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February 1, 1942
President Alfred Atkinson
University of Arizona

Dear Sir:

I have the pleasure of presenting herewith the Fifty- Second
Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1941. It contains reports of
progress on active research projects, brief summaries of other
Station activities, and the summarized fiscal statement.

Respectfully submitted,
P. S. BURGESS, Director
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FIFTY -SECOND ANNUAL REPORT
EDITED BY R. S. HAW,KINS, VICE- DIRECTOR

THE CRITICAL YEAR AHEAD

While this report covers the fiscal year ending June 30, 1941, it
was not completed for publication until the new year, 1942, had
dawned. During the past 6 months many momentous events of
far -reaching importance have taken place. The United States of
America is at war, and to meet this emergency farmers and
ranchers again are called upon to help. America's rural people
have never failed to do their part in all necessary national under-
takings where patriotism and hard work were required, and
Arizona's farmers and ranchers will be no exception. Quotas of
production are set; reservoirs which furnish the life -giving water
are full; people are ready to produce as never before. Cattle,
sheep, long staple cotton, vegetables, dairy and poultry products
especially are required to win, and they will be delivered in the
face of difficulties.

A few years ago science was being blamed by many for the
mounting agricultural surpluses. Today science is being utilized
to the full to produce, preserve, and transport the health -giving
foodstuffs so sorely needed by the Allies as well as by the people
at home. Consider present consequences if, back in the 1930's, all
agricultural research had been stopped as some advocated. The
results secured during that decade which pertain to crop and an-
imal production, land use and soil conservation, and the freezing,
preservation, and transportation of food products are now being
employed to the utmost. Without this new information efforts
would be seriously handicapped.

But, with our expanded goals set, we also must use common
sense. We should not attempt to use unproductive, submarginal
lands for crop production. We should not plow up hillsides and
other easily eroded areas which might better be used for pasture.
We should not overexpand our agricultural plant. Good farming
demands that we put extra time, additional fertilizer, and more
careful planning on the more fertile soils already under profitable
cultivation, that we pay off mortgages during good times and
refrain from added debts, and that we do not squander labor,
power, and seed on crops not essential to the war effort.

The calendar year 1942 should be a banner year for Arizona's
agriculture. The year just closed surpassed all others with a
total income from the sale of farm and ranch products of $80,-
000,000. The previous high was in 1928 when the total agricultural
income was $65,500,000. The low point in the last 20 years
occurred in 1932 with farm receipts of only $22,600,000. Approx-
imately 55 per cent of the 1941 revenue came from the sale of

5



6 AGRICULTURAL EXPERIMENT STATION

cattle and calves ($23,000,000) , cotton and cottonseed ($20,800,-
000) , and truck crops ($11,700,000) . About twenty -five other
commodities made up the balance. These include, in the order of
importance, dairy products, sheep and wool, hay, feed grains,
poultry and eggs, alfalfa and Bermuda grass seed, citrus fruits,
sugar beet seed, flax, hogs, wheat, mohair, dried beans, white
potatoes, horses, honey, and other miscellaneous products. For
comparison, the metal output of Arizona for the calendar year
1941 was approximately $99,000,000, of which $78,000,000 came
from the sale of copper and $11,000,000 from gold.

With these facts before us, let us make 1942 Arizona's greatest
production year!

RESULTS OF THE YEAR'S RESEARCH

AGRICULTURAL CHEMISTRY AND SOILS
FLUORINE INVESTIGATIONS

The investigations involved in carrying out this project are just
about completed, fluorine having been shown to be the cause of
mottled teeth and a method having been developed which will
economically and safely remove it from drinking water. Demand
upon the laboratory for fluorine determinations in drinking wa-
ters continues great, 274 samples of water having been submitted
to the laboratory for fluorine analyses by citizens of the state last
year. It has been found necessary to install equipment in the
branch laboratory at Phoenix to meet the demand for such
analyses.
Bone filter

Since the development of the bone filter for removing fluorine
from drinking water, one has been under observation and in con-
tinuous use at a local sanatorium. It is of sufficient capacity to
supply 125 children with drinking water. The well at this insti-
tution produces water of high fluorine content. This filter is being
checked as to the capacity of bone for removing fluorine and for
studying the life and activity of the bone under repeated regen-
erations. As yet there is no decrease in the activity of the filter
after 2 years of continuous service.
Removal of stain from mottled teeth

Co- operative studies with Dr. J. W. McInnes, Tucson dentist,
on methods of removing stain from mottled teeth have shown
that a warm 30 per cent hydrogen peroxide solution is effective.
More than twenty cases have been satisfactorily treated by this
method. This phase of the investigation has been prepared for
publication in a suitable journal.
Relation of well depth to fluorine content of water

During the course of these investigations, it was observed that
the fluorine content of underground water varies at different
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levels and that often suitable water can be obtained by changing
the level of the well and capping off the high fluorine level. An
experiment conducted during the past year illustrates this. The
well in question was yielding water containing 9 parts per million
of fluorine. Data on other wells in the neighborhood showed that
near -by wells at 300 feet depth contained fluorine in amounts too
small to be toxic - namely, less than 0.9 part per million. The de-
partment co- operated with the owner by analyzing water samples
from different levels as the well was being drilled to greater
depth. At a depth of 306 feet the water contained only 0.1 part
per million of fluorine and was recased to this depth. A report of
this experiment is being published in Water Works Engineering.
Relation of fluorine to dental caries

In co- operation with the Nutrition Department some work has
been done on the relation of fluorine in drinking water to inci-
dence of dental caries. The results to date show that fluorine in the
water does reduce the percentage of dental caries, but the damage
caused by the fluorine in producing mottled enamel is of much
greater significance than the benefit received from reduction in
percentage of caries.
Miscellaneous investigations

Studies on the fluorine content of cows' milk when the animals
drink high fluorine waters, absorption of fluorine by plants
irrigated with high fluorine waters, and absorption of fluorine by
foods cooked in high fluorine waters are three phases of the in-
vestigations which were reported in the last annual report. All
three of these investigations were prepared for publication in
suitable journals during the past year.

BORON

A study of the boron problem as related to the behavior of Ari-
zona soils and the nutrition of Arizona crops was started last
year. It is believed that there is less danger of boron toxicity on
Arizona soils because of their highly calcareous nature. One
phase of the study, therefore, involves the relationship between
the lime content of the soil and the ability of the crop to resist
boron injury when irrigated with water which is relatively high
in boron content. No conclusive results have yet been obtained on
this phase of the problem.

Grapefruit in some of Arizona's groves will often develop a
malformation which is commonly known as "pink nose." Fruit
and foliage from one such grove were examined during the past
year, and the analyses showed that the stylar end of the fruit,
which shows the pink color, was higher in boron than the stylar
end of normal fruit. Also the foliage from the trees was abnor-
mally high in boron. The water being used to irrigate the grove
contained only 0.75 part per million of boron, so the evidence
cannot be considered as conclusive.
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LYSIMETER EXPERIMENT

This experiment was started 10 years ago to study the nitrogen
balance in soil cropped with different rotation programs and
without the addition of any nitrogenous fertilizer. It was started
in 1930 by planting wheat on all lysimeters and turning the crop
under as green manure. This was followed by two different 5 -year
rotations of alfalfa, cotton, hegari, wheat, and alfalfa. All crops
have been weighed and analyzed for nitrogen. Two soil types
have been used -namely, the Gila, a river botton soil, and the
Mohave, an upland soil. At the outset the Gila soil was 11/2 times
as productive as the Mohave, but after 10 years with soil building
crops in the rotation the difference in productivity between the
two soils has disappeared. Yields of hegari grown in lysimeters
in which hegari and wheat are each grown yearly compare favor-
ably with hegari grown in rotation with alfalfa and cotton. Wheat
following hegari shows a toxic effect of the preceding hegari crop.

SOIL MICROBIOLOGY
Microbiological, physical, and chemical characteristics of some soils from

Mt. Graham and vicinityi
Revegetation of overgrazed and badly eroded land for the

control of floodwaters and accelerated erosion is of utmost im-
portance in the state of Arizona where water is a limiting factor
Ind nearly three quarters of the land surface of the state is used
for grazing purposes. Artificial reseeding and special soil and
seedbed preparation often become necessary in order to improve
soil structure and infiltration capacity and provide a favorable
environment for the re- establishment of plant cover.

It becomes essential, therefore, that a fundamental knowledge
be gained of the physical, chemical, and microbiological proper-
ties of Arizona's range soils in order to know how best to proceed
in revegetational work. Soils from Mt. Graham and vicinity
which represent a cross section of the range lands of Arizona were
chosen for this purpose, and investigations of the above nature
have proceeded essentially to completion during the past year.

Soils typical of the "great soil groups" of the United States were
found -namely, gray -brown podsolic, brown podsolic, prairie,
Shantung brown, reddish brown, and red desert soils. The char-
acteristics of these soils varied through wide limits, with definite
combinations of properties, however, associated with a given type
of plant cover. The results were indicative of the type of treat-
ment deteriorated soils in a given series must have if they are to
support the proper kinds of vegetation.
Influence of organic matter decomposition on the chemical and physical

properties of Arizona soils
Arizona's soils are low in organic carbon (usually less than 1

per cent) . It is known that organic materials have various favor-

'This project is being conducted in co- operation with the Soil Conservation
Service.
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able effects upon soil properties, in most instances, making them
better adapted for the growth of crops. It was thought desirable,
therefore, to determine what influence the incorporation of or-
ganic materials would have on the properties of certain range
and cultivated Arizona soils and to determine how long a given
application of organic material remains effective under semiarid
climatic conditions.

One phase of this problem conducted entirely in the laboratory
was completed during the year. The results obtained showed that
oats, hegari, sesbania, and sour clover decomposed quickly in Ari-
zona soils, greatly increased the soils' aggregation, and brought
about a reduction in the pH. The leguminous materials caused a
greater lowering of the pH than did the nonlegumes. Nitrates
were released quickly (within 1 week) from the legume- treated
soils, whereas none were available for nearly 4 months in the
soils treated with nonleguminous materials.

Field experiments were conducted during the year at Yuma.''
Raw Superstition sand and sand which had received an appre-
ciable amount of silt from irrigation water were chosen for the
experiment. Field plots were treated with freshly ground alfalfa,
Sudan grass, and manure. Work was started in September (1940),
and throughout the experiment the usual field practices for this
area prevailed.

The decomposition of the organic materials was not rapid, over
half of that initially added being present at the end of 1 year.
Decomposition was most rapid in the silted sand, and manure de-
composed more slowly than the other materials. Reductions in
pH occurred with the alfalfa- treated soil and, to a smaller extent,
with the Sudan grass- treated soils; manure had no appreciable
effect on pH. Nitrates in sizable quantities were released from
the alfalfa- treated silted sand in 7 days and were present there-
after for the duration of the experiment (350 days) . In the raw
sand, 4 weeks elapsed before nitrates appeared, and they had dis-
appeared after 15 weeks. Sudan grass tied up the nitrates for 10
weeks in the silted sand and for the entire period of 50 weeks in
the raw sand. A small quantity of nitrate nitrogen was present
throughout the experiment in the manure -treated silted sand;
none was present in the raw sand.

Range soils are also receiving attention.3 Ten plots of soil in
both a desert grassland and a desert shrub area were treated with
ground alfalfa, ground native grass straw, alfalfa mulch, native
grass straw mulch, and filaree mulch. Moisture was added with
an artificial rainfall simulator. Periodically samples are being
taken and analyzed for pH, per cent carbon, aggregation, nitrate
nitrogen, and total soluble salts; erodibility rate and infiltration
capacity are determined in the field. Insufficient results have been

'This experiment is being conducted in co- operation with the Horticulture
Department.
'This work is being conducted in co- operation with the Soil Conservation
Service.
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accumulated to date to draw clear -cut conclusions. Indications
are, however, that mulching is far superior to mixing the organic
materials intimately with the soil insofar as increasing infiltration
and decreasing erosion are concerned -at least initially. Non -
leguminous mulches are showing up better than the leguminous
ones. All treatments have increased aggregation. Additional
trends cannot be deduced at this time.

Rate of nitrification of nitrogenous fertilizers in soils from the Salt River
Valley'

When nitrogenous fertilizers are added to soils they serve as a
source of food for the micropopulation as well as crops. Complex
forms of nitrogen are changed to ammonia which in turn is ox-
idized to nitrate. Plants may use the ammonia directly, although
it is generally conceded that they prefer their nitrogen in the
form of nitrate. It is evident, therefore, that the speed with which
nitrification occurs in a given soil and the length of time that the
nitrogen is available are important considerations in the growth
of crops. To obtain information on this, the following experi-
ment was conducted during the past year.

Soils from the Bartlett -Heard and Baldwin orchards were
selected as being typical of the Salt River Valley. Field plots
were treated with equivalent amounts of nitrogen in the form of
steer manure, goat manure, a commercial fertilizer (25 -0) , acti-
vated sewage, urea, calcium cyanamid, ammonium sulphate,
aqueous ammonia, and calcium nitrate. The usual field practices
prevailed in this area, and soil samples were taken periodically
and analyzed for pH values, ammonia -, nitrite -, and nitrate -
nitrogen contents.

Steer manure, goat manure, and the commercial fertilizer (25 -0)
were very similar. The pH of the soil was affected but little by
either fertilizer; nitrites were never present in amounts which
may be toxic; nitrates appeared in from 1 to 2 weeks and were
present thereafter in small but consistent amounts (20 weeks) .

Urea and calcium cyanamid showed up little better than the
manures. Each fertilizer increased the alkalinity of the soil for the
first few weeks but had little influence thereafter. Nitrites did not
accumulate; nitrates appeared in 2 weeks with urea but were
gone in 12 weeks, whereas 3 weeks elapsed before nitrates ap-
peared in the cyanamid- treated soils, and they were present in
appreciable quantity thereafter.

Ammonium sulphate and aqueous ammonia are comparable.
Each fertilizer brought about marked reduction in the pH; large
quantities of nitrate nitrogen appeared within 2 weeks and were
present for the 20 -week duration of the experiment. With these
two fertilizers only did nitrites accumulate in appreciable quan-
tities (up to 35 p.p.m.), and this might conceivably be toxic.

'This experiment is being conducted in co- operation with the Horticulture
Department.
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Of all the fertilizers tested, activated sewage showed up the
most advantageously. It not only has all the advantages of an
organic fertilizer for Arizona soils but, in addition, caused a
marked reduction in the soils' pH values (equivalent to ammon-
ium sulphate) . Nitrites were always present in but trace quan-
tities; nitrates appeared within 1 to 2 weeks and were present
thereafter in large amounts for the duration of the experiment.

Calcium nitrate was leached out of the upper 6 inches of soil
within 4 days after the start of the experiment.
Nodulation of soybeans in Arizona soils'

Leguminous crops are known as soil builders because they
harbor bacteria living in nodules on the roots which transform
atmospheric nitrogen into a form the plant can use. Unless the
nitrogen -fixing bacteria are present in the root nodules, however,
the plant must, like nonleguminous ones, obtain all its nitrogen
from the soil. It has been observed that soybeans in Arizona are
often devoid of root nodules. Preliminary attempts have been
made to ascertain the reason for this deficiency.

Soil samples in the greenhouse were treated with all possible
combinations of the following: (1) treble superphosphate to in-
crease the available phosphorus supply, (2) sulphur which by its
oxidation to sulphuric acid would decrease the alkalinity, and (3)
wheat straw to increase the organic matter content of the soil,
the natural content being extremely low. Treatments were made
in duplicate. Half the soils were inoculated with a pure culture
of Rhizobium japonicum, the soybean organism; half were left
uninoculated.

It is significant that nodulation of the soybeans was induced
by but one combination of the above treatments -namely, in the
sample to which wheat straw and treble superphosphate had
been added and in which the seed had been inoculated. Additional
work is in progress.

SOIL REACTION

The study of methods used for the determination of the pH
value of alkaline -calcareous soils was completed during the past
year and published in the Journal of the Association of Official
Agricultural Chemists. The pH of the soil has been shown to have
a close relation to the productivity, and it is of interest, therefore,
that this investigation produced a method for determining the
pH of the soil at actual field moisture content. It offers a means of
obtaining a clearer interpretation of soil pH values as related to
plant nutrition as well as many other phases of soil behavior.

YUMA MESA LANDS

There are approximately 150,000 acres of land on the Yuma
mesa and an additional area in the lower Gila River basin which

This experiment is being conducted in co- operation with the Agronomy
Department.
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are predominantly sandy types and which are scheduled to
receive water from the Colorado River in the near future. Because
of the low water -holding capacity of these sandy desert soils, a
study has been made of the effect of silt, carried by the river
water, upon the physical properties of these sandy soils partic-
ularly with respect to improving their physical conditions. Since
the river silts are known to carry potential fertility, as absorbed
mineral plant food, some attention was also given to the effect of
incorporated silt on the productivity of this sandy soil.

In constructing the series of dams along the Colorado River
provision has been made for silt removal from the water. This is,
of course, a distinct advantage to the Yuma Valley lands which
have already received heavy layers of silt from many years of
irrigation with silty water. On the other hand, the rate of water
movement in the mesa sand is so great that the use of silty water
for irrigating this land and the continuous incorporation of this
silt with the sand by tillage machinery should result in more
economic and effective water use.

During the past year an investigation of this problem was
completed and published as a technical bulletin entitled Influence
of Colorado River Silt on Some Properties of Yuma Mesa Sandy
Soil. Experiments were conducted on prepared mixtures of vary-
ing amounts of river silt and Superstition sand, which is the pre-
dominant soil type on the mesa. It was found that incorporation
of silt with the sandy soil increased the water -holding capacity,
moisture equivalent, pore space, and settling volume and reduced
the percolation rate, apparent specific gravity, and rate of capillary
movement, all of which changes will make for more reduced and
more effective water use. In this investigation soil samples from
areas on the mesa which have been under cultivation for different
periods of time were also used for comparison. Fertility studies
showed that addition of river silt to the mesa lands will supply
large amounts of available nitrogen, phosphate, and potash. It is
suggested from this investigation that provisions for supplying
silty water to the canals which service the mesa lands would be
desirable.

ACIDULATED FERTILIZERS

As a means of increasing the efficiency of fertilizers in alkaline -
calcareous soils and to aid crops in the absorption of food applied
as fertilizer, the department has developed methods of acidulat-
ing the fertilizer. The fundamental reason for this step is that
plants prefer approximately neutral soils for best growth and by
acidulating the fertilizer a reduction of the pH of alkaline soils
toward neutrality should be accomplished. This project has been
active for several years, and promising results have been obtained
not only in increased absorption of major elements by crops but
also in the so- called micronutrient elements. Two years of green-
house experiments have been completed, and field experiments
are now under way with cotton, grapes, lettuce, and citrus. Sev-
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eral fertilizer manufacturers are now offering acidulated fer-
tilizers to farmers.

SOIL MOISTURE INVESTIGATIONS

Soil moisture represents the major economic factor in the
cropping of semiarid lands both as to crop requirement and in its
influence on many important soil properties. In view of this,
much fundamental research must be conducted on soil moisture
for a complete understanding of the moisture problem. It has
been shown in previous phases of this study that when water is
added to a soil, it is not taken up as by a sponge, but a considerable
part of it combines with the soil, forming gels and hydrates, in
which forms it is held against losses by leaching and evaporation.
In the present study attention has been directed toward the prob-
able distribution of the moisture among the different soil consti-
tuents, particularly minerals and organic matter.
Silica

Silica is present in soils in various particle sizes down to colloi-
dal dimensions. An experiment with silica sand ground to various
degrees of fineness showed that even with as fine particles as 300
mesh, the amount of water bound is only 5 per cent. Hence, if
the soil consists only of particles of silica, the bulk of the water
will be free.
Kaolinite clay

In the clay minerals of the 1: 1 type like kaolinite, water was
found to be bound only slightly more than in silica sand- namely,
less than 10 per cent -and this amount was independent of the
original amount of water with which the kaolinite was puddled.
The effect in this case was due to particle size which makes it
possible to compare the data with those of silica sand. Kaolinite
clay exhibits a peculiar behavior on puddling. When water is
first added, the mineral exhibits a cheeselike consistency. After
working a few minutes it suddenly becomes quite plastic and on
standing, the water separates out again. Alternate freezing and
thawing have no effect on the amount of water bound. Also on
drying the kaolinite readily crumbles to its original state.
Bentonitic clays

A more interesting case is that of the 2: 1 lattice type of clay
mineral like bentonite. This clay mineral was found to bind, over
a range of moisture additions varying from 0 to 85 per cent, nearly
all the water added - namely, 97 per cent. Beyond this limiting
moisture content of 85 per cent, the per cent bound suddenly
dropped from 97 per cent to 10 per cent. At the same time the
clay changed from a stiff gel to a relatively fluid sol, and there-
after the amount of water bound remained constant at 10 per
cent. In soils of arid regions where the clay fraction is largely
bentonite, the water at field moisture content is largely held by
way of expanding lattice in the form of a gel. This is shown by the
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fact that on drying a cake of puddled bentonite it becomes ex-
tremely hard and brittle, very similar to the readily puddled clay
soils of Arizona which form hard clods when plowed at an un-
favorable moisture content and are then allowed to dry.
Miscellaneous organic materials

Organic matter is an important constituent of soils which affects
moisture relations. Carbohydrates, like starch and cellulose, and
the proteins have molecular structures which favor the addition
of water molecules, as shown by the tendency to swell when wet.
Alfalfa

The behavior of alfalfa when incorporated with the soil is of
particular interest as representing the effect of a green manure
crop on soil moisture relations in soil. An experiment was con-
ducted with a Gila clay soil, the soil being puddled at a constant
moisture content of 50 per cent and the proportions of alfalfa to
soil being varied. As the alfalfa content was continually increased,
the bound water curve passed through a minimum at which about
25 per cent of the water present was observed to be bound. Addi-
tions of alfalfa up to 10 per cent of soil showed a build -up of soil
aggregates during the course of mechanical working. Beyond this
the water is bound by the alfalfa itself. It is thus shown that
organic matter not only helps to hold water against losses by
leaching and evaporation but also aids in maintaining a granular
structure.
Evaporation of water from puddled soils

Experiments have also been conducted on the effect of puddling
on the loss of moisture from the soil by evaporation. In an appar-
atus with controlled temperature at 40 degrees C. and relative
humidity of 10 per cent, samples of bentonite and of Gila clay,
that had been puddled at several different moisture contents, were
allowed to dry and their rates of drying determined. It was found
that water evaporates at a constant rate during the initial stages
of drying, regardless of the moisture content with which the
sample had been puddled. As the sample approaches complete
dryness the rate of evaporation ceases to be a straight line func-
tion, and the amount of water lost approaches a limiting value
corresponding to the original weight of the water taken.

DETERMINATION OF AVAILABLE PHOSPHATE IN
ALKALINE -CALCAREOUS SOILS

The department has conducted numerous investigations on the
general problem of phosphate availability in Arizona soils and
especially the soil conditions affecting such availability. There
are constant requests from farmers for information on the avail-
able phosphate in their soils and in determining this carbonic
acid has been used as a solvent. The procedure employed consists
of bubbling carbon dioxide gas through 1:5 soil suspensions, in a
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series of six at a time, for a period of 15 minutes, filtering and
determining the phosphate in the filtrate colorimetrically.

Further studies on this method have been conducted involving
effect of rate of gas flow upon solubility; variation in phosphate
dissolved from bottle to bottle in the series; effect of allowing sus-
pensions to stand before carbon dioxide treatment; and varying
the size of sample.

The rate of gas flow was found to affect the amount of phosphate
dissolved, since the faster the flow the greater the contact of gas
with the suspended particles. Any rate above a pressure of 30
millimeters of mercury at the point of entry into the first bottle
gave reproducible results. There is of course a pressure drop
from the first bottle to the sixth, but with the above initial
pressure the amount of phosphate dissolved is substantially the
same provided the apparatus is gas tight at all connections.

Samples which were shaken for 1 hour before subjecting to
the gas treatment gave somewhat higher results than those
treated immediately with the gas. A considerable increase in
soluble phosphate was also observed in suspensions allowed to
stand 12 to 24 hours before bubbling the gas through them.

Experiments were also conducted with different weights of soil
all made to 1:5 suspensions, and it was found that the extractions
from 50 and 100 gram samples were within the limits of experi-
mental error. The pH value of the suspensions, after bubbling
gas through them, was in all cases 6.1. The soil used contained
about 2 per cent CaCO3. It was thus shown that varying the
weight of sample does not affect the results as long as the soil-
water ratio of 1:5 is maintained.

A study was also made of the calcium and bicarbonate dissolved
by the gas treatment. These data showed that the amount of
phosphate rendered soluble by carbon dioxide can be explained
in part by assuming that dicalcium phosphate is the compound
which yields the soluble phosphate to the solution.

The following method is recommended on the basis of this
investigation. Weigh 50 grams of soil into a wide -mouth liter
bottle and add 250 cc. of distilled water. Connect the bottles im-
mediately, in series, and pass the gas through the bottles at the
rate of 8 to 10 liters per hour for 15 minutes, making sure the
bottles are tightly stoppered, preferably with clamps. The bottles
should be shaken by hand several times during the extraction to
insure thorough contact. Filter immediately through folded filter
paper, discarding the first few cubic centimeters that come
through. Determine phosphate in the filtrate colorimetrically by
any standard procedure.

