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January 1, 1945

President Alfred Atkinson
University of Arizona

DEAR SIR:

I have the pleasure of presenting herewith the Fifty -fifth
Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1944. 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 picture appearing on the cover page is that of MW Larry Domino
29th, the new sire of our University purebred Hereford herd. It was
donated to the University of Arizona recently by the Sears Roebuck Agricul-
tural Foundation of Chicago. (Photo by Sam Levitz)
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FIFTY -FIFTH ANNUAL REPORT

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

INTRODUCTION

This country has now been at war for almost three years and
our farmers and ranchers have responded nobly to the ever -
increasing demands for both food and fibers. The unprecedented
increase in production reached an all -time high during 1944, even
though labor was scarce, machinery was old, and supplies were
hard to get. The important part which the farm has contributed
to the winning of this war will redound to its permanent credit.

The application of science to agriculture has been of vital im-
portance in this effort. We shall not here attempt to outline the
enormous contributions which the experiment stations and the
U.S. Department of Agriculture have made to the production and
marketing of agricultural products. The experimental work of
the Arizona Station has been directed largely to studies which are
benefiting the war effort and which will have postwar applications
to the long period ahead.

This report presents briefly a summary of research work now
in progress at the main station in Tucson and at the five substa-
tions in the Salt River and Yuma valleys. It should be stated that
the findings of this Experiment Station appear in four series of
publications: annual reports, general bulletins, technical bulletins,
and mimeographed reports. The annual reports present brief
resumés, or reports, of progress on continuing research projects
not yet completed but which have reached such a stage as to
warrant the release of preliminary data and information which,
although not final, may be of some use at the present time. They
also provide those interested in the work of the Experiment
Station with an outline of the investigations being carried on,
and we are always glad to receive constructive criticisms and
suggestions as to how our efforts may be improved and extended.
The annual reports also carry short financial statements showing
the receipts and expenditures of the Station. The general bulle-
tins report the final results of some of the more practical research
studies, usually in the field of agricultural production, and are
sent out by the local mailing bureau and by the county agricul-
tural agents to a large list of Arizona farmers and stockmen. The
technical bulletins, as the name indicates, discuss the more
theoretical features of agricultural science and are mailed to other
laboratories, libraries, and research workers where the results
are valuable in furthering both technical and practical progress.
Copies are sent to any farmer or rancher on request. Simplified
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6 AGRICULTURAL EXPERIMENT STATION

summaries of the technical bulletins are often published in ex-
tension circulars and in the agricultural press. Mimeographed
reports are issued from time to time on timely topics of practical
interest. They contain immediately usable information along
specific lines which often has been secured at one or more of our
experimental farms. They usually refer to animal- feeding tests,
variety or fertilizer trials with vegetables or field crops, plant or
animal diseases, etc. They are too short for printed bulletins but
may later form a part of permanent publications when more data
have been secured. All are available free of cost to citizens of
this state.

The year 1944 was another banner year for Arizona's agricul-
ture. The cash income from the sale of farm and ranch products
was $124,000,000, which exactly equaled last year's total, which
was an all -time high. Approximately 75 per cent of this year's
revenue came from the sale of lettuce and truck crops, including
melons ($29,000,000) ; cattle and calves ($28,000,000) ; and cotton,
including cottonseed ($18,000,000) . Some twenty or twenty -five
other commodities made up the balance. For comparison, the
total metal output of this state for 1944 amounted to approximately
$112,000,000.

A number of changes in personnel have taken place during the
year. The following staff members have resigned or were given
leaves of absence for war service:

Lyman Benson, Assistant Botanist
Chas. H. Davis, Assistant Agronomist

*W. G. Hoyman, Assistant Plant Pathologist
*W. H. Riddell, Dairy Husbandman
Winifred Ross, Assistant Nutrition Chemist
G. H. Seamans, Superintendent, Yuma Valley and Yuma Mesa

farms
N. O. Thompson, Assistant Agricultural Economist

The following new appointments were made:
Edmund C. Currlin, Assistant Superintendent, Yuma Mesa

Farm
W. C. Etier, Assistant Superintendent, Yuma Valley Farm
Helen E. Farrankop, Assistant Nutrition Chemist
Ralph McCall, Associate Animal Husbandman
Winifred Ross, Assistant Nutrition Chemist

On leave for war service.
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RESULTS OF THE YEAR'S RESEARCH

AGRICULTURAL CHEMISTRY AND SOILS

SOIL REACTION STUDIES

Soil reaction, as represented by the pH value, and its determi-
nation and interpretation in alkaline -calcareous soils has been a
major project in the Department for several years, and during
this time three technical bulletins and four journal articles have
been published on this research. During the past year further
progress on this project has been made and another technical
bulletin prepared for publication. The following is a brief sum-
mary of the subjects covered in this more recent research.

Salinity

The presence of soluble salts in the soil greatly complicates the
pH determination and its interpretation. Increases in concentra-
tion of carbonates and bicarbonates correlate with an increase in
pH. Increases in concentration of chloride, sulphate, and calcium
correlate with a decrease in pH. No correlation was found be-
tween concentration of sodium, or the total soluble salts and pH,
due to the antagonism between the Cl-SO4 on the one hand and
HCO3 -0O3 on the other. The actual relation between total soluble
salts and pH could be demonstrated only by determination of the
pH of the soil after a centrifugal separation from a soil suspension
in water.
Base exchange

The pH value of the soil increases with an increase in the per-
centage of adsorbed sodium in the exchange complex and the
ratio of adsorbed sodium to the total exchange capacity of the soil.
The exchange capacity of the soil is increased by treating the soil
with salt solutions of high pH values but not by salt solutions of
pH 8.5 or lower. This increased cation adsorption increases the
potential alkalinity of the soil but does not increase the pH value.
All sodium- saturated soils, in the absence of neutral salts, regard-
less of the amount of adsorbed sodium, have pH values approx-
imating pH 10.2 at 1:10 soil -water ratio. On the other hand the pH
of the soil paste, approximately the moisture equivalent, decreases
with increase in adsorbed sodium. In other words, the pH of a
sodium- saturated soil is higher for a sand, at the moisture equiv-
alent, than for a silt or a clay.

Soil separates

Soils were separated into different -sized particles and pH
studies on these separates were conducted. All the soil -particle
separates show adsorption capacity for cations; and, in most cases
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when the different -sized particles are saturated with sodium, the
sand particles have higher pH values than the silt and clay.

Sesquihydrates

The iron and aluminum hydrates exhibit cation adsorption and
possess high pH values which are affected by salinity and dilution.

Isohydric pH

The experiments showed that the pH of the soil paste (which
is the analytical method developed in this Department) yields
values which agree very closely with the isohydric pH and the pH
of exchange neutrality.

Absolute weight of soil

Variation in the absolute weight of soil used in a pH determina-
tion, even when the soil -water ratio is maintained constant, will
cause a variation in the value obtained. For example, when mak-
ing a pH determination at a 1:10 soil -water ratio, an absolute
weight of at least 20 grams of soil must be used. Lesser weights
of soil will yield low values.

pH at low moisture
There is considerable interest in the pH values of soils at very

low moisture content despite the fact that our research indicates
it is not advisable to attempt a determination below the moisture
equivalent. Further study of this phase of the pH problem in-
dicates that the use of soil suspensions in alcohol offers a new
approach.

WATER PENETRATION STUDIES

It has been very well established that many of the agricultural
soils of Arizona puddle easily during cultivation, with subsequent
decrease in speed of water penetration, aeration, and frequently
a decrease in crop yield. During the past year considerable atten-
tion has been given to a survey of the agricultural areas of the
state in order to determine the extent of soil puddling and for the
purpose of selecting suitable areas for experimental work. Field
plots have been established in several areas to study subsoiling;
ponding; sulphur and gypsum additions; mulching, or incorpora-
tion of crop residues; the plowing under of green manure crops;
the effect of crop rotation; or combinations of these. Only limited
progress has been made to date, but some of the observations
indicate the extent of the problem.

At the Salt River Valley Citrus Experiment Farm a hard
puddled plow -sole layer exists at 4 to 10 inches, and its compaction
is shown by volume weight determinations taken at several
locations on the Farm:
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Sampling depth (inches) Volume- weight factor
0 -3 1.523 1.407 1.442 1.434 1.393
4 -8 1.780 1.808 1.764 1.739 1.865

13 -18 1.157 1.300 1.256 1.393 1.316

This layer is man made, as is shown by results obtained on the
same type of soil one -half mile east of the Valley Citrus Farm
where the following volume weights were found:
Sampling depth (inches) Volume -weight factor

0 -4 1.622
4 -8 1.580
8 -12 1.520

12 -16 1.470

At the Mission ranch the effect of cattle on surface -soil puddling
during winter grazing of small grains was examined. Higher
volume weights in the 0- to 2 -inch layer again prove the puddled
soil condition:

Sampling depth (inches) Volume- weight factor
0 -2 1.653 1.701 1.604
2 -4 1.338 1.574 1.427
4 -6 1.344 1.616 1.272
6 -10 1.360 1.525 1.322

10 -14 1.423 1.529 1.306

The surface soil looked puddled and was pitted with hoofprints.
Rate of water infiltration from an 8- inch -diameter cylinder
averaged % inch per hour on the soil surface and 13/4 inches per
hour when the soil had been removed to a depth of 4 inches. In an
adjacent field which had been in alfalfa for four years, the rate
of infiltration was 11/2 inches per hour on the soil surface and 21/4

inches per hour at a depth of 4 inches.
At the John Jacobs Farms a "flufflike," completely dispersed

soil was located. Sudan grass was only 4 to 8 inches tall in this
area in contrast to 3 to 4 feet in adjacent areas. Although the soil
had been irrigated but recently at the time of examination, it was
dry at 8 inches. Volume- weight determinations showed no hard
layer present in the surface foot area. However, the following
infiltration -rate data show that the problem of poor water pene-
tration is located within the surface area:

Depth
Soil surface
3 -inch 5/a

1 -foot 11 /2

2 -foot 3

Infiltration per hour (in.)
3/8

This soil is particularly interesting in view of its low volume -
weight factor of 1.270, low pH value of 7.6, a total soluble salt
content of but 1.379 p.p.m., and the fact that it contained much
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more soluble calcium (340 p.p.m.) than sodium (60 p.p.m.) . The
noncapillary pore space was 9 per cent of the total volume in the
surface 6 inches of soil in contrast to 21 per cent at 12 to 18 inches
where rapid infiltration of water occurred.

At the Holmes Farms Company ranch, in a field which had been
in spring lettuce, it was noticed during plowing that where the
plow had gone through the old lettuce furrow it had sheared clean
and left a glazed surface which was extremely compact when dry.
The volume- weight factor of this puddled furrow material was
1.827 in contrast to 1.373 for the soil from the lettuce bed. This is
of considerable interest since subsequent observations have shown
that this puddled condition develops early in the season on all
row crops, and it undoubtedly affects the efficiency of irrigation.
In a field planted to sugar beets appreciable puddling had occurred
after the first cultivation. In fifteen hours only 2.7 inches of
water had disappeared from cylinders placed in the furrow. This
corresponds to an infiltration rate of only 0.18 inch per hour. The
rate of infiltration in the bed was over 100 per cent greater.

INVESTIGATIONS ON NEW NITROGENOUS MATERIALS FOR
FERTILIZER USAGE

During the past year the American Cyanamid Company estab-
lished an Experiment Station Grant in the Department of Agri-
cultural Chemistry and Soils for the purpose of investigating
various new nitrogen carriers as fertilizers for crops under south-
western irrigated soil conditions. These compounds, either alone
or in combination with commonly used nitrogenous materials,
may prove valuable, particularly in the postwar period.

The problems under investigation with each nitrogen compound
or combination thereof are: (a) the rate of breakdown to give
available nitrogen materials under controlled laboratory or field
conditions, (b) toxicity to plants or to the nitrifying bacteria, (c)
the influence on the pH value of the soil or its structural condi-
tion, (d) the mobility in the soil solution as affected by irrigation
practice, and (e) the fertilizer value over an extended period
looking toward usefulness for long- maturing crops like the sugar
beet grown for seed.

Results accumulated thus far have shown that some of the
compounds under investigation are too toxic or break down too
slowly for general usefulness. Others, however, give promise of
being the equal of, or even superior to, existing fertilizer mixtures
for certain crops grown extensively in this area.

YUMA MESA CITRUS -ORGANIC MATTER DECOMPOSITION
EXPERIMENT

The Horticulture Department has shown that grapefruit of poor
quality is frequently caused by excessive uptake of nitrogen by
the tree during the period of fruit growth and maturation. The
work further indicates that nitrogen availability may be con-
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trolled by summer cover cropping combined with application of
mineral nitrogen fertilizers in the fall and winter. An experiment
in co- operation with the Horticulture Department was begun on
the Yuma Mesa in March, 1943, to investigate certain involved
soil relations.

Sudan grass is being grown each summer on two soils. One soil
contains more nitrogen than the other because of the turning
under of an alfalfa crop just prior to the beginning of the experi-
ment. In November of each year replicated Sudan grass plots on
each type of soil are either mowed and the grass removed, or the
whole plant is disked into the soil. Soil samples taken periodically
from these plots and also from clean cultivated plots are being
analyzed and the results obtained correlated with leaf -analysis
data and fruit quality.

Alfalfa has appreciably increased the nitrogen content of the
soil, and also that available to the tree, into the second year. The
Sudan grass has grown much better on these plots, but in spite of
the competition offered by a vigorous stand of grass the tree has
obtained more nitrogen from the alfalfa plots.

Under the conditions of the experiment neither the growth of
the Sudan grass nor its decomposition following incorporation has
had a measurable influence on the nitrogen available for use by
the tree or on the pH value of the soil. When Sudan grass is
turned under, a nitrogen tie -up does, however, occur and lasts for
eight to ten weeks in the Yuma area during the winter months. To
eliminate any harmful effect on the trees, which need nitrogen
during the period of growth and fruiting, ammonium sulphate is
added to the soil at the time of the Sudan grass incorporation.

Single irrigations penetrate to excessive depths in the Super-
stition sand of the Yuma Mesa. Such penetrations undoubtedly
remove soluble and available nitrogen compounds from the root
feeding zone. Since during the summer months irrigations are
spaced ten days to two weeks apart, the removal of nitrogen by
excess penetration should be a factor in the nitrogen control
program.

ACIDULATED FERTILIZERS

During the year an experiment was begun in two chlorotic
citrus groves, one grapefruit and one orange, to study the effect of
a sulphur- manure mixture on chlorosis. Comparison is being
made between a mixture of 1,000 pounds sulphur, 900 pounds
manure, and 100 pounds soil and one of 800 pounds sulphur, 850
pounds manure, 100 pounds soil, 50 pounds zinc sulphate, 100
pounds manganese sulphate, and 100 pounds iron sulphate. The
intent is to compare acidulated materials to which these three
micronutrient elements have been added with conditions where
we depend upon the acidulated material to make these elements
available in the soil. The materials have been applied in furrows
at the rates of 25, 50, and 100 pounds per tree. Samples of leaves
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are being analyzed periodically to study the effect of the treat-
ments on the absorption of these elements as well as on the absorp-
tion of the macronutrient elements.

FEEDS AND FERTILIZERS

Administration of the Arizona Feed and Fertilizer Control laws
is a responsibility of the Head of the Department of Agricultural
Chemistry and Soils. The inspection work and the chemical
analyses of collected samples are conducted by a staff entirely
separate from the Chemistry and Soils Department. Since two of
the three members of the staff have been on military leave for
more than two years, the office has been somewhat handicapped
in its operation. In spite of this the number of factory inspections
and the number of samples analyzed have closely approached the
volume of previous years.
Feeds

During the year 1943 the staff analyzed three hupdred eighty -
eight samples of mixed feeds, forty -four samples of cottonseed
meal, and nineteen samples of mineral feeds taken from stocks
on sale in the state. Detailed information regarding these analyses
are given in the annual report of the Feed Control Office. It is of
interest that the sales of mixed feeds in the state have increased at
a rapid rate in spite of the shortage of protein concentrates in the
industry. Tons of mixed feed have increased from 31,000 in 1938,
the first year of the feed control law, to 82,000 in 1943. Cottonseed-
meal sales have been slightly reduced during this same period.
The sales for the past six years, based on tonnage fee stamp and
tag sales have been as follows:

Year Mixed feed (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

Fertilizers in the state

During the year 1943 the staff analyzed fifty -five samples of
commercial fertilizers taken from stocks on sale in Arizona. The
fertilizer industry has been faced with shortages which were
much more serious than those in the feed industry. This is due to
the fact that both nitrogenous and phosphatic materials are
extremely essential in the war industries. Thus the state has not
had its normal increase in fertilizer consumption. In spite of the
shortage of nitrogen, slight increases of this element fortunately
have been obtained during the war period. In the case of phos-
phate, only the barest requirements have been received. In both
1942 and 1943 the tonnages of phosphate shipped into Arizona
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were less than in 1941, which was the last prewar year. Also it
was necessary for the industry to take a large tonnage of single
superphosphate, which costs the farmer considerably more per
unit of P205 than treble superphosphate which had been most
extensively used before the war. The volume of fertilizer sales in
Arizona for the past four years was as follows:

Year
Nitrogen (N)

(tons)
Phosphate (P2O5)

(tons)
Mixed fertilizer

(tons)
1940 847 1,730 1,738
1941 1,162 1,835 2,077
1942 1,544 1,725 3,236
1943 1,622 1,664 5,976

The figures for tons N and tons P205 represent actual tonnages
shipped into the state, some of which were used directly as fer-
tilizer and the rest of which went into mixed fertilizers. The sales
represent California companies in the state as well as those of
Arizona.

LYSIMETER STUDIES- NITROGEN BALANCE

Two crop rotations of six years each were completed in 1942 in
this lysimeter study of the nitrogen balance of irrigated soils. A
discussion of results of these two rotations on crop yields, nitro-
gen content of crops produced, and the nitrogen content of the
soils before the experiment was begun and twelve years later
was given in the 1942 -43 annual report. Since then detailed in-
formation has been made available through the publication of
Technical Bulletin 102. No changes in cropping or management
of this experiment are contemplated during the third rotation.

BORON INVESTIGATIONS

In addition to continuing the investigations outlined in the 1942-
43 annual report - namely, the effect of irrigating alfalfa with
boron solutions of different strengths, the perfection of a "soil
dilution" method for the determination of the available boron in
soils, and the analysis of water, soil, and plants for boron - several
new problems have been attacked.

Two citrus groves in Maricopa County, both of which are
watered from wells whose waters contain toxic amounts of
boron, are being studied. Periodic analyses of the citrus leaves of
different ages show boron storage in direct proportion to their
age. The boron content builds up more rapidly than the calcium
content; hence, there is a decrease with age in the calcium -boron
ratio. Calcium -boron ratios of less than 100 seem to be indicative
of boron injury. Thirty- day -old leaves from these boron injured
groves have calcium -boron ratios of 200. An adjacent grove which
is irrigated with water that is practically boron free had calcium-
boron ratios of 954 in the sixty- day -old leaves and 480 in the year-
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old leaves. Attempts are being made to increase the calcium
content of the leaves in hope that the boron injury can be reduced.

CHEMICAL, PHYSICAL, AND NUTRITIONAL DATA ON
ARIZONA SOIL TYPES

Work has been begun on a systematic examination of all the
important soil types thus far mapped in the state. Soil samples
taken during the course of the soil surveys have been saved, and
these are being subjected to pertinent chemical and physical
analyses and to nutritional tests in which the Neubauer, or pot,
tests are being used. It is hoped that such data will yield infor-
mation regarding the uniformity of the types and will help in the
appraisal of the different types.

FLUORINE

The Department continues to make many fluorine analyses on
water samples from over the state. During the year five hundred
thirty -six waters were analyzéd for their fluorine content.

A member of the Department participated in hearings con-
ducted by the Food and Drug Administration, in Washington,
where testimony was presented for use in establishing a maximum
allowance for fluoride sprays left on fruit.

RUBBER CONTENT OF NATIVE DESERT PLANTS

The examination of native desert plants for rubber, begun in
1942 in co- operation with the Department of Botany and Range
Ecology, has been completed, and the results are now being pre -
pared for publication.

Because of the empirical nature of the method for determining
rubber in plant material, it was necessary to devote some time to
the study of factors affecting the efficiency of the solvent used to
extract the rubber. The accuracy of the method depends upon the
inherent variability of the plant material, the method of extrac-
tion, and the time. The method finally adopted was to grind the
air -dry plant material in a Wiley mill to a fineness of 40 -mesh and
extract 1 -gram samples in a Bailey- Walker apparatus for thirteen
hours with anhydrous acetone to remove resins, oils, fats, waxes,
and coloring matter, then with benzene for thirteen hours to ex-
tract the rubber. Tests were made to determine the effect of prior
hydrolysis of the plant material with 3 per cent sulphuric acid, and
prior subjection of the plant material to 40 pounds steam pressure.
Neither prior treatment increased the amount of rubber extracted.
Several of the plants showed the presence of white wax of fair
quality, which suggests that such material may have commercial
value in some desert plants. Analyses of many of the plants
appear in the 1942 and 1943 annual reports.
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Some comparisons of plant families growing in Arizona, Colo-
rado, and South Carolina were made to compare their rubber con-
tent. These comparisons are given in Table 1.

TABLE 1.- COMPARISON OF RUBBER CONTENT OF
PLANT FAMILIES

Plant family Arizona South Carolina Colorado

Amsonia .17 to 2.41 0.26
Asclepias .39 to 5.44 .34 to 2.20 1.6 to 3.0
Aster 1.79 1.03
Chrysothamnus .67 to .69 .5 to 4.0
Eüphorbia .11 to 1.18 .26 to .70 .2 to 2.0
Lactuca .19 .20 to .43 .4 to 2.20
Parthenium .47 to 1.88 1.05
Solidago 3.90 .12 to 1.45 3.9
Verbesina 0.58 1.22

SURVEY OF COMMUNITY WATER SUPPLIES

The Department receives frequent requests for information on
chemical composition of waters being used in various communities
over the state. To supply this demand a survey has been begun in
co- operation with various members of the Agricultural Extension
Service who collect the samples from communities into which
their work carries them. The analyses will include carbonates,
bicarbonates, chlorides, sulphates, fluorides, calcium, magnesium,
sodium, total salts, and total hardness. This work will be pub-
lished for distribution when it is completed.

BEE PROBLEMS ARISING FROM COTTON DUSTING

In co- operation with the Bee Culture Division, U.S. Bureau of
Entomology, the Department is doing the chemical work needed in
the study of the relationship of airplane dusting of cotton with
arsenical insecticides to the poisoning of bee colonies in the vicin-
ity of dusted cotton. Samples analyzed include systematically
collected dust samples, pollen, honey, flowers, bees, and other
pertinent material.

RECLAMATION EXPERIMENT

A reclamation experiment has been set up at Fredonia in co-
operation with the Agricultural Extension Service to study the
effect of manure, sulphur, and gypsum in comparison with straight
leaching. Since Fredonia is located in an outlying section of the
state where little or no experimental work has been done, the
results should be of considerable interest.

DESERT AND RANGE PLANTS

During the year a number of miscellaneous range and desert
plants and other materials of possible feeding value were sub-
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mitted for analysis by residents of the state. Because of their
general interest, the analyses of these materials are presented
here (Table 2) .

