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FORTY -NINTH ANNUAL REPORT

INTRODUCTION

Satisfactory living for most people hinges in large measure upon
adequate financial attainments sufficient to provide living stand-
ards in keeping with individual ambitions. World trade turmoil
and the striving of nations to become more self -sufficient are forc-
ing the ambitious American farmer to renewed efforts in his fight
to obtain a living for himself and family.

The Agricultural Experiment Station is not unmindful of its
increased responsibility in assisting the farmers of this state in
handling vexatious farm problems under these trying circum-
stances.

The year's experimental results reported in this publication by
the various departments, while not always conclusive, are worthy
of thoughtful consideration.

The cost of operating the Arizona Agricultural Experiment
Station is surprisingly low and about equally divided between
state and federal funds. The total cash income from agriculture
in Arizona for 1938 has been estimated at $49,980,000. If the state
funds used by the Experiment Station were taken entirely from
the agricultural income, the cost would be but 23 cents out of each
$100 of cash income for the year 1938. Since the funds come from
taxes levied against general properties, the cost is but a fraction
of 23 cents per $100 of cash income. The dividends accruing from
expenditures made for agricultural research exceed the cost many
times over.

RESULTS OF THE YEAR'S RESEARCH
AGRICULTURAL CHEMISTRY AND SOILS

The major part of the work of the Department of Agricultural
Chemistry and Soils is devoted to the chemical phases of plant
nutrition, the chemical and physical properties of soils, and to
the analyses of materials submitted to the department by farmers.
During the past year the number of samples analyzed was 4,162.
The research work, all of which is conducted with Purnell (fed-
eral) funds, has during the past year dealt with studies on soil
structure, on soil reaction and methods for its determination, on
base exchange, the fluorine content of Arizona waters and methods
for its removal, and microbiological studies.

SOIL STRUCTURE

During the last few years, the structural problems involved in
the cropping of irrigated soils have occupied a major part of our
time. The investigations conducted on this project are being
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4 AGRICULTURAL EXPERIMENT STATION

published in a series of bulletins. The third of this series was
published during the year as Technical Bulletin 69, Studies in
Soil Structure; Some Nitrogen Transformations in Puddled Soils.
The microbiological life of the soil is of vital importance to its
productivity. Since the structure of the soil determines the de-
gree of aeration and aeration in turn determines the dominant
microflora, the importance of this phase of the soil structure prob-
lem is apparent. Among the important groups of soil organisms
present in soils, those involved in the nitrogen transformations
are of paramount interest. Nitrification, ammonification, and de-
nitrification studies were therefore employed as criteria of soil
structure. Ammonification and nitrification are extremely rapid
in calcareous soils; therefore these soils are well suited to such a
study.

These investigations showed that nitrification was completely
stopped when the soil became puddled and that denitrification
became quite active. Ammonium sulphate was much more rapidly
denitrified than sodium nitrate. The loss of nitrogen from the
puddled soil was reduced by covering the soil with a dust mulch.

The relative effect of waterlogged and puddled soils upon nitri-
fication and denitrification was demonstrated experimentally by
studying the nitrogen transformations in puddled and waterlogged
soils. Under waterlogged conditions dentrification does not start
until the moisture content of the soil has reached a point 1.4 times
greater than that necessary to cause denitrification in the puddled
soils. Throughout the investigations in soil structure it has been
found that the moisture content represented by the moisture
equivalent is the critical point. That is, the soil assumes its worst
physical structure when it is worked at this moisture content. In
the microbiological studies it was found that the moisture equiv-
alent is also the critical point for denitrification. That is, when
the soil is worked into a puddled condition at various moisture
contents over a range from air dry to moisture holding capacity,
the denitrification of soil nitrogen starts actively at the moisture
equivalent.

The fourth bulletin of this series is now in press and deals with
the behavior of plants growing in puddled soils. This bulletin
shows how puddling reduces the availability of soil moisture in
spite of the excessive amounts present in the soil and how the
availability of plant food is also reduced, and when added as fer-
tilizer it cannot be used by the plant. It demonstrates the part
that lack of aeration in puddled soils plays in plant growth, and
discusses and presents data showing causes of soil puddling and
methods for rebuilding the soil structure.

FREEZING -POINT STUDIES

In a previous report (1937) results of freezing -point studies on
normal and puddled soils were presented, which showed conclu-
sively that puddling increases the amount of water in a soil that
fails to freeze. In other words, mechanical working converts
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water from the free to the bound or inactive form. The amount
of water so bound does not change on alternate freezing and
thawing, nor does this procedure restore the soil to its original
structural state. Drying the soil between freezings restores the
soil more nearly to its original state.

Subsequent experiments made during the past year indicate
that the binding of water by puddling appears to be a slow process.
If a soil sample is allowed to stand a given length of time between
successive freezings, the freezing point lowering increases and
thence the amount of bound water increases. It was also found
that contrary to expectation there is no maximum in the freezing
point lowering curve when plotted against moisture content as
was found in the case of apparent specific gravity and settling
volume at the moisture equivalent. The curves for both puddled
and unpuddled soils are quite smooth, and the freezing point
lowering increases continuously from zero as the moisture con-
tent decreases. The significance of this behavior has not yet been
satisfactorily explained.

A comparison was made of a typical arid and humid soil in this
connection, using Tucson City Farm soil and the Carrington silt
loam from Iowa. It was found that, because of the much lower
salt content of the Carrington soil, the freezing point lowerings
were much less than for the City Farm soil. Of greater interest,
however, was the result that puddling or mechanical working had
a much lesser effect on the freezing point lowering than in the
case of the City Farm soil.

DILATOMETER STUDIES

It is recognized that the foregoing freezing point results were
in the main qualitative, indicating in a general way the changes
that occur in the soil moisture as a result of puddling. Since it is
not possible to calculate accurately the amount of bound water
from such data, the subsequent experiments and those now in
progress have been made with the dilatometer, as it measures the
expansion on freezing and hence the amount of water remaining
free at any given moisture content.

The preliminary results mentioned in the 1937 report had been
obtained with the dilatometer of Bouyoucos. Since it was difficult
to secure checking results by this procedure, it was necessary to
design a new instrument which would obviate the errors involved.
After constructing and testing a number of different types of
instruments, a satisfactory one was finally obtained which makes
possible accurate control of conditions. By means of a three -way
stopcock between the freezing tube and the capillary, it is possible
to evacuate the air and fill with the reference liquid (toluene) at
any desired height in the capillary.

The soil sample is first cooled to -3 degrees C. and the reading
of the reference liquid noted. It is then frozen and the increase in
volume at -3 degrees C. observed. The total amount of water
taken being known, and the amount that froze being determined
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from the volume expansion, the percentage of water bound is
readily calculated.

Using this procedure, a series of determinations was made on
a soil over a range of moisture contents both in the normal and
puddled condition. Table 1 gives a typical set of data so obtained.

TABLE 1.- DILATOMETER DATA ON CITY FARM SOIL.

Wt. water per Wt. bound water
100 gm. soil per 100 gm. soil

Per cent bound
water

Unpuddled

Puddled

17.92
21.90
24.89
28.87
33.85
36.84

17.93
21.92
24.88
28.88
33.83

4.91
5.83
6.35
7.01
8.02
7.52

13.65
10.86
8.70
7.02

10.62

27.4
26.6
25.5
24.3
23.7
20.4

76.0
49.6
35.1
24.4
31.4

These data show that even in a normal soil at moisture contents
ranging from 17 to 40 per cent, a considerable proportion (20 per
cent or more) of the water is bound or inactive. They show fur-
ther that the amount of bound water depends on the total mois-
ture content. In normal or unpuddled soils, the amount of water
failing to freeze increases gradually with the total moisture. The
opposite is true of puddled soils in which it decreases as the
total moisture content increases. When the percentage of bound
water is plotted against total amount of water present, it is found
that the curves for puddled and normal soils intersect at the
moisture equivalent; that is, at this point the same amount of
water is bound by the soil whether puddled or not.

This investigation has not yet proceeded far enough to afford
a definite explanation of what happens to the water when a soil
is puddled. There are several possibilities. The slowness of the
binding process suggests that it may be diffusion as in a gel. Or
it may be a conversion of "outer capillary" water to "inner capil-
lary" water which is held by capillary forces great enough to pre-
vent the water from freezing. Other experiments have shown
that air is always given off when the soil is puddled by vibration,
hence the binding of water might be associated with removal of
air from the pores. On the other hand, if the air is removed from
the soil by means of a high vacuum pump, at the same time
avoiding mechanical jarring or vibration, the same binding as in
the normal soil is obtained. It is, therefore, not due primarily to
a removal of air from the small pores and the entry of water that
accounts for more water failing to freeze in the puddled soil. An
interesting fact which the foregoing table also brings out is that
in even the normal soil, water is bound to an extent of from 20 to
30 per cent. This would indicate that the water is probably held



FORTY -NINTH ANNUAL REPORT 7

by the clay largely in the form of a gel. This problem is being
studied further.

OXIDATION -REDUCTION POTENTIALS OF SOILS

It is a well -known fact that organic matter disappears very
rapidly in southern Arizona soils under optimum conditions and a
high mean annual temperature. A fertile soil is usually one in
which oxidizing conditions predominate. Such a condition always
exists in a soil that is well aerated and not waterlogged. It has
been shown that oxidizing bacterial action is seriously hampered
by the deficiency of air in a puddled soil, and reduction processes
such as reduction of nitrates set in. The decomposition of or-
ganic matter is a complex process into which many factors enter.
The determination of organic matter does not give a reliable
measure of the oxidized or reduced condition of the soil. For this
reason the determination of oxidation- reduction potential of the
soil is more reliable as it gives a measure of the resultant of all
forces in the soil that bear on organic matter decomposition. No
satisfactory procedure has been worked out as yet for the accurate
measurement of oxidation -reduction potentials of arid soils. Ex-
periments to develop a satisfactory method indicate that gold or
platinum electrodes when used in a dilute soil suspension will
give concordant results. The soil sample must be fresh and con-
tain a certain minimum amount of organic matter. Virgin arid
soils reach equilibrium rather slowly. The studies have not
progressed far enough as yet to arrive at any general conclusions.
An extensive series of studies has been planned for future work.

COPPER IN ARIZONA SOILS

During the past year a soil problem was noted at Warren, Ari-
zona, which should be of interest to Arizona farmers, for the
trouble was due to copper in the soil. A small amount of copper
is essential for the normal growth for practically all plants, but
the requirement is very small and if exceeded, the copper be-
comes toxic. Samples of soil from poor areas and good areas and
plants from the good areas in the field were analyzed. The data
obtained from these analyses are given in Table 2.

TABLE 2.

Soils
pH of
soil

ppm total
copper in

soil

ppm water- ppm copper
soluble copper in wheat

in soil plants
1
2

8.1
5.1

274
209

Tr.
10.5

25
No growth

The analyses show that both soils contain considerable copper.
The difference between them lies in the solubility of the copper
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which is shown, by the reaction of the soil, to be a function of pH.
That is the soil acidity represented by pH 5.1 produced sufficient
soluble copper in the soil to entirely prevent the growth of wheat.
The alkalinity represented by pH 8.1 was sufficient to reduce the
solubility of copper below the toxic limit. It is significant that
even at pH 8.1 the wheat plants contained 25 ppm copper which,
however, was apparently not toxic. These data suggest that
copper will be nontoxic in alkaline -calcareous soils but toxic in
acid soils. While there are few acid soils being cropped in Arizona,
the data suggest that liming the soil will reduce the solubility of
copper below the toxic limit.

GRAPEFRUIT CANNERY WASTE

With the development of grapefruit juice canning in Arizona
the problem of waste disposal has arisen.

The simplest utilization is for animal feeding and soil improve-
ment. Analyses of the grapefruit skins showed 4 to 5 per cent ash,.
0.6 to 1.2 per cent nitrogen, 0.2 to 0.3. per cent phosphate (P205) ,
and 0.7 to 1.7 per cent lime (CaO) . The analyses show that while
the nutritional value of this waste is low, it should find limited
use as an ingredient of mixed feeds or for feeding in conjunction
with more concentrated feeds.

In view of the low organic matter content of Arizona soils, this
waste should have some value as a soil corrective. While its con-
tent of plant nutrients is low, it should be an excellent soil cor
rective, as practically any form of organic matter is useful in
semiarid regions. During the past 2 years this department has
co- operated with the Ariz -Sweet Grapefruit Growers Ltd., Peoria,
Arizona, in some experiments which they are conducting on the
use of this material as a fertilizer or soil corrective. The analyses
of the soil samples taken periodically showed a slight initial drop
in pH after applying the material to the soil, but this was not
permanent. There was, however, a permanent increase in the
availability of phosphate. The soil tests which were made did
not show any change of great importance except that in spots
where the organic matter was concentrated there was a marked
improvement in the structure. In view of the fact that the leaf
condition and fruiting behavior indicated that the citrus trees
were being benefited by the application of the waste to the soil,
the company furnished a carefully selected set of leaf samples
from treated and untreated trees. The analyses of these are given
in Table 3.

These samples represent new outside (N.O.) leaves, new inside
(N.I.) leaves, old outside (0.0.) leaves and old inside (0.I.)
leaves. The ash, alkalinity of ash, solubility of ash, phosphate, .
calcium, and magnesium determination showed no correlation
with treatment or tree behavior. The manganese and iron de-
terminations show a very excellent correlation and show that the
benefit derived by the trees from fertilization with the waste is
due to a greater absorption of manganese and iron by the plant.
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TABLE 3.

Per cent dry matter ppm dry
matter

Leaf sample

Ñ

.
o ca
)w'oE..,

` wal

cd3.
Check N.O. 14.31 2.72 11.91
Treated N.O. 14.64 2.21 13.46
Check O.O. 22.82 2.97 20.70
Treated O.O. 21.00 1.78 19.14
Check N.I. 23.83 3.00 20.85
Treated N.I. 23.10 3.67 21.28
Check O.I. 22.91 2.88 20.10
Treated O.I. 23.50 1.66 21.60

ÿ

ó0 ..1^

0.57 3.99
0.52 4.35
0.51 7.45
0.35 6.56
0.33 5.41
0.69 11.15
0.47 7.08
0.29 8.45

2.2
1.7
1.9
2.1
1.5
2.0
2.2
2.6

35
36
42
46
30
58
36
53

131
193
305
428
207
418
209
373

*Water - soluble alkalinity is cc. N /10 acid required to neutralize the al-
kalinity of the ash from 1 gram of dry leaves.

SEASONAL VARIATION IN MINERAL COMPOSITION OF
GRAPEFRUIT JUICE

During the past year a preliminary study was made of the
changes in the amount of calcium, potassium, phosphate, and ash
in grapefruit juice when the fruit is allowed to remain on the tree
after it reaches maturity. This study was made possible by the
co- operation of the Horticulture Department in that they supplied
juice samples accumulated during their storage experiments.
Samples of grapefruit from ten different groves in the Salt River
Valley were analyzed at five different dates beginning December
30, 1937, and ending May 20, 1938. While each sample was ana-
lyzed separately, for the sake of brevity, the average of all ten
samples was taken for each date, and the changes in composition
are shown in Figure 1.

There is a steady reduction in the calcium content of the juice
indicating that the tree is withdrawing this element from the
fruit. The phosphate reduction started after the February sam-
pling which was very close to the blooming period. The potassium
increased after the blooming period, while the total inorganic
matter began a decline in January and was rapid after February.

MICROBIOLOGICAL SOIL STUDIES
Microbiological characteristics of some typical range soils from Arizona

Thirty -eight soil samples representing seventeen profiles were
collected from Mount Graham, Arizona, and vicinity. The loca-
tions of these samples ranged from an elevation of 3,260 to 10,010
feet. They represent soils from forested, meadow and desert
areas, regions of high and of low rainfall and of high and low
temperatures. All of the samples were developed from the same
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Figure 1.- Changes in chemical composition of grapefruit when allowed
to remain on the tree after reaching maturity.

parent materials, chiefly acidic -igneous rocks- granites, gneisses,
and schists.

The microbiological characteristics of these soils together with
some physical and chemical properties were determined and
correlated by statistical methods with each other.
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It was found that the mountainous meadow soils had the highest
bacterial and actinomyces counts of any of the samples, and that
the rates of nitrification were highest in these samples. The
samples from forested areas had bacterial and actinomyces counts
roughly half as great as those from the meadows and approxi-
mately the same as the soils from the desert regions. Practically
no nitrification occurred in the forested soils. The mold counts
varied through wide limits in all of the samples. Few cellulose
destroyers were found in any of the soils except those of the
desert region where well over 1,000 per gram were found in the
surface soils from all of the samples. Azotobacter too were found
in the desert region only, but they were not very active and did
not occur in all of the samples. Appreciable nitrification occurred
in the desert soils.

pH values, total nitrogen contents, and dispersion percentages
of the samples seemed to be the most closely associated with the
microbiological characteristics.

Inoculation experiments with alfalfa on some Arizona soils

The inoculation of alfalfa with cultures of Rhizobium meliloti
is not practiced in Arizona because the legume bacteria seem to
be present in sufficient numbers for efficient plant growth. The
question has been raised, however, as to whether soils in the virgin
state, which may be put under cultivation, contain these organisms
in sufficient amounts.

Two virgin soils representative of the principal types under
cultivation in the Santa Cruz Valley were chosen for the inves-
tigation-i.e., Mohave sandy loam from the mesa and Pima clay
loam from the bottomlands. A factorially designed greenhouse
experiment was used consisting of combinations of treatments
with phosphorus and with sulphur and inoculation with a com-
mercial culture and one isolated freshly from naturally occurring
nodules in the field. Alfalfa was grown until two cuttings were
obtained.

Neither the dry weight nor the total nitrogen content of the
plants was increased significantly by either inoculant, either alone
or in the presence of sulphur or phosphate. Better nodulation
occurred in the Mohave sandy loam, however, when it had been
treated with phosphate and inoculated with the root nodule bac-
teria. The nodules in these soils were clustered around the base
of the central taproot. On the uninoculated soils they were dis-
tributed widely upon the outlying root hairs.

The rhizobia are apparently able to exist in a healthy state in
some virgin Arizona soils and bring about efficient inoculation of
alfalfa when introduced into such soils.
Distribution and activity of Azotobacter in Arizona soils

Some eighty -seven cultivated soils of Arizona have been ex-
amined for the presence of Azotobacter. Of this number, 73 or
84 per cent contained the bacteria. The bacteria were very active
in these soils as indicated by an average fixation of 20.1 milligrams
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of nitrogen per gram of soil tested, with some soils showing a
fixation of over 30 milligrams. Curie's method was used in these
tests with an incubation period of 4 days. Correlating the quantity
of Azotobacter growth with the pH, the content of available phos-
phate and the total soluble -salt contents of the samples by statis-
tical means showed that the pH and total soluble -salt contents
may be equally effective in affecting the amount of growth which
the Azotobacter make in the soil. The higher either of these
were, the less active were the bacteria. The available phosphate
contents were not significantly correlated with the Azotobacter
populations.

The range soils of Arizona were generally lacking in Azotobac-
ter, having been found in but twenty -seven of some 119 samples
collected. The significance of this important observation is being
investigated. In addition, the bacteria were not very active in
the soils which contained them as compared with their activity in
the cultivated soils. This was indicated by an average fixation of
but 9.9 milligrams of nitrogen per gram of soil tested. Use of a
discriminant function for the differentiation of the range soils
which contained Azotobacter as compared with those not con-
taining the bacteria on the basis of their pH, available phosphate,
and total soluble -salt contents showed no statistical significance,
indicating that other factors than these were probably the more
important ones controlling the presence and activity of the bac-
teria.

SOIL REACTION STUDIES

Another important factor in the productivity of southwestern
soils is the reaction or pH value. Soil structure, plant food avail-
ability, microbiological activity, and plant root behavior are all
greatly influenced by the pH value of the soil. The pH value is
governed largely by the hydroxyl ion concentration, character
and activity of the hydrolytic bases present in the soil, and the
salt content. Of the hydrolytic compounds present in soils, the
greatest stress has been placed on sodium carbonate and sodium
clay. It is our belief that calcium carbonate displays sufficient
hydrolytic activity to be included also, and our studies on this
phase of soil alkali are being continued. Our study of the methods
for determining the pH of the soil are also being continued.