FEEDS AND FERTILIZERS

The Department of Agricultural Chemistry and Soils is charged
by law with the enforcement of the Feed and Fertilizer Control
laws in the state. The duties involve enforcement of regulations
regarding the composition and correct labeling of these materials.
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While much time is devoted to assisting manufacturers in cal-
culating formulae, preparing labels, and other printed matter,
most time is devoted to collecting and analyzing samples of brands
on sale in the state.

During the last calendar year, 1940, fifty -seven samples of
fertilizer, 576 samples of mixed feeds, twenty -three samples of
cottonseed meal, and sixteen samples of mineral feeds were
analyzed. A record of sales showed that 6,900 tons of fertilizer,
45,000 tons of mixed feeds, and 23,374 tons of cottonseed meal were
sold in the state in 1940.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY
RELATION OF YIELD TO SOIL TYPE

The relationship between soils as measured by the government
soil survey and short -staple cotton yields was determined for the
3 -year period 1938 -40 for the Casa Grande Valley. In the soil sur-
vey of the Casa Grande area issued by the Bureau of Plant In-
dustry in June, 1941, the soils were grouped into four classes.
The names of the classes, the number of cases, and the median
yield of upland cotton lint in 1940 were as follows: "soils well
suited to irrigation," 115 cases, yield 578 pounds; "soils moderately
well suited to irrigation," 162 cases, yield 502 pounds; "soils re-
quiring special management under irrigation," 140 cases, yield
440 pounds; "soils definitely unsuited to irrigation," three cases,
yield 422 pounds.

Five or more yield records were available on each of the 3 years
for twenty -two soil types. Yields varied greatly on each soil
type, yet it appears that the chances for high yields are greater
on certain soil types than on others. On the five soil types show-
ing the highest yield over the 3 -year yeriod, the median yield was
698 pounds, while on the five soil types having the lowest yield the
median yield was 403 pounds.

LAND TENURE IN CASA GRANDE VALLEY

The nature and size of ownership and operating units was
studied and submitted for publication in a manuscript entitled
"Agricultural Land Ownership and Operating Tenures in Casa
Grande Valley, Pinal County, Arizona." Suggestions growing
out of the study include the following: (1) that permanency of
underground water rights be assured owners through passage, by
the state legislature, of an underground water code; (2) that the
high cost -of- production disadvantage of the small owner -operator
or tenant be overcome or modified by a graduated scale of pay-
ments through the Agricultural Adjustment Administration; (3)
that resident ownership be encouraged by making the country-
side a desirable place to live; (4) that the single crop type of op-
eration be discouraged in favor of a more stable agriculture,
through definite requirements by the Agricultural Adjustment
Administration for the planting of soil -conserving and soil-
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building crops; (5) that the state lands be revalued and that leas-
ing rates based on probable net returns from these lands be
established.

SUPPLY -PRICE RELATIONSHIPS

As in past years, files were maintained showing acreage, pro-
duction, and price data on Arizona agricultural products. Some
of these relationships were published in the Arizona Agricultural
Situation, 1941.

MARKETS FOR FARM PRODUCTS

An analysis was made of the production, home use, and market-
ing of farm products in Cochise and Navajo counties. The study
showed meager cash returns available to many farmers in these
counties. But a small percentage of the total produce actually
enters commercial channels. The findings of this study are being
used by community and county land -use planning committees as
a part of the foundation for working out a land -use plan for these
respective counties.
ABILITY OF FARMERS IN THE WELLTON -MOHAWK AREA, YUMA

COUNTY, TO PAY IRRIGATION WATER COSTS

One indication of what farmers in the Wellton- Mohawk area
can afford to pay for irrigation water from the Colorado River is
the amount now paid for water supplied by pumping. In the Mo-
hawk Municipal Water Conservation District an average of $10.13
per irrigated acre was collected by the district in 1940 to pay for
power, pump repairs, and other operating expense. In addition,
tax assessments of $2.64 an acre for the Mohawk Municipal Water
Conservation District and $0.555 an acre for the Gila Valley
Power District were levied in 1940 for payment of interest and
redemption on indebtedness but were not collected in many
instances.

To more definitely ascertain the ability of the area to pay irriga-
tion water costs, the farm earnings of twenty -seven representative
farms in the area were studied. These farms had an average earn-
ing in 1940 of $14.72 an acre available to pay water costs and
land charges either in the form of interest and principal payments
or land rent. This amount was left after paying all other farm
expenses and allowing an average amount of $832 per family for
living. Farm earnings were not as high in this area in 1939 or 1938
because of lower yields of alfalfa and Bermuda seed. An average
of the 3 years (1938 -40) gave $8.70 an acre available to pay for
water and land. If diversification of the cropping system were
possible, farm income would tend to be somewhat stabilized from
year to year.

The type of farming and financial success of farming in areas
adjacent to the Wellton- Mohawk District, which have plentiful
supplies of good water, offer one of the best methods for deter-
mining the success of the proposed development. The near -by
South Gila Irrigation District, with similar soils and climate but
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with good and plentiful water supplies, makes such a comparison
feasible. Representative farms in this area had a net earning in
1940 of $15.74 available to pay for irrigation water and land
charges. Farm earnings in this South Gila Irrigation District in
1940 were near average as compared with recent years.

This study, made at the request of the Bureau of Reclamation,
was released in mimeographed form in April, 1941.

SUMMARY OF FARM AND HOME ACCOUNT RECORDS
OF ARIZONA FARM SECURITY CLIENTS

The net farm income averaged $646 in 1940 for fifty -two farm
families having loans from the Farm Security Administration.
This amount included $210 worth of farm -furnished food and an
average gain in farm inventories of $365 per farm. No deduction
was made for unpaid family labor cr operator's labor and man-
agement or for interest on the farm investment.

The total cost of living for these families average $814, includ-
ing $210 worth of home -produced food. Cash expenditures for
food averaged $267 a family, and clothing $79. The third largest
item of living cost was for household operation (fuel, lights,
water, and telephone) , which averaged $59 a family. Very likely
these families were unable to afford the amount of medical and
dental care they needed on a cash expenditure of $40 a family.
The average size of family was 5.2 members.

The summarization of these records was released in a mimeo-
graphed report entitled "A Comparative Summary of Farm and
Home Account Records Kept by Arizona Farm Security Clients,
1940."

EFFICIENCY IN THE USE OF FARM MACHINERY IN ARIZONA

The average cost per hour for operating tractors on irrigated,
Salt River Valley farms in 1940 was as follows: two -row, general
purpose tractors with horsepower ratings of from 9.8 to 13.0 at
the drawbar, 64 cents; tractors with drawbar ratings of from 15.5
to 16.9 horsepower, 85 cents; and tractors with from 18.1 to 26.8
drawbar horsepower, $1.17.

Cost comparisons indicated that ordinarily it was to the farmers'
advantage to contract their plowing, subsoiling, and renovating to
custom operators. In many instances where the land was custom
plowed it was necessary to hire the land floated as well, because
of its rough, uneven condition. Other tillage operations of disking,
cultivating, bordering, bedding, and harrowing were usually per-
formed cheaper by the farmer using his own equipment. Such
operations as stalk cutting, planting of row crops, and drilling of
small grains- operations requiring machinery that is used only a
few days each year -were cheaper to contract when the acreage
involved was small, unless such machinery was rented or owned
jointly with a neighbor. The farmer's decision on whether or not
to contract his mowing and raking of hay or own the necessary
equipment seemed to depend more on the relative importance of
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alfalfa in the cropping system than on the size of the acreage
involved.

The farmer's investment in tractors ordinarily accounted for at
least one half of his total machinery investment on irrigated farms
in Arizona. Farmers frequently have two tractors when one
tractor would be sufficient, if a proper size of tractor were used
and some of the machinery work contracted.

The average machinery investment per crop acre for different
sized farms was as follows: less than 80 crop acres, $20.53; 80 to
159 acres, $15.02; 160 to 239 crop acres, $10.02; 240 to 319 crop acres,
$10.19; 320 and more crop acres, $7.82. From this it was evident
that it is those farms of less than 160 acres that tend to operate at
a machinery cost disadvantage as compared with larger farms.

Desirable machinery for typical types of farms was suggested,
based on the findings of the study. The total cost of new ma-
chinery for the types of farms on which used was as follows: 40-
to 80 -acre alfalfa -dairy farm, $2,200; 80- to 120 -acre cotton farm,
$2,070; 160- to 240 -acre diversified crop farm, $3,200; 240 - to 320 -
acre cotton farm, $3,600. Arizona Experiment Station Bulletin
No. 174 reports this study in further detail.

VOLUME AND CHARACTERISTICS OF MIGRATION
TO ARIZONA, 1930 -39

Since 1880 the rate of growth in Arizona has been closely com-
parable to that prevailing in Washington and Oregon, and more
rapid than that prevailing in California. Population increase in
these four western states has been from four to six times as fast
as that of the national population.

Migration from other states and from foreign countries has
played a predominant part in this population increase. During
the earlier decades, population increase was due almost exclus-
ively to immigration. Gradually natural increase, or the excess of
births over deaths, has increased in importance as a factor in pop-
ulation growth. Population increases the first 2 decades of the
century were just about 5 per cent attributable to natural in-
crease. During the 1920's, natural increase accounted for some-
where around one fourth of the population increase for the decade,
while in the years 1930 -39, 51 per cent of the state's population
growth was chargeable to natural increase.

Something over 101,000 persons moved out of Arizona during
1930 -39. Meantime, 134,000 persons moved into the state during
the decade and were still in Arizona in January, 1940. These
served to replace departures and to contribute to population
increase.

Contrary to general impression, the people migrating to Arizona
during 1930 -39 and living in Arizona in January, 1940, were not
predominantly agricultural. About 22 per cent had been farm
operators and 13 per cent farm laborers, the total formerly en-
gaged in agriculture being about 35 per cent. Skilled and semi-
skilled workers made up over 28 per cent, while white -collar
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occupations accounted for another 23 per cent. The remaining 14
per cent were unskilled nonfarm laborers, domestic workers, and
others.

A large proportion of the 134,000 persons who came to Arizona
during 1930 -39 apparently had the hope of remaining in the state
and establishing permanent homes. It appears, however, that the
families hoping to become permanent dwellers in Arizona exceed
in numbers those which will find opportunity to remain. Lack of
suitable opportunity is an important factor in continuing mobility.

The results of this study are to be published in Arizona Agricul-
tural Experiment Station Bulletin No. 176. An additional pub-
lication will come out as an article in the Elementary School
Journal, Chicago University, entitled "Some Factors Associated
With the School Achievement of Children in Migrant Families."
This study was carried on co- operatively with the Arizona State
Department of Education and the Division of Farm Population
and Rural Welfare, Bureau of Agricultural Economics, U.S.
Department of Agriculture

ARIZONA FARM LEASES

While cash leases exceed share leases in Arizona's major ir-
rigated areas taken as a whole, this relationship is due only to the
excess of cash over share leases in Maricopa County. In that
county three of every four leases are made for cash. On the other
hand, share leases exceed in Yuma, Graham, and Pinal counties,
the percentages being 70, 59, and 54.

The great bulk of share leases in Graham and Maricopa counties
were 50 -50 agreements. In Pinal County, 50 -50 agreements were
equaled in importance by 75 -25 (tenant getting 75) agreements,
the former predominating in the eastern part of the Casa Grande
Valley and the latter in the western part. Somewhat over one
half of Yuma County's share leases were 50 -50 arrangements.
The remainder was divided between 66% -331/3 leases and 75 -25,
the former predominating.

Share leasing was used in the production of all major commod-
ities excepting certain special crops such as lettuce. Many expe-
rienced renters prefer share to cash leasing. Their risks are greatly
reduced and opportunities for progress increased, since they have
the benefit of the landlord's advice in the management of the
place. Many landlords prefer share leasing since their returns in
the long run are higher. These higher returns are partly addi-
tional compensation for time spent in supervision and partly
additional returns for the increased investment in livestock,
equipment, and permanent improvements.

Arizona leasing arrangements may be considerably improved.
A flexible lease form has been prepared for the use of farmers
and other persons who are interested in making desirable leasing
agreements.
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THE COMMUNITY STATUS OF FARM LABOR

A paper on the community status of farm labor was read at the
1941 annual meeting of the Western Farm Economics Association,
June 25 -27, at Salt Lake City. It appears in the Proceedings,
pages 112 -19.

AGRICULTURAL ENGINEERING

GROUND WATER STUDIES

Upper Santa Cruz Valley

In contrast to almost all other sections of the state, the irrigation
season of 1941 was entered with a slightly lower water table than
in the spring of 1940. Water levels in the Amado -Tubac area,
just previous to the summer rainy season, were found to be even
lower than at the same time in 1939, when it was believed they
were the lowest in the history of the development of the valley.
Rains which covered most of the state in the winter 1940 -41 were
light in the southern part of the Santa Cruz Valley, and recharge
from winter runoff was insufficient to replace the draft from
ground water reservoirs during the 1940 pumping season. Addi-
tional development in the area with somewhat greater draft upon
the ground water supplies has also taken place during the last
3 years.
The Cortaro -Marana district

The pumping draft within the Cortaro area of this district for
the 1940 irrigation season was 16,900 acre -feet, or almost the same
as for the previous year. Water -level measurements in March,
1941, showed a rise of about 2.1 feet in the water table as compared
with the same time the year before. This recovery of the water
table is due to recharge from the large floods in the Santa Cruz
River as they pass through the area. The combined flow of the
Santa Cruz River and Rillito Creek, its principal tributary which
joins the former just above the upper end of the pumping area,
for the 12 -month period previous to the March, 1941, water -level
measurements was 42,200 acre -feet.

In the 21 years since 1919, when intensive pumping was first
started in this area, the runoff or discharge of 42,200 acre -feet is
the fifth highest. The maximum runoff during the 21 years oc-
curred during the 12 months previous to March, 1920, and was
89,900 acre -feet, of which 26,400 acre -feet was winter runoff. The
winter runoff, in the 12 -month period previous to March, 1941, was
20,100 acre -feet, the second highest during the 21 -year period. A
greater percentage of recharge to the ground water is expected
from the winter flood flows since they are less flashy in character,
with lower peaks and of longer duration. It is believed that the
full effect of the winter floods of 1940 -41 will not be apparent
until the March, 1942, water -level measurements are made and
the delayed recharge to the ground water may be determined.
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The discharge of the Santa Cruz River at Rillito, at the lower
end of the Cortaro area" for the 12 -month period previous to
March, 1941, was 35,100 acre -feet as compared with 42,200 acre-
feet of combined discharge of the Rillito Creek and Santa Cruz
River at points about 17 miles upstream, a difference of 7,100
acre -feet. This must be modified, however, for no account is
taken of the floodwaters from lateral side washes and from the
Canada del Oro Creek which enter the stream channel between
the two points of measurement. The actual seepage losses are
therefore considerably in excess of 7,100 acre -feet in this stretch
of river channel.

Pumping in the Marana district began in 1937 but was not
fully under way until the 1938 season. The pumping draft in this
area during the 1938, 1939, and 1940 seasons aggregated about
24,000 acre -feet. An accumulative residual lowering of 4.0 feet
in the water table resulted. During the 1940 irrigation season
approximately 9,300 acre -feet of water were pumped, and water
levels in March, 1941, showed a residual lowering of 1.0 foot as
compared with March, 1940.

The Eloy district

The study of the effect of pumping for irrigation on the ground
water supply in the Eloy district was continued during the year.
During 1940, 13,750 acres of new land were put under cultivation,
and seventeen new wells have been drilled to irrigate an addi-
tional area of about 4,100 acres in 1941.

Measurement of the water levels in wells in the Eloy district
has shown that the average residual lowering in ninety -two wells
from March 1, 1940, to March 1, 1941, was 4.47 feet. The greatest
lowering took place in Township 9 South, Ranges 7 and 8 East
where the maximum residual lowering was approximately 12
feet. The volume of ground unwatered during the period as de-
termined from a contour map of the lowering was 570,000 acre -
feet. Previous studies have indicated the specific yield of the
alluvial valley fill to be 11.12 per cent. Using this figure, the
amount of depletion -that is, the water taken from storage -was
63,400 acre -feet. The normal recharge or new water which be-
comes available to the district has been determined to be about
20,000 acre -feet a year. Therefore, during the 1940 -41 season there
was over three times as much ground water taken permanently
from storage as normally enters the district in a year.

In the Greene Reservoir area there was a gain in the water
level. The floods of August 13 -14, 1940, destroyed the cotton crop
over a large area which received no further irrigation. The aver-
age rise in the water level at eight wells in the area was 1.71 feet.

The quantity of water pumped during the 1940 -41 season in the
Eloy district could not be accurately determined by, the indirect

'Measurements of discharge were taken from unpublished records of the
U.S. Geol. Surv. and are subject to revision.
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method that was used for the 4 previous years. The indirect
method was to determine the areas planted to the different kinds
of crops and to apply an average duty of water for each of these
crops. During the past season there was a serious shortage of
electrical power because of the lack of stored water in the reser-
voirs of the state from which hydroelectric power is generated.
Although a large number of the farm operators hastily installed
fuel engines to run their pumps, the amount of water taken from
the ground at many of the wells was less than would normally
have been used. This lack of water was responsible for a de-
crease in crop yield at many of the farms. Also, the lowering of
the water table and the decrease in discharge and efficiency of
some of the pumping plants had the effect of decreasing the
amount of water pumped.

The total area under irrigation in the Eloy district (not includ-
ing the 3,230 acres in the Greene Reservoir area) as of October 1,
1940, was 33,440 acres. Of this amount 17,965 acres were planted
to long staple cotton for which the duty of water was probably
less than 3 acre -feet per acre. Short staple cotton was planted on
10,415 acres for which the duty was about 2.5 acre -feet per acre.
In addition there were 5,060 acres planted to grain, legumes, or
truck crops for which the duty of water varied from 1 to 4 acre-
feet per acre. The total amount of water pumped from March 1,
1940, to March 1, 1941, is believed to have been over 80,000 acre -
feet.

Several factors tended to complicate the investigation during
1940 - namely, the shortage of electric power and the shift to
internal combustion engines, the unusually high floods of the
Santa Cruz River, and the extension of the residual unwatering
into areas in which there are no wells available for observing the
water levels.

Beginning in 1938 this department has actively discouraged
the drilling of new wells in the Eloy district.

Little Chino Valley

Studies in the Little Chino Valley artesian area have been con-
tinued with the securing of water levels and the artesian
pressures. A residual loss in pressure in the central part of the
artesian area as the result of the 1940 irrigation draft was found
to be approximately 0.4 foot. The acreage in crop was not much
in excess of that in 1939, when a residual loss of 0.6 foot occurred.
At the southern edge of the artesian pressure area where the
surface water levels and the artesian pressure surface are about
the same elevation, a lowering of about 1.0 foot was found. East
of the artesian area, near Granite Creek and extending into Lone-
some Valley, it appeared that a lowering of about 1.2 feet had
occurred during the 12 -month period previous to April, 1941. Thus
the residual lowering beyond the edges of the artesian pressure
district was apparently greater than within the artesian district
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itself. This may be due to the delayed effect of the draft upon the
artesian area from previous years, or decreased recharge.

Water levels in surface wells or the free water table within the
artesian area showed a rise of almost 2.0 feet in the spring of 1941
as compared with the same time the previous year, while in the
upper end of the valley near the Mormon Church, a lowering of
about 1 foot was found. In the vicinity of Granite Creek near
the Perkinsville Road, where there is apparently a perched water
table, a marked response to the flood flows during the winter of
1940 -41 is indicated by a rise of over 15 feet in water level in wells
near the creek.

The draft of the 1941 summer irrigation season was reflected in
a lowering in artesian pressures of approximately 2.0 feet in the
central portion of the area as compared with a summer lowering
of 2.5 feet the previous year. In the south end of the artesian
area in the vicinity of the church, the pressure surface showed a
lowering of 2.2 feet, or more than in the central part of the area
where the concentrated draft occurs. In the Lonesome Valley
and Granite Creek area the water table showed a lowering of
about 1.1 feet. A surface well in the central part of the artesian
area adjacent to an irrigated field showed a rise of 9.5 feet, while
a couple of wells not near irrigated fields showed a lowering of
about a foot. The local area of perched water table adjacent to
Granite Creek near the Perkinsville Road showed a loss of over 4
feet during the summer, which may be attributed to lack of flood
flows in Granite Creek and flattening of water ridge due to un-
usually high floods of the winter.

During the 1941 irrigation season, about 900 acres were in crop
and this acreage is probably not much more than in 1940.

PHYSIOGRAPHIC CORRELATIONS

In Technical Bulletin 77 of the Agricultural Experiment Station
entitled The Physiography of Arizona Valleys and the Occurrence
of Groundwater, a correlation was described between the suc-
cessive periods of aggradation and erosion evidenced by the
benchlands and pediments of the valleys and the successive ad-
vances and retreats of the ice sheet in North America during the
Quaternary age. The physiography of the main stream valleys
through the mountainous regions, and particularly of the dissected
fans and slopes in front of the mountains, was adequately
explained.

The extensive terraces along the lower course of the Colorado
River and its principal tributary, the Gila River, were not
discussed. The vertical intervals between the terraces in the
vicinity of Yuma are about 40 feet, the upper interval being
somewhat greater than that. The upper terrace is poorly pre-
served. The intervals decrease upstream along the Gila River,
where the terraces become merged with the terraces which de-
crease in height downstream from the mountainous areas. It is



BEVELING OF

TILTED REO

DEPOSITS

FIFTY -SECOND ANNUAL REPORT 25

PI

PHYSIOGRAPHIC HISTORY OF ARIZONA VALLEYS

END OF
TERTIARY

a

WARM

COOL

TEMPERATURE CURVE

PLEISTOCENE TIME

. CV

PRESENT
TIME

TIME SCALE

,PRESENT SEA LEVEL

GEOLOGIC HISTORY OF THE GLACIAL EPOCH
(BEST ACCEPTED)

ELEVATION OF SEA LEVEL

Figure 1.- Physiographic - geologic correlations during the Quaternary age.
The time scale is horizontal. The aggradational maxima are evidenced by
the three sets of terraces of Arizona valleys, the terrace vertical intervals
decreasing in the down -valley direction, with the exception that the
terraces along the lower courses of the Colorado and Gila rivers were
determined by the fluctuating stages of the ocean level.

evident that an explanation of the deep terracing of the lower
course of the river is needed.

In Figure 1 the physiographic history of the valleys and the
glacial history are indicated by means of the same graphs as
published in Figure 15 of Technical Bulletin 77. The temperature
graph, which was described on page 84 of the bulletin, is added;
it is out of phase with the other graphs by approximately 90
degrees. Another graph is now added at the bottom of Figure 1
to exhibit the rise and fall of the ocean level during the Quater-
nary age. The changing level of the sea is the result of the with-
drawal of water to form the great polar icecaps and ice sheets
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and the subsequent return of the melted water to the sea during
the glacial retreats.

The maximum and minimum points on the sea -level graph are
adapted from Stearns,? who studied the ancient shore lines on
the Hawaiian Islands, particularly the island of Lanai, where
because of comparatively low rainfall the evidences are well
preserved. The maximum points are approximately 250 feet, 100
feet, and 25 feet above the present level of the sea.

Stearns found other minor intermediate shore lines indicating
relatively short "halts" of the sea or minor reversals of climate.
The corresponding effects on the terrace topography in Arizona
are not so easily recognized, but the intermediate shore lines
serve as a reminder that small fluctuations were blanketed by
the major ones and that the periods of aggradation and erosion
were not of the regularity indicated by the smooth idealized
graphs.

Lowering of the sea level has the effect of lowering the mouths
of rivers and inducing erosion of the stream valleys. A rising sea
level causes stream sedimentation and rising valley floors. These
alternations have been repeated four times on a grand scale along
the lower courses of the Colorado. and Gila rivers.

WELLS AND PUMPING MACHINERY
Field tests of deep -well turbine pumps have shown the impor-

tance of close vertical adjustment of impeller clearances in those
types in which leakage flow or circulation from high to low
pressure regions in the pump is controlled by an end seal. This is
true of those pumps designed with semiopen type of impeller
and also those of the closed type of impeller dependent upon an
end seal. For highest efficiency and maximum capacity extremely
close running clearances must be maintained. Just how much
the operating characteristics of this type of pump may be affected
by improper adjustment of impeller clearances is illustrated by
the following examples.

Tests were run on a deep -well turbine pump, with the closed
type impeller but designed with only an end seal. This pump
was a 5- stage, 18 -inch, deep -well turbine with a 200 -foot bowl
setting and had a nominal capacity of about 2,700 gallons per
minute. An increase of 0.11 inch in impeller clearance above the
safe running clearance resulted in a decrease of approximately
450 gallons per minute. This is equivalent to 2 acre -feet of
water every 24 hours.

