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PROGRESSIVE AGRICULTURE

INTRODUCTION

One hundred years ago Boussingault was establishing the
world's first systematic set of field experiments on his farm in
Alsace. He carefully weighed and analyzed the manures used and
the crops obtained from a series of five rotations included in his
experiments. Before Boussingault's field experiments were
started, all research of any agricultural importance was confined
to laboratory and pot experiments, indispensable, but to a large
extent with decided limitations in the absence of field trials.

Less than a decade after Boussingault's experiments were
begun, the famous field experiments at Rothamsted, England, had
been started. These experiments are still continuing and con-
stitute a most constructive and valuable influence in the solving
of agricultural problems.

The first state agricultural experiment station to be established
in the United States was founded in Connecticut in 1875 under the
stimulating interest of Orange Judd, owner and editor of an agri-
cultural paper. Between fifteen and twenty states had established
agricultural experiment stations prior to the enactment of the
Hatch Act in 1887 which provided federal funds for the establish-
ment and operation of experiment stations in all co- operating
states.

Two years after the enactment of the Hatch Act the Arizona
Agricultural Experiment Station was organized. The station was
in operation for two years prior to the opening of the University
of Arizona on October 1, 1891. Bulletin No. 1, published December
1, 1890, is a written discussion of the organization plans for the
new experiment station and was written by D. C. Gulley, the first
director.

The first annual report of the Arizona Agricultural Experiment
Station, dated February 1, 1891, is a two -page circular containing
only a letter of transmittal from M. P. Freeman, President of the
University, to Gov. John Irwin and an exceedingly brief financial
statement. The annual reports of recent years contain one hun-
dred pages or more and in addition to the financial statement re-
quired by congressional act contain résumés of the Experiment
Station's activities including reports of progress on the research
and experimental projects conducted by the various departments.
These reports furnish timely information of considerable value
if used properly even though experimental and research results
are not given in detailed or complete form.

3
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RESULTS OF THE YEAR'S RESEARCH
AGRICULTURAL CHEMISTRY AND SOILS

FERTILIZATION OF ARIZONA SOILS

In many districts where agriculture as an industry is relatively
young, the natural fertility of the soil is often sufficient to support
profitable crop production without the aid of commercial fer-
tilizers. The amount of natural fertility of the soil depends largely
upon the climatic factors associated with the soil -forming pro-
cesses. In the broad alluvial valleys, where most of the agricul-
ture of Arizona is located, the aridity of the climate has produced
soils plentifully supplied with available potassium, deficient in
nitrogen because of the scanty vegetation, and high in phosphate,
which is usually of poor availability in its natural state. As a
result of this, many farmers find it necessary to employ nitrog-
enous and phosphatic materials for profitable crop production.

Nitrogen can be and is supplied in large part by crop rotation
or by green and animal manures, but phosphate deficiency must
be corrected by the use of commercial fertilizers.

The consumption of fertilizer on Arizona farms has been steadily
increasing, especially among the growers of citrus, truck crops,
and alfalfa. During the past year, with the co- operation of M. F.
Wharton, Associate Horticulturist, we obtained an accurate estim-
ate (for the first time) of the fertilizer sold annually in Arizona.
These data showed total sales of 3,393 tons for the year 1935, of
which 773 tons were mixed goods, and 2,620 tons were simples
such as superphosphate, ammonium sulphate, calcium nitrate, and
ammonium phosphate. A major part of our soil research concerns
the most efficient methods of fertilizing Arizona soils.

ALFALFA FERTILIZATION

During the past year, we completed a two -year fertilizer ex-
periment on alfalfa, of which the first year's data were submitted
in the last annual report. The data obtained from this experiment
are of such a nature that rather definite recommendations for the
fertilization of alfalfa can be made. The whole is now in process
of publication as a bulletin.

Briefly, the experiment compared different amounts of fertilizer,
and drill application versus application dissolved in the irrigation
water. We also made it a point to study the residual effect of
fertilizer in order to obtain some information on the number of
years the effect of a single application will be manifested in the
growth of the crop.

For the 1934 season, the fertilizer (ammonium phosphate A,
11 -48) was applied just after the first cutting of hay, and there-
after a record of the yield of hay as well as the per cent nitrogen
and phosphate in the hay was obtained for each cutting. For the
second season, 1935, one series of plots was continued without
additional fertilizer and another series refertilized according to
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the same procedure as in 1934. This, together with two borders in
the experiment which were fertilized in 1933, gave some valuable
information on the residual effect of the fertilizer.

Briefly, the following conclusions were drawn from the ex-
periment:

1. Drill fertilization is more profitable and more effective than
application in the irrigation water.

2. Water -soluble phosphate fertilizers remain in an available
form for three years and probably longer in our alkaline- calcareous
soils.

3. Phosphate fertilizer increases the phosphorus content of
the hay.

4. Two hundred pounds per acre ammonium phosphate (11 -48)
or treble superphosphate followed by an annual application of 100
pounds per acre is a very desirable program to follow.

5. To ascertain if a phosphate deficiency exists in an alfalfa
field an application of phosphate on a small part of a border will
suffice, since the response is immediate.

In Table 1 the harvesting data for the 1935 crop are tabulated
in condensed form to show the yields from the refertilized borders
and residual effects from the 1934 and 1933 applications of fer-
tilizer.

TABLE 1.- HARVESTING DATA FROM ALFALFA EXPERIMENT
FERTILIZED WITH AMMONIUM PHOSPHATE (11 -48).

When
Treatment fertilized

(pounds per acre)

Check -none
600 1935
600 1934
400 1935
400 1934
200 1935
200 1934
100 1935
100 1934
200 I 1933

Total yield -6
cuttings

(pounds per acre)
10,185
17,430
16,470
17,730
17,265
15,810
14,445
14,520
12,135
13,053

Increase from
fertilization

(pounds per acre)

7,245
6,285
7,545
7,080
5,625
4,260
4,335
1,950
2,868

LETTUCE FERTILIZATION

Co- operative lettuce fertilizer studies, in which the Department
of Agricultural Chemistry and Soils is conducting chemical studies
on soils and plants, and the Horticultural Department is in charge
of field operations, have been continued through a second year. In
view of the fact that truck crops require rather heavy fertilization,
these experiments have necessarily been quite extensive in order
to meet the demands of the industry. The tests which have con-
stituted the experiment to date were made in ten different loca-
tions in commercial lettuce fields in the Salt River and Yuma
valleys.
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-The main objective was to determine more suitable methods
and materials for lettuce fertilization. The chemical studies in-
volved .. the : changes ' in availability of nitrogen, potassium, : and
phosphorus in the soil and changes in the composition of the plant.
at : different . stages of : growth. The : purpose: of these chemical
studies was to learn something of the food requirement of the. crop

.
and its feeding .. hal3its.. :: 'The first two :'years::wtrli:IsJeirig:::preparedg
for publication as a bulletin.

Briefly, :. the chemical :.. studies : show ': that the plant : food :.:.

moves from the furrow to the center surface of the bed and ac-
cumulates

.. ' . . ..... ..

: in large amounts in the surface 2 inches. :.:: This ':con-:::.

made .::'.:.:'..: :.:..'..:..'...'. .............. ..::..'.......:...'..,..............: ..'..:'.:.....:.:.......
con-

dition made it very difficult to study changes in plant food availa-
bility This

.

in the soil. is particularly true for nitrogen, so for
potassium, and still less true for phosphate. The ; plant makes a
rather heavy draft on . available plant food throughout the growth

There is a definite relation between available phosphate in : the -:
soili`' and'::.: yield :and:i::...:uality.::of::IettuGe. :.::: Plant analyses shoysi..::ve:,: .:: '..:Yi q very

-: , .. . , ,little change in per cent potassium in the plant at different stages
..

.. .. ......
'

. . . ' ' R ' ' .
withgrowth,

.::.
while: e the per cent nitrogen decreases w...::: age and : e

hos hate increases slightly. Both nntro en and phosphate in thep p g
p lant are increased by ÌertilizatÌon. The response of lettuce to
phosphate fertilization is indicated in Plate I.

:.: .
.

. . . ... .. ..

Plate ::I: --- Lettúce:"; plants: :: left; ' fertilized with ' phosphate; . right; not fer-
tilized. Yuma Valley field.
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LIMìrING. FACTORS IN THE -i:+`ERTILIZATION OF CROPS

As :a routine practice, many of the soils submitted to the depart-
ment for examination are tested for productivity by potting them
and planting to tomatoes, which are excellent plants for detecting
phosphate deficiency in soils In `thhese tests practically all the
alkaline -calcareous soils show a ,positive response to phosphate.
However, under field conditions, many of these same soils fail to
respond. In searching for an explanation of this, a number of
so-called limiting factors have been studied, and-among them the
effect of the mechanical condition of the soil has been shown to be
outstanding. In view of this, an extensive study of the effect of
the mechanicaLcondtion of the soil known as the;lauddled state "
is now under way

When each soil particle is separated from its neighbor, and
when the soil has a granular structure and will take air and water
eadily, it is said to be flocculated or in good tilth. On the other

hand, if & soil is cultivated when wet or is otherwise handled im-
properly, the particles will be packed together in a dense Mass.
Such a soil is said to be pud led and when dry it become hard
and refractive .Under irrigation such soil conditions ` may arise
in spite of careful arming. The injurious effects are chemical,
biological, andanct physical, and the problem is a broad one

Insofar as the fertilization of the soil is concerned, we have
already shown ;that. the value of fertilizer may be entirely lost if

Platë II Tomato plants: left, son fe rGiëd; with phosphate and puddlèd;.
right, fertilized with phosphate 'but not pud.dled.
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Plate III.- Tomato plants: left, control not puddled; center, soil puddled,
note plants growing only in cracks or at edge where roots can get air;

right, seeds worked up in chewing gum.

the soil is in an unfavorable mechanical state. This is best il-
lustrated in Plate II, showing the comparative growth of tomatoes
in two pots of soil well fertilized with phosphate, one soil being in
a puddled and the other in a good mechanical state. Plate III
shows how plants grow only in the cracks of a puddled soil where
air is available, and Plate IV shows the scanty root growth on
plants grown in a puddled soil, and the vigorous root system
developed in the same soil under properly aerated conditions.

This line of study has developed into one of our most important
projects, for obviously as long as one or more limiting factors
exist in the soil, the response to fertilization is limited to the
magnitude of the unfavorable soil characters.

SOIL -MOISTURE STUDIES

In agriculture under irrigation an almost continuous series of
problems arise dealing with soil moisture. The relation of the
mechanical condition of soil, known as the puddled state, to the
properties of soil moisture is one phase of our study of crop -
limiting factors. The influence of the puddled state on the avail-
ability of water to the plant is especially important.

If water in small amounts is added to a dry soil, it will distribute
itself around the grains as films. On continuing the addition of
water, these films gradually increase in thickness to approximately
100 molecules, the wilting point of the soil, above which the
moisture becomes available to the plant. The optimum moisture
content of the soil is about twice the moisture content of the soil
at the wilting point.

Plowing the ground when it is too wet is probably the most com-
mon cause of puddling. Trampling a soil by stock and packing it



: . : .... .... .

. :....: ... ... ..
: ... .,..... ...,.... .. .... .. .. ... . :...

t.....xteen :;cia3rs °Id: ri t, :grown ;in :;ptt...dl saii;.
own in same soil but not puddled.
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with heavy machinery are also contributing causes. Heavy soils
may be puddled by a hard rain and a soil or subsoil may be badly
puddled by the vibrations of a motor on a heavy farm tractor.
There are all degrees of puddling and any instrument that agitates
a soil when it is too wet is apt to puddle it. Soil dispersion and soil
puddling are almost synonymous terms, but a dispersed soil, if
handled properly, need not necessarily be puddled.

Two important injurious effects of puddling are: (1) in a badly
puddled soil "breathing," or the penetration of oxygen, is seriously
retarded or stopped altogether, and (2) the penetration of water
into the soil and its movement within the soil is reduced. In fact,
the water becomes so tightly bound that it is largely unavailable
to plants. Root elongation cannot take place under this condition,
and the plant suffers as if from a drought. Soil puddling, as it
influences the plant- soil -moisture relation, is probably the great-
est problem that now confronts this station. In our heavy, irri-
gated soils the cultural practice appears to be an index to the
rate of decline in fertility. A field of alfalfa may last many years,
while a field in a truck crop, such as lettuce, will last only a few
years before the yield becomes too low to be profitable, although
fertilizers may be used.

Summing up our observations on soil puddling as it applies to
soil structure and soil moisture, it may be said:

A soil when near the saturation point with water may be pud-
dled by any method that disturbs the soil particles with respect to
each other. The soil may be puddled during ordinary processes of
tillage, or the subsoil may be puddled by the vibrations of a motor,
even when the surface soil is in good tilth.

There are degrees of puddling, and the extent of puddling de-
pends in part upon the composition and percentage of the zeolites
in the soil.

When a soil is puddled effectively, by vibrations for example,
the colloidal particles are set in motion, air bubbles will escape
from the soil and after a few minutes the soil mass will decrease
in volume and assume the appearance of a gel. In such a soil the
crumb structure will be partially or wholly ' destroyed, and the
colloidal particles will form a gelatinized mass or continuum.

If seeds are planted in a puddled soil practically no germination
will take place, except where shrinkage cracks occur (Plate III) .

If seedlings are planted in puddled soils, or if seeds are germin-
ated in good soils and the soils are then puddled, root growth will
be affected seriously.

When seedlings are growing in a good soil and transpire norm-
ally, the transpiration of the seedlings will be reduced about 50
per cent, if the soil is puddled.

If seedlings are planted in a puddled soil and placed under a
bell jar, the injurious effects of puddling are not nearly so marked.
This is due to the fact that in a saturated atmosphere the water
stress of plants has been relieved; this shows that one effect of
puddling is a water stress (Plate V) .
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Plate-V.-Effect of reduced transpiration on growth Of barley in a'puddle
soil: : i, control, good soil; 2, puddled soil; 3; piddled soil kept under a

bell jar to reduce transpiration.

Plate VI:-: Effect of dust mulch on a. puddled soil: 1, control; 2, puddled
soil; 3, . puddled soil covered with dust mulch.
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If the soil in which seedlings are growing is puddled and a dust
is spread over the top of the soil, the stress of the puddling upon
the above - ground portion of the plant is not nearly so great (Plate
VI) .

When young seedlings of many plants, particularly cereals such
as wheat or barley, are placed in a cool, saturated atmosphere
guttation will take place freely when the soil is moist and in good
tilth. However, if the soil is first puddled by vibration and the
plants are placed in a saturated atmosphere, no guttation will take
place. If an excess of water is added to a puddled soil guttation
will begin. Apparently there are three forms of water in the soil
that concern the plant vitality. First the available or film water
that surrounds each soil particle with a thickness of over 100
molecules; second, the free water that fills the larger soil cavities;
and third, the bound water that is held in some way in the soil
with a suction force greater than that which is exerted by pull of
the plant.

A dust mulch, that is, cultivation, apparently enables a plant to
be more efficient with the available water.

When puddling appears it is almost sure to be a limiting factor
in crop production. A soil that is thoroughly puddled will not
respond to applications of fertilizers or manures.

Under Arizona conditions if a soil is puddled and then dried out
and cultivated before planting, all effects of puddling disappear.

This investigation is also concerned with the relation of vapor
pressure, soil plasticity, soil volume, particle size, and other
physical characters to the puddled state.

SOIL BACTERIOLOGY

In a well aerated soil the microflora are largely aerobic and
highly beneficial microbiological processes proceed normally and
in harmony with plant growth. In a puddled soil the microflora
are largely anaerobic and harmful microbiological processes pro-
ceed and conditions are created which are toxic toward plant
growth. Therefore the microbiological phase of soil puddling is
also being studied.

Much of our investigational work has dealt with the oxidizing
and reducing power of the soil microflora in puddled and un-
puddled soil, and our observations to date may be briefly summed
up as follows:

1. The oxidizing action of the soil microflora in Arizona soils
when they are in good tilth is very rapid. When ammonium sul-
phate and sodium nitrate are added to our good soils, and when
the good soils are then incubated at optimum moisture content,
the nitrates remain unchanged while the nitrogen in the ammon-
ium sulphate is oxidized to nitrate. When these same soils are
puddled and then incubated, both the sodium nitrate and ammon-
ium sulphate are reduced, and the nitrogen in great part eventually
disappears from the soil in a gaseous form.

2. The soil that is waterlogged, that is, one that is covered with
free water, behaves very much like a puddled soil. However,
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waterlogging the soil is not nearly so harmful to crop plants as
puddling the soil, provided the water in the waterlogged soil is
kept moving.

3. When a puddled soil is dried out and allowed to crack, the
effect of the puddling disappears. If ammonium sulphate is added
to a soil under such conditions, it is oxidized rapidly.

4. If ammonium sulphate is added to a soil and the soil is then
puddled and a dust mulch is sprinkled over the top, oxidation of
ammonia will take place in the soil.

5. Neither sulphur, gypsum, nor sand has any beneficial effect
upon oxidation as long as the soil remains puddled.

6. When a solution of ammonium sulphate is added to a soil,
the ammonium sulphate does not remain long as such, but the
ammonium radical replaces other bases in the zeolite with the
formation of ammonium zeolite. The nitrogen that is thus held
in the zeolite complex is just as easily oxidized by the soil micro-
flora as is ammonium sulphate.

7. Synthetic ammonium zeolite, or permutite, when added to a
good soil is rapidly oxidized to nitrate. When the zeolite is added
to a puddled soil, the nitrogen is reduced and is lost as nitrogen
gas.

8. The oxidation of nitrogenous compounds takes place most
rapidly in calcareous soils with a pH of 8 or more. At a pH of 6
or less oxidation is usually negligible.

CITRUS -TREE DECLINE

Citrus trees when grown on alkaline- calcareous soils often
exhibit some type of physiological disturbance. Soil and plant
studies, which have been conducted during the last several years,
indicate that the hydroxyl -ion concentration of the soil solution,
buffered by calcium carbonate, is an important contributing factor.
Experiments based on this have shown that the tree vigor is greatly
improved by residually acid materials which tend to reduce the
pH of the soil. This research was published during the year as
Technical Bulletin No. 60.