During the year an article was published in the Journal of the
American Society of Agronomy: "The Determination of Soil Re-
action under Field Conditions by Means of the Spear -Type Glass
Electrode." For many years it has been realized that the methods
employed in the determination of the pH value of the soil repre-
sent conditions which are never met in the field. That is, on add-
ing water to the soil, which has heretofore been necessary for a
pH determination, the bases will hydrolyze to a greater extent than
is possible under field conditions. Therefore, the pH determina-
tions thus made are much too high. This department has devised
a method by which the pH value of the soil can be determined at
the same moisture content as exists in the field and therefore
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Figure 2.- Comparison of the pH values of soils measured at the moisture
equivalent and in a 1: 10 water suspension.

supplies data which can be interpreted on a field basis. The re-
sults thus obtained show that the pH of the soil under field mois-
ture conditions is on an average about 1 pH lower at field moisture
capacity than when diluted with one part soil to ten parts water
for all soils above pH 7.0 (Fig. 2) . The method itself is very
simple as it involves gently pressing a spear -type glass electrode
and its companion calomel electrode into the soil. Readings have
been made on soils as low as 6 per cent moisture. Work on this
project is being continued and will be ready for publication as a
bulletin during the next fiscal year.

FLUORINE IN DRINKING WATER

During the past year the problem of removing fluorine from
drinking water has again received a great deal of attention. This
is a continuation of a study begun shortly after the relationship
between fluorine in drinking water and mottled enamel of human
teeth was discovered. This department first proposed carbonato-
apatite or bone as a possibility of removing fluorine in 1934. Dur-
ing the last 2 years, however, more concentrated effort has been
spent on this phase of the investigation. As a result, a filter con-
taining specially prepared bone has been developed. This filter
has been tried in homes as well as on public water supplies. Dur-
ing the spring of 1938 one of these units supplied fluorine -free
water to 100 grade school children at St. David and during the
same summer supplied over 100 children at the Oracle Preven-
torium with safe water. One filter unit at Oracle containing 6
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pounds of bone was used to treat 700 gallons of water. The filter
reduced the fluorine content from 4.0 to 0.0 ppm in the first 530
gallons. Daily tests showed increasingly greater amounts of
fluorine in the water after this until the concentration rose to 0.8
ppm as the total quantity reached 700 gallons. The unit was then
brought to the laboratory for regeneration. The bone was re-
activated by treating it with dilute alkali and acid followed by a
thorough water rinse.

Laboratory studies on the efficiency of bone prepared in dif-
ferent ways have been made. If bone refuses to wet after it has
been prepared, a heat treatment followed by a HC1 wash may be
necessary. Recent work indicates that steamed bone is more
easily prepared, and its efficiency is equal to or greater than mate-
rial prepared from raw shin bones. Other laboratory studies
upon the rate of flow of water through the filters, the fineness of
grinding of the bone, etc., have been made. The mechanism of
the reaction is also being studied. The filter described above is
simple, economical, and practical. It will undoubtedly be com-
mercially available within a short time.

LYSIMETER STUDIES

A nitrogen balance experiment, conducted in lysimeters, has
been in progress since 1930. Two types of soil (Gila and Mohave)
common to southern Arizona are used in these tests. On each soil
a 5 -year rotation is practiced in a manner comparable to that of a
large farm. No fertilizers are added. The irrigation water is

measured, the rain water analyzed, and the crops removed, dried,
weighed, and analyzed for nitrogen.

The experiment is now in its second year of the second 5 -year
rotation. So far the greatest significant differences have been in
the reduced wheat crop following hegari.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY
ECONOMIC PROBLEMS OF THE SAN CARLOS IRRIGATION

AND DRAINAGE DISTRICT

In September, 1937, the directors of the San Carlos Irrigation
and Drainage District, of Pinal County, Arizona, requested the
Department of Agricultural Economics and Rural Sociology and
the Land Utilization Division of the Farm Security Administra-
tion, U.S.D.A., to make a study of the returns from farming in
the District. The immediate objective, as expressed by the direc-
tors of the District, was to determine the ability of the farmers to
pay construction costs of the irrigation facilities provided for the
District. The part of the study bearing on cropping costs, farm
income, and net returns was made in September and October,
1937. Two methods were used in determining income, expenses,
and net return. The first involved a detailed analysis of 5 per cent
of the land, selected by a mechanical sampling of farms in the
area. The detailed analysis covered 1 year only, 1936. A net re-
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turn of nearly $22 per acre was shown after all expenses had been
accounted for, except the costs of capital investment and the
value of the operator's labor and management. Furthermore, no
charges were included for retirement of the construction costs.
Since it appeared that the year 1936 was not typical but rather the
best year in the history of the District insofar as net returns were
concerned, a second method was used to determine receipts, ex-
penses, and net income. A study was made of the returns and
expenses of each of the leading two crops within the District -
that is, alfalfa and short staple cotton -for the years 1930 to 1936,
inclusive. These two crops made up over 75 per cent of the
cropped acreage in the 7 -year period.

The report indicated that with incomes and expenses similar
to those for the years 1930 to 1936, inclusive, not more than $1.25
per acre would be available for annual payments on construction
costs. To be sure, the complex nature of farm accounting casts
some doubt on such a dollar and cents finding. On the other hand,
certain information tended to support this conclusion. Only about
86 per cent of the land in the project had ever been cropped in
any 1 year. Some of the remainder had not been leveled. A
serious inadequacy of farm buildings and fencing existed on two
thirds of the places. There was a predominance of the single crop
system of farming. Tenants operated half the land in 1937. About
half the operators had changed each 2 years. Tax delinquency
was widespread in 1937. These numerous circumstantial facts
give strength to the conclusion that this District had not, at the
time of the study, reached a stage in its development when the
collection of the obligation for construction could be made without
impeding the progress of that development.

OTHER AREA STUDIES
Following completion of an economic study of the Mohawk

Municipal Water Conservation District in the year ended June 30,
1937, further assistance was given the District in the matter of
preparing data leading to bankruptcy proceedings under the
Federal Bankruptcy Act. The largest creditor of the District and
the District officials were brought together in June, 1938, where
further attention was given to matters involved in the settlement
of the District's financial indebtedness.

Following a study of economic problems in the Lyman Irriga-
tion Project, St. Johns, Apache County, in the year ended June
30, 1937, a report was completed and submitted to the State Debt
Adjustment Committee and to the board of directors and land-
owners within the project. The latter study was conducted in
co- operation with the Land Utilization Division of the Resettle-
ment Administration and at the request of the Arizona State Debt
Adjustment Committee.

ARIZONA AGRICULTURAL SITUATION, 1938

As in years past, the Department of Agricultural Economics, in
collaboration with the Agricultural Extension Service, prepared a
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summary of Arizona agricultural production and an interpretation
of trends in production. This material was printed under the
caption "Arizona Agricultural Situation, 1938" and was released
in January.

ARIZONA FARM LABOR

A published study, Hired Labor Requirements on Arizona Irri-
gated Farms, was designed to answer a number of questions, the
most important of which were: How much hired labor is required
on Arizona irrigated farms? How much ishired by the month, or
year? How much is seasonal? How much hired labor is required
during each month of the year? How much is required sea-
sonally? How much hired labor is required by irrigated areas?
By special crops? How much do Arizona farmers pay for hired
labor? What factors are associated with the amounts of farm
labor required from season to season and from area to area? What
factors are associated with regular labor demand as compared with
seasonal labor demand?

Total labor requirements on Arizona irrigated farms during
1937 were 5,700,000 man days, hired at a cost of about $10,500,000.
Regular farm labor requirements totaled 1,500,000 man days, cost-
ing $3,200,000, while seasonal labor requirements totaled 4,200,000
man days and cost $7,300,000. Hired labor requirements during
1937 exceeded 1936 requirements by 5 per cent for regular labor
and 10 per cent for seasonal labor. Rates of pay were increased by
71/2 and 10 per cent for regular and seasonal labor, respectively.
In turn, 1936 requirements exceeded those of 1935 by 5 per cent and
25 per cent for regular and seasonal labor, respectively, while
rates went up 9 and 10 per cent. Total hired labor costs during
1935 and 1936 were about $7,000,000 and $9,000,000. Great
increases in cotton acreage largely accounted for the increases in
seasonal labor during these years.

Regular labor requirements were fairly evenly distributed
throughout the year, while seasonal labor requirements during
March were only one sixth of the November requirements. Regu-
lar labor was used in larger proportions in the Salt River Valley
than in any other irrigated area. The smallest proportions were
used in the Casa Grande Valley. Between these extremes fall
the Upper Gila, Yuma -Gila, and Santa Cruz valleys. Seasonal
labor requirements were most evenly distributed in those areas
largely devoted to truck crops or citrus fruits and least evenly
distributed in those areas in which cotton was the chief com-
modity.

Increases in hired labor costs during 1936 amounted to 29 per
cent over those of 1935, while cash farm income increased about
13 per cent. During 1937, hired labor costs increased about 18 per
cent more, while cash farm income increased 10 per cent over
1936. The amount of family labor was relatively decreased,
special crop acreages increased, and correspondingly greater



FORTY -NINTH ANNUAL REPORT 17

amounts of hired labor were used. Man day costs of hired labor
increased westward, being lowest in the Upper Gila Valley, higher
in the Salt River Valley, and highest in the Yuma -Gila Valley.

Total annual payrolls for hired labor on irrigated farms were
more uniform from year to year during the years from 1932
through 1937 than in the typical, large, nonagricultural industry,
such as metal mining. In the rise from 1933 to 1937, wage rates
on farms lagged behind those in many other industries, but, on
the other hand, total annual payrolls were not reduced so dras-
tically on farms during the years 1929 to 1933, inclusive. Increased
mechanization on farms tends to put a premium on experienced,
skilled labor. As these changes go on, the demand for inex-
perienced or unskilled labor will decrease.

ARIZONA RURAL POPULATION

All but 32 per cent of the rural people in Arizona irrigated areas
as of April 1, 1936, learned their ways of living and farming in the
"dust bowl," the western cotton region, the Old South, and Mexico.
This was one of the conclusions of a paper on "The People of Ari-
zona Irrigated Areas," published in Rural Sociology, which con-
stitutes a part of a larger study of Arizona's population begun in
1936 and briefly reported in Arizona and Its Heritage, General
Bulletin No. 3, April, 1936, pp. 259 -64. Of the remainder, less than
one half were native Arizonans. The influences of rural ways of
living in other regions were still predominant in Arizona rural
life. Almost one half of the heads of households on farms and in
centers of less than 2,500 people were unskilled laborers, the
greater part being laborers on farms. The probable effect of
policies for agriculture as they tend to increase or decrease the
numbers of laborers in rural areas should be carefully weighed.
Net gains in number of workers among upper -level occupations
(such as skilled workers, farm operators, and proprietors of small
businesses) and somewhat smaller net losses among occupations
of lower levels marked the 7 -year period 1929 through 1936.

A considerable shift from urban centers to farms took place
during the years 1929 through 1936. Mexican women, as compared
with other nativity and racial groups, had the largest completed
families. It is probable that there will be no shortage of resident
farm laborers in irrigated areas for some time to come. Normal
families, as contrasted with broken families and other household
combinations, were the general rule, 75 per cent of all households
being thus classified. Among laborers' households, 81 per cent
were normal (composed of man, woman, children, or man and
woman), while among other households 68 per cent were normal.
Upper -level occupations compared unfavorably with lower -level
occupations in this respect. Apparently, the normal family is the
most predominant form of social control among the people of
Arizona irrigated areas.
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AGRICULTURAL ENGINEERING
GROUND WATER STUDIES

The Cortaro -Marana district

Studies of the pumping draft and its effect upon the ground
water table in and adjacent to the pumping area of the Marana
Irrigation Company, formerly the Pima Farms Company, have
been continued.

Farming operations on the Guild ranch, now owned by W. T.
Ford, were resumed in 1937 with a pumping draft in that year of
approximately 1,070 acre -feet of water. This, with the draft from
the Company wells, brought the total draft upon the ground water
reservoir to 19,100 acre -feet for the year 1937. The resultant
average lowering in the water table at the beginning of the 1938
season was only 2.3 feet as compared with 3.5 feet lowering for
the previous year with 500 acre -feet less pumping draft.

Although the pumping records for 1938 are not yet complete,
the value of the new water development program in the Marana
area has been demonstrated. Even with an increased acreage in
cultivation the draft upon the Cortaro pumping area has been
less than in 1937, and it now appears that no residual lowering of
the water table will occur as the result of this year's pumping in
this area. The Marana pumping area is about 6 miles distant from
the Cortaro area.

The Eloy pumping district

The hydrology of this area was described in the Forty- eighth
Annual Report. A simplified method of investigation and analysis
was devised for determining the extent of the ground water supply
from the fluctuations of the water table caused by pumping. For
the 1937 pumping season the aggregate draft on the wells was
65,700 acre -feet of water and the volume of ground unwatered
from early March, 1937, to March 1, 1938, was 414,000 acre -feet.
These data, with the corresponding data for the 1936 season, in-
dicate a specific yield of 11.5 per cent and that 18,500 acre -feet of
water could have been pumped without a residual lowering of the
water table. The quantity 18,500 acre -feet is not the inflow to the
district, the inflow to the basin and the outflow are not known, but
the figure is of great value in indicating the safe limit if the water
table is to be maintained and the pumping lift kept within eco-
nomic bounds. For the year from March, 1937 to March, 1938 the
residual lowering of the water table was 5 to 7 feet in the areas of
heavy draft and was more than 3 feet over an area of 65,000 acres.
The corresponding data for 1938, though incomplete as yet, ap-
pear to corroborate the above conclusions.

The validity of water table measurements in the determination of unwatering

Hydrologists have made extensive use of depth -to -water meas-
urements in wells for computing the volume of unwatering and
the quantity of ground water drawn from or added to storage. The
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validity of this method has been challenged. It is claimed that
the draught of wells results in doming and ridging between wells
and causes so much irregularity of the water table that the eleva-
tion of the water surface in irrigation wells no longer represents
the general water surface of the district.

Special studies of this problem were made in connection with
the Eloy district investigations by studying the effect of heavy
draft at the irrigation wells on intermediate unused wells and
domestic wells where the draft is trivial.

One such case is shown in Figure 3. The Cantillo house well
was equipped with rope and bucket and the draft was negligible.
The nearest irrigation well, the Frazier well, was heavily pumped
each year to irrigate 320 acres of cotton. The interval between
them was 1 mile. The water table at the house well rose and
fell with that at the irrigation well almost synchronously. Other
similar cases in the Eloy district showed some lag during the
irrigation season, but always after a rest during the fall and
winter there was no residual lack of correspondence. It is con-
cluded that if the ground water year be taken from February to
February or March to March, then the position of the water table
in this district is represented accurately by the water levels in
wells. At many wells the spring irrigation begins in late March,
so the year can best be taken as beginning and ending in early
March. Similar studies should be made in other ground water
basins under investigation.

Little Chino Valley

A study of the artesian area in the Little Chino Valley, in which
there are already twenty -two wells, was initiated in the spring of
1938 in co- operation with the Agricultural Extension Service.
Logs of wells are being collected, artesian water levels and pres-
sure heads measured, and levels have been run to all the wells to
determine their relative elevations above sea level. It is expected
that several years' records and study of the area will be necessary
before an estimate of the safe yield from the artesian strata may be
made.

Skull Valley

This small area is representative of many areas in the state
which are susceptible of limited irrigation development. Two
16 -inch irrigation wells, less than 100 feet in depth have been
drilled in Skull Valley this past year. These wells, drilled on the
bottom land, tap a coarse sand and gravel water- bearing stratum
in the Recent alluvial valley fill. Ground water storage is limited
by the narrowness of the valley and the depth of the Recent fill.
Recharge to the area must in large measure be dependent upon
flood flows in Skull Valley Wash. Overdevelopment should
be carefully guarded against by ascertaining the effect of heavy
pumping from these two wells before additional wells are drilled
in the area.
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A DEEP -WELL CURRENT METER

A Hoff, propeller type, current meter was purchased by the
department for the purpose of determining the location and yield
of the separate water -bearing strata and the possible upward flow
from strata under artesian pressure into higher strata in some of
the deeper irrigation wells. The meter is equipped with a special
lower thrust bearing and an adjustable guide cage for use in cas-
ings of different sizes. The same type of meter has been success-
fully used by the U.S. Geological Survey and the New Mexico
State Engineer's office in investigations of artesian wells. Irriga-
tion wells, however, are much larger in diameter and velocities of
flow are lower than in the artesian wells in which the Hoff meter
has been used.
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Figure 4.- Comparison of test points of Hoff current meter, rated in ver-
tical position in the Agriculture Building well, with the manufacturer's

rating curve and test points for the meter in horizontal position.
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Current meters are designed primarily for the measurement of
surface stream flow and are therefore rated by the manufacturer
in horizontal position. Since the meter is used in measuring
vertical velocities in well work, it appeared desirable to check
the rating of the meter in this position, particularly at the veloc-
ities lower than are usually encountered in stream -flow work.
The 16 -inch Agriculture Building well on the University campus
was used as a vertical rating tank. The distance traveled by the
meter was measured by means of a homemade, odometer and the
time was checked with a stopwatch. At low and moderate veloc-
ities consistent results were obtained in agreement with the fac-
tory rating of the meter.

The relation between the revolutions of the propeller and the
velocity in feet per second is shown in Figure 4. The rating curve
is that developed by the manufacturer for low velocities of the
meter in horizontal position. The factory test points with the
meter in horizontal position together with the test points for the
meter in vertical position are plotted on the chart for comparison.

By a series of velocity determinations in the Agriculture Build-
ing well, while pumping, it was possible to locate the water -
bearing strata and correlate them with the driller's log of the
well. The propeller of the current meter has a diameter of only
4 inches and therefore in the 16 -inch well casing the velocity as
determined is very nearly the maximum in the cross section. It
was estimated that the mean velocity in the casing would be
approximately 85 per cent of recorded meter velocity. On this
basis the flow in gallons per minute was computed from the veloc-
ity measurements at various depths. The test velocities, com-
puted flow at corresponding depths, and the log of the formations
as originally reported by the driller are graphically shown in
Figure 5.

From the bottom of the well at a depth of 193 feet below the
top of the well casing, up to 74 feet, velocities were so low that
they were not sufficient to actuate the propeller. At 71 feet fairly
definite velocities of approximately 0.12 feet per second were
secured, with a computed flow of 64 gallons per minute, with a
pump discharging 325 gallons per minute and with a drawdown
of 7.3 feet. From the curve showing the flow at various depths it
may be seen that the portion of the well from the bottom up to
48 feet was supplying only 80 gallons per minute. The curves
show that the major portion of the water is secured between
depths of 31 feet and 46 feet, which agrees with the driller's de-
scription of that formation as "loose sand, gravel, and boulders
with streaks of cement."

In November, 1916, the static water level stood near the top of
the well casing, 80.5 feet below the ground surface; in August,
1938, it stood at 94.2 feet. It is to be expected that the pumping
draft in this area will increase in the next 20 years with a result-
ant further lowering in the water table. When the pumping
water level is drawn down below 112 feet the principal water-
bearing stratum is partially uncovered and the capacity of the
well will be seriously affected.
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PUMPING PLANT EFFICIENCIES

Plant efficiencies were obtained at eight pumping plants in the
Eloy district by measuring the discharge of water, the lift in feet,
and the rate of power input to the electric motor. The results are
shown in Table 4. None of these plants was over 3 years old. One
purpose in publishing these tests is to permit comparison with the
more frequently cited tests made in factories under ideal con-
ditions.

TABLE 4. -PLANT EFFICIENCIES IN THE ELOY DISTRICT,
AUGUST, 1938.

No. Location

Static
pump-
ing lift
(feet)

Dis-
charge
(sec.-
ft.)

Input
(kw.)

Effi-
ciency
(per

cent)
1 Sec. 28, T. 8 S., R. 7 E. 182 3.16 92.0 53.0
2 Sec. 32, T. 8 S., R. 8 E. 168 4.60 112.0 58.4
3 Sec. 33, T. 8 S., R. 8 E. 164 4.57 107.5 59.1
4 Sec. 1, T. 9 S., R. 7 E. 167 4.09 103.5 55.8
5 Sec. 13, T. 9 S., R. 7 E. 168 3.78 101.0 53.2
6 Sec. 19, T. 9 S., R. 7 E. 145 3.34 82.5 49.9
7 Sec. 24, T. 9 S., R. 7 E. 161 4.53 105.0 58.9
8 Sec. 17, T. 9 S., R. 8 E. 160 3.20 83.5 52.0

THE DUTY OF WATER FOR COTTON

The duty of water for upland cotton was obtained at eight loca-
tions in the Eloy district where the discharge, the rate of input,
and the total use of power for the season were known, and is given
in Table 5.