In another case, field test runs were made of a 4- stage, 16 -inch,
deep -well pump with a 170 -foot bowl setting and a rated capacity
of about 2,500 gallons per minute. This pump was designed with
semiopen type of impeller, in which type the seal is maintained
by the close running clearances between the open edges of the
impeller vanes with the lower portion of the bowl. Test runs
'H. T. Stearns, bulletins of the Geol. Soc. of America, 46:1927 -36, and
49:615 -28.
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were first made with the closest possible field setting for impeller
clearances and then increased by lá inch. The Ys -inch increase
in impeller clearances resulted in a 400- gallon per minute de-
crease in capacity.

Practically all deep -well turbine pumps designed with end
seal are so constructed that the vertical position of the impellers
is established by means of an adjusting nut at the top of the pump
shaft. Certainly this adjustment should be checked at least once
or twice a year to insure that the pump is operating at optimum
conditions for capacity and efficiency. In this connection the im-
portance of a permanent weir in the discharge box, or the installa-
tion of some other accurate measuring device cannot be over-
emphasized. That this is being recognized is evident by the in-
creasing number of irrigation plants being equipped with a rather
expénsive type of integrating water meter.

FORECASTING THE WATER SUPPLY

The deficiency in rainfall over the state of Arizona that had
caused near drought conditions since 1937 was ended during the
winter of 1940 -41 with abundant rains falling in most parts of the
state. Nearly all of the storage reservoirs were filled to over-
flowing, and with the others holding sufficient water to assure a
plentiful supply for irrigation needs, the outlook for 1941 and 1942
was very favorable.

Analysis was made of the meteorological conditions which pro-
duced the sequence of favorable winter storms. It will be pub-
lished in a bulletin together with other investigations relating to
forecasting.

Forecasts of the water supply to enable the farmer to adjust his
acreage to conform with the amount of water that will be avail-
able to him during the irrigation season have been made on or
about April 1 of each year. As no reduction in acreage was
necessary in 1941, a forecast was not required. However, a state-
wide radio broadcast was made to the farmers on April 3, 1941,
cautioning them not to misuse the reservoir supplies available
this year but to conserve the supply for possible dry years and for
power.

Studies of the climatological factors that influence runoff were
continued. Studies made for the Gila River watershed consist
of an analysis of the rainfall records, snow measurements, tem-
perature records, wind movement, and evaporation rates as they
relate to stream runoff. These studies are of value in forecasting
the runoff for the months of April, May, and June.

A comparison of the average precipitation at sixteen stations
on or near the Gila River watershed above the San Carlos
reservoir during the winter period for the past 4 years is given in
Table 1.

Snow measurments are taken twice a month at five locations on
the headwaters of the Gila River from January 15 to April 1 of
each year. These measurements are made under the supervision
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TABLE 1.- AVERAGE MONTHLY PRECIPITATION IN INCHES.

Year Oct. Nov. Dec. Jan. Feb. Mar. Total

1937-38 1.70 0.20 1.04 0.36 0.89 1.42 5.61
1938-39 0.05 0.11 1.59 1.00 0.83 1.01 4.59
1939-40 1.38 1.07 0.93 0.58 2.23 0.39 6.58

- 1940-41 0.37 1.98 2.07 1.61 1.34 1.66 9.03

of the U.S. Soil Conservation Service with the Experiment Sta-
tion and other agencies co- operating. At each location a definite
"snow course" has been established, generally about 1,000 feet
in length. Along this course measurements are taken every 50
feet of the depth of snow and of the water content of the snow as
determined by weighing.

A summary of the average water content of the snow remaining
on the ground at the time of measurement at the five snow courses
for the 4 years that measurements have been taken is given in
Table 2.

TABLE 2. AVERAGE WATER CONTENT OF SNOW IN INCHES

Year Jan. 15 Feb. 1 Feb. 15 Mar. 1 Mar. 15 Apr. 1

1938 0.66 0.14 0.10
1939 4.96 6.10 0.02
1940 2.40 2.16 3.90 3.22 1.34 0.00
1941 4.50 5.86 6.22 5.12 4.94 1.68

Studies were made during February and March of 1941 to de-
termine the rate of evaporation from snow. Measurements were
taken in the vicinity of Alpine which is near the headwaters of the
San Francisco River, the principal tributary of the Gila River
above Coolidge Dam. The method used for taking evaporation
measurements was similar to the method being used by the Forest
and Range Experiment Station at Fraser, Colorado. A special
pan having an area of 1 square foot was used. The amount of
evaporation and the amount of melt were determined by weighing.
The loss by evaporation during the periods of measurement
varied from 0.009 to 0.074 inch of water per 24 hours. The average
rate of loss was 0.035 inch of water per 24 hours, which is equal
to a loss of about 1 inch of water per month. The amount of melt
was approximately ten times the amount of loss by evaporation.
The climatological factors of temperature and wind movement
during the periods of measurement were not conducive to a high
evaporation loss. Therefore, it was not determined what the
maximum rate of evaporation might be during such a period as
the winter of 1939 when the heavy snow disappeared with but
little runoff in the streams.

THE TAMARISK TREE AND ITS WOOD

Investigations to determine the practicability of creosoting
tamarisk fence posts were begun in 1934. Hundreds of posts
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treated in various ways and with creosotes of diverse qualities
are now in fence lines and are being inspected at intervals. The
problem of cheap fence posts grown on the farm is believed solved.

Efforts to creosote tamarisk posts in cold winter weather with-
out artificial heat were unsuccessful. It is clear that the creosot-
ing should be done in the summer.

Tamarisk wood when properly milled and dried is of superior
quality for cabinet use and equal to white oak as a furniture wood.

The investigations relating to the tamarisk were prepared for
publication as a bulletin8 and were the subject of a radio
broadcast.

MISCELLANEOUS

The department was host to the annual meeting of the Pacific
Coast Section, American Society of Agricultural Engineering,
and prepared the program for the meeting. Sessions were held 1
day at Litchfield Park, featuring farm power and machinery, and
1 day at the University campus, featuring soil and irrigation
problems.

The department's investigations of the ground water supply
has proved of great value to the city of Tucson, which is now ex-
panding its water services.

AGRONOMY

COTTON
Irrigation

For the sixth consecutive year cotton plants stimulated into
rapid growth by means of plentiful water supplies during the
period from emergence to heavy flowering outyielded plants
making slow growth during this period. The value of early irriga-
tion following planting appears to be conclusively demonstrated.

Plants making rapid growth prior to heavy flowering and com-
paratively slow growth for the balance of the season again out -
yielded all other plants. It is very evident, however, that the
type of growth prior to flowering influences final yields more than
does the type of growth for the rest of the season. Late irrigation,
the last of September, was not effective in increasing yields.
Variety tests

As indicated in Table 3 the Delta and Pineland 44 -51 outyielded
the other varieties in the upland tests. Coker -Wilds 11 produced
the longest fiber but the lowest yields. Hartsville, due to its
heavier late crop, gave the largest money returns based on
Memphis prices, while Acala was next to the lowest in value
per acre.

SxP outyielded the other two American -Egyptian varieties by
a good margin. It should be kept in mind that these data for
'Technical Bulletin 92, June 15, 1941.
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TABLE 4.- AMERICAN -EGYPTIAN VARIETY TEST, MESA FARM, 1940
(AVERAGE OF FOUR REPLICATIONS).

Variety

Pounds seed cotton per acre
First

picking
Oct. 1

Second
picking
Jan. 17

Total

SxP 666 333 999
P-SxP (Earlipima) 497 239 736
Pima 456 187 643

both upland and American -Egyptian varieties are for the season
of 1940 only and therefore are not conclusive.

ROTATIONS

Neither barnyard manure nor commercial fertilizers have in-
creased cotton yields on this soil. On the other hand alfalfa yields
are definitely increased by applications of barnyard manure. Pima
cotton produced approximately 100 pounds more of seed cotton as
a 5 -year average following a green manure crop of sesbania than
when preceded by sour clover. Plowing under a green manure
crop did not increase cotton yields as compared with fallow be-
tween wheat and the succeeding cotton crop. Alfalfa yields have
been low the first year following planting, high the second year,
and definitely low again the third year. The only exception to
this rule has been on land treated with barnyard manure prior
to planting, in which event the first year's crop has been higher
than the second.

RUST RESISTANT WHEAT

Rust was much more severe in the spring of 1941 in Baart wheat
in southern Arizona than it had been during the previous decade.
On the Mesa Farm plots the California stem rust resistant Baart
38 yielded 42.5 bushels per acre, while ordinary Baart yielded
only 26.7 bushels per acre. The test weights of these varieties
were 62.5 and 55.0 pounds per bushel. Due to its resistance to
stem rust and bunt, the acreage of Baart will very probably be
replaced by Baart 38 within the next few years.

FLAX

Flax did not respond to either phosphate or nitrate fertilizers at
the Yuma Valley Farm when the plantings were made with a
drill. No phosphate and but slight nitrate responses were ob-
tained in the drill plantings at Mesa.

Flax planted the middle of October to early November con-
tinued to produce the highest seed yields at Mesa. The yields
from the October 22 seeding were about 45 bushels per acre and
approximately 30 bushels from the January 18 seeding.
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PERENNIAL WEED CONTROL UNDER IRRIGATION

Bindweed

Four plots located in a cotton field in an area heavily infested
with bindweed were hoed each 2 weeks, and a like number of
plots each 3 weeks in addition to the usual cultivations and thin-
ning. On April 30, 1940, before cultivations and hoeings began,
these plots contained an estimated average of 1,133 clumps of
bindweed per plot. A year later the plots hoed each 2 weeks had
an average of but 1.75 shoots per plot, and those hoed each 3 weeks
1.25 shoots. However, a few additional shoots appeared later in
the season. Hoeing every 2 weeks cost $15.42 per acre for the
season at 25 cents per hour, and every 3 weeks $11.45.

Three years of grain in the winter followed by summer cultiva-
tions failed to control the bindweed infesting the area. Bindweed
continued to appear on all plots during the fourth summer.

Table 5 shows results obtained with sodium chlorate in different
parts of Arizona 1 year after single treatments with the exception
that both fall and spring applications were made at Tucson. Dust
has proved more effective than the spray form of chlorate, and
fall applications have been more effective than spring with the
exception of the dry, warm fall of 1939 at St. Johns and in the
black, cindery soil of Blackbill Park. Rates of application per
square rod recommended on the basis of these data are: (1) for
heavy soils and those subject to high temperatures, 6 pounds; (2)

TABLE 5.- CLUMPS OF BINDWEED PER SQUARE ROD 1 YEAR AFTER
TREATING WITH SODIUM CHLORATE.

Location
and season

Form
applied

Clumps with respect to rate
of application (lbs, per sq. rod)

St. Johns 6 5 4 3 2

Fall '38 Spray 35
Fall '38 Dust 11
Spring '39 Dust 98
Fall '39 Dust 20 71
Spring '40 Dust 20
Spring '40 Dust 42'
Fall '40 Dust 6 5
Fall '40 Dust 12' 6

Tucson
Spring & fall Spray 178
Spring & fall Dust 16

Chandler
Spring Dust 41

Chino Valley
Fall Dust 0.5 4

Red Lake
Fall Dust 7 8
Spring Dust 12 12

Blackbill Park
Fall Dust 13 24
Spring Dust 14 19

Potassium chlorate.
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on light sandy soils, 2 pounds; (3) on intermediate soils with
rapid absorption and cool weather, 4 pounds. Potassium chlorate
was more expensive than sodium chlorate and no more effective.
White horse nettle

Three years of continuous cultivation and 3 years of summer
cultivation and winter grain reduced white horse nettle to a few
weak shoots the fourth year where the soil was irrigated fre-
quently. On dry soils many vigorous shoots appeared the fourth
year.
Nut grass

After one summer's cultivations and 2 years of hegari, a few
nut grass shoots appeared in 1940 where the hegari stand had
been thin in 1939. The surface foot of soil was exposed to surface
heat and drying by turning each 2 weeks: first at 2 inches deep,
next at 4 inches, then at 6, 8, 10, and 12 inches. Similar plots were
turned at 3 -week intervals at 3, 6, 9, and 12 inches deep. The
averages of the number of live tubers found at the end of the
twelfth week to a depth of 2 feet are shown in Table 6. The plots
were then irrigated and planted to hegari. The yellow shoots
which appeared the next spring were plowed and the land pre-
pared for sorghum in the usual way.
TABLE 6. -LIVE TUBERS PER SURFACE SQUARE FOOT TO A DEPTH

OF 2 FEET ON JULY 25, 1940, AFTER SUCCESSIVELY DEEPER
TURNINGS IN DRY SOIL, TUCSON.

Inches of
soil turned
each time

Weeks
between
turnings

Number
of

turnings

Number of live tubers,
average of 6 samples

per replication
Percent -

age
survivalPlot Plot Plot Av.

I II III

2
3

Check

2
3
_.

6
4
0

6.1 0.0 2.1 2.8
26.0 ' 0.0 3.7 9.9

602 761 542 645

0.43
1.6

SOYBEANS

The testing of strains and varieties with the idea of obtaining
nonshattering strains was continued in 1940, and the nursery con-
tained 450 different strains and varieties. Twenty -five of these
showed some resistance to shattering even though the plants
stood in the field until the middle of December. Thirty individual
plant selections were saved and planted in 1941. Additional
plant selections will be made with the hope of finding a strain
that is more resistant to shattering.

Eight varieties were included in the variety test proper at
Mesa in 1940 as indicated in Table 7. Arisoy again produced the
most forage with a yield of 4.6 tons per acre, and Tokio was high
in seed yield with a production of 29.3 bushels per acre. In pre-
vious years Arisoy and Tokio have been the highest seed and
forage producers.
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Arisoy beans grown in rows spaced 40 inches apart produced
30.2 bushels of beans and 3.5 tons of hay per acre, while a drilled
planting otherwise treated as a row planting produced 20.8 bushels
of beans and 3.9 tons of hay per acre.

A planting of soybeans and hegari in rows spaced 40 inches
apart according to the following plans gave the indicated yields
of green forage: two rows of soybeans for each row of hegari, 16.1
tons containing 29 per cent soybeans; two rows of soybeans alter-
nated with two rows of hegari, 16.2 tons containing 23 per cent
soybeans; hegari alone, 17.5 tons.

Three different mixtures of soybeans and Sudan grass produced
an average of 15.5 tons of green forage per acre, while Sudan
grass alone produced 14.7 tons per acre. Although the soybeans
and Sudan grass were drilled separately in the mixtures and at
three different rates per acre as follows, the yields varied less than
60 pounds per acre for each of the different mixtures: soybeans 90
pounds, Sudan 7; soybeans. 45 pounds, Sudan 10; soybeans 45
pounds, Sudan 15. In all other cases the percentage of soybeans
was so small that yields of soybeans and Sudan grass were not
obtained separately.

TABLE 7.- SOYBEAN VARIETY TEST IN 1940.

Average
Length of Average yield Yield

Variety growing
season
(days)

height

(Ill')
per acre index

Hay BeansHay Beans'
(tons) (bu.)

Arisoy 161 25 4.63 24.6 127 96
USDA 86722 161 34 4.31 21.9 119 85
Charlee 150 41 3.69 25.2 102 98
Georgian 145 37 3.54 28.3 97 110
Laredo 145 24 3.44 24.9 95 97
Chiquita 145 22 3.24 25.7 89 100
Palmetto 145 35 3.15 25.7 87 100
Tokio 150 31 3.06 29.3 84 114
Average .... 3.63 25.7 100 100

'Yields were not corrected for shattering and therefore do not necessarily
represent the true production of each variety.

GRAIN SORGHUMS

Investigational work with sorghums included variety tests in
which twelve varieties were used in the mid -season date of
planting, four varieties in the early date of planting, and four in
a late date of planting test. Hegari was included in all tests as
the check variety. Manko, grown commercially for the first time
this year, was again the leading variety with an average grain
yield of 7,199 pounds per acre. Finney milo, a root -rot -resistant
type included in the variety trial for the first time this season
was the leading variety in the mid -season planting with an aver-
age yield of 5,150 pounds. The pythium root -rot -resistant Double
Dwarf 38 milo outyielded the ordinary Double Dwarf milo by
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over 800 pounds. The resistant strain is replacing the ordinary
variety throughout the state because of its higher yield and
disease resistance. Beaver milo gave the best results in the late
date of planting with a yield. of 5,094 pounds per acre. This
variety appears to be the most satisfactory for plantings made
about August 1, but Sooner milo be used if plantings are
to be made later than that date under Salt River Valley
conditions.

Manko milo grown for silage purposes produced an average
yield of 19.8 tons and in a limited comparison with hegari pro-
duced 22 tons compared with 13.4 tons for the latter variety. The
continued excellent performance of Manko for both grain and
silage production at the Salt River Valley Experiment Farm and
in two small commercial plantings this year will result in ex-
tensive plantings next season.

Tests were started with sixteen selections of Manko and will be
continued since marked possibilities for improvement were noted.
The four highest yielding selections outyielded the four lowest
yielding selections by approximately one third in seed yield.
Testing of selections was continued with hegari, Fargo, and Atlas
but discontinued with Double Dwarf milo due to the replacement
of the latter variety by the disease resistant strain. Increase
plantings of the best hegari strains gave excellent results and will
serve as foundation seed sources to replace the mass selected
hegari now grown.

GREEN MANURE CROPS

Six summer -growing green manure crops were grown in quad-
ruplicated plots planted at five different dates during the spring
and summer.

Guar and Crotalaria juncea produced the highest yields of air
dry material regardless of time of planting or date of harvest and
would appear to be particularly suitable for early spring planting
for plowing under by August 1 to precede winter vegetables. Yield
figures are not entirely conclusive, as the higher nitrogen content

TABLE 8.- YIELDS OF SUMMER GREEN MANURE CROPS IN POUNDS
PER ACRE, AIR DRY BASIS.

Crop
April 26

Planting date
May 15 June 12 July 5 July 25

July 31
Harvesting date

Aug. 1 Aug. 30 Oct. 10 Oct. 10

Soybeans
(Arisoy) 3,116 3,027 3,523 2,564 3,273

Cowpeas
(Brabham) 3,579 3,465 4,014 4,837 4,498

Tepary beans 3,694 4,264 4,457 3,918 3,900
Guar 5,250 5,263 6,120 7,938 6,083
Crotalaria 5,112 5,125 5,841 9,034
Sesbania 3,913 4,314 5,977 6,668 7,361
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of the tepary beans and the greater readiness with which the finer
stemmed material decomposes make this or similar crops more
valuable for some purposes. Both guar and Crotalaria juncea are
also good seed producers. Top growth yield data for the six crops
included in the test are given in Table 8.

NEW CROPS

Harding grass, Phalaris tuberosa, is one of the most promising
of the new crops being tried, as it makes more growth than most
of the other grasses. It stays green the entire year but makes most
of its growth during the spring and fall months. Dairy heifers
seemed to prefer this grass to the other grasses included in the
test.

Crimson clover and Persian clover produced satisfactory yields
of seed. The Persian clover especially is promising for both forage
and seed production and nodulation was very much better on
plants of this variety than observed for red clover, crimson
clover, and birds -foot trefoil.

Fifty -two varieties and strains of castor beans were included in
a nursery planting. Yield and quality of seed were satisfactory
with a number of these varieties and strains. The highest yield
was obtained from a strain known as Gilmore Dwarf 52 -40 from
which the calculated acre yield of seed was 4,126 pounds. Repeti-
tion of trials is necessary before recommendations can be made.
Plantings of several varieties of castor beans were made in the
spring of 1941 in co- operation with the U.S.D.A., Division of Drug
and Related Plants, in order to determine the most satisfactory
variety for the Southwest.

ALFALFA ON THE YUMA MESA

Alfalfa fertilizer tests were continued on the New Yuma Mesa
Farm to secure additional information on the residual effect of
phosphate fertilizer, the effect of heavy fertilization, and the effect
of variations in the fineness of the size of fertilizer granules. All
alfalfa plantings except those included in fertilizer tests received
an application of 150 pounds of treble superphosphate late in
February. Hay yields were satisfactory and will exceed the
average production of 4.48 tons per acre obtained in 1940.

One small field was devoted to seed production with the seed
crop started on March 22 and harvested by combine late in July.
An average yield of 367 pounds of seed was obtained. Plots
turned to seed production late in April did not produce a satisfac-
tory crop.

ANIMAL HUSBANDRY
INTRODUCING NEW FEEDS INTO ARIZONA CATTLE

FATTENING RATIONS

Cattle fattening rations in Arizona are compounded for the most
part from the following locally grown feeds: barley, hegari, cot-
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tonseed meal, alfalfa hay, barley hay, cottonseed hulls, and hegari
silage. A combination of alfalfa hay, hegari silage, barley, and
cottonseed meal is preferred by most of the feeders in this section.
Where a silage crop is not produced, a ration of alfalfa -barley hay,
barley, or hegari grain, and cottonseed meal is fed with satisfac-
tory results. Until recently these two rations with slight modifi-
cations were adopted almost exclusively as the desired beef -
producing feeds. Routine feeding experiments at this Station had
established these two combinations -one with and one without
silage -as the most economical for the feed -lot fattening of cattle
in Arizona.

Manko silage

In 1939 the Agronomy Department requested that a silage
feeding test be made of Manko, a new grain sorghum that had
been grown on the Mesa Experimental Farm. This crop warranted
consideration because it is an exceedingly heavy grain as well as
silage producer, having outyielded its closest competitor by ap-
proximately 500 pounds of grain per acre on a 3 -year average.
Manko is similar to Darso but is later and leafier. It is doubtless
a kafir -milo hybrid, is of unknown origin, and was exploited by
seedmen at Lubbock, Texas, in 1928.

The principal value of this grain sorghum is very probably
its use as a silage feed. In a preliminary comparison of Manko
and the commonly used hegari silage when fed with alfalfa hay,
cottonseed meal, and ground hegari grain, the Manko silage had
a slight but insignificant advantage over the hegari silage during
the 65 days it was fed. There was not enough of the new silage
to last the fattening period.

A more thorough comparison of Manko and hegari silage was
made this past winter when fed with rolled barley, cottonseed
meal, and ground alfalfa hay, with and without molasses. Com-
paring the two feeds in rations without molasses, the hegari
silage ration was productive of slightly greater and more econ-
omical gains. The steers fed hegari silage ate 21/2 pounds more
silage, while consuming identical amounts of the other feeds, in
comparison with the Manko -fed steers. These results are contrary
to those obtained in the preliminary test mentioned above.

Duplicating these two rations and adding 3 pounds of molasses
per steer daily afforded another comparison of these two silages.
A still greater advantage favoring hegari silage was obtained
than in the rations exclusive of molasses. The hegari silage steers
receiving molasses gained at the rate of 2.32 pounds per head
daily, and the steers fed Manko gained 2.12 pounds. It is signi-
ficant to note that in the two rations without molasses greater
daily gains were obtained. The steers receiving hegari silage
gained 2.4 pounds and the Manko silage steers 2.32 pounds per
head daily. Unless hegari silage proves to have a higher value
than indicated in these tests, it will very probably be substantially
replaced by the higher -yielding Manko.
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Molasses

Molasses, a new feed to most Arizona cattle feeders, was in-
cluded in the experimental feeding plan this year. The value of
this feed was studied by mixing it at two different levels with
ground alfalfa hay and feeding with rolled barley and cottonseed
meal. It was also used in a comparison of hegari and Manko
silage plus alfalfa hay, rolled barley, and cottonseed meal as
indicated above.

Molasses was mixed with ground alfalfa hay in two lots amount-
ing to 20 per cent and 28 per cent of the mixture, respectively.
Each was fed with a basal ration of rolled barley and cottonseed
meal and compared with a check ration of the same feeds minus
molasses. The steers fed the 20 per cent mixture (2.2 pounds
molasses daily) made a significantly greater and more economical
gain than the check lot steers and made slightly cheaper and more
rapid gains than the steers fed the 28 per cent mixture (3.0 pounds
molasses daily) . These steers receiving the higher level of
molasses had a small advantage, in rate of gain, but their feed
cost was practically the same in comparison with the steers not
receiving molasses.
Grapefruit refuse silage

Ensiled grapefruit cannery refuse, with and without molasses,
was fed with a basal ration of cottonseed meal, rolled barley, and
alfalfa hay to two groups of steers for a period of 110 days. The
supply of this feed was exhausted 15 days prematurely. Due to
the shorter test period, these two rations have a slight advantage
in the rate and cost of gains. The grapefruit silage ration was
compared with the check ration to determine the replacement
value of grapefruit silage in terms of hegari silage. The steers
ate only 14.5 pounds of the ensiled grapefruit refuse, less than
half the amount of hegari silage fed in the check lot, but con-
sumed 5 pounds more of alfalfa hay to compensate for the differ-
ence. This group of steers made the highest daily gain of all lots
for the 110 -day period, 2.63 pounds as compared with a gain of
2.53 pounds for the hegari -silage -fed steers. This new feed seemed
to be more palatable than in a preceding test, resulting in an
almost 50 per cent greater consumption in this test. The steers
fed hegari silage made their gains at a feed cost of $7.95 per
hundredweight during the 110 -day period, while the citrus -fed
steers produced their gains at $7.09 per hundredweight gain.