SULPHUR FERTILIZATION

There are a number of materials which are suitable for reducing
the pH of alkaline soils. Among those which have been used in an
experimental way during our study of citrus -tree decline are nitric
acid, sulphuric acid, organic matter, and sulphur. In view of the
fact that sulphur must oxidize to sulphuric acid to become effec-
tive in the soil and in view of the fact that this is a microbiological
process, the sulphofying power of some Arizona soils has been
studied. This work was published during the year as Technical
Bulletin No. 59. Briefly, this work showed active oxidation of
sulphur in Arizona soils accompanying which was an improve-
ment in the mechanical condition of the soil and in the availability
of phosphorus and potassium and a reduction in pH.
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ACIDULATED FERTILI

On the basis of our observations that hydroxyl -ion concentra-
tion in the soil solution induces physiological disorders in crops
grown on alkaline soils, we are advocati the use of small
amounts of sulphur or acidulated tankage in he compounding of
commercial fertilizers for all line- calcareous soils. Such ma-
terials may be considered primarily as fill, and their purpose
is to reduce the pH of the soil in the zone of the fertilizer 'particle
where the roots feed. In others words we strongly advocate the
use of fertilizers which are fortified with residually acid materials
as a means of eliminating many of the nutritional disorders which
characterize crop growth on alkaline soils, article presenting
these views has been prepared for publication..

ALKALI IN LETTUCE BEDS

In the lettuce irltry of this :state the, wised -bed method of
culture has been universally adopted to re a favorable soil
environment for the roots. While the raised bed does accomplish
this, it presents an alkali problem which is peculiar to this type of
farming. The irrigation water is of course applied in the furrows
and is drawn toward the center of the bed by lateral capillarity
and therefore carries the dissolved salts with it. The greatest
evaporation is on the surface cotter of the bed or at a point slightly
beyond the capillary water line of the b, There is also an
appreciable accumulation of salt on the shoulder of the bed where
the plants are located, while the furrows show no accumulation
at all. This problem has been co- operatively studied by the Soils
Department and M. F. Wharton of the Horticulture Department.
The investigation was published during ter year as Bulletin No
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152. Briefly, this study showed that the movement and accumu-
lation of salts (alkali) in bed culture is a function of the type of
bed. The higher the bed center the greater accumulation of alkali
at the center but the lesser the accumulation at the shoulder where
the plant is located.

The high bed which is used in cantaloupe culture, showed the
least fluctuation in salt movement. Salt accumulation in this type
of bed is illustrated by plates VII and VIII.

A LYSIMETER STUDY OF THE NITROGEN BALANCE IN IRRIG. \TED
ARID SOILS

It has long been noted that arid soils contain but small amounts
of nitrogen, yet under ordinary conditions of cropping, symptoms
of acute nitrogen deficiency do not always appear.

In 1930 a long -time, nitrogen -balance experiment which would
show the natural losses and gains to the soil on cropping was
planned. Two sets of six lysimeters were filled with weighed
amounts of soil. Half were filled with Mohave clay and the rest
with Gila clay loam. Both soil types are common in the Tucson
area.

During the first year all were planted to wheat which was cut
green, weighed, and returned to the soil. In the spring of 1931 a
regular rotation, which has since been followed, was initiated in
five of the six tanks. It consists of alfalfa, alfalfa, alfalfa, cotton,
and hegari and wheat. In the other tank, hegari and wheat are
grown continuously.

During three of the five years of the rotation, the tanks are
growing alfalfa, a supposedly soil -improving crop. Whether this,
together with slight additions of nitrogen by nonsymbiotic fixation
or by rainfall, is sufficient to maintain the original nitrogen con-
tent of the soil remains to be seen.
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Analyses of the soil initially show the Gila soil to contain 0.0854
per cent of nitrogen and the Mohave soil to contain 0.0521 per
cent. Systematic analyses of the nitrogen aided by rainfall and the
removal by cropping have been made. The average addition of
nitrogen per acre through rainfall is 3.3 pounds. Formerly rainfall
samples were collected on the roof of the Agriculture Building, as
well as on the ground near the lysimeters. Abnormally high
amounts of nitrogen were found due to the nearness of the rain
gauge to vents from laboratory hoods.

In the tanks where wheat and hegari follow each other, the
usual depressing effect of hegari is noted on the wheat yield.
Analyses have not been made on the soil after a five -year period,
because it is believed that such a short time would show too little
difference in the total nitrogen content of the soil.

FLUORIDE CONTENT OF WATER AND PLANT MATERIAL IN
RELATION TO MOTTLED ENAMEL

The study of the fluorides in Arizona waters has been continued
during the past year. A detailed study of the problem in the Salt
River Valley has been completed and published as Technical
Bulletin No. 61. Water from wells, where available, in each section
in twenty -four townships was tested. The teeth of all native -born
children in all the schools in the Salt River Valley were examined.

Areas in which the ground waters were particularly high in
fluorine and where the majority of the wells produced fluorine
water were found to be located northeast and southeast of Phoenix.

The area northwest of Phoenix was remarkably free from
mottled enamel and fluorine water.

Geographically speaking, low- and high -fluorine waters were
found adjacent to each other. In such areas a comparison of well
depths showed the high -fluorine waters to be coming from the
shallow wells. In eighteen townships a sufficiently large number
of cases were studied to establish the probable depth to which a
well must be drilled and cased to exclude harmful amounts of
fluorine. In some cases wells 100 feet deep seem to be below the
fluorine strata, while in others the wells must be drilled to a depth
of 300 feet. The highest fluorine content found in the Salt River
Valley was 30 parts per million. More recently a water contain-
ing 33 parts per million was found near San Simon. These figures
are much higher than any heretofore reported by any investigator.
Water containing these high concentrations of fluorine were found
to attack deciduous teeth, which were previously supposed to be
immune to fluorine destruction.

These high concentrations of fluorine having been found in water
indicate that the fluorine is not combined as calcium fluoride, of
which the maximum solubility in water is about 18 parts per
million.

The value of this work is inestimable. Each child prevented
from having mottled enamel will be saved costly dental repair
bills, beside the discomfort and inconvenience which accompanies
mottled teeth and their replacement. Some schools and many



FORTY- SEVENTH ANNUAL REPORT 17

individuals have changed their water supplies in. light of the in-
formation furnished them. Several individuals have drilled new
wells or deepened existing ones to the recommended level and
have found low -fluorine water.

In one instance a water sample and a soil sample were taken
from the same stratum in a well. The soil contained 13.2 p.p.m. of
water- soluble fluorine and the water 14.5 p.p.m. It is logical to
suppose that much of the fluorine in underground waters in the
Salt River Valley is dissolved from the soil, rather than coming
from a large body of fluorine - bearing mineral.

Fluorine content of plants

Preliminary studies have shown the presence of rather large
amounts of fluorine in garden truck produced in the Phoenix area.
Chili contained 7.7 p.p.m. and cucumber 30.4 p.p.m. Summer
squash from three different locations contained 12.7, 20.6, and 16.7
p.p.m. of fluorine, respectively. All figures are on the water -free
basis.

Now that the tolerance for fluorine in water has been established,
it is hoped to establish the tolerance for fluorine in foodstuffs.

Considerable time has been spent in building and calibrating a
photoelectric colorimeter to be used for fluorine determinations.
This instrument should eliminate errors due to eye fatigue so
common in continued use of the Duboscq type of colorimeter.

SOIL REACTION STUDIES

The study of the reaction of alkaline- calcareous soils still con-
tinues as one of our major projects. The study involves methods
of determining pH values, factors contributing to soil pH, and
compounds responsible for it.

Studies on pH determination have shown that the glass electrode
is the most satisfactory apparatus.

Among the factors contributing to soil pH the degree of aeration
is most important. The pH of the soil increases with depth which
is due to the formation of normal carbonates because of a de-
ficiency of CO, in the subsoil air and the soil solution. Since many
of these soils do not contain sufficient sodium carbonate to account
for the high pH values, we were led to investigate calcium car-
bonate. This study has been very fruitful. Conflicting results
in the literature on the pH of calcium carbonate in water solution
led to the desirability of clarifying this point. Its pH value de-
pends largely upon the method of preparation or the conditions
under which it is formed in nature. pH values as high as 10.2 or
higher may result from small amounts of calcium hydroxide on
the surface of the calcium carbonate particles due to hydrolysis.
To illustrate this, the examination of a number of samples of
calcium carbonate from various sources showed that the pH in a
1:10 dilution ranged from 7.5 to 10.2. When these samples were
leached with water and their pH values redetermined all had the
same pH value - namely 9.7, which is probably the correct pH
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value of calcium carbonate. It is planned to establish this de-
finitely by preparing calcium carbonate of known purity.

It is clearly evident from the above that the pH of calcium car-
bonate is intimately associated with the presence or absence of
impurities such as are often present in the soil. There is also a
possibility that it may exist in several different forms. Three are
now under study - namely, the precipitated colloidal or amorphous
form often observed in our subsoils, a basic carbonate such as that
which magnesium is known to form, and a double carbonate of
calcium and sodium. Thus far, experiments indicate the existence
of a true double carbonate of sodium and calcium. This research
has been submitted for publication as a technical bulletin.

Numerous complex silicates which are known to contribute to
soil reaction because of their hydrolysis when in contact with
water are also being studied. Results obtained to date indicate
that the minerals may be grouped according to their hydrolytic
behavior. Muscovite, kaolin, talc, albite, and orthoclase gradually
give reduced pH values on leaching, while augite, apatite, and
bentonite give increased values.

The hydrolysis of the calcium and sodium zeolites is being
studied both singly and in mixtures. Pure sodium zeolite gives a
pH of 10.05 and calcium zeolite a pH of 9.3 at 1:10 dilution. When
these zeolites are mixed in various proportions, at 1:10 dilution, the
pH of sodium zeolite is reduced to 9.94 by calcium zeolite and
remains constant between 20 and 80 per cent calcium zeolite,
dropping to 9.37 for pure calcium zeolite.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY

LAND USE IN MOHAWK AREA

A detailed economic analysis of production in the Mohawk
Municipal Water Conservation District made at the request of the
landowners showed a need for adjustment. The district had
obligated itself to pay $500,000 on serial bonds due from 1937 to
1956. Of the money borrowed, only $365,000 was paid for capital
improvements, and of these improvements a considerable portion
was valueless by the summer of 1936.

The cost of water was shown to be in excess of $8.50 per acre,
without inclusion of an amount for debt service. Water supply
for the district was on the decline and appeared to be inadequate
to supply more than 4,500 to 6,000 of the district's 18,000 acres.
One third of the irrigation wells which supply the water for the
district had been abandoned on account of high alkalinity, and
evidence showed an increasing alkali content in the water of
several of the remaining wells.

If Colorado River water, under the government's proposed Gila
Valley Project, should become available for irrigation of Gila
River lands adjacent to and including the lands of the district,
farmers outside the district would have an economic advantage
unless outstanding obligations are reduced to the point where they
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do not exceed the cost of leveling land, plus the value of fixed
improvements.

Returns from production in the district indicate inability of the
farmers to pay more than the principal and interest on a $100,000
debt carrying 6 per cent interest. This compares with a district
indebtedness in the summer of 1936 of more than $700,000. In
view of this it appeared improbable that the holders of bonds of
the Mohawk District would ever receive any important payment
unless the debt were reduced to a figure within the ability of the
district to pay.

It was concluded, however, that production of the district's chief
crop, alfalfa seed, would continue if payment of taxes and debt
service charges were not forced, as was the case from 1932 to 1936.
Under such conditions it was assumed that production would
continue on 3,500 acres or more until the water supply decreased
or the alkalinity of the land or water increased.

PRICE RELATIONSHIPS FOR ARIZONA COMMODITIES

A tabulation of certain data relating to factors which tend to
determine the price received from Arizona farm and ranch pro-
ducts was compiled: data on acreage, production, and price re-
ceived for several Arizona products were assembled for as many
years as records were available. From these data a number of
charts were prepared showing trends in production and price.
During the year the supply -price relationship in the citrus in-
dustry was given first consideration.

AGRICULTURAL ENGINEERING
PRECIPITATION ON THE DRAINAGE AREA OF THE SANTA CRUZ

RIVER ABOVE RILLITO, ARIZONA

In conjunction with ground -water studies being conducted in
the Santa Cruz Valley, a rainfall map of that portion of the drain-
age area above Rillito, Arizona, was prepared three years ago. A
revision of this map has been made and its accuracy increased
through the use of three years of additional rainfall data now

TABLE 2.- DRAINAGE AREAS AND AVERAGE ANNUAL PRECIPI-
TATION ON PARTS OF THE SANTA CRUZ VALLEY.

Drainage area Area
(square miles)

Average annual
precipitation

(inches)

Santa Cruz River above
Rillito, Ariz 3,436 17.3

Santa Cruz River above
gauging station at Tucson 2,100 17.6

Rillito River above gauging
station near Tucson 903 17.3

Sabino Canyon above
gauging station at
mouth of canyon 35 28
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available. The average annual precipitation over the entire area
and selected portions of the drainage area, as shown on this map,
are given in Table 2.

Particular interest attaches to that portion of the map containing
the Sabino Canyon drainage in view of the proposed plan for a
high- storage dam on this stream.

RELATION OF STREAM RUNOFF TO RAINFALL

It has long been recognized that the portion of the rainfall in
southern Arizona which escapes from a drainage basin as surface -
stream flow is exceedingly small; in fact, the percentage of runoff
to rainfall in southern Arizona and in other arid and semiarid
regions is far lower than it is in more humid regions.
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In order to exhibit the meager percentage of runoff, Figure 1
is presented. It shows the runoff- rainfall relation for the Santa
Cruz River as measured at Tucson, and for the Gila River at
Coolidge Dam, over a thirty -year period. It is true, of course, that
the percentage varies with the intensity of individual rains, with
the initial condition of the vegetation and the soil moisture, and
with other factors, and that the storms are accidental and differ
from year to year; but with so long a record the relationship of the
annual totals becomes dependable and valuable for long -range
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planning. Each of the curves has a sharp upturn at a point much
beyond the normal, or average, rainfall. The upturn is evidence
that beyond a limit corresponding to saturation of the top soil, the
rain on the affected area must largely run off the land. Similarly,
if the storage in the river bed becomes exhausted, the cumulative
flow in the river reaches high stages.

It is seen from Figure 1 that for a year of normal or average
rainfall the stream discharge into Coolidge reservoir at San Carlos
is equivalent to a thin sheet of water less than 1/2 inch thick,
distributed over the area of the drainage basin, and is only 3.0
per cent of the quantity of water which falls as rain. The normal
stream discharge at Tucson is only 0.74 per cent of the water which
falls as rain on the drainage basin of the Santa Cruz above Tucson,
equivalent to a film of water 11s inch thick over the area of the
drainage basin. The rate of increase is much greater for the run-
off than for the rainfall, intensifying the effect of a dry year or of
a series of dry years.

A study of rainfall and runoff records indicates that seldom, if
ever, has the runoff of the Santa Cruz River at Tucson been equal
to more than 3 per cent of the annual rainfall upon the drainage
area above. Based upon available records, the runoff from the
Sabino Canyon may be equal to 30 per cent or more of the rainfall
on the drainage area during years of exceptionally high rainfall.
The relatively greater percentage of runoff from the Sabino basin
may be attributed to the following factors: the high average rain-
fall, small compact drainage area, steep slopes over entire drain-
age area, and the impervious character of the rock basin with only
a thin mantle of soil for the storage of soil moisture.

The water which moves underground is, for valleys with rock
troughs, usually less than the surface flow. The loss at the site of
the Coolidge Dam was negligible, even before the construction
of the dam.

Most of the rainfall, therefore, is returned into the atmosphere
not far from where it falls, either as direct evaporation or as
transpiration from vegetation, including forest trees, shrubs,
weeds, and grasses. Small erosion -control structures will tend to
further reduce the quantity of water available for irrigation pro-
jects, but the effect is likely to be negligible or nearly so, unless
great areas are worked over and the structures withstand the
maximum rains. No plan of control or treatment of the forest and
range has been proposed that would increase the runoff without
at the same time increasing the hazard of soil erosion, but this is
a field of study with great possibilities.

There are still some unused areas of arable land in which the
consumptive use by irrigated fields would be no greater than that
of present native vegetation. One of the difficulties to be overcome
is the irregularity of supply, which native vegetation withstands
better than commercial crops, necessitating thereby the storage of
water, either on the surface or underground, for irrigation needs.
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FLOOD DANGER ON THE BOTTOMLAND

The sharp upturn of the curves of Figure 1 and the analogy of
these curves to the runoff curves of individual rains is a reminder
of the danger of overflow of bottomlands during periods of heavy
concentrated rainfall and the need of building farmsteads on the
benchlands. This matter was emphasized in the Twenty- seventh
Annual Report, page 304, in 1916.

The early settlers found the stream channels poorly developed,
but the runoff factors at that time were very low. With the com-
ing of the cattle industry followed by long drouth periods the run-
off percentages increased rapidly. Tardily the stream channels
were cut wider and deeper, until now some of them can carry the
great floods adequately. Storage reservoirs have reduced the dan-
ger on some streams. But there remain many stretches of
bottomland on which homes should not be built. Some adobe
homes built within the past year are likely to be destroyed within
a decade.

The older part of Yuma and the village of Duncan were built on
bottomland. Both have been greatly damaged by floods. In
general, the early settlers realized the danger and most of the
villages and cities were built on the first bench, a few on the
second and third benches. Each year disastrous floods occur in
the United States and almost invariably the loss of life and prop-
erty is due largely to the fact that cities and homes have been
built on the bottomlands without thought of the consequences.

The state health authorities and other public agencies should
prevent the building of homes in exposed situations so far as
possible.