ALFALFA HAY PROJECT

The alfalfa hay crop in Arizona covers some 200,000 acres and
is one of the major crops. In a co- operative project with the Dairy
Husbandry Department on factors influencing the nutritive value
of alfalfa hay, the Department is analyzing at regular periods hay
samples from seven growers in the Safford- Duncan area, five in
the Glendale -Phoenix -Mesa area, and one each in the Chandler
and Casa Grande areas. Samples from as many different cuttings
as possible are being obtained, and to date forty -seven samples
have been analyzed. While these data will be published in full
when the project has been completed, the maximum and min-
imum values for the forty -seven samples analyzed to date throw
interesting light on the limits within which hays vary. These
data are given in Table 3.
TABLE 3. -WIDE VARIATION IN ANALYSES OF BALED ALFAFA HAY

Maximum Minimum

Moisture 7.35 4.84

Protein 19.77 12.77

Fat (ether extract) 3.11 0.72

Crude fiber 34.27 17.72

Ash 11.85 7.76

Nitrogen -free extract 44.20 35.60
Calcium (Ca) 2.24 0.88

Phosphorus (P) .37 .14
Silica (Si02) 1.72 .14

The important points about these data are the wide variations
in protein, crude fiber, calcium, and phosphorus. Since these
samples were taken from baled hay, the data indicate that there
are wide variations in nutritional value caused by the baling of
hay at different moisture contents. That is, when the hay is too
dry it shatters in the field when being baled and too high a per-
centage of the leaves is lost.

For correlation of soil characters with quality and possibly
production, it is planned to take soil samples from the areas where
the hay samples are being obtained.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY

A continuing study of supply and price relationships showed
that the volume of production on Arizona farm land, after rising
without interruption for four years up to and including the year
1942, began to decline in 1943, which decline probably continued
into 1944. Volume of production is not associated directly with
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price nor with acreage cropped, but is modified as well by irriga-
tion water supply and other factors influencing yield per acre.

One of the more challenging problems facing Arizona agricul-
ture was revealed in the changing farm wage rates in Arizona and
in the southern cotton belt, with which Arizona competes in the
growing of cotton. In the three -year period ended January, 1944,
the average daily wage rate, without board, increased $1.05 in
the states of South Carolina, Georgia, Alabama, and Mississippi
and $2.40 in Arizona. A continuation of the disparity between
Arizona wage rates and those in the competitive area of the South
would be a factor in forcing a reduction of cotton acreage in
Arizona.

A map drawn to a scale of 1 inch to 7 miles prepared by the
Department shows about 95 per cent of the state's 750,000 acres
under irrigation. The citrus growing areas are specifically
marked. This map resulted from a continuing study of the produc-
tion areas of the state over a period of years.

The cost of producing upland cotton in the Salt River Water
Users' area of Arizona was estimated as $75 an acre in 1944, assum-
ing a lint yield of 420 pounds. This cost did not include any items
for management or for risk of crop failure. The cost of producing
a ton of alfalfa in the same area in 1944 was estimated as about
$15 a ton, assuming a 4 -ton yield. No item was included for farm
automobile expense or for management.

A study showed that the producers of Grade A milk in the state
operated at a relative disadvantage when compared with prewar
conditions in the production of Grade A milk from March, 1942,
until about January, 1944. During this entire period labor costs
were higher on a comparative basis than the sale price of the
product, and in the twelve -month period ended with January,
1944, the cost of feed was on a comparatively higher price level
than the returns for Grade A milk.

"Production Adjustment in Arizona Agriculture," a report of
the Arizona Agricultural Postwar Planning Committee of the
State Resources and Planning Board, edited by members of the
Department of Agricultural Economics and Rural Sociology and
the Federal Soil Conservation Service, indicated many features
of probable postwar agricultural adjustments in Arizona. The
report embraced two hundred pages and was the work of fourteen
committees working on various phases of the problem.

The probable direction in the development of farming on the
Yuma Mesa was analyzed in a mimeographed document entitled,
"Prospective Agriculture on the Yuma Mesa," in which the De-
partment collaborated with the Bureau of Agricultural Economics.
This report of one hundred thirty pages points out some of the
farm -management and marketing problems that will face settlers
on the Yuma Mesa and makes certain recommendations as to
procedure.

Recommended agricultural adjustments in the crop acreage and
livestock numbers in Arizona for the year 1945 were furnished the
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War Food Administration in July, 1944. Collaborating with the
Bureau of Agricultural Economics in the preparation of this
report was a Technical Committee composed of Dr. George W.
Barr, Chairman; C. J. King, Raymond Price, Wesley Schlotzhauer,
Preston J. Creer, and Julius C. Deubner.

ARIZONA FARM LABOR SITUATION

Estimate of year -round men required in 1944 was considerably
lower than the estimate for the year 1943 -6,400 for 1944 compared
with 7,600 for 1943. Changes in crop acreages and especially
changed methods of using labor in certain operations resulted in
smaller year -round labor requirements. For example, it became
quite the common practice to employ but one man to take care of
ahead of irrigation water, his duties continuing through the round
of twenty -four hours. Formerly two men were employed. Farm
operators made other short cuts in the use of year -round labor.
Year -round laborers required in each of the five counties for 1944
were: Graham 200, Maricopa 4,000, Pima 250, Pinal 850, and
Yuma 1,100.

Seasonal laborers required to work at haying, to hoe cotton and
truck crops, to clean irrigation ditches, and to harvest vegetables,
citrus fruits, and cotton ranged in numbers from 9,000 in March
to 30,000 in December, 1944. These figures are lower than corre-
sponding estimates for 1943. Nearly all those required during eight
months of the year are resident in Arizona, but the four months
from September through December drain all available supplies
within the state and call for help from outside.

Year -round laborers are supplied from the labor population
within the state. More than 11,000 of Arizona's seasonal laborers
are supplied from the labor population in rural towns and on ir-
rigated farms. These year -round and seasonal laborers totaled
something like 18,000 on April 1, 1944. This total was slightly
below the total a year earlier and was 7,800 fewer than the 25,800
resident farm laborers in rural towns and on irrigated farms April
1, 1940. Several hundred Mexican nationals filled in some of the
shortage.

Estimates of hired labor requirements on irrigated farms by
counties, by months, and as to year -round and seasonal laborers
were published in Arizona Agricultural Experiment Station
Mimeographed Report No. 58, March, 1944. These estimates were
revised July 14 of the same year.

A study was made of the labor situation in the Arizona truck
crop industry and the results published in Mimeographed Report
No. 60, April, 1944. Analysis from both the laborer's point of view
and from the employer's was made of the factors which deter-
mine wages. Measures for increasing the laborer's output without
increasing the length of day were discussed.

"Farm Labor Picture, December 1," published in The Arizona
Farmer, December 4, 1943, brought out in some detail the labor
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situation at the peak of labor requirements for the year. This
showed labor shortages in all important farm industries, with
marked delay in picking the cotton crop, only about two bales
having been harvested for every three harvested by December
1, 1941, a season which felt the first full impact of competing war
industries.

"Wartime Changes in Arizona Farm Labor," published in
Sociology and Social Research, May -June, 1944, covers the changes
in numbers of farm laborers available and changes in wage rates
through the years 1941 -44. Changes in race, nationality, household
composition, and other characteristics of laborer households are
indicated.

RURAL REACTIONS TO WAR MEASURES

"Rural Reactions to War Measures," a paper published in Re-
search Studies, State College of Washington, Pullman, Vol. XII,
was prepared for the annual meeting of the Pacific Sociological
Society. In it the reactions of farmers to wartime labor controls,
time and one half for overtime, rationing, subsidies, censorship of
war news, income tax forms, centralized control, and other meas-
ures are discussed.

FAMILY SELECTION FOR AGRICULTURAL SETTLEMENT

A manuscript has been prepared bringing together a report on
the methods of family selection practiced in settling reclaimed
areas. This study was begun in 1941.

ARIZONA COMMUNITY STUDY

The study of Arizona communities has been advanced some-
what by the addition of new materials on churches, schools, and
other social agencies which are centers of rural social participation.

AGRICULTURAL ENGINEERING

GROUNDWATER STUDIES

Upper Santa Cruz Valley
For three successive years, ending with the winter of 1943 -44,

the extremely low winter runoff in the Santa Cruz River has
provided less than normal opportunity for recharge to the ground-
water basins along the river. The winter flood flows of longer
duration and with lower flood peaks are more effective in recharg-
ing the groundwater supplies than are the short -lived floods of
summer.

It is estimated that the irrigated crop acreage along the Santa
Cruz above Tucson was about 11,200 acres in the crop year 1942 -43
and about 10,700 in 1943 -44. In addition to the pump draft for
irrigation requirements the city of Nogales has pumped approx-
imately 700 acre -feet a year and the city of Tucson from its Santa
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Cruz water farm about 4,800. At the end of the 1943 -44 crop
season in October, 1944, the water levels along the Santa Cruz
showed a general lowering of from 1 to 2 feet below those of
October, 1942. In this same period the areas of concentrated pump-
ing draft near the Nogales City Pumping Plant, on the Baca Float
Grant below Calabasas, and the area adjacent to the city of
Tucson's water farm showed lowering of from 6 to 8 feet, 5 to 7
feet, and 5 to 6 feet, respectively. With the exception of a small
area of reduced pumping draft in the Sahuarita district where a
rise in water levels occurred, the water levels in October, 1944,
were the lowest on record for this time of the year.

The limited capacity of the groundwater reservoir in the
vicinity of the Nogales City Pumping Plant is shown by the rapid
lowering of the water levels due to pumping draft and the equally
rapid rise during periods of flood flow in the river. Fluctuation
in water level of from 16 to 18 feet may occur within a period of
six or eight months.

The Cortaro -Marana district

Pumping draft, the largest in the history of this area, amounted
to 26,700 acre -feet during 1943. Notwithstanding effective re-
charge from flood flows during the summer of 1943, the average
water level at the beginning of 1944 was 4.5 feet lower than in
1943. Overdraft by pumping continued in 1944, with some in-
dicated reduction as compared with 1943. During 1943 and 1944
more uniform pumping throughout the year has reduced the sea-
sonal summer lowering in water level. However, early in August,
1944, the water level at the continuous water -level recorder on
Well 16C2 reached 103 feet, the lowest on record.

Underdrainage of the valley side slopes continues, and water
levels southwest of the pumping area over a mile distant showed
an average residual loss of approximately 1.5 feet in the spring of
1944 as compared with 1943.

In the Marana area pumping in 1942 of only about 3,100 acre -
feet was followed by a draft of 10,750 in 1943, the largest amount
ever withdrawn from this area. At the pumping plants a lowering
of about 4 feet in water level resulted, as is shown by measure-
ments in the spring of 1944 compared with those in 1943. Pumping
draft for 1944 is expected to exceed somewhat the 1943 figures.
West of the Marana area and contiguous with it, pumping for irri-
gation plus that at the Marana Airfield will constitute at least an
additional draft of 4,000 acre -feet a year from the same ground-
water basin. Previous to 1943 but little lowering in water level
occurred in this portion of the Santa Cruz basin. Continued heavy
pumping may be expected to result in significant residual lower-
ing in water levels.
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The Eloy district

This study is a continuation of investigations of groundwater
conditions reported in Technical Bulletin 87' and in subsequent
annual reports.

The total area under cultivation during the crop year 1943 was
37,700 acres, a decrease of 8,700 from 1942. Three pumping plants
were abandoned, and four other plants were not operated in 1943.
On many of the farms there was a reduction in acreage irrigated
because of the decreased discharge from the wells.

Measurements of the depth to water level at ninety -three wells
showed an average lowering of 6.84 feet in January, 1944, as com-
pared with measurements of the same wells in February, 1943.

The volume of ground unwatered during the crop year, March 1,
1943, to March 1, 1944, was computed to be 806,000 acre -feet. The
quantity of water pumped during this period, as determined by
indirect methods, was computed to be 119,000 acre -feet. The
equation (see Technical Bulletin 87) for the year becomes:

806,000 S-{-N 119,000

in which S is the specific yield of the ground unwatered, and N is
the "new" water, or replenishment of the supply. Assuming the
same value for S (11.12 per cent) as was determined for the over-
lying ground unwatered in 1936 -38, then the quantity of water
taken from storage was 89,600 acre -feet; while the value of N, or
the replenishment, becomes 29,400 acre -feet.

The normal recharge to the groundwater supply during the
years 1936 to 1938 was determined as of the order of 20,000 acre -
feet a year. The new water, N, 29,400 acre -feet during the year
1943 -44, would indicate a recharge from deep percolation losses
of about 10,000 acre -feet, which is about 8 per cent of the total
amount of water pumped. The indicated rate of percolation loss is
much lower than that shown in the last annual report for the two
years 1942 and 1943. The lack of agreement may be due to error in
the estimate of ground unwatered on the margins of the valley
where few wells exist, or to use of too high average duty of water
for cotton, or both. However, the implications as to excessive over-
draft of the groundwater supply remain unchanged.

The average pumping lift in July for ten high -yielding wells
equipped with Sparling water meters for the three years 1941,
1942, and 1943 were 218, 226, and 232 feet, respectively. The cor-
responding pumping rates were 2,037, 1,895, and 1,768 gallons a
minute, respectively. These lifts would be uneconomical for
cotton or alfalfa in normal peace times.
Little Chino Valley

The first artesian well in this area was drilled during the sum-
mer of 1930, and it was followed by comparatively slow develop-
ment of the area for the next six years. In 1937 about 540 acres
'Ariz. Agr. Exp. Sta. Tech. Bull. 87, June 1, 1940.
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were under irrigation in the artesian area. By 1943 the cropped
area had increased to about 1,350 acres and in 1944 to 1,800 acres.
In addition to the water used on this acreage there have been
pumped from the groundwater basin between 1,000 and 1,100 acre -
feet annually for supplemental water for lands in the Chino
Valley Irrigation District during the past three years.

Water -level and artesian -pressure measurements have been
taken in the area since the spring of 1938. Measurements made in
the spring of 1944 show that as a result of the previous six years'
draft upon the groundwater supplies there has been a residual
lowering of about 7.3 feet in water levels and artesian pressures in
the artesian area. With increasing annual draft from the ground-
water basin accelerated lowering may be expected. Between
April, 1943, and April, 1944, the lowering in the lower end of the
artesian area was about 2.4 feet and in the vicinity of the Mormon
Church approximately 1.8 feet. East of Little Chino Valley, along
Granite Creek and extending into Lonesome Valley, an average
lowering of 1.2 feet occurred.

Seasonal lowering as the result of summer use of water was as
much as 18 feet at certain of the wells, and the average over the
lower end of the artesian area amounted to 14.5 feet late in
August, 1944. At the same time seasonal lowering in the south
end of the area, near the Mormon Church, was only about 8.5
feet. During the 1944 season fourteen flowing wells and twenty -
six pumping plants were used for irrigation.

The weir records at Del Rio Springs show that the flow during
the summer months of 1944 averaged over 4 second -feet, which
was considerably greater than that of previous years. Increased
seepage and waste water from irrigation in the artesian area up-
stream is believed to be principally responsible for larger sum-
mer flow. A decrease in the pumpage by the Santa Fe Railroad
at Puro is also a factor.
Prescott water supply

Reoccurring water shortage during drouth periods has caused
the city of Prescott to look for a supplemental supply from ground-
water sources. The assistance of this Department was requested
by city officials in working out a solution of the problem. Inves-
tigations have led to the conclusion that conditions are unfavor-
able for the location of an adequate supply in the immediate
vicinity of Prescott. A discussion of the various possibilities and
field inspection of several localities with city officials resulted in
the recommendation that an experimental drilling program first
be carried out in the south end of Little Chino Valley. A brief sum-
mary of the known facts concerning groundwater conditions in
this area, together with recommendations for the proposed drilling
program, was prepared for the use of the City Engineer of
Prescott.
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Water supply at the State Industrial School

At the request of the Arizona State Board for Juveniles, assist -
ance was rendered to the State Industrial School, located at old
Fort Grant. A survey and report were made on the irrigable
areas and the irrigation water supplies now available. Later
investigations were made: (1) of the 4% -mile pipe line which
provides water from Grant Creek, to determine the carrying
capacities of the various sections of the pipe line; (2) of the
distribution systems; and (3) of the power plant and fire protec-
tion. A report was made with recommendations for needed im-
provements, stressing particularly the need of a 53,000 -gallon
regulating reservoir near the upper end of the pipe line and a
stand -by power unit.

Inasmuch as the supply has failed on several dry years, it is
desirable to have a storage reservoir high up on Grant Creek.
Several good dam sites are available, and the site a half mile below
the Swift Trail bridge appears to be the most advantageous. A
topographic survey of this site was made in June. The area -
capacity table up to a height of 76 feet above stream bed at the
dam site is as follows:

TABLE 4.- AREA -CAPACITY TABLE OF UPPER GRANT CREEK
RESERVOIR

Elevation
(feet)

Area
(acres)

Capacity
(acre -feet)

8,614 0. 0.
8,620 .16 .5
8,630 .54 4.0
8,640 1.20 12.7
8,650 2.07 28.8
8,660 3.51 56.5
8,670 5.41 101.
8,680 7.49 165.
8,690 9.79 252.

The drainage area above the dam site is 1.94 square miles. The
site is adaptable for a gravity section or an arch -type dam. Form
lumber can be cut from trees standing within the reservoir area.
The cost should not exceed $20,000 for a dam to raise the water
surface 26 feet, and it would be justified by the assurance of a
domestic supply and the increased irrigation supply in June and
in the late summer months. Recommendation was made to state
officials that this dam be included in the list of projects for post-
war construction.

THE TAMARISK TREE AND ITS WOOD

Preservative treatment of tamarisk fence posts

Many tamarisk fence posts, most of them treated with coal -tar
creosote but some with various other preservatives, are being
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tested in the ground to determine the length of life. The first lot
was set in the spring of 1935, the second in the fall of 1935, and the
third in the fall of 1942. Annual inspections are made in the latter
part of each year.

The 1943 inspection showed all the first lot in good condition,
with the exceptions of the small post 2 -3 which was removed in

January, 1940, by an agent of the Southern Pacific Company, and
the post 2 -1 at the Kinne Farm which was destroyed and lost
when heavy falling limbs broke two posts and loosened some
others.

Of the one hundred forty posts of the second lot, set in the Kinne
east fence line, Nos. 43 and 100 were found to be decayed below
the ground line. These two, with post No. 60 noted in the last an-
nual report, make three failed posts out of one hundred forty in
eight years. It is presumed that they were not so well creosoted as
the others. The three failed posts were dry- treated; none of the
green- treated posts has failed.

The 1942 posts were all in good condition.

Plantings of tamarisk trees for saw logs

Plantings of Tamarix aphylla were made in March, 1942, on the
Yuma Valley Farm to determine whether tall, vertical trunks can
be grown from which commercial saw logs free from knots can be
cut.

Differential conditions and practices include: the growth on
different soils; the effect of time of thinning the shoots; the effect
of the spacing in the row; the effect of various practices in thin-
ning and pruning; and the effect of withholding irrigation so that
the water intake must be obtained from the groundwater, which
stands at about a 5 -foot depth.

In June, 1943, five rows (in three plots) of the close- spaced
trees were thinned by removing the even -numbered trees. In
December considerable pruning was done. Certain rows were
pruned closely to half the heights of the trees, and on the remain-
ing rows large limbs which competed with the main stems were
removed. Measurements of heighth and diameter are taken after
each year's growth.

An important conclusion can be stated: straight, vertical trunks
can be grown by close spacing in the row. (The rows at Yuma
run east and west. The erect stems might not be obtained if the
rows ran north and south, since the shading would be much less
effective. Spacing of 5 feet is found to result in poorly shaped
trees.) The pruned trees in the best plot, after three years'
growth, are shown in Plate I.

An unhealthy condition developed on much of the planting in
the latter part of 1943, but one large area and several small groups
of trees are free from it. The tree foliage became light gray in
color, in contrast to the normal dark green. Examination of the
slender twigs, which resemble pine needles, revealed that they
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Plate I. -A view of young tamarisk trees in the South Block, on light soil,
after three seasons' growth. The average height is 28 feet and the diameters
at breast height are about 3.5 inches. These trees were spaced at 30 inches
in rows 8 feet apart, and later were thinned by removing every second tree.
Three fourths of them at least will be removed, leaving only the best ones
to develop into great trees.

were covered irregularly with salt incrustations. Samples of
the salt, shaken and washed from the twigs, were analyzed; all the
salts present in the groundwater were found, though not in the
same proportions. In the spring of 1944 it was apparent that con-
siderable defoliation had occurred.

The cause of the heavy incrustation and whatever physiological
condition it evidences are not known. Various hypotheses relating
to irrigation practice can be disproved. The cause may be due to
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some soil condition; analyses show that the best trees are located
where the most phosphorus is found. Fertilizer tests have been
begun on selected rows; and phosphorus, nitrogen, and iron sul-
phate are being tried separately.

MISCELLANEOUS

Following the disastrous Tucson Arroyo flood of September 24,
1943, a repetition of the flood of August 13, 1940, the Department
made a hydrologic study of the arroyo and its drainage basin. At a
meeting of city and county officials and property owners, maps
and data were presented with three alternative proposals for
permanent flood protection and recommendations for certain im-
provements which should be accomplished before the next flood
season, pending the end of the war when one of the costly, per-
manent diversion projects can be constructed. A special effort
was made to obtain co- operative effort by the city, the county, the
railway company, the public utilities company, and individual
property owners and to avoid starting litigation which in such
cases always postpones a solution. Also, the property owners
were urged strongly not to build buffer walls. While such a wall
in the flooded district might help to protect one property, it would
increase the depth of flooding on the upstream side. The major
part of the recommendations to the city was adopted and
performed.

The Agricultural Engineer served on committees on water sup-
ply of the City Council of Tucson and the Tucson Chamber of
Commerce. Both committees are seeking increased water sup-
plies for Tucson and the surrounding areas.

AGRONOMY
COTTON

Irrigation

The chief field management requirement in satisfactory cotton
production in the Salt River Valley is to get the most growth pos-
sible before the first of July. Factors that contribute to the early
development of the plants may be summarized as follows:

1. Plant as early as danger of frost will permit.
2. An irrigation should be given well in advance of planting

so that the soil may dry sufficiently before the seed bed is
prepared to prevent puddling. In heavy soils puddling is one
of the chief causes of poor cotton yields.

3. The time of the first irrigation after planting is of great im-
portance. If it is given while the soil is still cold it will
depress plant growth. If it should be delayed too long, plant
growth likewise will be depressed unnecessarily. In seasons
that warm up early an irrigation during the first ten days of
May would prove beneficial. Probably the best date of the
first irrigation in normal years would be not before May 20
nor later than June 5.
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4. Yields can be increased by lengthening the interval be-
tween irrigations after the later part of July if there is a poor
set of bolls at that time.

5. Irrigation after the middle of September is of doubtful
value.

Variety tests

Acala (Santan) led all upland varieties in money value per acre
by a margin of over $57 in the 1943 Mesa Farm tests. The previous
year Wilds 13 was the leading variety but exceeded Acala by only
$5.81 per acre. During 1943 Wilds was pretty well toward the
bottom of the list, as is indicated in Table 5.