TABLE 5. -DUTY OF WATER AT EIGHT PLANTS IN THE ELOY
DISTRICT.

g áw". ó O
..

o w u ó.sa m w s

d Ú

v 3 rC 3 a) V LCáv,
.6 `-% 4z', á <-''

1 Sec. 32, T. 8 S., R. 8 E. 4.60 111.5 268,880
2 Sec. 33, T. 8 S., R. 8 E. 4.57 105.0 278,280 598 3.24
3 Sec. 24, T. 9 S., R. 7 E. 4.53 104.0 370,560
4 Sec. 13, T. 9 S., R. 7 E. 3.78 100.5 311,600 605 3.84
5 Sec. 1, T. 9 S., R. 7 E. 4.09 101.0 309,600 307 3.40
6 Sec. 19, T. 9 S., R. 7 E. 3.34 82.5 210,840 253 2.81
7 Sec. 17, T. 9 S., R. 8 E. 3.20 83.5 129,590 133 3.11
8 Sec. 20, T. 9 S., R. 8 E. 3.14 91.0 129,700 119 3.13

For comparison with the data in Table 5 the use of water by
W. T. Hardin, a successful rancher in the Marana district, may be
cited. Mr. Hardin has raised Pima cotton for many years and
usually obtains about a bale to the acre. In 1937 on account of the
favorable weather the yield of his 139 acres averaged 602 pounds
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of lint. During the last half of March the ground was irrigated
thoroughly with an average depth of application of 10.2 inches of
water. The planting was done the week ending April 4. After
that the irrigation intervals were 40, 36, 17, 25, 23, 28, and 21 days.
The total water applied, including the preplanting irrigation, was
3.33 acre -feet per acre. The irrigation season for Pima cotton is
somewhat longer than for upland cotton. The water used by Mr.
Hardin cost $6.50 per acre -foot and was accurately measured over
a weir.

The duty of water for upland cotton on excellent soil and with
judicious practices is not far from 3 acre -feet per acre and for
Pima cotton one third to one half acre -feet more.

THE RELATION OF PHYSIOGRAPHY TO GROUND WATER
SUPPLIES

Studies under this title, mentioned in previous annual reports,
have been prepared for publication and published as Technical
Bulletin No. 77.

The central feature of the bulletin is that the bottom lands lying
along the river courses in Arizona are the surfaces of the Recent,
unconsolidated, alluvial sands and gravels deposited in the
trenches which were created during the last great erosional period.
The bottoms vary from a few hundred feet to several miles in
width. The underlying aquifers provide excellent water supplies
and are recharged by flood flows in addition to the continuous
lateral recharge. Since the aquifers have definite banks, the
waters therein are "public" and are appropriable under the Ari-
zona law.

The side slopes of the valleys from the mountains down to the
bottom lands are broken into three definite terraces. An acci-
dental extra terrace may be found rarely. Often the terraces
merge into true pediments near the mountains. The highest
terraces, being the oldest, are much eroded -sometimes into
rounded hills -and are usually capped with caliche. The inter-
mediate terraces in many areas are covered with good soil.

Water supplies beneath the terraces are variable, and good wells
may be found quite close to others of very low specific capacity.
Where the older, Tertiary deposits occur at or near the surface,
the yield of wells is likely to be meager.

Evidence points to climatic reversals as the cause of the alter-
nating erosional and aggradational periods. It is postulated that
the reversals were correlated with the successive advances and
retreats of the ice sheets during Quaternary time; that at the time
of an advance the temperature in Arizona was cooler, the evapor-
ation less, and precipitation greater; and that living rivers ran to
the ocean carrying silt and sand and eroding inner valleys. Con-
versely, a retreat of the ice was correlated with warmer climate,
ephemeral streams, and slow aggradation of the valleys previ-
ously formed. Differential uplift of the earth's crust may have
played a contributing part in the formation of the terraces.

Recognition of the terraces provides a basis for the study and
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classification of the ground water supplies beneath the terraces as
well as that beneath the bottom land. The supplies in each valley
must be studied separately, however, since the character of the
aquifers depends in large measure on the kinds of rocks from
which the alluvium was derived.

MISCELLANEOUS

The continuous autographic recorder on the canal of the Flow-
ing Wells Irrigation District was maintained throughout the year.
In 1937 a flow of 5,366 acre -feet was recorded at the weir, which,
added to 81 acre -feet pumped from wells in the lower end of the
project, made a total of 5,447 acre -feet of water used on a gross
acreage of 1,742 of which 405 acres were in alfalfa. The gross duty
was 3.1 acre -feet.

The creosoted tamarisk fence posts described in the last two
annual reports were inspected in March, 1938, and were found to
be in good condition. A sample of dressed and polished tamarisk,
showing the beauty of grain and color, was exhibited to furniture
manufacturers in Grand Rapids, Michigan, and elicited interest
and admiration. It was stated by them that if tests show good
workability, firm adhesion to glue, and other needed qualities and
if an adequate supply of straight logs can be made available, the
wood will rank with mahogany, maple, and satinwood for manu-
facturing purposes. It is believed also that it could be used for
flooring, inside trim for homes, and general cabinet work.

AGRONOMY
THE CULTURE AND IMPROVEMENT OF SMALL GRAINS

In 1937 a few of the lower yielding barley varieties were dis-
continued in the tests at the Salt River Valley Experiment Farm
at Mesa. Two new Atlas X Vaughn hybrid selections were then
included in the field plots for the first time. These hybrids had
previously been planted for 3 years at Tucson and Mesa in row
tests and were the two highest in grain yield from an original of
fifty. Both have awns as smooth as Vaughn, have relatively the
same date of heading, are as resistant to lodging as Vaughn,
and yield higher than Vaughn at Tucson. The average grain yield
in bushels per acre of the eight barley varieties grown in the field
plots at Mesa are shown in Table 6.

TABLE 6- AVERAGE BARLEY YIELD (BUSHELS PER ACRE) .

Variety 1937 1938 Av.

Vaughn 57.2 78.8 68.0
Common Six Row 58.0 61.5 59.8
Scarab 64.9 83.3 74.1
Trebi 57.5 66.8 62.2
Sacramento 68.3 81.0 74.7
Union Beardless 60.7 67.5 64.1
Atlas X Vaughn 257 64.5 90.0 77.3
Atlas X Vaughn 269 72.9 93.8 83.4
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It will be seen that both of the Atlas X Vaughn selections aver-
aged higher in grain yield than Vaughn. The Arizona 269 yielded
15.4 bushels per acre higher than Vaughn for the 2 years.

An experiment was started in 1937 to study the effect of irriga-
tion on the amount of foliage produced for pasturing Vaughn
barley and Texas Red oats. In this experiment there was one
schedule in which no irrigation was to be applied during the fall
season which ended about December 15. However, the soil in this
plot became so dry by the latter part of November that a 2 -inch
irrigation was necessary to keep the plants from drying up. The
foliage produced in this plot for pasturing was lower than any
other plot in the test during the fall months, yet during the winter
and spring seasons its growth was so much higher than the re-
mainder of the plots that its average for the entire year was the
highest in the test. This was true for the barley and also the
oats. The plants in the plots which were irrigated in the fall had
considerable yellowing during the winter months, especially
where large amounts of water had been applied in the fall. How-
ever, there was no yellowing during the winter where no irriga-
tion had been applied during the early fall months.

The above experiment was continued through 1938 except that
a new schedule was added in which the planting was about a
month later (October 21) than the remainder of the test. No
irrigation water was applied to this plot from planting to the
winter season. Although one less pasturing was obtained from
this new schedule, its total foliage produced for pasturing for the
year was higher than any other plot in the test. In each of the
years the oats have averaged more foliage for pasturing than the
barley.

SOYBEANS

Soybean variety trials conducted by the Agronomy Department
of the University of Arizona have shown that it is possible to
produce both seed and hay yields comparable with those obtained
in the soybean producing regions of the Midwest; however, the
actual harvested threshed bean yield may be much lower here due
to considerable shattering before or during harvest.

During the last 3 years forty -six different strains and varieties
have been tested by the University of Arizona. All but twelve
of these were eliminated from the variety trials by 1937. During
1937 the per -acre yields of these twelve ranged from very low to
as high as 31/2 tons when cut for hay and as high as 43 bushels of
beans when threshed, there being no correction made for shatter-
ing. Corrections were made for shattering during 1936, and an
average yield of seventeen varieties grown at Tucson was 371/3

bushels with a range of from 18.8 to 63.9 bushels per acre.
The difficulty has been that the farmer is unable to give enough

detailed time to harvesting in order to obtain threshed bean yields
comparable with experimental results, the main difficulty being
that ripening is accompanied by much shattering. During the
1938 season 557 strains and varieties from various parts of the
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United States and from the United States Department of Agricul-
ture are being tried in order to find a nonshatter type better suited
to Arizona conditions. Data are also being accumulated to deter-
mine the relationship between yield and quality as related to
maturity at time of harvest. It is hoped that earlier harvesting
with relatively no shattering will be possible without adversely
affecting yield or quality.

CORN

A continued search has been made for a yellow variety of corn
which will do well under Arizona conditions. The demands of
stock feeders in general and the poultry feeders in particular have
been for a yellow variety. The yields obtained in 1937 at Tucson
and on the University Experimental Farm in the Salt River Valley
continue to show for the most part the yield superiority of native
White Mexican June types.

TABLE 7. -CORN YIELDS OF VARIETIES GROWN AT TUCSON
IN 1937.

Variety
Kernel
color

Bu. per
acre Rank

Mexican June -Nichols white 33.49 125
Mexican June X Hastings____ yellow 32.40 121
Mexican June -Sacaton white 31.02 116
Mexican June -New Mexico__ white 29.62 110
Mexican June X Reid yellow 26.94 100
Yellow Surecropper yellow 26.91 100
Kutias X R4 yellow 22.99 86
Ferguson Yellow Dent yellow 19.78 74
Funks Hybrid 244 yellow 18.13 68

Average 26.81 100

TABLE 8. -CORN YIELDS OF VARIETIES GROWN ON UNIVERSITY
SALT RIVER VALLEY FARM IN 1937.

Variety
Kernel
color

Bu. per
acre Rank

Mexican June - Sacaton white 73.04 149
Mexican June -Nichols white 57.64 118
Mexican June -New Mexico__ white 45.63 93
Mexican June X Hastings_. yellow 43.78 89
Mexican June X Reid yellow 43.45 89
Yellow Surecropper yellow 30.24 62

Average 48.96 100

As a further attempt at obtaining yellow varieties for different
sections of the state, soil, climate, and other applicable data were
furnished some of the hybrid seed companies as a means of help-
ing them select suitable strains for Arizona conditions. Conse-
quently, a number of yellow hybrids, as well as local varieties, are
being tried at Tucson, Sacaton, Mesa, Flagstaff, Willcox, Joseph
City, and also in the Chino and Verde regions of Yavapai County.
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COTTON PRODUCTION AS AFFECTED BY SOIL ENVIRONMENT

Cotton research during 1937 dealt primarily with the determin-
ation of controllable factors which might affect maturity, imma-
turity of fibers being the chief objection to southwestern irrigated
cotton.

A determination of the influence of rotation upon length and
maturity of fibers was started in 1936 and continued in 1937. The
first series of data accumulated and calculated indicates that only
slight variable differences exist in length and maturity of fibers
as affected by the preceding crop or type of rotation. This is to be
expected, since the rotations have been in practice only a very
short time, and no significant differences exist as yet in fertility,
water absorption qualities of the soil, etc.

A study to determine the influence of spacing on length and
maturity of fibers was continued in 1937, having been started in
1936. Although these data have not been assembled and studied,
it will be of interest to know if the closer spaced plantings in 1937
produced a more mature lint than did the wider spaced plantings,
as was the case in 1936.

An investigation of the influence of varied irrigations on plant
height and fiber maturity of Pima cotton was continued in 1937
and planned for 1938. This work is being done on the University
Farm at Mesa. It has been determined that an optimum amount
of water is preferable to either excessive or an insufficient amount.
The lint fails to mature properly with either extreme, an inter-
mediate amount of water properly applied giving the best matured
fiber.

A correlation of the maturity of cotton fibers with respect to
length classes showed that the longest and also the shortest fibers,
in a given lot of cotton, are less mature than are those of inter-
mediate lengths. Fibers toward the top of the range in intermedi-
ate lengths are slightly better in maturity than those toward the
bottom. Cotton breeders who select progenies with greater pro-
portions of the longer intermediate fibers, unconsciously or other-
wise, select toward improvement in fiber maturity.

During the last 2 years, fifty lock samples were taken from each
of a number of fields in different cotton counties in an effort to de-
termine length and maturity of cotton fibers produced in various
sections of the state. The most satisfactory work done along this
line was with cotton taken from Graham County fields in 1937.
The most interesting comparison made was between short water -
stressed plants and tall vegetative plants. The intermediate plants
produced higher yields and better cotton than either of the ex-
tremes.

Three materially differing climatic variations are represented
in the Safford (Graham County), Salt River, and Yuma valleys.
The quality of fiber produced is usually best in Safford Valley and
poorest in Yuma Valley, with that in Salt River Valley being
intermediate. However, the "Cotton Grade and Staple" reports
for 1937 show that the Safford Valley cotton was not as good as
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usual, running lower in grade than in 1936 and lower than in the
Coolidge area. The grade of cotton held up better in the Coolidge
area than in any other for 1937. A few pickings were made very
late in the Coolidge area, a few first pickings being made as late
as the middle of January. Cotton in the Yuma area started low
with grades of strict middling and lower and gradually became
worse throughout the ginning season to as low as good ordinary.

An experiment has been started to determine the plant growth
and type and fiber quality as influenced by date of emergence of
plants following planting.

Another experiment is under progress to determine the rela-
tionship between fiber quality and temperatures during develop-
ment. Four constant temperature chambers have been con-
structed in the greenhouse and are being equipped for this work.

GRAIN SORGHUMS

Two new varieties of grain sorghums were recommended for
use as a result of tests of grain sorghum varieties while a third
variety was recommended for trial for silage purposes as a result
of the work with sorghums. Sooner Milo was recommended for
late planting, August 1 to August 10, because of its ability to make
satisfactory grain yields under conditions to which other varieties
were not suited. The Ajax variety was recommended for limited
use as a grain variety because of its demonstrated high yielding
ability in the variety test. Atlas sorgo was recommended as a
silage crop and for limited use as a market seed crop. The Beaver
variety compared favorably with the Sooner but did not produce
the equivalent quality of grain from late plantings. Definite
recommendation of this variety was not made for this reason as
well as because of the limited length of time it had been included
in the date of planting trials. The extremely late fall appeared
to give an undue advantage to this variety. Acre yields of
threshed grain for the past 2 years are presented in Table 9.

TABLE 9.- SORGHUM DATE -OF- PLANTING TEST AND YIELDS OF
THRESHED GRAIN, SALT RIVER VALLEY EXPERIMENT FARM.

Variety Year

Planting dates and yields (pounds)

July 15 -17 July 29 -31 Aug. 9 -10 Aug. 15 -18

Sooner 1936 4,019 4,019 3,020 2,427
1937 6,703 6,579 7,074 4,496

Av. 5,361 5,299 5,047 3,462
Beaver 1936 3,148 3,148 3,670 2,243

1937 7,590 6,248 7,343 4,538
Av. 5,369 4,699 5,507 3,391

Wheatland 1936 4,461 4,776 2,835 1,193*
1937 6,796 6,595 6,600 4,688

Av. 5,629 5,186 4,718 2,941

*Frosted.
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The continued good performance of the Ajax variety together
with its uniformity and suitability for combine harvesting resulted
in its recommendation. It is noteworthy, however, that the yield
of the Sooner variety which was lowest in the variety test was
actually higher when planted late than that of Ajax which led the
fifteen varieties included in the variety test. The acre yields
(pounds) of threshed grain in the sorghum variety test, Salt River
Valley Experiment Farm, 1937, are here presented:

Ajax 6,525 Beaver 5,284
Algeria 6,246 Blackbull Kaffir 5,280
Manko 6,235 Wheatland 5,253
Feterita 6,223 Club Kaffir 4,632
Hegari 5,742 Grohoma 4,602
Kalo 5,738 Atlas 4,498
Fargo 5,699 Sooner 4,406
Double Dwarf Y. Milo 5,697

Pure line selection work to further improve the yielding ability
and uniformity of hegari and Double Dwarf Yellow Milo was
continued, and similar work with Fargo and Atlas was started.
The discovery of dry stalk types on the Atlas resulted in special
precautions to remove such types from the foundation seed plant-
ing, thus resulting in improved foundation seed of this variety for
subsequent commercial plantings. The continued trials of hegari
and Double Dwarf Yellow Milo selections indicated that at least
two selections of each were superior to the foundation seed stocks
of these varieties.

WEED ERADICATION AND CONTROL

Table 10 shows the change in stand of three weeds due to various
chemical treatments from October 5 to 19, 1937. Similar plots
were hoed and burned weekly, beginning October 21 and con-

TABLE 10.- CHANGE IN STAND OF THREE WEEDS DUE TO
VARIOUS TREATMENTS.

Treatment

Bindweed Horse nettle Nut grass
Aver-

age
stand

Per cent
change

Aver-
age

stand
Per cent
change

Aver-
age

stand
Per cent
change

Check 22 64 9 11 55 31
Arsenic

Basic 48 20 12 -9 41 -27
Acid 23 101 11 23 47 19

Sodium chlorate
1 lb. per gal. 44 17 12 59 .___ ___.

1 lb. per gal. ._.. ._.. 18 68
11/2 lb. per gal. 8 64 56 11

Leached 24 -76 14 36 56 -2
Oil 60 -15
Carbon bisulphide 20 -96 8 -85 45 21
Hoed 28 -62 13 -56 59 -92
Burned 19 171 11 102 51 68
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tinuing for 6 successive weeks. The nut grass was hoed and
burned for the first time November 4 and hoed weekly for 5 weeks
and then irregularly through the warm winter so that a total of
twelve treatments was made before the stand count was taken for
the second time June 24, 1938. All of the plots were counted in
June and the treatments continued. The bindweed and horse
nettle plots were located at the Tucson Indian School. The nut
grass was on the University Farm. Stand is expressed as shoots
per square meter for bindweed and horse nettle, and for a tenth
of a square meter for nut grass. The average stand is the average
number of shoots per square meter for four plots before treatment.
The per cent change in stand is the change in stand in the four
plots divided by the average stand. A minus value represents a
decrease. All figures are to the nearest whole number.

A study was made on the distribution of tubers of nut grass
growing in undisturbed soil, and the data are given in Table 11.

TABLE 11.- DISTRIBUTION OF NUT GRASS TUBERS IN ADJACENT
AREAS OF 1 SURFACE SQUARE FOOT.

Depth of
tubers Areas Average

(inches) 1 2 3 4

0- 2 35 46 71 21 43.25
2- 4 49 36 57 60 50.5
4- 6 16 22 21 46 31.25
6- 8 1 9 10 28 14.0
8 -10 0 4 4 8 4.0

10 -12 o 3 o 0 0.75
12 -18 0 0 o 0 0.00

Tubers of nut grass were brought into the greenhouse and ex-
posed on a bench where the daily fluctuation of temperatures was
from 80 to 106 degrees F. At the end of various time intervals
twenty tubers taken at random from the tubers spread on the
bench were planted 2 inches deep in a light soil on the bench and
watered. Four weeks after the last planting the tubers were dug
and the number sending shoots to the .surface were counted. In
Table 12 the results are multiplied by five to express the figures
in percentage.

ANIMAL HUSBANDRY
NUTRITIONAL STUDIES WITH CATTLE ON A GRASSLAND -TYPE

RANGE

A 5 -year study of the nutritive qualities of a grassland range
area in southern Arizona, different phases of which have been re-
ported in the preceding annual reports, was terminated during the
current year. A complete summary of the information secured in
this project is herewith given.

The nutritive qualities of a grassland range composed princi-
pally of perennial grasses containing on an average of 6.37 per
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cent crude protein, 0.227 per cent calcium and 0.178 per cent phos-
phorus (air -dry basis) were found adequate for the yearlong
maintenance of a cattle breeding unit. Provision of calcium -
phosphorus salts was found in no way to be beneficial, and the
use of cottonseed cake as a winter supplement proved impractical
except as an emergency feed.

