
treated areas some years later make necessary observations over
a period of ten to fifteen years before final conclusions are drawn.
This is particularly true in the case of long-lived, deep-rooted
woody plants like the pecan tree upon which much of our expe
rimental work has been conducted.
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Cover crops and intercrops

The past year's data further confirm previous observations that
the use of nonsusceptible cover crops or pasture crops are es-
sential to the control of root rot in irrigated pecan orchards.

After the third summer with an intercrop of giant panic grass
(immune to root rot) the 6 acres of pecan trees planted on root-
rot-infested soil in 1936 showed no new cases of root rot.
Soil treatments

Three pecan orchards in which soil treatments were begun in
1937 were examined early in November. Many of the treated
trees have apparently made a complete recovery.
Soil treatments before planting

The original seventy -five pecan trees planted in infested soil
treated with sulphur, manure, and ammonium sulphate or am-
monium phosphate in 1936, 1937, or 1941 continue to make normal
growth. Eleven additional trees were planted in treated soil in
January, 1944, but none survived the summer on account of lack
of water. Eleven seedling peaches planted in the spring of 1945
in treated holes are mostly still alive but have not grown on
account of infrequent irrigation.
New infections

Definite and severe infections of root rot were found in two
adjoining orchards in the Yuma Valley in 1944. These groves
which were about twelve years old had no previous record of
root -rot infection. They were carefully surveyed in 1937 and
1939 and no disease was detected. This emphasizes the difficulty
of pronouncing any piece of soil free from root rot even after a
number of years in a susceptible crop.
Rotation experiments

A new series of rotation experiments designed to explore the
possibilities of profitable use of root -rot- infested land was initiated
in the fall of 1943. Five rotations based on cotton as the principal
cash crop, and two based on flax as the cash crop are under way
at the Mesa Farm. Three rotations including alfalfa, and four
including horticultural crops have been tried at Tucson. Since
only two years' results (with cotton yields incomplete for 1945)
are available, no definite conclusions can be drawn but several
interesting facts have become evident:

1. Plots treated with manure, or manure, sulphur, and nitrogen
and planted early to early maturing cotton (Deltapine 14)
showed a large decrease in the number of plants killed by root
rot on September 4 -5, the decrease being 54 per cent and 57.5
per cent respectively.

2. Plots of early cotton following a green manure crop of
guar (summer legume) or early sour clover (winter legume)
showed much greater reduction in the number of plants killed by
root rot (74 per cent and 81 per cent respectively) .
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3. When the plots were mapped at the end of the season, about
November 1, there appeared to be no significant reduction in the
number of dead plants in the treated plots compared with the
check plot. Yield records for 1944 indicate that many of the plants
killed late in the season had already matured their crop, for
treated plots showed an increase in yield valued at $31 to $53
per acre more than the check plots. This suggests the interesting
possibility of increasing yields and cash returns in spite of root-
rot infection in the soil although a great reduction and elimina-
tion of root rot is still the aim of the rotation experiments.

4. The first crop of flax on plots previously cropped to sesbania
and guar showed am average yield of 1,313 pounds and 1,659
pounds: per acre respectively, guar 'giving the greater yield by
21 per cent.

5. Susceptibility of guar to root rot: In 1944 no plants of guar
were found attacked by root rot in eleven plots at Mesa and Tuc-
son. In 1945, six plants were found in one plot in Mesa with the
tap roots showing strands of the root -rot fungus. Seven other plots
had no diseased plants. The only typical root -rot spot yet observed
in guar was in a field at Sacaton in 1944. The strains of guar being
grown in Arizona are apparently quite resistant to the root -rot
fungus.

6. Guar for seed gave an average yield of 1,855 pounds per
acre in 1944 (1,707 pounds of recleaned seed valued at 8 cents per
pound or S136.56 per acre plus the fertilizer value of the refuse
turned under) . Note effect on cotton yields and root rot under
(2) and (3)

Plate VI.- Cotton field with Verticillium wilt associated with Phymatotrich
um root rot. The field is practically worthless. Note dead plants.=.
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Plate VII.- Cotton bolls pale in color and opening prematurely along suture
are not related to Verticillium wilt disease. This condition, limited to one
cotton district, is under investigation.
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VERTICILLIUM WILT OF COTTON

The occurrence of Verticillium wilt of cotton in association
with Phymatotrichum root rot often causes practically a total loss,
Plate VI. A boll disease that occurs in one district in the state,
characterized by abnormally pale color with later premature
opening, Plate VII, and staining and shrinking of the lint, appar-
ently has no relation to the wilt, for it affects bolls on plants
otherwise healthy.