TABLE 5.- UPLAND VARIETY TEST, MESA FARM, 1943

Variety
Seed

cotton
per acre
(pounds)

Price
per

Pound

Lint
(per

cent)

Length
lint '

(inches)

Lint per
acre

(pounds)

Value
per acret

(seed & lint)

Acala, Santan 3,020 $22.63 36.7 1 3/32 1,108 $301.41
Deltapine No. 12 2,469 21.88 37.5 1 1/16 926 243.50
Stoneville 28 2,081 21.88 33.1 1 1 /16 659 181.87
Deltapine No. 14 1,961 21.88 40.0 1 1 /16 784 202.73
Wilds No. 14 1,902 30.63 30.1 11 573 210.73
Meade 1,748 26.63 31.4 1 5/32 549 177.97
Wilds No. 13 1,688 30.63 31.7 11 535 194.42
Coker 100 1,656 20.63 35.6 1 1/32 590 149.97

*Stapled by courtesy of U.S.D.A. cotton -classing office, Phoenix.
tGross value for lint, basis Memphis, January 7, 1944, premiums and discounts for
middling cotton, and March futures New York at 19.88 cents; and for seed basis
Phoenix at $53 per ton.

Acala strain tests

The work over the years indicates that Acala cotton, despite any
defects it might possess, is superior to all other varieties included
in the variety tests. It would therefore appear appropriate to
strive for improvement within this variety through selection and
by hybridization. Several promising strains have been included
in the Acala strain tests, as is indicated in Table 6.

TABLE 6. -ACALA STRAIN TEST, MESA FARM, 1943

Seed cotton
per acre
(pounds)

Lint
(per cent)

Lint per
acre

(pounds)

W -1 -1 -7 2,234 36.7 820
Santan 2,158 36.7 792
Boswell 2,142 35.3 756
W -29 -1 1,923 33.9 653
Shafter 1,916 38.7 741
N. Mex. 1517 1,641 35.0 574

Defoliation

The wide interest in the possibilities of using mechanical pickers
and the desirability of artificial defoliation when machine pickers
are used prompted some rather extensive defoliation experiments.
These tests were conducted on the Mesa Farm to determine the
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best (1) time of season to apply chemical defoliants, (2) time of
day, (3) rate of application, and (4) kind of material to use. Both
SxP and upland cotton were used.

Defoliation of SxP

Calcium cyanamide was applied on 30 -foot rows with a hand
duster on October 2 at rates of 15, 30, 45, and 60 pounds an acre.
While the heavier applications did cause more leaf dropping than
the 15- and 30 -pound applications, none was effective.

Thirty -pound applications of calcium cyanamide were made on
October 19 on 30 -foot rows every hour from 8:30 A.M. to 3:30 P.M.
None of these was effective, although the 2:30 application possibly
caused slightly greater leaf drop but still was not of practical
importance.

Thirty -pound applications of cynamide applied with a hand
duster, October 4, 11, 18, and 25 showed no visible differences in
results. None was effective.

Various commercial mixtures of cyanamide, some containing
sticking agents and some without, and of Dowfrost, were applied
on October 11 with a power field duster at the rate of 30 pounds
per acre. The regular defoliant cyanamide and the Dowfrost were
applied early in the morning while the dew was still on the plants,
and the mixtures containing sticking agents were applied later in
the day. None was effective.

Defoliation of upland varieties

The following chemicals and rates of application were used on
50 -foot rows of Acala cotton on September 28: calcium cyanamide,
250 and 140 pounds; and Dowfrost, 312 and 47 pounds per acre.
Practically all the leaves were killed or caused to drop from the
plants treated with both rates of application of the cyanamide.
The heavier rate of application of the Dowfrost was not quite so
effective as the cyanamide, and the 47 -pound application of Dow -
frost caused but relatively few leaves to fall.

All leaves were killed and most of them fell following both 15-
and 30 -pound applications of calcium cyanamide on October 2 on
Wilds plants. Thirty pounds of Dowfrost caused almost as good
kill and drop of leaves on Wilds as the cyanamide, but the 15-
pound application was materially less effective. Wilds plants are
smaller and more nearly mature at this date (October 2) than
Acala plants, which fact may have had a bearing on the results
obtained.

Fifteen, 30, 40, and 60 pounds per acre of calcium cynamide were
applied to 30 -foot rows of Acala on October 5. Subsequent leaf
drop was not satisfactory with any of these applications, although
more fell following the 60 -pound application than after the
smaller applications.
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CONCLUSIONS

Heavier applications than those recommended for the cotton
belt proper (30 pounds per acre) are indicated.

Applications of 140 pounds on Acala applied September 28 were
effective.

Applications of 30 pounds on October 2 on relatively small Wilds
plants caused satisfactory leaf fall. It is thought that the size,
maturity, and erectness of the plants may have contributed to the
success of these applications.

None of the applications was effective on SxP cotton, although
the heaviest application was but 60 pounds per acre.
Influence of field exposure on lint strength

Acala cotton opening September 10, 1943, at Tucson, lost only
between 2 and 3 per cent in strength prior to February 5, as
determined by the Pressley sorter. That which opened October 10
lost approximately 8 per cent in strength. Acala cotton opening
September 12 at Mesa lost slightly in strength prior to January 3
but averaged approximately 13 per cent stronger than that grown
at Tucson.

SxP cotton opening September 12 at Mesa showed no appreci-
able loss in strength when exposed in the field until January 5.

WHITE HORSE NETTLE CONTROL

After several years of intensive research on control of white
horse nettle a number of rather clear -cut statements can be made.
This weed can be and has been eradicated in three years and still
provide for the annual production of a field crop. Cotton, hegari,
and oats have all been used successfully with clean cultivation
between crops. The growing of alfalfa, cut for hay at various
stages, did not result in any weed reduction.

The use of chemical is too costly except for small areas where a
cropping -cultivation program is not feasible.

A manuscript giving in detailed outline the procedure and
results of experiments with white horse nettle is now ready for
publication.

SMALL GRAINS

Twenty varieties of oats were tested for hay and grain produc-
tion at the Salt River Valley Experiment Farm, at Mesa. None of
these produced higher grain yields than the standard variety
California Red. Several varieties, however, produced higher
hay yields than Markton, the variety now recommended for hay
purposes. One of these was Lega, which had high grain and hay
yields. It had the second -highest grain yield and also lodged less
than either California Red or Markton. The Bannock, Marida, and
Westdale varieties showed excessive breaking of the culms about
ten days after maturity had been reached. Since each of these had
about 60 per cent of broken culms, it was apparent that they must
be harvested promptly at maturity.
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About five hundred of the smooth -awned plant selections of
Vaughn x Scarab made last year that were leafier than Vaughn
were tested this year at Tucson. A number had higher yields and
less lodging than Arivat.

The silage yield of 22.2 tons per acre sorghum with the first
generation sorghum hybrid Dwarf hegari x Kalo was more than
the total of the two parents in tests carried on at the Salt River
Valley Experiment Station, at Mesa. A slightly higher yield of
23.7 tons was obtained with Dwarf hegari x Atlas, which did not
quite equal the total of the two respective parents. However,
about 40 per cent lodging occurred with each of these hybrids. A
yield of 19.9 tons with only 13 per cent of lodging was obtained
with the hybrid Ajax x Dwarf hegari.

GUAR

The 1943 experimental work included comparisons of effect of
date of planting and of variations in irrigation on seed yields.
Heavy rains early in August seriously interfered with the irriga-
tion differential treatments.

Seed yields showed little variation as affected by either the
date of planting or the condition of plants at the time of irrigation.
Plantings were made on May 15, June 3, June 19, and July 6, with
seed yields ranging from 1,411 pounds for the June 19 planting to
1,507 pounds for the June 3 date. Plots which were kept moist at
all times produced an average of 1,219 pounds of seed; those
allowed to wilt considerably produced 1,268 pounds; while those
on which the irrigation was withheld at first but was ample later
produced 1,355 pounds per acre.

SORGHUMS

Emphasis in the sorghum variety tests was placed on the com-
parison of northern sorghum -belt varieties and a similar compar-
ison of combine -type sorghums suitable for the southwestern part
of the sorghum belt to determine the yielding ability of such
sorghums under Arizona conditions. The interest in such varieties
is twofold: first, to determine the possible place of such varieties
in Arizona in comparison with commonly grown varieties, and
second, to determine seed -production possibilities of varieties
which might be grown solely or primarily for purposes of selling
the seed in other states. The standard varieties, Hegari and Double
Dwarf 38 Milo, were used as checks and consistently outyielded
the newly introduced varieties, as is shown in Table 7.

A new selection of hegari known as Hegari 13 was recommended
for increase on the basis of seven years of comparative strain
testing. Very little difference exists between Hegari 13 and other
individual strains included in the last three years of the compari-
son, but it was chosen as the best df the lot. The single strain
should result in slightly higher yields than those now being
grown.
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TABLE 7.- SORGHUM YIELDS IN POUNDS OF GRAIN PER ACRE

Northern sorghum -belt varieties Combine sorghum varieties

Hegari
Atlas
Norkan
Early Kalo.._....
Leoti
Kalo 617
Bonita
Cody

6,425
4,127
4,018
3,681
3,452
2,897
2,624
2,526

Double Dwarf
38 Milo

Westland
Caprock
Martin's Milo
Plainsman.

3,630
3,028
2,637
2,478
2,405

RED CLOVER

A planting of about one -fifth acre of Louisiana Red Clover was
made on the Salt River Valley Experiment Farm in November,
1943, for seed production. A yield of 101.5 pounds of good quality
recleaned seed was obtained, equivalent to 552 pounds of seed per
acre.

GREEN MANURE CROPS

Results obtained with both winter and summer growing green
manure crops at the Mesa Farm strikingly emphasize the value
of such crops compared with bare fallow as measured by yields
of succeeding crops, such as sorghums or small grains. Yields of
barley following summer growing green manures were depressed
somewhat by growing conditions shortly after they were planted.
The 1944 yields of Arivat barley following guar again exceeded
those of plots on which other green manures were used, as is
shown in Table 8.

TABLE 8.- YIELDS OF BARLEY FOLLOWING VARIOUS
GREEN MANURE CROPS

Previous crop Arivat barley
(pounds per acre)

Guar 3,455
Sesbania 2,388
Crotalaria juncea 2,521
Tepary beans 2,422
Cowpeas (Brabham) 2,141
Check (bare fallow) 1,448

Yields of hegari silage from plots in which winter growing
green manure crops were grown far exceeded those produced on
bare fallow check plots, as is indicated in Table 9. Silage yields
are increased as a result of growing green manures, but they are
lower than those obtained on commercial fields following a num-
ber' of years in alfalfa. It is very possible that green manures in
the rotation might prove satisfactory.
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TABLE 9.- YIELDS OF HEGARI SILAGE AS INFLUENCED BY
PREVIOUS GREEN MANURE CROPS

Previous crop 1942 1943 Yields of hegari silage
(tons per acre)

Hubam clover 16.18 16.07 12.33
Purple vetch 16.05 16.21 11.82
Calcarata vetch 14.58 14.16 11.70
Hairy Peruvian alfalfa__ 16.02 15.86 11.54
Sour clover 15.03 14.51 11.47
Fenugreek 14.35 13.70 11.38
Early sour clover 13.14 12.88 10.56
Bare fallow 13.07 9.36 7.97

SOIL PUDDLING

Soybeans were planted on soils that had been in lettuce for
several years. During the time the lettuce was on the land the
soil became puddled. In preparing the seedbed for the soybeans,
one plot was plowed and all the rest disked. There was no notice-
able difference in the time it took the beans to come up or in the
stand on these two different treatments, but from the first week
after the beans emerged, those on the plowed plot were making
much more rapid growth. By the middle of July the beans on the
plowed plot had several times more leaf area than those on the
disked plots, as is shown in Plate II.

Plate II. -Plot A was plowed and Plot B was disked only, previous to
planting.

Following each irrigation, water stood on the disked plots for
about thirty -six hours and on the plowed plots for about twenty-,
four hours, but on adjacent plots where the soils were in better
condition the water disappeared in less than ten hours.

The apparent specific gravity was determined for both the
plowed and disked areas, and shows materially less compaction in
the plowed soil for the 2- to 6 -inch profile (Table 10) .
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TABLE 10.- INFLUENCE OF PLOWING AND DISKING ON THE
COMPACTNESS OF PUDDLED SOIL

Plowed

0-2 in. 2-4 in. 4-6 in. 6-8 in. 8-10 in. 10-12 in. Av.

1.53 1.51 1.55 1.59 1.59 1.53 1.55

Disked

1.48 1.62 1.66 1.56 1.57 1.49 1.56

Soil thermograph records were made at depths of 6, 12, and 24
inches below the surface of the soil in soybean plots to test the
effect of irrigation on soil temperatures. Similar records were
made at a depth of 6 inches under a paper mulch and under a
straw mulch.

Irrigations during the summer months reduced the soil temper-
ature at the 6 -inch level 11 degrees Fahrenheit the first day, this
reduction gradually decreasing for five days, after which tempera-
tures in the irrigated and unirrigated soils were equal. The initial
reduction in temperature at the 1- and 2 -foot levels was about
6 degrees.

Both the straw and paper mulches were very effective in con-
trolling excessive soil temperatures at the 6 -inch depth. The max-
imum temperature from June 20 to August 18 was 87 degrees, and
the minimum was 76, with an average daily range of 5 degrees.
Without the mulch during the same period, the maximum was 96
degrees and the minimum 60, with an average daily range of 10
degrees.

ANIMAL HUSBANDRY

CATTLE FATTENING

Rations composed of varying proportions of alfalfa and barley
hay, hegari silage, barley or hegari grain, and cottonseed meal
have proved very satisfactory for fattening cattle in Arizona. This
year, because of its favorable price relationship to other grains,
wheat was included in the experimental feeding plan. Little infor-
mation is available on the use of wheat in the rations fed in
Arizona.

The experimental cattle were high- grade, dehorned, two -year-
old, range- raised steers shipped direct to the feed lots. They were
divided into seven groups of ten head each to provide the follow-
ing studies:

1. The relative value of wheat and barley when fed with a
basal ration of cottonseed meal, hegari silage, and alfalfa
hay.
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2. A comparison of steam -rolled barley and wheat each versus
ground barley and wheat when fed with cottonseed meal,
hegari silage, and alfalfa hay.

3. The relative feed -lot merit and profit in "cutback" steers
compared with sorted steers.

4. A comparison of light -weight versus heavy steers in the
relative amount and economy of gain, carcass grade, and
profit.

Wheat vs. barley

No significant differences were recorded either on foot or in the
carcass between the two groups of steers fed wheat and barley in
the amount of gain, dressing per cent, and grade. Feed consump-
tion was practically the same as the feed requirement per hun-
dredweight gain in each lot. Wheat as a rule contains 6 to 8 per
cent more digestible nutrients than barley, but chemical analysis
of the wheat used in this test indicated a difference of only 3 per
cent in its favor. Both groups were appraised at the same selling
price, and because of a feed price advantage the wheat -fed steers
returned a profit of $5.68 per head as compared with $4.32 made
by the barley -fed steers.

In these tests the usual advantage of wheat was not evident, but
they indicate that wheat may be substituted for barley, partic-
ularly when market price favors wheat.
Steam rolling vs. grinding barley and wheat

In this, the second test comparing rolled barley with ground
barley, the advantage in favor of steam rolling was not as marked
as it was in the preceding trial. The steers fed rolled barley made
only slightly greater and more economical gains than the steers
fed ground barley.

A similar comparison was made with rolled and ground wheat,
in which case a small advantage favored the ground wheat as
measured by the rate and economy of gain. However, a small
advantage was recorded for the rolled- wheat -fed steers in
slaughter and carcass grade.

Both the wheat and barley were ground more finely than de-
sired and, contrary to expectation, failed to emphasize the
advantage of rolling.
Feeding "cutback" steers

Ten steers judged to be the least desirable feeders were cut out
of the original group of seventy -one head and were fed in a sepa-
rate lot. These steers averaged 75 pounds lighter and were in
poorer condition than the other animals. During the first sixty -two
days the sorted steers gained 1/5 pound more per head daily than
the cutbacks, and at the close of this period five of the good steers
and only one of the cutbacks were acceptable for slaughter. The re-
maining steers were continued on feed thirty -one days to acquire
a market finish. The average daily gain of the cutbacks for the
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entire ninety -three day period was 2.17 pounds, as compared with
2.26 pounds made by the graded steers. Because of their greater
gains and higher selling price, the graded steers made a profit of
$7.92 per head, and the cutbacks registered a loss of $0.17 each.

Feeding light- weight steers

Following removal of the cutback steers, eleven of the remain-
ing lightest- weight steers were segregated and fed a ration of
rolled wheat, cottonseed meal, hegari silage, and alfalfa, compar-
able to a lot of sorted steers. These light- weight steers were a
younger group and weighed 182 pounds less per head than the
larger group. For the first sixty -two days of the test, these light
steers outgained the big steers by .2 pound per head daily because
of the higher condition of the larger cattle. Three of the big steers
and none of the light- weights were ready for slaughter at the
close of this sixty- two -day period. Carrying the test to completion
after a fattening period of ninety -three days, both groups made
practically the same gains for the entire period. The more econom-
ical gaining ability of young cattle held true with the light -weight
steers in this test, making their gains at a feed cost of $18 per
hundredweight compared with $20.60 for the big steers. This
advantage in producing a cheaper gain was insufficient to offset
the higher selling price of the better -finished, heavier steers, this
latter group realizing a profit of $3.43 per head as against $0.25
made by the lighter steers. The light -weight steers would have
sold to better advantage with three or four weeks' additional
feeding.

These results support recommended feed -lot management prac-
tices to segregate feeder cattle according to both age and grade.
Not only will the cattle benefit by proper classification in the feed
lot, but the cattle feeder will be enabled the better to judge the
relative performance of the groups and to recognize more readily
the slowly gaining, costly feeding animals.

PROGENY TESTING OF HEREFORD SIRES

This report is a summary of the three yearly reports on a feed-
lot and carcass comparison of progeny of three Hereford sires. The
principal objects of the study were: (1) to determine whether
significant differences exist between the progeny of different
Hereford sires in amount and efficiency of feed -lot gain and in the
carcasses produced, and (2) to test the feasibility of a record of
performance for Hereford sires.

Seventy -five young grade Hereford cows bred and raised on the
Larimore Ranch near Sonoita, Arizona, were divided into three
lots of twenty -five head each in May of 1940 (see Fifty-third
Annual Repart) . The three groups were divided as uniformly as
possible by means of individual scores. The bulls used were of
widely different blood lines. Weights of the calves were taken at
birth and at weaning time. The steer calves were brought to the
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University Farm for individual feeding to an acceptable market
finish.

The three sires used were: Domino 5th 2566169 by Domino
Prince 2206494 and out of Miss Domino 4th 2073151; A. Stanway
Star 2609619, by WHR Domino Stanway 44th 2198705, and out of
WHR Vega Domino 4th, 2275373; and a purebred but unregistered
bull (known as "Mischief B ") by Mischief 248th 2260498 and out
of Bonnie Mischief 79th 2265797.

Each steer was scored at the beginning of the feeding period, and
several body measurements were taken to determine whether any
characteristic of body form is indicative of feed -lot performance
or carcass merit. The experimental feeding period for each steer
was regulated as nearly as possible to a beginning and closing
body weight of 400 and 800 pounds, respectively. A period of two
months after weaning was required by a few of the smallest
calves to attain the prescribed beginning weight of 400 pounds.

An average of the three -year record of the calves by each sire
is shown in Table Necessary adjustments in equipment and
feeding methods impaired performance the first year. Most of
the calves did not consume feed to the limit of their capacity.
Only four steer calves by the Mischief bull were available this
year.

In the last two years of this study, 1942 -43 and 1943 -44, the
calves by Mischief B made the greatest gains, but the Domino 5th
calves had a slight advantage in amount of gain the first year,
1941 -42. None of these differences is significant. The Mischief B
calves excelled in feed utilization each of the three years, and
when they are compared with the A. Stanway Star steers the
difference is significant.

All sire groups made high as well as efficient gains the last two
years of this study, indicating a high rating in these respects for all
three sires. Prevailing moderate climatic conditions may have
some influence on these results when compared with those ob-
tained in north and midwest sections.

The steers sired by Mischief B and those by A. Stanway Star
were very similar in feeder grade, and both were superior to the
Domino 5th group. The carcass rating was similar to the feeder
rating the last two years, but the spread between sire groups in
carcass grades was smaller than that in feeder grades, and the
Domino 5th steers showed most improvement over feeder grades.
In other words, the differences in conformation in well -bred
Hereford calves are either more apparent on foot than in the
carcass, or these differences are exaggerated when graded on foot.
There was a tendency to give a blocky, low -set steer a greater ad-
vantage in feeder grade than his feed -lot performance or carcass
grade would warrant. The relatively upstanding and rangy char-
acteristics of the Domino 5th calves (though not extreme in this
respect) were much less apparent in the carcass.

The A. Stanway Star calves excelled in carcass yield. The
calves by Mischief B made the poorest yield but on the contrary
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rated highest in pounds of cold carcass per 100 pounds total
digestible nutrients consumed.

The Domino 5th calves were taller, larger, slightly deeper
bodied, wider at the thurls; and narrower in the fore rib than the
other groups. The differences in measurements were less than
the appearance of the steers in the three groups indicated.

Highly significant, positive correlations2 with daily gain were
obtained for circumference of cannon, length of body, width at
the thurls, and a measurement from the point of one stifle around
both quarters to the point of the second stifle. Initial weight and
daily gain were also highly correlated. In order to test the assump-
tion that the high correlations indicated above were influenced
by size of the animal, the measurements were divided by height
at withers to eliminate the effect of size. The correlations were
in all cases reduced, and only two (circumference of cannon and
length of body with daily gain) were significant.

The highest correlation obtained was between gain per 100
pounds T.D.N. consumed and daily gain. The fastest gaining
steers were the most efficient in utilization of feed. This correla-
tion would have been even higher in an age- constant population,
since the correlation of age and daily gain was negative; this
means that daily gain became smaller with increase in initial age.
The heaviest steers made the largest gains, but the lighter steers
at the beginning were in most cases fed for a longer period, which
was conducive to smaller gains. Condition at the beginning of the
feeding period had little association with gain.

Feeder grade showed a slight negative correlation with both
daily gain and carcass grade. This is surprising because it in-
dicates that the poorer steers at the beginning of the feeding
period made larger gains and yielded more superior carcasses than
those considered more desirable as feeders. Inasmuch as some of
the smaller steers did not reach the official starting weight of 400
pounds for from one to two months after the heavier steers were
put on test, during which time they were on full feed and were
eventually fed for a longer period, these slightly negative correla-
tions do not mean that the poorer steers had an advantage in these
respects. It does indicate that the poorer individuals in a group
of well -bred grade calves can be fed to a very satisfactory market
finish.

Daily gain was by far the most important factor affecting finan-
cial returns from the feeding operation. The correlation of these
factors for the last year of the study was +.821, the highest coeffi-
cient obtained.

SUMMARY OF RESULTS

1. The steer calves by Mischief B gained faster and more ef-
ficiently than those by A. Stanway Star and Domino 5th.

'Statistical comparisons reported are only for the last two years of the
study.



FIFTY -FIFTH ANNUAL REPORT 39

Variations between individuals in the sire groups were
enough so that the differences were not significant.