GROUND -WATER STUDIES

In the Pima Farms district the eight -year period, 1923 -30, in-
clusive, of excessive pumping draft was followed by three years of
very low pumpage. During this three -year period recovery of the
water table took place to the extent of about 3 feet in the upper
end of the area and about 14 feet in the lower end. Presumably
this three -year period of low pumping draft would have allowed
opportunity for a continued and more complete draining of the
unwatered marginal portions of the ground -water basin. The
gradients of the water table adjacent to the pumping area would
likewise have had time to more nearly approach a position of
equilibrium with respect to the permanently lowered water table
in the pumping area. Under these conditions the pumping of an
amount equal to the normal ground -water recharge to the area,
less the water escaping through underflow at the lower end of the
area, should not result in any residual lowering of water levels in
the area over a period of years of normal recharge.

In 1934 a residual lowering of the water table of 2.3 feet resulted
from the pumping of 17,600 acre -feet, and in 1935 the pumping of
13,700 acre -feet from the area resulted in an average lowering of
0.8 feet. An important source of recharge to the ground waters is
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the seepage from flood flows in the Santa Cruz and Rillito rivers.
The combined flood flows in the two streams during the 1934
pumping season was approximately 15,800 acre -feet and during the
1935 season was 32,500 acre -feet, an average of slightly over
24,000 acre -feet per year. The average annual discharge of the
Santa Cruz and Rillito rivers as measured near Tucson for the
period, 1923 -35, inclusive, for which pumping records are available
is 23,700 acre -feet, practically the same as for the past two years.

As a result of the residual lowering of the water table within the
pumping area for the past two years it appears possible that the
amount of water withdrawn from ground -water storage has been
slightly underestimated. Both the extent of lateral underdrain-
age adjacent to the pumping area and the character of the material
underdrained are difficult to determine. The number of wells
surrounding the area was inadequate to determine the former, and
sufficient well logs and samples of water -bearing material were
unavailable to determine the latter. Another factor which may be
of greater importance than was at first realized is the slowness
with which complete drainage of the saturated zones takes place
as the water table recedes and also the quantity of water which
is held in them in what might be termed delayed storage.

It is concluded that the estimated safe yield of the area is some-
what less than the previously estimated amount of 17,500 acre -feet.

GROUND -WATER LAW

The manuscript for a bulletin on ground -water law has been
prepared. It traces the development of the law in Arizona court
decisions, analyzes the law relating to ground waters in neighbor-
ing states, and makes suggestions for clarification and improve-
ment of the present unsatisfactory status of the law in this state.
It now awaits the completion of physiographic studies, so that a
rational basis for determining the type of a ground -water supply
may be available.

ADJUDICATION OF WATER RIGHTS WITHIN THE
SANTA CRUZ BASIN

The modern theory of administrative control of water supplies
presupposes: (1) that the determination of all vested rights, with
dates of priority, shall be made by the State Water Commissioner
and confirmed by the superior court; (2) that the water supply of
a stream shall be studied to determine its extent and its distribu-
tion; (3) that the initiation of new rights, if permitted, shall be
limited to the unappropriated water, and if there is none, appli-
cation for permits shall be denied.

An adjudication of the water rights within the basin of the
Santa Cruz River has never been attempted. Most of the water
supply utilized for irrigation is obtained by pumping from wells.
Since the irrigation wells, with few exceptions, are on the bottom -
land, they take water from the definite underground stream, or
underfiow, of the Santa Cruz, the banks of which follow the escarp-
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ments bordering the bottomland. Under the decisions of the
Arizona Supreme Court, such ground water is "public" and is
appropriable the same as surface -stream flows. This condition
obtains from the head of the stream and its tributaries down to
Rillito village at the point of the Tucson Mountains.

The largest single appropriation of water is that of the Marana
Irrigation Company, a commercial water company which serves
the lands of the Cortaro Farms Company. This project is at the
lower end of the river course at it was just described. In order to
protect its water supply from depletion by additional upstream
use, the Marana Irrigation Company, in 1935, made application for
permit to develop and use 98,600 acre -feet of additional water. If
it were possible to develop so great a quantity within reach of its
lands, the effect of a permit would be to shut off all development
elsewhere in the basin.

The application has created great interest and fear among other
water users, since it directs attention to the fact that their vested
or initiated rights have not been determined. All the larger
water users, and scores of smaller ones have consulted this office
for suggestions as to what they should do. This office has advised
that, to the best of its knowledge, the situation is as follows:

1. Wells situated on benchlands, above the bottomlands, obtain
water from a broad indefinite underground supply, the so- called
"percolating water " -a term much used in Arizona court de-
cisions -and such water is not "public" and appropriable, but be-
longs in each case to the overlying landowner. It is not necessary
therefore to make application for water right.

2. Wells situated on the bottomland, if developed prior to
March 26, 1919, when the State Water Code Act became a law, and
if the water from such wells has been put to beneficial use and not
abandoned for a period of five successive years, now have (unde-
termined) vested rights as to the lands irrigated at that time. If
more land of the original tracts has been placed under irrigation,
with due diligence, the doctrine of relation would probably apply.
Just what constitutes due diligence is not well defined.

3. If wells are situated on the bottomland, but were developed
after the passage of the Water Code Act, and no permit was applied
for, they may be adjudged to be without any right until such
application is made. Thus, a later user of water may obtain pri-
ority over one who was actually prior in time.

The general confusion now existing can be settled in only one
way, and that is by means of a general determination of all the
vested and initiated rights to the waters of the Santa Cruz River
and its underflow, and the granting of certificates of water rights
and permits to those entitled thereto. It is believed that this can
be done, if the legislature which convenes in January, 1937, appro-
priates and adequate working fund to the office of the State Water
Commissioner for the purpose. Most of the stream systems in
Arizona have been adjudicated; the few remaining ones should
be adjudicated in justice to the water users dependent on them.
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PREFERENTIAL WATER RIGHTS

Preferential rights to the use of water are rights based not on
priority but on the nature of use. Thus, in most of the western
states, domestic and municipal uses are conceded to have pre-
ferential rights over all other uses. In some states the use for
irrigation is given the preference over use for mining, and else-
where the reverse policy has been adopted. In two states pre-
ferential water rights are designated in the state constitution; in
some other states, by statutory law.

An analytical study of preferential rights within the arid and
semiarid regions was made, and the conclusions reached were set
forth in a paper read before the American Institute of Irrigation
Agriculture. Reprints of this paper are available for distribution.

VALLEY TERRACES AND THEIR RELATION TO
GROUND -WATER SUPPLIES

The physiography of the valleys of Arizona has been given little
attention by scientists, though a few geologists have been inter-
ested in the land forms, especially in the mountain pediments, the
plains sloping away from the mountain bases. Tracing the pedi-
ments away from the mountains, they become the benchlands
bordering stream channels, or in some cases their original surfaces
are represented by the long, straight, flat or rounded ridges rising
between parallel valleys. Each successive erosional period has
given rise to a new set of these pediments and terraces.

In a publication' of this station, in 1910, it was asserted that in
the Rillito Valley there are three main levels besides the topmost
pediment. This statement has been confirmed by studies of
valleys in many sections of the state. Stated another way, there
are three main bench levels, or terraces, besides the bottomland.

In that publication it was stated that beneath the bottomland
lies an extensive, continuous body of coarse, unconsolidated sands
and gravels, furnishing the surest and best wells for irrigation
supplies. The bottomlands are well marked by bordering escarp-
ments and in width vary from a few hundred feet to several miles.
Beneath the unconsolidated gravel stratum lies the more compact,
extensive Pleistocene deposits, lime -cemented and much kaolin -
ized, which extend throughout the entire valley from mountain to
mountain. With improved methods of developing wells, it has
been found possible to obtain irrigation wells of high capacity in
many areas of the Pleistocene deposits also.

It has long been postulated that the physiographic division into
four terrace areas may be one approach to a study of ground-
water supplies; that each terrace is the surface of a refilled valley,
analogous in origin to that of the inner, or bottomland, valley; that
beneath each terrace is its own distinctive valley fill; and that the
lower (the later in time) the terrace, the less indurated and more
pervious the refilling materials should be.
1 Bulletin 64 (University of Arizona, Agricultural Experiment Station),
page 85.
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During the past year an intensive study of the terraces of central
and southern Arizona has been undertaken, and this study is being
continued. The study has added value in connection with the
formulation of a rational law of ground -water rights based on an
understanding and knowledge of ground waters, since the Arizona
law distinguishes between ground water following a course with
definite bed and banks and ground waters of indefinite extent
designated in court decisions as "percolating water," the former
type of ground water being public and appropriable and the latter
type belonging to the overlying landowner.

The postulate described above is found to be at least partly true,
but the evidence is not yet complete. An analysis of the terraces,
also, leads to the belief that their formation was due to climatic
swings rather than to differential uplift of the earth's crust, as has
been suggested by some physiographers.

REFINANCING OF DEFAULTING IRRIGATION AND
DRAINAGE DISTRICTS

Beginning in 1931 much effort has been made to initiate and to
assist in the financial rehabilitation of irrigation and drainage
districts. In July, 1933, every irrigation district that had issued
bonds, twelve in number, and three drainage districts were in
default and in most cases the indebtedness was so great as to make
full payment hopeless.

The farm relief act of May 12, 1933, contained a section (Sec. 36)
designed to effectuate rehabilitation by means of new loans to be
made by the Reconstruction Finance Corporation in amounts
based on the present worth and ability to pay off the projects, the
retirement of outstanding bonds to be effected by compromise
cash payments. In each case this required the voluntary acqui-
escence of the bondholders. Much delay has been due to the fact
that names and addresses of bondholders were unknown. It was
necessary, too, that the bondholders be convinced that no better
settlement was possible.

Section 36 requires also that each project as shown by an
appraisal must be physically and economically sound; otherwise
the application must be rejected, at least temporarily, pending the
needed improvement in condition.

The applications of Arizona projects and their status is exhibited
in Table 3.

The Maricopa County Municipal Water Conservation and Drain-
age District No. 1 was refinanced by the Reconstruction Finance
Corporation under its general powers, and the indebtedness of the
Queen Creek Irrigation District is being handled successfully by
a corporation organized by the bondholders. Efforts should not
cease until all other districts with defaulted indebtedness are
rehabilitated or, in two cases, are dissolved. In three cases the
rehabilitation should be done under Section 36 of the farm relief
act, since there is no other feasible way.



T
A

B
L

E
 3

.-
ST

A
T

U
S 

O
F 

A
PP

L
IC

A
T

IO
N

S 
O

F 
A

R
IZ

O
N

A
 D

IS
T

R
IC

T
S 

FO
R

N
am

e
St

at
us

 o
f 

lo
an

O
ut

st
an

di
ng

bo
nd

ed
in

de
bt

ed
ne

ss

A
m

ou
nt

 o
f 

lo
an

ap
pr

ov
ed

R
ed

uc
tio

n

T
ha

tc
he

r 
D

ra
in

ag
e 

D
is

tr
ic

t
C

lo
se

d
$8

8.
00

0
$2

8.
00

0
*1

0,
00

0
C

en
tr

al
 D

ra
in

ag
e 

D
is

tr
ic

t
C

lo
se

d
20

,0
00

17
,5

00
5.

50
0

R
oo

se
ve

lt 
Ir

ri
ga

tio
n 

D
is

tr
ic

t
C

lo
se

d
8.

06
5,

00
0

1'
28

4.
50

0
1.

78
0.

50
0

B
uc

ke
ye

 W
at

er
 C

on
se

rv
at

io
n 

an
d 

D
ra

in
ag

e
D

is
tr

ic
t

C
lo

se
d

30
0.

00
0

20
3'

50
0

97
.5

00

Fl
ow

in
g 

W
el

ls
 I

rr
ig

at
io

n 
D

is
tr

ic
t

A
pp

ro
ve

d
15

1.
50

0
44

.5
00

10
7,

00
0

R
oo

se
ve

lt 
W

at
er

 C
on

se
rv

at
io

n 
D

is
tr

ic
t

A
pp

ro
ve

d
3.

81
5.

00
0

1,
49

0.
50

0
2,

32
4.

50
0

Sa
lt 

R
iv

er
 V

al
le

y 
W

at
 r

D
oe

rv
'8

a0
00

ia
tio

o~
'

A
pp

ro
ve

d
13

.3
85

.0
00

10
.0

10
.5

00
2.

67
4.

50
0

Y
um

a 
Ir

ri
ga

tio
n 

D
is

tr
ic

t
D

en
ie

d
G

ila
 V

al
le

y 
Po

w
er

 D
is

tr
ic

t
D

en
ie

d
M

oh
aw

k 
M

un
ic

ip
al

 W
at

er
 C

on
se

rv
at

io
n

D
is

tr
ic

t
D

en
ie

d

* 
N

ot
 a

n 
ir

ri
ga

tio
n 

di
st

ri
ct

 b
ut

 a
n 

in
co

rp
or

at
ed

 m
ut

ua
l w

at
er

 c
om

pa
ny

. U
nd

er
 a

n 
am

en
dm

en
t t

o 
Se

ct
io

n 
36

, p
as

se
d 

in
19

34
 m

ut
ua

l n
on

pr
of

it 
w

at
er

 c
om

pa
ni

es
 c

om
e 

un
de

r 
pr

ov
is

io
ns

 o
f 

th
e 

la
w

.

ru
n



28 AGRICULTURAL EXPERIMENT STATION

ADOBE INVESTIGATIONS

The attention attracted by the use of adobe for construction
purposes by the various federal work relief agencies during the
past few years has led to greatly increased use of adobe in private
construction. Because of the relative weakness of adobe in com-
parison with the standard building materials in common use, it
is important that the strength and other physical characteristics
be known.

A series of tests of adobes covering a wide range in soil texture
was made by the Agricultural Engineering Department. In these
tests the strength of adobes in compression and flexure and in
resistance to washing was determined. Observations of the
physical characteristics such as volume shrinkage, shrinkage
cracking, shape, uniformity, weight, moisture content, and tough-
ness were made and where possible correlated with soil texture.
As the result of the tests made and of observations both here and
in practical adobe construction, the following general conclusions
are believed to be justified.

1. The average compressive strength of selected specimens of
adobe without shrinkage cracks can be expected to be not less
than 300 pounds per square inch, and ordinarily will not exceed
500 pounds per square inch, depending upon the character of soil
used.

2. The resistance of adobes to flexure is low and for purposes
of design may be considered as zero.

3. Adobes have low resistance to the washing action of rains
and to disintegration from wetting and for permanent construc-
tion must be protected against both.

4. Adobes may be made of soils covering a wide range in tex-
ture having a clay content varying from 10 to 30 per cent depend-
ing upon the fineness of the soil aggregate. In general, soils con-
taining a high clay content shrink greatly with resulting shrinkage
cracks.

5. The addition of coarse -grained sand to a fine -grained soil
with high clay content is particularly advantageous in reducing
shrinkage and increasing resistance to washing.

6. In general the compressive strength of adobes appears to
follow the same law as for concrete, in that the greater the density
the higher the compressive strength.

CREOSOTING TAMARISK FOR FENCE POSTS

The study of the practicability of creosoting tamarisk wood and
of the length of life of creosoted fence posts was reported in the
last annual report. In the fall of 1935, a hundred tamarisk posts
were cut and split and creosoted immediately. Later these green
posts were set in a half mile of fence alternating with creosoted,
air -cured posts.

An article covering the open -tank method and cost of creosoting
was published in the Arizona Producer for the purpose of en-
couraging farmers, especially those having mature or overgrown
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windbreaks, to cure and treat and set some tamarisk posts ex-
perimentally on their own farms. In each trial some untreated
posts also should be set in the line, so that the increase in the
duration of serviceability can be noted. When such trials are
made, they should be reported to the Experiment Station, to-
gether with the exact location of the posts and their means of
identification.

CONTROL OF HIGH SOIL TEMPERATURES IN CITRUS ORCHARDS

A comparative study of methods of preventing the high soil
temperatures during the summer months, covering the four years
from 1932 to 1936, was reported in the last annual report. A final
report on that research project was prepared and read before the
Association of Irrigation Research Workers at Estes Park, Colo-
rado, on June 25, 1936. Reprints of that paper are available for
distribution.

For young citrus orchards in Arizona, it has been shown: (1)
that the soil temperatures between June 15 and September 15 at
times exceed the point at which normal development and growth
may be expected; (2) that it is feasible to control the temperature
by several methods; (3) that the best method is by means of a
thick, dry mulch of some material, like Hubam clover, which will
not heat when wetted. The two next best methods of preventing
high soil temperatures are by light, frequent irrigations during
periods of protracted heat and by the use of a cowpea cover crop
planted about the end of May.

AGRONOMY

COTTON FIBER LENGTH AND MATURITY AS AFFECTED
BY SOIL ENVIRONMENT

Data obtained in conjunction with the 1934 cotton experiments
indicated a correlation between height of plant and the fiber
qualities of length and strength. The fibers averaged longer on
tall than on short plants. On the other hand, the tall plants pro-
duced cotton lint containing a higher percentage of immature
fibers than did the short plants. Both length and maturity of
fiber were depressed under conditions of severe water shortage.

Further indications that the type of plant greatly influences
the character of fibers were obtained with material taken from
the 1935 crop. The type of plant was varied at the Tucson Experi-
ment Farm by means of variations in spacings within the row.
Four spacings, 30, 18, 12, and 6 inches, were used. All flowers were
tagged throughout the season on twenty representative Acala
plants for each spacing, and the dated bolls were harvested at
maturity. A systematic study of fiber maturity by the caustic -
soda, microscopic method shows a preponderance of immature
fibers in the material grown on plants spaced 6 inches apart in
the row with a definite improvement in maturity as the spacing
widened.
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Previous investigations have indicated that length and maturity
of cotton fibers are negatively correlated at least as influenced by
the environment. Similar results were obtained in the 1935 Acala
spacing experiments. The mean fiber lengths as determined by
the Pressley sorter on material collected from the various spacings
were as follows:

Spacing
(inches)

Fiber length
(inches)

30 .916
18 .931
12 .946
6 .912

With the exception of the 6- inch -spaced plants, the length of
fibers improved as the spacing decreased. The plants with 6 -inch
spacing were spaced too closely to allow normal development in
fiber length.