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

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

The water consumption of the range cows was directly propor-
tional to the air temperature and evaporation. These factors
materially reduced the effect of succulent feed on free water
intake. The average amount taken each day over a 31/2 year
period was 6.3 gallons ranging from a minimum of 2.6 gallons in
the winter to a maximum of 11.5 gallons in June and July per cow.

The average daily loss of water from a 5 -foot tank ranged from
a minimum evaporation' of 2 gallons per day during December to
a maximum loss of 7.5 gallons in June.

Supplemental feeding of range cows with cottonseed cake will
not increase the calf birth weight and weaning weight or the
calf crop percentage sufficiently to warrant the practice, when
the natural forage is adequate for the production of a living calf
and maintenance of health and thrifty condition in the breeding
herd.

Preliminary studies of creep feeding range calves point to the
inadvisability of this practice in Arizona. A premium on the
market price of feeder calves sufficient to compensate for the
extra cost involved is doubtful.

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

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

NUTRITIONAL STUDIES OF ARIZONA RANGE PLANTS AND
CATTLE

The scope of this project has been extended to determine the
occurrence, if any, of mineral and vitamin A deficiencies of cattle
on range areas throughout the state. Samples of representative
forage plants are being collected during their growing, mature,
and dormant stages and analyzed for mineral, crude protein, and
carotene content. Blood samples for phosphorus determination
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are taken from ten to fifteen cows selected at random on each
ranch. Sufficient data have not been assembled on which to base
a report.

FEEDER STEER TYPE STUDY

A summary of the fourth test of this project is given in Table 13.

TABLE 13.- SUMMARY OF RATINGS.

Division A Division B Division C

Judge's
rating
Tucson

Lot Livestock
no. Show

I 1
II 2

III 3
IV 4
V 8

VI 7
VII 6

VIII 5

Economy of gains Killing efficiency

Feed cost Rating
per cwt.

gain
$6.31 2
6.30 1
6.54 3
7.29 4
8.12 8
7.37 5
7.86 6
8.00 7

Est. gross
packer return
per lot above

steer cost

Rating

$55.13
68.07
58.27
54.78
93.00
65.28
78.46
67.80

7
3
6
8
1
5
2
4

In this year's test there is very close agreement between the
ratings of the first two divisions but almost complete lack of agree-
ment between either of the first two divisions and killing efficiency.
This emphasizes the fact that the economical feeder is usually not
as highly finished and so does not kill out with as high a value to
the packer. This is more evidence that the higher the finish the
less efficient the steer is in putting on gain.

The Chiricahua Ranches entry, Lot II, by winning second at
Tucson, first in the economy -of -gain division with a "photo" finish
over the Baca Float steers, and a third in the killing efficiency
phase made the best record of the 1938 test.

The Baca Float steers, Lot I, won first at Tucson, second in
economy of gain, losing by 1 cent, and seventh in killing efficiency.

The McFadden steers, although they placed last in the first two
divisions, won first in the killing efficiency division.

The outcome of the La Osa steers, Lot VI, may have been in-
fluenced by the fact that one steer died after 66 days on experi-
ment.

The ration used consisted of Salt River Valley feeds and has been
established by the Animal Husbandry Department of the Univer-
sity of Arizona as being efficient and practical providing the price
of grain is not higher than the price of cottonseed meal and pro-
viding the premium for finish justifies the use of grain.

This experiment is being continued in an effort to determine if
a relation exists between the conformation of a feeder steer and
its feeding and slaughter efficiency.
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CONTROL OF MESQUITE AND NOXIOUS SHRUBS ON RANGE
LANDS

The field experiments in co- operation with the Department of
Plant Pathology were followed intensively during the preceding
fiscal year. Field work during the present fiscal year has con-
sisted largely in checking on the permanence of eradication and
the clearing of measured areas of different stand intensities and
sizes to secure labor and cost data. The experiments have proved
the effectiveness and cheapness of poisoning mesquite with sodium
arsenite solution, and the method is already being adopted by
cattlemen. The experiments have been published as Technical
Bulletin No. 74.

BOTANY AND RANGE ECOLOGY

PLANTS POISONOUS TO RANGE STOCK

A study of the distribution, occurrence, and abundance of
poisonous plants of the state has been continued throughout the
year. Of the plants studied loco (Astragalus sabulosus Jones) and
poison hemlock (Conium maculatum) were the most significant.
Astragalus sabulosus is one of the closely related species of the
Astragalus group occurring generally in northern and eastern
Arizona. This species was abundant in the Verde Valley in April.
Astragalus pattersonii and A. praelongus were also found in some
quantity. A mustard (Stanleya canescens) was also reported as
abundant in the Verde Valley. A woody aster (Aster abates
Blake; Xylorrhiza torti f olia Greene) was collected in April from
northwestern Arizona and is believed to be poisonous to stock.
Poison plants reported in Greenlee County by the county agri-
cultural agent proved to be poison hemlock (Conium maculatum) .

Investigation showed this plant to be quite widely spread and
abundant along the flood plain and irrigation ditches of the Upper
Gila River Valley in Greenlee County. This plant is the well -
known and widely distributed poison hemlock which belongs to
the parsley family; however, it has usually not been recognized
in the state. From a contact with other counties it was found that
poison hemlock was growing in Upper Aravaipa Canyon along
Aravaipa Creek and in yards and gardens as an ornamental plant
in Douglas, Prescott, and Flagstaff. This as an ornamental plant
was sometimes incorrectly called Queen Anne's Lace and used
as a decorative plant for its fernlike leaves without the knowledge
of its poisonous nature and danger of spreading to other localities.
In cooler climates poison hemlock is a biennial plant, however, in
the warm climate of southwestern Arizona it seems to grow as an
annual with new plants growing and maturing during the cooler
part of the year. A careful study is being made of its life history
with respect to climate and seasons, the viability of seed, and
possible method of eradication of the plant.



FORTY -NINTH ANNUAL REPORT 37

THE UNIVERSITY HERBARIUM

Considerable work has been done on the herbarium; 3,400 sheets
of specimens have been mounted and distributed, and several of
the larger groups have been rearranged. One hundred and four
species of plants new to the state were added to the flora during
the year. There is a developing national and international inter-
est in the herbarium for study of special groups of southwestern
species of plants as has been evidenced by the number of research
workers who have spent some time in study of herbarium mate-
rials within the last year. Many of these workers have aided in
identification of their special groups and added new specimens to
the herbarium.

There has been a great amount of service work in identifying
specimens sent into the herbarium.. It has been estimated that
over 5,000 specimens were sent in from various parts of the state
for identification.

In the field of taxonomy much effort has been spent in the tech-
nical study of grasses, sedges, and rushes of the state preparatory
to a publication on these plants.

PRELIMINARY REPORT ON BEET SEED EXPERIMENTS

The production of sugar beet seed in Arizona has had a rather
phenomenal growth during the past few years and offers con-
siderable promise as a new agricultural industry. The degree to
which this promise may be fulfilled appears to depend largely
upon a general understanding of certain problems peculiar to the
industry, the development of best cultural practices, and the de-
termination of suitable varieties. To this end the Arizona Experi-
ment Station in co- operation with the Division of Sugar Plants
Investigations of the United States Department of Agriculture
has made a beginning study of principles and practices favorable
to the industry. This preliminary study included some varietal
tests: the effect of time of planting, the supply of nitrogen, the
effect of thinning, and the effect of topping.

Essentially the problem is one of production of a beet which can
be induced to form seed for the seed grower and a sugar beet for
the sugar beet farmer. Obviously the beet plant is no respecter
of persons and occupations. The answer to this problem lies,
partially at least, in the selection of certain areas which have
suitable climatic conditions for beet seed production. It is be-
lieved that an important part of the answer may be found in the
development of cultural practices that promote the most favorable
conditions for seed production and therefore supplement natural
climatic factors. These factors include a temperature range which
induces bolting of varieties that will not bolt in sugar producing
areas. In fact, these practices may determine success or failure
in a given area.

The problem is complicated by the variability of plants in all
varieties. Only a fraction of all the plants in any field take part in
seed production. Conditions of climate which favor bolting and
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seed production tend to favor the production of seed by a larger
percentage of the easier bolting plants. Thus the seed of a given
"variety" grown under favorable conditions may change markedly
in its bolting tendency and soon become a producer of seed that
is undesirable for sugar production. The fact that a variety does
not remain constant in its bolting tendency has not been properly
appreciated by grower, seedsman, and sugar producer. Serious
losses have been sustained recently because of this and if con-
tinued must reflect adversely upon the market. One acre of sugar
beet seed produces approximately enough seed for 100 acres of
sugar beets. The market for seed depends upon the production
of satisfactory seed. This phase of the problem might require
continuous importation of seed grown in colder climates, where
the bolting tendency remains constant, to supply seed to the more
favorable areas where yields are better but quality with respect
to bolting tendency declines. It is important to remember that
the previous history of the seed may be just as important as the
label on the container.

The first year of observation under Arizona conditions has just
been completed in a year of abnormally warm winter temperature.
The experimenters feel that results for 1 year are wholly in-
adequate for conclusions even during a normal season, much less
so in an abnormal one. On the basis of the limited information
obtained some striking differences in yield were indicated. Among
the experiments perhaps the most striking results were on effects
of topping, a practice believed to be comparable with pasturing
or other drastic treatments designed to induce seed production.
In all cases this practice appeared definitely bad. A special report
on this phase of the work is being prepared by members of the
Experiment Station directly interested in the problem.

These and supplementary experiments are being continued and
will be reported as rapidly as reliable information can be obtained.

It should be emphasized that climatic conditions of Arizona re-
quire such cultural practices as will help maintain as low uniform
temperature as possible throughout the season. Seed production
seems to be greatly favored by the best possible conditions for
growth, hence ample water and fertilizers are required. The need
of carefully planned experimentation to determine these re-
quirements cannot be overestimated.

RANGE CONDITIONS AS INDICATED BY FERTILIZER PLOTS

Yearlong grazing and cropping undoubtedly result in heavy
nutrient losses from our native range soils. During the past 4
years an attempt has been made to measure these losses experi-
mentally through a series of fertilized plots. Two sets of fertilizer
plots, one set open to grazing and one set fenced against cattle,
were established in pasture No. 1 on the Santa Rita Experimental
Range. An aqueous solution of sodium nitrate was applied to
one plot of both series during the summer of 1935 and not re-
fertilized since then. A check plot was also established on both
protected and unprotected areas at this time. During 1936 cal-
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cium nitrate and ammonium phosphate plots were established
and were refertilized in 1937 and 1938.

Fertilizer losses resulting through leaching and cropping were
followed by weekly soil analyses for nitrates and phosphates. In-
dications of the amounts lost solely through cropping were ob-
tained by comparing the weekly soil analyses of the protected and
unprotected plots. Changes in vegetative composition and density
under the various treatments of fertilization and protection were
recorded by quadrat and line transect counts. The nutritive value
of the plants under these different treatments were obtained by
two plant analyses. Weekly osmotic value determinations gave
indications of the time and amounts of fertilizer absorbed by the
plants.

Under the heavy stocking of 1935, the cattle showed a distinct
preference for the plants growing on the fertilized plots. The
compared feeding analysis for the samples of slender grama
(Bouteloua filiformis) taken from the various plots showed that
the fertilized plants contained higher percentages of protein.
This may account for the apparent increased palatability of the
plants growing on the fertilized plots.

The quadrat and transect counts indicate that fertilization and
protection increased the size and number of individual plants to
a point where competition has resulted between the two dominant
species, slender grama and poverty grass (Aristida divaricata) .
The outcome is evidenced on the fertilized and protected plots by
the increase of poverty grass, the larger of the two plants, at the
expense of slender grama. Two other large perennial grasses,
side oat grama (Bouteloua curtipendula) and tanglehead (Heter-
opagan contortus) are becoming established on the fertilized and
protected plots on the same basis.

The effect of fertilization on seed production is being investi-
gated. From preliminary examinations fertilization has increased
the number of seeds contained within each spike. The effect on
viability of the seed will be further studied by germination tests.

SEASONAL UTILIZATION AND FORAGE REQUIREMENTS ON
RANGE VEGETATION BY RODENTS

High populations of jack rabbits and kangaroo rats have been
known to cause serious damage to many grazing ranges. The
degree and nature of damage, however, is not actually known. It
is the purpose of this experiment to determine the species of
plants eaten by rodents, the amounts consumed in terms of dry
matter, and the nature of damage incurred in ways other than the
amounts consumed in competition with livestock.

Since it was not possible to capture wild, mature animals and
tame them to experimental handling, it was necessary to take
premature rabbits from their mothers and nurse to maturity. The
difficulties encountered in this procedure were the construction
and use of an incubator during the nursing period and the con-
struction of a larger rabbit hutch in which the young animals were
kept until they were old enough to transfer to the outside pens.
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Many losses and injuries were suffered by the influence of dogs,
coyotes, bobcats, and snakes which entailed building the equip-
ment against these natural enemies.

The selective preference of rabbits for certain forage species
has been studied by grazing the animals on enclosed plots. These
plots were planted with additional plants to higher sustaining
densities. The data on the selective preference of rabbits which
have been collected during the summer months are only indicative
and will therefore require more complete investigations.

Food maintenance requirements and the quantities of forages
consumed are being measured on a dry -weight basis. By using
the amount of alfalfa hay and rolled barley required to maintain
a rabbit, as a base ration, the number of rabbits equaling the for-
age consumption of a single cow or sheep can be estimated.

The amount of forage consumed by rabbits and kangaroo rats
is not the single source of damage. In many cases these animals
cut off plant stalks without utilizing them. Kangaroo rats often
dig up the roots of plants, thus resulting in the complete loss of
the plant. The utilization of seeds also affects the possibility of
maintaining a good vegetative cover. These sources of damage
have also been observed in the field cages.

WATER REQUIREMENTS OF SEVERAL RANGE PLANTS

The water requirements of several common range plants were
measured at Desert Grassland Station during the 5 -year period
1932 -36. The general experimental procedure followed was that
used by Briggs and Shantz. The field measurements were con-
cluded in 1936 and the compilation of the field records completed
in 1937. The results are in manuscript form awaiting additions,
revisions, and corrections.

LIFE HISTORY AND REPRODUCTION OF BURROWEED

Studies are being continued on the effects of various types of
cutting, grubbing, burning, and acid spray on burroweed plants at
different seasons. Plots were established in 1937 at the Santa Rita
Experimental Range on which individual plants were treated, and
careful observations of growth response were made at frequent
intervals. From observations made to date, the following con-
clusions may be drawn as to the effectiveness of the various types
of treatment:

Grubbing was most successful of all treatments inasmuch as no
vegetative response was noted under any of the conditions of the
experiment.

Cutting at various heights induced responses in the plants in
proportion to the amount of plant tissue remaining. Plants cut
at 11/2 and 3 inches above the root crown level showed a decided
regrowth by axillary and new bud development, especially in
small and medium -sized plants. In general, small plants cut to a
height of 11/2 inches produced the greatest amount of regrowth,
whereas medium -sized plants cut to a height of 3 inches produced
the largest number of new shoots in that treatment.
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Burning was almost as destructive as grubbing, and new growth
was noted only in treatments applied in the fall.

Spraying treatments were limited to 5 and 10 per cent sulphuric
acid. The higher concentration was quite effective in destroying
plants except in the case of some of the larger plants, owing prob-
ably to the inadequacy of the spray apparatus in penetrating to
the center of the plants. New growth of sprayed plants came from
buds on the older portions of the plants or sometimes near the root
crown level.

Further investigations of the root systems of young and mature
burroweed plants on various soil types have shown the plant to
have a rather extensive system of laterals accompanied by a
pronounced taproot. This extensive root system has been shown
to occupy the same soil layers as do the roots of the important
forage grasses and hence indicates that burroweed can compete
directly with grasses throughout its life cycle.

An extensive series of germination tests on burroweed seed was
conducted to determine the effect of temperature upon germina-
tion. It was found that when sufficient moisture was present,
burroweed had a rather uniform germination percentage of ap-
proximately 40 per cent at temperatures between 50 and 77 de-
grees F. Colder temperatures reduced and delayed germination
in these laboratory tests, although germination in the field takes
place only during the winter months.

A compilation of all available information concerning the life
history and methods of control of burroweed is available at the
University Library in the form of a master's thesis by Arnold
Voth, entitled "Summary of Investigations Dealing with Burro -
weed (Aplopappus fruticosus) and Its Ecological Aspects."

CLIMATIC CONDITIONS AND VEGETATION

Permanent quadrats were established in 1931 at Desert Grass-
land Station on areas totally protected from grazing, grazed by
rodents only, and grazed by cattle and rodents in a typical south-
ern Arizona semidesert range. These areas have been observed
yearly and photographs taken to measure the amount of forage
produced and the changes in vegetation occurring under these
conditions. Detailed weather observations covering air and soil
temperature, rainfall, humidity, evaporation, wind velocity, and
sunlight intensity have been carried on at Desert Grassland Sta-
tion and two supplementary stations since 1932. Compilation of
these weather and quadrat data is being made in an attempt to
understand the effect of fluctuations in rainfall and other climatic
factors on the yearly forage production under various degrees of
grazing. Important information concerning the forage prefer-
ences of cattle and rodents is being obtained in this study together
with an understanding of the responses of range plants to grazing
and weather conditions. A report of the information secured to
date will soon be available in bulletin form, and it is planned to
continue observations over a longer period of time.
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DAIRY HUSBANDRY
SOME PROPERTIES OF MILK POWDER WITH PARTICULAR REFER-

ENCE TO SWEET BUTTERMILK POWDER

Twenty samples of various kinds of dried milk were obtained at
different times. Acidity, moisture, solubility, and fat determina-
tion were made on each sample. Records were kept of the method
of manufacture and the kind of each powder. Varying percent-
ages of sulphuric acid solutions were used to obtain vapor pres-
sures of 40, 60, 80, and 100 per cent relative humidities. Samples
representing 1 gram dry weight of each powder were placed in
humidors having the above mentioned relative humidities.

Weights were taken daily for 5 to 10 days with a chemical bal-
ance and the rate of moisture absorption determined. After the
first 5 to 10 days weights were taken only every 5 days until 30
days had elapsed. Weights were taken of some of the samples
every 15 days for a year.

After samples were thought to have reached equilibrium, some
of those in humidors having 40 and 60 per cent relative humidities
were placed in humidities of 80 per cent, and then the humidity
was again lowered to the original humidities. Dehydration studies .
were made on these samples.

To study the effect of heat treatment on hygroscopic properties,
four samples were dried by holding in a 25 inch vacuum at 100
degrees C. for 4 hours. Four other samples were held for 4 hours
in 25 inch vacuums at 60 degrees C. These samples were then
given the same treatment as the undried samples.

To determine the effect of exposure to different relative humidi-
ties on dispersibility some of the samples were tested for dis-
persibility after they had been exposed to the different relative
humidities for different periods of time.

Sweet buttermilk powder was compared with dry skim milk for
ice cream making by preparing ice cream from the same mix,
except one mix contained sweet buttermilk powder while the
other contained skim milk powder. The flavor of the ice cream
was passed on by students, members of the faculty, and other
employees of the University.

A study was made of the possible gel value of sweet buttermilk
powder in ice cream. In this work ice cream containing sweet
buttermilk powder was compared in standing -up qualities with
ice cream containing dry skim milk and condensed milk.

The results of the experiments in this work would seem to
justify the following summary and conclusions:

1. Comparatively small moisture content is very detrimental
to the keeping quality and dispersibility of milk powder.

2. Moisture absorption proceeds at a rapid rate at first, but it
requires considerable time before equilibrium is reached.

3. Drum Dryer process powders absorb less moisture than do
powders produced by the spray process.

4. The amount of moisture absorbed by milk powders varies
indirectly as the fat content.
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5. Skim milk powder absorbs less moisture than sweet butter-
milk powder.

6. Moisture equilibrium levels before hydration to a higher
level are lower than after dehydration from these higher levels
back to the lower.

7. The heating of milk powders to high temperatures in
vacuums lowers their moisture equilibrium levels and also limits
the effect of the phenomenon mentioned in No. 6 to a narrow
margin.

8. In an atmosphere of 100 per cent relative humidity milk
powders may contain as much as 50 per cent moisture, and sour
buttermilk powders often reach a 75 per cent moisture content.

9. Sweet buttermilk powders made by the spray process are
practically all dispersible (over 99 per cent in water at 135 de-
grees F.).

10. The development of small amounts of acid in buttermilk
lowers the dispersibility of the resultant powder.

11. Buttermilk powders stored in a refrigerator at 35 to 50
degrees F. had a higher dispersibility after being stored for 1
year than powders stored at room temperature.