2. Amount and efficiency of gain were high for all three sire
groups when compared to similar tests reported by other
stations.

3. The Mischief B and A. Stanway Star steers were definitely
superior in feeder grade to the steers by Domino 5th, but
they maintained this spread only to a slight degree in car-
cass grade. The lower grading individuals of a group of well -
bred Hereford steers can be fed to a satisfactory market
finish at about 800 pounds. In such a group of steers, amount
of finish is considerably more important than conformation
in determining carcass grade.

4. There was a very close relationship between amount and
efficiency of gain. Amount of gain was highly correlated
with net return the last year of the study. Records of weight
alone are a good index of progeny merit.

5. None of the body measurements taken gave a very nearly
accurate appraisal of feed -lot worth, especially when placed
on a uniform size basis. However, an increase in circumfer-
ence of cannon, length of body, width of thurls, and stifle to
stifle measurement was slightly indicative of larger daily
gain. Although the taller steers generally made the largest
gains, when height was divided by weight to put on a uni-
form size basis there was a small trend in the opposite
direction.

6. Daily gain increased with an increase in initial weight but
decreased as the age of the steer became greater at the be-
ginning of the experiment. Rate of gain became smaller as
the feeding period lengthened.

7. Feeder grade was not indicative of daily gain or carcass
grade. Variations between individuals in time of beginning
the experiment and total time on feed were disturbing
factors.

8. Daily gain was the most important factor in determining net
return.

9. No outstanding superiority developed between the three
sire groups in this study.

10. The close association of amount of gain with efficiency of
gain and net return on feeding operation provides a practical
means for the breeder to obtain at least a partial measure
of the merit of his bulls by taking weights of progeny at
weaning and yearling ages.

ANIMAL PATHOLOGY
INFECTIOUS KERATITIS

Infectious keratitis (pink eye) still causes considerable economic
loss in range and pasture cattle. It is believed that infectious
keratitis includes several related eye infections. (1) Most eye
infections are the result of a primary injury which becomes in-
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fected with the normal staphylococci and diphlococci of the eye.
(2) After periods of four months or more of dought or lack of
green feeds keratitis occurs because of a vitamin A deficiency.
Direct or indirect inoculations to reproduce the disease have been
unsuccessful.

Treatments suggested include mild eye antiseptics and astrin-
gents. Where treatment involves gathering cattle into dusty
corrals, most infections have been aggravated. It is suggested that
under these conditions it is best not to treat the cattle.

PARASITE CONTROL

The single treatment of range cattle with rotonone sulphur
mixes for warbles has proved successful. Cattle are treated dur-
ing the time when the maximum warbles appear on the back. With
this method it requires several years to eliminate the flies, but an
average of approximately 75 per cent kill has been obtained the
first year and 50 per cent the second. Many new dipping vats have
been installed and cattle are being treated for lice and warbles.
A brush broom is used to open the warble lesions on the back.

Mixtures of 9 to 1 phenothiazine powder and salt are being used
to control roundworm parasites of sheep. This mixture is being
TABLE 11.- FEED -LOT AND SLAUGHTER DATA OF STEER CALVES
BY THREE SIRES (THREE -YEAR AVERAGE, SINGLE -STEER BASIS)

Domino 5th A. Sstanr ay Mischief B

Age, beginning of exp. (days)___. 256.0 262.1 270.2
Av. steer days 182.7 179.5 173.7
Initial weight (lbs.) 442.5 440.3 428.7
Final weight (lbs.) 816.4 793.2 801.4
Average gain (lbs.) 373.9 352.9 372.7
Daily gain (lbs.) 2.05 1.97 2.15
Daily feed per steer (lbs.)

Hegari silage 11.36 11.67 11.83
Barley* 6.42 6.42 6.52
Cottonseed meal 1.07 1.04 0.97
Beet pulpy t t t
Alfalfa hay 3.45 3.29 3.46
T.D.N. 9.90 9.88 10.00

T.D.N. per 100 lbs. gain (lbs.) 486.2 507.9 468.5
Gain per 100 lbs. T.D.N. (lbs.).__ 20.75 20.01 21.48
Feed cost per 100 lbs. gain$ $ 9.30 $ 9.70 $ 8.95
Grades§

Feeder grade 14.87 12.13 12.04
Carcass grade 13.48 13.12 12.44

Other slaughter data
Dressing per cent 58.63 59.54 58.19
Lbs. cold carcass per 100 lbs.

T.D.N. 25.55 25.63 26.10

*1943 -44 consisted of approximately one half barley and one half wheat.
tBegan feeding beet pulp on May 1, 1942.
Weed prices per ton were as follows: hegari silage, $4; barley, $36; barley
and wheat mixed, $40; alfalfa hay, $14; beet pulp, $36; and salt, $25.

§Numerous scores have the following values: fancy selected and prime, 2 to
6; choice, 8 to 12; good, 14 to 18; medium and commercial, 20 to 24.
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used when the sheep come in off the ranges before they are placed
on pasture.

POISONOUS PLANTS

Amaranthus Palmeri (careless weed) has caused several losses
in cattle. This weed furnishes a great quantity of feed during the
summer months. Occasionally in the fall the dried plant in the
field or stack becomes poisonous. Analysis shows that the plant
contains excessive nitrates. Tests have shown 4.6 per cent as
potassium nitrate.

THE DIAGNOSTIC LABORATORY

The diagnostic laboratory has continued to give service to
stockmen and veterinarians of the state. Some 2,711 cases have
been diagnosed. These include chickens, turkeys, rabbits, cattle,
hogs, and horses. Many field trips have been made to advise on
range surgery and control methods for disease. This work has
been stressed because of the need for livestock conservation.

BOTANY AND RANGE ECOLOGY

BURROWEED INVESTIGATIONS

The invasion of burroweed (Haplopappus tenuisectus) on
southern Arizona range lands has been a source of loss to stock-
men for many years. The plant damages ranges by competing
with forage plants and is known to be poisonous to cattle under
certain conditions. Eradication measures have usually given er-
ratic results, apparently caused by differences in the resistance of
the plant in different seasons.

In the fall of 1943, grubbing, mowing, and burning treatments3
were begun on a burroweed- infested area on the Santa Rita
Experimental Range to determine the time of year when eradi-
cation practices are more effective. Preliminary results of the
treatments are shown in Figure 1, based on counts taken on
October 19, 1944.

As shown in Figure 1, all the treatments were more effective in
the spring and summer months than in the fall and winter.

Grubbing the plants off 2 inches below the soil line with a
mattock killed a large proportion of the plants in all months but
gave complete control only during the period from May to August.
Burning the tops off the plants with a weed burner was found to
be as effective as grubbing during the .summer period but was
somewhat less effective during the fall and winter months. This
method of control appears to have promise for large -scale opera-
tion when efficient weed burning equipment becomes available.

'In co- operation with the Southwestern Forest and Range Experiment
Station, U.S. Forest Service.
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Figure 1.- Preliminary results of mowing, burning, and grubbing on burro-
weed (Haplopappus tenuisectus). Treatments made at twenty- eight -day
intervals between October 13, 1943, and September 21, 1944.

Mowing the plants to cut off the tops at mower -bar level (ap-
proximately 2 inches) was much less effective than grubbing or
burning during most of the year but killed approximately 90 per
cent of the plants during June, July, and August. The experi-
mental mowing treatments were done with pruning shears, and
there is some evidence that mowing with a machine is more
damaging to the plants, since larger plants are often uprooted or
broken off at the ground level.

Measurements will be made of the recovery of grasses and
other forage plants after the eradication of the burroweed. Obser-
vations will also be made on the effect on soil erosion of removal
of litter by burning.

Chemical analyses of burroweed plants taken from the experi-
mental plots have shown that carbohydrate reserves in the roots
and crowns of the plants are at highest levels during the fall and
winter months. These reserves decline during the spring and
summer to a minimum level in the middle of August, and it is
during this period that all the control treatments are most
effective.

CLIMATIC AND GRAZING INFLUENCES ON DESERT
GRASSLAND RANGE

Observations were made during the summer of 1944 on per-
manent quadrat installations at the Santa Rita Experimental
Range in a desert grassland vegetational type. The effects of
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climate and grazing intensity have been measured at this installa-
tion since 1931 by means of three groups of quadrats: (1) on an
area grazed by cattle and rodents; (2) on an area grazed by
rodents but not by cattle; and (3) on an area totally protected
against grazing by cattle and large rodents. A summary of the
effects of climate and grazing influences on this representative
desert grassland range over a thirteen -year period will be pub-
lished as a station bulletin.

Interest in the vegetational trends indicated during the 1944
growing season centered about the effective increases in density
of perennial grasses following the severe 1942 -43 drought period.
This drought was broken in the summer of 1943 by a seasonal
precipitation total of 11.25 inches at the Desert Grassland Station,
where observations are being made. This summer rainfall was 35
per cent above normal. The effects of this rainfall period were
manifest in the increase in density of perennial grasses during
1944, even though 1944 summer rainfall was slightly below normal.
Of the four principal species of perennial grasses on the study area
(poverty three -awn, Arizona cotton grass, black grama, and
Rothrock grama) , significant increases in density occurred under
all grazing conditions for all species except the poverty three-awn.
On the area subjected to grazing by both cattle and rodents, black
grama exhibited the greatest porportionate increase in density.
On the areas from which livestock were excluded, Arizona cotton
grass and Rothrock grama showed the most significant increases.
Extremerly high numbers of the annual carpetweed (Mollugo
verticillata) were counted on all areas, particularly on the graz-
ing enclosures. False flax (Evolvulus arizonicus) , a common per-
ennial herb of fair forage value, increased markedly under open -
to- grazing conditions.

ARIZONA RANGE RESOURCES AND THEIR UTILIZATION

Study of the range resources of Arizona and their utilization
has been continued. Basic information on grazing capacity of
range lands in the form of range surveys has been assembled by
all governmental agencies concerned with the jurisdiction of range
lands. Nearly 70 per cent of the total land area of Arizona has
been thus surveyed, as is shown in Plate III. The information on
grazing capacity of vegetational types as determined by range
surveys may be used by stockmen to secure maximum livestock
production and sustained forage yields.

It is planned to prepare a series of county bulletins which, when
completed, will cover the entire range area of the state. The first
of the series, dealing with Cochise County, has already appeared,
and the second, treating Coconino County, is in process of
preparation.
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Plate III.- Source map of range surveys, Arizona, 1943.

RANGE FORAGE UTILIZATION BY JACK RABBITS

Base ration tests have been continued with young Arizona jack
rabbits (Lepus tali f ornicus eremicus Allen) to supplement the
data on forage consumption published in Technical Bulletin No.
98.
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Young jack rabbits consume some dry feed as early as five days
after birth. Following weaning, at three weeks of age a rabbit
consumes an average daily ration equal to 2 to 4 per cent of its
body weight. From five to fourteen weeks of age, the food con-
sumption averages 6 per cent of the live weight of the animal.
Jack rabbits reach their maximum food consumption between
fourteen and twenty -six weeks of age.

In the course of the feeding experiments with captive jack
rabbits, it was found that the breeding season extends from Jan-
uary to late August. The first rabbits are born in early February
and the last are produced in September. The gestation period of
Arizona jack rabbits is forty -three days, and the number of young
per litter varies from one to three. Tests with seventeen rabbits
showed that they made the most rapid increase in weight during
the first twenty -six weeks and had an average weight of 2,060
grams at the end of this period. From twenty -six weeks to one
year the increase in weight is more gradual, a year -old rabbit
having an average weight of 2,200 grams.

ECONOMIC VALUE OF NATIVE, PLANTS

Rubber plants

A co- operative project with the Department of Agricultural
Chemistry and Soils for the determination of the rubber content of
native plants has been in progress since 1942. The results are given
under Agricultural Chemistry and Soils (see p. 14) .

Jojoba

In 1939, one hundred unselected jojoba (Simmondsia chinensis
[Link] Schneid.) plants were set out at the University Farm.
Records taken during the five -year period show that the first male
plants flowered in 1943, four years after planting, while the first
female plants flowered in 1944, five years after planting. Of the
original lot of one hundred plants twelve have died, thirty -two
are male plants, seventeen are female plants, and thirty -three are
as yet of unknown sex.

In 1944, a second lot of one hundred plants was started after
data had been obtained on seed weight, germination time, rate of
growth, number of early branches, and number of leaves and
nodes produced. It is hoped that one or more characters will be
found on the basis of which unnecessary male plants can be rogued
out at an early age to allow the fruit -producing female plants to
develop more rapidly.

Jojoba plants vary as to number of fruits produced, size of each
fruit, and number of fruits per inflorescence. Selections were
made of high -producing plants in 1944, and these will be grown
to provide material for further selections.

Propagation trials with cuttings taken from selected plants are
in progress.
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PLANT COLLECTION AND IDENTIFICATION

Staff members collected about 2,000 plants for the University
herbarium during the year. Among these were important collec-
tions from the Pinaleno, Santa Catalina, Chiricahua, Huachuca,
and Baboquivari mountains which included several plants not
previously collected in Arizona and many extensions of range of
known plants.

Fourteen thousand mounted specimens were added to the
herbarium from the collection of Dr. Forrest Shreve, of the
Carnegie Institution in Washington. The plants in this group are
mainly from southern Arizona and northern Mexico.

Another important addition to the herbarium received during
the past year is the private collection of Dr. Frank W. Gould. This
collection consists of plants from northwestern Arizona and from
adjacent areas in southwestern Utah -areas not previously rep-
resented in the herbarium.

The University collection is being reorganized to accommodate
this new material by removing duplicate and imperfect specimens
which had previously been held for record purposes. The dupli-
cate material has been used to pay off exchange accounts with
other institutions.

DAIRY HUSBANDRY

THE EFFECT OF COTTONSEED IN THE RATION ON THE FAT
AND SERUM SOLIDS CONTENT OF MILK

Two groups of six cows each, balanced as nearly as possible as
to period of lactation and fat test of the milk of the individual
animals, were used in this experiment. The double reversible
method was used -the periods of five weeks. The milk of the
first and the third periods was compared with that of the second.
Group 2 received cottonseed during the first and third periods
and Group 1 during the second period.

The feed, in addition to the cottonseed, consisted of alfalfa hay
and a concentrate mixture of five parts of rolled barley and one
part of wheat bran. The cows were on pasture about one hour a
day from March 16 to April 10 and from April 16 to May 27. The
experiment began March 13 and ended June 25. The cottonseed
was fed at the rate of about 2 pounds per head a day and was
mixed with the concentrates.

Tables 12 and 13 give the average milk production per day and
the average percentage of fat for both groups for the cottonseed
and the noncottonseed periods.

These tables show that cow No. 7 averaged .12 per cent higher
for the noncottonseed than for the cottonseed period. The fat test
for Nos. 12 and 14 were practically the same for the two periods,
while all others tested considerably higher for the cottonseed
period. This increase in test was from .16 to .34 per cent.
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Table 13 gives the average daily milk production, fat, serum
solids, and total solids, for the two groups for the cottonseed and
noncottonseed periods and also averages by periods for both
groups.

TABLE 13.- AVERAGE DAILY MILK PRODUCTION, FAT, SERUM
SOLIDS, AND TOTAL SOLIDS, FOR BOTH GROUPS

Group 1

Milk
(lbs.)

Fat
(%)

Serum
solids ( %)

Total
solids (%)

Cottonseed
No cottonseed

36.80
36.36

3.09
2.97

8.38
8.38

11.47
11.35

Group 2

Cottonseed
No cottonseed

45.46
41.04

3.25
3.03

8.59
8.55

11.84
11.58

Combined average

Cottonseed
No cottonseed

41.13
38.70

3.17
3.00

8.48
8.46

11.65
11.46

As shown in Table 13, there was no difference in the serum -
solids content of the milk from the two periods, but the milk
produced while on cottonseed averaged .17 per cent higher in fat.

Cows 12 and 16 did not relish the cottonseed and consumed not
more than about 11/2 pounds a day.

Analysis of these data indicates that the daily consumption of
approximately 2 pounds of cottonseed per cow does not affect the
serum -solids percentage of milk, but the fat content over a period
of five weeks may be expected to increase from .15 to .20 per cent
for a herd. Individual animals will vary from no increase in fat
to about.35 per cent.

The fat percentage increased rapidly and held this increase for
about two weeks, when the test reached a lower level but still
was higher than when no cottonseed was fed.

Composite milk samples for analysis were taken for the last
three days of each week. That is, when a change was made in
feeding, each group had been on or off cottonseed for four days
before milk samples were taken.

THE VITAMIN CONTENT OF MILK
RELATED TO CERTAIN FEEDING PRACTICES IN ARIZONA

Information on this project is given in the Human Nutrition
report.

PERMANENT PASTURE

Borders 1 to 5 inclusive -a plot of 157 acres on the east side of
Field "D" on Campbell Avenue Farm -was seeded September 20,
1943, to the following mixture:
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Pounds per acre
Perennial rye grass 4
Meadow fescue 6
Smooth brome 3
Orchard grass 2
Dallis grass 6
Rhodes grass 2
Alfalfa 2
Bur clover 2
Yellow sweet clover 2

Total 29

By December 6 perennial rye grass and meadow fescue pre-
dominated, with about one fourth as much orchard and dallis
grass as rye and meadow fescue. There was an occasional plant
of brome.

Because of a cold, late spring it was not ready to graze until
late in March. During early grazing bur clover predominated.
Of this there was too much. The pasture during spring was
principally perennial rye grass, meadow fescue, orchard grass,
and bur clover. This feed carried up to late July, following which
Bermuda grass rapidly took over the pasture. A light stand of
dallis grass was very chlorotic in late summer and was not rel-
ished by the cows. Observations showed that pasture was very
highly productive from March to early summer except when
irrigation was unavailable.

There was an average growth of 7 to 9 inches on March 22
which produced 43 ounces of green weight per square meter.
From March 22 to June 22 the pasture amounted to 1,697 cow
hours. This is equivalent to 18 cow hours per day, or six cows
three hours per day. Because of water shortage it became very
dry in April and again in May. It was irrigated approximately
every fifteen days from time of seeding to July 1, except Decem-
ber and January when irrigation was applied about every three
weeks, and also in April and May when there was a shortage of
water.

BABCOCK VS. MOJONNIER TEST FOR FAT IN HOMOGENIZED MILK

The average test of six different samples of milk taken at
weekly intervals during February and March is given in Table 14.

It will be noted that in all the different homogenizing pressures
the Mojonnier Test was slightly higher than that of the Babcock
Test. This difference is sufficient to require a correction when
the Babcock method is used for homogenized milk.

The number of tests is not large enough to justify definite con-
clusions, and a great deal more work will have to be done to
establish accurately the differential between these tests. All the
milk used in this work was pasteurized at 150 degrees F. before
it was homogenized.
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TABLE 14. -FAT TEST OF MILK SAMPLES FOR BOTH BABCOCK
AND MOJONNIER TESTS

No. of Homogenizing
ressurepressure
(lbs.)

Babcock
(

Moionnier
(% )

Difference
( % )

6 0 4.183 4.168 0.015
6 2,000 4.054 4.142 0.088
6 3,000 4.058 4.136 0.078
6 4,000 4.045 4.151 0.106

ENTOMOLOGY AND ECONOMIC ZOOLOGY

RANGE RODENT INVESTIGATIONS

Practically every attempt to secure data on the Arizona cotton-
tail has been unsuccessful, but the negative results have shown
that the cottontail population is at an unusual low, at least in an
area of 50 miles radius of Tucson. Verbal reports from other
areas indicate that this is a fairly widespread condition except in
occasional small local areas. As an example, on a 3 -mile hunt on
foot in the Page -Trowbridge Experimental Area, well suited to
cottontails, not one was seen. An abundance of coyotes currently
reported may be correlated with the rabbit scarcity.

Lack of rabbits gave more time for attention to the Arizona
round -tailed ground squirrel. Having only a one -litter breeding
season (in spring) , intensive work for a short period is required
on breeding habits.

SCALE INSECTS

Requests for information on identity, life history, and control
of these pests on wild plants, fruit, and ornamental trees and
shrubs continued in some volume. New scale material has been
collected and mounted, and, as previously reported, study of lac -
producing scales and of those affecting false guayule have been
continued.

OTHER PESTS

The brown dog tick (Riphicephalus sanguineus) , known forty
years ago only in southern Texas, has since spread widely, having
become noticeable in this state about 1939. It is now common
here as a serious pest of dogs, not in the open, but in places
frequented by dogs. Allowing an infested dog in the house may
result in heavy infestation of the floors and walls of the dwelling.
Although, fortunately, this tick seldom attacks human beings,
house dogs should be kept free from ticks.

In the fall of 1943 the tomato russet mite (Phyllocoptes de-
structor) first came to our attention in Arizona. It severely dam-
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aged tomatoes in the Santa Cruz and Salt River valleys in June
(and later) , 1944. Leaves of infested tomato plants turn bronze,
then brown, and the under surfaces appear glazed, appearing as
if exposed to extreme heat. Injury appears first on the lower
leaves and progresses upward until the entire plant may be
killed. Control: dust with fine (325 -mesh) dusting sulphur.

The squash borer (Melittia satyriniformis) badly damaged
summer squash in 1943 and 1944 in the Tucson area. The (white)
larvae burrow in vines, especially near the main stalk, and soon
the result is failure of fruiting or death of the plant.

The squash capsid (Pycnoderes quadrimaculatus) in 1943 de-
stroyed a half acre of green beans near Tucson. This active little
insect is but 1/8 inch in length, black, with white wing tips. It
attacks squash, pumpkin, watermelon, and cantaloupe, feeding
(by sucking) mainly on the under sides of the leaves. Injured
leaves may turn greenish gray, showing numerous black specks
on the under sides.

The orange dog (Papilio cresphontes) was unusually numerous
on citrus in the late summer of 1943. The front part of this dark
brown and light yellow caterpillar resembles the nose of a dog in
profile. When numerous, rather severe defoliation results. The
adult is a large orange and black swallowtail butterfly.

The western leaf- footed plant bug (Leptoglossus zonatus) was
abundant on citrus and pomegranate at Tucson last autumn. The
insect is 3/4 inch in length with portions of the hind legs broad
and flat. Piercing the fruit with its beak, it spreads heart rot of
pomeganate.

The legless white larvae of a weevil (Calendra phoeniciensis)
damage Bermuda grass lawns by their underground feeding. This
pest was injurious last year.

A brown wingless aphid (Cinara thujafolia ?) was so unusually
abundant on arborvitae in Tucson early in 1944 that attention was
attracted to them as they crawled on cement walks and porches.

COLLECTIONS

To the vertebrate collections have been added, notably, a
beaver skin -with -skull and skeleton, from the State Game De-
partment; and a grizzly bear skin -with -skull from the Canadian
Northwest donated by Professor Jack O'Connor, of the Arts
College staff.

We have now, we believe, a complete collection of the fishes
of southern Arizona (south of the Gila River) resulting from a
research project of two senior students. Included among the
several species is one new to science. This work on our fishes
correlates to a degree with the presently increased interest in
farm ponds as an important food resource.
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HORTICULTURE

VEGETABLE CROP INVESTIGATIONS

The Salt River Valley Vegetable Research Farm

The conversion of the old Tempe Date Garden has been com-
pleted, with a total of about 15 acres now available for vegetable
research. The soil is being built up by cover crops and other
practices and is becoming quite suitable for vegetable growing.