MISCELLANEOUS STUDIES

Brown rot of stone fruits

The first serious outbreak of brown rot of stone fruits in Ari-
zona caused by Sclerotinia fructicola, was found in a large peach
orchard in August, 1944. A careful examination of the orchard on
March 15, 1945, with the trees in full bloom showed no ascospores
on conidia present. The soil under the trees where most of the
decayed fruit had fallen was not wet by the furrow irrigation
practiced, so was an unfavorable environment for ascospore pro-
duction. This is probably a prime limiting factor in suppressing
the brown -rot fungus in Arizona. Brown -rot infected peaches
buried in moist sand in the greenhouse decayed without produc-
ing apothecia.

POULTRY HUSBANDRY

BREEDING INHERITANCE STUDIES

Developing a high egg - producing strain

A high rate of egg production has proved one of the important
factors connected with economical egg production. It therefore
follows that any improvement in breeding methods which will
increase egg production will tend to increase profits.

With the above in mind a breeding project was started in the
year 1933 -34, the purpose of which was to establish high egg -pro-
ducing strains. This work has been carried on with three breeds,
White Leghorns, Barred Rocks, and Rhode Island Reds.

The average egg production of the White Leghorn matings for
the first three years was 248. The progeny averaged 123 eggs.
For the years 1942 -43 and 1943 -44 the average production of the
matings was 271 eggs, and for the progenies 208 eggs, an increase
in egg production for the progeny of eighty -five eggs a bird. This
improvement has been brought about through family selections
and the use of outcrossing.

The work with the Barred Rocks started in 1937 -38. The aver-
age for the matings for the first three years was 252 eggs, and for
the progeny 155 eggs. For the year 1942 -43 the matings averaged
239 eggs and the progeny 141 eggs. The same methods used with
the White Leghorns were applied to the Barred Rocks but with
no improvement.
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With the Rhode Island Reds the work also started in 1937 -38.
The average egg production of the matings for the first three years
was 199 and of the progeny from these matings 161 eggs. For the
year 1943 -44 the matings averaged 227 eggs and the progeny 166
eggs.

In all three breeds, if males from high producing dams were
not at hand they were purchased. Since the same methods were
employed in all cases, it is difficult to understand why the White
Leghorns showed improvement while the Barred Rocks and
Rhode Island Reds showed no improvement.

Developing a low egg- producing strain

If a strain for low egg production could be developed as well as
for high egg production and both could be developed at will, this
would be definite evidence that the principles involved in breed-
ing for egg production have been definitely mastered. In an
attempt to do this a low egg -producing strain was started in
1937 -38. The average egg production for the first three years' mat-
ings was 126 eggs and the progeny from these matings averaged
106 eggs. For the last three years, 1941 -42 through 1943 -44, the
matings averaged 100 eggs and the progeny 183 eggs. This ten-
dency for increased egg production in the progeny despite a
decreasing average in the matings has been progressively general
throughout the whole test and needless to say has been startling.
One explanation may be that the low egg -producing dams were
low egg -producers because of some physical defect rather than a
lack of a proper genetic make -up for high egg productions. How-
ever, if this defect is not apparent outwardly there is no way it
can be predetermined.
Prolonged economic production

The tendency in the past has been for poultry to lay the greatest
number of eggs in the first producing year, a lesser number in
the second year, and less each succeeding year. It is generally
thought that profitable egg production can be obtained only for
the first two years of production. From this a practice has been
established to replace one half of the flock each year. This re-
placement is a costly part of the overhead in egg production. In
recent years since poultry stock has been used to produce a higher
egg yield the production in the second and even the third year has
also been increased. In connection with this increase it was
assumed that with proper selection the production of the second,
third, and possibly the fourth producing years could be geared up
to where it would be profitable to use fowls for at least a third
producing year and thereby cut down some of the expense in
replacements.