12. High storage temperatures (70 to 85 degrees F.) encourage
discoloration in buttermilk powders.

13. Powders made from sour buttermilk possess very poor
keeping qualities and are prone to discoloration in storage.

14. In comparisons of sweet buttermilk powder with skim
milk powder as supplemental serum solids in ice cream as judged
by the general consumer, 39 per cent preferred the ice cream
containing sweet buttermilk powder, 26 per cent preferred the
skim milk powder cream, and 35 per cent could not distinguish
any difference.

15. Sweet buttermilk powder does not possess any gel value in
ice cream.

16. Sweet buttermilk powder made by the spray process re-
tained its original dispersibility for 3 years in a desiccator con-
taining calcium chloride. This would indicate that dried milk will
retain its dispersibility indefinitely if the moisture content is
kept low. A manuscript on this project has been completed and
will appear in an early edition of the Journal of Dairy Science.

PASTURE FOR CALVES

The purpose of this experiment is to determine the value of
pasture for young and maturing calves.

Each calf used in the experiment is weighed at birth and every
month until 6 months old and every 6 months until 2 years old.
Records are kept of the number of services required for each
heifer to conceive.

Progress is rather slow, as the number of cows on which records
are available is limited by the size of the breeding herd. It will be
several years before this project is completed.
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WEIGHTS AND HEART GIRTH MEASUREMENTS OF DAIRY CATTLE
AT VARIOUS AGES

Some 250 weights and measurements have been made on calves
in the University herd. The progress of this project depends
entirely on the number of calves available for study which is
limited by the size of the herd. This project will continue until
sufficient data are available on which to draw conclusions.

CANNING MILK AND CREAM ON THE FARM

Cream with low, medium, and high fat content and milk with
average fat content were kept for nearly 3 years in good condition.
Our results on this project indicated that it is practical to preserve
cream on the farm.

A manuscript has been prepared giving experimental data and
instructions for canning cream on the farm. This is being pub-
lished as an extension bulletin.

PHYSIOLOGICAL VARIETIES OF BACTERIA IN MILK AT THE TIME
OF REDUCTION IN THE METHYLENE BLUE REDUCTION TEST

One thousand sixty -eight samples of milk were studied for
physiological types of bacteria present at the time of reduction
in the methylene blue reduction test.

The following averages were obtained: acid coagulating, 6.27
per cent; acid -not -coagulating, 55.82 per cent; acid- coagulating-
gas- proteolytic, 11.59 per cent; acid -proteolytic, 16.56 per cent;
alkaline, 2.28 per cent; inert, 2.83 per cent; blank, 4.25 per cent.

There is a wide seasonal variation in physiological types of
bacteria in milk. Acid -not -coagulating bacteria are poor reducers
of methylene blue but predominate in most high quality milk.
Proteolytic types of bacteria are good oxygen absorbers and play
an important part in reduction. There is an associative action
between bacteria which overshadows individual variations in
reduction power. Market variations in physiological types of
bacteria present in individual samples failed to have any material
effect on reduction time. Acid -coagulating, alkaline, and inert
bacteria seem to have no special effect on reduction rates. The
data obtained in the project have been assembled in manuscript
form.

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

This experiment was undertaken in an attempt to establish
figures on the correlation between the percentage of fat in milk
and its apparent acidity. Samples of milk from individual cows
in the University herd were taken twice daily over a period of
about 5 months, these months representing a maximum range in
weather conditions as found in Arizona. These samples were
tested for acidity and for fat content. To date some 1,400 samples
have been tested. The data collected seem to indicate that milk
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in general increases in apparent acidity as the fat content increases
up to 6 per cent butterfat.

ENTOMOLOGY AND ECONOMIC ZOOLOGY
RANGE RODENT INVESTIGATIONS

Progress on wood rat investigation has been such that a bulletin
on the relation of this rodent to grazing ranges will be ready next
year. Results indicate that, in spite of its abundance, the wood
rat is not a serious competitor of livestock for forage nor an im-
portant factor in increasing erosion through range denudation. It
may generally best be left as a food for fur bearers.

Cottontails were still in a "depression" this year -a low point
in population numbers -but appeared to be slightly on the in-
crease toward the close of the year.

WATER RELATIONS OF DESERT ANIMALS

Increasing knowledge of the water relations of animals living
in arid regions is of much importance to management of wild life
in these regions and particularly of game species. This work has
progressed to the point that a bulletin on the subject will follow
the wood rat bulletin.

RANGE GRASSHOPPERS

Intensive work on the grasshoppers was carried on throughout
the summer of 1937 and as far into the autumn as conditions per-
mitted. Owing to the serious illness of the investigator (Dr. E. D.
Ball) during the last half of the year, a more detailed report can-
not be given at this time. Provision is being made for continua-
tion of the work, however.

SCALE INSECTS

A study of the effect of climate on the olive parlatoria (Parla-
toria oleae) was concluded during the year. Survival counts
have been made semiannually for the past 31/2 years. The severe
winter of 1936 -37 did not decrease the scale population as expected.
Results indicate that this insect might thrive and become injurious
in somewhat colder regions than southern Arizona. It probably
will not decline but may continue to spread in the Tucson area.

Steady progress is being made in the tedious work of preparing
permanent mounts of the scale insect collections. The office of
the State Entomologist is co- operating in the building up of this
collection, and scale insects of great economic importance are
being identified. Choice of proper control measures depends upon
accurate identifications.

WATERMELON MIDGE AND OTHER INSECTS

Investigations of the watermelon midge (Itonida citrulli) have
shown that the first adults appear in early July. Results thus far
indicate that cultural methods, such as early planting and crop
rotation, are the only practical control measures.
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Collection, identification, and other studies on aphids (plant
lice) develop important knowledge. Studies of their natural
enemies made it possible to advise correctly in May and June,
1938, against the use of insecticidal control in two serious out-
breaks on cotton. These aphids were completely controlled by
their natural enemies.

A publication on grape insects in Arizona has been begun and
will appear during the succeeding year.

Several radio talks on economic insects and poisonous animals
were given during the year.

HORTICULTURE
CITRUS STUDIES

Grapefruit maturity

The present standards for citrus maturity have not been com-
pletely satisfactory to the interests of the state in that they are
based largely upon a fixed total soluble solids -acid ratio. This
ratio has not been an accurate measure of marketability in that
in some years and in some locations fruit would obviously give
good consumer satisfaction before obtaining a legal ratio, and in
other seasons and under other conditions fruit might reach a
legal maturity without having satisfactory quality.

Studies of grapefruit maturity were undertaken 3 years ago
with a view of obtaining data on increase in percentage of juice
and changes in total soluble solids -acid ratio as correlated with
desirable eating quality with the thought that information might
be developed which could be used as a basis for improving the
legal citrus standards in the state.

It has been found that the percentage of juice varies inversely
with the size of the fruit as shown in Table 14. This table pre-
sents the average maximum percentage of juice found in Arizona
grapefruit for each size fruit. It is based on the 3 -year average
for Salt River Valley fruit. A 2 -year average for Yuma shows a
percentage of juice approximately 1.5 per cent less for each size.
The data have further shown that considerable difference may be
expected in percentage of juice between districts and in different
years. A considerable part of these differences appears to be due
to the thickness of the rind of the fruit.

From the data thus far obtained it is apparent that fruit which
would give consumer satisfaction may differ considerably in
percentage of juice as well as in ratio of total soluble solids to
acid. Because of these variations it appears that maturity stand-
ards based on a fixed minimum percentage of juice and ratio will
not be entirely satisfactory in all years and for all locations. It
is indicated that with another season's data it may be possible to
prepare a more satisfactory standard based upon a sliding value
for soluble solids -acid ratio in relation to size and juice content.
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Winter temperatures in Salt River Valley citrus groves

This project was started during the past year as an attempt to
evaluate the temperature situations surrounding Salt River
Valley citrus groves during the winter months with a view to de-
termining the practicability of orchard heating. Studies have
been confined chiefly to determining the extent of temperature
inversions (ceiling temperatures) and the minimum temperatures
prevailing.

Twenty -five thermometers were placed with co- operative ob-
servers in the citrus districts to determine the probable heating
requirements. Temperature maps will be prepared from these
data.

Temperature inversion studies were made by using a registering
thermometer attached to a balloon. No freezes occurred during
the winter of 1937 -38. From a limited number of tests on the
coldest nights during January, 1938, it was found that temper-
atures at 25 feet above the ground were 7 to 10 degrees warmer
than the base temperature. At 50 feet the temperature ranged
from 12 to 14 degrees warmer, and at 150 feet from 16 to 18 degrees
warmer. This project will be expanded during the coming year.

Citrus fertilization

Results which seem to have an important application to the
fertilization of citrus groves throughout the state are now appear-
ing in the fertilizer plots on the Yuma Mesa. The first differential
fertilizers were applied in January, 1936, and have been repeated
each year since. Yields for the first 2 years (1936 -37 and 1937 -38)
of these treatments have been obtained.

The comparative yields have shown no increase from the use of
more than 3 tons of manure per acre. Similarly, the addition of
commercial phosphorus and potash fertilizers to a basic applica-
tion of 3 tons of manure show no increase in yield. Significantly,
where commercial nitrogen in any form was applied, the yields
have been substantially and consistently increased. The impor-
tance of nitrogen in influencing the fruitfulness of citrus trees has
been clearly suggested.

The consistent difference in yield on these plots has not been
accompanied by similar differences in quality and maturity of the
fruit as determined by measurements of size of fruit, thickness of
rind, total soluble solids, percentage acid, fall color, and percent-
age of juice. Apparently these features of quality and maturity
are not influenced by such fertilizer treatments. Nutritional
studies designed to evaluate factors influencing quality and
maturity have been initiated.

Data obtained from differential fertilizer treatments during
the fourth year of the experiment on Valencia oranges in the Salt
River Valley show slight trends which indicate that applications
of calcium nitrate and ammonium phosphate 11 -48 and 16 -20 are
producing larger quantities of fruit, which is somewhat smaller
than on control trees.

Studies on the effect of a winter sour clover cover crop, with
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supplementary applications of calcium nitrate in March, on yields
of grapefruit in the Salt River Valley, show no significant differ-
ences when compared with clean cultivated plots. Applications of
5 pounds of calcium nitrate per tree were found to have been
leached below the major root areas 4 months after treatment.
Citrus irrigation

Studies of citrus irrigation conducted by Mr. Harris in co- opera-
tion with the U.S.D.A. have continued the measurements of the
growth of fruit as reported last year. In addition to indicating
when soil moisture becomes deficient, Mr. Harris has found that
the growth of the fruit occurs uniformly through the season. Thus
by measuring the fruit at regular intervals through the summer
and early fall it is possible to predict with considerable accuracy
the ultimate size of the fruit.

Physiological factors underlying fruit yield and quality

This is a new project undertaken during the past year. The
purpose is to gain information of fundamental physiological fac-
tors underlying citrus fruiting. From such a knowledge economic
orchard management programs for the solution of fruiting prob-
lems can be devised most intelligently.

Citrus plots on the Yuma Mesa Station are being used. Anal-
yses of plant material are being made in the new laboratory of
the Horticulture Department in Tucson. Substantial progress has
been made.

To produce differences in the physiology and internal composi-
tion of the trees two opposite types of treatments have been given:
(1) feeding practices designed to increase the vegetativeness and
nitrogen content of the trees and (2) starvation practices in which
the effort is to reduce vegetativeness and the nitrogen content but
increase the carbohydrate content of the trees. Such treatments
were started December 1, 1937.

Trees subjected to feeding practices accumulated 42 per cent
more nitrogen in leaves and 35 per cent more in twigs than those
starved during the winter months.

Wide differences in date of blossoming and spring growth oc-
curred. The amount of bloom produced was not widely different,
but on the starved trees the greatest proportion of the drop was
as blossoms and small fruit, whereas the fed trees held the fruit
longer and appear to be carrying more fruit. Trees in which the
1937 -38. crop was harvested in December produced more than
twice as many blossoms as those carrying fruit at blossoming
time. Present evidence suggests that differences in quality and
maturity of fruit in different plots may be seen at harvest.

Some trees were sprayed and otherwise treated with chemicals
known to be effective in breaking the rest period of some horti-
cultural plants but no difference in time of bloom was obtained,
and yield data are not available at the time of preparing this
report.

Trials were made on navel oranges using certain growth pro-
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moting substances in an effort to stimulate the setting of fruit.
The set does not appear to be in excess of that on check trees, but
final yield records are not yet available.

Citrus chlorosis and decline

This project has not received intensive study during the past
year, but some interesting observations have been made incidental
to other experiments on the Yuma Citrus Station. A block of
grapefruit trees planted in 1931 and given 10 tons of manure an-
nually per acre from 1925 to 1935 began to lose leaves and show
other symptoms of decline during 1934. The application of manure
was reduced to 5 tons per acre in 1936. Since that time the quality
and amount of foliage has steadily improved. Similarly four
trees which were given excess manure in 1934 became severely
affected by 1935 with similar symptoms of malnutrition. The
amount of manure applied was then reduced to 5 tons per year.
The trees are now almost normal.

Grapefruit storage
In an effort to improve marketing conditions and increase re-

turns to growers, the Arizona Citrus Growers Association affiliated
with the California Fruit Growers Exchange constructed an air
conditioned citrus storage house in Phoenix in the summer and
fall of 1937. The officials of this organization asked that help be
given in the study of problems peculiar to the storage of fruit
from this area. It was recognized that such information would be
of value to all citrus interests in the state. One season's investiga-
tions have been made.

The objects of the investigations are (1) to determine the com-
parative storability of Marsh grapefruit grown in the various soil
types, districts, and conditions of the Phoenix area; (2) to investi-
gate the physical (loss in weight and volume changes in juice
content and skin thickness, etc.) and chemical changes which
fruit undergoes prior to, during, and following storage; and (3)
to devise means if possible of determining in advance the prob-
able storage life of the fruit.

During most of the storage season fruit from all locations was
found to store satisfactorily for at least 2 months. Later in the
season the storage life was shorter and varied with districts and
conditions under which it was grown. Fruit held over 4 months
developed off flavors in all pickings. Loss of both weight and
volume of fruit took place in storage, but the loss in weight was
greater than loss in volume. Also fruit from some districts of the
area underwent a greater weight loss in storage than those of
other districts. Waxed fruit lost less weight than unwaxed.

Studies of changes in acid and various sugar fractions of the
juice and the total juice content were made. An interesting ob-
servation was that as the season advanced there was a gradual
hydrolysis of sucrose to simple reducing sugars in fruit in storage
and on the tree. Mineral analyses of the juice of fruit harvested
for storage indicated that storability was not associated with
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phosphorus, calcium, potassium, sodium, or nitrogen content. The
total juice content was not correlated with storability. Similarly
no other criterion of probable storage life of fruit has been arrived
at as a result of the first season's storage investigations. The
studies are to be continued.

VEGETABLE CROPS
Lettuce seed storage

Studies on the effect of storage temperatures and humidities on
the germination of seed of Imperial 152 and Imperial 615 varieties
of lettuce indicate that at relatively low temperatures (40 degrees
F.) dormancy of seed from the spring seed crop may be more
slowly broken than at higher temperatures. This tendency is
more marked when the seed is kept at low humidity. For seed
harvested in the spring of 1936 germination was consistently
higher for the early harvested seed, or first "shaking," than for
the fourth "shaking." Germination tests have so far been made
only in the laboratory. Further tests will be made in both the
field and laboratory.
Vegetable crop fertilization

Investigations on the effect of various fertilizer elements on
growth of lettuce have been conducted for a number of years. The
need for phosphate and nitrogen applications for lettuce has been
definitely shown for many of the soils used in the production of
this crop in both the Yuma and Salt River valleys. Further
studies will be made to determine the most satisfactory place-
ment of fertilizer for the raised beds. For this purpose a fertilizer
placement and planter sled has been constructed, in which lateral
and vertical placement of fertilizer, relative to the seed row, may
be varied. The fertilizer is placed in bands, either one or two for
each seed row, and may be placed under the seed or to the side.

Lettuce and cantaloupe breeding

A new project aimed at the improvement and fixing of desirable
characters in strains and varieties of lettuce and cantaloupes was
initiated during the past year. No results can be reported yet.

DATE STUDIES
The 1937 date season

Blossoming at the University Date Garden was not greatly de-
layed although unusually cool weather prevailed during the
months just prior to the bloom. Ripening, although 10 to 14 days
later than the preceding season, was also normal.

Varieties such as Hayany, Rhars, and Iteema suffered serious
damage from rainfall during July, August, and early September.
The midseason and late varieties encountered favorable weather
during late September, October, and November and large per-
centages of their crops were successfully ripened.
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The crop as a whole was smaller than usual because of a heavy
thinning program executed to compensate for the ill effects caused
by the severe freeze of January, 1937.

A significant feature of the 1937 season was the fact that within
the same variety, young palms produced fruit superior in quality
to that produced by old palms. This was particularly noticeable
in the Hayany, Rhars, Braim, Deglet Noor, and Sayer varieties
and may be due to the later ripening of these young palms and
consequent better weather.

The Maktoom variety was subject to an unusual darkening ac-
companied by a very soft, water- soaked condition which has not
been heretofore observed.

Table 15 gives the blossoming and ripening dates and estimated
percentage of crop loss for the more important varieties at the
University Date Garden at Tempe.

TABLE 15. -DATE OF BLOSSOMING, RIPENING, AND PERCENTAGE
LOSS OF DATES AT THE UNIVERSITY DATE GARDEN,

TEMPE, ARIZONA, 1937.

Variety blossomed
Date Date

ripened Per cent loss

Apdandon March 24 September 3 30- premature ripening,
shrivel

Bent Kebala April 9 September 25 15- slight checking, good
Braim April 24 September 10 40-d a r k e n i n g and

shrivel
Deglet Noor April 10 September 20 20- excessive shrivel
Halawi April 10 September 7 20- shrivel
Hayany April 15 September 7 80- severe blacknose and

checking
Iteema March 30 September 10 60-s o u r i n g, severe

checking
Khadrawi March 30 August 30 15- premature ripening
Khir March 3 September 1 10-
Kustawi April 15 October 1 20 -skin separated from

flesh
Maktoom April 15 October 1 50- discoloration, water-

soaked condition
Rhars March 18 August 26 85- splitting, souring
Sayer April 9 September 10 10- darkening at calyx
Saidy April 27 October 27 50 -calyx end rot
Tadala April 5 September 20 5-
Zahidi April 10 September 25 5-
16 -23 April 12 September 3 10- slight checking

Date maturation and storage studies

This investigation was enlarged during the past year to include
tests at 5 degrees F. After 6 months' storage at this temperature,
it was found that Sayer and Khadrawi dates were decidedly
lighter in color than those stored at 32 degrees F. No harmful
effects followed this treatment.

Some importance is attached to this in that previous experi-
ments have suggested that products of metabolism are responsible
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for discoloration of fruit in storage. By reducing the storage
temperature a lesser amount of metabolic products may have been
liberated and hence less discoloration of the fruit. Experiments
to reduce discoloration and deterioration in flavor of dates packed
in moisture proof containers by using soda lime and various types
of paper liners failed to reduce this loss. It is hoped that such
studies on means of removing or dissipating products of respira-
tion at the same time maintaining proper humidity may be en-
larged upon.

Further experiments with pasteurizing dates having a high
moisture content produced only fair grade dates inferior to the
regular commercial low -heat processed fruit.

PECAN STUDIES
The pecan situation

At various times since 1900 pecans have been planted more or
less extensively in Arizona. Early plantings in the Salt River,
Casa Grande, and other interior valleys encountered difficulty,
and many were abandoned because of the disease known as
rosette. With the development of a practical control for this
disease there are now a few healthy orchards in the interior
valleys.

The most extensive planting of pecans occurred during the late
twenties and early thirties in the Yuma Valley. In this valley it
has been easy to grow large, thrifty trees through the use of
frequent irrigations and other cultural methods. However, cer-
tain problems have been present which have caused the ultimate
success of pecans in the valley to be questioned.

The presence of the Texas root rot disease is one of these. It is
discussed under the subject of plant pathology in this report.