COTTON QUALITY -GRADE AND STAPLE STATISTICS STUDY
The study of grade and staple quality of Arizona cotton from

representative areas has been continued through the 1935 -36
season by the Agronomy Department in co- operation with the

TABLE 4.- PERCENTAGE DISTRIBUTION OF SAMPLES OF ARIZONA
UPLAND COTTON WITHIN THE VARIOUS GRADE AND STAPLE -

LENGTH GROUPS FOR THE INDICATED PERIODS.

co
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1928-33* 49.9 21.8 28.3 62.1 33.4 4.4
Yuma 1934-35 18.6 42.7 38.6 46.0 53.0 1.0

1935-36 14.6 64.2 21.2 41.5 49.1 9.4

1928-33* 61.7 32.3 6.0 11.8 49.3 38.9
Peoria 1934-35 58.4 24.3 17.3 3.9 50.7 45.4

1935-36 69.7 13.6 16.7 3.0 58.2 38.8

1928-33* 61.8 22.7 15.5 15.3 50.6 34.1
Mesa 1934-35 66.3 22.7 11.0 1.8 32.6 65.6

1935-36 67.3 8.2 24.5 2.6 40.7 56.7

1928-33* 69.8 19.5 10.7 13.7 46.8 39.5
Coolidge 1934-35 76.8 7.2 16.0 0.7 12.7 86.6

1935-36 78.8 13.8 7.4 1.5 33.1 65.4

1928-33* 65.7 26.1 9.2 4.4 24.9 70.7
Safford 1934-35 89.5 7.4 3.1 tr. 5.0 94.9

1935-36 79.9 1.3 18.8 0.4 7.4 92.2

* Average.



FORTY -SEVENTH ANNUAL REPORT 31

Division of Cotton Marketing, Bureau of Agricultural Economics,
U. S. Department of Agriculture. In the accompanying tabula-
tions the current - season results are compared with those secured
last season and with the six -year averages for 1928 -33.

Upland cotton samples were obtained from five areas. At Yuma
the decrease in proportion of higher grade white cotton, begun
last year, continued through the current season. The increased
proportion of Stoneville cotton grown in Yuma Valley is doubtless
the reason for the poorer grade quality. There was considerably
less spotted cotton from the current crop at Yuma than last year.
Still that area shows a larger proportion of spotted cotton than
any area except Mesa. The increased staple length of the Yuma
crop also is attributed to the Stoneville variety which produces
longer stapled lint than the Mebane formerly grown.

The Peoria crop of upland showed a little more high -grade white
cotton than for the previous year and more than for the six -year
period. There was practically no change in the proportion of
spotted cotton. Staple lengths of the Peoria crop were a little
shorter than those for the previous year but show a definite de-
crease in proportion of cotton less than 1 inch long.

At Mesa there was but little change in high -grade white cotton.
There was considerably less low -grade white cotton but also a
large increase in proportion of spotted cotton. Staple lengths were
not so good for the 1935 -36 Mesa crop as for the previous year but
were still much better than a few years ago.

Coolidge upland contained a little larger proportion of low -grade
white cotton but less spotted. Staple lengths declined over the
previous year; still they were much better than during the 1928 -33
period.

As compared with the previous season Safford upland cotton
showed a 10 per -cent decrease in the proportion of high -grade
white cotton and a 15 per -cent increase in spotted cotton. White
grades were much better, however, than a few years ago. There
was no material change in staple lengths over 1934 -35, but the data
indicate a much greater proportion of 1 1/16 -inch and longer cotton
than was secured a few years ago.

The decreased proportions of high -grade cotton largely are due
to the extremely early frost which occurred in October, 1935.
Until the frost, grades of upland cotton had been very good from
all Arizona areas except Yuma. The early frost killed much
cotton prematurely, increased the amount of trash, and affected
the staple length. When increased proportions of spotted cotton
occurred, the cause no doubt was due, to a large extent, to in-
creased insect depredations.

PIMA COTTON QUALITY

Table 5 shows the results secured with Pima cotton. The data
indicate some improvement in Pima grades for all areas except
Peoria, in spite of the unfavorable weather conditions. It is be-
lieved the results reflect improved ginning practices -a known
fact in the Mesa area.
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TABLE 5.- PERCENTAGE DISTRIBUTION OF SAMPLES OF ARIZONA
PIMA COTTON WITHIN THE VARIOUS GRADE AND STAPLE -

LENGTH GROUPS FOR THE INDICATED PERIODS.

Area Period

Grade groups Staple- length groups
(inches)

No. 2
and

better

No. 3
and

below

Less
than
11/2

11/2
to

119/32

1%
and
over

1934 -35 72.8 27.2 2.1 95.1 2.8
Peoria 1935 -36 64.5 35.5 0.0 98.0 2.0

1934 -35 82.3 17.7 0.2 88.0 11.8
Mesa 1935 -36 92.5 7.5 0.0 99.1 0.9

1934 -35 81.5 18.5 0.2 72.7 27.1
Coolidge 1935 -36 87.2 12.8 0.0 80.4 9.6

1934 -35 94.5 5.5 0.0 82.4 17.6
Glendale 1935 -36 95.2 4.8 0.0 94.9 5.1

While none of the areas produced any Pima which stapled less
than 11/2 inches, all had decreased proportions 1% inches long or
longer. The fact that there was but a small amount of 1% -inch
Pima even during the early part of the season suggests the thought
that some factor caused the 1935 -36 crop to be more uniform in
length than has been true in the past.

SPACING EXPERIMENTS WITH STONEVILLE

Previous spacing tests with varieties characterized by large,
vigorous growing plants and including Pima, Acala, Hartsville,
and Mebane varieties furnished no consistent yield differences
with spacings ranging from 6 to 36 inches. It was anticipated that
close spacing might increase yields with such a variety as Stone-
ville which has relatively small plants. The following results
from the 1935 Stoneville spacing experiments at Mesa do show
higher yield from the closer spaced plants.

TABLE 6.- AVERAGES OF THREE REPLICATIONS.

Width of row
(inches)

Spacing in row
(inches)

Yield of seed
cotton per acre

(pounds)
36 8 2,193
36 14 2,182
36 20 2,165
42 8 2,153
42 14 1,985
42 20 1,952
48 8 2,044
48 14 1,951
48 20 1,791
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BORDER EFFECT WITH PIMA AND ACALA COTTON

Border effect was determined from yields obtained from plots
with varying numbers of rows and with blank rows on each side
of each plot.

TABLE 7.- AVERAGES OF THREE REPLICATIONS.

Variety ' Rows per plot Seed cotton per acre
(pounds)

Pima 2 882
3 881
4 893
8 894

Acala 2 1,538
3

ï
1,663

4 1,522
8 , 1,717

The advantages of paired rows with blanks on either side are:
greater ease of harvesting with less damage to plants from first
pickings and larger bolls with stronger lint.

THE CULTURE AND IMPROVEMENT OF SMALL GRAINS,
INCLUDING WHEAT, OATS, AND BARLEY

The plant growth and yields of the barley varieties in the tests
at the Salt River Valley Experiment Farm near Mesa were far
below normal. The average yields of the barley varieties were
as follows:

Variety Bu. per acre Variety Bu. per acre

Beardless 41.8 Scarab 62.8
Vaughn 62.7 Trebi 70.0
Common Six Row 64.5 Sacramento 65.2
Afghanistan 63.2 Union 59.7

There was no lodging in any of the barky varieties in this par-
ticular test, which undoubtedly accounts for the relatively low
yields of Vaughn barley when compared with the yields of the
o ther varieties in the test. The outstanding superiority of Vaughn
barley in previous experiments has been due in large measure to
its resistance to lodging. It is interesting to note that Union, a
beardless variety, lacked but three bushels per acre of equaling
the yields of Vaughn. The only other beardless variety included
is known locally as Beardless. This year's yield of this variety was
decidedly inferior to those of the other varieties and averaged 29
per cent less than for Union for the past three years.

Three varieties of flax which have been the most promising in
former tests were planted on two different dates. The seed yields
in bushels per acre were as follows:
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Variety
Planting dates

Dec. 3, 1935 Jan. 20, 1936

Punjab 14.3 14.5
Abyssinian 6.4 6.6
Giza 11.2 5.3

In a date -of- planting experiment at Mesa, four varieties of
barley and three of oats were planted at monthly intervals from
October to February. Both grain and hay yields were obtained
from each variety at each date of planting. On a pound -per -acre
basis Vaughn barley produced a higher grain yield than any of the
other varieties of barley or oats. This may be partially due to the
fact that the soil on which this test was conducted was very fertile,
and as a result Vaughn was the only variety which did not lodge
severely at each planting date, except February.

It was found that the wheat varieties resistant to drought had
higher osmotic pressure and percentage of solids in the cell sap
under dry conditions than varieties which were susceptible to
drought. Under normal soil- moisture conditions, the above de-
terminations were approximately the same in all the varieties.
The varieties susceptible to drought had nearly the same osmotic
pressure and percentage of solids in the cell sap under dry con-
ditions as under normal soil- moisture conditions.

Varietal tests with wheat, oats, and barley were conducted at
Flagstaff and Nutrioso. The Markton oats and Ceres wheat were
high in yield at both Flagstaff and Nutrioso. Union barley pro-
duced the highest yield at Flagstaff, while Trebi was highest at
Nutrioso.

CORN VARIETY TRIALS

Corn variety trials were conducted in 1935 in co- operation with
the Agricultural Extension Service in Coconino and Cochise
counties. A comparative yield planting was also made on the
University Farm at Tucson.

Eight of the more promising varieties, as determined by previous
testing, were included in the one test in Cochise County. The
planting was made June 8 and the corn was grown under irriga-
tion. The yields and relative rank of the varieties are indicated
in Table 8.

The data indicate the new crossbred strain of yellow corn being
developed by the Experiment Station and Pima County Extension
Service produced the highest yield. That strain, now known as
Mexican June X Reid, produced 51.4 bushels of corn per acre
which was 19.2 per cent better than the average of all eight
varieties and 13 bushels more than ordinary Mexican June.

At the University Farm at Tucson, nine varieties were planted
on July 2 with results as shown in Table 9.
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TABLE 8. -CORN VARIETY TRIAL IN COCHISE COUNTY, 1935.

35

Variety
Shelled corn

per acre
(pounds)

Bushels
(56 lbs.)
per acre

Rank*

Mexican June X Reid 2,878.7 51.4 119.2
Ferguson Yellow 2,837.6 50.7 117.6
Golden Republic 2,722.5 48.6 112.7
Golden Beauty 2,566.2 45.8 106.3
Colorado Yellow 2,327.7 41.5 96.2
Mexican June 2,154.9 38.4 89.1
Bloody Butcher 2,023.3 36.1 83.7
Doubet 1,801.3 32.1 74.5

Average 43.1 100.00

Note: Twenty hills (two stalks each) were harvested from each of three
replications.
Stalk borer damage, which was considerable, seemed worse for some
replications and some varieties than for others.
Smut damage was least for Mexican June and Mexican June X Reid.
A diagonal strip of land through the center of the plot took water poorly
and every variety was influenced thereby.
Rank indicates relation of yield of any one variety to average of all
varieties.

The local strain of Nichol's Mexican June surpassed all others
and ranked 39.2 per cent above the average of all varieties. Second
rank was taken by the Mexican June -Reid cross which produced
44.6 bushels per acre.

TABLE 9. -CORN VARIETY TRIAL AT THE UNIVERSITY FARM, 1935.

Variety
Pounds
ear corn
per acre

Bushels
per
acre

Rank*

Mexican June 3,370.5 48.15 139.2
Mexican June X Reid 3,125.0 44.64 129.0
Surcropper 2,976.1 42.51 122.9
Ferguson 2,619.0 37.40 108.1
Golden Republic 2,023.8 28.91 83.5
Hasting's 1,964.2 28.06 81.1
Bloody Butcher 1,964.2 28.06 81.1
Doubet 1,964.2 28.06 81.1
Golden Beauty 1,785.7 25.51 73.7

Average 34.6 100.0

* Rank equals average yield of all nine varieties divided by yield of every
other variety.

COMPARISON OF OPEN- POLLINATED AND HYBRID CORN

With considerable interest developing in Arizona with hybrid
corn, it was thought a comparative yield test between open- pollin-
ated and hybrid strains would be worth while. Since we have no
locally produced hybrids, it was necessary to bring in both hybrid
and open- pollinated strains from elsewhere to compare with our
own Mexican June. Such strains were secured from Iowa and
Illinois and the accompanying data summarize the results.
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This corn test furnishes some interesting suggestions. It is
apparent that the hybrids from both Iowa and Illinois surpassed
the open -pollinated varieties from those states. Furthermore,
while none of the hybrids produced more corn than Mexican June,
yet two of them equalled that variety.

The results seem to indicate that if we had locally adapted in-
bred lines, we might be able to develop hybrids which would out -
yield Mexican June.

TABLE 10. -CORN TRIALS -OPEN- POLLINATED VS. HYBRID
STRAINS.

Kind
Mexican June

(open)
Stiegelweier

(open)
5- Hybrids av
4-Open pollinated av
4- Hybrids

Source
Arizona

Illinois

Illinois
Iowa
Iowa

Yield in bushels

50.0

41.1

44.3
32.6
42.8

PHYSIOLOGICAL FACTORS AFFECTING SEED SETTING IN
ALFALFA

Six plats each 4 feet square were established in a uniform por-
tion of a three- year -old stand of Hairy Peruvian alfalfa for the
purpose of determining the effect of variations in the amount of
irrigation water applied on the seed setting. Heavy tarred roofing
paper was used to surround the plats, extending 9 inches into the
soil to prevent lateral water movement. Irrigation water was ap-
plied by hand, 10 gallons of water per plat being equivalent to a
depth of 1 inch.

Plats were laid out early in July. Irrigations were varied ac-
cording to the following outline:

Plats 1 and 5-No irrigation until dark color appears, then
3 -inch irrigation repeated as condition reoccurs.

Plat 2 -3 -inch irrigation July 12 followed by same irriga-
tion as dark -green color appears.

Plat 3 -No irrigation until dark color appears with 5 -inch
irrigation at that time and as condition reoccurs.

Plats 4 and 6 -3 -inch irrigation July 12 followed by light
irrigation as plants actually begin to wilt.

Tagging of individual racemes started on July 31 and continued
until August 29. All flowering racemes were tagged on each plat
up to fifty flowers.

Irrigations were applied as scheduled but excessive rainfall
interfered seriously with the results. A careful analysis of the
data on the number of racemes tagged, the percentage of tagged
racemes bearing pods, and the number of pods per raceme indicate
that the data obtained are inconclusive. Portions of the data are
presented in Table 11.
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TABLE 11.

37

Plat 1 2 3 4 5 6

Total racemes tagged_.__ 1,307 1,283 1,264 1,288 1,282 1,302
Total racemes 7/31 -8/29 4,819 4,125 4,738 4,747 3,948 4,493
Per cent racemes tagged 27.12 31.10 26.68 27.13 32.47 28.98
Per cent total racemes

bearing mature pods.. 47.02 46.28 47.97 40.57 46.89 51.01
Average number of

pods per tagged
raceme bearing seeds.. 4.92 4.81 5.01 5.09 4.60 4.34

It is of interest to note that the plats showing the highest per-
centage of racemes bearing pods showed the smallest number of
pods per raceme and that those showing the smallest percentage
of pod- bearing racemes carried the largest number of pods.

STUDY OF VARIETIES, CULTURE, AND IMPROVEMENT OF FORAGE
CROPS SUCH AS SORGHUMS AND GRASSES

The variety test of grain sorghums conducted for the fourth year
on the Salt River Valley Experiment Farm has resulted in the
development of considerable interest in the varieties tested. Re-
quests for seed of the leading varieties have been frequent. Only
one variety, Fargo Straightneck milo, has been distributed as a
result of these tests. The Atlas variety, included in 1935 for the
first time, attracted considerable attention and also was grown
commercially by one seed company. Grain yields for the different
varieties together with silage weights for those of silage quality
are presented in Table 12. All plots were approximately 1/10 acre
in size.

TABLE 12.

Acre yield
silage

(pounds)

Acre yield
grain, 1935
(pounds)

Acre yield
grain,

av. 1932-35
(pounds)

Fargo Straightneck milo 24,122 5,591 5,315
Ajax 19,522 5,327 5,0621
Algeria 5,775 4,980
Double dwarf milo 5,282 4,859
Hegari 30,647 5,256 4,830t
Club kaffir 24,201 4,960 4,501
Grohoma 24,023 4,383 4,320
Blackhull kaffir 24,027 4,703 3,993i-
Feterita 4,305 3,943
Wheatland 4,400 3,742
Sooner 4,598 3,428
Pink kaffir* 25,887 5,207
Atlas* 36,921 4,404
Brown hegari (Mesa selection)_. 4,585t
Brown hegari (Tucson selection) 4,249t

* First included in 1935.
t Three years only.
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Ample supplies of seed of all varieties for experimental work in
1936 were obtained by bagging heads.
Sorghum improvement

Steps were taken to improve the quality of a number of grain
sorghums by the testing of a number of selections in 30 -foot rows.
There was a total of 145 selections from eight varieties. A careful
elimination of all but the most promising selections was made at
harvest time. Further eliminations will be made from the grain -
yield data, and the outstanding individual selections will be in-
cluded in the 1936 plantings. Head bagging was practiced to
prevent cross pollination.
Date of planting and row spacing test

The early maturing Sooner and Wheatland varieties were used
in a late date -of- planting test to determine the possibilities of
planting following small grains or similar crops. Plantings were
made on July 15, July 25, August 5, and August 15. The last two
plantings were badly injured by frost.