The addition of molasses to the citrus silage failed to improve
its palatability or its feeding value. Comparing the results made
by this lot with the hegari -silage -molasses -fed steers, the latter
group had a decided advantage in both the rate and cost of gains.
The poor showing of the citrus silage steers in this lot can be
attributed to the unfortunate combination of ensiled grapefruit
refuse and molasses.

The value of this silage feed is less than that of hegari but
higher than the $1.50 charge. This does not mean that the grape-
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fruit refuse as it comes from the cannery is worth $1.50 or even
$1. Of the 53 tons put into the silo, only 15 tons of the silage could
be fed, due to loss through waste and a heavy shrinkage in
water content.
Whole cottonseed vs. cottonseed meal

A comparison was made of whole cottonseed with cottonseed
meal fed with basal rations of ground alfalfa hay, hegari silage,
and rolled barley. Feeding 4 pounds of cottonseed per head daily
replaced the 2 -pound daily allowance of cottonseed meal and
effected a saving of 1.7 pounds rolled barley and 6.5 pounds silage.
The steers fed the whole cottonseed excelled all lots in the rate
and economy of gains by making a gain of 2.44 pounds per head
daily at a feed cost of $7.32 for the full 125 -day period, which is
$1.17 less than the feed cost per hundredweight of the steers fed
cottonseed meal. On the basis of this one test, cottonseed is worth
$31 with cottonseed meal at $26 and barley at $27.
The value of hegari silage

A ration of hegari silage, alfalfa hay, barley, and cottonseed
meal has long been accepted as a standard fattening ration for
cattle in Arizona. The current year's results show the lowest
value for hegari that has been obtained in many years. This ration
produced an average daily gain per steer of 2.4 pounds at feed
cost per hundredweight gain of $8.49, as compared with the
alfalfa hay -barley- cottonseed meal ration which was productive
of an average daily gain of 2.06 pounds per head at a feed cost
of $8.88 per hundredweight gain. This gives a value of $4 per ton
for hegari silage, or one third the value of alfalfa, priced at $12
per ton.

NUTRITION STUDIES WITH RANGE FORAGES AND CATTLE'

In 1933 a study was initiated on a controlled experimental unit
in a grassland type range area of southeastern Arizona to deter-
mine the nutritional deficiencies of that area and the advisability
of feeding supplements. The results of this experiment were pub-
lished in Arizona Technical Bulletin No. 79. In the latter part of
1937, the scope of this experiment was enlarged to include ranch-
ing areas throughout the state.

The study was started on ranches which had a history of small
calf crops, light calves, thin cattle, stiffness in cattle, or other
troubles incident to cattle production. It is realized that co-
operative studies have their drawbacks because the co- operator
is prone to make use of any information indicted before it is
proved. Nevertheless, it is felt that this is the only way in which
a study can be made in Arizona. There is a great variability in
climate, elevation, soil types, and vegetative cover, not only in
sections but on individual ranches.

'In co- operation with the Animal Pathology Department.
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The study involves several factors which must be co- ordinated
to give the complete picture.

Soil

Soil analysis alone is not a reliable index of the livestock re-
quirements, but it helps to identify mineral deficient areas. Below
5 p.p.m. carbon dioxide soluble PO4 is taken as very low phos-
phorus, while 5 to 10 p.p.m. is probably still low.

Chemical composition of plants

Protein, total digestible nutrients (TDN) , minerals (Ca and P) ,
and carotene were determined. It is believed that in many cases
the deficiency of TDN or protein is just as important as phos-
phorus; in other words, if the cow is starving, mineral supple-
ments would be of little, if any, value. Seasonal variations of the
protein content of forage is very great, being highest during the
young, rapidly growing stages, going down gradually as the plant
matures, and continuing to decrease more slowly in the dry
plant.

Bouteloua gracilis (blue grama) dropped from a high level of
14.37 per cent protein to 8 to 10 per cent at green head stage, then
gradually to a low of 2.0 per cent, which is just slightly moré than
one half that of wheat straw.

Bouteloua curtipendula varied from 15.19 per cent protein in
the early stage to 2.03 per cent in the dry stage. Sporobolus
airoides varied from 14.1 to 2.12, and Hilaria mutica varied from
15.0 to 2.82.

One of the biggest problems in this type of work is sampling:
first, to get a representative sample of the plant being sampled,
and second, to get the type of forage that the cattle are eating
and the proportion of those plants eaten.

Since most soils in Arizona are quite high in calcium, sufficient
amounts of this mineral were found in all plants and very large
amounts in some plants, particularly those shrubs which have high
alkali tolerance. Examples of these are the Atriplex species which
range from 1 to 4 per cent of Ca.

The amount of phosphorus in the soil does not indicate very
closely the phosphorus content of the plant. The stage of growth
and the type of plant are much more important in determining
the phosphorus content of the plant. Generally the young plants
are relatively high in phosphorus, while the mature plants con-
tain less; and if dry for a long period of time, the phosphorus
content will drop to a very low level.

In practically all areas studied, dry mature grasses show a
phosphorus content of from 0.02 to 0.07 per cent irrespective of the
phosphorus content of the soil. If an area has little or no browse,
it will be phosphorus deficient as far as the cattle are concerned
for the time that the grass is dry, even though the soil may con-
tain sufficient phosphorus.
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While it is admitted that mineral supplements will maintain a
normal blood phosphorus, the economic feasibility of their use
is measured by the production of a heavier calf at weaning time
or a larger percentage of calf crop. Previous publications from
this Station have shown that although the grass was deficient in
phosphorus for 5 months of the year, mineral supplements did
not pay on that range.
Blood analysis

The calcium analyses have all been normal, practically all of
them falling between 9 and 13 milligrams for 100 cubic centi-
meters of serum.

There is considerable individual variation in phosphorus con-
tent of blood of cows, so that average analyses will not show the
true picture. On May 2, 1941, ten cows had an average blood
phosphorus of 3.06 milligrams per 100 cubic centimeters with a
range of 2.05 to 4.35. This is the same area on which it did not
pay to feed phosphorus supplements during the 5 -year study.
This area is conservatively stocked so that there is plenty of feed
available. On one ranch not far from the experimental area, the
blood phosphorus averaged (4- 14 -41) 2.45 milligrams for eleven
head with a range of 1.97 to 3.78. It is also a grassland type range
and is definitely deficient at this time of year, more so than the
experimental area, and it is believed that the use of mineral
supplements would be advisable on this ranch.

On two other ranches the need of phosphorus supplements was
indicated, but the study was upset by the use of mineral supple-
ments. The Charles Wetzler Ranch of Holbrook, with a history
of bone chewing, showed 3.67 milligrams P average for fifteen
cows with a range of 1.8 to 5.4. He started to feed bone black,
then the drought forced him to sell most of his cows. This range
had quite a variety of plants for forage of which the grasses were
predominant. Sporobolus airoides, Hilaria jamesii, Bouteloua
gracilis, and B. eriopoda were the chief species. The browse
plants included Atriplex species, Ephedra nevadensis, and Artem-
isia species. The phosphorus of the browse plants ranges from
0.07 per cent to 0.18 per cent and had there been a larger propor-
tion of browse plants, it is doubtful that any trouble would have
developed. Soil analysis showed 2 p.p.m. carbon dioxide soluble
PO4 average for five samples, which is the third factor pointing to
phosphorus deficiency on this ranch.

A ranch near Winslow showed low blood phosphorus, average
3.08 milligrams for ten cows ranging from 1.27 to 4.17. There is a
wide variation of forage plants on this ranch which have low
phosphorus during the dry season but normal during the growing
season. The carrying capacity of this ranch is probably an im-
portant factor in determining the type of deficiency. Blood
analysis, feed analysis, and symptoms indicate phosphorus de-
- iciency, and soil analyses showed almost 5 p.p.m. carbon dioxide
soluble PO4. Because of the low carrying capacity and high eleva-
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tion (5,000 feet) , considerable more energy -producing feed is
needed on this ranch during the winter. For this reason it is
suspected that a phosphorus mineral supplement would be of
much less value than a protein supplement which provides phos-
phorus, protein, and energy.

In summing up the phosphorus deficiency problem in Arizona,
it is thought that there are no deficient areas in respect to the soil
itself, but that many areas are deficient in varying degrees for
varying periods of time, depending upon the type of vegetative
cover and the rainfall distribution. The assimilation of phos-
phorus may also be affected by the presence of other minerals,
particularly calcium and magnesium. The economic advisability
of feeding supplements depends upon the length of time the
deficiency lasts and its severity.

In conjunction with these studies carotene contents of various
range forages have been determined in order to attempt to locate
any areas from which vitamin A deficient cattle could come. It
is known that the capacity to store vitamin A is quite variable and
that the younger animals have less storage capacity than older
animals.

Riggs (Texas) reported that 3- to 6 -month steer calves required
56±6 days for depletion, while 16 -month steers required 178±37
days, or three times as long. With a good storage season a year-
ling could weather a 5 -month dry spell without showing vitamin
A deficiency. Even on Arizona's grass ranges there are not ordin-
arily more than 5 months in which the carotene level is below
the minimum requirements of 0.22 milligram per 100 grams of
dry matter, whereas large stores are built up during the green
growing season, particularly if some browse plants are available
to prolong the green grass season.

TABLE 9.- CAROTENE CONTENT OF SOME IMPORTANT ARIZONA
RANGE FORAGE PLANTS.

Plant name Stage of growth
Carotene mg. /100 gm.

Green
weight

Dry
matter

Calliandra eriophylla Early 7.08 14.54
Bloom, few leaves 1.24 5.34

Quercus emoryi Mature green 7.34 11.78
Early, bloom, tips, leaves 4.81 20.48

Atriplex canescens Early growing tips 7.36 16.35
Mature green 2.48

Atriplex confertifolia Mature green 1.82
Artemisia nova Tips bud 4.04 8.00
Artemisia tridentata Mature green 2.90
Ephedra nevadensis Mature green 2.81
Gutierrezia sarothrae Early 6.90 27.79
Flourensia cernua Green tips and leaves 6.86 32.56
Cercocarpus montanus. Mature green 4.67 8.56
Erodium cicutarium Early 6.86 51.83
Lotus humistratus Early bloom 4.74 24.66
Monolepis nuttalliana_. Bloom and seed 4.51 27.74
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PASTURE STUDIES

Co- operative pasture studies were conducted in the same
manner as last year, except that samples were cut from 1/5,000 -
acre quadrats to obtain an idea of the amount of pasture eaten by
stock. The results obtained were not exactly as expected, and
due to a very bad pasture season caused by excessive rains many
studies could not be completed.

Alfalfa -barley pasture gave 74.1 steer days per acre in twenty -
four trials, twenty -one of which averaged 8,595 pounds green feed
per acre. One field of cotton stalks (80 acres) produced 37
steer -days per acre; One hundred acres of hegari stalks gave 66
steer -days per acre when supplemented with 60 acres of barley
pasture.

There were eight fields which were pastured twice, but three
of these were not used because of faulty or incomplete records.
The time between pasturing was observed to be rather consistent:
two periods alfalfa, 58 days interval; six periods barley -alfalfa,
45 days interval.

An average of five fields, one alfalfa and four alfalfa -barley,
gave a total of 155 steer -days per acre in the two pasturings,
which compares fairly well with the figures found for single
pasture periods.

STEER TESTING PROJECT

In 1939 a summary of 5 years' data on the pen steers from the
Tucson Livestock Show was made. Various relationships be-
tween judging points and body measurements, as they were asso-
ciated with feed lot performance and carcass qualities, were in-
dicated. Most of these comparisons were continued during the
1940 -41 test, using eighty head of steers from eight ranch herds,
which is the concluding test of this project.

In analyzing the data it was evident that the error originating
at the source of the data due to the human element in appraising
the "points" of a feeder steer and the difficulty of securing accur-
ate body measurements served to depress significant differences
and were the cause of some inconsistencies. Inability to bring
each steer to the same "end point" or degree of finish does not
permit final interpretation of the results.

Notwithstanding these limitations the analysis of the data ob-
tained in this experiment revealed the probable existence of a
number of relationships between body form and feed lot per-
formance.
Color

As in previous tests the light -colored steers made a slightly
greater daily gain than medium or dark -red steers. This differ-
ence, though small, was rather consistent and was statistically
sound when tested by a device known as the "T" test. Color did
not bear any relationship to hide weights nor was there any cor-
relation between hide weights and daily gains.
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Bone
No relationship was detected between bone or actual measured

size of the front cannon bone and average daily gain. This is in
agreement with previous tests and shows rather conclusively that
big -boned steers are not always better feed lot performers.

The five steers grading commercial at slaughter time had a
smaller average cannon size than the good and choice steers.
This group was too small to make the difference of much value,
but statistical analyses revealed that the difference was real.
Additional data will be necessary to establish this point definitely.
Body width

Body width as judged from actual measurement of thurl width
did not associate with rate of daily gain nor carcass grade.
Head

Of the eighty steers in this test, five were rated as having short
heads. These steers significantly outgained the group having long
heads. The length of the head was not correlated with carcass
grade. These results are at variance with previous results.
Further data are necessary before any definite conclusion can be
drawn.
Type

The type of the steer, as judged by body measurements, did
not associate itself with rate of gain in the feed lot. However,
there was, as in previous tests, a real relationship existing be-
tween body type and carcass grade. In general, the deeper- bodied
steers tended to yield carcasses of higher grade than the carcasses
produced from the more shallow- bodied individuals.

Previous tests have indicated that depth and width of body
varied independently of each other. The 1941 test showed a strong
correlation between these two measurements. The deeper steers
tended to be the wider bodied. The apparent contradiction in the
results of this and previous tests probably indicates that the
ranchers of the state are becoming more conscious of the value of
width and balance in their calves.
Feeder grades

The grade of the feeder steer and its ultimate carcass grade
were associated to the extent of distinguishing the lower grades.

ANIMAL PATHOLOGY

Ostertagia -Ostertagia (stomach worm) was found to be the
cause of an enzootic diarrhea in feeder calves and yearlings on
pasture in the lower Salt River Valley. The outbreak occurred
in midsummer. Only young cattle were affected. Approximately
1,000 cattle were included in the disease area, and 80 per cent or
more infection was noted. The major loss was from a rapid de-
crease in weight in most of the animals and 10 per cent death loss.
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Phenothiazine powder in capsules was used as the treatment,
after copper sulfate and nicotine sulfate failed to give relief. The
major results were secured after the cattle were moved to feed
pens and fed a dry balanced ration.

A type of hemoglobinurea in aged cows and young calves
caused numerous death losses. The disease was acute, causing
death in 24 hours. Cattle on alfalfa pastures and on dry pen feed-
ing were affected. Lesions included generalized icterus, sub-
serous hemorrhages with bloody serum in the peritoneal cavity.
The characteristic infarct in the liver found in bacillary hemo-
globinurea was absent. Bacteriological studies and animal in-
oculations, although incomplete, were negative. The disease
stopped suddenly before sufficient material could be secured for
further studies. It is believed that this hemoglobinurea is distinct
from bacillary hemoglobinurea caused by Clostridium hemoly-
ticum.

Arizona desert and semidesert ranges were densely covered
with succulent annual forage which caused death losses from
acute indigestion. Monolepis nuttalliana (Patota) which was
very abundant caused most of these losses. Analysis showed this
plant to contain large percentages of nitrate in areas where deaths
occurred. Analysis of other ranges where this plant was abundant
and no deaths occurred showed only traces of nitrate.

Very promising results have been secured in treating range
cattle for warbles during the fall season when large numbers of
larvae are found on the back. Only one treatment with derris
root and soap applied to the back with a brush was used. It is not
practical to handle cattle at regular intervals under range con-
ditions. Approximately 80 per cent reduction was noted in one
group of 700 cattle treated.

Work on range mineral studies was continued in co- operation
with the Animal Husbandry Department. This work is reported
in the animal husbandry section.

BOTANY AND RANGE ECOLOGY

FORAGE REQUIREMENTS OF RANGE VEGETATION BY
JACK RABBITS

Results from 3 years of study on the food requirements of jack
rabbits are being prepared for publication by J. F. Arnold under
the title "The Native Forage Requirements and Preferences of
Antelope and California Jack Rabbits."

Final results from the feeding trials, in which alfalfa and rolled
barley were used as a base ration and compared with green and
air -dry native forage plants, are presented in Table 10.

Comparing the values in Table 10 with the forage requirements
of sheep and cattle, it is estimated that the daily forage consump-
tion of twelve antelope jack rabbits or sixteen California jack
rabbits is equivalent to the amount pf air -dry forage consumed
by one range sheep per day. The amount of forage removed by
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TABLE 10. -FINAL RESULTS OF FEEDING TRIALS WITH CALI-
FORNIA AND ANTELOPE JACK RABBITS.

No. Average Av. daily
Dry wt.
cons. as

Type of trial of Rabbit-
days

animal dry wt. per cent
tests weight cons. (lbs.) of animal

weight

Lepus alleni
Base rations 17 283 5.42 0.344 6.3
Air -dry forages 16 284 6.10 - 0.340 5.6
Green forages 14 108 5.92 0.351° 5.9

Lepus californicus
Base rations 18 522 4.58 0.304 6.6
Air -dry forages 23 482 4.40 0.250 5.7
Green forages 14 128 4.20 0.290` 6.9

'Results of feeding trials with green forages expressed in terms of air -dry
matter.

the daily feeding of sixty antelope or eighty California jack rab-
bits is equal to one range cow.

Other data being summarized include figures on forage pref-
erences based on green feeding trials and plot tests and studies
on the number and weight of pellets produced in relation to the
type of ration and the weight of the animal.

RANGE PLANT DISTRIBUTION

Considerable information on plant distribution has been
gathered through observations and collections of range plants
throughout the state. These data have been incorporated in the
form of detailed distribution maps for each common or important
range species and will be made available in future publications on
the flora of Arizona.

CLIMATIC AND GRAZING INFLUENCES ON A DESERT
GRASSLAND RANGE

Study has been continued on permanent quadrats established at
Desert Grassland Station in 1931 for the purpose of noting effects
of climatic fluctuations and grazing intensity. An analysis of the
trends in vegetative composition on areas open to grazing by
cattle and rodents, areas grazed by rodents only, and areas en-
tirely protected from grazing has been prepared and is ready for
publication.

RANGE RESOURCES OF ARIZONA

A new project has been initiated by this department which
will attempt to synthesize and correlate all available information
on range resources for the state of Arizona. Through co- operation
with the various state and federal agencies concerned with range
lands in the state, maps are being prepared for each county show-
ing the present range types, and data are being tabulated con-
cerning the range livestock' carrying capacity of each range.
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Information will be presented in detailed county reports which
will include a description of the range types, their characteristic
species and important forage plants, the present and potential
carrying capacity of each type, and general recommendations
concerning range management practices applicable to the region.

LIFE HISTORY STUDIES ON BURROWEED

Work is being continued on the carbohydrate and nitrogen- re-
serves in burroweed plants in relation to seasonal growing condi-
tions. It is believed that the determination of the time of lowest
food reserves in burroweed will be of material value in applica-
tion of control measures such as grubbing or burning.

SUGAR BEET SEED PRODUCTION

As reported in previous years, high mid -winter temperatures
which retard seedstalk formation are responsible for low yields of
sugar beet seed in Arizona. Good cultural practices, particularly
early planting and adequate fertilization, have been shown to
ameliorate the temperature conditions to some extent, but even
the best practices have not produced good seed yields in slow -
bolting varieties.

More information is needed about the actual process of seed -
stalk development in the sugar beet plant before additional field
experiments are undertaken. To get this information a study was
started on the anatomy of the apical meristem of the sugar beet
during the period of seedstalk initiation. Examination of 200 se-
rial sections indicates that only two or three layers of cells of the
stem tip are involved when seedstalk formation begins. If further
study confirms this finding, the possibility is suggested that such
chemical stimulants as have been found to stimulate fruit trees
may be effective in inducing seedstalk formation in the beet.
Tests with several such compounds are now in progress and will
be continued during the year along with further anatomical
studies.

ECONOMIC VALUE OF RANGE PLANTS UNDER CULTIVATION

Cockroach plant

Samples of cockroach plant (Haplophyton cimicidum) collected
in Arizona have been tested for insecticidal properties by mem-
bers of the Division of Drug and Related Plants of the U.S. Bureau
of Plant Industry. According to their report, acetone extracts of
leaves and stems of the cockroach plant are extremely toxic to
houseflies, comparing favorably with the 40 per cent formalde-
hyde solution used as a standard in the test. Acetone extracts of
the plant roots were also shown to be toxic to flies but slightly less
than that of stems and leaves. These preliminary tests indicate
that Haplophyton cimicidum may have value as a source of in-
secticide materials.
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Yucca
Plantings of Yucca elata were made in 1940 for the purpose of

studying the plant as a source of fiber. During the past year chem-
ists at Pennsylvania State College10 have found the roots of this
Yucca to be very high in materials which can be readily converted
into valuäl,ie medicinal compounds. Tests are now being made
to learn the effect of adequate moisture and favorable growing
conditions on the storage of the medicinal materials.

Canaigre
Work has been continued with canaigre (Rumex hymenose-

palus) which gives promise of becoming a commercial source of
tannin. Four hundred selections from the 1940 crop have been
replanted in order to obtain information relating to yield, tannin
content, and ease of harvesting.

Selected plants from the 1941 crop are being analyzed for
tannin content by the Department of Agricultural Chemistry and
Soils. Preliminary data showing the range in tannin percentage
are shown in Table 11.
TABLE 11. -ROOT WEIGHT AND TANNIN CONTENT OF SELECTED

PLANTS OF CANAIGRE (RUMEX HYMENOSEPALUS).

Plant
no.

Weight of roots
(grams)

Per cent tannin
(cale. to dry substance)

52 374 19.1
50 208 23.9

3 254 24.8
14 174 26.3
12 410 28.0
24 218 28.8
17 177 37.1
27 255 39.6
21 366 43.5
38 212 43.7

Jojobe
Limited transplanting tests with seedlings of Simmondsia

californica (jojobe or coffeeberry) indicate that they survive
transplanting readily if the roots are pruned.

DETERMINATION OF CORRECT SCIENTIFIC NAMES OF
COMMON PLANTS

In 1939 a project to clear up the confused scientific names of
common Arizona plants was started. During 1941 a complete
study of the mesquites and screw beans of the United States was
completed and published. All the mesquites have been confused
with species occurring in Chile and Argentina, and the common
dune -forming mesquite growing in Yuma County and on the
ranges in Cochise County and in New Mexico has been confused

'Personal communication from Dr. R. E. Marker, Department of Chemistry,
Pennsylvania State College.
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with a Texas variety. Misapplication of the scientific names of
the screw bean occurring in Arizona was found to be due to mix-
ing of screw bean fruits with mesquite flowers and leaves in the
original specimens collected by the Fremont Expedition in 1846.
The common poppy occurring on the Arizona deserts was deter-
mined to be a form of the California poppy, Eschscholtzia cali-
fornica, instead of a separate species, E. mexicana. The Arizona
cockroach plant, Haplophyton, now under investigation for its
insecticide properties, was found to be a previously unnamed
variety, differing somewhat from the well -known Mexican plant.
Studies of the 143 North American types of the badly confused
genus Ranunculus, which has sixteen species in Arizona, were
brought to completion, and the first two of a series of five articles
on the genus were published. Studies of the Arizona cacti were
continued.

PLANT COLLECTION AND IDENTIFICATION
Additions to the University of Arizona herbarium included

about 5,000 specimens, which were mounted and filed with the
collections. State and federal agencies, including the State Game
Department, the Fish and Wildlife Service, the National Park
Service, the Bureau of Plant Industry, the Forest Service, the
Division of Grazing, and the Indian Service contributed plant
specimens, most of which were sent to the herbarium staff for
identification. About 1,000 specimens were collected by members
of the staff.

In October, 1941, a Works Progress Administration project for
the herbarium was begun. The sum of $4,741 was allotted for
mounting about 20,000 specimens accumulated in past years, for
preparing 30,000 duplicate specimens for exchange with other
institutions, and for preparation of a card catalogue of periodical
literature on plant taxonomy. The services of three full -time
workers have become available to the herbarium under this
project.

GRASSES

Work was continued on the manuscript of the grasses of Arizona
until January, when it was dropped to take up studies on the
poisonous plants. During this time several important grasses
were added to the Arizona flora and studied. A small amount of
work remains to be done on this subject.

POISONOUS PLANTS
Preparation was begun in February of a manuscript on the more

important poisonous plants of the state to be published as a bulle-
tin in co- operation with Dr. W. J. Pistor of the Animal Pathology
Department. The genera Zygadenus (lily family) , Delphinium
(crowfoot family) , Lupinus and Astragalus (legume family) , and

Asclepias (milkweed family) and several genera of the composite
or sunflower family have been given special study. Each of the
more important species of the poisonous plants has been studied
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in accordance with the following outline: (1) common name or
names where known, followed by the scientific name; (2) a brief
popular description to enable the practical person to recognize
the plant in the field; (3) economic notes to include the distribu-
tion and abundance of the species, the season of growth, parts of
the plant most poisonous to stock, and, when known, practical
means of eradication or control; and (4) a carefully prepared
semitechnical description of the plant together with synonyms.