Fruiting problems as regards regularity of yields in some vari-
eties and nut filling, quality, and maturity in others have been
numerous. As evidence accumulates it appears that winter tem-
peratures are somewhat too warm for the best blossoming and
setting of fruit in some varieties. Others have borne consistently.
In the late summer there is a marked tendency in all varieties for
trees to become greener instead of taking on autumnal colorations
which are associated with best filling and nut quality. This condi-
tion of poor fall maturity of the trees is associated with poor filling
and quality of the nuts in some varieties. For satisfactory filling
and quality it is necessary to overcome it. This has been done
experimentally with young trees through treatments to retard
vegetativeness. Older orchards in which the problem is most
severe have not been experimented with in a conclusive way.
Whether or not it can be handled in them is not known. The
high summer and fall temperatures, shallow water table, soft
loamy soils of the Yuma Valley and dense shade within the larger
trees are thought to be contributing factors. No efforts have yet
been made to evaluate the effect of aphid infestations which are
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becoming more prevalent each year and cause the loss of large
quantities of sugar as honey dew from the leaves.

Perhaps with the more critical studies that will now be possible
through the coming into bearing of trees on the Yuma Experi-
mental Station, more intensive studies in the older orchards, the
control of aphids, and possibly through other lines of approach,
means may be revealed for handling the situation as the groves
become older.

However, it might well be mentioned that whereas horticultural
experience is replete with examples of the adaptation of semi-
tropical plants to the temperate zone, examples of the reverse are
few. Plants generally do best at the northern limits of growth.
The growing of pecans in the Yuma Valley is an effort to grow
them in a slightly warmer climate than they are native to.

Pecan fruiting

The problem of blossoming and set continues to be approached
through studies of nitrogen and carbohydrate nutrition and by
influencing rest period. Present evidence indicates that these two
factors are most important in influencing the blossoming and set
of fruit in the warm valleys of Arizona.

In the past it has been necessary to make the studies in privately
owned orchards. This has not been satisfactory because older
orchards have varieties, ages, and sizes of trees badly mixed, and
it is usually not possible to exercise the control over culture that
is desired. With the coming into production of the orchard on the
experimental farm more rapid progress should be made on fruiting
problems both as to those having to do with blossoming and set
and with filling and maturity.

Plots have been laid out in which feeding and starvation prac-
tices are given at various stages of fruiting. This is a continuation
and elaboration of the work that has been done in privately owned
orchards and to a limited extent in the station orchard for the past
5 years.

In the fall of 1937 trees in which cultural treatments to reduce
the vegetativeness were used again produced the best filled nuts.
Artificial shading during the late summer reduced filling.

This spring plots which had been given intermediate nutrition
blossomed and set the heaviest crop. Blossoming and set in the
extremely high nitrogen plots were reduced.

Treatments were made during the past winter in which the
temperature surrounding some trees and shoots was modified
somewhat. There was some evidence that high temperatures
during the winter months were followed by reduced blossoming
and greater dropping of young nuts.

Pecan maturity

Serial collections of pecan nuts in the Yuma Valley have again
been made during the period of filling and maturity. These have
been analyzed for fats, sugar, and protein and subjected to other
tests of quality, maturity, and edibility. As reported a year ago
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the evidence seems to suggest that shuck opening is not a satis-
factory index of maturity under the high fall temperatures experi-
enced in southern Arizona. It appears that the kernel attains its
maximum quality before the shuck opens, and those varieties
which are prone to germinate may best be harvested after full
maturity is attained but before germination becomes serious. The
shucks when not sufficiently loosened at this time may be separ-
ated artificially by the use of ethylene.

MISCELLANEOUS FRUITS
Trials of bush fruits

Trials of various bramble berries have been in progress on the
Experiment Farm at Mesa for several years. These include the
following: Texas Wonder, Macatawa, Brainerd, McDonald, Jumbo,
Kosmo, Himalaya, and Cory thornless blackberries; Gardenia
and Lucretia dewberries; and the Boysenberry and Youngberry
hybrids. Of these Texas Wonder, Macatawa, and Boysenberry
have proved to be the most promising for planting in the Salt
River Valley. Texas Wonder has given higher yields than any
other variety. It is slightly earlier than Macatawa and Boysen-
berry. The first fruits ripened on May 19, 1938. Macatawa is a
vigorous variety that is improving in yield capacity each year.
Boysenberry, which produces large, high quality fruits, has been
more satisfactory than Youngberry or Jumbo. However, Boysen-
berry has lacked the vine vigor and high yielding capacity of
Texas Wonder or Macatawa. Its fruits while of excellent quality
are not firm enough for shipping.

New varieties and root stocks

During the past year efforts have been made to introduce new
types and varieties of fruits and other horticultural crops and
root stocks which for one reason or another may be adapted to
Arizona. The Plant Pathology Department has co- operated in
much of this work. Most worthy of mention thus far is the Shalil
peach. This peach appears to have been introduced by the United
States Department of Agriculture some 30 years ago. Several
years ago it was reported by California and government
workers to be highly resistant to root nematodes. In the past
winter seventy -five seeds of this peach were obtained and planted
at Tucson.

Some of the young trees have been planted in known nematode
infested areas in Tucson and in Maricopa, Yavapai, Coconino, and
Yuma counties. Vigorous growth is being made which suggests
its usefulness as a stock under the alkaline conditions of this
state.

HUMAN NUTRITION
IRON STUDIES

The study of the availability of iron in food has been continued
using the slight changes in method developed previously. A
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number of grains, prepared cereals, and dried fruits were studied.
The grains and prepared cereals listed below all showed a high
percentage availability of the iron present: corn, oats, rice, rye
flour, whole wheat, Corn Flakes, Crackels, Grapenuts, Huskies,
Krumbles, Malto Meal, Pablum, Pep, Puffed Wheat, Roman Meal,
Ry- Krisp, canned strained cereals of Heinz and Stokeley,
Shredded Wheat, Super Farina (Ralston's) , Wheatena, Wheaties,
Wheathearts (Sperry's) , Whole Wheat Flakes, and Whole Wheat.
(Ralston's) . The only grain tested showing a low percentage
availability of the iron present was buckwheat. In the case of
the dried fruits the availability is not very high. Of those fruits
tested, apricots, black figs, peaches, prunes, raisins, and nonsul-
phured apricots had the least available iron (about 50 per cent) ,
while in the sulphured apricots it was about 60 per cent. If during
the test period the gain in grams of total hemoglobin is calculated
(using the formula of Chisolm for calculating the blood volume)

instead of the gain in hemoglobin per 100 cc. of blood, the results
are more constant, but still the variation between individual rats,
litter mates, kept under identical conditions and fed the same
amounts of supplement is so great that it has led to a more detailed
study of iron metabolism in the rat. It is hoped that this work
will explain some of the individual variations obtained in feeding
experiments.

It has been noted that there is a great deal of difference in the
ease with which anemia can be produced in young rats -some
litters becoming anemic in 5 weeks after weaning, while others
required 7 or 8 weeks. So a study of this problem was the first
undertaken in this study of iron metabolism. After fifty females
from the stock colony that had reproduced several times were
bred, at parturition the hemoglobin concentration of the blood and
the total iron content of both the mother and her young were
determined. It was found that the hemoglobin concentration of
the blood does not give a complete picture of the iron in the rat.
The nonhemoglobin iron is of prime importance, since it decreases
first. Only when the nonhemoglobin iron has reached a low level
does the concentration of the hemoglobin in the blood vary to any
marked extent. In the young the iron reserve depends primarily
on the iron reserve of the mother rather than upon the hemoglobin
concentration in the blood of the mother. To produce young with
low iron reserves (and hence ones that will become anemic
rapidly) the iron reserve of the mother must be low, though the
concentration of the hemoglobin in her blood may be nearly
normal. A more carefully controlled experiment is now in pro-
gress using litter mate females and allowing half of them to
suckle their young while submitted to the Elvellyem- Kemmerer
technique for the production of young rats for anemic work,
while the other half suckle their young while they have the
regular stock ration. In this way it is hoped to get figures which
are more accurate than those obtained in this preliminary study
of females from the stock colony.

As foods contain so many dietary factors besides iron, work is
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being carried on to see the effect of various factors in iron assim-
ilation. To an anemia -producing diet low in milk are being added
various carbohydrates, the vitamin B complex, and certain ions
such as K +, Ca + +, Cl-, CO3--, and P0,---. Indications are that some
of these ions affect the assimilation of iron in the rat when present
in the food and may explain the variable results obtained in some
feeding experiments.

Finally, using extremely carefully controlled conditions, gain
in hemoglobin, the total iron, hemoglobin iron, and nonhemo-
globin iron is being determined in litter mate rats fed foods and
equivalent amounts of iron as ferric chloride in order to obtain a
more complete picture of iron assimilation in the rat than is given
by the hemoglobin iron in the blood alone.

Several phases of this work are nearing completion. In the
light of the findings of these studies it is hoped that it will be
possible to explain some of the individual variations encountered
in the iron feeding period and will enable one to get more accurate
figures on the percentage availability of iron in foods.

DENTAL STUDIES

Erect of vitamin A upon dentition

In 1933 this laboratory reported that the incisor teeth of rats fed
a vitamin A deficient diet ceased to grow at the normal rate, lost
their luster, becoming short and blunt as well as white and opaque,
and were more fragile than normal incisors. Chemical analysis
showed a lower percentage of ash and a higher calcium -phos-
phorus ratio in the incisor teeth of vitamin A deficient animals.
This work has been followed with a histological examination of
the incisor teeth of vitamin A deficient rats carried on in co-
operation with Dr. Isaac Schour of the Illinois Dental College.

In order to measure the rate of apposition of dentin, intra-
peritoneal injections of 0.2 per cent solution of alizarine red S
were given at definite time intervals. As it has been previously
shown by Schour et al. that the dye is deposited as a red line in
the dentin which is growing and calcifying at the time of injection,
it is possible to determine the daily rate of dentin apposition by
the preparation of ground sections of the incisors and measuring
the distance between two injection effects. Results showed that
the rate of dentin apposition increased in the labial position as
the duration of the vitamin A deficiency became greater and de-
creased on the lingual and lateral portions. These disturbances
in appositional rate were manifested 9 days after the beginning of
vitamin A deficiency, long before cytological and histological
changes became apparent.

This selectively altered rate of apposition of dentin in the
vitamin A deficient animal suggests itself as a possible biological
means for measuring the vitamin A content of foods, Further
investigation of this point is under way.
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Fluorine studies

In co- operation with the Agricultural Chemistry Department
analyses are being made of the fluorine content of foods produced .
in different sections of Arizona including both regions in which
mottled enamel is endemic and regions in which it does not occur.
Special interest is centered in the fluorine content of milk of cows
raised in sections in which the water supply contains toxic concen-
trations of fluorine.

The question of toxicity of fluorine in the combination or com-
binations in which it occurs in plant foods is under further inves-
tigation. Previous work has shown that such compounds of
fluorine as Na Al F6, BaSiF6f K2SiF61 NaF, KF, N.,, F, Na2S F, cause
damage to the incisor teeth of rats when fed at the fluorine level
of 1 mg. per kilo of body weight. This damage occurred when the
fluorine compound was incorporated in the ration. The greater
toxicity of NaF than Na3Al F6 which is commonly used as a spray
insecticide as reported by the Tennessee station is not a true one,
for in their experiments designed to prove this point, NaF was
dissolved in the drinking water and Na3A1 F6 was incorporated in
the food at the same percentage level of fluorine. The records of
the Human Nutrition Department showed that a rat drinks about
twice as much water (weight) as he eats food, so that the actual
fluorine intake would be approximately twice as much in one
case as in the other. The fluorine content of foods does vary
widely, but it appears that it is the fluorine added as in spraying
and not the fluorine probably organically combined in foods
which damages teeth. Work on this point is now in progress.
Plant foods are being grown in nutrient solutions containing
varying amounts of fluorine, and their toxicity for rats is being
studied by incorporation of these foods in the ration of the rats
and noting the effect upon the teeth.

Effect of diet upon dentition
In a study of the effect of diet upon tooth and skeletal develop-

ment in the rat, experimental animals were placed on diets of
varying make -up, and weekly measurements were made of the
rate of incisor eruptive body weight and body length. At the end
of a 6 weeks' period the animals were killed and additional meas-
urements, including chest girth, length of leg bones, and weight of
the incisor teeth, were made. In an attempt to correlate these
factors, ratios between those different measurements were cal -
culated for the amounts in the various deficient diets, and com-
parisons were made with the normal.

Results show that the rate of eruption of the incisor teeth of
both male and female rats was retarded on all of the diets which
were so deficient as to cause a reduction of the growth of the
body. However, the degree of retardation was small as com-
pared with the decrease in the growth rate. Diets inadequate in
calcium, phosphorus, iron, protein, or vitamin B or G caused a
very striking deceleration of the growth rate both in body weight
and body length with but slight accompanying decrease in the
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rate of eruption of the incisor teeth. On the other hand, diets low
in vitamin A and diets with added fluorine produced a retardation
in rate of eruption which was greater than that resulting from
other dietary deficiencies. A specific effect of fluorine and of the
lack of vitamin A upon dentition, other than a normal retardation
accompanying a slowing up in muscle and skeletal development,
is indicated.

VITAMIN STUDIES
Effect of mineral oil upon utilization of vitamins A and D

The rather common use of mineral oil in some form as a laxative
especially for young children has led to an interest in its effect
upon the absorption of certain essential food factors. Specifically,
observation of rickets in a child supposedly receiving ample vita-
min D as cod -liver oil who was frequently given mineral oil laxa-
tive has stimulated further investigation of a possible interference
of mineral oil with the utilization of vitamin D. In experiments
conducted in this laboratory mineral oil has been given to rachitic
rats either incorporated in the ration or fed separately. The
amount given did not consistently affect the time of elimination
but did change the character of the excreta. Vitamin D was ad-
ministered separately and quantitatively in the form of standard-
ized cod -liver oil. The degree of calcification of the leg bones as
shown by the line test and by chemical analysis of the bone for
ash content is used as a criterion of the amount of vitamin D
utilized. Results at hand indicate a great interference of mineral
oil addition to the diet with the ability of cod -liver oil to heal
rachitic rats.

The effect of mineral oil upon vitamin A utilization is being
investigated by measuring the comparative stores of vitamin A in
the livers of rats fed mineral oil in addition to carotene or cod -
liver oil as a source of vitamin A. The antimony trichloride test
using the Lovibond tintometer is being used to measure these
stores in terms of blue units.

Visual threshold measurements

Vitamin A deficiency as a possible cause of the marked mal-
nutrition observed in a group of approximately 800 Mexican
school children has been studied using the biophotometer to de-
tect the incidence and degree of night blindness, a disturbance of
vision caused by vitamin A deficiency. From two to four tests
were made on each of 127 children initially. Ninety -nine of these
children were subsequently given vitamin A therapy, approxi-
mately 19,800 units of vitamin A being administered daily except
Saturdays and Sundays for a period of 10 weeks. At the end of
this period, measurements of dark adaptation were again made,
the results of which are as follows:

Seventy -three or 57.5 per cent of the group were classed as sub-
normal, ten or 12.6 per cent as borderline cases, and thirty -eight or
29.9 per cent showed normal sight threshold measurement. Seven-



60 AGRICULTURAL EXPERIMENT STATION

ty of the seventy -three children who showed inferior dark adapta-
tion were given vitamin A as described above. Sixty -one or 87 per
cent of these showed great improvement in the light threshold
measurements, two thirds of these becoming normal in that re-
spect and the other third approaching but not reaching normality
at the end of the testing period. The three children who did not
have their diets supplemented with vitamin A showed no im-
provement when retested after the 10 weeks' experimental period.

Again, seventeen of the thirty -eight children who originally
showed adaptation which were considered normal were given
vitamin A therapy and twenty -one were not. More than half of
the vitamin A supplemented group showed marked improvement
within the normal range, whereas only three or 14 per cent of
those whose diets were not supplemented with vitamin A showed
a definite improvement and thirteen showed a decrease in light
threshold sensitivity as shown by biophotometer readings which
at the end of the 10 weeks' test period were lower than the initial
readings.

Seven of the twelve borderline cases given vitamin A therapy
made definite measurable improvement, whereas the four not
given supplemented feeding exhibited practically unchanged light
thresholds at the conclusion of the test period. In how far these
results were influenced by the learning factor pointed out by
Palmer cannot be stated, but the fact that the percentage of im-
provement of those not given vitamin A therapy is low would
seem to indicate that the results obtained are largely a true bene-
fit of vitamin A injection.

PELLAGRA STUDIES

Pellagra in two young monkeys, Rhesus macacus, and black
tongue in four dogs has been produced by feeding a slight modi-
fication of the ration used by Smith and Ruffin in their studies of
human pellagra cases in the Duke University Hospital in North
Carolina. Both monkeys showed symptoms typical of human
pellagra (after approximately one month on the diet) char-
acterized by nausea and vomiting; diarrhea; and dry scaly skin
all over the head, neck, shoulders, paws,, and hind legs in one
monkey and lesions of mouth and lips in the other. One monkey
died before therapeutic treatment was begun. Autopsy showed
lesions of the intestinal canal. The other was given nicotine acid
by mouth. Quantitative feeding was not possible because of re-
fusal of food and difficulty in swallowing. Half of the lower lip
had sloughed away. Nicotine acid administration resulted in
marked improvement. Appetite was regained, stools became
normal, and mucous membrane of the mouth cleared appreciably.
The monkey became quite active again. Five days after the
nicotine acid therapy the lesion of the nose and cheek became
infected and 2 days later the monkey died. Autopsy showed no
internal lesions.

Further work is in progress.
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PLANT BREEDING
ALFALFA

During the summer of 1937 selfed seed was taken from 361
plants in 136 progenies. The seed from these plants was used for
seeding the second and fourth inbred generations. The characters
most closely followed in these studies were leafiness and seed
setting. As pointed out in the Forty- eighth Annual Report of this
Station, the selected plants from which selfed seed was taken were
those which had shown high seed production for two successive
seasons. The plants were graded as 0, 1, 2, and 3 according to the
extent of pod setting on the plats, grade 3 denoting the heaviest
seeders. In making selections for bagging, plants with a grading
of 3 for seed setting were mostly used, although a small number
of 2's was used where the plants were outstanding in other char-
acters.

A total of 4,106 plants and 132 families was grown in the winter
and summer of 1937 -38. These plants were grown in rows by
plant progenies and were permitted to set seed during the summer
of 1938. At the close of the season the plants were graded for
seed pod setting in the same manner as their parents as described
above. The following tabulation shows the proportion of plants
in each of the four seed production grades, both for the 1938 crop
and for the parental plants grown in 1936.

Grades of pod set 0 1 2 3 No plants
1938 crop total (per cent) 2 26 60 12 4,106
1936 parental crop total (per cent) . 3 19 54 24 2,130

An inspection of these distributions shows that there is a 50
per cent reduction in the percentage of the highest seed producing
plants -that is, in the number of plants which graded 3 as com-
pared with the parental plants of 1936. However, if the individual
family distributions which make up the total 1938 distribution
shown in the above tabulation are examined, it will be seen that
certain of these families are maintaining and even running higher
than their parental averages in the percentage of high seed pro-
ducers. Thus, while the average percentage of grade 3 seed
producers in the total number of plants in 1938 was 12, individual
family No. 91 gave 36 per cent of 3's, and families Nos. 96 and 159
gave respectively 59 and 26 per cent of 3's. It therefore appears
that selection for seed production in inbred lines of alfalfa is
capable of isolating strains which are genetically high seed
producers.

Use of inbred lines

The question naturally arises as to whether a superior inbred
line of alfalfa can be used commercially by merely increasing the
seed in isolation and then planting foundation fields or whether
two or more inbred lines, each having desirable qualities, should .

be planted in adjacent rows so as to permit crossing between them
for the purpose of restoring vigor which might hav- e been re-
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Plate I. -Seed plots alfalfa strain 21 -5, grown in isolation on the Y uma
Experiment Farm, April 26, 1938.

duced during the inbreeding process. In order to test the first
part of this question, strain 21 -5 after three generations of in-
breeding was planted in isolation on the Yuma Experiment Farm.
Strain 21 -5 up to that time seemed to combine high seed produc-
tion and desirable hay qualities to a greater extent than any other
of the inbred strains. The upright growth of this strain is very
uniform, as shown in Plate I. The average seed production is high,
but there is greater diversity in seed production among the dif-
ferent progenies than for hay qualities. Consequently, in addition
to increasing the seed of this strain in isolation, an attempt is
being made to isolate progenies which are more constant in high
seed production. Owing to the fact that only this strain is being
grown on the experiment farm, seed from individual plants may:..
be taken without bagging. A greater amount of seed is obtained
in this way which permits a more rapid seed increase and a short-
er time for a given selection to reach the foundation fields
Seventy -eight rows of progenies each 100 feet long were graded for
seed production in the 1938 seeding season. Twenty -nine of these
were 3's and forty were 2's. Plant selections have been made from
the best seeders for planting in the fall of 1938.