The Sooner variety was planted in ordinary rows while the
Wheatland, a variety well suited for combine harvesting, was
planted in 14 -inch drills as well as in 31/2 -foot rows.
Pure seed of sorghums

Pure seed plantings of hegari and double dwarf milo were main-
tained for the production of foundation seed for registration by the
Arizona Crop Improvement Association.

SUDAN GRASS STUDY

A study of the effect of rate of seeding on yields, coarseness of
stems, time required to cure, and quality of Sudan grass was con-
ducted at Tucson. Three rates of planting were used: 15, 25, and
35 pounds per acre. Comparative -stand data were obtained by
measuring the linear distance occupied by one hundred plants.
These were 785, 431, and 306 centimeters, respectively.

Determinations of coarseness of stems were made by measuring
diameters of stems 2 to 2% inches above basal nodes on all stems
showing five or more leaf blades. Average plant height was 65.7
inches. Measurements were made on July 24 with the following
results:

Rate of seeding
(pounds)

15
25
35

Average stem
diameter

(mm.)

5.024
4.666
4.287

Average no. of
small stems per
measured stem

1.866
2.201
1.789

The effect of the rate of seeding Sudan grass on the yields in
pounds per square rod is shown in Table 13.
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TABLE 13.

Date of cutting
Rate of seeding (pounds)

15

July 6 -First cutting
July 13 -First cutting
July 20 -First cutting
July 27- Second cutting
Aug. 10- Second cutting
Average
Average yield (acre basis)____

25 35

8.27 10.47 10.97
22.37 22.70 23.63
30.33 32.38 34.00
12.33 15.08 14.35
17.60 15.43 19.00
14.14 19.21 20.49
2,262 3,073 3,278

ANIMAL HUSBANDRY
THE NUTRITIONAL QUALITIES OF A GRASS TYPE RANGE IN

SOUTHERN ARIZONA

A rolling grassland range type near Sonoita in southern Arizona
almost devoid of browse plants and characterized mainly by
perennial grasses has been the subject of an experimental study
for the past three years to determine the nutritive qualities of the
forage cover. The predominating grass species were curly
mesquite (Hilaria belangeri), blue grama (Bouteloua gracilis),
and hairy grama (Bouteloua hirsuta) with some black grama,
Texas timothy, and several species of Aristides in varying amounts.
Some weeds and annuals were present during and for a short time
following the rainy seasons. The experimental area embracing
1,440 acres was stocked at an average rate of one breeding cow per
18 acres, and in the course of the experimental period definite im-
provement in the forage stand has occurred.

An interpretation of the results of this project as measured by
the weight curve of the cows and the percentage number and
growth rates of their calves shows conclusively that the forage on
this type of range during the growing season is nutritionally well
balanced. The cessation of plant growth and the subsequent
dormant period was accompanied by a marked decline in the
weights of the cows. This condition develops from the combined
results of a voluntary drastic curtailment in the consumption of
the dry unpalatable forage, and its seasonal loss of essential feed
nutrients. The feeding of mineral supplements containing cal-
cium and phosphorus to two pasture lots of range cows failed to
produce any apparent beneficial effects. Furthermore, a daily
per cow allowance of 11/2 pounds of cottonseed cake during the
winter season, while productive of a slight weight increase of the
cows, did not result in the raising of more or heavier calves, in
comparison with the check lot of cows and calves receiving only
common salt. These results are very indicative that the pro-
nounced fluctuation in the nutritive value of the range forage on
the experimental area is due strictly to quantitative seasonal
changes of the several feed nutrients.

One lot of cows received 11/2 pounds of white cornmeal per head
in addition to a like amount of cottonseed meal during the past
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winter, which has resulted thus far in maintaining their weights
only slightly above those fed 11/2 pounds cottonseed cake per head
daily and approximately 50 pounds per cow above the average
weight of the check lot cows and the cows receiving the bonemeal.
supplement.

Assay tests for Vitamin A in the blue grama grass on the ex-
perimental range are being made by the Nutrition Department.
Preliminary results reveal a wide variation in the amount of this
factor in the range grass.

Final results on this phase of the project and the present ex-
perimental plan will not be available until records of the calf crop
and weaning weights of the different lots of calves are obtained
this fall at which time a complete report of the project will be
prepared.

SEASONAL CHANGES IN THE CHEMICAL COMPOSITION OF SOME
IMPORTANT ARIZONA RANGE GRASSES

A chemical analysis of the three principal forage grasses -blue
grama, hairy grama, and curly mesquite -on the range experi-
mental area heretofore mentioned has been made of these grasses
as a supplementary study to the range cattle project for the past
two years. This work was carried on by a fellow in the Animal
Husbandry Department in co- operation with the Department of
Agricultural Chemistry, and the results were incorporated in a
thesis for the M.S. degree.

The summer rains initiate the annual growth of these perennial
grasses in late July. They grow rapidly, mature quickly, and be-
gin to dry up by the middle of October. Except for a few green
shoots in the early spring, these grasses show no further growth
until the following summer rainy season.

Beginning August 9, 1934, about two weeks after new growth
had started, pure samples of each of the three species were col -
lected at ten- to fourteen -day intervals until November 1. From
November 1 until April, 1935, monthly samples were taken, after
which time sampling ceased until new growth appeared. Be-
ginning August 3, 1935, sampling proceeded in a similar manner
to that of the previous year, being terminated in January, 1936.

Determinations were made for moisture, crude protein, total
ash, ether extract, crude fiber, nitrogen -free extract, lignin, cal-
cium, and phosphorus. The three grasses were quite similar with
respect to seasonal trends in chemical composition. The same
generalization holds true with respect to the quantitative amounts
of the various chemical constituents except in the case of total ash
in which curly mesquite was noticeably higher than the other two
species.

Figure 2 shows the relationship between the rainfall and the
crude protein and phosphorus contents of the three grasses. Both
the crude protein and phosphorus run a parallel course, being
high during the summer rainy season, falling abruptly in the fall,
and tending to rise again following the winter rains. The March
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SEASONAL DISTRIBUTION OF RAINFALL AND
SEASONAL VARIATIONS IN THE AVERAGE CRUDE
PROTEIN AND PHOSPHORUS CONTENTS OF BLUE
GRAMA, HAIRY GRAMA, AND CURLY MESQUITE
( Per cent crude Protein and PLO,. on moisture free basis..
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and April samples contained some new growth mixed with the
old grass.

No definite trend was observed in the percentage of total ash.
The amount of total ash, however, is of little significance in com-
parison with the amounts of the more important minerals such as
calcium and phosphorus in determining the nutritive value of a
feed. The calcium content was high during the early growth
stages, low during the winter months, and somewhat variable
during the intervening period.

The crude fiber content reached its peak sooner than was ex-
pected. Perennial grasses on Arizona ranges tend to grow rapidly
and to mature quickly because of the late growing season and the
warm weather which accompany the summer rains. These factors
may account for the rapid increase in crude fiber.

The nitrogen -free extract fraction is of doubtful nutritive value;
the lignin fraction is also, because its chemical nature is not well
known, and no entirely satisfactory method for its analysis has
thus far been developed. The ether extract content showed no
definite trend.

The digestibility and palatability of young range grasses are
high but decrease to relatively low values when the plants are
mature and dry. The results of this study also point to the low
intake of total digestible nutrients and possibly of digestible crude
protein as the cause of the heavy losses in the weight of cattle
during the dry seasons.
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FEEDER STEER TYPE STUDY

This project is a continuation of the work begun last year. The
purpose of the project is to study the relationship between the
conformation and the efficiency of feeder steers, to test Arizona
feeder cattle, and to stimulate interest in the beef cattle exhibit
at the Tucson Livestock Show. The test as conducted each year
is divided into three divisions: Division A, judge's rating as feeder
steers; Division B, economy of gain; and Division C, killing
efficiency.

The extreme variation in the weights of the entries necessitated
a division into two classes: lightweights, or entries averaging
less than 400 pounds per head on December 1, and heavyweights,
or entires averaging more than 400 pounds per head on December
1. These steers were conditioned together by weight classes, in
dry lot, on a medium ration of alfalfa hay, hegari silage, and
cottonseed meal until February 18, at which time the best ten head
in each entry were selected by the owner for the competition.
During this conditioning period the steers gained 11/2 pounds per
head per day.

The economy -of -grain test was conducted at the Salt River
Valley Experiment Farm beginning March 3. The lightweights
were on test 104 days, the heavyweights 90 days. The results of
the test are reported in Table 14.

TABLE 14.- DIVISION B-- ECONOMY OF GAIN (POUNDS) -LOT
RESULTS.

Daily Feed cost
Lot no. Initial Final gain per per 100 lbs.

weight weight steer gain*

Lightweights
I 4,995 7,690 2.59 $5.88

II 5,065 8,020 2.84 5.48
III 4,977 7,445 2.37 6.35
IX 5,188 7,897 2.60 5.95

Average 5,056 7,763 2.60 $5.90

Heavyweights
IV 5,515 8,070 2.84 $5.34
V 6,733 9,000 2.52 6.57

VI 5,615 8,060 2.72 5.82
VII 6,035 8,480 2.72 5.96

VIII 6,838 9,300 2.74 6.02

Average 6,147 8,580 2.71 $5.93

* Feed prices: Hegari silage, $3.50; alfalfa hay, $10; ground barley, $26;
and cottonseed meal, $22 per ton.
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Table 14 shows that the ninety head of steers made an average
daily gain of 2.65 pounds per head. The average feed cost per
hundredweight of gain was $5.92.

Each lot of steers was allowed all of the feed they would con-
sume. Since all lots were fed exactly the same feeds in identical
proportions, the feed cost per hundredweight of gain is indicative
of the feed required per hundredweight of gain.

TABLE 15.- AVERAGE DAILY RATION (POUNDS).

No. days
on feed

Hegari
silage

Alfalfa
hay

Rolled
barley

Cottonseed
meal

Lightweights
Heavyweights

104
90

21.9
23.1

3.9
5.1

5.7
5.6

2.0
2.0

The feed cost of gain by thirty -day periods is given in Table 16.

TABLE 16. -FEED COST PER HUNDREDWEIGHT OF GAIN BY
THIRTY -DAY PERIODS (DOLLARS).

Lot
no.

First
30 days

Second
30 days

Third
30 days

Fourth
period,
14 days

Av. cost
cwt.
gain

Lightweight I $4.17 $5.86 $7.24 $7.64 $5.88
(104 days) II 3.80 5.01 6.86 9.27 5.48

III 4.26 5.90 7.66 12.89 6.35
IX 4.36 5.42 7.60 8.56 5.95

Average $4.15 $5.55 $7.34 $9.59 $5.90

Heavyweight IV $4.33 $4.90 $7.27 $5.34
(90 days) V 4.75 7.60 8.41 6.57

VI 3.96 5.97 9.02 5.82
VII 4.87 5.78 7.61 5.96:

VIII 4.68 7.06 6.78 6.02

Average $4.52 $6.26 $7.82 $5.93

The data in Table 16 emphasize the well established fact that
the cost of a hundred pounds of gain increases rapidly as an
animal approaches marketable finish.

The carcass value is based upon the warm carcass weight allow-
ing a 3 per cent cooler shrink, the carcass grade, and the wholesale'
value by carcass grades.

The gross carcass return to the packer above the cost of the
steers is based on the actual cost of the steers to the packer and
the wholesale prices reported for the grades of carcasses involved.
It should not be assumed that these figures represent the packer's
profit. From this gross return the packer must deduct those
freight, feeding, killing, overhead, selling, and delivery charges
not covered by the value of the hide and offal.

Table 18 gives a summarized report of the ratings made by each
lot in all three divisions of the contest.
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TABLE 17.- DIVISION C- KILLING EFFICIENCY.

Lot no.

Dressing
basis

closing
weights

(per cent)
value

Carcass
value

per cwt.

Gross carcass
return to

packer above
cost of steers

by lots

Killing
efficiency

rating

Lightweights
I 58.43 $16.10 i $92.56 1

II 58.39 15.81 85.62 2
III 58.89 15.23 54.32 4
IX 60.23 15.40 77.28 3

Average 58.99 $15.64 $77.45

Heavyweights
IV 59.52 $15.88 $97.26 4
V 61.44 15.97 130.67 1

VI 60.51 15.58 90.68 5
VII 61.77 15.67 117.85 3

VIII 61.77 15.78 126.07 2

Average 61.03 $15.78 $112.51

TABLE 18.- SUMMARY OF RATING.

6
o
oa

Division
A

Division
B

Division
C

Judge's
rating . Economy of gain Killing efficiency

Tucson
Livestock

Show

Feed cost
per

cwt. gain
Rating

Est. gross
packer

r lot above
steer cost

Rating

Lightweights
I 1 $5.88 2 $92.56 1
II 2 5.48 1 85.62 2

III 3 6.35 4 54.32 4
IX 4 5.95 3 77.28 3

Heavyweights
IV 5 $5.34 1 $97.26 4

V 4 6.57 5 130.67 1
VI 3 5.82 2 90.68 5

VII 2 5.96 3 117.85 3
VIII 1 6.02 4 126.07 2
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In general it will be observed that there is not a very close agree-
ment between the ratings in the three divisions.

This and other experiments show that the unfinished, economical
feeder does not kill out with a high value to the packer because of
a low dressing percentage and an unfinished carcass. It is to be
expected, then, that the steers making the most economical gain
may not kill out with the highest value to the packer.

In the lightweight class special commendation should go to the
Lot I entry. These calves were first and champion in Division A,
second in Division B, and first in Division C. The Lot II entry was
a close runner -up with two seconds and a first. These two entries,
outstanding in their class, ran a very close race and demonstrated
their value by making an excellent showing in all three divisions
of the contest.

Post mortem examinations revealed the reason for the failure
of Lot III entry to do as well as was expected. Four of the steers
in this entry showed impairment of the liver.

Honors in the heavyweight class were well distributed. The
Lot VIII entry was first in class in Division A and second in Divi-
sion C.

The steers in the Lot IV entry were thin when delivered at the
University Farm, December 1. Apparently the eighty -day pre -
show conditioning period put them into excellent physical con-
dition for making rapid and economical gains. They made their
best showing in the economy -of -gain test, winning first in class and
champion in this division.

The Lot V entry, finished early, showed a high dressing per-
centage, had straight "choice" carcasses and won first in class and
champion in the killing efficiency division.

As a class, the lightweights excelled the heavyweights in the
economy -of -gain test, but the heavyweights excelled the lighter
steers in the killing- efficiency test. Butchers apparently pre -
ferred the lighter carcasses within a grade, since these cattle
moved first, but the preference was not sufficiently strong to stand
a premium in price.

COMMENTS

To a considerable extent the differences in the initial weights
of the several entries are due to differences in age of the calves
comprising the entries. It will give a better understanding of the
data if one keeps in mind that the lightweights were young calves
and that the heavyweights showed additional age. It is recognized
that the heavier of two steers showing equal individuality was
higher value to the producer at selling time. However, this test
is designed to give information on the factors that determine the
per pound value of feeder steers when ready for the feed lot.

The length of the feeding period was determined on the basis of
the average amount of finish carried by the steers in a weight class
together with the records available on the rate and cost of gains
being made by the cattle in that class at the time. On this basis
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the length of the economy -of -gain feeding test was set at ninety
days for the heavyweights and 104 days for the lightweights. The
results of the economy of gain and of the killing- efficiency test by
weight classes are comparable, but in neither Division B nor C are
the results between classes strictly comparable. The only way
they could be made so would be to kill individual steers or lots of
steers out of the test as they finish. This is not feasible under the
plan as set up at present.

The ration used consisted of Salt River Valley feeds and has been
established by the Animal Husbandry Department of the Univer-
sity of Arizona as being efficient and practicable, providing the
price of grain is not higher than the price of cottonseed meal and
providing there is sufficient premium on finish to justify the inclu-
sion of grain in the ration. When these provisions are not met, the
grain allowance should be decreased, fed only the last thirty days,.

or omitted from the ration entirely.
The disposition of a steer was again shown to be an important

factor in determining his showing in the feed lot and in the pack-
ing plant. The wild, nervous steers were expensive feeders.

INDIVIDUAL EXPERIMENTAL RECORDS
From an experimental standpoint, this test may be considered as

a study of the relationship of type and conformation to the
economy of gain and the killing qualities of cattle. Each individ-
ual steer in the test was rated on the basis of feeder grade, con-
dition, type, conformation of head and body, color, and disposi-
tion. Individual gains and killing records were obtained. These
individual records will be accumulated as a result of the continua -.
tion of the experiment over a period of years. It is hoped that the
results secured will give cattlemen a more definite basis for mak-
ing selections in their breeding and selling programs and will
enable the feeder to purchase feeder cattle more nearly on a value
basis.

VETERINARY WORK
The major part of the work in veterinary medicine has been

investigational. The laboratory has offered diagnosis service to
all ranchers, veterinarians, and farmers to reduce the death losses.

Numerous field trips have been made to investigate death losses.
The following is a summary of the diagnosis work and field trips

for the year 1935 -36.
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Examinations __ 92 92
Autopsies 4 30 16 24 355 10 439
Serological tests 538 538
Field trips 3 20 9 3 36 71

Total 7 680 25 27 391 10 1,140
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1. Sudden deaths in the limestone areas of southern Arizona
were investigated. The presence of hydrocyanic acid was demon-
strated in various forage plants on this range. The problem of
mineral toxins produced by these plants or others is being investi-
gated. The practical control of this problem was determined by
the Animal Husbandry Department in 1933, but the toxic prop-
erties of the plants require study.

2. Numerous heavy losses in various parts of southern Arizona
ranges were reported. Samples of the plants were identified and
feeding tests were conducted on sheep.

3. A study on the internal parasite problem of sheep on pas-
tures was conducted. Methods of control were started on numer-
ous ranches in the valleys.

4. Death losses in sheep and lambs brought on to irrigated
farms were investigated. The rapid change and unbalance of the
rations was responsible for these losses. Numerous autopsies and
laboratory diagnoses were conducted to eliminate hemorrhagic
septicemia as the causative factor. Sheepmen are meeting this
problem with much satisfaction and are not depending on the
vaccination for hemorrhagic septicemia to stop their losses.