The lesser important poisonous plants are being listed and
given brief descriptions, since they play a very small part in stock
poisoning.

ORNAMENTAL PLANTS

In this work 159 species and varieties of the plants not here-
tofore known in the state have been studied and classified. These
plants have come from many parts of the state, a considerable
number having been sent in by nurserymen and interested grow-
ers or brought in by members of the Agricultural Extension
Service and Agricultural Experiment Station. In this study are
included also plants growing in the University greenhouses.
Particular attention has been given to the subject of succulent
plants which represent about one fourth the number of orna-
mental plants studied. The matter of arranging the species of
ornamental plants in natural groups within their proper families,
in the usual family sequence, has been begun. Up to this time
these plants have been classified for convenience in vegetation
groups, including trees, shrubs, vines, evergreen herbs, perennial
and annual flowers, cacti and succulents, conservatory, patio, and
house plants, and aquatic garden plants.

DAIRY HUSBANDRY
NORMAL GROWTH OF DAIRY CATTLE IN ARIZONA

This project was begun in August, 1939, with the object of
securing data on the normal growth of dairy cattle maintained
in the Arizona Agricultural Experiment Station herd.

The weight measurements collected to November, 1941, are
summarized in Table 12. The figures in parentheses represent
the number of animals weighed at each age interval.

TABLE 12.- WEIGHT (LBS.) OF DAIRY HEIFERS IN ARIZONA
EXPERIMENT STATION HERD.

Breed Birth 3 mos. 6 mos. 9 mos. 12 mos. 15 mos.

Holsteins
Jerseys
Guernseys

(9)102 (8)232
(10) 49 (9)135
(8) 64 (5)159

(7)436
(11)244
(4)326

(8)612
(12)385
(7)440

(7)769
(14)473

(6)569

(5)885
(11)556

(5)660

18 mos. 21 mos. 24 mos. 27 mos. 30 mos.

Holsteins
Jerseys
Guernseys

(6)986
(11)643

(8)744

(8)1068
(9) 731
(9) 806

(9)1216
(10) 828
(9) 918

'(8)1403
(3) 930
(4) 946

(2)1525
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It is planned to continue these regular weighings of all heifers
in the herd. These data are of definite value for purposes of
comparison in experimental work bearing on the growth of dairy
animals.

PASTURE STUDIES

Work started in April, 1940, in which clippings were made from
successive pasturings of barley and Sudan pasture at the Univer-
sity Farm, has been continued.

Square -meter samples have been collected prior to pasturing
throughout the year on these two types of temporary pasture.
Clippings in each instance were made on the same day the cattle
were turned into the field. Green weight per acre, and the protein
content on the dry and green basis of successive samples repre-
senting four pasturings in the case of the barley and three for the
Sudan are given in Table 13.

TABLE 13. -GREEN WEIGHT PER ACRE AND PERCENTAGE OF
PROTEIN FOR BARLEY AND SUDAN CLIPPED AT

DATES INDICATED.

Crop and
sample no.

Date
clipped

Green
weight (lbs.)

Per cent protein
Dry Green

Barley
15 10 -28 -40 4,393 20.8 3.8
16 11 -25 -40 2,444 15.3 3.4
25 1- 8 -41 2,428 13.9 3.5
32 2 -21 -41 1,384 18.2 3.8

Sudan
34 7 -11 -41 4,928 15.2 3.0
35 8 -27 -41 4,555 10.6 3.1
36 10- 4 -41 2,529 16.3 3.1

The data show that both types of pasture are excellent sources
of protein in the Arizona dairy ration, furnishing an average of
3.04 per cent protein on the green basis for the Sudan and 3.61
per cent for the barley pasture. Since protein is now the expen-
sive constituent in dairy rations, considerable saving could be
made with a fuller use of pasture in southern Arizona.

It is planned to use these preliminary data as a basis for a more
comprehensive study of the place of temporary and permanent
pastures in Arizona dairying.

ALFALFA SILAGE STUDIES

There has been a good deal of interest in recent years in silage
made from green legume crops and the grasses. This method of
silage making may be looked upon essentially as a crop saver. It
is not intended as a substitute for haymaking where weather con-
ditions favor the making of good quality hay. From a weather
standpoint 1941 has not been a good hay year in southern Arizona.
Much hay has been spoiled, some of which could have been used
to good advantage as silage.
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Several dairymen and livestock feeders in Arizona had tried
alfalfa silage the previous year, and it was decided to put up a
small experimental batch at the University Farm. Twenty -five
tons were ensiled in September, 1940, with approximately 70
pounds of molasses to the ton of green material. It was cut with
a crop harvester in the tenth bloom stage and put into the silo at
once. The silo was opened February 1, 1941, and a feeding test
was conducted which was finished April 10.

Five cows were fed alfalfa silage, hay, and a grain mixture in
comparison with four other cows receiving Atlas Sorgo silage,
hay, and grain. The limit of alfalfa silage consumption, where
the cows were consuming 12 to 18 pounds of hay daily, was about
25 pounds daily for a Jersey and up to 38 pounds for the Holsteins.
The cows cleaned it up more slowly than those on the Atlas Sorgo.

Milk production and live weight were maintained fully as well
on the alfalfa silage as on the Atlas Sorgo silage. The cows on
the latter consumed about 20 per cent more silage daily.

Average of two analyses in each case is presented in Table 14.

TABLE 14.- CHEMICAL COMPARISON OF ALFALFA AND ATLAS
SORGO SILAGE.

Silage Moisture Protein Fat Fiber N-free
extract Ash

Alfalfa
Atlas Sorgo

76.5
75.0

3.2
1.7

0.83
0.69

6.63
6.2

9.2
13.9

3.02
2.48

Ten samples of alfalfa silage gathered from co- operating
farmers and county agents gave a crude protein content on the
fresh basis ranging from 1.9 to 6.18 per cent depending on the
stage of maturity when cut, with an average of 3.8 per cent. This
checks quite closely with the University Farm samples. All
feeders report palatability varying from good to excellent. Al-
falfa silage is a feed of proved value for Arizona conditions and
easily available should weather conditions prevent the making
of good hay.

BACTERIOLOGICAL STUDIES ON THE CLEANING
OF THE MILKING MACHINE

The economic value and efficiency of the milking machine is
generally conceded. There is some difference of opinion, how-
ever, as to the amount of labor required to keep a milking ma-
chine in a sanitary condition as indicated by the bacterial count
of the milk.

It is generally assumed that it is necessary to dismantle the
machine completely after each milking and wash all parts
thoroughly with a brush in warm water containing a washing
powder. Other methods for care of the milking machine are
being compared with the established method of complete dis-
mantling of the machine after each milking.
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Bacterial counts were made of the milk produced by the Uni-
versity herd at frequent intervals over a period of about 60 days
to get an average of the bacterial content as shown by the
standard plate method. During this period the milking machine
was completely dismantled after each milking and thoroughly
washed in warm washing -powder water.

The method for care of the machine was then changed so that
it was completely dismantled only once a week. Immediately
after use, the machine was rinsed with tap water, then with water
at 140 to 145 degrees F., and finally with water at a temperature of
not less than 165 degrees F. The teat cups were then removed
from the unit and placed on a solution rack. The teat cups and
milk tubes were then filled with a 0.5 per cent lye solution. The
pails and head of the machine were washed with a brush in warm
washing -powder water, rinsed in hot water, and placed on a rack
to dry. The vacuum check valve was placed in a 0.5 per cent lye
solution.

Just before milking, the lye solution was drained from the teat
cups and milk tubes, the machine assembled, and each unit
rinsed with 2 gallons of water containing 200 parts per million of
chlorine. The machine was completely dismantled at weekly in-
tervals, examined for cleanliness, and thoroughly washed.

Thirty -four different bacterial counts - seventeen of each
method -have been made of the milk. The bacterial count with
the standard method averaged 31,000, while that for the lye
method averaged only 18,000.

This project will be continued for a year so that comparisons of
the two methods can be made for different seasons.

SOLIDS -NOT -FAT CONTENT OF MILK

This project has been greatly expanded during the past year.
Fat, total solids, and acid determinations are being made monthly
of the milk from each producing cow (twenty -five to thirty head)
in the University herd. In addition to the above, the milk from
seventeen cows in the University herd is analyzed monthly for
lactose, protein, and chlorine. These cows freshen at different
times of the year.

Because several of the constituents of milk are present in very
small amounts, it will require a large number of analyses before
there ...ßi1? be sufficient data to make any worth -while compari-
sons. A v ry small variation in some of these, constituents is of
great ecox mic importance because of the effect on some of the
manufacture dairy products.

The fat, total solids, acid, density, lactose, protein, and chlorine
determinations are being made monthly of milk from eleven
herds in Maricopa County. These herds represent three different
breeds - Jersey, Holstein, and Guernsey -and different planes of
nutrition. Some of the herds are well fed, others receive average
care, while still others receive below -average care. Some of the
poorly fed herds are fed nothing but lettuce at times, while at
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other times they have to depend on a variety of scant pasturage.
Because of the abundance of feed resulting from the more -than-
normal rainfall last year, the cows in the poorly fed herds received
about average care for several months, during late winter and
spring. It will, therefore, take somewhat longer to get the neces-
sary data to make the desired comparisons. The data to date are
somewhat conflicting.

THE BABCOCK TEST VS. THE MOJONNIER TEST FOR
FAT IN HOMOGENIZED MILK

It is generally conceded that the Mojonnier method for the
determination of fat in homogenized milk gives a higher test
than the Babcock method. Very little work has been done on the
subject, however, and there is a wide difference of opinion as to
the difference in the two tests.

Comparison of some thirty samples of homogenized milk from
different sources and homogenized at different pressures indicates
that the Mojonnier test is from 11 to 25 per cent higher than the
Babcock test. The results were not so uniform as they should have
been. It will be necessary to make a large number of comparisons
before any definite statement can be made.

ENTOMOLOGY AND ECONOMIC ZOOLOGY

RANGE RODENT INVESTIGATIONS
Life history work on the Arizona cottontail, which was dropped

some time ago on account of a scarcity of rabbits, was resumed.
Numbers are found to be still somewhat low in the vicinity of
Tucson, but additional breeding data and stomachs for food
analysis have been secured.

WATER RELATIONS OF DESERT ANIMALS
While some progress has been made toward compilation of a

bulletin on this subject, the major portion of the time of the de-
partment head has had to go to work on a grasshopper publication
(see below).

GRASSHOPPER INVESTIGATIONS
The first draft of an extensive manuscript on the Orthoptera

has been completed, on which much revision and editing has
been necessary. The bulletin is approaching completion, and
publication within the next year is anticipated.

SCALE INSECTS
Work on identification of Arizona scale insects in the past year

has been advanced to such a point that a preliminary list of the
species occurring on both cultivated and wild plants, and those
taken in quarantine, can be prepared. This list will include
records on distribution, host plants, and biological data. This in-
vestigation is revealing the outstanding economic species and
their host plants. Some of these infest a large number of host
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plants, and a knowledge of them is important to intelligent life
history and control work. Injurious species have been identified
and control measures suggested. New collections of scale insects
affecting range grasses and forest trees have been made.

Studies on the black- margined aphid (Monellia costalis Fitch),
injurious to pecans, have been under way for some time. This
department is co- operating with the Department of Horticulture
in control work. Two steps having an important relation to
control measures against this aphid are (1) the observation and
collection of sex forms on pecan in October, 1940, and (2) the
discovery of its eggs on pecan in January, 1941. Presence of eggs
on the trees in winter suggests the use of an ovicide as a control.
Certain dinitro compounds were used during the dormant season
of 1940 -41. Preliminary experiments with various dusts and
sprays were conducted in the summer of 1940 and the spring of
1941.

BIOLOGY AND CONTROL OF THE COTTON PEST,
CREONTIADES FEMORALIS V.D.

Continuing the investigations begun in 1940, a series of records
was begun in January, 1941, taken at 2 -week intervals until July
to determine the seasonal development of this pest on wild host
plants and on alfalfa. Population counts were made in units of 100
sweeps of a net. Wild host plants were sampled at random where
there were sufficient plants for possible breeding. Ten alfalfa
fields were selected for sampling in an area of about 8 square
miles. Populations were low on both wild plants and alfalfa
until April, after which date there was a rapid increase, especially
in alfalfa fields, until about July 1. After this, the populations
decreased noticeably in the alfalfa, at the same time increasing
in stubbed cotton fields, Creontiades showing a distinct preference
for cotton as soon as fruiting begins. Wild host plants are of minor
importance in producing early season populations.

Early in July a field was selected for plot control tests. Two
materials found promising in preliminary cage tests in 1940 were
selected for comparison with the standard treatment of 71/2 per
cent Paris green with 921/2 per cent sulfur. A series of nine 1/4-
acre plots was laid out in three blocks so that each new material
could be compared with the sulfur -Paris green, with each other,
and with an untreated check. Each treatment was duplicated.
Seven applications of dust were made at weekly intervals from
July 18 to September 2, and population records were made before
each dusting.

Excessive rains during late July and early August were adverse
to successful experimentation, and the insects were not success-
fully controlled with any of the three materials, although the
populations were far below the untreated checks. Later applica-
tions successfully controlled the pest population, while the un-
treated checks continued to have a heavy infestation until early
September. Yield records, while promising, are incomplete and
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cannot be presented in this report. The promising materials will
be further tested next season.

STUDY COLLECTIONS

Although there have been no especially noteworthy accessions
during the past year, both the insect and vertebrate collections
continue to grow in size and importance.

HORTICULTURE

VEGETABLE CROP STUDIES
Lettuce fertilization

Of recent years difficulties in leasing "new" land for lettuce
growing, increased ownership of lands by growers, and the com-
bination of lettuce growing with cattle feeding have emphasized
the longtime fertility aspect of lettuce fertilization, especially as
it relates to the use of organic matter. Plots on soils low in
organic matter on the Mesa Experimental Farm were laid out for
longtime study. In one series 10 tons of manure per acre were
applied about 3 weeks in advance of seeding. The other series
received no manure. Beds in both series received various com-
mercial fertilizers. The manure application gave increased yield
and percentages of larger sizes over any commercial fertilizer
alone.

Studies on the response of lettuce fertilization to different
materials placed in bands at time of seeding have been continued.
Nine experiments were conducted in various fields and soil types
of the Salt River and Yuma valleys. In five of the experiments
11 -48 ammonium phosphate at rates of 150 to 250 pounds per acre
gave highest total yields. However, where this material was used
during the warm fall season in the Salt River Valley, excessive
seedstalk formation and soft heads occurred. Under these con-
ditions there was less bolting on the plots in which part of the
nitrogen was supplied in an organic form. Thus, in four ex-
periments organic base mixes with nitrogen -phosphate ratios
varying from 1:2 to 1:4 gave yields comparable with those ob-
tained from 11 -48; but the fertilizer cost per crate of lettuce was
around 41/2 cents as compared with about 21 /z cents for the simple
forms.

In one form or another band placement of fertilizers at time of
seeding has become widely used in Arizona. In Yuma Valley
trials this year, 200 pounds of 11 -48 ammonium phosphate placed
3 inches below and 11 /z inches on the furrow side of the seed row
gave significantly higher yields than 300 pounds of the same ma-
terial broadcast. Cost of fertilizer per crate of lettuce was 1.9
cents as compared with 3.2 cents for the broadcast method.
Also, band placing 200 pounds of single superphosphate gave
higher yields, higher percentages of larger sizes, and lower fer-
tilizer costs per crate of lettuce than did 400 or 500 pounds of the
same material broadcast as is commonly done in the Yuma Valley.
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However, even on relatively fertile lands the value of nitrogen
was shown by the fact that no amount of superphosphate alone
gave as good quality or as low fertilizer cost as the band place -
ment of 100 to 200 pounds of 11 -48.

A test on poor soil in the Salt River Valley to which no organic
matter had been added showed a slight increase in total yields
and percentages of 4- and 5 -dozen sizes where 50 pounds of
sulfur had been applied in a band.

Cantaloupe breeding and selection

Purification and stabilization of the No. 45 for Salt River Valley
growers has continued. The strain of No. 45 obtained originally
from a single fruit selection in a commercial field and since 1938
inbred and reselected in the Salt River Valley was released in
1940 to the Central Arizona Vegetable Growers Association and
to seed companies under the name of "Arizona 45."

During the last three generations this strain has been ex-
tremely uniform as grown in the Salt River Valley. Few rogues
have been observed, those present being of a slightly more
elongate shape than is considered desirable. The melon tends to
be slightly smaller and less ribbed than most commercial stocks.
The netting of many individual melons extends completely across
the stripe. The blossom scar may be somewhat less pronounced.
The shipping quality of the original No. 45 has been retained.

The seed released to the association last year was increased at
Rocky Ford, Colorado, in 1941, obtaining 5,220 pounds. This seed,
but one generation removed from self -pollinated, pure -line ma-
terial, will be used to plant a portion of the Salt River Valley crop
in 1942. In 1941 the seed of some forty melons, selfed in the 1940
foundation plot, was again planted under isolated conditions on
the University Farm at Mesa. Approximately 175 pounds of
stock seed were harvested. It is planned that this will be in-
creased by the Association in 1942 and will provide the commer-
cial stock available to the growers in 1943.

Developing improved varieties and strains for the Salt River
and Yuma valleys has continued through introduction, hybrid-
ization, inbreeding, and selection. Selection from hybrids re-
sulting from this agricultural station's and crosses originally made
by U.S.D.A. geneticists is producing promising strains. Most of
the crosses were made between Superfecto and No. 45 varieties.
The ultimate aim is to produce a variety combining the Super -
fecto flavor and edibility with the No. 45 shipping quality, at
the same time retaining or improving lesser important characters.

Selfs of the U.S.D.A. line No. 15898 were obtained in sufficient
numbers so that several test plots and an increase plot of the F5
material were planted in the Yuma Valley in the spring of 1941.
Two strains designated as S5 and S6 of the 15898 series seem to
have special merit for the Yuma Valley. These selections, now
in the F6 generation, are uniform, small, slightly elongate, faintly
striped, heavily netted, and of excellent general appearance.
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The flesh is firm and of good quality. The matrix is dry and the
cavity small. The vine is vigorous and holds up well, although it
is not mildew resistant. Seed from other selfs made on the Yuma
Mesa in the fall of 1940 gave F4 material of at least six promising
lines.

As a result of the breeding program there are at present three
new strains, in addition to the S6 and S5 series, ready for field
tests in the Salt River Valley in 1942. These strains are in the F6
generation and are designated as follows:

2 -42A- Medium vine, early, uniform 45 size, slightly elongate,
slight rib and stripe, heavy net, firm flesh, semidry matrix,
good quality.

6 -29A- Vigorous, heavy foliage; heavy yield, mostly 36 size;
excellent shape, no rib, continuous and heavy net, firm flesh,
semidry matrix.

3986B- Vigorous vine, very heavy yield, uniform 45 size, good
shape, slight rib and stripe, very heavy net, thick, firm flesh, dry
matrix, very small cavity. Extremely high quality.

Fruit of each of the above strains remains firm for a long period
after harvest, even if allowed to attain high color and full slip
before picking.

Lettuce breeding and selection

The lettuce improvement program has continued with further
inbreeding and selection within the Imperial 152 and Imperial 615
lines. Relatively large increase plots of the Arizona strains of 152
and 615 are to be planted in the Yuma Valley for the 1941 -42
season. This should provide a large amount of foundation seed
which will be available to Salt River Valley and Yuma growers
if tests in commercial fields again indicate its merit.

The Arizona strain of 152, designated as S- 152 -18, tends to have
complete overlapping of the head leaves, small midribs, and
wrapper leaves which almost cover the head. It is somewhat
more resistant to bolting than many commercial strains and is
very uniform in type. The Arizona 615 strain is more uniform
than many commercial stocks and gave evidence in 1941 of being
resistant to mildew.

Two hundred lots of lettuce were grown on the Mesa Experi-
mental Farm during 1940 -41 in addition to the pure line 152 and
615 strains. Of these lots forty were selections in the 152 and 615
varieties for resistance to tip burn, bolting, and mildew; twenty
were F3 selections from crosses between 152 and 615; and sixty
were F2 and F3 selections from hybrid material developed by the
Bureau of Plant Industry. The remainder was commercial
varieties being tested under Arizona conditions. Crosses be-
tween 152 and 615 are segregating some very desirable types. Of
the U.S.D.A. material two lines are promising; 1- 41068M is
segregating 80 to 90 per cent dark green heads apparently resist-
ant to mildew.

Among the commercial varieties no stocks were found to be so
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well adapted to Salt River Valley conditions as the Imperial 152
and Imperial 615. Two relatively new varieties, Imperial 44 and
Cosberg, are not adapted for either fall or spring planting in the
valley.

Vegetable variety trials

During the 1940 -41 season approximately 250 strains and va-
rieties of vegetables were grown in eighteen locations throughout
the state of Arizona. Many of the lots were tested at elevations
from 1,000 to 8,000 feet. A master planting of 200 lots was grown
at the University Farm at Mesa during the fall and spring
seasons.

The trials have given valuable information upon the adapta-
tion of varieties to Arizona. Among the most promising of the
new varieties are:
Early prolific straightneck All elevations in season

squash
Little Marvel pea
Morse Market pea
Particular rutabaga
Bounty tomato
Valiant tomato
Ohio canner beet
Catskill Brussels sprouts
Streamliner carrot
Snowball No. 27

cauliflower
Seneca 60 sweet corn
Marcross sweet corn
Ioana sweet corn
Golden cross bantam
Imperial 44 lettuce

All elevations in season
All elevations in season
Fall ,planting, Salt River Valley
All elevations in season
1000 -5000 feet
1000 -4000 feet, good on heavy soil
Tested only in Salt River Valley
1000 -5000 feet
Fall, Salt River Valley

5000 -8000 feet
4000 -8000 feet
11100-5000 feet
1000 -5000 feet
4000 -8000 feet

Vegetable crop adaptation tests on the Yuma Mesa

Further information on the possibilities of growing winter
vegetables on the Yuma Mesa was obtained during the 1940 -41
season.

Tomatoes were grown under brush for the third consecutive
season. Yields from 900 to 1,000 lugs per acre were obtained for
several varieties at an average cost of $45 per acre for fertilizer.
The most promising varíties thus far are No. 498, Earliana, Val-
iant, and Stokesdale. The very early types such as Bounty and
Bison are to be tried in 1941 -42.

Bermuda and Crystal wax onions seeded in late October pro-
duced 7.6 and 6.1 tons per acre respectively, with a total fertilizer
cost of $23 per acre. The Spanish type onion failed to bulb
properly.

Carrots produced on the Yuma Mesa this season were of ex-
tremely fine appearance and quality.
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Vegetable and herb seed production

Present world conditions have restricted the supply of many
vegetable and herb seeds. Some of these can be grown in Arizona.
During 1940 -41, preliminary studies of the seeding of several
vegetable and herb crops were undertaken at the University
Farm at Mesa.

Cauliflower of the Snowball type yielded approximately 250
pounds of plump, viable seed per acre. Lower yields in commer-
cial fields would be expected di- i removal of off -type plants.
Broccoli of the Intermediate ian Green Sprouting type
yielded 850 pounds of seed per acre. Collards, Chinese cabbage,
kohlrabi, beets, onions, endive, and salsify seeded readily.

Dill yielded 2,900 pounds per acre; coriander, 4,000 pounds; and
anise, 400 pounds. Chicory, parsley, Florence fennel, and sweet
marjoram seeded heavily.

CITRUS STUDIES

Winter temperatures in Salt River Valley citrus groves

Air temperatures were recorded at some thirty stations in the
Salt River Valley as in past winters. The 1940 -41 winter was one
of the warmest on record. At the coldest station a minimum of
26 degrees was recorded on December 15, and temperatures of
32 degrees or lower occurred on ten other nights. Two stations
were frost free throughout the winter, and twelve stations had
minimums of 30 degrees or above. Temperature inversion data
were limited but indicated situations similar to those reported
last year. Orchard heaters were not used at any time during the
winter.
Citrus fertilization

The grapefruit fertilization plots on the Yuma Mesa have been
continued. Results have again duplicated those previously re-
ported. These might be summarized as follows. Nitrogen is the
only fertilizing element which has influenced yields. It has been
equally effective when applied as calcium nitrate, ammonium
sulfate, or urea (uramon) . Manure applied to give approximately
the same amount of nitrogen has had little influence upon yield.
None of the treatments have influenced the quality of the fruit
except possibly as it is influenced by the number of fruit borne.

The fine quality of Valencia oranges produced in the Salt River
Valley and the apparent adaptation of this variety have indicated
the desirability for intensive studies of fertilization and other
practices with a view especially to increasing the yields. Thus, a
study has been initiated in a commercial Valencia orchard of the
Salt River Valley. A small plot experiment which has been run-
ning for the past 7 years has been discontinued. From it some
interesting data have been obtained. It would appear that
Valencia oranges have an alternate bearing habit which in the
case of these trials gave a greater difference in yields between
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years than occurred between the various plots in any one year.
After 3 years, plots receiving commercial nitrogen tended to in-
crease in yields more than unfertilized plots. Manure applied at
the rate of 5 and 10 tons per acre gave lesser increases.