COTTON BREEDING

The breeding work with upland cotton in 1938 is being carried
on in the same manner as in preceding years and with the same
breeding stocks. Plants selected from the best progeny rows
grown in 1937 were tested in the laboratory for yield, percentage
of lint, lint index, seed index, and uniformity in length of lint.
Seed from the best of these plants were then planted in progeny
rows, while increase plots were planted from the mass seed of the
best progeny rows of 1937.
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Avala

One hundred forty -three progeny rows of Acala were planted
on the Experiment Farm at Tucson in 1938. Individual plant
selections will be made from the best of these rows for carrying
on the work in 1939. The mass seed from the best progeny rows
grown in 1937 were planted in increase plots in 1938 and will
produce considerable seed for foundation fields in 1939. Seed
from the best progeny rows now growing will be planted in in-
crease plots in 1939, and the seed from these increase plots will be
used in planting foundation fields in 1940.

Two strains of Acala are now being tested in the Santa Cruz
Valley near Tucson with the expectation that the seed of one or
both of these will be used for planting foundation fields in 1939.
A foundation field of approximately 20 acres is being grown in
the Queen Creek section of the Salt River Valley in co- operation
with the U.S. Field Station at Sacaton. It is expected that this
field will produce sufficient seed for the planting of at least 500
acres in 1939. Seed from this acreage will be registered for
supplying the demand for registered seed in 1940. Seed are being
obtained for the growing of another foundation field in the Salt
River Valley in 1939 if arrangements can be made for securing
the necessary land.

It is expected that the organization of numerous cotton improve-
ment associations throughout the cotton growing areas of the
state for the purpose of taking advantage of the recently passed
Cotton Grading Act will create a larger demand for registered
seed of the Acala variety than has existed at any time in the past.
The cotton breeding program includes plans for providing founda-
tion seed in sufficient quantities for the production of the necessary
registered seed.

Stoneville

Approximately seventy -five progency rows of Stoneville were
grown on the Experiment Farm at Yuma in 1938. Due to
a lack of proper isolation, it was necessary to secure selfed seed
from these rows. This reduced considerably the amount of usable
seed, but sufficient quantities were obtained to provide for progeny
rows and a foundation field in 1939.

A foundation field of Stoneville was grown in 1938 by Julian
Cannon of the Yuma Valley in co- operation with the Experiment
Station. A quantity of seed was obtained from this field sufficient
to supply the valley with registered seed in 1940. Sufficient
registered seed were grown in 1938 from the 1937 foundation
field to supply the needs of all growers in 1939.

Certain selections made in 1937 which showed less hair on the
stems, leaves, and bracts were grown in progeny rows in 1938.
One of these rows showed considerable promise, and enough seed
was secured to grow a small increase plot in 1939. It remains to
be seen whether or not these selections that are free from hair
possess the yielding ability of the hairy strains. It is quite evident
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that a much cleaner mass lot of seed cotton can be obtained from
these hairless plants than can be obtained from the hairy selec-
tions. This should result in the production of a higher grade of
lint.

Progeny rows grown from selections made in 1937 from a row
whose plants were much less leafy than those of other rows in the
same field showed no trace of this reduced number of leaves in
1938. It was hoped that selecting from this particular row might
lead to the establishment of a strain with less leaf surface than
the average Stoneville and one better able to withstand the ex-
treme heat of July and August without excessive shedding. Selec-
tion from the offspring of this row will be continued for another
year or two.

Stoneville- Hartsville cross

The F3 generation of this cross is being grown on the Experi-
ment Farm at Tucson in 1938. A total of 333 progeny rows is
being grown from selfed seed of F2 plants that were free of the
hairy condition of the Stoneville parent. Most of these progeny
rows are free of hair, and some show considerable promise. They
vary in size and shape of plant, size of boll, shape of boll, length
of lint, and earliness of maturity between the extremes of the two
parents. It is hoped that from this cross a variety can be estab-
lished with many of the good qualities of Stoneville but without
the hair. Selfed seed obtained in 1938 will be used to grow the
F4 generation in 1939. It is quite likely that several more gener-
ations will be necessary for the production of a strain sufficiently
uniform for distribution.

TABLE 16. -A COMPARISON OF THE PERCENTAGE OF LINT OF
VARIOUS LENGTHS IN THREE LOTS OF COTTON.

Length of lint Lot 1 Lot 2 Lot 3

1% to 11 1.9 1.0 1.5

1 to 11/2 16.0 11.2 12.1

7/s to 1 38.1 35.7 34.1

3/4 to 7/8 24.6 28.9 28.3

5/s to 3/4 8.8 10.5 11.0

1/2 to % 3.6 4.3 4.4

0 to 1/z 6.5 7.6 8.2

0 to % 10.3 12.0 12.7

0 to 3/4 19.0 22.6 23.7

3/4 to 11/s 79.0 76.2 74.6

Staple length 1 3/32 1 1/16 1 1/16



FORTY -NINTH ANNUAL REPORT 65

Table 16 shows the necessity of continued selection if the var-
ieties are to be improved or even maintained at their present
standard of uniformity. The three lots of cotton had the same
origin in that they descended from the same mass lot of seed ob-
tained from California. Lot 2 shows the percentage of lint of
various lengths produced by the plants the first year they were
grown in Arizona. Lot 1 shows the percentage of lint of various
lengths obtained from plants after 3 years of selection for uniform-
ity, while lot 3 shows the percentage of lint of various lengths
after 3 years of commercial growing with no selection other than
careful roguing each year. Selection has decreased the percentage
of lint less than 34 inch in length and increased the percentage
from 3/4 to 11 /s inches, while commercial production has had the
opposite effect. The lint of lot 1 was 1/32 inch longer than that of
the other two lots.

Pima - Tanguis cross

Lint studies have been continued into the sixth generation, and
348 progenies consisting of approximately 7,000 plants were grown
in the 1937 crop. While lint studies in the laboratory are pursued
most intensively in this cross, the greatest elimination in the
selective process occurred in the plots from which only 207 plants
were taken out of the total of 7,000. Field selection is directed
toward a productive type of plant, such as one with a large num-
ber of bolls which are brought to maturity early enough to escape
the early freezes. Also a larger boll is being sought in so far as
this can be done without any sacrifice of lint qualities. In these
studies boll size is measured by the weight of lint of a ten boll
sample. Figure 6 shows the distributions for lint per cent, lint
index, and weight of lint of ten bolls for the 207 individual plants
selected from the 1937 crop. The average percentages for Pima
were: lint, 33.1; lint index, 5.96; and weight in grams of lint of ten
bolls, 11.9. From the curves it may be seen that 30 per cent of the
selected plants were higher than Pima in lint percentage, 5 per
cent were higher in lint index, and 7 per cent were higher in
weight of lint of ten bolls. In the matter of lint length, only
plants having a lint length of approximately 11/2 inches or longer
are selected. The lint length is determined by measuring the
combed fiber on a five -seed sample from each plant. The prog-
enies of this cross have now been carried through six generations,
the last three of which have been grown from selfed seed. A
large proportion of them are, therefore, approaching that degree
of constancy in their essential characters which is required of
commercial varieties of cotton. Lint yield per acre for the best
progenies will be determined as soon as the seed can be sufficiently
increased for the replicated plantings.

WHEAT

In the fall and winter of 1937 -38, 160 F? progenies were grown,
consisting of a total of 11,487 plants, of a cross between a strain of
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Figure 6. Distribution of lint per cent, lint index, and weight of lint of
ten bolls of 207 individual F. plants of a Pima -Tanguis cross. Crop of 1937.

Hard Federation -Martin and Arizona wheat No. 194. Each of the
160 progenies consisted of from forty to eighty -nine plants. The
seed used in planting these progenies was heavily inoculated with
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smut spores of strain No. 15 (T. tritici), propagated on Ridit.
Also 240 plants of Hard Federation -Martin, 231 plants of Arizona
No. 194, and 216 plants of Ridit were likewise grown from seed
inoculated with the same form of smut. Each of the 12,174 plants
was examined individually, and the number of smutted plants
determined. The percentage of smut in each F3 progeny was
calculated, and these percentages were tabulated in 10 per cent
classes as shown in Table 17.

TABLE 17.

F, progenies.
Hard Feder -
ation-Mar -
tin X 194

Smut per cent classes Total

0 10 20 30 40 50 60 70 80 90 100 Progenies Plants

55 54 28 8 6 5 1 1 0 1 1 160 11,487

The average percentage of smut of Hard Federation -Martin was
0; that of No. 194, 50.3; and of Ridit was 31.4. The smut infection
of Ridit was determined for the reason that No. 194 received its
smut resistance from Ridit in a cross with Pusa 4. Owing to the
fact that the 1937 -38 winter was unusually warm it is highly
probable that the number of plants in the 0 and low percentage
infection classes is higher than would be obtained with normal
(cooler) winter temperatures. However, the infection distribu-

tion as shown in Table 17 indicates that the resistance of the Hard
Federation -Martin is dominant to susceptibility with this form
of smut. On the assumption that the plants in the 0 and 10 per
cent infection classes are resistant, there are 109 progenies con-
sisting of more than 5,000 plants from which selections may be
made with a high expectation that the resulting progenies will
be either immune to this form of smut or highly resistant to it.
It is the ultimate object of these investigations to produce a
wheat that is immune to all forms or races of smut.

PLANT PATHOLOGY
ANGULAR LEAF SPOT OF COTTON

Studies on the angular leaf spot of cotton have been continued
in connection with the effect of seed treatment on the permeability
of the seed coat. The commercial planting of more than 200 tons
of treated seed in the state during the season has afforded further
opportunity to observe the comparative value of seed treatment
with nontreatment. Fields of cotton from acid -delinted seed have
almost invariably given quicker germination, freedom from seed -
borne diseases, and in many cases higher yields. Delinting may
also be beneficial in combating the spread of Verticillium. Thus
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far, no cases of Verticillium wilt have been reported from clean
fields planted with acid -delinted seed, although several instances
are on record in which the wilt has appeared in clean fields planted
with fuzzy seed.

PHYMATOTRICHUM (TEXAS OR COTTON) ROOT ROT

The co- operative agreement with the United States Depart-
ment of Agriculture made in 1937 (see Ariz. Agr. Exp. Sta. 48th
Ann. Rept.) continued throughout 1938, which permitted an ex-
pansion of the field work to include an intensive study of root -rot
problems in pecan orchards of the Yuma Valley. A partial sum-
mary of the work conducted under the supervision of the project
leader follows:

1. Application of chemicals and fertilizers at various rates, by
various methods, and at different seasons for root -rot control.

2. Study of effect of applications on soils, on the root -rot fungus,
on host plants; maximum safe concentrations and limits of
toxicity.

3. Effectiveness of chemical barriers put down by injection.
4. Inoculation of numbers of young trees in an attempt to find

resistance or immunity to the root -rot fungus.
5. A study of the sclerotia of root rot in Yuma pecan soils in

relation to root -rot control.
6. Detailed root -rot maps of 590 acres of pecan orchards in

which experiments are being conducted.
7. A study of the effect of intercrops, covercrops, and cultural

methods on the incidence and severity of root rot.
A total of 301 orchard trees was treated for root rot in 1937,

and 403 trees were treated up to July 1 in 1938. Ammonium sul-
phate alone, although apparently satisfactory in many cases, too
often failed to permanently check root rot under severe root -rot
conditions. Ammonium phosphate 16 -20, appeared definitely
more promising. Sulphuric acid solutions showed definite promise
when injected into the soil to a depth of 4 feet, either alone or in
combination with ammonium phosphate or ammonium sulphate.
The immediate effect is of great value in treating visibly infected
trees. Sulphur alone or in combination, injected or mixed with
the surface soil, gives similar but much slower response on account
of the 3 to 6 weeks necessary to oxidize the sulphur. On this
account its value is preventive rather than curative.

Data for 1937, a severe root -rot year, demonstrated that the
present quite lucrative practice of planting groves to alfalfa or
other susceptible crops and pasturing sheep or cattle must be
abandoned because it furnishes a medium by which root rot
spreads very rapidly and becomes difficult to check. One 90 -acre
grove in which the alfalfa was removed and Sudan grass sub-
stituted showed, in spite of a large number of new infections as
the result of the carry -over on infected alfalfa and the warm
winter, a decrease of 90 per cent in the number of trees lost from
root rot.
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Counts of twenty samples taken every 2 weeks indicated a very
erratic distribution of sclerotia in Yuma soils and their relative
scarcity except in "pockets," with 6.2 per cent of the samples con-
taining 73.3 per cent of the sclerotia found.

Over 600 soil samples were taken in 1937, and a smaller number
in 1938. Analyses were obtained through the co- operation of the
Department of Agricultural Chemistry in order that the extent
and rate of penetration and leaching of the chemicals added to
soils in root -rot treatments could be followed. Results will be
presented when the data are completed.

During 1937 the intercrop of alfalfa in the 6 -acre pecan planting
at the new University Farm at Tucson suffered severe damage
from root rot. In July, 1938, so little alfalfa survived that the
land was cultivated and one third planted to hegari. Intercrop-
ping will be continued with three different schedules. All but
one of the thirty -six treated pecan trees are alive and healthy
after 2 to 3 years' exposure to root rot, although about sixty -five
of the untreated trees have died. In one row where root rot was
severe the four treated trees survived, while seven of the nine
untreated trees died and the remaining two are barely alive. The
growth of trees treated with commercial fertilizer, manure, sul-
phur, or combinations of the various materials was much superior
to that of untreated trees.

Among the new host plants for the root -rot fungus is the Arizona
wild cotton (Thurberia thespesioides). Plants under cultivation
were killed. The testing of progenies of Acala cotton for resistance
to root rot has been continued.

GRAPHIOLA LEAF SPOT OF DATE AND OTHER PALMS

Field work on this project has been completed and satisfactory
control measures developed. In Arizona Graphiola has been
found only in locations of higher than normal humidity, and
artificial inoculations of outdoor plants have thus far failed. Re-
peated inoculations with spores of proved viability in a humidity
chamber in the greenhouse have likewise failed to produce in-
fection. The unusually long incubation period (41 to 6 months)
makes progress slow. Since the host range of Graphiola is im-
perfectly known, eight species of palms have been inoculated.
The air -conditioning equipment recently installed in the depart-
mental greenhouse should prove of value in producing conditions
favorable for the development of leaf spot.

BACTERIAL SLIME OF LETTUCE

Bacterial slime of lettuce, present in Arizona since the begin-
ning of the lettuce industry and at times the cause of heavy loss,
appeared near the end of the past season but was less destructive
than in some preceding years. Attention has been given in the
laboratory to cultures of the bacteria concerned. Gray forms on
potato- dextrose agar are strains of the vegetable soft -rot bac-
terium (Erwinia carotovora) . A new, yellow lettuce- rotting
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bacterium was isolated and proved pathogenic during the year.
Both types of bacteria will be described in future papers. It is
noteworthy that none of the three eastern lettuce- rotting bacteria
(Phytomonas viridilivida, P. vitians, and P. marginale) has as yet

been identified in Arizona fields.

SOUTHERN SCLEROTIAL ROT

Southern sclerotial rot was first recorded in Arizona in 1936 on
a few larkspur plants in Maricopa County. The disease was
promptly identified and evidently eradicated, for no new outbreak
has since occurred in the vicinity. The second observed appear-
ance of the rot was noted in July, 1937. Then approximately 11 /a
acres of sugar beets in Santa Cruz County were affected on a
ranch more than 150 miles from the site of the previous occurrence
of the rot. Again, in June of this year, the rot was found in three
fields of sugar beets in Maricopa County, and the last outbreak
appears to have no connection with the two previous outbreaks.
Although there appears to be no record of the distribution of
Sclerotium ro/fsii as an internally seed -borne pathogene, suspicion
has arisen that the spread of sclerotial rot is connected with the
seed in some way. The suspicion may be based upon fact. Soil
around the rotted beet root frequently bears on its surface myriads
of the small, viable resting bodies (sclerotia) of the fungus.
Occasionally, beet growers pick up shattered beet seed at
harvest time with a vacuum machine. Thus the sclerotia may be
a contaminant of beet seed. It has been claimed by certain stu-
dents of southern sclerotial rot that Sclerotium rolfsii does not
tolerate an alkaline reaction of the substratum. Soil samples from
one of the worst affected fields in Maricopa County gave a pH of
8.1, and the soil in all affected fields has an alkaline reaction.

VERTICILLIUM WILT

Verticillium wilt of cotton is present in all cotton districts of
importance in Arizona. The causal fungus, which usually affects
several important crops as well as ornamental plants, has not as
yet been found here in any host other than cotton. Both field and
laboratory studies point to cotton seed as the carrier. Studies of
the disease are in progress.

MISCELLANEOUS STUDIES
Blight of citrus nursery stock

A sudden outbreak of a malady caused the blackening and death
of the trunks of several hundred sweet seedling orange trees in
one nursery lath house. The foliage of the seedlings quickly
wilted and dried, but the root systems were normal. Cultures
showed that the disease was a form of brown -rot gummosis un-
reported in literature, apparently aggravated by excessive humid-
ity resulting from the close covering of the lath house. Prompt
removal of part of the cover and an application of Bordeaux spray
checked the disease.
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Dry root rot of citrus

Although it is not widespread in occurrence, dry root rot con-
tinues to be perhaps the most serious disease in the state. One
outbreak killed over 20 per cent of the trees during their first
year in the field, and a few trees of bearing age are lost in a con-
siderable number of orchards each year. In the Department's
study of the disease, sour orange seedlings have been planted in
sterilized soil of two types and have been inoculated with the
organisms isolated from diseased citrus roots.

Dry root rot may explain the poor condition of certain tangerine
groves. One orchard of twenty -year -old tangerines on sour
orange root was conspicuously affected with dwarfed, off -color
leaves and many dead twigs. Early last spring four trees in the
orchard suddenly wilted and died. The first field investigation
disclosed dead feeding roots on all wilted trees, but the larger
roots were uninjured. A more extensive root excavation under
many trees later revealed dead bark on the larger roots, so the
disease is probably dry root rot. The soil treatments which have
been most successful in the control of Phymatotrichum root rot
were applied to twenty -six of the most seriously affected trees.
All treated trees now show improvement.

POULTRY HUSBANDRY
THE EFFECT OF BACK CROSSING AND RECIPROCAL CROSSES

ON EGG PRODUCTION IN OFFSPRING

During the period from 1932 -33 through 1937 -38, 174 matings
have been made as follows: original foundations, 23; father and
daughter, 18; mother and son, 22; grandfather and daughter, 12;
grandmother and son, 8; great grandfather and daughter, 4; great
grandmother and son, 3; brother and sister, 22; outcrosses, 26;
double outcrosses, 20; long continuous laying, 5; high line, 5; and
low line, 5.

Data have been compiled on egg production, incubation, brood-
ing, and mortality. It was unfortunate that weights were not
included, for this would have undoubtedly brought forth some
very interesting information. From casual handling it was defin-
itely noticed that body weight decreased as inbreeding progressed,
and that body weight very noticeably increased as outcrossing
was resorted to.

The huge task of compiling these data is definitely under way,
and progress thus far has indicated that some very interesting
results are being obtained. Being shorthanded the past year has
made it impossible to do other than keep up the routine record
work.

EGG LAYING CONTEST

This project continues to be as popular as ever, which is one way
of assuming that it must be of value to the breeder, or he would
not be willing to come back year after year and pay for the
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service rendered. This project operates on a revolving fund and
every year has proved self- supporting. An added feature, the
pullet testing project, has been operating for 2 years, and the fact
that accommodations will have to be doubled the coming summer
to take care of demands for fall is in itself a definite indication as
to how it is regarded. There is no question but that this project
has been a greater influence in increasing the number and size
of eggs per hen than any other single medium.

LOCALLY PRODUCED GRAINS IN THE POULTRY RATION

Four pens were used in this work: pen 308 was fed a ration of
grain and milk with an idea of duplicating conditions on the
farm; pen 309, known as the economy pen, was fed a ration varied
on price alone; pen 310, fed the University of Arizona laying ration,
was used as a check pen; pen 311 received what is known as the
Arizona Conference Laying Ration. Results of this work are not
available, due to the absence of a member of the Department, but
the routine work has been continued.