With this thought in mind a project was started in 1938 -39 the
purpose of which was to attempt to increase the egg production in
the second and subsequent years of a fowl's life, this to be brought
about through appropriate selections.
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TABLE 19. - PROGRESS IN ATTAINING PROLONGED EGG
PRODUCTION

Egg production

Average eggs produced first year
Matings
Progeny

Percentage first year production of progeny to
first year production of mating

Average eggs produced second year
Matings
Progeny

Percentage first year production of progeny to
first year production of mating

Conclusions

1938 -39
through
1940 -41

1942 -43
through
1943 -44

248 260
211 209

85 81

206 221
180 136

87 61

Although the average first -year egg production of the founda-
tion stock in 1942 -43 and 1943 -44 is twelve eggs higher than in
the foundations for the first three years of 1938 -39 through
1940 -41, the average egg production of the progeny for the
equivalent periods was two eggs less, indicating that this increase
in production for the first year's production was not passed on to
the offspring.

The average second -year egg production of matings for 1942 -43
and 1943 -44 was 221 eggs, fifteen eggs more than for the equival-
ent mating of the first three years, 1938 -39 through 1940 -41. Again
this increase in egg production was not passed on to the progeny
as indicated by the difference of forty -four eggs a bird between
the 180 egg average for 1938 -39 through 1940 -41 and the 136 egg
average for 1942 -43 and 1943 -44.

Establishing a strain for large eggs

The market value of eggs is determined by their size along with
other factors, the larger eggs commanding a greater price. The
greater demand is for the larger eggs. It is therefore apparent
that the larger the average size of the eggs produced, the greater
will be the profit.

With this situation in mind a project was established in 1937 -38
the purpose of which was to attempt to establish a strain of fowls
which would consistently produce large eggs.

An average size of the eggs from the matings of the years
1937 -38 through 1939 -40 was 26.8 ounces to the dozen. The progeny
from these matings laid eggs which averaged 26.5 ounces.

In the years 1940 -41 and 1941 -42 the eggs from the matings
averaged 27.2 ounces to the dozen, and the progeny from these
matings laid eggs averaging 27.4 ounces, an increase of 1.04 per
cent, which is an appreciable increase.

The method used to bring about this increase was a simple
process of selecting stock for both parentages which came from a
line of large eggs.
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Establishing a strain for small eggs

As with egg production if the size of the egg, both large and
small, can be controlled through breeding, the entire question of
establishing size in eggs will have been solved.

A project to attempt to solve the question of controlled egg
size was started in 1937 -38. Some indications as to the progress
made are as follows. The average egg size of the matings from the
years 1937 -38 through 1939 -40 was 20.8 ounces to the dozen. The
progeny from these eggs averaged 22.1 ounces to the dozen, larger
than the parent stock. In the years 1942 -43 and 1943 -44 it was
possible to select foundation stock from previous progeny which
had laid eggs averaging 21.3 ounces to the dozen. The progeny
from this stock in turn laid eggs averaging 21.4 ounces to the
dozen, a slight increase in size over the parent stock but 0.7 of an
ounce, or 3 per cent, less in size than that of the progeny of the
first three years of this work.

APPENDIX

ANALYTICAL SERVICE

An important part of the work of the Department of Agricul-
tural Chemistry and Soils is the analytical service which the
Department gives to citizens of the state, the major part of which
is for farmers. A tabulation of the analyses made during the fiscal
year 1944 -45 is given in the following table. The analyses made in
the laboratory and in the Phoenix branch laboratory are given
separately.

TABLE 20.- COMPILATION OF ANALYSES MADE IN THE DEPART-
MENT OF AGRICULTURAL CHEMISTRY AND SOILS

Analysis Tucson Phoenix

Soils 664 676
Waters. 324 885
Plants 14
Feeds 31 8
Fertilizers and manures 13 15

Minerals 9 20
Poisons 257 4
Miscellaneous 16 61

Total 1,328 1,669

ARIZONA EGG LAYING TEST

There continues to be a heavy demand for the type of work
represented in the Arizona Egg Laying Test. Forty -four entries
were received for the twenty -third test, and as many more had
to be turned away since space was limited to forty -four entries.