Quality and yield of grapefruit

The fourth year's results have again shown that the yield and
quality of grapefruit is influenced by nitrogen situations within
the trees. The nitrogen content of the tree is, under many orchard
conditions, susceptible to control by the grower through such
practices as the application of nitrogen fertilizers to make more
nitrogen available, and the use of nitrogen -feeding cover crops
to make less nitrogen available. Nitrogen control practices to
maintain yields and to improve fruit quality have been used by a
number of growers in the state for the past 2 years. This is
especially true on the Yuma Mesa where the result seems to be
an earlier maturity of the fruit and an improvement in quality
compared with that customarily produced in the district.

Experiments with the use of permanent covers to give nitrogen
control and possibly reduce orchard management costs have
gotten well under way on the Yuma Mesa Experimental Farm.
Mineral nitrogen is applied in these plots in the winter. No culti-
vations or other treatments are given except as are necessary to
remove the growth in the orchard. In 1940 Bermuda plots which
received 2 pounds of nitrogen in December, 1939, had the highest
yield and best quality of fruit of any treatment. The following
permanent covers are under trial: perennial Sudan grass, giant
panic grass, Bermuda, alfalfa, weeping love grass, and Lehman's
love grass.

Irrigation practices now appear to be another factor having an
important influence upon fruit quality. In preliminary experi-
ments on the Yuma Mesa, where trees carried comparable yields
of fruit, plots irrigated at 28 -day intervals produced a much
coarser, lower -grade fruit than those irrigated at 14 -day intervals.
Such data were amply corroborated by observations in privately
owned orchards of the Salt River Valley in 1940, and similar evi-
dence is to be seen in experimentäl plots in 1941 as shown in
Plate I of fruit harvested in late November. The top row shows
that very rough, thick -skinned fruit predominated where water
was restricted through late summer and nitrogen was readily
available. This fruit was grown in an alfalfa plot with furrow
irrigation at 2 -week intervals. The center row shows that coarse,
thick- skinned, late coloring fruit predominated where water
supply was not restricted and nitrogen was readily available.
This fruit was grown in an alfalfa plot with flood irrigation at
2 -week intervals. The bottom row shows that a fine -textured,
thin -skinned, early -coloring fruit of relatively high commercial
grade tended to predominate where summer moisture supply was
not restricted and where nitrogen was limited through the sum-
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Plate I. -Large size grapefruit showing effect of nitrogen and water supply
on quality.
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mer. Fruit shown was grown in a Bermuda grass plot with flood
irrigation at weekly intervals.

These data are interpreted as indicating that water supply
during the period of fruit development influences the quality of
fruit independently of any effect it may have upon nitrogen
nutrition. Thus, the best quality of fruit can be expected where
nitrogen supply through the summer and fall is limited and
where ample soil moisture supplies are maintained.

Just how moisture supply influences the quality of the fruit is
of course unknown. However, it is well known that between
irrigations moisture may be withdrawn from the fruit, causing
it to become spongy. Perhaps this alternate withdrawal and in-
flux of moisture as the fruit grows affects the turgor relations of
the cells, and a coarser -textured fruit results. Such a theory is
entirely unproved but if true would explain many phases of
grapefruit quality in the desert region which heretofore have
been most puzzling. For example, perhaps outside fruit is more
coarse than inside fruit because it is more subject to loss of water
through leaf transpiration than is the inside fruit. Perhaps also,
when cells become flaccid between irrigations, there is a tendency
for those at the stem end to be stretched by the weight of the
fruit, producing the sheepnose shapes so common in the desert
areas. These and other related problems indicate the need for
further knowledge on moisture relations.

With the recognition that nitrogen nutrition and soil moisture
may have important roles in influencing the fruiting behavior of
grapefruit trees, it seemed appropriate to survey some of the
grapefruit orchards of the state with a view to evaluating cultural
practices and environmental features in terms of their effect upon
yield and quality. Such a study was conducted in co- operation
with the Arizona Citrus Growers Association in Phoenix and
included about 260 groves in the Salt River Valley. The data
obtained corroborate those of the experimental work.

Nitrogen fertilization was found to be the most important single
factor to affect production of fruit. Winter cover crops which
compete for nitrogen during the winter and spring were found to
give reduced yields as compared with clean cultivation during
the winter. On the other hand, groves having summer cover
crops such as Bermuda grass, Johnson grass, or weeds produced
better quality of fruit than those clean cultivated during the
summer. Groves receiving the larger amounts of water produced
fruit of better quality than those receiving lesser amounts. As
yields increased up to about four boxes per tree, there was a
corresponding increase in quality, but above four boxes per tree
there was no consistent relation to quality. The time of harvest,
of course, influenced the yield of the current crop in terms of
field boxes, since the fruit increases in size on the tree. Where
groves had been amply fertilized with nitrogen, there seemed to
be no consistent effects of time of harvest upon the size of the
succeeding crop.
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Quality and yield of navel oranges
Since 1938, studies on Washington navel oranges on the Yuma

Mesa have been under way. The design of these studies is similar
to that of the grapefruit investigations - namely, combining treat-
ments so as to produce wide seasonal differences in nitrogen
composition of the trees. The use of nitrogen through the year
or in winter and spring has favored production. The use of com-
peting cover crops in the summer has hastened the cóloring of
the fruit.
Nitrogen uptake by grapefruit trees

Studies on the uptake of nitrogen have been continued. The
results are similar to those reported previously and have given
valuable information on time of application and material to use
to obtain a high nitrogen content of the new growth during the
period of blossoming and fruit setting. Nitrogen uptake from all
fertilizers has been more rapid when the application is made in
the fall (August) and spring (March) than when the fertilizer
is applied in winter (December) . However, the time of applica-
tion of each fertilizer which produced the highest nitrogen value
in the new leaves was February for calcium nitrate, December for
urea and ammonium sulfate, and August for manure.

In one case approximately the same amount of nitrogen reached
the new leaves from each of the fertilizers when applied on the
above dates. In another instance, comparable amounts were taken
up from calcium nitrate and urea, with a lesser amount from
ammonium sulfate. Fertilization with manure is characterized
by a low initial uptake and a prolonged period of response. Its
effect upon new leaves in the spring is less marked than com-
mercial nitrogen applied during the winter, but it induces a
higher nitrogen level in the leaves during the summer and fall.

PECAN STUDIES

The pecan situation in the Yuma Valley
During the past year, trees in a number of pecan orchards in

the Yuma Valley have been removed because of unsatisfactory
fruiting performance. In this district of warm winter tempera-
tures most varieties of pecans are subject to delayed foliation
which reduces yields. Similarly, in many varieties, high summer
and fall temperatures contribute seriously to poor quality and
maturity of the nuts. As previously reported, pecans generally
are much better suited to the climate of the Safford and Salt
River valleys than to Yuma.

It continues to be evident that at Yuma only those varieties can
be successful which (1) require relatively little chilling during
the winter and (2), are least susceptible to the effects of high
summer and fall temperatures upon nut filling and maturity.
Those presently known to fulfill these requirements reasonably
well are Mahan, Humble, Western, and Delight. Unfortunately,
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the acreage of these varieties is relatively very small. When
pecans were planted 10 to 20 years ago, nothing was known of
varietal adaptation, and the acreage in the Yuma Valley was
planted principally to Burkett, Kincaid, and Success, with lesser
plantings of other varieties. For the most part owners of orchards
of these varieties should decide either to remove the trees or
to top -work them. A few Success orchards located on the softer
soils may yield sufficiently well that it would be worth while to
maintain them.
New methods of top -working pecan trees

The failure of pecan varieties in the Yuma Valley which make
up the bulk of the acreage and the recognition that a few var-
ieties are reasonably well adapted have emphasized the need for
inexpensive methods of top -working. Studies of this have been
conducted on the Yuma Valley farm for a number of years.
During the past 3 years they have been extended. A method
which is believed to have many advantages for trees with trunks
not more than 6 inches in diameter consists of placing two or
three buds low down and close to the trunk. The steps in this
procedure usually take an order somewhat as follows.

The lower branches are removed in the winter, cutting them
off 2 or 3 inches from the trunk, or if the shape of the tree does
not lend itself to such treatment, the trunk of the tree may be
partially girdled with a pruning saw. In either case suckers are
forced out the following spring. These are thinned to two or
three. Buds of one of the better adapted varieties are placed in
these suckers in August. About a week later the wrap is removed
and the sucker girdled above the bud. Often the bud breaks at
once, and several inches of growth occur before the end of the
season. The following winter the main trunk is girdled and
lower branches removed to insure sunlight reaching the new
growth. During the following summer the growth from the bud
is trained upward, making a central leader for the new tree.
Branches of the old variety are removed as necessary to permit
sunlight for the new growth. The entire tree above the girdle is
removed after some two seasons of growth.

A few trees top -worked as early as 1932 by this method` have
proved satisfactory. In addition to saving labor, it incorporates
a basic principle well known to horticulturists -namely, the
nearer the bud is placed to the roots, the better is the growth of
the resulting tree.

It is quite clear that a Success interstock has a dwarfing effect
upon the top variety. Thus, where Success trees are to be top -
worked, suckers to be budded should be forced out from the
seedling trunk below the bud union.
Sunshine as a factor in winter dormancy

During the past year evidence was obtained indicating that the
amount of sunshine during the winter has an important bearing
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on the winter dormancy situation. It appears that relatively
fewer hours of chilling are required to complete the dormancy
where cloudiness exists than where there is a high percentage of
sunshine. Hours of chilling, of course, measure only air temper-
atures. More heat would be absorbed by the buds in sunny
weather than in cloudy weather, even though air temperatures
are alike, and it is the temperatures within the buds which deter-
mine dormancy. The need for measuring internal temperatures
of the buds is apparent.

The fact that sunny weather during the winter is less effective
in providing for the dormancy requirements of the buds than is
cloudy weather suggests another reason why problems of delayed
foliation have been so pronounced in the Yuma area.
Treatments to overcome delayed foliation

An increase in the percentage of pistillate blossoms where
Burkett trees were sprayed during the winter with dinitro-o-
cyclohexylphenol has been previously reported. This year a
reduction in the May drop of young nuts and an increase in yield
in the 1941 harvest on the Yuma farm were obtained. This is the
first year that treatments have also included other near -by
Halbert trees to insure early pollen. It is believed that the in-
creased set and yield this year may have been made possible by
providing adequate pollination for the treated Burkett trees.

Trees of the Success variety have not responded to the DNO
spray. Yields of Humble and Halbert have likewise been un-
affected. This latter would be expected because these varieties
appear to have their chilling requirements satisfied even in the
Yuma Valley. Similarly, Burkett trees at Safford gave no re-
sponse to the DNO spray.
Pecan nut filling

It has been previously suggested that the black- margined
(honeydew) pecan aphid contributed seriously to poor filling of

pecan nuts. In experiments in 1940 where other factors were kept
uniform, trees with a heavy aphid infestation produced nuts
having as much as 20 per cent less oil than those where the aphids
were controlled.

Again, as for many years, the best -filled nuts have been pro-
duced on trees handled to reduce vegetativeness through the
summer, pruned to permit sunlight to penetrate throughout the
tree, and the honeydew aphid controlled. This latter has been
accomplished through the co- operation of the Department of
Entomology.

Calendar dates for harvesting pecans

Since the 1936 season, pecan nuts have been collected at fre-
quent intervals from the initiation of filling on through the har-
vest season. These have then been subjected to chemical, phys-
ical, and taste tests. A surprising feature of the results is that full
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kernel quality has been attained in each variety at very nearly
the same calendar date each year. It appears that pecan growers
in the Yuma Valley can satisfactorily determine the time to
begin harvest simply by learning the calendar date at which a
given variety reaches full kernel quality. For the varieties
studied, this has been as follows: Humble, October 1 to 4; Delight
follows the Humble closely but has not been studied in detail;
Halbert, October 12 to 14; Burkett, October 20 to 22; Western,
October 24 to 28; Success, October 20 to 24; Mahan, November 1
to 4. Present evidence is that in the Salt River and Safford
valleys full kernel quality is attained at about the same dates.

It can now be taken as an established fact that in the warm,
dry climate of the Southwest, pecan shuck opening is not corre-
lated with attainment of full kernel quality and does not provide
a satisfactory index of the time at which harvesting should be
initiated. The complete loosening of the shucks from the shell
occurs at about the same time that full kernel quality is attained
and provides the best index yet found of when to begin harvest-
ing. In order to reduce losses from germination, prompt harvest-
ing upon the attainment of full kernel quality is desirable, al-
though not always possible.

In the early part of the harvest, the use of ethylene gas aids in
the removal of the shucks in two specific ways. It assures that
all shucks are completely loosened from the nuts, and it causes
the four parts of the shuck to separate from each other. While
this procedure appears to have an important place in pecan har-
vesting in the Yuma Valley, in districts of lower fall temperatures
where pecan shucks open properly and less germination occurs,
it is unnecessary.

DATE STUDIES

Date maturation and storage

Studies on methods of maturing and storing soft dates have
continued. Favorable ripening conditions in 1940 provided a
medium dry fruit of excellent quality. Experiments were con-
ducted with Khadrawi, Maktoom, Sayer, Halawi, and Hayany
varieties.

At the end of 160 days, dates stored at 0 degrees F. were supe-
rior in color and flavor to those stored at 32 degrees, which latter
were superior to those stored at 45 degrees. These differences be-
came more marked at the end of 1 year. Dates stored at 0 degrees
retained a light color and pleasing flavor and developed no sugar
spot. They could be marketed without loss in grade.

From the studies thus far, it appears that important require-
ments for date storage are (1) a low temperature to reduce the
rate of respiration or conditions which provide for the removal
of the products of respiration and (2) a sufficiently high humidity
to prevent moisture loss from the date and the consequent crys-
tallization of sugar.
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Storage studies have also indicated that the physiology of the
palm as possibly influenced by cultural practices may influence
the storability of the dates picked from it. Thus, the studies are
now being extended to include the effects upon fruit quality and
storability of such factors as irrigation, thinning, amount of fruit
produced, and number of leaves in relation to fruit.

The 1941 date season at the Tempe garden

Date blossoming was late, although winter temperatures were
above normal. A light crop was produced by some varieties, per-
haps because of rain damage during pollination. Exceptionally
large fruit developed. Light rains during July caused some crack-
ing of the fruit. A heavy rain of 1.10 inches on August 10, fol-
lowed by light showers and cloudy weather, caused heavy damage
by checking on fruit of practically all varieties. On September 28
a rain of 1.38 inches caused some souring of the softer varieties.
The summer was below average in temperature, and the time of
ripening was consequently delayed.

TABLE 15.- SUMMARY OF 1941 DATE SEASON AT TEMPE
DATE GARDEN.

Variety blossoatemed
Date

ripened Per cent loss and condition

Apdamdon Apr. 19 Aug. 28 20- Checking -good
Bent Kebala Apr. 3 Oct. 1 90- Severe checking
Braim Apr. 9 Sept. 21 25- Slight checking and darkening
Deglet Noor._ : Apr. 15 Sept. 25 75- Severe checking and souring
Halawi Apr. 3 Sept. 10 50- Shrivel -deep apical split
Hayany Apr. 14 Sept. 10 95- Severe checking and black -

nose
Iteema Apr. 18 Sept. 15 40- Checking and souring
Khadrawi Apr. 3 Aug. 27 20- Slight checking and shrivel
Khir Mar. 14 Sept. 12 5 -Good
Kustawi Apr. 2 Sept. 25 50- Slight checking
Maktoom Apr. 19 Oct. 15 30-Discoloration and shrivel
Rhars Mar. 22 Aug. 25 80- Splitting and souring
Sayer Apr. 13 Oct. 10 15- Slight checking and souring
Saidy Apr. 14 Oct. 10 10 -Very slight checking
Tadala Apr. 10 Sept. 10 5- Slight checking
Zahidi Apr. 19 Sept. 14 50- Moderate checking
16 -23 Apr. 14 Sept. 3 85- Severe checking

The 1941 date season at the Yuma garden

Most of the palms in this garden are now of a size and condition
to produce large crops of fruit. Because of a lack of funds it has
not been possible to systematically dethorn, pollinate, thin, or
otherwise care for fruit production aspects. A few bunches of
most varieties received irregular pollination and, as for several
years previous, produced fruit of excellent quality. Fruit losses
during maturity appear to be negligible in the Yuma Valley. It
is regretted that more studies cannot be given to date production
in this garden.
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NEW VARIETIES AND ROOTSTOCKS

On the Mesa Experimental Farm the Jewell and Waldo peaches
again fruited well, as did the Bruce and Terrill plum. Experience
thus far indicates that these varieties require relatively little
chilling during the winter months and may be otherwise adapted
to Salt River Valley conditions.

The Shalil peach rootstock is under trial in several parts of the
state. By comparison with native seedling stock it makes a more
vigorous growth and seems to be somewhat less susceptible to
the common iron chlorosis. It continues to grow well in soil in-
fested with nematodes, although a few small knots have now been
found on the roots.

It appears that by using the better adapted varieties of stone
fruits on the Shalil root, trees much better suited to Salt River
Valley conditions may be obtained.

On the Yuma Mesa the figstock (PI 52406) introduced more
than 2 years ago is thriving in soils infested with nematodes. Some
small knots have been found on the roots, but none of a serious
nature have yet been uncovered. Cuttings of this fig have been
made and the plantings increased so that its adaptability as an
understock for commercial varieties can be tested. The tapioca
plant has continued to thrive.

HUMAN NUTRITION
THIAMIN (VITAMIN BO METABOLISM IN HUMANS

The need for simple tests for judging nutritional status with
respect to each of the known dietary essentials, especially the
vitamins, has led this laboratory to measure the excretion of
thiamin in human beings and rats for the purpose of determining
its significance and possible use in the evaluation of nutritional
status with respect to vitamin B1.

All urinary thiamin measurements were made following a
modification of the method of Hennessy and Cerecedo. The
thiamin in urine aliquots at pH 4.5 is absorbed on a column of
specially treated "decalso" to separate it from interfering sub-
stances. It is then washed free from the absorbent with 25 per
cent KC1 solution. The thiamin in the eluate is converted into
thiochrome with potassium ferricyanide and its fluorescence
measured in a Pfaltz and Bauer fluorophotometer. Using this
procedure, it was possible to recover from 92 to 100 per cent of
added thiamin.
Variations in 24 -hour excretion

The 24 -hour excretions of thiamin in subjects tested varied
greatly among the different subjects and in the same subject
from day to day (57 to 620 micrograms) . Variations in the intake
of thiamin were reflected in variations in the urinary excretions
on the same day. To the contrary, when a given subject subsisted
upon the same diet (controlled thiamin intake) , the urinary ex-
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cretion of thiamin was remarkably constant from day to day.
Apparently then, the 24 -hour thiamin excretion is dependent upon
the dietary intake of this vitamin but is not necessarily a measure
of the degree of tissue saturation or nutritional status.
Variation in 4 -hour excretion

A much greater constancy of excretion of thiamin was observed
in the morning 4 -hour period. In general this 4 -hour sample
showed a thiamin content which appeared to be little affected by
the thiamin intake of the previous day. A variation in thiamin
content of the diet of the previous day, in the range of 1,500 to
5,000 micrograms, did not appreciably change the next morning
4 -hour excretion, the thiamin apparently being rather quickly
absorbed and excreted. An exception to this general rule was
found when a thiamin -rich food slow of digestion, like pork, was
ingested with the previous night's meal. In this case, a hangover
effect was noted -i.e., a somewhat greater excretion of thiamin
in the morning 4 -hour sample was noted. Enriching of the pre-
vious night's meal with crystalline thiamin, however, did not have
a similar effect.

No correlation between volume of urine excreted and its thiamin
content was noted. Large 4 -hour excretions (1,000 cc.) were as
likely to be low in total thiamin as small volume (50 cc.) excre-
tions were to be high.
Excretion of test dose of thiamin

The response to the ingestion of a test dose of thiamin was next
investigated. A 5 milligram pellet of crystalline thiamin hydro-
chloride was given with the breakfast of low thiamin content,
and the excretion of thiamin in the subsequent 4 -hour and 24-
hour periods measured as before. In several subjects the test
dose was given at approximately 10 -day intervals over a period
of .3 to 6 months. Although rather striking differences between
different individuals were noted, a remarkable regularity in re-
sponse to the test dose was observed in a given individual, some
consistently excreting a small percentage (2 to 3 per cent) of the
test dose, whereas others always excreted a large percentage in
the same test period (7 to 10 per cent) . In order to test the pos-
sibility of a difference in degree of tissue saturation with respect
to thiamin as the causative factor in this difference between in-
dividuals, six subjects were given the test dose for 7 to 14 con-
secutive days. In the two subjects giving a low initial response,
a day -by -day increase in percentage excretion of the test dose
was observed. On the other hand, the excretion of thiamin in the
other four subjects with an initial excretion of from 7 to 10 per
cent showed no consistent increase.

Further enrichment of the diet of these subjects who appeared
to be saturated with respect to this vitamin (by the addition of
2 milligrams of crystalline thiamin to the noon and night meals)
caused large increases in total thiamin excreted in the 24 -hour
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sample but did not cause any proportionate increase in the re-
sponse to the 5- milligram test dose in the 4 -hour test period on
the subsequent morning.

On the other hand, when the subjects who gave a low initial
response to the test dose, suggestive of tissue unsaturation, were
given crystalline thiamin daily in addition to their regular diets,
the results were quite different. When the test dose was repeated
at 10 -day intervals, a gradually increasing percentage excretion
was observed until a plateau level was reached. Further enrich-
ment of the daily diet produced no consistently greater excretion
of the test dose, suggesting the attainment of tissue saturation.
An accompanying definite improvement in well -being was re-
ported by these subjects.
Method for judging vitamin nutritional status

On the basis of these experiments it has been concluded that
determination of the resting level of thiamin excretion is incon-
clusive, serving only as an indication of the thiamin content of
the day's food supply. Considerable confidence can be placed in
the response of the subject to a test dose as a measure of tissue
saturation. The excretion of thiamin in a 4 -hour period, 8 a.m. to
12 noon after the ingestion of 5 milligrams of crystalline thiamin
hydrochloride with a standard breakfast, is a function of the
degree of saturation of the tissues with respect to thiamin. If
tissue saturation can be considered a satisfactory criterion of
optimal nutritional status as regards this vitamin, then it may be
concluded that excretion of 7 per cent or more of the test dose of
this size is indicative of good nutritional status, whereas a lesser
excretion may be considered suboptimum.
Application of test

The 4 -hour urinary excretion of thiamin was followed on three
consecutive mornings in 106 college students. The first 2 days
served as a measure of the resting level, and on the third morning
the percentage excretion of the 5- milligram test dose given with
the same breakfast was determined. Approximately half of this
group as judged by this test was found to be undersaturated,
suggestive of a suboptimum intake of vitamin B1.

Application of the same test was also made to sixty rural house-
wives attending an Extension Service conference on the Univer-
sity campus. More than 80 per cent of these women excreted in
excess of 7 per cent of the test dose, showing excellent nutritional
status as regards vitamin B1. Influenced by the nutrition teaching
of the Extension Service, these rural women had given whole
wheat bread, wheat germ, and legumes a prominent place in their
food supply.

THIAMIN (VITAMIN BO METABOLISM IN RATS

The excretion of thiamin in the urine of adult albino rats on
rations containing graded levels of thiamin has been followed, and
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the response of these animals to a test dose of thiamin investi-
gated. Twenty- four -hour specimens of urine were collected daily,
the rats living in specially constructed metabolism cages which
made separate collection of urine and feces possible. All thiamin
measurements of the acidified urine were made by the same
procedure as described above for human urine. Higher "blank"
values for rat urine than those found for human urine were
noted in the rats maintained on yeast- containing rations.

It has been found that rats taken from the stock colony main-
tained on Sherman's Diet B excreted from 8 to 10 micrograms of
thiamin daily; and when given 'a 300 -microgram test dose of
thiamin hydrochloride, approximately a third of this amount was
excreted in the subsequent 24 -hour period. Further enrichment
of the ration in thiamin resulted in but slight increase, if any, in
the percentage excretion of the test dose in the 24 -hour period,
thus indicating a condition of tissue saturation with respect to
thiamin\ When these rats were placed upon the experimental,
thiamin -free ration, their excretions of thiamin fell to approxi-
mately zero in a week before loss of weight, loss of appetite, and
other evidences of deprivation of vitamin B1 were apparent.
Ingestion of the 300 microgram test dose at this time did not
appreciably increase the excretion of thiamin, giving further
evidence of the tissue unsaturation.

In order to determine the dietary level of thiamin which would
provide for tissue saturation, young rats are being maintained
on the thiamin -free ration with thiamin fed separately at levels of
5, 7.5, 10, 15, 20, 30, and 40 micrograms daily. The daily excretion
of thiamin of each of these rats and their response to the ingestion
of a 300 -microgram test dose at periodic intervals are being
measured. Growth records and reproductive histories are also
being followed.

ABSORPTION OF FLUORINE BY FOODS COOKED IN WATER
CONTAINING FLUORINE

During the past year, further analyses of the fluorine content
of foods (cabbage, broccoli, beets, carrots, potatoes, squash, Brus-
sels sprouts, oatmeal, navy beans) which have been cooked ac-
cording to customary household practice in water containing
fluorides have been made. As before, results have been compared
with those obtained by cooking the same foods in distilled water
in the same amount and for the same length of time. The water
which remained after the vegetables were cooked was also an-
alyzed and the total fluorine accounted for.