During 1943 -44, 10 acres of vegetables were grown. Most of
this was planted to breeding strains of cantaloupe and lettuce.
Two or 3 acres were utilized in investigations of vegetable seed
production. The greenhouse, which was completed in 1943, was
initially utilized in an investigation of the causes and prevention
of premature seeding of lettuce.
Premature seeding of lettuce

Each year the vegetable growers of Arizona suffer a consider-
able loss from the premature seeding of lettuce.

During the winter of 1943 -44 it was found that temperatures in
excess of 85 degrees F. for four weeks during the early growth of
the plant resulted in premature seeding at the time when a solid
head should have been formed. The tendency for the plant to bolt
after exposure to high temperatures was intensified by excessive
applications of nitrogen or excessive irrigation late in the growth
period of the plant
Cantaloupe breeding and selection

During 1943 -44 the Department grew and studied some six
hundred strains of hybrid cantaloupes. The most promising of the
hybrid material is a cross between Number 5, a U.S.D.A. mildew -
resistant melon, which was widely planted in the Imperial Valley
in 1944, and the Arizona 13. The third generation of this cross
shows nearly complete resistance to both A and B strains of
powdery mildew. (Tests on mildew resistance were made by
T. W. Whitacre of the U.S. Department of Agriculture with whom
the Horticulture Department co- operates.) Several generations
are needed to fix the type, but it is expected that a fine market -
type cantaloupe of high sugar content and mildew resistance
will result.

Another promising hybrid has resulted from a Hearts of Gold
Imperial 45 cross. Fourth generation hybrids give promise of an
extremely high -quality shipping melon combining the sugar con-
tent, flavor, and color of the Hearts of Gold with the carrying
quality of the Imperial 45.

The home garden has not been forgotten. In 1941 a cross
between a "Jap" melon and an Imperial 45 resulted in a large,
soft, thick -fleshed melon which left little to be desired in "eating"
quality. The sugar content and flavor are excellent. This strain
will be fixed sufficiently for release by 1946.
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The small size of Arizona 13 cantaloupes has been a disadvan-
tage for this newly developed variety. Under present economic
conditions the market demands are for a large melon. However,
the No. 13 has been found to be a satisfactory shipping melon in
other regards. It can be picked slightly before the full -slip stage.
It is, of course, not mildew resistant. The Arizona 13 has attracted
considerable attention in Florida, Colorado, and parts of Cali-
fornia. At least two commercial seed companies will list it for
1945 sale.

Lettuce breeding and selection

The lettuce improvement program has continued with further
hybridization and selection and also introduction of new and im-
proved strains. In 1944, four hundred hybrid strains were grown.
Among these were several promising new types having desir-
able market qualities and at the same time resistance to prema-
ture bolting and tipburn.

Strain 3 -4 -43 and strain 24 -43 will be increased in 1944 for
release in 1945. Both these strains are early small -heading vari-
eties of high quality. Strain 3 -4 -43 is similar to Imperial 44 but is
considerably more tipburn- and slime- resistant. Strain 24 -43 is
a dark green, thick -leafed lettuce somewhat similar to Great
Lakes but slightly larger and later.

The Arizona strains of Imperial 615 and 152 have been main-
tained pure through selection and controlled pollination. These
adapted .strains have proved to be uniform and dependable in
Arizona. Through arrangements with the Central Arizona
Grower- Shipper Association some 11,000 pounds of seed of these
strains were produced under the supervision of the Horticultural
Department. Selection within other strains of new Imperial
varieties are being made to obtain specialized adaptation to Salt
River Valley and Yuma conditions.

Onion breeding

Hybridization of Australian Brown and Crystal Wax has re-
sulted in a brown -skinned onion with white interior which is
mild and will store for long periods of time under southern Ari-
zona conditions. This strain is still segregating and will not be
ready for release until 1946.

Vegetable seed production

The production of certain types of vegetable seeds has become
established in Arizona, but many problems have been encoun-
tered in their commercial growth.

Experimental studies established the feasibility of production
of lettuce seed in the Yuma Valley; beet, carrot, onion, and broc-
coli seed in the Salt River Valley; and carrot, chard, onion, salsify,
collards, and other minor vegetable seeds and possibly cabbage
in the higher elevations.
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Average yields in pounds per acre somewhat as follows are
indicated: beet, 1,500; onion, 600; lettuce, 400; carrot, 600; cauli-
flower, 150; and broccoli, 800.

Fertilizer studies have indicated the general need for phosphate
applications at time of planting, followed by sufficient nitrogen
side dressings to give satisfactory vegetative growth of the plants
through to maturity.

Studies indicate that a plentiful water supply is highly im-
portant during the period of blossoming and seed formation.
Proper bed structures and frequent irrigations during May, June,
and July are necessary for proper seed filling of all crops studied
in the Salt River Valley. The failure to maintain satisfactory soil
moisture at this critical time in onion seed production caused
severe loss in the Safford area in the spring of 1944.

Another factor which often determines the quality of vegetable
seed is insect damage during blossoming and seed formation. In
co- operation with commercial agencies within the state, studies
were made on control of various insects with sulphur and sulphur-
pyrocide dusts. One year's results indicate that there is little
difference between sulphur and sulphur -pyrocide in the effect on
the final quality of the seed. Either one, or both, resulted in
higher quality seed than where the insects were not controlled.
Insects of the plant -bug group seem to be especially damaging.
Co- operation with the U.S.D.A. in vegetable work

Members of the Department of Horticulture inspected and ap-
proved approximately 1,200 acres of vegetable seeds in 1944. The
inspections were made for the War Food Administration, and the
seed involved was accepted for lend -lease sale.

Seventy -five samples of stock cauliflower seed offered to the
War Food Administration for lend -lease sale were tested on the
Mesa Experimental Farm for trueness to type and adaptability.
In only two cases were strains sufficiently poor to warrant dis-
posal of the lots. The general high quality of American strains
of cauliflower in this test is a good indication that American
growers are no longer dependent upon Europe as a source for
these seed items.
Possibilities for producing vegetables high in vitamin C

In the last annual report evidence was presented to show the
inverse relation between ascorbic acid and nitrogen in grapefruit
juice. This study has been extended to include cantaloupes, pota-
toes, bell peppers, sweet potatoes, and puncture vine (Tributes
terrestris) . The data for the sweet potatoes are not yet completed.
The others show the inverse relation between ascorbic acid and
nitrogen, as did grapefruit.

Quite evidently, the amount of nitrogen in the tissue has a
pronounced regulating effect upon the amount of vitamin C
present. Other workers have shown that sunlight influences the
amount of vitamin C in certain vegetables. This probably oper-
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ates by providing for optimum sugar synthesis. Ascorbic acid is
apparently formed from sugar. In Arizona light is not limiting,
but excessive amounts of nitrogen can limit carbohydrate stor-
age probably by (1) further speeding up respiration which be-
cause of temperatures is already high and (2) causing vegetative
growth which utilizes stored carbohydrates to form new tissues.
This in turn limits the vitamin C content. With the ample sun-
light present, all that is necessary to produce vegetables of ex-
ceptionally high vitamin C value is a careful regulation of the
nitrogen content of the plants.
A new lettuce planting sled

Thanks to financial assistance from the Central Arizona
Grower -Shipper Association, it has been possible to construct a
planting sled which combines several advanced features. This
is a two -bed sled carrying both planters and fertilizer hoppers and
placement shoes. This makes possible the accurate placement
of phosphate fertilizer in relation to the seed row. Lesser amounts
of fertilizer are necessary, and both fertilizing and seeding are
done in one operation. Fertilizer hoppers are of the top delivery
type. The sled also has the compression type of shaper plates, giv-
ing a firm, well- formed bed.

Plate IV. -The new sled which plants the seed and band places the fertilizer
in a single operation.
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CITRUS INVESTIGATIONS

Progress at the Salt River Valley Citrus Research Farm

Two new buildings have been constructed at the Valley Citrus
Farm. One is a combination workshop and storage room, and the
other is designed eventually to provide living accommodations
for staff members from Tucson and office room for the super-
intendent; but, until after the war this building will serve as a
dwelling for the superintendent.

In the way of experimentation, plots laid out for the study of
nitrogen -control have been under way for almost a year, and
several points of far -reaching significance have come to increase
our understanding of the yield performance and fruit quality
situation in the Phoenix area. These will be discussed later.
Several perennial grasses are now established so that their effect
upon the nitrogen situations in the tree and their general usa-
bility may be evaluated. Other plots are being kept clean by
cultivation or by oil spraying, and the nitrogen status of the
trees and their fruiting performance are noted.

Irrigation studies have been set up in co- operation with the
Soil Conservation Service. In these, electrical resistance blocks
have been installed at various depths to determine soil moisture
electrometrically.

The nitrogen control program for grapefruit orchards

Each year new evidence has been obtained which indicates
that only when the seasonal supply of nitrogen available to the
trees, and thereby the seasonal nitrogen content of the trees, is
controlled can large regular yields of high quality fruit be
obtained.

Based on the results of all studies a seasonal curve for leaf
nitrogen has been derived. (The nitrogen content of the leaves is
easily determined and provides an index of the nitrogen status of
the tree as a whole.) This curve is presented in Figure 2. It
shows how the nitrogen in the leaves should vary from about 2.2
per cent of the dry weight in the new but fully expanded leaves
to about 1.2 per cent by late summer. To accomplish this seasonal
variation it is first of all necessary to know just what is the nitro-
gen status of the orchard in question. Then, if necessary, nitrogen
can be added in the winter and removed in the summer.

A question which has been raised is: Would it not be possible
to add exactily the right amount of nitrogen in the winter and
thereby avoid the necessity of removing a surplus the following
summer? For several reasons this does not appear to be possible,
especially on heavier soils. In fact, the evidence is that it cannot
be done even on the light sandy soils of the Yuma Mesa.

Winter application of mineral nitrogen and the growing of
perennial grasses is providing the best and most usable means of
nitrogen control. Such grasses as perennial Sudan, giant panic,
Rhodes, and Johnson are proving especially useful.
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Figure 2.- Seasonal curve for optimum nitrogen content of grapefruit
leaves.

At this point it might be well to consider what happens to the
nitrogen added as fertilizer. There are three major destinies for
such nitrogen.

1. Absorption by the tree. In this case that part which enters
the fruit is later removed and lost from the orchard.

2. Leaching below the root zone with excessive irrigation.
Nitrogen once carried below the tree roots is lost from the
orchard. This is important on the Yuma Mesa, and it gives
a natural nitrogen control, which accounts for the large and
regular crops of that district. But in the Salt River Valley
it is so negligible that nitrogen must be much more carefully
applied.

3. Absorption by weeds or cover crops. This reduces the nitro-
gen available to the trees during the period when the vege-
tation is growing; and if it is cut and removed, the nitrogen
it has withdrawn is lost from the orchard. But if the
vegetation is disked in, the nitrogen will be returned and
will be liberated later with decomposition. This may be
at a time when available nitrogen is damaging.

Under present handling of most orchards in the Salt River
Valley the only loss is that taken off with the fruit. How much is
this? Calculations indicate that it is probably less than 1 pound
per tree. Thus, in orchards where even as little as 1 pound of
nitrogen per tree has been added, a continued high level of nitro-
gen is maintained. Figure 3 brings this out clearly.

Plots on the S. R. V. Citrus Research Farm maintained a rela-
tively high level of nitrogen throughout the summer. This was
true even where nitrogen had not been applied for almost two
years and where a winter crop of barley had been grown and
removed and a summer crop of Sudan grass grown. It took
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the combination of careful nitrogen fertilization and the perennial
grass on the Yuma Mesa to give the seasonal nitrogen_ situation
that is associated with best quality and yields of fruit. Salt River
Valley orchards are clearly on a nutritional level much too high
in nitrogen.

Too much nitrogen is dangerous

Data already obtained at the Salt River Valley Citrus Farm
substantiate those of several years at Yuma and reveal that the
general level of nitrogen in Salt River Valley grapefruit groves
is too high. This results in several rather definite conditions, all
of them bad:

1. The fruit is late in maturing, goes off grade earlier in the
spring, tends to be high in acid and low in Brix, has a rela-
tively low vitamin C content, and has a thick, rough peel
and undesirable shape.
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2. Several flushes of summer growth are made which use up
carbohydrates that should be going into the fruit or be stored
for the next fruiting season. This excessive summer growth
keeps the tree low in carbohydrates and thereby increases
the tendency toward alternate bearing. This tendency be-
comes especially pronounced when fruit is harvested late,
as it is in the Valley. Incidentally, each new flush of growth
must be sprayed to protect it from thrip injury. ,Phis adds
further costs to orchard operations.

3. Nitrogen is wasted when applied to trees already high in
nitrogen, since they will not absorb it. It may be worse than
wasted if it remains in the soil.

Salt River Valley grapefruit growers must recognize that their
need is largely one of reducing the nitrogen in their soils to a
point where it can be raised or lowered at will. This will take
some little time at best. It is not too soon to begin.

Removal of cover crops: nece.sity of and mechanics for

In co- operation with the Department of Agricultural Chemistry
a study is under way, both at Yuma and in the Salt River Valley,
of the decomposition of organic matter in the soil. This study is
designed to follow the seasonal nitrogen available to the trees
under conditions of clean cultivation, where cover crops are
grown and disked into the soil, and where cover crops are grown
and removed. Where cover crops are grown (weeds or grass)
and disked under and nitrogen added during the winter, the
level of nitrogen nutrition remains high througout the year.
Under these conditions it is impossible to obtain the seasonal
control of nitrogen that goes with high quality and high yields.

To obtain seasonal control of nitrogen it appears to be nec-
essary to grow a nitrogen absorber and to cut and remove it from
the orchard. The practical removal of such a crop depends upon
proper machinery. Plate V shows a machine designed to do this
job. It is a small tractor with cutter bar on both the front and
side. With this machine orchard mowing is simple. Then comes
the problem of removal. A sweep rake which attaches to the
front of the same tractor is being obtained and adapted. If
machinery can be developed whereby these grasses can be cut
and removed once each year without hand labor, orchard opera-
tions will be greatly simplified and costs minimized.

Nitrogen applied in winter does not go into the fruit

During the past year evidence has been obtained, both at Yuma
and in the Salt River Valley, that nitrogen applied during the
winter does not enter the fruit on the tree and, therefore, could
not directly influence its grade. Table 15 shows the results for
grapefruit and Valencias in the Salt River Valley and Figure 3
for the Yuma Mesa.
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Plate V.- Mowing machine for cutting cover crops in citrus orchards. Note
cutter bar on the front as well as on the side.

TABLE 15.- NITROGEN IN JUICE, PEEL, AND LEAF OF CITRUS
FOLLOWING NITROGEN FERTILIZATION

Kind of citrus Treatment
N of juice
Mg. /100

ml.
N of peel
% D.W.

N of leaf
% D.W.

Marsh seedless grapefruit Nitrogen
No nitrogen

101.7
104.6

1.11
1.11

2.27
1.78

Valencia oranges Nitrogen
No nitrogen

139.1
153.5

1.15
1.11

2.38
1.99

It is seen that although the nitrogen is absorbed by the tree,
as is indicated by an increased percentage in the leaves, there is
no increase of nitrogen in the fruit. Apparently a most interesting
and important physiological relation is involved. The fruit will
take up nitrogen readily during its period of growth and develop-
ment; but once it has colored and attained physiological maturity,
nitrogen taken up by the trees does not move into the fruit.
Nitrogen content of the tree influences the uptake of nitrogen

Data obtained this year and shown in Figure 4 indicate that
the nitrogen content of the tree influences the amount of nitrogen
absorbed by the tree. Plot 1 was fertilized with nitrogen, as was
Plot 2, but there was no indication that the trees in Plot 1 ab-
sorbed any of the nitrogen. This point cannot be considered as
definitely proved as yet, although it seems evident. If the data
are correct, then there is all the more reason for controlling
nitrogen. Nitrogen cannot be taken up well in the winter unless
it has been limited during the previous summer.
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Figure 4.- Nitrogen content of juice, peel, and leaves of grapefruit.

PECAN STUDIES

Pecan varieties

Observations on the behavior of pecan varieties at the various
elevations in the state continue. In 1943 there was a light crop
generally, which fact is believed to be related to unfavorable
temperature and light conditions of the previous winter. How-
ever, such varieties as Western, Mahan Humble and Delight, and
Onliwan yielded reasonably good crops. It is quite evident that
these varieties are more tolerant of winter conditions and can be
depended upon to bear more regularly than such varieties as
Success, Schley, and Burkett.

The 1944 crop is relatively heavy for all varieties througout
the state.

DATE STUDIES

The 1944 season at the Yuma Valley Date Garden

These palms were again fruited commercially. About 20,000
pounds of fruit of superior quality were obtained. No rain fell
during the period of fruit development, and consequently there
was a very negligible loss from spoilage or similar troubles. Much
of the fruit ripened on the palm.
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HUMAN NUTRITION

During the past year the Department of Human Nutrition has
continued its work on the National Co- operative Research Proj-
ect, the Nutritive Value of Foods. More information has been
sought concerning the effect of methods of conservation, dehydra-
tion, storage, and elimination of waste of certain foods; on vari-
etal differences and conditions of production; and on methods of
preparation for consumption. In order to make the findings avail-
able as quickly as possible, accumulated data have been reported
in the form of Arizona Agricultural Experiment Station mimeo-
graphed reports.

THE VITAMIN CONTENT OF MILK RELATED' TO CERTAIN
FEEDING PRACTICES IN ARIZONA

In co- operation with the Department of Dairy Husbandry, a
study was made of the carotene and vitamin A values of milk
from herds of Holstein cows representative of three feeding prac-
tices in southern Arizona. The herds were classified according to
the type of roughage fed, which included pasture, cut green feed
(soilage) , and hay or hay and silage. Samples of milk and rough-

age were collected at monthly intervals, and the milk was assayed
for carotene and vitamin A and the roughage for carotene.

The results of the first six months of the study have been sum-
marized in Mimeographed Report No. 61 of the University of
Arizona Agricultural Experiment Station. The total vitamin A
activity of milk from all pasture -fed herds ranged from 888 to
2,423 I.U. per quart and averaged 1,578. The herds maintained on
hay and silage produced milk ranging from 462 to 1,424 I.U. per
quart, with an average of 922. The average total vitamin A con-
tent of milk from the soilage -fed herds was 1,178 I.U. per quart,
showing a slight increase over that from cows on dry -lot feeding.

The carotene content of sixty -four samples of hay ranged from
0.30 to 6.11 milligrams per 100 grams and averaged 1.83. Thirty-
eight pasture samples were found to contain 6.14 to 35.42 milli-
grams of carotene per 100 grams (dry weight) averaging 20.72.

The superiority of succulent green feed as a source of carotene
in the ration of the dairy cow is apparent both from the carotene
content of the feeds themselves and the vitamin content of the
milk produced by cows on these feeds.

The project has been continued through the year and is still
in progress.

VITAMIN A IN BUTTER

The vitamin A potency of butter is closely related to the caro-
tene content of the feed which the cow receives. In Arizona,
where it is possible to maintain cows on green feed throughout
the year, butter of high vitamin A content should be produced.
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Samples of butter were analyzed for carotene and vitamin A at
intervals from December, 1943, to September, 1944.

The samples of Arizona -produced butter were supplied by the
Associated Dairy Products Company, of Phoenix, and a few
samples from national distributors were purchased on the local
market. The butter was stored at freezing temperatures until
assayed. The method of assay used was recommended by the
Technical Committee for the National Co- operative Project on
the determination of vitamin A and carotene in butter and slightly
modified by Berl and Peterson, of the University of Wisconsin.
In the calculation of International Units, 0.6 micrograms of beta
carotene and 0.3 micrograms of vitamin A were taken as equal to
1 International Unit. Calculations were based on the true carotene
content, the noncarotene pigments having been removed.

TABLE 16. -THE VITAMIN A CONTENT OF ARIZONA BUTTER

Date received I.U. per lb. Date received I.U. per lb.

Dec. 12 14,063 June 1 15,870
Jan. 6 15,350 June 9 15,297
Jan. 24 16,840 June 26 15,760
Feb. 4 16,027 July 3 14,973
Feb. 13 19,812 July 10 15,862
Feb. 18 17,247 Aug. 1 15,256
Feb. 23 20,905 Aug. 15 14,474
March 29 19,207 Aug. 28 15,542
May 12 16,307 Sept. 11 14,457

The vitamin A content of all samples of Arizona butter analyzed
averaged 16,292 International Units per pound and ranged from
14,063 to 20,905. The three samples received on February 13 and
23 and March 19 were prepared, at least in part, from factory -
separated sweet cream and were considered representative of
prewar butter. The factory- separated cream came from large
dairies with the more efficient pasture programs, which fact
may account for the higher value of vitamin A.

Four samples of two nationally distributed butters were
assayed in February and March and found to contain 9,612, 10,086,
11,247, and 8,652 International Units per pound. These butters
probably were produced in areas where green feed was not
available during the winter. At the same time a fortified marga-
rine was found to contain 10,210 International Units vitamin A per
pound.

A recent published survey of the vitamin A content of Wis-
consin butter showed an average of about 14,000 International
Units per pound, including the months March, July, September,
and January. The winter butter contained about 10,000 Interna-
tional Units per pound. As indicated by the present study, Arizona
butter is fairly uniform throughout the year in regard to vitamin
A and may be considered of high nutritive value in that respect.
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FACTORS AFFECTING THE CAROTENE, THIAMIN, AND ASCORBIC
ACID CONTENT OF CARROTS GROWN IN ARIZONA

Two varieties of carrots, namely Imperator and Red Cored
Chantenay, were planted on plots of the Yuma and Salt River
Valley experimental farms of the Arizona Agricultural Experi-
ment Station in October, November, December, February, and
March in 1942 -43. These carrots were harvested monthly after
growing periods ranging from sixty to two hundred forty days and
analyzed for their carotene, thiamin, and ascorbic acid content.

The findings have been reported in Arizona Agricultural Exper-
iment Station Mimeographed Report No. 66.

The percentage of carotene in the carrots from each plot in-
creased with size, and therefore with age, maturity, and length of
growing period. The average carotene content of the Yuma car-
rots of different sizes and stages of development planted in dif-
ferent months ranged from 2 to 20 milligrams, or approximately
3,300 to 33,000 International Units per 100 grams. No consistent
superiority in carotene content of one variety over the other in-
cluded in this study was noted. The influence of soil temperature
upon the rate of growth and therefore the increase in carotene
content is evident from the higher carotene content of carrots
from the south row over those in the north row of the east -west
beds. Also, carrots planted in October in the Salt River Valley at
a higher elevation and therefore in a cooler climate with longer
chilling periods grew and increased in carotene content more
slowly than those planted at the same time in Yuma. Carrots
planted in the spring months February and March not only grew
more rapidly, as was expected, but the carrots of the same market-
able size were appreciably higher in carotene content.

The thiamin content of all the carrots analyzed fell with the
range of 0.04 to 0.07 milligram per 100 grams. Carrots should thus
be recognized as poor sources of this vitamin. No consistent rela-
tionship of their thiamin content to variety, size, age, maturity, or
length of growing period was noted.

The ascorbic acid content of carrots of marketable size was
found to range on the average from approximately 3 to 6 milli-
grams per 100 grams. No significant difference was observed in the
ascorbic acid values of carrots planted in different months and
harvested after growing periods of different lengths, except that
the very young carrots of nonmarketable or "pencil" size were
somewhat richer in ascorbic acid per unit weight. These carrots
ranged from 5 to 8 milligrams per 100 grams.