An entry of White Leghorns owned by the St. Johns' Poultry
Farm of Webb City, Missouri, proved to be the highest laying pen.
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This pen of thirteen birds laid 3,222 eggs with a point value of
3,165. The record highest pen were Rhode Island Reds owned by
the Bonnie Brae Farm of Roscoe, California. This pen laid 3,032
eggs with-a point credit of 3,128.

The highest egg producing individual for the fifty- one -week
period ending September 22, 1945, was a New Hampshire owned
by the Del Rio Farm of Mesa, Arizona. This bird laid 304 eggs
worth 318 points. The second high bird, another New Hampshire,
owned by the Del Rio Farm laid 297 eggs with a point value of 317.

The average production per bird of 209 eggs represented a 55
per cent production for the entire test of fifty -one weeks' duration.

The mortality of 14.9 per cent was near the low point for the
twenty -three tests.

The feed consumption, all breeds, for fifty -one weeks was 93.9
pounds per bird, while 5.4 pounds was needed to produce 1 dozen
eggs.

The average weight of eggs was 23.8 ounces to the dozen.
Four birds produced 300 eggs or more; twenty -five from 275 -300

eggs; eighty -four from 251 -275 eggs; 118 from 226 -250 eggs; and
eighty -five from 201 -225 eggs. In all, 64 per cent of the birds finish-
ing the test laid 200 eggs or more.

SOIL SURVEY (CO- OPERATIVE WITH U.S.D.A.)

The University of Arizona has co- operated, in making soil sur-
veys of the state, with the Soil Survey Division of the U.S. De-
partment of Agriculture since 1900. More recently the Soil Con-
servation Service has begun making soil surveys, in conservation
districts, as a basis for making farm plans. The University has
co- operated for several years with this agency in making these
surveys. However, during the recent war the Soil Conservation
Service has turned to the Utilitarian Survey, a survey having no
natural basis for classification and where there need be no genetic
relationship between the soils found in any of the units of classi-
fication. Experience during the past year has shown that it is
very difficult to correlate this type of survey with the standard
"series and type" survey.

In spite of these difficulties the University has co- operated in
making surveys of the Arcadia Soil Conservation District and the
Indian Bend Soil Conservation District, both of which have been
covered by the Salt River and the Paradise -Verde surveys. The
Arcadia Soil Conservation District consists of 2,512 acres and the
Indian Bend Soil Conservation District 16,200 acres. The Ar-
cadia District is largely planted to citrus. Six thousand acres of
the Indian Bend District are now cultivated. The remainder of the
district has been proposed for irrigation if Colorado River water
is brought to the central valleys of Arizona.

These new surveys were made on the scale of 8 inches per mile,
whereas the old surveys were made on the scale of 1 inch per mile.

During the past year chemical and physical analyses have been
made on soils collected from several of the areas in the state cov-
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ered by soil surveys. This is part of a long -time project designed
to secure an inventory of the soils of the state. In conjunction
with these studies the response of a limited number of soils to
fertilizers has been conducted in the greenhouse.

WEATHER

The University began recording weather observations in 1892
and has continued making them regularly since that time. Its
records are, therefore, the most complete for the state. The
weather data for the calendar year 1944 are given in Table 21.
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SUMMARY OF STATION PUBLICATIONS

TECHNICAL BULLETINS

No. 103.- Arizona Range Resources and Their Utilization.
I. Cochise County, by Robert A. Darrow. 55 pages. An inventory
of the forage resources of Cochise County was prepared from
available range surveys and presented in the form of a detailed
vegetational -type map and data on grazing capacity as a guide to
balanced livestock and forage production. The inventory revealed
that present forage productivity of most of the vegetational types
is, through past overutilization by livestock, considerably below
potential capacity. Measures to obtain increased forage produc-
tion are described for each vegetational type, i.e., desirable species
and methods for artificial revegetation, noxious shrub control
methods, and improved management practices. The principal
vegetational types are described as to their forage plant composi-
tion and indicators of satisfactory and unsatisfactory range condi-
tion.