Results show definitely that foods cooked in fluorine -containing
water do retain fluorine in proportion to the fluorine content of
the water used. As to be expected, dry foods like navy beans and
oatmeal, which absorb several times their own weight of water
during the cooking process, show a fluorine concentration of the
cooked product only slightly less than that of the water used. Even
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vegetables which are cooked in large amounts of water which is
subsequently discarded were found to absorb fluorine.

The concentration of fluorine in the cooked product is approx-
imately equal to that of the water remaining after cooking.
Vegetable foods which have a high water content (85 to 95 per
cent) evidently retain fluorine in proportion to their water con-
tent, the water in the vegetable being replaced by the cooking
water. Thus, most of the vegetables cooked in water containing
5 p.p.m. of fluorine were found upon analysis of the cooked pro-
duct to contain approximately 3+ p.p.m. of fluorine. No evidence
of selective absorption of fluorine in the cooked product was
noted.

This evidence contraindicates the desirability of using local,
untreated, fluorine -containing water for cooking purposes in those
regions in which mottled enamel is endemic. Explanation is
afforded for the finding of mottled enamel in a family who had
used fluorine -contaminated water for cooking purposes only.

THE MINERAL CONTENT OF VEGETABLES AS RELATED TO
THE SOILS IN WHICH THEY GROW

A project is under way to study the variations in the mineral
content of the vegetables that are grown on different Arizona
soils and to investigate any possible correlation with the soils upon
which they were grown. Seventeen samples of carrots and thir-
teen samples of lettuce, together with samples of the soil in which
they were grown, were obtained by the Department of Horticul-
ture from various farms scattered over the state. The vegetables
were analyzed in the nutrition laboratory for moisture, ash, cal-
cium, phosphorus, iron, and carotene. The Department of Agri-
cultural Chemistry analyzed the soils for total soluble salts, pH,
carbon dioxide soluble phosphate, calcium, magnesium, sodium,
chlorine, sulfate, bicarbonate, and carbonate.

While the samples of vegetables from a given plot of land were
very similar in mineral content and the soils were found to vary
but slightly, there was a decided variation in the mineral content
of the vegetables as well as the soils in which they grew when
the vegetables and soils from different plots were compared. The
milligrams of calcium, phosphorus, and iron per gram of carrot
ranged from 0.38 to 0.58, 0.24 to 0.38, and 0.0043 to 0.0105, respec-
tively. For lettuce the range of calcium, phosphorus, and iron was
0.18 to 0.31, 0.20 to 0.31, and 0.0027 to 0.0054, respectively. There
was no great correlation between the analysis of the soils and
vegetables except in general a high CO2 soluble PO4 in the soil is
associated with a high phosphorus content and a low calcium con-
tent in the vegetable. It is interesting to note in passing that the
Arizona grown vegetables are very similar in composition to
those grown in other parts of the world. The following table
compares the values given by Rose in her Laboratory Handbook
for Dietetics and by McCance & Widdowson in their The Chemical
Composition of Foods.
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TABLE 16. -THE CHEMICAL COMPOSITION OF CARROTS AND
LETTUCE GROWN IN ARIZONA AND ELSEWHERE.

Mg. Ca /gm. Mg. P /gm. Mg. Fe /gm.

Carrots
Rose 0.46 0.41 0.006
McCance 0.48 0.21 0.0056
Arizona grown 0.48 0.33 0.006

Lettuce
Rose 0.17 0.40 0.005
McCance 0.26 0.30 0.007
Arizona grown 0.25 0.26 0.004

The carotene content of the carrots was found to vary from 128
to 296 International Units of vitamin A per gram with an average
of 192 IU. This is high as compared with the accepted vitamin A
value of 100 IU per gram of carrot as given by Booher. In the case
of lettuce the carotene content was such that the vitamin A value
varied from 0.7 to 3.8 IU per gram with the average of 1.6 IU,
while Booher gives 2 to 3 IU per gram as the vitamin A value of
lettuce.

PLANT BREEDING

ALFALFA BREEDING

On October 25, 1940, 225 lines of alfalfa were planted from seed
of different degrees of inbreeding. Two hundred and three of
these lines were planted with open pollinated seed only. With
each of the remaining twenty -two lines, both open and self -
pollinated seed were planted in adjacent rows 20 feet long. Since
the winter of 1940 -41 was unusually warm at Tucson, these lines
had attained a height of from 15 to 25 inches by February 25, 1941.
At this time the average height of each of twelve of these lines
planted from open pollinated seed was compared with the average
height of the same lines planted from self -pollinated seed, the
data being given in Table 17.

In studying this table it should be observed that all of the
twelve lines had been inbred (selfed) three to five generations
previous to the generation grown in 1940 -41, the measurements of
which are here tabulated. In the summer of 1940 both open
pollinated and selfed seed were taken from each of the twelve
lines, so that each selfed row has been inbred (selfed) one more
generation than the open pollinated row as shown in the second
column of Table 17. The purpose` in presenting this table is to
show that:

1. None of the lines has been materially reduced in vigor as
judged by rapidity of growth. Sixth generation inbreds are as
high as third generation inbreds.

2. Some cross -pollination must have taken place among the open
pollinated plants of these lines in 1940, since they are all of the
same vigor and very uniform in the succeeding generation.
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TABLE 17.- HEIGHT OF SELFED LINES OF ALFALFA, FEBRUARY
25, 1941, PLANTED OCTOBER 20, 1940, AT TUCSON, ARIZONA.

EACH LINE PLANTED FROM OPEN AND SELFED SEED.

Progeny no.
No.

generations
inbred

Height measurements
(inches)

Average
height.

(inches)

10 -3 open 5 22 16 19 24 20
10 -3 selfed 6 19 20 21 22 20
16 -2 open 3 20 18 16 17 18
16 -2 selfed 4 21 18 21 15 18
16 -3 open 3 17 21 23 19 20
16 -3 selfed 4 21 19 21 18 19
17 -1 open 3 20 21 22 21 21
17 -1 selfed 4 21 21 20 20 20
24 -3 open 3 14 17 15 13 15
24 -3 selfed 4 12 12 15 14 14
31 -2 open 3 15 15 12 14 14
31 -2 selfed 4 15 13 15 12 14
55 -1 open 5 20 22 21 21 21
55.-1 selfed 6 20 19 21 21 20
56 -2 open 5 18 21 18 20 19
56 -2 selfed 6 19 20 18 16 18

101 -3 open 5 20 19 16 22 19
101 -3 selfed 6 19 18 17 20 18
106 -1 open 5 18 20 16 18 18
106 -1 selfed 6 19 16 18 17 17
108 -1 open 5 17 17 17 16 17
108 -1 selfed 6 17 16 20 15 17
139 -4 open 5 17 19 18 18 18
139 -4 selfed 6 16 18 19 18 18

3. While in genetic studies with alfalfa bagging to control
pollination is necessary, selection within open pollinated lines may
be used to good advantage, and since by the latter method more
lines and more seed are made available, it is superior to self -
pollination in bringing rapidly into production the best lines
which may be bred up from commercial fields.

Alfalfa strain 21 -5, a third generation inbred, which is being
grown in isolation at the Yuma Station, produced 1,258 pounds of
unrecleaned seed on approximately 2 acres. This seed is to be
used by the Arizona Crop Improvement Association for planting
foundation fields.

COTTON BREEDING

Pima -120 cross

Approximately 1,300 F2 plants of the Pima -120 cross were grown
during the summer of 1941. Also about sixty plants of the first
generation back cross (F1 Pima x 120) x Pima were grown. Dur-
ing the flowering season, extending from July 15 to September
10, selfed seed was obtained from about 200 of the F2 plants and
from all of the back crossed plants. A comparison of the lint and
seed characters of the two parents of this cross is shown in Table
18.
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TABLE 18. -LINT AND SEED CHARACTERS OF PARENTS OF
PIMA -120 CROSS.

Pima 120

Lint length 11/2 to 15 /8 12;i8 to 11 /2
Lint Fine Coarse
Lint per cent 29 37
Seed index 13 11
Lint index 6.75 5.14

The object of this cross is to combine the fine lint and ability
of the open boll to hold the seed cotton of the Pima with the pro-
ductiveness of 120. Laboratory studies are being made with in-
dividual plants of the F2 and back crossed plants in order to isolate
the best plants for the progeny test in 1942.
Interspecies cotton crosses

In an attempt to combine the strength and fineness and resist-
ance to certain diseases of the barbadense cottons with the Up-
land, the following crosses and back crosses have been made:

F1 (barbadense- Upland hybrid X Stoneville)
on

F1 (Hopi x Stoneville)
A population of approximately 500 plants was grown from this
double cross, from which a single plant was used for making the
first back cross on Stoneville. In a population of thirty plants
from this first back cross, the weight of ten bolls of seed cotton
per plant varied from 31 to 78 rams, the latter being approxi-
mately the same weight as ten bolls of seed cotton of Stoneville.
Fairly large populations were grown from selfed seed for two gen-
erations from plants representing the extremes of boll size (31 to
78 grams) of the first back cross, and each appeared to be breed-
ing true for the main factors of boll size and length of lint. Weight
per 100 seeds varied from 11 to 20 grams, which was the most
variable feature of the first back cross.

In the second back cross a single plant of the largest boll class
(78 grams per ten bolls) was crossed on Stoneville. In a popula-
tion of 161 plants of this second back cross it was observed that
the average weight of 100 seeds was reduced from 16 to 14 grams,
while the average weight of ten bolls of seed cotton was increased
approximately 5 grams as compared with these same weights in
the first back cross. The average lint length of 164 plants of the
first back cross was 43/32 inches, while the average lint length
of a population of 162 plants of the second back cross was 38/32
inches. In the same two populations, 31 per cent of the first back
crossed plants had a lint -breaking strength of 1,000 or more units,
while only 20 per cent of the second back crossed plants had a
lint- breaking strength of 1,000 or more units. It is evident that
factors for both lint length and lint strength have been brought
into these hybrid populations from the barbadense parents and
that the number of these length and strength factors has been re-
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duced by back crossing on the Stoneville parent. In this method
of cotton breeding it will be necessary to determine whether a
productive strain can be produced before so many back crosses on
the Upland have been made as to eliminate the superior qualities
derived from the barbadense parents.
Acala

From 153 progeny rows grown at Tucson in 1940, 765 plants
were selected for further study and for continuing the work in
1941. The yield of seed cotton per 100 feet of row was determined
for each of the progenies grown, and approximately one half of
the number was discarded on the basis of relative yield. Labor-
atory tests made on the remaining selected plants include size
or contents of boll, per cent lint, lint index, seed index, number
of seeds per boll, the length of lint and the percentage of lint in
each 1/8-inch class as determined by sorting, and the strength of
lint.

Seed of twenty -seven of these selected plants were planted in
progeny rows in the breeding plots at Tucson in 1941. The final
selection of these twenty -seven plants was based upon yield and
length of lint. Massed seed from the best plants of four of the
1940 progeny rows were planted in a strain test with other Ari-
zona strains and with strains from California and New Mexico.
Here again final selection was based on yield and length of lint.

As in the past an Acala breeding block was run in the Queen
Creek section of the Salt River Valley in co- operation with the
U.S. Field Station at Sacaton. In 1941, 129 duplicate progeny rows
were planted from the seed of selected plants taken from the
best progeny rows grown in 1940. In addition a field of approx-
imately 20 acres was planted with mass seed from the best
progeny rows. This field is expected to produce approximately
10 tons of foundation seed to be distributed among growers for
the production of registered seed in 1942.

The best plants from the best progeny rows of the 1941 crop
will be selected for carrying on the work in 1942. Mass seed will
also be obtained for the production of foundation seed in 1942.
In this work particular attention is being given to yield and
strength of lint as well as to lint length.
Stoneville

Progeny rows of Stoneville were again grown on the Yuma
Experiment Farm in 1941. Selections will be made from these
rows for planting in 1942. Mass seed will also be obtained for the
production of registered seed in 1942. Strength tests on the
Stoneville grown on the Yuma Farm show it to be stronger than
any other Upland cotton tested. Included in these tests were
more than 100 samples obtained from various parts of the South.
Stoneville- Hartsville cross

The F6 plants of this cross were grown at Tucson in 1941. Selfed
seed were secured from those rows showing promise. Consider-



78 AGRICULTURAL EXPERIMENT STATION

able quantities of selfed seed representing several families were
planted at Yuma in 1941 to test the suitability of these families
for growing in the Yuma Valley. In addition, three early matur-
ing southern varieties were planted for the same purpose.
Variety test

In co- operation with the Agronomy Department of the Univer-
sity and the U.S. Field Station at Sacaton, a variety test was con-
ducted on the breeding plots in 1941. The purpose of this test is
to determine, if possible, if there is any existing variety capable
of taking the place of Acala, should a change of variety be found
necessary in the future. It was also desirable to know what va-
riety or varieties should be used in a program of hybridization
with Santan Acala in order to acid strength and spinning quality
to the lint of that strain.

In the summer of 1941 crosses were obtained between Santan
and each of the other varieties grown. Crosses were also obtained
between most of these other varieties. The F1 of these crosses
will be grown at Tucson in 1942. Back crosses will be made on
Santan in an effort to retain as many as possible of the good
characteristics of this variety and at the same time add length,
strength, and spinning quality to the Santan fiber.

None of the varieties tested is satisfactory in every respect.
Some show promise from the standpoint of yield, while others
have satisfactory length and /or strength. In the hope that some-
thing may be done by straight selection toward obtaining a strain
suited to Arizona conditions, plants have been selected from each
variety grown and selfed seed obtained from each of these selected
plants. These will be grown in progeny rows in 1942.

One of the southern varieties, Stoneville 2B, shows sufficient
promise to justify a test on a larger scale next year. Sufficient
plant selections have been made from this variety to plant a
separate progeny row test in 1942. Also, sufficient mass selfed
seed have been obtained to plant a small foundation field. These
tests should be carried out on some isolated field in the Salt
River Valley, since those selections that have done best at
Tucson have never come up to expectations when carried to the
Salt River Valley.

WHEAT BREEDING
Smut inoculation experiments have been conducted with selec-

tions from three double wheat crosses described on pages 88 and
89 of the Fifty -first Annual Report, 1940. Two hundred and thirty-
five sixth- generation progenies were inoculated with covered
smut spores of smut No. 15 of the Washington Experiment Sta-
tion. Hard Federation -Martin is immune to this particular form
`ef smut in southern Arizona and is used in all of these crosses for
the purpose of transmitting smut resistance. Table 19 shows the
total number of progenies grown, number of progenies with smut
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infection, and number of progenies without smut infection in each
of the three double crosses planted with inoculated seed.
TABLE 19. -THE SMUT RESISTANCE OF THREE DOUBLE WHEAT

CROSSES.

Double cross
number

Total no.
progenies

No. smutted
progenies

No. progenies
not smutted

1

2
3

116
90
31

48
20

0

68
70
31

In the "not smutted" column of the above table it will be ob-
served that there are 169 progenies which are highly resistant to
smut. Most of these progenies are breeding true to all visible
agronomic characters, since they have been grown for six gen-
erations after the last cross was made. In order to establish a
commercial variety from these resistant progenies, it will be
necessary to test them for yield of grain in comparison with
Baart, and this test is now in progress.
Rust resistance

In order to build up rust resistance in standard wheat varieties,
crosses have been made of Baart and Sonora on Hope, a hard red
spring wheat having considerable rust resistance. An F2 popula-
tion of 203 plants of Baart on Hope was grown during the winter
and spring of 1940 -41. F1 plants of Baart on Hope were also
grown which were back crossed on Baart. Also about thirty F1
plants of Sonora on Hope were grown, from which considerable
seed has been obtained for growing the F2 plant generation dur-
ing the winter and spring of 1941 -42. The progenies derived from
these crosses will be tested for rust resistance and grain yield in
regions of the state usually having high rust infection.

PLANT PATHOLOGY

BACTERIAL WILT OF ALFALFA

Bacterial wilt of alfalfa, caused by Phytomonas insidiosa, may
be regarded as the most serious disease of alfalfa in Arizona. A
survey of many alfalfa fields in the Verde, Oak Creek, and Chino
districts has revealed the presence of this disease. One diseased
field has been found at Tucson. Reports have been received by
the Department of Plant Pathology, but not confirmed by at-
tempts to isolate the pathogen from any plants, that bacterial wilt
of alfalfa is present in the Yuma district. It is quite probable that
this is true.

Co- operating with the United States Department of Agricul-
ture, a project to obtain varieties of alfalfa resistant to the organ-
ism causing bacterial wilt was started January, 1941. Fifty -eight
varieties of alfalfa, obtained from several agricultural experi-
ment stations, were seeded at Tucson during the fall of 1940 and
artificially inoculated with a composite of several isolates of
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Phytomonas insidiosa the following spring. Fifty -six of the va-
rieties seeded at Tucson were also seeded on a plot at Cornville.
Cornville is situated in the Oak Creek district where bacterial
wilt is known to occur. The purpose of this plot is to test for
resistance where natural infection may take place.

Three of the most promising resistant varieties of alfalfa de-
veloped by the Nebraska Agricultural Experiment Station and
nineteen foreign varieties collected in Persia, Turkey, Turkestan,
and England were inoculated with Phytomonas insidiosa and
transplanted in the field at Tucson the fall of 1941.

In case one or more of the eighty varieties being tested prove
resistant and adapted to the climatic conditions prevailing in Ari-
zona, it may not be necessary to develop a suitable variety by
breeding. In case varieties adapted to Arizona are susceptible, it
will be necessary to cross the most desirable ones with northern
resistant varieties and make further selections by breeding
methods.

BACTERIAL NECROSIS OF THE GIANT CACTUS'
Bacterial necrosis of the giant cactus continues under investi-

gation in this department in co- operation with the federal Bureau
of Plant Industry. Extensive and thorough sanitary measures
have been initiated in the Saguaro National Monument that
should lessen the likelihood of further spread of the disease in
that location. Expenses involved are covered by a special Con-
gressional appropriation.

DRY ROOT ROT OF CITRUS
Work started before the establishment of these studies as a sep-

arate project is being continued and expanded. All visibly in-
fected trees in three commercial orchards have been treated: (1)
tangerines, March, 1938; (2) Valencia oranges, December, 1939;
and (3) Washington navel oranges, December, 1940. The mor-
tality from dry root rot has been checked or greatly reduced in
all three groves.

The study of possible predisposing factors leading to severe
damage from dry root rot has developed some promising leads.

Isolations from the roots of infected trees consistently yield
cultures of Fusarium species. These organisms have been in-
oculated into healthy sour orange and rough lemon roots.

ALTERNARIOSE OF COTTON

Field studies of cotton alternariose have included the Eloy and
Sahuarita districts, the Salt River Valley, and the University
Farm at Tucson. Approximately 35 per cent of the bolls inspected
in the fields south of Eloy were destroyed by the disease that
was also more or less destructive in the other districts. Most
serious loss caused by alternariose results from infection of the

"Paul C. Lightle, Elizabeth T. Standring, and J. G. Brown, "A bacterial
necrosis of the giant cactus." Accepted for publication in Phytopathology.
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boll and pedicel that checks the growth of the boll or kills the
latter.

From numerous collections, Alternaria species was isolated in
pure culture and compared with species obtained from other
cotton states. The Arizona species appears to be different from
species that are found elsewhere on cotton.

The pathogenicity of the isolated Alternaria was ascertained by
inoculating the SxP variety of cotton. Spores of the fungus germ-
inate and infect the host only in the presence of a film of water,
Cotton plants in any stage of growth are susceptible.

Spores of the cotton Alternaria were caught on vaselined mi-
croscope slides exposed to currents of air for 24 hours at 2 -week
intervals from April to August.

DEPTH OF PLANTING FOR ACID -DELINTED COTTONSEED

Published data sometimes indicate that nontreated or fuzzy
cotton seeds rather than sulphuric -acid delinted seeds must be
used in order to obtain a stand in a wet seedbed. Evidently, such
data are based upon unequal aeration of the seeds. The follow-
ing experiments are illustrative of a series designed to test the
two conditions of seeds, fuzzy and smooth, for germinative vigor
in very wet or waterlogged soils. Since the embryos of cotton
seeds are sensitive to oxygen (L. M. Hutchins, Plant Physiology
1:95 -150) , and since the soil atmosphere is richer in oxygen near
the surface, vigor in germination in wet, poorly aerated soil is
related to the depth of planting. Fuzzy cotton seeds externally
carry more air than smooth, acid -delinted seeds (J. G. Brown,
Ariz. Agr. Exp. Sta. Ann. Rept. 48:80 -83) . Allowance is made in
these tests for the difference in oxygen- carrying capacity by the
shallower planting of the delinted seeds.

TABLE 20. -PLANT EMERGENCE FROM FUZZY AND ACID -DELINTED
COTTONSEED WHEN PLANTED IN PUDDLED SOILS.

Date of
planting Soil type Kind of

seed
No.

seeds
planted

Depth
of

planting

No.
emerging

plants

March 10 Heavy silt Fuzzy 15 2 1
Heavy silt Acid -delinted 15 1 5

March 20 Mesquite loam Fuzzy 15 2 7
Mesquite loam Acid -delinted 15 1 12

April 1 Heavy silt Fuzzy 20 1 7
Heavy silt Acid - delinted 20 1/2 14

April 24 Heavy silt Fuzzy 25 1 4
(Pl. II) Heavy silt Acid -delinted 25 1/2 13

June 6 Heavy silt Fuzzy 45 2 12
Heavy silt Acid- delinted 45 1 17

June 6 Heavy silt Fuzzy 45 2 0
Heavy silt Acid -delinted 45 1 12
Heavy silt Fuzzy 45 1 12
Heavy silt Acid -delinted 45 1/2 17

June 24 Mesquite loam Fuzzy 45 2 24
Mesquite loam Acid -delinted 45 1 39
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The comparative emergence of seedlings from nontreated and
sulphuric -acid delinted cotton seeds was determined for two
soils. The soils were finely broken, potted, and the pots were
immersed in water until the soils were thoroughly soaked. Then
the pots were rotated and tapped to cause the removal of the
contained air and to puddle the soil. Excess water soon drained
from the mesquite loam used in one series of pots, but it remained
10 to 12 hours in the heavy Pima silt utilized in another series.
Conditions for seed germination in the latter were more severe
than those usually found in the field. Acala cottonseed was
used.

STUB COTTON AND BLACKARM

Cotton merely stubbed rather than plowed under in preparing
cotton land may be a serious source of loss from the blackarm-

Plate II. -Stub cotton holds blackarm disease over winter. Lesion on main
stem was just below soil line. From it the disease appears to have spread
upward to new shoots and leaves. (Photograph taken June 10, 1941.)
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angular leafspot disease. Field studies made in the past season
disclosed many fields in which stubbed and seedling plants from
treated seed were intermingled in the stand. The blackarm bac-
terium can overwinter on the live stubs (Pl. II) and spread to the
stems and leaves of the new foliage the following spring. Early,
deep, thorough plowing would prevent this source of epidemics
of the disease.

SOUTHERN SCLEROTIAL WILT AND ROOT ROT OF COTTON

Experimental plots in the district12 affected by southern scle-
rotial wilt and root rot of cotton (caused by Sclerotium rolfsii)
last season were given various dosages of sulphur, calcium cyan-
amide, and combinations of the two chemicals. The sulphur was
applied in order to determine its direct. effect on the fungus and
its indirect action on the disease through the host; the calcium
cyanamide was used primarily to depress the activities of the
common nematode, Heterodera radicicola, that was also present
in the soil. Complete results can not be ascertained until the
harvest of cotton is complete. However, the area that yielded no
cotton last season gave in the first picking from the treated plots
a yield of approximately 520 to 945.5 pounds of Acala seed cotton
per acre. The highest yield was obtained from the application of
1,000 pounds of sulphur per acre, plus 800 pounds of cyanamide.
That other factors than the treatments were operating is indicated
by a yield of approximately 520 to 800 pounds of seed cotton per
acre from check rows.

COTTON PLANTING SEED FROM FIELDS
WITH ANGULAR LEAFSPOT

Should cottonseed be condemned for planting purposes because
it comes from a field affected with blackarm and angular leafspot?

Cotton seeds obtained exclusively from diseased bolls (Pl.
III A) were cultured with and without treatment, one half of the
seeds in each boll with fuzz and the other half delinted. Defec-
tive and immature seeds were not discarded but were divided
between the two kinds of cultures. The culture medium was
sterile, neutral potato- dextrose agar. Cultures of fuzzy cotton
seeds (Pl. III B) gave the bla.ckarm- angular leafspot bacteria,
dust bacteria, and mold fungi; cultures of sulphuric -acid delinted
seeds (Pl. III C) gave no bacteria of any kind. The illustrations
are representative of numerous cultures of seeds obtained from
the diseased bolls. The tests of the seeds agree with results ob-
tained in many years of culturing cotton seeds in Arizona.