THE VITAMIN C CONTENT OF COMMERCIALLY CANNED FRUIT
AND VEGETABLE JUICES

As commercially canned fruit and vegetable juices are com-
monly purchased by the housewife and served when fresh fruits
are not available, it was thought desirable to measure the com-
parative ascorbic acid content of as many commercially canned
juices as could be found in local markets.
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Analyses of the juices for their ascorbic acid content were made
immediately after the cans were opened. The chemical method of
S. A. Morell was followed, and the findings of the analyses of
twenty -nine different fruit and vegetable juices which were pur-
chased in Tucson, Arizona, in the spring of 1942, appear in Mimeo-
graphed Report No. 64. The canned juices included in the study
were found to vary widely in their ascorbic acid content.

Those found to be richest in ascorbic acid were orange, lemon,
and grapefruit juices, which yielded on the average 49.8, 46.0, and
41.9 milligrams of ascorbic acid per % cup, respectively.

Papaya fruit and tomato juices yielded from 20 to 25 milligrams.
Among the good commercially canned juice sources of vitamin

C which provided from 10 to 20 milligrams per 1/z cup were the
vegetable juices sauerkraut and spinach.

Pineapple, guava, strawberry, fig, mixed vegetable, raspberry,
and prune commercially canned juices were found to be only fair
sources of vitamin C. Common servings of 1/2 cup of these juices
provided from 5 to 10 milligrams of ascorbic acid.

Apple, cherry, grape, peach, pear, plum, carrot, and celery juices
were found to be poor sources of vitamin C, those analyzed ranging
from 0 to 2 milligrams per % cup.

THE VITAMIN A, B, AND C VALUES OF HOME -DEHYDRATED
VEGETABLES

Following the procedure recommended to Arizona housewives
by the Arizona Agricultural Experiment Station for dehydration
of vegetables in the home, a study has been made of the vitamin
A, B, and C value of the dehydrated products. The findings have
been presented in Arizona Agricultural Experiment Station
Mimeographed Report No. 57.

It appeared that many of the vegetables included in the study-
namely, beets, beet greens, broccoli, cabbage (red and green) ,

carrots, chard, rutabagas, spinach, squash (banana) , tomatoes,
turnip greens, and sweet potatoes- retained appreciable amounts
of their original vitamin value.

RELATION OF VITAMIN C VALUES OF ORANGES TO VARIETY,
SIZE, AND METHOD OF PREPARATION FOR CONSUMPTION

Because of wartime food shortage, elimination of food waste is
a very necessary phase of the food program. Accordingly a study
has been made of the relation of vitamin C values of oranges to
variety, size, and method of preparation for consumption, and the
findings appear in Mimeographed Report No. 62.

This study has shown that the method of preparation of citrus
fruits for the table markedly influences their food value when con-
sumed, primarily because of differences in the amount of waste
incurred when they are served in different ways. Navels, sweet
seedlings, Valencia oranges, and Marsh grapefruit, when prepared
as segments, provided from 40 to 80 per cent more vitamin C than
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when they were reamed, their juices strained, and the pulp and
peels discarded. Slicing was noted to be the next most economical
method of serving, for less of the ascorbic acid in each fruit was
discarded than was done when it was reamed. Again, each fruit
contributed more ascorbic acid when the juices were not strained
than it did when they were strained.

The smaller -sized oranges of all three varieties included in
this study were found to be richer in ascorbic acid content when
their values were expressed on the same weight basis. Therefore,
when fruit is purchased by the pound, a practice which is gaining
popularity, the smaller -sized oranges are the most economical
sources of vitamin C when they are prepared for serving in the
same way as the larger fruit. However, small -size oranges are
more commonly served as juices than as segments or slices. The
economy of purchase of small oranges may be offset by this fact.

Orange juice held in the icebox for twenty -four hours after the
fruit had been reamed retained most of the ascorbic acid originally
present in the fresh juice. On the average, only 5 per cent was
lost.

Oranges held in storage in the icebox for thirty days after they
were purchased changed but little in weight and lost on the
average only 5 per cent of their ascorbic acid. Those held at room
temperature for eleven days, having shrivelled in size and their
peels having dried, yielded approximately the same amount of
unstrained juice when they were reamed. It was less fresh in
taste and higher in ascorbic acid content.

Grapefruit and orange peels were found to be rich in ascorbic
acid. Further studies of the stability of this source of ascorbic
acid and its palatability when prepared for consumption in dif-
ferent ways are contemplated.

EFFECT UPON THEIR VITAMIN C VALUE OF INSTITUTION
PREPARATION OF VEGETABLES FOR CONSUMPTION

Very little is known of the extent of vitamin losses in large
quantity cooking processes. Accordingly a study has been made
of the ascorbic acid values of certain vegetables before and after
preparation for consumption in the Army and Navy Mess on the
University of Arizona campus. The findings have been presented
in Mimeographed Report No. 59.

Although it is popularly believed that vegetables cooked and
served in restaurants and large establishments retain only a small
percentage of their original ascorbic acid content and cannot be
relied upon to play an important role in the diet as antiscorbutics,
our study showed that the average amounts (milligrams) of
ascorbic acid supplied by common servings of several vegetables at
the time they were actually consumed by one thousand to twelve
hundred men of the Army and Navy training groups on the
University of Arizona campus were: for freshly cooked broccoli,
59 milligrams; green cabbage, 31; spinach, 22; cauliflower, 47;
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baked Irish potatoes, 8; Irish potatoes steamed in their jackets, 10;
baked yams, 20; mashed Irish potatoes, 2; mashed banana squash,
6; raw shredded Chinese cabbage, 21; and sectioned head lettuce, 3.

It would appear, therefore, that most of these vegetables made
a substantial contribution of vitamin C to the noon meal served
to the Army -Navy men. Because of the impossibility of controlling
in commercial institutional kitchens all the factors which would
introduce variable findings, no attempt was made to locate the
source of the losses in ascorbic acid which had occurred. The
study does show in a limited way, however, the losses in the vita-
min C content of vegetables when they were cooked and held for
consumption according to the methods practiced in the campus
mess.

VITAMIN A AND C VALUES OF DIFFERENT KINDS OF MELONS

A study has been made of the pro- vitamin A and vitamin C
contributions made by cantaloupes and certain other melons when
they were actually consumed by Army and Navy training groups
and students on the University of Arizona campus and reported
in Mimeographed Report No. 67.

Cantaloupes have been found to be excellent sources of both
carotene and ascorbic acid. They were generally well liked, and
common servings were of such size that they were generally
found to surpass the recommended daily allowances for these
vitamins (5,000 International Units of vitamin A and 75 grams
of ascorbic acid) . The milligrams of ascorbic acid per 100 grams
edible portion of cantaloupes were found to range from 25 to 63
and to average 42. The amount of ascorbic acid actually consumed
varied greatly with the size of the melon and that of the common
serving. As the weight of the edible portions of common servings,
one half of the smaller -size cantaloupes (45 per crate) , averaged
171 grams, the average amount of ascorbic acid actually con-
sumed in common servings was 72 milligrams. The milligrams of
carotene per 100 grams of the edible portion of cantaloupes ranged
from 1.52 to 3.10 and averaged 2.28. Thus common servings of
cantaloupes of the smaller size studied contributed on the average
4.20 milligrams or 7,000 International Units of vitamin A. Com-
mon servings of larger cantaloupes contributed even more
carotene and ascorbic acid, the amount being in proportion to their
size. However, no significant differences were noted in the per-
centage of ascorbic acid or carotene in melons of different sizes.

Other larger, yellow- fleshed melons, such as the Persian and
Jap, were found to fall within the range of vitamin A and C
values reported for cantaloupes. The relatively few Persian
melons tested yielded 36 milligrams of ascorbic acid and 3.10 of
carotene per 100 grams of edible portions. Honeydew melons
(greenish white flesh) are also good sources of vitamin C, although
they yielded approximately only one half the amount contrib-
uted by cantaloupes. The ascorbic acid content of honeydew
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melons ranged from 14 to 33 milligrams per 100 grams of edible
portions and averaged 21. On the average, common servings of
honeydews provided 38 milligrams of ascorbic acid, or approx-
imately two thirds of the day's requirement for this vitamin. The
carotene content of this type of melon is very low (0.03 mg. per
100 gm. E.P.), so its contribution to the diet of pro- vitamin A was
negligible.

Casaba melons appeared to be still poorer sources of vitamin C.
Their ascorbic acid content was found to range from 9 to 21 and
to average 13 milligrams per 100 grams of edible portion. That
they made a substantial contribution to the daily needs, however,
was evident as common servings yielded approximately 21 milli-
grams of this vitamin or, roughly, 28 per cent of the recommended
daily allowance. Like honeydews, casabas also contain a rela-
tively small amount of carotene and therefore made no appreci-
able contribution of pro- vitamin A.

Watermelons contributed rather surprising amounts of both
pro- vitamin A and vitamin C to the diets of Army and Navy
trainees and men and women students on the Arizona campus.
Samples of the edible portions taken from sixty watermelons
which were served at different times averaged only 7 milligrams
of ascorbic acid and 0.87 of carotene per 100 grams. Watermelon
should not, therefore, be considered an excellent source of these
vitamins. However, it is generally served and consumed in such
large amounts -edible portions averaging 334 grams -that it con-
tributed on the average roughly one third of the recommended
daily allowance of both vitamin C and pro- vitamin A.

The effect upon the ascorbic acid values of melons of such
factors as degree of ripeness when harvested and when served,
changes in storage, time of holding after they are cut, and samples
from different parts of the same melon have also been investigated
in a limited way. Further work along these lines is in progress.

PLANT BREEDING

COTTON

Upland cotton breeding

Breeding work with Santan Acala was carried out in 1943 -44
along the same lines followed in preceding years. Plant selections
were made from the best progeny rows grown in 1943. These
were studied in the laboratory and the less desirable ones elim-
inated on the basis of yield, boll size, percentage of lint, lint index,
seed index, and length and strength of lint. Seed from approxi-
mately one hundred twenty -five plants finally selected were
planted in progeny rows at Queen Creek in 1944. Selections from
these progeny rows for carrying on the work in 1945 have already
been made. A parent seed field planted with seed from the most
promising 1943 progeny rows was also grown. All work with
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Santan Acala is being done in co- operation with the U.S.D.A. Field
Station at Sacaton.

The same procedure was followed with Stoneville 2B on the
Yuma Valley Farm.

In 1943 the second generation plants of crosses between Santan
and New Mexico 1517, Santan and Stoneville 2B, and Santan and
Wilds No. 13 were grown on the Salt River Valley Experiment
Farm at Mesa. In addition, the first generation plants of the fol-
lowing backcrosses were grown: Santan (Santan x New Mexico
1517) , New Mexico 1517 (Santan x New Mexico 1517) , Santan
(Santan x Wilds No. 13) , and Wilds No. 13 (Santan x Wilds No.
13).

Plant selections from all the parental varieties were grown for
comparison. Selfed seed from the F1 and F2 plants, as well as
from the selections within varieties, were secured for carrying on
the work in 1944.

Yield per acre is one of the most important factors to be con-
sidered in the development of any variety of cotton. In the hybrid
material studied, all plants selected from the straight crosses were
F2 plants, while those from the backcrosses were F1's. For this
reason no attempt was made to obtain figures on yield. Wherever
there was a choice between high- and low- yielding plants, how-
ever, the former were always selected.

Other highly important factors to be considered are length and
strength of lint, while percentage of lint, lint index, seed index,
and size of bolls must also be given consideration. These factors
were all studied in the laboratory for each plant selected.

Table 17 shows the distributions of the length of lint obtained
from the F2 plants selected from the straight crosses, and from
the F1 plants of the backcrosses. These lengths were determined
from the sorting data obtained from a ten -seed sample from each
plant. Although they may vary slightly from the actual staple
lengths, they are comparable between plants. The length of lint
of each parent variety is also given. These parental lengths were
obtained in each case from ten samples of the variety grown in
adjoining rows from commercial seed.

Table 18 shows the distribution of the strength of lint obtained
from the selected F2 plants of each of the straight crosses, as well
as that of the F1 plants from each of the backcrosses. From each
cross F2 plants were obtained whose strength of lint was greater
than that of the strong parent. This is also true of the F1 of the
backcrosses where the strong parent was used as the recurring
parent.

A highly significant positive coefficient of correlation was found
between length and strength of lint in the F2 populations of the
crosses Santan x New Mexico 1517 and Santan x Stoneville 2B,
but that for the F2 plants of the cross Santan x Wilds No. 13 was
not significant. In each case the longer parent was the stronger
one, although in the case of the cross Santan x Stoneville 2B this
difference was much less than in the other two cases.
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After the laboratory study on all plants was completed, forty -
eight F2 plants from each of the straight crosses, as well as a
number of F1 plants from each backcross, were chosen for in-
crease on the Mesa Farm in 1944. In addition, plant selections from
Santan, New Mexico 1517, Stoneville 2B, and the F1 of crosses
made in 1943 were grown in 1944. Selections will be made from
each of these lots of material for carrying on the work in 1945.

Several F3 progeny rows from each of the straight crosses show
considerable promise from the standpoint of yield, but it remains
to be seen whether they will have the other desirable character-
istics, such as length and strength of lint, large bolls, high lint
percentage, and storm resistance.
Long- staple cotton breeding

Thirty -two F4 families of the second backcross of (Pima x
Tanguis) x Pima 2x, consisting of 410 ten -plant progenies, were
grown in 1943. These families were selected on the basis of the
lint characters, length, fineness, and strength. Seed weight also
received secondary consideration. Selfed seeds were used for
making all plantings. In order to show to what extent these lint
characters are breeding true in these families, the numerical value
of each character in the F3 parent progeny is compared with that
of the F4 progenies, as shown in Table 19.

TABLE 19. -LINT LENGTH*

Crop of 1942 Crop of 1943

Fs parents F, progenies - length classes, inches,
upper_ half mean

No. Length classes
(in.) 1.25 1.30 1.35 I 1.40 1.45 1.50

186 1.35 5 18 8 1

5 1.40 3 13 6
20 1.40 1 5 17
81 1.40 2 19 2 1

120P 1.40 9 13 2
149 1.40 3 15 10

12 1.45 1 8 12 3
71 1.45 5 8 8 3

172 1.45 1 8 12 11
201 1.45 7 19 6

*Parents: Pima x Tanguis 1 35; Pima 1.55, Tanguis 1.25.

Lint length
By referring to the tabulation of lint length one may see that as

a whole the longer F3 parents gave longer lint distributions in the
F4 progenies but that this tendency is not consistent when the
numbers are considered individually. For instance, F3 No. 186
with a lint length of 1.35 inches gave an F4 distribution of lint
lengths which were equal to or longer than those of F3 parents
with an average lint length of 1.40 inches. The longer F3 parents
with a lint length of 1.45 inches gave F4 distributions whose means
were fairly close to the length of their F3 parents. Since lint
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length is a quantitative character determined probably by many
factors, it is to be expected that a greater number of generations
of selection will be required to fix this character than for a char-
acter like flower color, which is determined by one or two factors.
From the spread of these F4 distributions it is apparent that most
of these families are closely approaching the uniformity re-
quired of commercial varieties.
Lint fineness

The mean values for fineness in the F4 progenies follow more
closely the fineness of their respective F3 parents than is the case
with lint length, although the spread of the fineness values is
greater in the F4's than for that of lint length. This greater spread
for the fineness values is thought to be due either to a greater
environmental variation of fineness, to a greater error in the de-
termination of fineness, or perhaps to both causes. By inspection
of the lint fineness tabulation it will be seen that families 12, 149,
and 172 are as fine as Pima, the original fine parent. It also seems
possible to isolate strains from these families with intermediate
degrees of fineness which would make possible the fixing of
varieties which do not require the greatest fineness.
Lint strength

It will be seen from the tabulation of lint strength that the
original parents of this cross, Pima and Tanguis, had about the
same strength. Consequently it would not be expected that
progenies of the cross wouldbe materially stronger than Pima and
Tanguis. However, F3 selections with different strengths show a
strong tendency to produce F4 progenies with strength compar-
able to their respective F3 parents, with the exception of two of
the ten families tested in 1943. Family No. 12 had an average
strength of 8.21 in the F3 of 1942 and an average strength of 8.17
in the F4 of 1943. On the other hand, family 201 had an average
F3 strength of 8.18, but gave an average F4 strength of 7.43 with
individual progeny strength running as low as 6.40. Some of this
variation is probably due to seasonal effects and experimental
errors in making the strength determinations, but it is also partly
due to segregation of strength factors. These tests indicate that
strength is determined, as are length and fineness, by several
genetics factors, and that selection for these characters will have
to be continued for two or three generations more than is re-
quired for single- factor characters in establishing the uniformity
essential for a commercial variety.

WHEAT

Sixty -five plants of the first generation of the first backcross of
the Timopheevi derivatives x Baart 38 were grown in 1943 -44,
Baart 38 being the recurring parent. This first backcrossed gen-
eration was again crossed on Baart 38 in the spring of 1944 and 248
seed of the second backcross was obtained which will be used for
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growing the first generation plants in 1944 -45. This 248 seed was
obtained by crossing Baart 38 on as many plants as possible of the
sixty -five first -generation backcrossed plants in order to include
all the different degrees of rust resistance in the first backcrossed
plants, since sufficient rust infection did not occur to enable the
more resistant types to be identified. The second generation of the
original cross, Timopheevi derivatives x Baart 38, was also grown
in order to obtain resistant segregates of the Baart type for further
crossing on Baart 38. Baart 38 was also crossed on a very strong -
strawed wheat in order to increase the strength of the straw in
Baart 38.

ALFALFA

Owing to a shortage of labor for handling the plots, it was neces-
sary to limit the alfalfa plantings to the selfed seed of the most
promising lines which are being carried in the inbreeding pro-
gram. These include the following lines: 16 -3, 5 -3, 6 -1, 24 -3, 136A,
194 -2, and 19316.

The selfed seed of these lines was planted in a nursery, and
when the plants were about 4 inches high they were transplanted
to the field. They were set out in rows, a single plant to each hill
with a space of 2 feet between the hills. This spacing permits a
more accurate determination of the value of each plant for vigor,
seed production, and disease resistance. From fifty to two hundred
plants of each line were set out, and while root rot (Phyma-
totrichum) reduced the stand about 10 per cent during the sum-
mer, a sufficient number of plants has been established for making
comparative studies in 1945.

PLANT PATHOLOGY

Plant diseases in victory gardens (Plate VI) have entailed con-
siderable work in this Department during the year. In numerous
cases gardners have avoided losses as a result of advice afforded to
them by members of the staff. Plot experiments with cotton have
indicated that cyanamide and barnyard manure reduce the in-
cidence of southern sclerotial rot in soils lacking organic matter.
Experiments in the control of Texas root rot in field crops have
been begun, following years of successful control of that disease
in orchards and other tree plantings. The new crop, guar
(Cyamopsis tetragonolabaj , scarcely known phytopathologically,
has required attention. Preliminary experiments with penicillin
suggest that the drug may prove valuable in the prevention and
cure of certain types of crown gall. Investigations on bacterial
necrosis of the giant cactus, a project co- operative with the U.S.
Forest Service, have included a study of the vector. Information
made available by the National Emergency Plant Disease Pre-
vention Project, with district headquarters in this Department,
has been valuable in pointing out diseases of crop and other eco-
nomic plants in need of attention. Most important of such diseases
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Plate VI.- Victory gardens like this, protected against diseases although
occupying only small areas of an ordinary city lot, have supplied all or the
larger part of the necessary vegetable diet for the family.

at the present time appears to be verticillium wilt that first
affected cotton in this state but is now spreading to other im-
portant plants.

SOUTHERN SCLEROTIAL ROOT ROT AND WILT OF COTTON

Final results of plot experiments on the control of southern
sclerotial root rot and wilt (Sclerotium rolfsii) of cotton in the
Salt River Valley were necessarily determined after harvest, too
late for inclusion in the preceding annual report. The object of
the experiments was to ascertain the effect, if any, of calcium
cyanamide4 and barnyard manure on the visible incidence of in-
fection. To accomplish this object the plots were kept under
observation for wilted and dead plants during the growing sea-
son. After the final picking, plants in a sample row in each plot
were excavated and their root systems were carefully examined
for evidence of infection.

The plots, located in a district that has been seriously affected
by the disease' in association with root knot (Heterodera
m ,arioni) , were 255 feet long by four rows wide, separated by two

'Contributed by the American Cyanamide & Chemical Corporation.
'Manfred Gottlieb and J. G. Brown, Sclerotium rolfsii on cotton in Arizona
Phytopathology 31: 944 -6. 1941.
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rows of cotton. In addition to these plots, there was a plot of
approximately 1 acre. One plot received barnyard manure only;
a set of plots received 250, 500, and 1,000 pounds per acre, respect-
ively, of calcium cyanamide; similar plots were treated with like
quantities of cyanamide plus barnyard manure. The largest, or
acre, plot received calcium cyanamide only at the rate of 300
pounds per acre. Control plots were provided.

The soil of the plots was a sandy loam poor in humus that had
borne cotton for two previous years. The cyanamide was applied
on April 7, a week before the manure and only eight days before
planting. Fertilizer and manure were disked in, then harrowed.
Acala variety of acid -delinted seed was planted and a good stand
resulted. No visible injury to seedlings due to cyanamide was
observed, even with strongest application, in this or past seasons.

Results obtained in the plots may be summarized as follows:
No plants were wilted or killed by Sclerotium rolfsii in any plots,
treated or otherwise, although the fungus was abundant in the
soil on decaying stalks of the previous cotton crop. The greatest
number of plants (two hundred) per 255 -foot row at the end of
harvest grew in the plot that received calcium cyanamide alone
at the rate of 300 pounds per acre. The lowest percentage (8.2) of
infected plants was encountered in the plot receiving 250 pounds
of cyanamide per acre plus barnyard manure as compared with
29.5 per cent for the control. Root knot, as was expected, was not
affected by the cyanamide, so far as numbers of infested plants
are concerned. The lowest percentage (30) of plants with root
knot occurred on a control, and the highest (67.5) on the plot
receiving 250 pounds of cyanamide per acre. Neither angular leaf
spot nor black arm was found in any plot.

In checking plants for disease, any and all plants with one or
more visible fungus threads of S. rolfsii or nematode galls were
listed as infested. Some infested plants were dwarfed but none
was killed. Evidence supported numerous reports that Acala cot-
ton possesses considerable resistance to the root -knot nematode.
Individual plants vary much in degree of resistance. No plant was
found to have numerous large knots; frequently a plant with roots
intertwined with those of a knotted plant showed no galls
whatever.

The results obtained in this and previous years on treated plots
in comparison with those untreated lead us to recommend the
use of calcium cyanamide and barnyard manure for cotton fields
infested with the parasites mentioned above and in which similar
humus -poor soils are found.