5. Actinomycosis is common in Arizona range animals. The
method of control has been demonstrated, and much loss in live-
stock has been prevented.

6. The question of tumors of the conjunctiva and, cornea of the
eye has been studied. Numerous investigations on control
methods have been conducted. The removal of the eye by surgery
affords a method of saving range animals.

BOTANY

During the year the botanist of the Agricultural Experiment
Station answered 982 letters and somewhat more than a thousand
telephone calls relating to plant growth, and 4,244 plant specimens
of all kinds, including those sent in from various parts of the
state, and approximately 1,600 for the University herbarium, were
identified. Collections of specimens of economic plants have been
made in the field as opportunity has afforded, and field studies
were made of the saltbushes (Atriplex) and related plants, squaw -
bushes (Lycium) , other economic shrubs, and also of the dodders
(Cuscuta) . Technical study of plant specimens in the University
herbarium was confined largely to the grass, legume, composite,
and nightshade families. As a result of all these studies some-
what more than one hundred species have been added to the flora
of the state.

Two cabinets with a capacity of 12,000 sheets of specimens were
added to the University herbarium and 5,000 sheets of plants were
mounted and distributed in the herbarium.

Several lists of economic and ornamental plants were prepared,
including the following: flowers for summer and autumn gardens,
trees and shrubs with bright colored foliage during the autumn
and winter seasons, and a list of native and exotic forage plants
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recommended for sowing on various types of grazing ranges in
Arizona.

During recent years numerous requests have been received
relative to books recommended by the University for the study of
southwestern plants. Such a list was prepared and includes
eighty -three publications (plant manuals and other books), with
the author, publisher, date of publication, and the price of each
given. Unfortunately, many of these books are no longer printed,
but a considerable number of them may still be purchased from
second -hand book dealers, and the recently published ones can be
bought through almost any of the larger book stores.

DAIRY HUSBANDRY
PASTURE FOR YOUNG CALVES

This is an experiment to determine the benefits of pasture for
young calves. Work was done on this project several years ago
and at that time pasture proved to be very beneficial for young
calves as regards growth and fertility. This project was revived
two years ago to get a check on the previous work done.

Sixteen calves have been entered on this project in the last two
years. The animals are weighed at birth and then monthly until
six months old, then every six months until two years old. Records
are kept, also, of the number of services required to secure con-
ception. Not enough calves have been studied to draw any de-
finite conclusions.

WEIGHTS AND HEART -GIRTH MEASUREMENTS OF DAIRY
CATTLE AT VARIOUS AGES

Every female dairy calf born on the University Farm is weighed
and its heart girth measured at birth and monthly until six months
of age and then every six months until two years old and yearly
thereafter.

This study was undertaken to find whether there is any close
correlation between size of heart girth and body weights at the
various ages of dairy cattle.

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

The following are the percentages of the different varieties of
bacteria in 1,648 samples of milk at the time of reduction: acid -
coagulated, 8.086 per cent; acid -not -coagulated, 48.388 per cent;
acid -coagulated -gas -proteolitic, 7.538 per cent; acid -proteolitic,
24.920 per cent; alkaline, 3.123 per cent; inert, 2.296 per cent; and
5.623 per cent blank.

A study of 127 samples of milk from individual animals in the
University herd gave the following results: acid -coagulated, 13.259
per cent; acid -not -coagulated, 49.732 per cent; acid- coagulated -gas-
proteolitic, 8.000 per cent; acid -proteolitic, 16.913 per cent; alkaline
6.331 per cent; inert, 2.551 per cent; and 3.212 per cent blank.
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The samples analyzed from the individual animals apparently
showed a wider variation in time required to reduce than mixed
samples. There was also a big variation in bacterial count at time
of reduction. Comparisons of these factors will not be made until
the project has been completed. When there are data on sufficient
individual samples a comparison will be made of different varieties
of bacteria in milk of individual animals.

CANNING MILK ON THE FARM

Milk containing 3.5 per cent and 4.5 per cent fat, and cream con-
taining 22.5, 25, 42, and 45 per cent fat have been held for twenty
months with good results. The milk and the low -test cream are
apparently keeping better than the rich cream. The most de-
sirable richness of cream is possibly around 25 to 30 per cent.

Screw top prescription bottles and plain lacquered tin cans are
being used for containers. It will require further work to de-
termine the most desirable container. The present data, however,
indicate that the glass bottle is preferable to the tin can because of
metallic flavor in some of the cans. Tin cans have an advantage
over bottles, however, because of possible breakage of bottles in
sterilizing and cooling.

Some of the samples were heated to 185 to 190 degrees F. before
sealing the cans, while others were filled and sealed cold. All
samples were autoclaved at 245 degrees F. for twenty minutes.
There is apparently nothing gained by preheating the milk or
cream.

There was less discoloration in the cream than in the milk, pre-
sumably because of the higher percentage of solids- not -fat in the
milk.

It would seem that sufficient work has been done on this project
to demonstrate the practicability of preserving milk on the farm
by canning.

ENTOMOLOGY AND ECONOMIC ZOOLOGY
RANGE RODENT INVESTIGATIONS

Good progress in compiling voluminous data on the wood rat,
Neotoma, was made during late summer and fall. Many of these
data, however, belong primarily in the files of the Biological Sur-
vey, with the co- operator, Dr. Walter P. Taylor. His bureau or-
dered his transfer to Texas in late autumn, and the necessary pack-
ing up and removal of his office seriously interrupted progress on
this work. It will be doubly difficult now to complete the joint
report or bulletin.

Work begun on the Arizona cottontail last year (breeding
records and stomach contents) has progressed slowly also on
account of a marked decrease in numbers of cottontails, making
their collection an unusually slow process. For example, on a
recent sunrise -hour drive of 40 miles over country roads where
cottontails were formerly reasonably abundant, only two were
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seen, though it was the most productive hour of the day. A
normal number would have been about a dozen.

A paper on "Wildlife Aspects of Range Rehabilitation" was pre-
sented at the December A.A.A.S. meeting in St. Louis, as part of a
symposium of the Ecological Society of America. The paper,
which has brought forth much favorable comment, dealt with
certain phases of governmental rodent control activities, and was
a direct outgrowth of knowledge of the range rodent problem
derived during the past several years of investigation under this
project.

WATER RELATIONS OF DESERT ANIMALS

The setup of weather instruments (rain guage, hygrothermo-
graph and soil thermographs) previously used in kangaroo -rat
and wood -rat dens was installed last May at the new University
Farm, rodent control operations having seriously interferred with
investigations on the Santa Rita Experimental Range. Thus,
nearly a year's records have been obtained on the round -tailed
ground squirrel, whose habits differ markedly from the other
two animals mentioned.

Compilation of the data contained in these records for some
five years past is proceeding rapidly and will be completed to date
well before the end of the present fiscal year.

Examination of a large mass of Biological Survey data on food
habits of the wood rat has been made possible and is being done
with reference to possible use in either or both of these Adams
fund projects.

COCCIDAE OF ARIZONA

A joint authorship publication (Technical Bulletin No. 56) on
the olive parlatoria by A. A. Nichol and L. P. Wehrle was issued
on April 15, 1935. Certain studies of the effect of climate on this
insect are being continued. Counts are being made to determine
the effect of winter conditions on this insect in the Tucson area.
No new host plants have been discovered during the past year.

Coccid- infested plant material continues to be received from
the Phoenix area and other parts of the state through the office of
the state entomologist. Coccid- infested plant material is also
being received from various other sources. Some collecting has
been done. Many permanent stained slide mounts have been pre-
pared and determinations made as far as possible. Information
on the host plants and other biological data on coccids are being
gathered. Infested plant material and slides are being added to
the collection for further study. A large amount of material re-
mains to be mounted and studied.

Some spraying has been done for the control of a coccid
(Toumeyella mirabilis) on mesquite. Two mesquite trees have
suffered rather severely from the work of this insect. A proprie-
tary white oil emulsion was applied on March 7, 1936. Subsequent
inspection of the trees during the spring, summer, and fall showed
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that a single application of the white oil emulsion destroyed a very
high proportion of the insects. The most severely infested tree
showed a striking recovery of general vigor as indicated by an
excellent growth of foliage. This improved condition of the trees
has continued throughout the summer and fall.

No further progress has been made in the study of the coccid
family, Margarodidae, because of lack of time.

RANGE GRASSHOPPERS

The work on this project has progressed to the point that Dr.
Morgan Hebard of the Philadelphia Academy of Natural Science
published "A List of the Orthoptera of Arizona" in October, 1935.
This publication lists 248 species and 18 varieties -a total of 266
forms for the state. This is in the nature of a preliminary system-
atic list and will be of great assistance to the writer in his biological
studies in outlining the field to be covered. Of this list the writer
has added twenty species, some new to science and others not
before known for the state. Ten other species that were known
only from a single collection have been found in numbers, and the
distribution of a majority of the others has been extended and the
boundaries fairly well established. This list is much longer than
that of any other state and indicates the possibilities and oppor-
tunities for biologic study.

The following shows the number of species of grasshoppers in
various states:

Alberta 82 Illinois 181
Montana 123 Kansas 185
Minnesota 124 Colorado 195
South Dakota 147 Arizona 248

The study of the life histories, food habits, and adaptations to
food plants, number of eggs laid, parasites, predators, and possi-
bilities of control has progressed very satisfactorily during the
past year. The fungus disease did not break out anywhere in the
state last season; a large flock of Swainson's Hawks came through
in the spring and mopped up the striped sphinx caterpillars on
the desert, and on the way back in the fall cleaned up a swarm of
Boopes, the most destructive grasshopper in the Baboquivari area.

The Sarcophagid flies were more abundant than usual. Sixteen
rat -tailed larvae were taken from one grasshopper. Syrphids were
found in numbers for the first time, and hair snakes (Gordius)
were numerous. Certain large species of grasshoppers were ex-
tremely abundant last fall and when the females were loaded
with eggs the coyotes became sleek and fat. One coyote taken
by Dr. Gorsuch had a double handful of remains of only two kinds
(Arphia crassa and Lerpus sp.) . The Colonel, a strikingly marked
and distasteful grasshopper, was extremely abundant in this area
but was not touched by the coyotes.

Two papers were prepared for publication last year, "The Food
Plants of the Grasshoppers" and "The Factors that Control Grass-
hopper Outbreaks," and three more are in preparation as follows:
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"The Vertical Distribution of the Grasshoppers," "The Chaparral
Grasshopper," and "The Control of the Lesser Migratory Grass-
hopper in the Salt River Valley."

The work will be continued as outlined, while the list will be
checked for those where the life histories, food plants, and num-
ber of eggs laid have been determined, so as to concentrate the
work on those with data still lacking.

INSECTS, BIRDS, AND MAMMALS

Insect collections and the more recently inaugurated study
collections of birds and mammals show a steady growth. The
necessary cataloguing of the bird and mammal specimens has been
begun with student assistance, and steady progress until the close
of the school year is assured.

A new gall midge on watermelon (Itonida citrulli) is doing im-
portant damage in certain parts of Arizona. Careful studies on
the biology and control of this insect were conducted during the
summer and fall of 1935, and a parasitic enemy was discovered.
Further studies on the life history and habits of the midge and its
parasite were continued in 1936. A search is being made for native
wild and other host plants. Spraying and dusting experiments
were carried out during the summer of 1935.
Aphid studies

Specimens of aphids are occasionally received, and collections
are being made. Slide mounts are being prepared for study and
information on the host plants of aphids, and other biological data
are being gathered.

HORTICULTURE
DATE STUDIES

Blossoming and maturity of dates

The date harvest season of 1935 can be characterized as both
favorable and unfavorable. Rains during July, August, and early
September caused considerable damage to most all varieties by
checking the immature fruit. Those varieties ripening during
late August and the first part of September had some additional
loss due to splitting, souring, and fruit rot. Favorable weather
conditions during late September, October, and November allowed
the midseason and late varieties to ripen without additional dam-
age.

Table 19 shows the Hayany to lead all other commercial varieties
in amount of fruit loss for the season. The nature of the damage
consisted of severe checking which occurred during July and
August followed by a "blacknose" condition during ripening. The
crop from these palms could be classed as a total failure for the
first time in thirty years.

Table 19 also gives the blossoming and ripening dates and per-
centage of crop loss for the more important varieties grown in the
Tempe Date Garden.
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TABLE 19.- BLOSSOMING AND MATURITY RECORD OF SOME OF
THE MORE IMPORTANT DATE VARIETIES GROWN AT THE

UNIVERSITY DATE GARDEN -1935 CROP.

Variety
Date
blos-

somed
Date

Ripened

Per
cent
loss

Remarks

Apdamdon Apr. 6 Sept. 5 40 Checking, splitting, sour-
ing

Bent Kabala Mar. 5 Sept. 10 15 -20 Checking
Braim Apr. 13 Sept. 11 50 Souring, "brown" spot,

checking
Deglet Noor ..__ Apr. 10 Sept. 20 85 "Brown" s p o t, severe

checking, blacknose
Halawi Apr. 4 Sept. 1 40 -50 Deep split near apical

end
Hayany Apr. 8 Sept. 5 90 -100 Severe checking, black -

nose, mold
Iteema Mar. 29 Sept. 15 20 Moderate checking, dis-

colored at calyx end
Khadrawi Apr. 4 Aug. 27 10 Shrivel, slight checking
Khir Feb. 24 Aug. 26 10 Calyx end rot
Kustawi Apr. 2 Sept. 10 5 Very good
Maktoom Apr. 4 Sept. 20 10 Splitting, "brown" spot
Rhars Apr. 10 Aug. 15 95 Splitting, calyx end rot;

souring
Sayer Apr. 4 Aug. 30 20 Calyx end rot
Saidy Mar. 27 Sept. 25 45 -50 "Brown" spot, calyx end

rot
Tadala Apr. 2 Aug. 28 none Excellent
Zehedi Mar. 25 Sept. 20 15 "Brown" spot

Protecting fruit from rain damage

Bagging the fruit clusters as a prevention of rain damage was
continued following the same general procedure as outlined in
the previous year's report. The Rhars and Hayany varieties were
so badly damaged by the July and August rains, before the bags
were placed around the clusters, that results obtained were con-
sidered of no value. Favorable weather following the early rains
gave little or no opportunity for testing the value of the eight
different types of bags on the Iteema, Maktoom, and Deglet Noor
varieties.

Preliminary tests were made to determine the wax content of
the skin of those varieties severely injured by rain and those
which are quite resistant to this type of injury. Two varieties
were selected for the tests, the Red Timjouret, which is perhaps
the most susceptible variety to checking, and a seedling variety
which has proved itself to be immune to rain damage. The crude
wax was extracted with ether following the procedure for the
determination of crude fat as outlined by Makin and Carr after
the skin of the fruit had been cleaned of all pulpy material. Re-
sults of these tests showed a significant difference in that the skin
of the seedling variety gave an average of 1.333 per cent crude
wax and the Red Timjouret and average of 0.1844 per cent crude
wax.
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Leaf growth of the date palm, 1935 -36

These studies were started in January, 1934, for the purpose of
obtaining definite data on the number of leaves produced each
year by a bearing date palm, the relative growth periods during
the year, and the longevity of the leaves.

The year was divided into four periods: January to March, inc.;
April to June, inc.; July to September, inc.; October to December,
inc. All leaves on which the pinnae had started to fluff during a
given period were marked and the number of leaves recorded for
that period. Each year during the flowering season the location
of each blossom was noted together with its relation to the leaf
growth period from which the spathe emerged. Marking the
leaves from one growth period to another also affords an accurate
means of measuring the length of time leaves remain alive on the
palms in that no leaves are removed until they have turned brown
and ceased to function.

During 1924, 78 per cent of the leaves of five varieties emerged
during the second and third quarters. Forty -one per cent of the
blossoms developing the following spring were in axils of leaves
produced during the second quarter and 53 per cent from leaves of
the third quarter. With Khadrawi on one extreme, 29 per cent of
the blossoms were associated with leaves produced the second
quarter and 63.0 per cent with leaves of the third quarter. With
Hayany 50 per cent of the blossoms were with second -quarter
leaves and 39 per cent with those of the third quarter. Blossoms
of Iteema, Maktoom, and Deglet Noor were more equally divided
between leaves of these two periods.

Only an occasional blossom was associated with leaves pro-
duced in the first and fourth quarters.
Date maturation and storage

Results secured from storage tests during the past three years
show conclusively that the Khadrawi and Halawi varieties can be
packed and stored for several months without processing if held
at 32 degrees F. in a relative atmospheric humidity of 65 or 70 per
cent provided the fruit is picked after it has reached its maximum
sugar content and the tissue has started to soften. However, sub-
jecting the fruit to high temperatures for short periods is to be
recommended if the fruit is to be held in storage for several
months. Moisture -proof wraps prevent excessive dehydration of
the fruit during the storage period and after it has been removed
from storage.

BUSH FRUIT STUDIES

A variety planting of various bush fruits was set out on Febru-
ary 19, 1935, at the Mesa Experimental Farm, in order to study the
commercial adaptability of berries to this climate. Much interest
has been shown and a need felt for more information in this field.
Commercial growers have yet to find a variety that properly meets
their requirements.
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Thirteen vines of each variety were planted 6 feet apart in rows
10 feet in width. The vines are planted and maintained in broad,
shallow ditches to eliminate the serious injury from alkali that
results to alkali -sensitive plants when planted on raised beds.
Irrigation water is applied about the plants in this broad ditch, and
the alkali is washed away at each irrigation, thus giving the needed
protection. Frequent hoeings and cultivations are necessary to
keep down any injury that might arise from the puddling and
baking of the surface soil about the plants.

The plants were not allowed to fruit during the first year, as it
was felt that they should develop a strong top and root system
before being allowed to bear. During the first winter the canes
were thinned down to six per plant, and these were cut back to a
height of 18 inches and were then tied to the lower wire of a
trellis in the form of a V. The trellis was constructed with the
first wire 18 inches from the ground and the second wire on a
crossbar at 2 feet. This sort of a trellis allows the new shoots to
come up and over the top wire, providing shade for the fruiting
canes.