RUST OF COTTON"

Rust of cotton caused by Puccinia schedonnardi again reduced
the yield or completely prevented it in some fields of the upper

"Manfred Gottlieb and J. G. Brown, "Sclerotium rolfsii in Arizona," Phy-
topath. 31: 944 -45, Oct., 1941.

"J. G. Brown, "Cotton rust," U.S.D.A. Plant Disease Reporter, 19, 1938.
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Plate III - A, Specimens of cotton bolls infected with the blackarm-
angular leafspot bacterium. B, Culture of nontreated cotton seeds from
bolls like those shown above. Circular, glistening, pale yellow colonies of
the blackarm and angular leafspot germ as well as mold fungi appear in
the culture. C, Sulphuric -acid delinted seeds from the same lot of bolls.
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Santa Cruz Valley, although the seriously affected area in south-
ern Arizona was smaller this year than last. Spore traps were
operated during the season of 1941 with the object of determin-
ing more definitely the time, source, and direction of spore
movement.

WIND DISSEMINATION OF ANGULAR LEAFSPOT OF COTTON''

Wind -blown dust carried inoculum that resulted in a sudden,
rapid, and damaging infestation of large fields of cotton. Infec-
tion of plants was facilitated by a local hailstorm that occurred
1 week previous to the dust storm. The source of the inoculum
was a half section of cotton planted with nontreated, infected
seed. This type of dissemination of the disease is very unusual.
The case cited afforded most of the advantages for study that are
sought in a planned scientific experiment.

THE EFFECT OF VARIOUS COMPOUNDS ON THE GROWTH OF
SCLEROTINIA SCLEROTIORUM

Forty -four organic and inorganic compounds were tested in
the laboratory to determine which would inhibit the growth of
the fungus, Sclerotinia sclerotiorum, that attacks and often causes
severe damage to head lettuce in the Salt River Valley. When
soluble, each compound was added to the medium in concentra-
tions of 1: 1,000, 1: 10,000, and 1:100,000. The procedure followed
in this experiment did not involve the autoclaving of the chem-
icals for fear some chemical transformations and losses might
occur.

Malachite green, mercuric chloride, 3,5- dinitro -o- cresol and 2,4-
dinitrophenol inhibited the growth of the organism at the lowest
concentration (1:100,000). These four chemicals were tested
further at concentrations of 1:200,000, 1:400,000, and 1:800,000 in
order to determine which was the most toxic. The 3,5- dinitro -o-
cresol, the toxic ingredient of two commercial products known as
Elgetol and Sinox, proved to be the most toxic in inhibiting the
growth of Sclerotinia sclerotiorum.

PHYMATOTRICHUM (TEXAS OR COTTON) ROOT ROT OF PECANS

The plan of field and laboratory experiments on the control of
root rot in the pecan orchards of the Yuma Valley, initiated in
1937 under co- operative agreement with the Division of Fruit
and Vegetable Crops and Diseases, U.S.D.A., has been continued
with certain modifications. The results secured in present and
past growing seasons (1941 and 1940, the fifth and fourth year of
the experiments) are considered to be of special significance as
showing the trend and the degree of success and permanence of
the control measures under field conditions in commercial
orchards.

"J. G. Brown, "Wind dissemination of angular leafspot of cotton." Ac-
cepted for publication in Phytopath.
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Effect of intercropping and cover cropping
As stated last year, nearly all serious outbreaks of root rot oc-

curred where a susceptible (alfalfa) intercrop was used in pecan
orchards. The effect of removal of the alfalfa and the substitu-
tion of immune pasture crops such as winter barley and Sudan
grass plus treatment of infected trees has resulted in a progressive
decline in the number of new infections.
Mapping

Tree -by -tree mapping of root -rot infected pecan orchards
totaling 400 acres (in June and November) is showing a marked
reduction in the number of new trees infected. The total new
infections in all five groves was 138 in 1940, compared with 482
in 1939. The number of trees listed as dead and removed was
somewhat higher in 1940 than in 1939, eighty -eight compared with
fifty -four, due to the "liquidation" of certain trees (mostly of the
Success variety) treated in former years which were alive but
not making satisfactory recovery.
Response of different varieties to treatment

Of all the pecan varieties treated thus far, Success has given the
least favorable response. In many cases the disease is checked,
but the trees fail to resume vigorous normal growth typical of
complete recovery. Mahan and Burkett are outstanding in their
response to treatment, while Kincaid, Halbert, and Western
make satisfactory recovery.

BACTERIAL RING ROT OF POTATOES

That bacterial ring rot of potatoes, suspected for some time,
exists in this state was confirmed by the isolation and determin-
ation of the bacterium from tubers (Pl. IV) collected in central
Arizona. A total of approximately 300 acres was reported to be
affected with the disease during the past season.

STEM RUST OF WHEAT

Black stem rust of wheat caused by Puccinia graminis tritici
race 56 again resulted in considerable loss in fields of susceptible
early Baart, although the resistant Baart 38 is reported to have
given satisfactory yields. In order to determine whether the
source of infection was air -borne uredospores from outside the
affected districts and, if so, the direction of spore- carrying air
currents, spore traps were operated in several locations. The
results of the air samplings are not yet available.

PLANT PARASITES NEW TO ARIZONA

The following are believed to be the first reports from Arizona
of the disease named on the host plants given: Helminthosporium
avenae on oats; Peronospora schleideni on onion; and Puccinia
coronata (severe) on oats, all from Maricopa County; Puccinia
coronata on Lolium perenne (in winter lawns) from Pima
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Plate IV. -Parts of Arizona potat.ò.::tubers infected with bacterial ring rot.

ounty; Ph.ytophth.ora capsic on chili peppers from Yavapa: and
Pima counties; Phytomonas straia. f acien:s on oats from Apache
County; mosaic on petunia,. Urompees phaseoli on tepary bean
from Pima County; and Neretatospora gossypii on cotton (nevcF; to
Pima County) ; Pvsa.rä; t .: sp. causing wilt of Diosma in Tucson

Plant disease survey
. .. .............. . .. ...... ,....

A total of approximately ; 250 : cards recording plant disease
czuiries and service calls was made during the fiscal year.
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POULTRY HUSBANDRY

BREEDING INHERITANCE STUDIES

Work in a breeding project was conducted along five lines:
high egg production; low egg production; long, continuous laying;
large egg size; and small egg size.
Developing a high egg producing strain

High egg producing pens of White Leghorns, Rhode Island
Reds, and Barred Rocks were used in this phase of the project.

Seventy -four pullets produced from a pen of White Leghorns
averaging 269 eggs per bird and forty -two pullets produced from
another pen of the same breed averaging 219 eggs per bird will
be used in a progeny test in 1941 -42. That some progress is being
made with this breed is indicated by the average production of
201 eggs per bird made by a progeny pen of twenty birds whose
parent stock averaged but 166 eggs.

Two pens of new foundation stock Rhode Island Reds with pro-
duction records of 245 and 206 eggs per bird were mated for
progeny tests for 1941 -42. A progeny test pen of Rhode Island
Reds produced 174 eggs compared with 143 eggs per bird for the
parent stock.

A mating of eight birds from selected families of Barred Rocks
with an average production of 185 eggs produced but five pullets
for a 1941 -42 progeny test, and a new foundation pen of eleven
Barred Rocks with an average production of 233 eggs produced
sixteen pullets for a 1941 -42 progeny test. Eighteen Barred Rock
pullets in a progeny test averaged 175 eggs per bird compared
with 171 eggs for the parent stock.

Five pens of White Leghorns, one of them with an average
production of 276 eggs per bird; five pens of Rhode Island Reds,
two of them with average productions of 246 and 254 eggs, respec-
tively; and five pens of Barred Rocks, one with an average pro-
duction of 249 eggs, will be used in this work during the year
1941 -42.

Developing a low egg producing strain
White Leghorns were used exclusively in this phase of the

work. Mortality is commonly very high in both old and young
low- producing stock, which indicates that low production is not
always due to genetic factors but may be more a matter of a lack
of vigor. One pen consisting of a progeny test of previously
mated progeny averaged 177 eggs per bird compared with 100
eggs in the parent stock. The general tendency seems to be for
the progeny to outlay the parent stock, again indicating that
extremely low production may be something other than a genetic
factor.

Three pens have been provided for this work in 1941 -42: one a
selected family mating and two progeny tests, one on a family
selection and one on a new foundation.
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Developing a high egg laying strain for consecutive years

Most of the work in connection with egg production has been
based on the production of the first year. In this work an attempt
is being made to develop a strain which will not only produce
well in the first year of a hen's life but also in the second, third,
and subsequent years. This would increase the useful span of
years of a hen's life, which at present is considered to be only 2
years. A good record of continuous production was made by a
bird bred by the University of Arizona which laid 253, 249, and
251 eggs for 3 consecutive years. These cases in the past have been
very rare.

A pen of twelve White Leghorns has been assembled with the
following average egg productions: first year, 238 eggs; second
year, 212 eggs; third year, 176 eggs; and fourth year, 162 eggs. The
individual records are given in Table 21.
TABLE 21.- LAYING RECORDS OF INDIVIDUALS IN FOUNDATION

PEN FOR LONG CONTINUOUS LAYING PROJECT.

Hen no. 1st yr. 2nd yr. 3rd yr. 4th yr. 5th yr.

H 3 280 237 206 203 92
H 6 222 206 154 173 149
U 132 265 210 166 135
U 165 246 216 194 143
U 300 226 208 138 112
U 318 242 202 207 207
V 45 244 200 156
V 193 234 210 182
V 194 230 200 173
V 338 251 221 190
V 381 218 222 160
V 390 203 210 186
Average 238 212 176 162 120

These birds were mated to a male with a similar background,
and sixty -five pullets were raised for a progeny test in 1941 -42.

Six groups have been assembled for this work in 1941 -42. Two
will be new foundations, one a mating of selected families, and
three for progeny tests.
Establishing a strain for large eggs

White Leghorns were used exclusively in this work. Five dams
were used as a foundation, with the following average egg
weights: 28.4, 24.7, 28.3, 28.6, and 27.1 ounces per dozen, all
weights representing extra large eggs. Fourteen pullets were
raised to go into 1941 -42 as a progeny test. A progeny test of
nineteen dams from a preceding mating was completed with the
average size of the progeny eggs 24.7 ounces to the dozen, while
that of the parent stock was 23.8 ounces. This represents quite
an increase in egg size in one generation.

The work for 1941 -42 will consist of a selected foundation of
seven birds, a family selection of breeders of six, and a family
progeny test of fourteen.
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Establishing a strain for small eggs

This stock is all White Leghorns.
Sixteen pullets from a foundation stock of six dams and thirteen

pullets from a previous progeny mating pen of eight dams will
be used for progeny tests in 1941 -42. A third pen, whose parent
stock produced eggs averaging 20.2 ounces per dozen, produced
eggs averaging 22.3 ounces per dozen.

The work for 1941 -42 will consist of a family selection for
mating and a family progeny test.

POULTRY FEEDING

One year's data were obtained on the use of citrus meal and
cottonseed meal in laying rations. Original plans called for a
continuation of this study, but due to the fact that certain in-
gredients are being diverted to defense needs, this phase will be
temporarily discontinued.

The five pens of White Leghorn pullets allotted to this test
will be placed on substitute rations which should be available
during the emergency. Such rations will contain no milk, fish
meal, or wheat products. A commercial vitamin concentrate of
marine origin will be included in one pen.

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

This test involves routine blood testing and livability records
on breeds and families. To date certain individual families show
high livability, even though reared in contact with birds from
known infected parents.

ENVIRONMENTAL FACTORS AND THEIR EFFECT ON THE
NATURAL EGG CYCLE

The factors of temperature, light, and humidity and their effect
on the cycle, number, and size of eggs are being checked through
the use of two groups of Rhode Island Red pullets. One lot is con-
fined in individual hen batteries in a room in which the above
factors are relatively constant; the other group is similarly con-
fined in an adjoining room in which no control is attempted and
subjected only to natural environment.



APPENDIX

ANALYTICAL SERVICE

The Department of Agricultural Chemistry and Soils analyzes
all types of materials such as soils, irrigation waters, and other
miscellaneous products for farmers of the state without charge.
The number of samples and character of the materials analyzed
during the past fiscal year are given in Table 22.

TABLE 22.- COMPILATION OF ANALYSES MADE IN THE
DEPARTMENT OF AGRICULTURAL CHEMISTRY AND SOILS.

Tucson
laboratory

Phoenix
laboratory

Soils 1,051 1,217
Waters 354 628
Plant materials 558 725
Feeds 215 27
Fertilizers 35 41
Minerals 50 16
Milk 213
Poison analyses 44 13
Miscellaneous 3 79

Total 2,523 2,746

ARIZONA EGG LAYING TEST

That this project is serving its original purpose is evident from
a glance at Table 23 which shows that the best results since the
inception of the tests in 1922 -23 were obtained this last year,
with an average egg production per bird of 223 eggs for the 390
hens in the test. Fifteen birds in this nineteenth test exceeded
300 eggs during the 357 -day period, the highest production being
328 eggs.

The Nineteenth Arizona Egg Laying Test was won .by a pen of
New Hampshires owned by A. L. Frees of Phoenix, Arizona, with
an average production of 254 eggs per bird and an egg weight of
25 ounces per dozen. The second place was won by a pen of
White Leghorns owned by the Manti -Apex Hatcheries of Manti,
Utah. This pen laid an average of 244 eggs with an egg weight of
25 ounces to the dozen. Pens owned by Arizona breeders were in
third, fourth, and fifth places. The highest producing individual,
a White Leghorn owned by W. A. Seidel of San Antonio, Texas,
laid 328 eggs with an average weight of 25.9 ounces to the dozen.
Of the thirty pens in the test, nineteen were from Arizona, three
from Missouri, two from Texas, two from Connecticut, and one
each from California, Utah, Washington, and Michigan.
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SOIL SURVEY

During the past fiscal year two soil survey reports have been
published in co- operation with the Bureau of Plant Industry,
U.S.D.A. The first report is on the Yuma desert area. The land
included in this survey may, in the near future, have Colorado
River water available for irrigation. The area includes 174,080
acres and is adjacent to the earlier Yuma -Wellton survey area.
In connection with the utilization of this land a member of the
department is serving on a Yuma -Gila committee which is study-
ing the suitability of the lands on the area. The department is
stressing the necessity of bringing the most desirable areas un-
der cultivation first.

The second report is of the Casa Grande area in Pinal County.
A total of 552,960 acres of potentially arable land has been
mapped and described in this report. Agriculture is expanding
rapidly in this area at the present time.

During the winter of 1940 -41 a small area along the Gila River
near Duncan was surveyed; the maps and report are not yet
available for distribution.

SUMMARY OF STATION PUBLICATIONS

TECHNICAL BULLETINS

No. 88.- Arizona's Agricultural Population, by E. D. Tetreau.
43 pages. This bulletin was published December 15, 1940, and
shows the relation of Arizona's agricultural population to Arizona
agriculture as a basic factor in Arizona's agriculture. Recent
world events, putting the United States in a position which
necessitates greatly increased production of many commodities,
tend to increase the practical value of this study. The Fifty -first
Annual Report of the Station, June 30, 1940, carries a description
of the results of this study on page 24.

No. 89.- Studies of the Ripening of Marsh Grapefruit in Ari-
zona with Especial Reference to the Improvement of Maturity
Measurements, by R. H. Hilgeman. 74 pages. This bulletin re-
ports 5 years of study directed toward finding better ways of de-
termining when Arizona grapefruit become palatable and can be
harvested and shipped with assurance that the consumer will be
pleased with the product. The results show that by use of a min-
imum color requirement with the minimum percentages of juice
and brix -acid ratio varying with respect to one another and to
the size of the fruit a more satisfactory maturity standard could
be developed. The suggestions were incorporated into a new
citrus maturity law passed by the Legislature in 1941.

No. 90.-Effectivenessectiveness o f Sunlight in Tucson, Arizona, for the
Prevention and Cure of Rickets, by M. C. Smith, N. Sayre, and
E. Blanchard. 24 pages. The ability of solar light in Tucson, Ari-
zona, to cure and prevent rickets in rats has been measured in
each month of the year at 9 and 11 a.m. and 1, 3, and 4:30 p.m.
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with the following findings: a very high biological efficiency of
Tucson sunlight was noted at all seasons of the year. The shortest
period of daily exposure which afforded complete protection
against rickets in rats on a rachitogenic ration varied from 1 to
2.5 minutes in June, July, August, September, and October to
10 minutes in January and February. A seasonal fluctuation of
this order is much lower than that reported for most sections of
the country. A diurnal variation in the antirachitic effectiveness
of Tucson sunlight was observed which was much greater in the
winter than in the summer months. Exposure periods which were
effective in promoting normal calcification of the bones in June,
July, August, and September were as follows: 5 minutes at 9
a.m.; 1 to 2.5 minutes at 11 a.m. and 1 p.m.; 5 minutes at 3 p.m.;
and approximately 10 minutes at 4:30 p.m. Shorter exposures
than these afforded partial protection against rickets. During
December, January, and February, 1 -hour irradiation at 9 a.m.
and at 4:30 p.m. did not entirely prevent rickets, whereas 10
minutes at 1 p.m. was entirely effective. Both the diurnal and
seasonal changes in antirachitic potency of Tucson sunlight have
been discussed in the light of accompanying variations in the
altitude of the sun. The significance of these findings in relation
to the possible occurrence of rickets in children in Tucson is
discussed.

No. 91. Influence of Colorado River Silt on Some Properties of

Yuma Mesa Sandy Soil, by W. T. McGeorge. 18 pages. Yuma
Mesa lands, for which irrigation water will soon be supplied from
the Colorado River, are sandy types with low water holding
capacity and high filtration rate. This study shows the improve-
ment in water economy which will follow the use of silty river
water for irrigating this land. It will increase pore space in the
soil, the moisture equivalent, water holding capacity and de-
crease percolation rate and rate of capillary water movement.

No. 92.- Creosoted Tamarisk Fence Posts and Adaptability of

Tamarisk as a Fine Cabinet Wood, by G. E. P. Smith. 34 pages.
The tamarisk tree, introduced from Algeria, has become the lead-
ing shade tree in southern Arizona. Its ease of planting, rapid
growth, tolerance for drouth and alkali, freedom from disease
and pests, make it ideally adapted for ditch banks, road sides,
and for alkali soils. As fence posts the part above ground would
last indefinitely but the part buried in the soil requires creosoting.
This can be done in summer without artificial heat by standing
the posts in a vat of creosote for 12 hours. Also, the wood of
tamarisk, if sawed radially, is of high value -hard, strong, and
handsome -and well adapted for furniture making, house trim
and flooring, and novelties.

GENERAL BULLETINS

No. 171. -The Mesa Experiment Farm Helps Farmers Help
Themselves, by R. S. Hawkins and D. C. Aepli. 27 pages. Results
are given of the work of the Mesa Farm conducted by various
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workers in the fields of agronomy, horticulture, animal husbandry,
and entomology.

No. 172. -Third Annual Report of the Arizona Feed Control
Office. 57 pages. This is a report of the third year's inspection and
analyses of stock and poultry feeds sold and offered for sale in the
state. All registered feeds are tabulated together with the an-
alyses of 576 samples of mixed feeds, fifty -five samples of cotton-
seed meal, and sixteen samples of mineral feeds.

No. 173. -Third Annual Report of the Arizona Fertilizer Control
Office. 11 pages. This is a report of the third year's inspection
and analyses of commercial fertilizers sold or offered for sale in
the state. The brands of fertilizers registered in the state are tab-
ulated together with the chemical analyses of fifty -seven samples
collected during the year.

OTHER PUBLICATIONS

Benson, Lyman. Taxonomic studies. Amer. Jour. of Botany, 28:
458 -64, 1941.

Benson, Lyman. The mesquites and screw -beans of the United
States. Amer. Jour. of Botany, 28: 748-54, 1941.

Benson, Lyman. North American Ranunculi -I. Bull. Torrey
Botanical Club, 68: 157-72, 1941.

Benson, Lyman. North American Ranunculi -II. Bull. Torrey
Botanical Club, 68: 477-90, 1941.

Benson, Lyman. North American Ranunculi -III. Bull. Torrey
Botanical Club, 68: 640-59, 1941.

Briggs, Ian A. New crops for Arizona. Arizona Farmer, June 21,
1941.

Briggs, Ian A. and Chas. H. Davis. Arizona seed law. Mimeo-
graphed circular.

Brown, J. G. Wind dissemination of angular leaf spot of cotton
(abstract) . Phytopathology 31:4, 1941.

Davis, Chas. H. Use of ammonium sulphate in the eradication of
burr clover and creeping milkweed in lawns. Univ. of Ariz.
Agr. Ext. mimeographed circular.

Davis, R. N. The food value of milk. Pacific Rural Press, 140: 127,
1940.

Frazier, W. A. Progress report on lettuce fertilization studies in
Arizona. Mimeographed circular. Fall 1939- spring 1940.

Frazier, W. A., A. H. Finch, and G. E. Blackledge. Report on
vegetable crop adaptation tests on the Yuma Mesa. Mimeo-
graphed circular. Fall and winter 1939 -40.

Gottlieb, Manfred, and J. G. Brown. Sclerotium rol f sii on cotton
in Arizona. Phytopathology 31 :944 -46, 1941.

Griffiths, A. E. Studies of the response of lettuce to manure and
commercial fertilizers. Proc. Amer. Soc. for Hort. Sci. 39:
351 -56.

Hilgeman, R. H. Nitrogen uptake by grapefruit trees in the Salt
River Valley. Proc. Amer. Soc. for Hort. Sci. 39: 119-24.
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Hoyman, William G. Concentration and characterization of the
emetric principle present in barley infected with Gibberella
saubinetii. Phytopathology 31:871 -85, 1941.

Lightle, Paul C., Elizabeth T. Standring, and J. G. Brown. Bac-
terial necrosis of the giant cactus, Carnegiea gigantea (ab-
stract) . Phytopathology 31:15, 1941.

Martin, W. E. An evaluation of some factors affecting quality of
grapefruit in commercial groves of the Salt River Valley.
Proc. Amer. Soc. for Hort. Sci. 39: 59 -66.

McGeorge, W. T. Lettuce not such a bad feed. Arizona Farmer,
Jan. 18, 1941.

McGeorge, W. T. and W. P. Martin. Determination of pH value
for alkali soils. Jour. Assoc. Off. Agr. Chem., Vol. 24, May,
1941, pp. 234 -44.

Riddell, W. H. The dairy situation. Arizona Farmer, Aug. 31,
1940.

Riddell, W. H. Which feed is the best buy. Arizona Farmer, Nov.
23, 1940.

Riddell, W. H. Balancing the dairy ration. Arizona Farmer, Jan.
4, 1941.

Riddell, W. H. The vitamin G content of milk. Certified Milk,
Oct., 1940.

Riddell, W. H. Alfalfa silage. Arizona Farmer, May 10, 1941.
Schwalen, H. C. Groundwaters and their use for irrigation in

Arizona. Official bulletin, Arizona Sewage and Water Works
Assn. 3:3, Dec., 1940.

Smith, G. E. P., and L. V. Booher. Forecasting water supplies.
The Pan -American Geologist 74:94 -98, 1940.

Smith, M. C., and H. Spector. Calcium and phosphorus metab-
olism in rats and dogs as influenced by the ingestion of min-
eral oil. J. Nutrition 20: 19-30, 1940.

Smith, M. C., and H. Spector. Further evidence of the mode of
action of vitamin D. J. Nutrition 20:197 -202, 1940.

Smith, M. C., and H. V. Smith. Observations on the durability of
mottled teeth. Am. J. of Pub. Health 30:1050 -52, Sept., 1940.

Smith, M. C., and L. O. Otis. Observations on carotene analysis
of vegetable and fruits as a basis for prediction of their vita-
min A value. Food Res. 6:143 -50, 1941.

Stanley, E. B., and A. H. Walker. Rations for fattening cattle.
Univ. of Ariz. Exp. Station mimeographed report, June, 1941.

Stanley, E. B., and C. L. Bell. Steer testing project. Univ. of
Ariz. Exp. Station mimeographed report, June, 1941.

Streets, R. B. Four years' studies on the control of phymato-
trichum (cotton or Texas) root rot in Yuma Valley pecan
orchards. Ariz. Agr. Exp. Sta. mimeographed circular.

Streets, R. B., and L. A. Brinkerhoff. Results of three years' treat-
ment of pecan groves for control of phymatotrichum root rot
(abstract) . Phytopathology 30: 789 -90, 1940.

Streets, R. B. An apparently undescribed storage rot of grape-
fruit (abstract) . Phytopathology 30: 789, 1940.
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Tetreau, E. D. Social aspects of Arizona's farm labor problem.
Sociology and Social Research 6, July -Aug., 1940.

Tetreau, E. D. The location of heirs and the value of their in-
heritances: farm and city estates. Journal of Land and Public
Utility Economics 4, Nov., 1940.

Thompson, Ned O., and Charles Hobart. What about storing hay.
Arizona Farmer, May 10, 1941.

Van Horn, C. W. Delayed foliation of pecan trees. Proc. Amer.
Soc. for Hort. Sci. 39: 87 -94, 1941.
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