PHYMATOTRICHUM (COTTON OR TEXAS) ROOT ROT

The nature of root rot and the possibility of its reappearance in
treated areas some years after its apparent eradication make
necessary observations over a period of years before final con-
clusions are drawn. This is particularly true in the case of long-
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lived, deep- rooted woody plants, such as the pecan upon which
much of our experimental work has been conducted.
Cover crops and intercrops

Data obtained this year add more evidence that the use of non -
susceptible cover or pasture crops is essential to the control of root
rot in irrigated pecan orchards. A grove in which alfalfa was
replanted shows the greatest increase in cases of root rot. The
effect of a susceptible intercrop is evident in the pecans for sev-
eral years after its removal.

After the second summer with an intercrop of giant panic grass
(immune to root rot) the three blocks of pecan trees planted on
root -rot- infested soil in 1936 showed thé following infection:

Plot

1

2

Intercrop, 1939-41 Incidence of root rot, 1943

Immune crops:
Barley in winter
Sudan grass in summer

1 tree seriously infected
1 tree moderately infected
1 tree very slightly infected

Very susceptible crop:
Alfalfa

4 trees seriously infected
5 trees moderately infected
1 tree very slightly infected

3
Annual legumes:

Sour clover, winter
(escapes)

Iron cowpea, summer
(moderately
susceptible)

No root rot

Soil treatments in established orchards

Data are taken in November of each year on three commercial
plantings in which control measures were begun in 1937. Many
treated trees apparently have made complete recovery.
Soil treatments before planting

None of seventy -five pecan trees planted in infested soil treated
with sulphur, manure, and ammonium sulphate or ammonium
phosphate in 1936, 1937, or 1941 has died of root rot. Some trees
planted in untreated soil in this area have been lost every year.
Resistance of guayule

Two plots of guayule plants in their third year on root -rot-
infested land were removed on June 14, 1944, to make way for
new experiments. The roots of each plant were examined for
root -rot strands but none was found. Extensive damage by the
carrot beetle was evident on many plants, particularly the dead
and dying ones. A count gave 73 per cent large, thrifty plants, 12
per cent smaller plants that were mostly one -year -old replants, 3
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per cent dying plants, and 12 per cent dead plants. Loss of plants
in the other plots is about equal in root -rot -infested and control
plots.

DISEASES OF GUAR

Attention was first directed to guar (Cyamopsis tetragonoloba)
by its promise as a summer legume resistant to Phymatotrichum
root rot. Its only rival as a green manure crop on root -rot lands is
sesbania (Sesbania exaltata) . Commercial growing of guar for
seed (700 acres in 1943 and about the same area in 1944) and the
paucity of published information on diseases of the crop led to
field surveys of most of the commercial acreage.

The most serious disease which caused losses in yield of seed
from 10 to 50 per cent in 1943 was an undescribed mosaic malady.
This disease resulted in almost total suppression of seed pods on
affected plants and shoots. There was presumptive evidence that
the virus was spread by the cotton, or melon, aphid (Aphis
gossypii) that was abundant in many fields. No seed transmission
was detected in seventy plants grown in a greenhouse, under
cheesecloth, from the seed of severely affected plants.

Other diseases encountered were: (1) wilt and root rot (Plate
VII) due to an undetermined strain of Fusarium solani that
reduced the stand in some fields until the plants were 2.5 to 3
feet high; and (2) southern sclerotial rot, Sclerotium rolfsii
(Plate VII) , that killed from 1 to 15 per cent of the plants in
fields in three widely separated districts in 1944; (3) stem- bleed-
ing and cortical rot much frequented by insects, that were com-
mon in mid -September but not conspicuous six weeks later and
that injured or killed some plants; (4) blackening of the pith,
very common in September, apparently did not greatly affect the
yield, although plants concerned were abnormally light green. It
is noteworthy that no Phymatotrichum root rot was detected on
eleven plots of 0.2 acres each grown on heavily infested land in
1943 and 1944.

PENICILLIN AND CROWN GALL

Because penicillin proved lethal for the bacterium Agrobacte-
rium (Phytomonas) turnefaciens in cultures, it was tried on
growing crown galls in order to find out whether it might cure that
disease. The crude penicillin used was prepared in our own
laboratories. The galls treated were the so- called "soft" type on
Bryophyllum produced by inoculation with a pure culture of the
gall bacterium. They were wrapped with cotton soaked in crude
penicillin of a maximum strength of 6 Oxford Units. The galls
were soon killed (Plate VIII) . The penicillin treatment above
described is inexpensive, and it may prove useful in nurseries and
elsewhere in cases in which the galls are within reach. Excess
penicillin has been distributed among physicians and clinics as a
public service.
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Plate VII. - Diseases of guar. Left, root rot caused by a strain of Fusarium
solani. Right, root rot caused by Sclerotium rolfsii with white mycelial
growth at A and abundant "mustard seed" sclerotia at soil line B.

FURTHER WORK ON NECROSIS OF GIANT CACTUS'

Much of the work done last year on the necrosis of the giant
cactus has concerned the insect vector of the disease. In January
and February of 1943 it was noticed in dissecting diseased plants
that most of them had been extensively tunneled (Plate IX A) by
an insect, and that in many cases disease lesions were associated
with the tunnels. Erwinia carnegieana, the bacterium that causes
the disease, was repeatedly isolated from the tunnels. In March
of the same year insect larvae (Plate IX B) were collected from
the tunnels. Upon culturing the larvae it was found that not only
their surfaces but also their intestinal tracts carried the organism
responsible for the cactus disease. The larvae were reared and
the adult identified' as Cactobrosis fernaldiales Hulst, a nocturnal
moth (Plate IX C, D) . Erwinia carnegieana was isolated from the
body of the moth, and later from the eggs. Further work is pro-
gressing on the life history of the insect and its relation to the
disease.

°Co- operative project with the U.S. Forest Service.
7Identification by Dr. Heinrich, U.S. Bureau of Entomology.
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Plate VIII. -Crown gall cured with penicillin. The galls were the same age
and size at the time the two on the left were treated. Treated galls were
soon brown and dead; the untreated gall at right remained pale green and
growing.

In March of 1943 ten giant cacti, ranging in size from 10 to 15
feet, were transplanted from the Tucson Mountains to the cam-
pus. These plants have served several purposes. Varying quan-
tities of water have been given to different giants in an effort to
determine whether any relation exists between severity of the
disease and amount of rainfall. Inoculations were made by sev-
eral methods. In some cases hypodermic injections of a suspension
of Erwinia carnegieana were used; other plants were inoculated
by placing in them larvae of the moth vector; the stab method
was used with some inoculations and, in the study of floral infec-
tion, spraying with a bacterial suspension was employed.

Accurate records have been kept of the temperatures in the
vicinity of the transplanted giants.

Not enough time has elapsed to make possible a conclusion on
the nature of the relation, if any, between severity of disease and
precipitation. The inoculation experiments are proving valuable
in tracing the progress of the necrosis under varying conditions,
but more time and work are necessary before definite conclusions
can be drawn.

DRY ROOT ROT OF CITRUS

The effect of soil treatments similar to those developed for the
control of Phymatotrichum root rot is evidently long lasting, since
no recurrence has been noted in trees that recovered after treat-
ments made in 1938 on tangerines, in 1939 on navel oranges, or in
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Plate IX. -A, longitudinal section of a branch of a giant cactus showing
tunnels made by larvae of the moth Cactobrosis fernaldialis Hu1st and sur-
rounded by dark infected areas; B, larva in a tunnel; C, adult moth; D, pupa.
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1940 on Valencia oranges. Some new cases have appeared on
untreated trees in the same groves.

Dry root rot, prevalent in 1938 to 1940, inclusive, has continued
to become less frequent in occurrence. During 1943 most of the
dead and injured trees found in Arizona groves were damaged by
gophers and a few by brown rot gummosis.

DISEASES NEW TO THE STATE

The following plant diseases observed during the past year have
not been previously reported on the particular host concerned:
anthracnose (Colletotrichum trifolii) of alfalfa; citrus decline on
grapefruit and orange; common smut (Ustilago maydis) on sweet
corn; curly top (virus) on Swiss chard, bell pepper, and Mexican
pink bean; crown gall (Agrobacterium turnefaciens) on goose-
berry; early blight (Cercospora apii) of celery; Fusarium root rot
(F. sp.) of guayule; immature fruits (possibly virus) on peach;
iron deficiency in grapefruit; late blight (Septoria apii) of celery;
leaf spot ( Cercospora beticola) of garden beet; leaf spot (Myco-
sphaerella rubi) of boysenberry; leaf spot (Xanthomonas phaseoli
sp. secalia) of rye; mosaic of guar, paprika pepper, sugar beet, and
zinnia; nitrogen deficiency in cotton and lemon; pink root (Phoma
terrestris) of onion; phosphorus deficiency in tomato; psorosis A
in orange; psyllid yellows of tomatoes; rhizoctoniose (Rhizoctonia
solani) of alfalfa and celery; root knot (Heterodera marioni) of
Chinese cabbage, rutabaga, and yellow flax; spotted wilt (virus)
of tomatoes; sun scald of bell pepper; Texas root rot (Phyma-
totrichum omnivorum) of cassia (Cassia leptophylla) and wild
tobacco (Nicotiana glauca) , natives of Arizona, and on cherry
laurel (Prunus caroliniana) and crotalaria ( Crotalaria agathi-
flora) ; wart (virus) of peach; watery brown rot (Sclerotinia
sclerotiorum) on celery and Chinese cabbage; wilt ( Fusarium sp.)
on okra; witches' broom of bean; and zinc deficiency in grapefruit
and orange. Certain crops named in the preceding list, such
as celery and sweet corn, have only recently been grown
commercially.

POULTRY HUSBANDRY

BREEDING INHERITANCE STUDIES

Developing a high egg -producing strain

It is an established fact that high egg yield is one of the most
important contributing factors toward assuring profitable egg
production. This was shown through the analysis of data obtained
through a survey made by this station on forty -four poultry farms
in the vicinity of Tucson in 1932. It is further substantiated by
similar surveys made in the states of Oregon, California, Missouri,
New York, and Connecticut. Any system of breeding which will
aid in increasing egg production will assist materially in creating
profit from egg production.
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The results of ten years of selection in which the foundation
stock consisted of individuals selected on the basis of their own
individual records, irrespective of family performance, and seven
years of selection on the basis of high -producing families are
shown in Tables 22 and 23.

TABLE 22.- RESULTS OF TEN YEARS OF SELECTION FOR HIGH EGG
PRODUCTION (FOUNDATION MATINGS)

Year of
mating

Av. egg production Percentage
lay of

progeny to
parents

Range in
progeny

production

Per cent
progeny

laying over
200 eggsParents Progeny

1933 -34 258 132 51 46 -215 10
1934 -35 256 111 43 46 -210 12
1935 -36*
1936 -37 234 211 90 137 -264 70
1937 -38 243 158 65 75 -258 35
1937 -38 262 173 66 94 -238 33
1938 -39 259 211 81 122 -278 67
1939 -40 249 215 86 179 -255 66
1940 -41 274 223 81 137 -305 77
1941 -42 263 235 89 175 -292 87
1942 -43 280 196 70 142 -256 46

*No foundation mating.

With the exception of the years 1936 -37 and 1942 -43 there has
been a progressive increase in the average number of eggs pro-
duced by the progeny, an increase in the low and high points
within the egg production range, and a trend toward an increase
in the percentage of fowls that exceeded 200 eggs per year. In
1942 -43, although the parent stock averaged 280 eggs, the prog-
eny averaged only 196, which is 70 per cent of that of the parent
stock. The lower and upper limits in the range of egg production
and the percentage of birds laying more than 200 eggs were all
lower than in recent years. It is felt that these decreases were due
to inbreeding which crept into the breeding arrangement and
that a system of outcrossing will have to be used to offset this
tendency toward decreasing production.

TABLE 23.- RESULTS OF SEVEN YEARS OF SELECTION FOR HIGH
EGG PRODUCTION (FAMILY MATINGS)

Year of
mating

Av. egg production Percentage
lay of

progeny to
Range in
progeny

Per cent
progeny

laying over
IParents Progeny parents production 200 eggs

1935 -36 230 126 55 89 -226 7
1938 -39 255 224 88 191 -243 83
1939 -40 200 218 109 186 -260 76
1939 -40 234 170 72 72 -247 34
1940 -41 251 202 80 158 -256 50
1941 -42 232 215 93 135 -271 75
1942 -43 284 217 76 118 -263 70
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The use of family selections as a means of increasing egg pro-
duction in the progeny proved very successful for the first three
years, from 1935 -36 through 1939 -40, during which period the
percentage lay of the progeny to that of the parent stock increased
from 55 to 109 per cent, indicated in Table 23. This figure was 72
per cent in 1939 -40, and for the next two years the percentage
lay of progeny increased, reaching a 93 percentage lay compared
with parent stock. In 1942 -43 the production of the progeny was
less compared to the parent stock than it had been during the past
two years. Here again it is believed that these decreases were due
to improper inbreeding in the breeding management.

Developing- a low egg -producing strain

A strain of fowls established for consistently low egg production
can be used as a measuring stick in establishing the value of males
in influencing increased egg production. Such a strain can be used
as a means of "proving sires."

Table 24 sets forth the results of eleven years of work on selec-
tions for low egg production. In every year except 1940 -41 the
parent stock had a low egg average. For the first four years the
sires' dams were high producers. From then on the sires of low -
producing dams were used. The average egg production was rel-
atively low in the offspring from the first four years' matings,
notwithstanding the high production behind the males. This in-
dicated that the males were exerting very little influence in in-
creasing egg production in the offspring. For the next three years,
1937 -38 through 1939 -40, the average production of the matings was
118 eggs per hen. The progeny from these matings averaged 152
eggs, 34 eggs per bird better than the parent stock. This seems to
be a general tendency in low- producing stock, whereas in high -
producing strains of fowls the tendency is the reverse, as the off-
spring lay less than the parent stock.

TABLE 24.- ELEVEN YEARS OF SELECTION FOR LOW EGG
PRODUCTION

Year
Av. egg production

Range in
progeny productionFemale

parents
Male's
dam Mating Progeny

1933 -34 122 264 193 132 89 -267
1934 -35*
1935 -36 115 248 181 95 45 -148
1936 -37 140. 253 196 191 176 -206
1937 -38 116 178 147 139 88 -181
1938 -39 90 101 95 147 53 -235
1939 -40 147 73 111 170 33 -249
1940 -41 135 87 111 228 147 -282
1940 -41 228 72 150 200 165 -229
1941 -42 104 132 118 211 167 -274
1942 -43 106 85 95 171t

*No progeny.
tone pullet only.
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In the progeny from the 1940 -41 mating a startling condition be-
came apparent. The progeny produced an average of 228 eggs a
bird, 205 per cent greater than did the parent stock. It was felt
that some error occurred in making the selections. A check back
through the previous generations showed no error and that there
had been a constant line of selection for low production in both
males and females from the year 1937 -38 on. A similar condition
occurred in the next two subsequent years, the progeny averaging
200 and 211 eggs, respectively. This sudden increase in egg pro-
duction occurring in a supposedly low -producing strain is still a
mystery.

Since the high egg production obtained might indicate quite a
degree of purity for high egg production, the high -producing
progeny were mated in 1943 -44 to a male from a high -producing
dam. The seventeen progeny obtained from this mating averaged
204 eggs a bird. Eighty -two per cent of the seventeen birds ex-
ceeded a 200 -egg production for the twelve -month period.

Prolonged economic production

A hen is usually not in economic production for more than two
consecutive years, after which it is sold for its meat value. Fifty
per cent of the flock is usually replaced each year with pullets.
This replacement cost is one of the major items of overhead in
egg production. If a strain could be produced which would lay
profitably the second and third years in addition to the first, this
cost of replacement could be reduced 34 per cent.

A breeding project toward this end was begun in 1938 -39. That
some progress has been made is indicated by the make -up of the
breeding pen for the spring season of 1945, as given in Table 25.

TABLE 25.- MAKE -UP OF BREEDING PEN FOR SPRING, 1945, FOR
PROLONGED ECONOMIC PRODUCTION STRAIN OF HENS

Hen
no.

Egg production

First year Second year Third year Fourth year

X -503 269 234 168 214
Y -334 237 224 180
Y -375 236 208 199
Y -385 237 214 188
Y -403 275 199 209
Y -407 234 211 213
Y -426 259 209 181
Y -434 292 265 231
Y -457 267 216 196
Y -484 286 238 205
Y -511 276 200 188
Z -294 276 210
Z -437 225 238
Z -444 263 237
Z -484 200 210
Z -499 240 240

Average 257 222 196 214
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Establishing a strain for large eggs

A series of selections was made in 1937 -38 with the hope that
through this method the size of the egg of the progeny could be
increased. These selections have continued for six years. That
progress has been made is evident from a glance at Table 26. The
size of the eggs produced by the progeny has increased from the
year 1937 -38 through 1942 -43 with the exception of the foundation
mating in 1942 -43. The range in egg size increased proportionately
as did the average size of eggs in the best family. In 1942 -43 the
size of eggs of the progeny of the foundation mating, maximum
egg -size range, and size of eggs in the best family were all some-
what less than in the family mating. The reason for this decrease
is yet to be determined.

TABLE 26.- RESULTS OF SIX YEARS OF SELECTION
FOR LARGE EGGS

Av. egg Av. egg Range in
Year wt.mating wt. progeny egg wt.

progeny Kind of Best family
ay. egg wt.mating (oz. per

doz.)
(oz. per
doz.) (oz per

doz.)
mating per doz.

1937 -38 27.7 23.2 21.0 -25.4 Foundation 24.2
1938 -39 26.7 24.1 22.0 -25.4 Foundation 24.1
1939 -40 26.0 24.8 23.5 -26.0 Families 25.3
1940 -41*
1940 -41 26.5 25.7 22.8 -30.0 Families 25.9
1941 -42 27.9 27.0 25.2 -28.5 Foundation 26.7
1941 -42 27.3 27.0 24.0 -29.6 Families 28.4
1942 -43 26.7 27.4 25.7 -29.7 Families 28.5
1942 -43 26.4 25.7 24.7 -27.4 Foundation 26.6

*No progeny.

Establishing a strain for small eggs

If through a properly operated breeding system the size of the
egg can be controlled for both large and small eggs and the tend-
ency for either can be developed at will, the question of egg size
shall have been solved. And, as in the case of a low -producing
strain, a small- egg -size strain can be used to measure abilities to
transmit large egg size.

Although there has been a trend toward a smaller egg size in the
progeny, as indicated in Table 27, from the year 1937 -38 through
1942 -43, and the lower range of egg size has tended to be reduced
somewhat, the upper -range size continued to be about on a level
with the eggs from the original stock. The fact that the trend of
the average size of eggs in the progeny has been downward is an
indication that some progress is being made toward establishing a
strain which will produce small eggs.
Environmental factors and their effect on the natural egg cycle

Protection and the regulation of environmental conditions are
the primary purposes of housing. Formerly the objective was to



88 AGRICULTURAL EXPERIMENT STATION

TABLE 27.- RESULTS OF SIX YEARS OF SELECTION
FOR SMALL EGGS

Year
mating

Av. egg wt. mating
(oz. per doz.)

Progeny

Av. egg wt.
(oz. per doz.)

Range in egg wt.
(oz. per doz.)

1937 -38 20.6 22.1 20.5 -24.2
1938 -39 20.5 21.7 19.4 -23.3
1939 -40 20.5 22.4 20.0 -24.5
1940 -41 22.1 22.6 20.4 -23.3
1940 -41 22.1 22.9 22.6 -23.3
1941 -42 19.2 23.3 21.9 -24.5
1942 -43 21.3 21.6 20.0 -23.4
1942 -43 21.3 21.5 19.4 -24.4

provide protection against the elements. Today such factors as
temperature, light, humidity, space, and sanitation are given
consideration.

The semiarid area of the Southwest presents many problems for
the poultryman. The climate is such that the comfort of the bird is
of major importance if profitable production is to be obtained. The
environmental factors therefore take on added significance as to
their effect on the natural egg cycle.

The series of tests herein reported dealt with:
1. The effect of light and temperature variations during the

twenty- four -hour period on the weight and number of eggs.
2. Seasonal variations in temperature and the length of day -

light on the rate of lay.
3. Continuous light and its effect on the distribution of lay

over the twenty- four -hour period.
4. Controlled environmental conditions and their effects on

egg size, food consumption, weight changes, and mortality.
The results obtained warrant the following conclusions:
1. Laying hens are adversely affected by sudden temperature

changes as well as by prolonged periods of high temperature.
2. Birds that are confined to air- conditioned houses will have a

uniform distribution of lay over most of the year. Birds in
houses that are not air conditioned will be erratic in their
distribution of lay. Such birds will reach their peak of pro-
duction in the spring months and decline rapidly as hot
weather arrives.

3. A substantial number of eggs will be laid during the period
from 6 P.M. to 6 A.M. by birds subjected to continuous light
in air -conditioned houses. Birds confined to batteries in non -
lighted houses which are not air conditioned will lay a much
smaller proportion of their total lay during this period. The
total number laid, however, will be much larger than in the
case of birds kept on the floor under similar conditions.

4. It has been contended that continuous light has a stimulat-
ing effect upon the bird resulting in greater food consump-
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tion with a consequently greater number of eggs. This was
not the case in these tests.

5. A natural tendency exists for eggs to increase in size during
the pullet year. Sustained high temperatures will overcome
this tendency and cause egg size to decline.

6. Mortality in both the controlled and noncontrolled caged
groups was in general accord with that recorded for birds
kept on the floor. Heat losses accounted for a major part of
the mortality sustained by the outside lots.

7. Some birds in both groups weighed less at the end than at
the beginning of the tests, but apparently no relationship
exists between the size of egg and the loss of body weight.

8. The results obtained do not justify the use of close confine-
ment, continuous light, and controlled environmental con -
ditions as practiced in these tests.

9. Air conditioning of poultry houses for southern Arizona will
result in larger eggs and elimination of heat losses. A system
of floor management with air conditioning offers a means of
counteracting the slump in production and decline in egg size
which accompanies high summer temperatures.

This project has been terminated and data put in form for
publication.

POULTRY FEEDING

Restrictions on the incorporation of many ingredients that are
normally used in poultry rations have had an adverse effect on
the industry. In many instances length of growing period has in-
creased, loss of weight in laying flocks has been encountered,
mortality raised, and production lowered.

The regulations now permit only limited use of certain feed
stuffs. This, together with the question of the availability of un-
regulated ingredients, makes the use of emergency rations a
necessity.

In view of this situation a series of rations was formulated and
fed to White Leghorn pullets as follows:

Pen 1. The regular University of Arizona laying ration (check
pen)

Pen 2. Animal protein, 1.8 per cent. No meat scraps.
Pen 3. Animal protein, 1.8 per cent. Dried milk removed.
Pen 4. Animal protein, 1.8 per cent. Fish meal deleted.
Pen 5. Animal protein, 0.77 per cent. Meat scraps, fish meal,

and dried milk deleted.
Pen 6. Animal protein, 1.16 per cent. This ration contained 43

per cent of the normal amount of meat scraps, fish meal,
and dried milk usually placed in such feeds.
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This report covers a nine -months' feeding period and shows
that:

1. Production was highest in Pen 2, followed by Pens 6, 4, 1, 3,
and 5 in the order named.

2. The amount of feed required to produce a dozen eggs was
lowest in Pen 6, followed in order by Pens 1, 4, 2, 5, and 3.

3. All pens showed a loss of body weight except in Pen 2, in
which weights were the same at the end as at the beginning
of the test. The greatest loss was sustained by the birds in
Pen 3.