The pruning during the first winter was heavy, in order to
materially cut down the amount of bearing wood and thus allow
the vine to get a full and vigorous growth before it reached its
maximum production. During the dormant winter season the
fruiting canes will be limited to eight per vine and these will be
headed back to 4 feet and trained along and over the bottom wire
of the trellis.

At this writing, all the vines are healthy and vigorous and show
every indication of becoming vegetatively adapted. Fruit pro-
duction during the second bearing season will indicate their com-
mercial worthiness. The only exception is the loganberry which
failed to survive the first summer.

TABLE 20. -A SUMMARY REPORT OF THE FIRST HARVEST
SEASON WITH THE YIELD COMPUTED ON AN ACRE BASIS.

Variety Harvest season
No. of
berries
per box

Yield in crates
per acre (12

boxes per
crate)

Blackberries* berries
Advance May 2 to 15 very small 9
Haupt &

McDonald May 2 to 20 108
berries

94

Macatawa May 27 to June 10 very small 9
Texas Wonder May 7 to June 10 107 106

Hybrids*
Boysenberry May 15 to June 10 71 112
Youngberry May 5 to June 10 75 109

Dewberries
Gardenia May 7 to June 10 105

berries
98

Lucretia May 27 to June 15 very small 5

* Other varieties growing but not fruited: blackberries -Cory Thornless,
Kosmo, Brainard, Himalaya; hybrids - Jumbo.
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Notes on Varieties

Blackberries

Advance. -This berry is shy on foliage although the very earliest
of fruiting berries in the test. Fruit is small and seedy and is not
of commercial desirability so far.

Haupt and McDonald. -This combination of varieties is for
pollination. The fruit is of excellent size and quality, and the vine
vigor is good.

Macatawa. -Still an unknown quantity as it fruited very poorly
this season. The berry is small and seedy. Vine growth is good.

Texas Wonder.- Appears to be the outstanding blackberry to
date. Is a vigorous grower and fruits heavily. Fruit is of good
size and quality. Has merit.
Hybrids

Boysenberry. -The latest introduction in the berry field in the
U.S. Well adapted to Arizona so far. Has a large juicy dark
purplish -red fruit and the flavor of a raspberry. Seeds are small
and juice content high. Well adapted as a local berry but will not
ship.

Youngberry. -An excellent berry of good size, color, and quality.
Is well adapted to Arizona but does not possess quality of the
Boysenberry. Vine growth is healthy and vigorous.
Dewberries

Gardenia. -The first dewberry variety found that is adapted to
Arizona. Berries are medium in size, of good quality and flavor.
Vine growth is too weak to be recommended as yet.

Lucretia. -Definitely not adapted. Vine growth weak and
berries poor. Will probably not live through this summer.

TRUCK CROP STUDIES
Lettuce Fertilization

Before seeding

Previous field experiments have shown that the most desirable
and economical fertilizer program for lettuce is the use of some
form of organic nitrogen mixed with superphosphate and applied
to the soil before seeding. Commercial growers have used many
different methods of applying these fertilizers, among them being:
(1) the disking in of the broadcast fertilizer, (2) drilling to a
depth of 3 to 4 inches with a grain drill, and (3) drilling a ribbon
of the fertilizer 3 inches under the seed at planting time. The
efficiency of these methods was compared on the McDaniel ranch
at Yuma in the 1936 spring crop.

The soil used was of the soft loam type found near Somerton.
The land had been in lettuce before and chemical analysis showed
a very low phosphorous and nitrogen content which indicated a
fertility considerably below the standard desired for this crop.
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Table 21 presents the data of this experiment. The need of
phosphate fertilization is clearly demonstrated by the increased
size of head and yield over the nonfertilized plot. The addition of
organic nitrogen, in the form of goat manure, to the phosphate
fertilizer further indicates that a balanced diet of these two fer-
tilizer materials is necessary for maximum head size and yield.

It is evident from these results that the drill method of appli-
cation, either grain or ribbon, is more desirable in producing most
efficient results than broadcasting and disking into the soil. Less
fixation of phosphate and a more concentrated zone of high fer-
tility within easy access of the root system are provided by these
drill methods of application.

Side dressings

The application of chemical fertilizer materials to growing
lettuce where fertilization before seeding was not employed or
where a definite "boost" in growth is desired has become a stand-
ard practice among commercial lettuce growers. The usual
method employed has been to put the fertilizer on in one heavy
application. This experiment was designed to compare the effi-
ciency of applying the same amount in three applications three
weeks apart with a single dressing.

The types of fertilizers most commonly used were tried out but
the amounts applied were about twice the usual dosage to insure
significant differences.

The harvest data from the experiment with the 1935 fall crop in
the Salt River Valley and the 1936 spring crop in the Yuma Valley
are given in Table 22.

It is interesting to note the consistent advantage of multiple
fertilizer applications over the single application of all the fertil-
izer materials except ammonium sulfate. The head size is larger
and the yield is significantly greater with the increase mainly in
the more desirable sizes of four- and five -dozen heads per crate.

Ammonium sulfate requires action of bacteria before it is avail-
able as food for the plant. Since soil temperatures become low
enough to retard bacterial action shortly after time of application,
this condition explains the lack of consistent agreement with the
other fertilizers.

Very little difference in maturity date can be noted, although
there is a very definite trend of delayed maturity with the series
over the single application in the fall crop and the exact reverse
in the spring.

In general, it is considered more desirable to apply side dressings
in a series of applications rather than all at one time, since this not
only increases the efficiency of the fertilizer but allows the grower
to modify his fertilizer applications to meet varying weather con-
ditions. Series applications also prevent overstimulation that is
often encountered where one heavy fertilizer application is made.
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Hotbeds for Sweet Potato Transplants

A comparative test of several hotbed types used in growing
sweet potato transplants was conducted at the Mesa Experiment
Station Farm in the spring of 1936.

While the detailed data developed from these tests may be
secured separately upon request, a brief summary of the findings
of the work for the one season follows:

1. The use of gin -trash and manure - heated beds is shown to be
inefficient and detrimental to the production of a maximum
number of transplants.

2. Electric heated beds maintain a uniform temperature but
still do not have sufficient capacity for the coldest weather of
spring, and the need of a cover to conserve soil heat is indicated
where they are to be used.

3. Fire -heated beds are difficult to control but produce the
maximum number of plants with the lowest production cost.

4. Seed treatment for the prevention of disease is strongly
recommended but its effect of retarding growth and slightly re-
ducing yield must be considered.

5. The cost of installing a fire - or electric - heated bed is ex-
cessive except for the grower who has use for it over a period
of years.

6. With lowered electric rates the electric type of bed, is most
efficient of labor and maintains the most uniform soil temperature.

7. Artificial heating of sweet potato beds is sufficiently high
in cost to be warranted only where early plants are desired.

8. It is cheaper to buy transplants than to grow them in manure
or gin -trash beds unless their efficiency can be improved through
more adequate drainage and better control of irrigation practice.

Pecan Studies

The pecan harvest of 1935 was the most successful in standpoint
of yield and quality of nuts of any yet experienced by the industry
in the state. The problems of filling and maturity of the nuts are,
however, still present in the commercial orchards. Accordingly,
efforts have been continued to gain information upon the physi-
ology of pecan filling, for such information is fundamental to
control measures.

That the character of nut filling and maturity is related to or
determined by the condition of vegetativeness has been previously
reported. It has become evident that vegetativeness cannot be
controlled by any one cultural treatment or condition of environ-
ment. During the past year, efforts were directed toward con-
trolling vegetativeness through the use of many cultural and other
factors. Any combination of treatments which produced varying
degrees of vegetativeness influenced the character of nut filling
and maturity. Nuts from low vegetative trees were best filled,
kernels had a higher oil content, and preharvest germination was
least. However, such treatments increased the percentage of
sticktights, and shucks did not separate readily from the shells.
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The best maturity of nuts was on trees of intermediate vegeta-
tiveness.

The following classification of practices and conditions upon
basis of their influence upon vegetativeness will suggest the means
used to control vegetativeness:

Conditions which tend to
induce low vegetativeness

Limited soil moisture
Low soil fertility
Extremely light or extremely

heavy soil
Root pruning through cultiva-

tion and plowing
Clean cultivation
Exposure to full sunlight
Low seasonal temperatures
Previous condition of low veg-

etativeness
By selecting practices with consideration of the environments

indicated in the column on the left, it is possible to obtain a con-
dition conducive to well filled nuts.

Conditions which tend to
induce high vegetativeness

Abundant soil moisture
High soil fertility
Medium texture loamy soil
Limited plowing and cultivating
Judicious cover cropping
Exposure to shade
High seasonal temperatures
Previous condition of high veg-

etativeness

Pecan blossoming

The relation of tree vegetativeness to pistillate blossoming
appears to be just as striking and consistent as is the relation to
nut filling. By using cultural practices and other means to regu-
late the condition of vegetativeness, a considerable control over
blossoming is attained. As has been reported for many plants,
blossoming of pecans is not associated with the greatest extremes
of vegetativeness, but evidence gained during the past three years'
study indicates that the greatest blossoming is associated with
relatively high vegetativeness rather than with a strictly inter-
mediate condition. In ordinary orchard practices, treatments to
stimulate vegetativeness stimulate blossoming and the percentage
of pistillate flowers produced is in the order of vegetativeness.
Reconciling pecan nut filling and blossoming

With greatest blossoming and yield of nuts accompanying a
condition of relatively high vegetativeness in the trees and with
highest oil content and best quality of nuts accompanying a rela-
tively low degree of vegetativeness, the problem of pecan orchard
management is complicated.

For three seasons now we have found that blossoming of trees
was increased by the use of various "feeding" practices during the
winter, such as maintaining abundant soil moisture and nitrogen
fertilization with no cultivation to disturb the roots. This past
season blossoming on highly starved, low vegetative trees was in-
creased by such winter treatments, but we were not able to cause
such trees to blossom as well as trees maintained consistently
highly vegetative. Similarly, the blossoming of highly vegetative
trees was reduced by "starvation" treatments during the winter,
but such trees still blossomed more heavily than those which have
been maintained consistently poorly vegetative.
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The problem of maintaining satisfactory yields and at the same
time satisfactory quality of nuts is as yet unsolved. Its solution
appears to demand much more field experimentation in the seas-
onal adjustment of starvation and feeding practices and a thorough
investigation of some phases of physiology as the season of root
growth, absorption of nitrogen during winter months, movement
of nitrogen in the tree and its metabolism particularly during
winter season, evolution of the role of carbohydrate and nitrogen
reserves in determining blossom bud formation.

Premature dropping of young nuts

This problem is rapidly coming to the front as the most serious
of the pecan problems, particularly as knowledge of the control of
pecan maturity is increased and problems are proportionately re-
duced. An almost complete failure of the 1936 pecan crop will
occur because of a heavy dropping of young nuts during April and
May.

This season endeavors were made to study factors of light and
humidity in addition to those of soil fertility, moisture, culture,
and relation to vegetativeness. Light has been reduced by shad-
ing and increased by artificial illumination, but dry air has been
continuously blown by an electric heater over some pistillate
blossoms during the period of receptivity; others have been sur-
rounded by conditions of high humidity; all without effect upon
dropping of the nuts. There is definite need for cytological studies
of the processes of pollen tube growth, fertilization, and embryo
development in "set" and "drop" fruit to determine if imperfec-
tions in these processes may be the cause of dropping and if they
are influenced by the nutrition of the tree.

Extension of experimental orchards

Pecan trees on known root stocks propagated in the Yuma nur-
sery were used this past winter to extend the pecan orchard
planted one year ago on the Mesa Experimental Farm in the Salt
River Valley and to plant a new 6 -acre orchard on the Flowing
Wells farm near Tucson. These will provide opportunity for
studying the effect of root stock upon growth and fruiting of trees
as well as to provide material for studying the effect of root stock
upon growth and fruiting of trees as well as to provide material
for studying fruiting problems, rosette, and winter injury.

Citrus Studies

The 1935 -36 citrus crop in Arizona was characterized by a re-
latively late bloom (March 20 to 25) and late fruit maturity. The
set was generally satisfactory to heavy, sizes medium, and the per
cent of first -grade fruit high. This situation was in general a wel-
come contrast to the 1934 -35 crop which was early in both bloom
and maturity with large, coarse fruit of low grade.

The fertilizer plot studies in mature Washington navel and
Marsh grapefruit groves in the Salt River Valley have been dis-
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continued, terminating a five -year period of study as summarized
in the Forty -sixth Annual Report; plots in younger groves have
been selected for a continuation of this study.

The 1935 -36 production from the Yuma Mesa fertilizer plots
indicates that while the check plots receiving 5 tons of manure per
acre and those receiving phosphate or potash in addition equaled
their acreage production of the previous three years, only those
plots receiving supplemental nitrogen showed increased yields.

The effect of fertilizer applications upon time of maturity of
grapefruit was not significant with one exception. Maturity tests
on September 24 indicated that fruit from only three plots out of
ten had reached the minimum standard of six parts of soluble
solids to one part acid, while on October 8 fruit from all plots ex-
cepting the one receiving an excessive quantity of barnyard
manure had passed the minimum ratio. Fruit from this latter
plot did not attain the minimum ratio until the end of March.

With the 1935 -36 crop, neither the packing house grade of the
fruit nor the per cent juice by volume was significantly affected
by the fertilizer treatments. The lowest percentage of fancy fruit
was produced on the check plots. It is of interest that fruit from
the several plots did not attain 25 per cent juice by volume until
early October and only for a brief period in mid -December was
30 per cent juice attained.

Soil nitrate determinations made on the Yuma Mesa plots in-
dicate that with a fall application of 5 tons of manure per acre, no
nitrates were found in the first 4 feet of soil until the following
April. The soil of plots receiving supplemental mineral nitrogen
were found to be well supplied with nitrates throughout the year.

The determination of soil phosphates on the several plots
throughout the year showed that only on those plots receiving
ammonium phosphate, treble superphosphate, or extra large appli-
cations of manure had significant quantities of this material been
maintained below the first foot depth.

The 16 -acre block of grapefruit planted in 1928 at the Yuma
Mesa Citrus Station has been divided into plots and received the
first fertilizer applications in January, 1936. Treatments are in
triplicate with additional plots used for a comparison of different
carriers and quantities of fertilizer material.

HUMAN NUTRITION
BIOLOGICAL VALUE OF PROTEINS IN HEGARI AND THE

SUPPLEMENTAL VALUE OF CERTAIN PROTEIN CONCENTRATES

Previous work in this laboratory has demonstrated that hegari,
like other grains, is not adequate as the sole source of protein in a
ration and must be supplemented from the protein standpoint. It
has become common practice to incorporate in farm animal rations
made up largely of grains a protein -rich food such as tankage,
cottonseed meal, etc.

It is a matter of great practical importance to combine foodstuffs
in farm animal rations so as to secure protein mixtures of high
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biological value. In many cases one protein will enhance the
nutritive value of another when they are fed together. Accord-
ingly, an investigation has been made of the nutritive value of the
proteins in hegari when fed alone and the best protein -rich food
to combine with it so as to secure the maximum supplemental
effect.

By means of many growth experiments and time consuming
nitrogen balance studies in rats the following conclusions have
been reached.

1. Hegari proteins are insufficient for the support of growth
as shown by a 'relatively low rate of gain per gram of protein
consumed by the rats used in the growth studies and a low bio-
logical value of the protein as determined by nitrogen balance
studies.

2. The protein -rich foods which have shown definite supple-
mental relations with hegari protein include dried skim milk,
alfalfa leaf meal, soybean oil meal, meat scraps, gluten, and tank-
age.

3. The protein concentrates studied which were found to be
without supplemental relations include cottonseed meal and
wheat gluten.

4. Paired feeding experiments showed that the amino acid,
lysine, has a marked ability to supplement hegari proteins, where-
as tryptophane and cystine do not. It would appear that a lysine
deficiency was at least partly responsible for the low biological
value of the proteins of hegari and that proteins rich in this amino
acid have a strong supplemental value for hegari.

A manuscript presenting this material has been submitted to
the Journal of Agricultural Research.

FLUORINE STUDIES

The results of the mottled enamel survey of the Salt River
Valley (a co- operative project) have been reported from the De-
partment of Agricultural Chemistry.

Hoping to throw light upon the mode of action of fluorine in its
production of mottled teeth, a possible relation between fluorine
and the parathyroid glands has been investigated by first com-
paring the effect of fluorine feeding and parathormone injection
upon the metabolism of calcium and phosphorus of growing rats
and secondly, by observing any alteration of the fluorine effect
resulting from parathormone injection or parathyroid gland re-
moval. In order to study this problem, calcium and phosphorus
metabolic balances were carried on using young normal and para-
thyroidectomized rats. Half of the rats were fed a fluorine -con-
taining ration and the other half the same adequate stock ration
but without the addition of fluorine. Half of the animals on each
diet were injected daily with parathyroid extract. Calcium and
phosphorus analyses were also made of the blood serum, and the
ash contents of the leg bones and incisor teeth were measured.

Both normal and parathyroidectomized rats fed fluorine -contain-
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ing diets retained of the intake approximately 40 per cent less
calcium and phosphorus than did their litter mates, fed the ade-
quate stock diet. This lowered retention is shown by expression
of the results in any form as total milligrams of calcium and phos-
phorus retained, as per cent of the intake retained, or as milligrams
of the intake retained per gram of rat per day.

In the case of both normal and parathyroidectomized rats, the
path of excretion is somewhat altered by fluorine feeding. The
fluorine -fed animals excrete a larger per cent of calcium by way
of the feces than do their litter -mate controls fed the stock diet.

In both normal and parathyroidectomized rats, fluorine feeding
increases the fecal calcium to phosphorus ratio.

Removal of the parathyroid glands from rats first lowers the
serum calcium concentration and second decreases the calcium
retentions of animals fed the stock diet. The retention of phos-
phorus is slightly lower than that of the normal animal fed the
same diet.