No. 104. -The Determination and Interpretation of Soil pH
Values, by W. T. McGeorge. 55 pages. This is the fourth in a series
of bulletins on pH studies on alkaline -calcareous soils. The sub-
jects studied were the relation of salinity and cations and anions
separately on the pH of the soil, base exchange -pH relation-
ships, pH studies on soil particle separates, the pH of sesqui-
hydrates, relation of pH of soil paste to the isohydric pH and pH
of exchange neutrality, relation between absolute weight of soil
used and pH of soil -water suspension, and the use of alcohol as a
suspension medium for the pH determination.

No. 105.- Fruiting and Physiological Responses of Marsh Grape-
fruit Trees to Fertilization, by A. H. Finch and W. T. McGeorge.
27 pages.

No. 106. The Influence of Nitrogen Nutrition of the Tree upon
the Ascorbic Acid Content and other Chemical and Physical
Characteristics of Grapefruit, by W. W. Jones, C. W. Van Horn,
and A. H. Finch. 29 pages.

No. 107. -Water Requirements of Desert Animals in the South-
west, by Charles T. Vorhies. 39 pages. The microclimates of se-
lected desert mammals, living in the same general environment,
were investigated by means of soil thermographs and hygrother-
mographs, supplemented by rain gages, thermometers, and
psychrometer. The food habits of each species are correlated with
its habitat and microclimate. The kangaroo rat (Dipodomys
spectabilis) eats mostly air -dry food, mainly seeds, with a mini-
mum water content, yet the animal seldom if ever takes free
water. Its deep burrowing and nocturnal habits and its physiol-
ogy conserve water. The wood rat (Neotoma albigula) does not
drink but uses more succulent food. It is less strictly nocturnal
than Dipodomys and lives in a shallower and less well -protected
burrow. The round -tailed ground squirrel (Citellus tereticaudus)
uses much succulent food and drinks when water is available.
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Its diurnal habit requires more moisture, which is partially com-
pensated for by a deep burrow into which it may retreat during
the hottest hours, and in which it lies dormant through the
autumn drought. The jack rabbits (Lepus spp.) are mainly noc-
turnal, but have no such shelter as a burrow against heat and
desiccation by day. Only under most unusual circumstances do
they drink, perhaps never in their normal existence. The more
they need water, the less likely is it to be available. Their food is
highly succulent, mainly mesquite and cactus, with the latter
increasingly consumed as drought conditions increase. A com-
parison of the climate of the mesquite forest with the adjacent
desert mesa shows a less extreme climate in the forest, especially
as to atmospheric humidity and soil- surface temperature. Never-
theless more mammals, both as to species and individuals, live in
the desert environment. This is especially true of the Heterom-
yidae, the kangaroo rats, and pocket mice.

GENERAL BULLETINS

No. 194.- Arizona Agriculture, 1945, by George W. Barr. 15
pages.

No. 195. Eradication of White Horse Nettle in Southern Ari-
zona, by C. H. Davis, T. J. Smith, and R. S. Hawkins. 13 pages.

No. 196.- Selecting Arizona Settlers, by E. D. Tetreau. 27 pages.

MIMEOGRAPHED REPORTS

No. 69. -The Vitamin Content of Fifteen Varieties of Arizona
Dates, by M. C. Smith and Helen Farrankop.

No. 70.- Tangerines -Their Pro- Vitamin A Value, by M. C.
Smith, Emily Caldwell, and Helen Farrankop.

No. 71. -The Ascorbic Acid and Carotene. Content of Three
Varieties of Sweet Potatoes Grown in Arizona and Their Losses
During Storage, by M. C. Smith, H. Wiseman, E. Caldwell,' and
H. Farrankop.

No. 72.- Tangerines -Their Ascorbic Acid Content and Factors
Affecting It, by M. C. Smith, E. Caldwell, and H. Wiseman.

No. 73. Pecans, Their Nutritive Value, by M. C. Smith, H.
Farrankop, and H. Wiseman.

No. 74. -The Vitamin A Content of Arizona Butter, by H. Far-
rankop.

No. 75. Preliminary Tests of DDT Applications to Crop Plants
and with Navy's Fog Generator, by Charles T. Vorhies and
Lawrence P. Wehrle.