DEVELOPING STRAINS OF CHICKENS THAT ARE RESISTANT
TO PULLORUM DISEASE AND RANGE PARALYSIS

Work along these lines is being continued. Actual results are
not available due to the absence of the leader of this project.
Upon his return, he will be in a position to compile accumulated.

data on hand.

ENVIRONMENTAL FACTORS AND THEIR EFFECT ON THE
NATURAL EGG CYCLE

Although considerable effort has been expended on this project,
most of which has been spent in the perfecting of the mechanical
contrivance necessary for the proper carrying out of the work,
very little progress was made in obtaining actual results due to
disturbances to the recording device. As the proper supervision
of this work took considerable time, and this time was not avail-
able in the absence of the leader of the project, the work was
discontinued until his return, at which time it will be resumed.

VETERINARY MEDICINE
Injections of 5 cc. of gonadatropic serum given in two doses at

18 -day intervals during early summer did not produce ovulation
in black face ewes. The dose is going to be increased to 10 cc. in
a single treatment, and rams will be given 20 cc. Black faced ewes
do not ovulate normally during the heat of the summer months
in the irrigated valleys.

Losses affecting sheep in the irrigated valleys during the first
part of the winter months after they have been brought in from
the mountain ranges have been controlled to a large extent. The
sudden changes from dry grasses and browse to green rapidly
growing barley or alfalfa pasture cause serious digestive dis-
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turbances which cannot be tolerated by sheep. Usually after 2
weeks on pastures death losses occurred. These losses can be
controlled if the diets of the sheep on pasture are balanced with
hegari or barley grain. Sheep should also be given more exercise.

Losses occurring in sheep and lambs during August and Septem-
ber in the warm irrigated valleys have been due to overheating.
Symptoms of stiffness have been eliminated by shearing.

Studies are being made on the mineral and vitamin A content
of range forages on representative areas in Arizona. Eleven such
areas are being studied in the state. In conjunction with this
forage study blood analyses are made on ten representative cattle
from each of these areas to correlate the forage and animal de-
ficiencies. The results to date are not conclusive. The possibility
that vitamin A deficiency of range plants may contribute to the
occurrence of infectious karatitis is being checked, and patholog-
ical bacteriological examinations and inocculations are being
made on cases from various localities.

Numerous autopsies were conducted on animals whose deaths
were suspected to have been due to the eating of poisonous plants.
No new plant was found which caused death losses. Sheep and
guinea pigs are being used to study effects of various reputed
poisonous plants.

Considerable results have been obtained from the use of potas-
sium iodide in the drinking water to control actinomycosis. Three
drams per day is the dosage given. Sodium iodide (1 ounce in
250 cc. of sterile water) has given good results. This method
eliminates the frequent handling of wild range cattle.

Infectious rhinitis occurred in a large herd of breeding hogs for
the first time in Arizona. Considerable losses were suffered before
proper sanitary measures were used to check the spread.



APPENDIX
ANALYTICAL SERVICE

The Department of Agricultural Chemistry and Soils offers
without charge to citizens of the state an analytical service on
products related to agriculture. A branch laboratory is main-
tained in Phoenix for the convenience of farmers in the Salt
River Valley. The number of analyses made and type of samples
analyzed during the past year are given in Table 18.

TABLE 18.

Tucson Phoenix
Soils
Water

1,942
241

1,012
325

Fertilizer (manure, guano) 55 98
Feeds 183
Miscellaneous 147 37
Grape fruit juice 60 62

Total 2,628 1,534

ARIZONA EGG LAYING CONTEST

This test is now in its sixteenth year, with the breeders as en-
thusiastic for it as in the initial year. It is the only state agency
through which breeders' stock can qualify for the record of
performance work which is now closely tied up with both the
American Record of Performance and National Poultry Improve-
ment Plan work. The pullet testing project feature, in which a
breeder can have tested as many birds as he desires, there being
no limit, has become a definite service. Indications are that there
will be at least 300 birds on test in the next period starting October
1.

The state breeders are not content with testing their stock
against other stock of this state but are requesting and insisting
that some out -of -state breeders be allowed in the test.

The Arizona Egg Laying Test 4 years ago led all other tests in
high points per bird. It was the first test to have an average egg
weight in excess of 24 ounces to the dozen, which is the recognized
weight of large eggs.

The sixteenth test was won by a pen of S.C. White Leghorns
owned by P. S. Dickey, of Puyallup, Washington, the thirteen
birds having laid 3,399 eggs with a point value of 3,546 for the 357 -
day period. This is an average of 261 eggs for each bird.

In the final ranking of individuals, a S.C. White Leghorn hen
owned by Del Rio Farms, of Mesa, Arizona, was first, having laid
306 eggs with a point value of 326 in the 357 -day period.

This test operates in accordance with rulings set forth by the
national association which includes the use of the point system. In

74
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this system values are established for size as well as number. An
egg weighing 24 ounces to the dozen is given a value of 1 point,
if weighing 25 ounces to the dozen a value of 1.05 points, and if
23 ounces to the dozen a value of 0.95 points, etc. With the use
of this system a hen producing the greatest number of eggs but
lacking size may be reduced in points so that a hen with less eggs
but greater size will have a higher ranking.

During the test, twelve birds exceeded 300 points, and three
exceeded 300 eggs. Twenty -eight birds exceeded 275 eggs; sixty -
four birds, 250 eggs; 116 birds, 225 eggs; and 146 birds or 56 per
cent exceeded 200 eggs.

The mortality of 21.9 per cent was higher than the previous test
but lower than several before this.

Feed necessary in producing 1 dozen eggs for White Leghorns
was 4.8 pounds; for the Rhode Island Reds, 5 pounds; and for the
Black Australorps, 5.1 pounds.

The average egg production by breeds for the 51 weeks for the
White Leghorns was 217 eggs; for the Rhode Island Reds, 216 eggs;
and for the Black Australorps, 214 eggs.

The total amount of feed consumed per bird by breeds for the
White Leghorns was 86 pounds; for the Rhode Island Reds, 91
pounds; and for the Black Australorps, 92 pounds.

Table 19 shows a comparison of the Sixteenth Arizona Egg
Laying Test with all previous tests.

Year

1922 -23
1923 -24
1924 -25
1925 -26
1926 -27
1927 -28
1928 -29
1929 -30
1930 -31
1931 -32

1932 -33
1933 -34
1934 -35
1935 -36

1936 -37
1937 -38*

TABLE 19.
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Name of winner Breed

196.6 264 247 39 14 W. Griffith W.L.
204.9 274 252 42 14 W. Griffith W.L.
191.4 291 246 36 18 Del Rio Farm W.L.
205.8 307 250 54 17 Lee Apel W.L.
213.4 319 274 58 15 A. C. Wrenn W.L.
212.8 299 247 64 15 A. A. Wrenn W.L.
211.3 274 247 62 12 Lee Apel W.L.
202.0 298 252 43 14 Del Rio Farm W.L.
195.2 283 258 45 11 George England W.L.
188.6 278 235 32 17.6 Gold Spot W.L.

Hatchery
186.1 290 234 20 27 George England W.L.
219.9 307 258 58 18.4 Max Johnson W.L.
210.9 299 252 51 28.1 P. S. Dickey W.L.
214.1 295 242 55 21.5 Gold Spot W.L.

Hatchery
218.3 318 256 55 18.8 Leslie Guthrie W.L.
216.4 325 268 56 21.9 P. S. Dickey W.L.

* Starting with the 1937 -38 test all thirteen birds in the pen are recorded,
and all averages are on a hen -day basis.
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SOIL SURVEYS
The soil survey of the Yuma Desert area was begun during the

winter of 1936 -37. E. N. Poulson of the U.S. Bureau of Chemistry
and Soils was in charge of the party. The work could not be com-
pleted during a single winter so was finished during the winter of
1937 -38 under the direction of W. G. Harper, also of the Bureau
of Chemistry and Soils. Ordinarily the Agricultural Experiment
Station limits itself to the furnishing of transportation for Soil
Survey projects. In this instance, however, an assistant was also
furnished. This was necessary because of the sandy nature of
part of the country to be mapped and because of its isolated loca-
tion. Mr. Meade Harouff acted as assistant. In surveying that
part of the area closest to the Mexican border, the party camped
in the field. The car was driven over 5,000 miles in completing
the survey. The total area surveyed approximated 275 square
miles. The results of the survey will be of great value in deter-
mining the proper soils for irrigation when Colorado River water
is available for this land.

The final correlation of the soils in the middle Gila area has
been made. Steps can now be taken in the Washington office to
publish the report.

During the present year the soil survey report of the upper
Gila Valley came from the press. It is now available for general
distribution.

SUMMARY OF STATION PUBLICATIONS
TECHNICAL BULLETINS

No. 68. -The Natural Vegetation of Arizona, by A. A. Nichol.
41 pages. This bulletin presents a summary from several individ-
uals and agencies of the natural divisions of plant cover in Ari-
zona. The vegetation of Arizona is divided into the following
divisions and subdivisions: I. The forest into (1) Douglas fir -
ponderosa (yellow pine), (2) pinon- juniper, and (3) chaparral.
II. The grassland into (1) highland grass (short grass), (2) desert
land grass (mesquite grass), and (3) mountain meadow (alpine
grassland). III. The desert into (1) sagebrush (northern desert),
(2) paloverde -cacti (southern desert), (3) creosote bush -Atriplex
(southern desert) , and (4) mesquite bosques (southern desert) .
These vegetation types are discussed along with an Arizona map
in color. A brief discussion of uses of native plants by the Indians
is included.

No. 69.- Studies on Soil Structure: Some Nitrogen Transforma-
tions in Puddled Soils, by J. F. Breazeale and W. T. McGeorge.
27 pages. This bulletin is a part of a series being published de-
voted to the physical characteristics of Arizona soils and their
effect upon plant growth. Nitrogen transformations in Arizona
soils are extremely active under normal conditions. When the
soil becomes puddled, nitrification is completely stopped and
denitrification becomes active. These conditions are more prey-
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aient in puddled soils than in waterlogged soils. The poor nitri-
fication in puddled soils is improved by dust mulch and dry fallow.

No. 70. -A Study of the Effect of Pollen upon the Length of
Cotton Fibers, by E. H. Pressley. 38 pages. When more than one
variety of cotton is grown in a community, considerable cross -
pollination necessarily takes place. The immediate effect of pollen
upon the length of fibers of seeds pollinated with unlike pollen is
of considerable interest, since uniformity of fiber length is one of
the important characters which determine the spinning quality
of a variety of cotton. This bulletin presents the results obtained
from a study of the immediate effect of pollen upon the length of
cotton fibers of reciprocal crosses between Red Acala and Delfos
and Red Acala and Pima. Comparisons of the length of fibers
from heavy and light seeds pollinated with like and unlike pollen
are given, as well as comparisons of the length of fibers from dif-
ferent plants and of different bolls from the same plant.

No. 71.- Phymatotrichum (Cotton or Texas) Root Rot in Ari-
zona, by R. B. Streets. 112 pages. Root rot is widely distributed
in the semiarid Southwest. It is caused by a soil- inhabiting
fungus, Phymatotrichum omnivorum, which is indigenous to the
Southwest where soils are alkaline and low in humus and the
winters are mild. The fungus attacks the roots of susceptible
plants causing them to decay, and the plants wilt and die suddenly.
The disease is most active during hot weather-July to mid -
October in Arizona. The root -rot fungus attacks over 1,700 species
of plants including not only a majority of cultivated plants such
as field crops, garden and truck crops, deciduous fruit trees, nut
trees, shade trees, shrubs and other ornamentals but also weeds
and native vegetation. The only plants which as a group are
immune are the monocotyledons (grains, grasses, palms, etc.) .
The root -rot fungus spreads from plant to plant along the roots or
through the soil independent of roots for short distances. The
fungus may overwinter in several ways: (1) in an active vegeta-
tive condition in infected but still living plant roots; (2) on the
deeply buried dead roots of susceptible trees; and (3) in a dormant
condition in sclerotia or sclerotial strands. Root rot is one of the
most difficult of all plant diseases to control on account of its very
extensive host range and the difficulty of eradicating it from in-
fected soil. Rotation with nonsusceptible crops, together with
clean culture, is the most economical control where large areas
in field crops are involved. Control by means of heavy applica-
tions of ammonium sulphate or ammonium phosphate 16 -20 or
agricultural sulphur or sulphuric acid has proved practicable for
small areas or where valuable orchards, crops, or ornamental
plantings are involved. Soil disinfectants can be used to eradi-
cate the fungus from small areas. A 1.25 per cent solution of
formaldehyde is often used. Barriers of various kinds -soil
treated with sulphur or road oil, sheets of galvanized iron, or four
rows of grain sorghum -have been used to check the spread of
root rot.
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No. 72. Studies on Soil Structure: Effect of Puddled Soils on
Plant Growth, by W. T. McGeorge and J. F. Breazeale. 34 pages.
This bulletin is the third of a series of technical bulletins devoted
to the physical characteristics of Arizona soils as related speci-
fically to plant growth. Some phases of the problem studied
were: effect of puddled soil on seed germination, effect of dust
mulch on plant growth in a puddled soil, effect to dry fallow on
puddled soils, moisture availability in puddled and waterlogged
soils, and the availability of nitrogen, phosphate, and calcium in
puddled soils.

No. 73.- Seasonal Change in the Chemical Composition of Some
Arizona Range Grasses, by E. B. Stanley and C. W. Hodgson. 15
pages. Seasonal changes in the chemical composition of three im-
portant range grasses: blue grama (Bouteloua gracilis), hairy
grama (Bouteloua hirsuta) , and curly mesquite (Hilaria
belangeri) are shown in this bulletin. Moisture, crude protein,
and phosphorus were found high in young plants, decreasing to
a minimum after the plants had become mature. The percent-
age of total ash and of ether extract showed no definite trends.
Nitrogen -free extract and lignin tended to increase from the early -
growth stages until the end of the season. Th crude fiber content
rose rapidly during the early part of the growing season but
showed no definite trend from September to January, when a
slight drop occurred. The percentage of calcium was high during
August, when the plants were young, and low during the winter
months. Range cattle increase rapidly in weight while the for-
age is young and green but decrease rapidly in weight during the
dry seasons. It is suggested that a low intake of total digestible
nutrients and, possibly, of digestible crude protein may account
for these losses in weight.

No. 74.- Control of Mesquite and Noxious Shrubs on Southern
Arizona Grassland Ranges, by R. B. Streets and E. B. Stanley.
28 pages. The spread of mesquite into range lands of the South-
west to the detriment of grazing capacity has become a problem of
importance to cattlemen in certain districts in Arizona and Texas.
Cutting alone had not proved successful in controlling mesquite.
This bulletin reports experiments with twenty -seven different
methods of mesquite control under range conditions. The applica-
tion of sodium arsenite to the sapwood after frilling the base of
the stump or tree with downward strokes of an ax proved entirely
successful, as the poison is rapidly absorbed by the root system
in quantities sufficient to kill it. Large scale experiments showed
that costs are low -10 cents per cord for labor. Figures are based
on cords of wood cut, as the larger growth is of considerable value
for fuel and fence posts, and the cords of wood cut are a more
accurate measure of mesquite density than number of trees, etc.
Saturating the trunks of mesquite to a height of 2 to 3 feet by
spraying with kerosene proved effective in June and partially
effective in April or May, while sodium arsenite is effective any
time. The sodium arsenite method has proved effective in killing
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unwanted trees of any kind in city and country yards and along
fence rows and ditches.

Preliminary experiment on methods of controlling burroweed
(Aplopappus fruticosus) and snakeweed (Gutierrezis sarothrae),
unpalatable perennial shrubs spreading into the better grassland
ranges, indicated that torching of scattered plants or careful
broadcast burning of patches is more effective than spraying or
grubbing.

No. 75. Experimental Feeding of Deer, by A. A. Nichol. 39
pages. This bulletin summarizes the work of 31/2 years of ex-
perimental feeding of thirty -eight native deer of Arizona at the
Santa Rita Experimental Range for determination of food re-
quirements. It was found that the coefficient 2.35 multiplied by
the hundredweight of deer will give in pounds the amount of air -
dry forage consumed daily by deer. Palatability tests showed
that shrubs comprise a substantial part of the diet, but that the
tree forages, grasses, weeds, and annuals are also very important.
Breeding habits were observed and recorded in detail. Hybrids
of the mule deer and white tail were produced and described.

No. 76. -The Relation of Stream Flow to Precipitation on the
Salt River Watershed above Roosevelt Dam, by C. K. Cooperrider
and Glenton G. Sykes. 69 pages. This bulletin presents the
results from a study of precipitation and stream flow records for
the 35 -year period 1902 -36. Circumstances surrounding runoff
from its origin on the land to its discharge as stream flow were
considered in the analysis. They include the effect of conditions
peculiar to semiarid watersheds, the relation of seasonal pre-
cipitation to stream flow, the effect of frequency and distribution
of storms, and the influence of vegetation and evaporation on
disposition of water.

No. 77. -The Physiography of Arizona Valleys and the Occur-
rence of Groundwater, by G. E. P. Smith. 51 pages. A study of
what can be learned from the physiography regarding the location
and extent of ground water supplies. The drainage basin as a unit
is discussed and also the interdependence of surface flows and
ground water. Arizona valleys are found to have a series of three
benchlands in addition to the bottom lands. In the last great
degradational period the valleys were eroded to levels consider-
ably below the present valley floors and the subsequent refilling
to the present levels with Recent, unconsolidated sand, gravel,
and soil has provided excellent aquifers. These bottom land
aquifers can qualify as having definite underground channels,
and their water supplies, therefore, are legally appropriable. The
three benchlands correspond to definite alternations of erosion
and aggradation, which can be explained by assuming a combina-
tion of regional and more local uplifts, but evidence points to
clmatic reversals correlated with the successive Pleistocene ice
sheets as the cause, wholly or in part.
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GENERAL BULLETINS
No. 156. -Unemployment Relief in Arizona from October 1,

1932, through December 31, 1936, with a Special Analysis of
Rural and Town Relief Households, by E. D. Tetreau. 55 pages.
A summary of the contents of this bulletin appeared in the 1937
Annual Report, pages 12 and 13.

No. 157. Control of Bang's Disease by Tests and Segregation,
by W. S. Cunningham and R. N. Davis. 9 pages. A method is
given for controlling Bang's disease by frequent testing and segre-
gating the negative animals from the positive animals.

No. 158. -Factors Influencing the Cost of Production of Eggs and
Pullets in Southern Arizona, by H. Embleton. 25 pages. This
is a revision of Bulletin 145. This publication sets forth the vari-
ous cost items involved in producing eggs and pullets, as well as
sources and amounts of revenues. It also analyzes the factors
necessary for profitable poultry production.

No. 159. Part I. -The Comparative Nutritive Value of Certain
Locally Produced Poultry Rations. Part II. Confinement Rear-
ing, by H. B. Hinds. 23 pages. In Part I of this bulletin a com-
parison is made of corn meal, barley, and red milo as to the effect
of these feeds on consumption, egg production, weight of eggs,
return above feed cost, and mortality. In Part II a comparison is
made among three lots of chicks up to 15 weeks old -one lot on
concrete floor and porch, a second on wire floor and wire porch,
and a third on concrete floor and normal outside dirt run -as to
the rate of growth, general appearances, and mortality. A method
of starting chicks in batteries and later transferring them to colony
houses is discussed. Four systems were tested - namely, (1)
chicks held in batteries for 2 weeks, (2) chicks held in batteries
for 4 weeks, (3) chicks held for 6 weeks, and (4) chicks started
and reared in colony houses. Comparisons were made on growth,
mortality, and general appearances.

No. 160. Hired Labor Requirements on Arizona Irrigated
Farms, by E. D. Tetreau. 31 pages. The purpose of this study
was to obtain, summarize, and interpret information about the
farm labor problem in Arizona irrigated areas. Seasonal and
regular labor requirements for the year 1935 were specifically
studied and the results were adjusted to show requirements in
1936 and 1937. Basic information was obtained from 670 farms
located in eleven townships in four counties considered representa-
tive of all farms in Arizona's major irrigated areas. The analysis
dealt with the amounts of hired labor required by months, by
areas, and by special commodities. Hired labor requirements
were associated with such factors as: area diversification of com-
modities, farm diversification, the extent to which family labor
was used on farms, the extent to which new lands were being
brought under irrigation, and the requirements of specific com-
modities. Hired labor costs were analyzed by irrigated areas as
to regular and seasonal labor.
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