4. Palatability was not a factor in feed consumption.
5. All the rations tested were satisfactory for egg production

under present -day conditions.

PULLORUM AND RANGE PARALYSIS RESISTANCE

Some families show resistance to these diseases. This is in-
dicated by the livability of their offspring even when they are
reared with birds from known infected families. Data on these
birds are being compiled.

APPENDIX

ANALYTICAL SERVICE

An important part of the work of the Department of Agricul-
tural Chemistry and Soils is the analytical service that the Depart-
ment gives to citizens of the state, the major part of which is for
the farmers. A tabulation of the analyses made during the fiscal
year 1943 -44 is given in the following table, with those made in the
Tucson laboratory in one column and those in the Phoenix labo-
ratory in the other. Since all the samples analyzed in the Phoenix
laboratory are from the Salt River Valley, it is of interest that the
analytical work done for Maricopa County is greater in actual
number of samples than for all the rest of the counties combined.

TABLE 28.- COMPILATION OF ANALYSES MADE IN THE DEPART-
MENT OF AGRICULTURAL CHEMISTRY AND SOILS

Tucson laboratory Phoenix laboratory

Soils 606 636
Waters 267 765
Manures 10 13
Feeds and hays 130 16
Poison 34 8
Plants 29
Miscellaneous 15 5

Total 1,091 1,443
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Improvement in analytical service

Because of the large number of soil and water samples analyzed
in the Department, the work has been organized for reporting,
recording, and permanently filing the data on printed forms. The
purpose of these forms is to: (1) give the chemist as many data as
possible to aid him in making a more complete interpretation of
his analysis, which in turn will be of greater value to the farmer
submitting the sample; (2) give the farmer an opportunity to
explain his problem by supplying the data requested on the
forms; (3) locate the sample by county, township, etc.; (4) give
the Experiment Station and the county agent a complete record of
all soil and water analyses on forms that can be built up into a
useful file.

ARIZONA EGG LAYING TEST

The termination of the Twenty- second Arizona Egg Laying
Test on September 21, 1944, found the White Leghorn pen owned
by George M. Heberer, of San Antonio, Texas, in first place with
3,512 eggs and 3,424 points to its credit. This represents a produc-
tion of 75.7 per cent, equal to a pen of 100 birds laying 76 eggs a
day for 357 consecutive days. The second -high pen, owned by
the Nelson Leghorn Breeding Farm, of Kingsburg, California, was
also a pen of White Leghorns. This pen laid 3,343 eggs with a point
value of 3,397. The third -high pen, also White Leghorns, owned
by Booth Farms and Hatchery of Clinton, Missouri, laid 3,340 eggs
with a point value of 3,337. Del Rio Farm, of Mesa, Arizona, owns
the fourth -place pen, New Hampshires, which laid 3,073 eggs with
a point value of 3,256.

The high individual hen, a Rhode Island Red, owned' by the
Missouri Valley Poultry Farm of Marshall, Missouri, laid 300 eggs
with a point value of 322 during the 357 -day period. The second -
high individual, a White Leghorn hen, owned by Booth Farms and
Hatchery of Clinton, Missouri, laid 293 eggs valued at 318 points.
The Del Rio Farm, of Mesa, Arizona, owns the third -place hen, a
New Hampshire, which laid 292 eggs with a point value of 315. A
White Leghorn owned by W. A. Seidel, of San Antonio, Texas,
was fourth, followed in fifth place with another Del Rio Farm
New Hampshire.

The production of 56.5 per cent for the fifty- one -week period
was only 4 per cent less than that of last year. This year's high
pen exceeded that of last year in egg production by 3.8 per cent.
The high hen, with a production of 88.8 per cent, exceeded that of
last year by 1.4 per cent. The average egg weight of 24.2 ounces
per dozen was 2 per cent less than that of last year.

The feed necessary in producing 1 dozen eggs for the various
breeds with their respective average egg productions was: White
Leghorns 5.03 pounds, average eggs 221; R. I. Reds 5.72 pounds,
217 eggs; New Hampshires 5.69 pounds, 215 eggs; Barred Rocks
5.65 pounds, 192 eggs; White Rocks 5.97 pounds, 190 eggs; Black
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Australorps 5.2 pounds, 192 eggs. The higher the average egg pro-
duction the greater was the feed consumption per individual but
the less the feed consumption per dozen eggs. An average egg
production of 215 eggs per hen for the entire test is a very high
average.

The total amount of feed consumed per bird by breeds for fifty -
one weeks was: White Leghorns, 92.4 pounds; R. I. Reds, 103.9;
New Hampshires, 101.9; Barred Rocks, 90.1; White Rocks, 94.3;
Black Australorps, 83.4. The average for all breeds was 93.5
pounds compared with 88.9 pounds for last year. The increased
consumption might be accounted for through the use of more
vegetable proteins made necessary because of war conditions.

Of the 458 birds to finish the test, seven, or 1.5 per cent, laid
300 or more eggs during the 357 -day period; 26, or 5.7 per cent,
laid between 275 and 300 eggs; 88, or 19 per cent, laid from 250 to
274 eggs; 26.4 per cent exceeded 250 eggs; and 74.9 per cent ex-
ceeded 200 eggs per individual.

COMPARISON OF TWENTY -SECOND ARIZONA EGG LAYING TEST WITH ALL
PREVIOUS TESTS

Year
Eggs per

bird
test*

High
Indv.
lay¡

Av.
high
pent

Av.
high
pen§

Indv.
over
200
eggs
( %)

Mortal -
ity
( %)

Name of winner Breed

1922 -23 196.6 264 247 39 14 W. Griffith W.L.
1923 -24 204.9 274 252 42 14 W. Griffith W.L.
1924 -25 191.4 291 246 36 18 Del Rio Farm W.L.
1925 -26 205.8 307 250 54 17 Lee Apel W.L.
1926 -27 . 213.4 319 270 245 58 15 A. C. Wrenn W.L.
1927 -28 212.8 299 247 203 64 15 A. C. Wrenn W.L.
1928 -29 211.3 274 247 237 62 12 Lee Apel W.L.
1929 -30 202.2 298 252 223 43 14 Del Rio Farm W.L.
1930 -31 195.2 283 258 242 45 11 George England W.L.
1931 -32 188.6 278 235 214 32 17.6 Gold Spot Hatchery W.L.
1932 -33 186.1 290 234 199 20 27 George England W.L.
1933 -34 219.9 307 258 233 58 18.4 Max Johnson W.L.
1934 -35 210.9 299 248 217 51 28.1 P. S. Dickey W.L.
1935 -36 214.1 295 242 216 55 21.5 Gold Spot Hatchery W.L.
1936 -37 218.3 318 256 244 55 18.8 Leslie Guthrie W.L.
1937 -38 216.4 325 276 262 56 21.9 P. S. Dickey W.L.
1938 -39 216.2 302 244 234 58 16.5 J. A. Hanson W.L.
1939 -40 211.0 311 276 237 51 25.4 W. A. Seidel W.L.
1940 -41 223.3 328 270 250 62 19.5 A. L. Frees N.H.
1941 -42 230.5 325 278 254 68 15.9 Gold Spot Hatchery W.L.
1942 -43 221.0 321 280 257 60 19.4 W. A. Seidel W.L.
1943 -44 215.1 317 280 270 61 16.1 George M. Heberer W.L.

*Figured on hen -day basis.
¡Actual record.
$In 1922 -23 and 1923 -24 six birds were entered, with five high birds figured in final
results.
In 1924 -25 and 1925 -26 twelve birds were entered, with ten high birds counting in
final results.
1926 -27 through 1936 -37 thirteen birds were entered, with the ten high figured in
final tabulation.
In 1937 -38 and subsequent years thirteen birds were entered and all averages were
based on a thirteen -bird entry, but for a basis of comparison with previous years
the average of the ten high birds for 1937 -38 and subsequent years is recorded here.

§Record based on thirteen birds originally entered, whether or not thirteen birds
finished the year.
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The mortality for the entire test was 16.1 per cent, distributed
as follows:

Month Per cent
October .2
November .4
December 1.5
January 1.1

Month Per cent
February 2.0
March 1.3
April 1.8
May 1.6

Month Per cent
June 1.1
July 1.3
August 2.2
September 1.6

Evaluations are determined by three factors: the number of
eggs laid, the weight of the eggs, and the mortality. The point
system is an evaluation of the number of eggs laid and the weight
of these eggs. An egg which weighs at the rate of 24 ounces per
dozen, the weight for large eggs, is given a point value of 1.00.
For each ounce over or under 24 ounces per dozen, the point
value is increased or decreased .05 (that is, an egg weighing at
the rate of 23 ounces per dozen is given a point value of 0.95 and
one weighing 26 ounces per dozen, a point rating 1.10) . The high
individual in this test laid 300 eggs with a point value of 322. The
fourth- and seventh -place birds each laid 317 eggs, 17 more than
the first -place bird laid. Their point ratings due to smaller -sized
eggs were 312 and 301, respectively. Pens with mortality are pe-
nalized, since production data are calculated on the basis of the
original thirteen birds entered, irrespective of the actual number
alive at any time during the test. This heavy penalty is applied
to encourage the breeding of strains of poultry with greater
livability.

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

The survey of the Fredonia Soil Conservation District has been
completed and the area given its final inspection. In the main the
soils have developed from sandstones and shales and are extremely
variable in profile. This is due to the stratification of sand and
clay layers. The presence of heavy clay layers causes a high
water table in part of the area. Twelve soil types were mapped
in the area, which consists of 24,300 acres. All the important soil
types were sampled for analysis in the laboratory.

Several inspections of the Queen Creek and White Tanks sur-
vey areas have been made. The Queen Creek Soil Conservation
District consists of an area 37,440 acres in extent. Most of the soils
are recent, having developed either on flood plains or alluvial
fans; however, some of the older series, such as Mohave, were
found. Some of the present soils exist as a mantle or overwash
over older soils and are designated as "two- story" soils. Some of
the soils are rather coarse textured and excessively well drained;
this increases the irrigation problem. The soils which are too steep
will require leveling before sound irrigation methods can be
practiced.

The utilitarian type of survey was used by the Soil Conservation
Service in making this survey, with the Bureau of Plant Industry
responsible for establishing the soil series and types in the area.
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Fifteen utilitarian groups, including thirty -five soil types, were
mapped. Sixty -six samples were taken for analysis in the
laboratory.

The White Tanks Demonstration Area survey was begun in
1942 and completed in April, 1944. The survey covers approx-
imately 125,000 acres. The entire cost of the field work was
financed by the Soil Conservation Service. The type of survey is
known as a detailed soil conservation survey. The Bureau of
Plant Industry soil survey inspector was responsible for naming
the soil series and types. The Buckeye-Beardsley area, which
was surveyed in 1927, covered most of the area included in the
present survey. The first survey was on the scale of 1 inch to a
mile, while the present one is on the scale of 4 inches to a mile.
The daily acreage mapped in the present survey is only 1/4 to 1/5
of that in the old one, so quite naturally it is in more detail. Eighty
samples were collected for analysis in the laboratory.

The Rivers Area, at present under the control of the War Re-
location Authority, was surveyed during the summer of 1942 by
the Soil Conservation Service. Final inspection and sampling of
the soils for analysis was done during the winter of 1944. Seven
soil types were mapped in the area, but only two were considered
of sufficient importance for sampling and laboratory study.

The Duncan area was surveyed in 1941. Shortly after the sur-
vey was completed, part of the area was covered with flood waters
from the Gila River. An inspection in 1944 showed that gravel
and sand deposits which were left on the soil as a result of the
floods have already been removed, so that revision of the survey
before publication will not be necessary.

The Advisory Committee on Land Classification met with the
U.S. Bureau of Reclamation Agricultural Economist, at Yuma, in
the spring of 1944 for the purpose of reviewing the standards of
land classification set up for the Yuma Mesa. After careful con-
sideration of all factors involved, it was agreed that no Class I
lands exist on the Yuma Mesa and that all lands classified as I and
II be reclassified as II and III, respectively.

WEATHER

The University has the distinction of having the longest con-
tinuous weather records in Arizona. Observations were begun in
1892 when the University opened and have been made regularly
ever since that time. Tipping bucket rainfall measurements are
particularly valuable to the U.S. Army engineers who are work-
ing with the Tucson and Pima County engineers in developing
flood- control measures for the city and its environs. The weather
data for the calendar year 1943 are given in Table 29.
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SUMMARY OF STATION PUBLICATIONS

TECHNICAL BULLETINS

No. 102. -A Lysimeter Study of the Nitrogen Balance in Irri-
gated Soils, by H. V. Smith. 47 pages. In 1930 six lysimeters were
filled with Gila clay loam and six with Mohave clay for a study of
the nitrogen balance in several crop rotations to which no nitro-
gen is added as fertilizer. At the completion of two six -year
rotations the data were prepared for publication as Technical
Bulletin 102. All crops were analyzed for nitrogen and a record
was kept of the nitrogen in rain water, which was the only out-
side source except that added in the seed or fixed by plants or soil
bacteria from the air. During these rotations the nitrogen content
of the Mohave soil has increased while that of the Gila has de-
creased. In the original soils the Gila contained more nitrogen
than the Mohave, so the present trend of nitrogen balance in-
dicates that the two soils are approaching an equilibrium which
may be characteristic of desert areas. Other pertinent data are
also presented in this bulletin.

GENERAL BULLETINS

No. 190. Diseases of the Rose in Arizona, by R. B. Streets. 25
pages. This bulletin lists twenty -five diseases and abnormalities,
of which root knot, Texas root rot, crown gall, powdery mildew,
and chiorosis are of major importance in Arizona. Nine other
causes of failure with roses are discussed. Many of the most se-
rious diseases of the rose, such as black spot, anthracnose, cankers,
and rust, have either never been found or rarely occur here, and
others, serious elsewhere, are of little importance.

No. 191. -Small Grain Varietal Experiments for Southern Ari-
zona, by A. T. Bartel. 20 pages. Ten years of barley, wheat, and
oat varietal tests conducted at the University Experiment Farm at
Mesa. Also, three years of hay yields of Markton, California
Red, and Texas Red oats, as affected by dates of seeding. Slipping
yields simulating pasture values of small grain varieties, espe-
cially Vaughn barley and Markton oats, are given from tests con-
ducted at the University Farm near Tucson.

No. 192. - Arizona Agriculture, 1944- Production, Income, and
Costs, by George W. Barr. 18 pages. Summary and analysis of
Arizona farm and ranch production in 1943, a discussion of pro-
duction and price trends, with charts and tables. Includes a map
showing the irrigated areas in southern Arizona in three colors -
scale 1" = 7 miles.

No. 193. Producing Quality Milk and Cream, by R. N. Davis
and W. H. Riddell. 17 pages. This bulletin gives data on the effect
of certain feed practices on the vitamin A content of milk and the
results of different methods for care of the milking machine on
the bacterial count of milk. It also gives instructions for the pro-
duction of quality milk.
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OTHER PUBLICATIONS

Arnold, Joseph F. and Hudson G. Reynolds. Droppings of Ari-
zona and Antelope Jack Rabbits and the "Pellet Census."
Jour. Wildlife Management 7: 322-7. 1943.

Barr, George W., Chairman Technical Committee; C. J. King;
Raymond Price; Wesley Schlotzhauer; Preston J. Creer; and
Phillip Greisinger. Maximum Wartime Production Capacity
Study. Mimeographed Report, July, 1943. 46 pages.

Benson, Lyman. The Goal and Methods of Systematic Botany.
Cactus and Succulent Jour. 15: 99-111. 1943.

Benson, Lyman. Revisions of Status of Southwestern Desert
Trees and Shrubs. Amer. Jour. Bot. 30:630 -2. 1943.

Benson, Lyman. A Reply to Dr. Polunin. Bull. Torrey Bot. Club
71, 254 -7. 1944.

Brown, J. G. and Alice M. Boyle. Bacterial Soft Rot of Sansevieria.
Phytopathology 34: 350 -1. 1944.

Brown, J. G. and Alice M. Boyle. Effect of Penicillin on a Plant
Pathogen. Phytopathology 34: 760 -1. 1944.

Chandler, Ray C. Some Chemical Relations in the Sugar Beet
during Phases of Its Development. Tour. Agr. Res. 67:433 -45.
1943.

Darrow, Robert A. Vegetative and 'Floral Growth of Fouquieria
splendens. Ecology 24: 310 -22. 1943.

Farrankop, H. and M. C. Smith, W. H. Riddell, and R. N. Davis.
The Vitamin A Content of Milk as Related to Certain Feed.
ing Practices in Arizona. Ariz. Exp. Sta. Mimeographed
Report No. 61. May, 1944.

Finch, A. H. Improving Desert Grapefruit. Citrus Leaves 24: No.
4, pp. 12 -13. 1944.

Fuhriman, Walter U., Wendell Calhoun, Donald J. Street, and
George W. Barr. Prospective Agriculture on the Yuma Mesa,
Arizona. Mimeographed Report. April, 1944.

Griffiths, A. E. and A. H. Finch. Third Annual Report on Vege-
table and Herb Seed Production in Arizona. Mimeographed
Report No. 63. May, 1944.

Hoyman, Wm. G. Witches' Broom of Beans. Phytopathology
34: 505 -6. 1944.

Hoyman, Wm. G. Resistance of Guayule to the Root -Knot Nem-
atode. Phytopathology 34: 766 -7. 1944.

Hoyman, Wm. G. Resistance of the New Non -shattering Armredo
Soybean to Root Knot. Plant Disease Reporter 27: 293 -4. 1943.

Hoyman, Wm. G. Summary of Plant Diseases Observed in Ari-
zona and New Mexico. Plant Disease Reporter 27:353 -9. 1943.

Hoyman, Wm. G. First Report of Spotted Wilt of Tomatoes in
Arizona. Plant Disease Reporter 27:554. 1943.

Hoyman, Wm. G. Alfalfa Diseases in Arizona and New Mexico.
Plant Disease Reporter 28: 291 -2. 1944.

Hoyman, Wm. G. Conditions of the Citrus Groves in the Salt
River Valley. Plant Disease Reporter 28:163 -4. 1944.
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Hoyman, Wm. G. Observations on Flax in the Yuma Valley of
Arizona. Plant Disease Reporter 28:416. 1944.

Hoyman, Wm. G. Small Grain Diseases in Arizona. Plant Disease
Reporter 28: 506 -8. 1944.

Hoyman, Wm. G. Plant Diseases Observed in Arizona and New
Mexico. Plant Disease Reporter Sup. 149: 351-4. 1944.

Hoyman, Wm. G. Damage from Tomato Russet Mite in Arizona.
Plant Disease Reporter 28: 762. 1944.

Hoyman, Wm. G. Melon Diseases in the Yuma and Salt River
Valleys of Arizona. Plant Disease Reporter 28: 803. 1944.

Hoyman, Wm. G. Sclerotiniose and other Diseases of Lettuce . . .

in the Salt River Valley. Plant Disease Reporter 28: 120-1.
Jones, W. W., C. W. VanHorn, A. H. Finch, M. C. Smith, and E.

Caldwell. A Note on Ascorbic Acid; Nitrogen Relationships in
Grapefruit. Science 99, No. 2562, 103 -4. 1944.

Jones, W. W. Nitrogen Control Program. Citrus Leaves 24: No. 5,
pp. 10 -11. 1944.

Pressley, A., C. Ridder, M. C. Smith, and E. Caldwell. The Nu-
tritive Value of Canned Foods II.- Ascorbic Acid and Car -
otene and Vitamin A Content. Jour. Nutrition 28, 107. 1944.

Smith, M. C., E. Caldwell, W. Ross, and M. E. Wood. The Vitamin
C Value of Vegetables after Institutional Preparation for
Consumption by Army and Navy Training Groups at the Uni-
versity of Arizona. Ariz. Exp. Sta. Mimeographed Report
No. 59. March, 1944.

Smith, M. C., E. Caldwell, and L. O. Burlinson. The Vitamin A, B,
and C Values of Home Dehydrated Vegetables. Ariz. Exp.
Sta. Mimeographed Report No. 57. Feb., 1944.

Smith, M. C., W. Ross, and E. Caldwell. The Comparative Vita-
min C Values of Arizona Citrus Fruits of Different Varieties
When Prepared for Consumption in Several Different Ways.
Ariz. Exp. Sta. Mimeographed Report No. 62. May, 1944.

Smith, M. C. The Vitamin C Content of Commercially Canned
Fruit and Vegetable Juices. Ariz. Exp. Sta. Mimeographed
Report No. 64. May, 1944.

Smith, M. C., E. Caldwell, and L. O. Burlinson. Some factors af-
fecting the Carotene, Thiamin, and Ascorbic Acid Content of
Carrots Grown in Arizona. Ariz. Mimeographed Report No.
66. 1944.

Smith, M. C., E. Caldwell, H. Farrankop, and M. E. Wood. The
Pro- Vitamin A and Vitamin C Values of Melons Served to
the Army and Navy Training Groups at the University of
Arizona. Ariz. Exp. Sta. Mimeographed Report No. 67. 1944.

Smith, M. C. and E. Caldwell. Variations in the Ascorbic Acid
Content of Arizona Oranges. Ariz. Exp. Sta. Mimeographed
Report No. 68. 1944.

Smith, T. J. Search for Suitable Soybean Varieties in Arizona.
Soybean Digest Vol. 4, No. 5. March, 1944.
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Stanley, E. B. and Ralph McCall. Cattle Fattening Project. 1943-
44. Ariz. Agric. Exp. Sta. Mimeographed Report No. 65. June,
1944.

Streets, R. B. (with H. F. Tate and C. B. Brown) . Diseases of Fruit
Trees and Their Prevention in "Planning and Planting a
Home Orchard." Ariz. Agric. Ext. Service Circ. (Mimeo.)

Tetreau, Elzer D. Arizona Farm Labor Situation and Outlook for
1944. Mimeographed Report No. 58.

Tetreau, Elzer D. The Labor Situation in the Arizona Truck
Crop Industry. Mimeographed Report No. 60.

Tetreau, Elzer D. Farm Labor Picture, December 1, 1943. Reprint
from The Arizona Farmer, Dec. 4, 1943.

Tetreau, Elzer D. Wartime Changes in Arizona Farm Labor.
Reprint from Sociology and Social Research, Vol. 28, No. 5.
May -June, 1944.

Tetreau, Elzer D. Rural Reactions to War Measures. Reprint from
Research Studies, State College of Washington, Pullman. Vol.
XII. March, 1944.

Sixth Annual Report of the Arizona Feed Control Office. 67 pages.
This bulletin is a report of the inspection and analyses of
mixed feeds, mineral feeds, and cottonseed meal on sale in the
state during 1943. It contains a tabulation of analyses of 388
samples of mixed feeds, 44 samples of cottonseed meal, and 19
samples of mineral feeds collected from stocks on sale in the
state.

Sixth Annual Report of the Arizona Fertilizer Control Office. 20
pages. This bulletin is a report of the inspection and analyses
of commercial fertilizers sold in the state. It contains a tabula-
tion of all the fertilizers registered for sale in the state and the
chemical analyses of 55 samples of commercial fertilizer
which were taken from stocks on sale in the state.

Arizona Agricultural Post -War Planning Committee of the State
Resources and Planning Board. Preliminary postwar plans
for Arizona agriculture. Mimeographed. 200 pages. Feb., 1944.
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