No. 76.- Completed Report of a One -Year Study of the Vitamin
A Content of Milk as Related to Certain Feeding Practices in Ari-
zona, by H. Farrankop, M. C. Smith, W. H. Riddell, and R. N.
Davis.

No. 77. Fluorine in Milk, Plant Foods, and Foods Cooked in
Fluorine -Containing Water, by H. V. Smith, M. C. Smith, and M.
Vavich.
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ANNUAL REPORT

Fifty -fifth Annual Report for fiscal year ending June 30, 1944.

OTHER PUBLICATIONS

Bakke, A. L., W. G. Gaessler, L. M. Pultz, and S. C. Salmon.
Relation of Cultivation to Depletion of Root Reserves in European
Bindweed at Different Soil Horizons. Jour. Agr. Res. 69: 137-147.
1944.

Benson, Lyman, Robert A. Darrow, and others. A Manual of
Southwestern Desert Trees and Shrubs. University of Arizona
Biological Science Bulletin No. 6, 411 pp., 115 pls., 1944. $3.50.

Brown, J. G.. Alice M. Boyle. Crown Gall Cured with Crude
Penicillin. Desert Plant Life, 17: 88 -95. June 25, 1945.

Brown, J. G., Alice M. Boyle. Pencillin Treatment of. Crown
Gall. Science 100: 528. December 8, 1944.

Brown, J. G., and Alice M. Boyle. Effect of Penicillin on a
Plant Pathogen. Phytopathology 34: 760-761. August, 1944.

Finch, A. H., W. W. Jones, and C. W. Van Horn. The Influence
of Nitrogen Nutrition upon the Ascorbic Acid Content of Several
Vegetable Crops. Proc. Amer. Soc. Hort. Sci. 46:314 -318. 1945.

Gould, F. W. Notes on the Genus Elymus. Madroño 8:42 -47. 1945.
Griffiths, A. E., R. C. Keswick, and A. H. Finch. A Two -Bed

Machine for the Band -Placement of Fertilizer and the Seeding of
Row Crops on Irrigated Beds. Proc. Amer. Soc. Hort. Sci. 46:336-
340. 1945.

Jones, Winston W., W. P. Bitters, and A. H. Finch. The Relation
of Nitrogen Absorption to Nitrogen Content of Fruit and Leaves
in Citrus. Proc. Amer. Soc. Hort. Sci. 45:1 -4. 1944.

McGeorge, W. T. Base Exchange pH Relationships in Semi -
Arid Soils. Soil Science 59:271.

McGeorge, W. T. Isohydric pH, pH of Soil Paste, and pH of
Exchange Neutrality. Soil Science 59:231.

McGeorge, W. T. Some Modifications in the Neubauer Method.
Soil Science 58: 389.

McGeorge, W. T. The pH of Soil Separates. Soil Science
59: 373.

Smith, G. E. P. Growing Straight Tamarisk. Arizona Producer,
presented in April, 1945, before the Arizona Section of the A.S.C.E.
and was later published by Western Construction News, August,
1945, Vol. XX, No. 8, pages 104 -107.

Smith, G.E.P. Growing Straight Tamarisk. Arizona Producer,
Vol. 23, No. 14. July 1, 1944.

Smith, H. V. and M. C. Smith. Prevent Mottled Teeth. The
Fluorine Story. Ariz. Agric. Ext. Folder W -43. May, 1945.

Smith, M. C. and E. Caldwell. The Effect of Maceration of
Foods Upon Their Ascorbic Acid Values. Science, March 23, 1945,
Vol. 101, No. 2621, pages 308 -309.

Seventh Annual Report of the Arizona Feed Control Office.
53 pages. This bulletin is a report of the inspection and analyses
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of mixed feeds, minerals feeds, and cottonseed meal on sale in the
state during the year 1944. It contains a tabulation of analyses
of 396 mixed feeds, 33 cottonseed meals, and 14 mineral feeds col-
lected from stocks on sale.

Seventh Annual Report of the Arizona Fertilizer Control Office.
15 pages. This bulletin is a report of the inspection and analyses
of commercial fertilizers sold in the state during 1944. It contains
a tabulation of all the fertilizers registered and the chemical
analyses of 60 samples which were taken from stocks on sale.
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