Moderate injections of parathormone did not significantly alter
the retentions of calcium and phosphorus in either normal or
parathyroidectomized rats regardless of the diet fed.

In conclusion, evidence is presented herein confirming the
various findings of this laboratory. The indications are that
fluorine exerts its toxic effect on calcium and phosphorus metabol-
ism by interfering with the absorption of calcium from the in-
testinal tract, and not by an effect produced on the parathyroid
glands. The basis for this statement is that neither removal of
the parathyroid glands or injection of parathormone alters in any
way the effect of fluorine upon calcium and phosphorus of normal
growing rats.

VITAMIN STUDIES

Vitamin A in alfalfa hay

A previous report from this laboratory indicated that the Vita-
min A content of alfalfa was affected by exposure to Arizona sun-
shine during the airing process. At the time this investigation was
made, it was noted that the measurement of the Vitamin A con -
tent of the alfalfa had to be made as soon as the hay reached the
laboratory if correct results were to be obtained. When the
vitamin tests were repeated on the same samples of hay later in
the year, lower Vitamin A values were observed. Hence, an in-
vestigation of the effect of storage of alfalfa upon its Vitamin A
content was undertaken.

The method of biological assay developed by Sherman and
Munsell was followed. A very high Vitamin A content was ob-
served for the freshly baled alfalfa hay, cut in August. After
three months' storage (August to November) in a hay barn in
Mesa, the alfalfa was found to contain only half as much Vitamin
A. No further destruction occurred during a subsequent storage
period in the three winter months, November, December, and
January. With the rising temperatures of the spring months, the
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destruction of Vitamin A was again stimulated. After twelve
months' storage, the alfalfa contained only 25 per cent as much
of this vitamin as was found in the fresh alfalfa.

A manuscript reporting these results has been accepted for
publication by the Journal of Agricultural Research.
Vitamin A in three varieties of squash

As a part of an investigation of the vitamin content of food-
stuffs, the Vitamin A content of three varieties of squashes has
been measured - namely, the small, round, green, fluted summer
squash; the long, dark green Zucchine or Italian squash; and the
hard -skinned Hubbard squash. The method of measurement used
was essentially that of Sherman and Munsell. Results expressed
in terms of Sherman's Vitamin A units were 50, 5, and 3 units per
gram of raw Hubbard squash, cooked Zucchine squash and cooked
summer squash respectively.

It is evident that Hubbard squash is the richest in Vitamin A
content of the three varieties of squash used in this study.

It may be considered a very good source of this vitamin, ranking
in Vitamin A value with mature carrots, yellow sweet potatoes,
fresh apricots, and dried yellow peaches. It is interesting to note
that all of these foods have a strong yellow color and all have been
found to contain approximately 5,000 Vitamin A units per 100
grams, which is an appreciably higher concentration of Vitamin
A than that found in a high -grade summer butter.

The dark, green- skinned Zucchine or Italian squash contains
only one tenth as much Vitamin A per unit of weight as Hubbard
squash. This variety of squash is about half as rich in Vitamin A
as green string beans or fresh green peas and has approximately
the same Vitamin A content when expressed on the same weight
basis as avocados, asparagus, cantaloupes, and dried yellow corn.

On the other hand, the light -green- skinned summer squash with
a measured Vitamin A content of 300 units per 100 grams com-
pares closely in Vitamin A content with Brussel sprouts, arti-
chokes, green olives, bananas, and whole milk.

A manuscript dealing with the results of this study has been
accepted for publication by the Journal of Home Economics.

Vitamin A in carrots

In co- operation with M. F. Wharton of the Department of Horti-
culture, an investigation of certain facts in relation to the Vitamin
A content of carrots has been begun. Preliminary work using 300
rats as experimental animals has shown no effect of different
fertilizer applications upon the Vitamin A content of the carrots
produced upon the experimental fertilizer plots in the fall. The
fertilizer or soil amendments applied singly include "hard head,"
sulphur, tankage, copper, phosphorus, iron, zinc, borax, and man-
ganese.

A preliminary comparison by biological assay of the Vitamin A
content of light colored carrots grown in the Salt River Valley and
orange colored carrots grown in Yuma in the same season indi-
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cates a measurably lower Vitamin A content of the light colored
carrot. Extraction of the pigment, carotene, revealed a lower
amount of this precursor of Vitamin A in the Phoenix carrot. A
quantitative expression of these differences is not possible at this
time.

Vitamin A in blue grama grass

The nature of possible dietary deficiencies of range cattle has
been the quest of the Animal Husbandry Department. The nutri-
tion department has co- operated to the extent of investigating the
Vitamin A content of one of the common range grasses, blue
grama, at different seasons of the year. This work is being carried
on actively at the present time.

IRON AVAILABILITY STUDIES

As all compounds of iron are not utilizable for the function of
hemoglobin, an investigation of the availability for hemoglobin
formation of iron in certain dried fruits and other commonly used
foodstuffs has been started. Much of this work is still in progress;
a brief paper entitled "The Banana as a Source of Iron for Hemo-
globin Formation" appeared in the Journal of Home Economics in
June, 1936.

As an outgrowth of this study much valuable data concerning
the factors affecting the determination of available iron have been
accumulated. Many details of the technique involved in the most
satisfactory preparation of the experimental anemic animals as
well as the manipulation of the test or feeding period have been
worked out.

One of the most interesting developments of this iron avail-
ability research has been the establishing of a normal curve for
hemoglobin regeneration in rats fed different levels of intake of
inorganic iron supplemented with copper and manganese. More
than 400 animals are being used to obtain the points of this curve.
By the use of the curve, the availability of iron in food materials
can then be readily determined by comparison of the hemoglobin
response to the food of analyzed iron content which is under test
with the response expected if the iron were completely available as
is the iron in iron chloride.

IODINE STUDIES

A state -wide survey of the iodine content of the water supplies
of Arizona is in progress. Results at hand show a range from 0 to
50 parts per billion in the forty -one waters tested. Safford, Tomb-
stone, Chandler, and Florence water supplies contained less than
1 part per billion of iodine and eight other towns had water
supplies containing from 0.5 to 1 part per billion. On the other
hand the drinking water of Mesa, Tempe, San Simon, Ajo, Douglas,
and Coolidge contained iodine in excess of 10 parts per billion.
As yet no attempt has been made to correlate these findings with
goiter incidence found in the state.
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If, however, McClenden and Williams' correlation between
iodine in drinking water and the incidence of simple goiter can be
applied, we would expect to find the incidence of goiter in Arizona
low on the whole. In a few communities the amount of iodine in
the water supplies is sufficiently low to suggest the desirability of
iodine medication.

PLANT BREEDING
ALFALFA

In the summer of 1935, selfed seed was obtained from 224 in-
dividual alfalfa plants. Of these selfed mother plants, 171 be-
longed to different families of the fourth generation of self seeding,
while thirty -seven came from the second, and sixteen from the
first selfed seed generation. The seed obtained from each of these
mother plants was planted in a separate progeny on October 30,
1935. Each of these selfed plants will give rise to a separate
progeny for study in 1936 and succeeding seasons. The basis of
selection of these mother plants for selfing was the same as in
previous seasons -namely, (1) seed yielding ability, (2) leafiness,
(3) fineness of stems, (4) winter growth, and (5) uprightness of
plant. Studies of these characters during the past season indicate
the following:

1. Most of the selections made on the basis of high seeding
reverted to low or medium seed production, although certain lines
appear to give a higher average seed production than they did in
the earlier stages of inbreeding, indicating that from a genetic
point of view seed production is determined by many factors.

2. Desirable hay qualities such as leafiness and fineness of
stems are being more rapidly fixed in the inbred progenies than is
seed yield. Many lines with superior hay qualities are approach-
ing the uniformity found in pure lines of self -pollinated plants.

3. High seed yield and leafiness which were associated in cer-
tain lines in the second and third inbred generations showed a
much reduced association in the fourth inbred generation grown
in 1935. That is, none of the leafy lines set seed heavily. Further
testing will be required to determine whether these low seed yields
are due to seasonal variation or to an inheritance for low seed
production.
Strain 21 -5

One of the major purposes of the inbreeding program with
alfalfa is to isolate strains of value for the alfalfa grower. It has
been shown that plant selection accompanied by self -fertilization,
or inbreeding, is the fastest and most efficient method of producing
true breeding strains and varieties with all crops grown from seed.
Arizona strain No. 21 -5 is a common alfalfa produced in this man-
ner. It is a strain with medium fine stems, leafiness, and good
seed -setting ability. This strain has shown such promise that its
seed is being increased in isolation in order to test it further under
field conditions and also to provide sufficient seed for an initial
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foundation field in case this seems desirable. Meanwhile, selection
is being continued within this strain in order to further improve it.
Particular attention is being paid to the determination of the ex-
tent to which it is possible to combine both leafiness and seed
setting in the same strain.

WHEAT

The following wheat crosses were made in the spring of 1935:
Hard Federation - Martin x 389
Hard Federation- Martin x 194
Hard Federation - Martin x Baart
Hard Federation -Martin x 1076

194 x 389
1076 x 389

Hard Federation - Martin is a smut- resistant wheat with strong
straw. Arizona wheats nos. 389, 194, and 1076 are smut -resistant
varieties which have been obtained by crossing the smut -resistant
Ridit wheat with susceptible Arizona white wheats. The object
of the above crosses is to increase the strength of straw in the Ari-
zona wheats and at the same time maintain their high smut re-
sistance. The Fl generation of these crosses is now in the flower-
ing stage, and certain of them are being crossed further in order
to combine the characters of four varieties in one hybrid line.
Segregation in these double crossed lines will provide individual
plants with a greater number of desirable characters than those
obtained from the single crosses.

Triplicate yield tests, consisting of 1 /40 acre in each plot, are
being conducted with wheats nos. 389, 194, and 1076. Baart is be-
ing used as a check. Yield tests conducted with these wheats in
the previous season indicated that No. 1076, which has Baart for
one of its parents, is as high in yield of grain as its Baart parent.

COTTON BREEDING

Approximately seventy progeny rows of each of three different
strains of cotton were grown in Yuma County during 1935. Three -
acre increase fields were also grown from selected seed of each
strain. Twenty -six hundred pounds of seed of one strain of
Mebane are available for increase, while over 3,000 pounds of
Stoneville seed have been distributed for increase through the
Yuma County Pure Seed Association.

Selections from the ten best Mebane progeny rows that were
grown on the Yuma Experiment Farm in 1935 have been planted
in progeny rows for testing again in 1936. Increase plots are also
being grown from seed of each of these ten progeny rows. Yield
tests as well as lint studies will be made at the end of the year, and
the seed from the most promising selection will be turned over to
the Pure Seed Association for increase and distribution.

The same method is being used with the Stoneville variety.
Selections from the nine best progeny rows grown in 1935, together
with increase plots from each, are being grown in 1936. Seed from
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the best yielding plots will be turned over to the Seed Association
for increase, and further plant selections made from the best
progeny rows.

Samples of lint from eight of the ten Mebane progeny rows
selected for further testing stapled 1 1/32 inches, while the other
two stapled 1 1/16 inches. Lint from five of the Stoneville progeny
rows stapled 11/32 inches while the other four stapled 11 /16
inches. There was a noticeable decrease in the percentage of
substaple less than 1/2 inch in length and a corresponding increase
in the percentage of long lint in each of the selections in each
variety.

Progeny rows of another selection of Mebane are being grown
on the Yuma Farm, but no seed has been distributed. This selec-
tion showed great promise in variety tests last year.

Acala progeny rows were grown on the Mesa Experiment Farm,
on the Tucson Farm, and on the farm of Roy Layton at Safford.
Due to a lack of isolation, no seed was taken from the progeny
rows grown at Mesa. Nine of the progeny rows grown at Tucson
were considered superior enough for further testing. Progeny
rows and increase plots from each of these nine will be grown at
Tucson in 1936. Seed from the best plots will be available for
distribution in 1937. Plant selections will be made from the best
progeny rows in 1936, and grown in progeny rows again in 1937.

Samples of lint from seven Acala rows stapled 1% inches and
those from the other two stapled 15/32 inches.

Thirty -four Acala progeny rows were grown in the Gila Valley
at Safford in 1935. Selections were made from thirteen of these
rows, and the best of these will be grown again in 1936 if arrange-
ments can be made in regard to land. Samples of eleven of these
thirteen rows stapled 15/32 inches, while the other stapled 1%.
An increase field of 6 acres was grown from selected Acala seed in
1935, and from this field approximately 10,000 pounds of seed were
obtained for further increase.

Acala plants from selected progeny rows that have been sorted
show a great increase in uniformity of length of lint over plants
selected from the original seed stocks in 1934. Of the total amount
of lint on the plants sorted in 1934, 20.9 per cent was 1 inch in
length or longer. This percentage increased to 32.3 in 1935 with
a corresponding decrease in the amount of substaple.

Pima- Tang'uis cross

Eighty -six F3 progenies of the Pima -Tanguis cross were grown
consisting of 867 plants. Each of these progenies was grown from
a single F2 plant selected on the basis of length of lint and per-
centage of lint. Of the eighty -six F3 progenies, sixty -one produced
one or more plants with lint percentages above 30. The average
of ten Pima plants grown under same conditions was 27.2 per cent
lint. Five progenies produced at least one plant, whose lint per-
centage was from 35 to 37, and seventeen progenies gave one or
more plants with lint percentages from 33 to 34. These lint per-
centages it will be observed, are from 5 to 8 per cent higher than
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that for the average of Pima, one of the parents of the cross. As
grown in Arizona, Tanguis has a lint percentage of approximately
38, lint index of 6.00, and a seed weight of 10 grams per hundred.
It will be seen therefore that one of the factors contributing to the
high lint percentage of Tanguis is its small seed. It is important
to determine whether the high lint percentages in the above
segregates are due to small seeds, or whether the lint is actually
more abundant on the seed coat, either as a greater number of
fibers, or as a greater weight of lint per unit of seed surface. The
following tabulation throws light on this question:

Parents and F, hybrids Lint per-
centage

Lint
index

Weight
100 seeds

(gm.)

Pima, average of 10 plants
6 F, Pima x Tanguis plants, average
44 F, Pima x Tanguis plants, average
Tanguis, single determination,

Arizona grown

27.2
35 to 37
33 to 34

38

5.71
6.41
5.94

6.00

13.0
11.6
11.6

10.0

From this table it is seen that the high lint percentages of the
fifty Pima -Tanguis hybrids are due not only to their small seeds
but also to the fact that the lint on their seed coats is more abun-
dant than that on the seed of the Pima. This is shown by the
higher lint indexes of the Pima -Tanguis hybrids.

PLANT PATHOLOGY

ROT OF DATE FRUIT

Spraying date palms for the control of fruit rot presents a diffi-
culty not encountered in the general spraying of deciduous or-
chards. Ripening date fruits become softer than most other
orchard fruits; if spray residue remains on them as a result of late
spraying the washing necessary to remove the coating is likely to
ruin the dates for market. Therefore sprays have been applied
to date palms before the flower clusters have broken from the
bracts and after the fruits have developed to an early green stage.
Although the early spray has noticeably reduced leaf spot and
prevented fusarium blight of the inflorescence (Ariz. Agr. Exp.
Sta. Ann. Rept. 46:81 -82. 1936), and although loss of fruit has been
less in the orchard since the spraying program was inaugurated,
fruit rot has not been prevented. This is perhaps explained by the
long period elapsing between the application of the spray and the
maturity of the fruit together with the abundance of spores of
molds and other rot -producing organisms.

The University Date Orchard was sprayed during the period
from April 25 to April 27, 1936, with Instant Bordeaux 4 -4 -50.
Again this year the sprayed palms had a healthier foliage than the
controls. On October 2 more than ten thousand fruits on sprayed
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and unsprayed palms were inspected for rot. Three varieties of
date showed somewhat more fruit rot on sprayed than on un-
sprayed palms - namely, Deglet Noor (5 per cent), Saidi (0.4 of
1 per cent), and Kustawi (1.5 per cent); two varieties had more
rotted fruits on the unsprayed palms - Iteema (2.35 per cent) and
Berhi (22.15 per cent) .

Cultures from rots of date fruits collected in the Orchard showed
the fungi we were dealing with. These are given in Table 23.

TABLE 23.- CULTURES FROM ROTS ON DATE FRUITS
(MADE NOVEMBER 14, 1935).

Variety
Description of
spots (rots)

Date of
examination Fungi found

Iteema Light tan to brown-
ish water -soaked
spots on fruit

Dec. 2, 1935 9 cultures of
Alternaria

Iteema Brownish -black
hard spots under
skin of fruit

Dec. 2, 1935 2 sterile
2 Alternaria

Iteema Light t a n, corky
scab on surface of
fruit

Dec. 2, 1935 4 Aspergillus, black
1 Penicillium, blue

Deglet Noor Dark brown to black
spots on fruit

Dec. 2, 1935 6 Alternaria
2 bacteria

Deglet Noor Brown spots below
surface of date
skin

Dec. 2, 1935 3 sterile
2 Aspergillus, black

a n d Alternaria,
mixed

Deglet Brown rough spots
on surface of fruit;
large, hyaline
spores found o n
spot

Dec. 2, 1935 2 Alternaria
1 Phoma or Macro -
phoma

Deglet Noor___ Light t a n water-
soaked area, 1 inch
in diam., becoming
dark in center

Dec. 2, 1935 6 tubes with similar
abundant growth,
no spores (held for
further examina-
tion)

Saidi Rot inside fruit Dec. 2, 1935 4 Aspergillus, yel-
low

3 Aspergillus, black
Saidi R o t inside fruit,

Pen. fruiting
Dec. 2, 1935 5 Penicillium, blue

2 Aspergillus, yel-
low

ANGULAR LEAF -SPOT OF COTTON

An epidemic of angular leaf spot of cotton in the season of 1934
caused heavy losses in the cotton districts (Rillito and Marana) of
Pima County. In 1935 and 1936 most of the planting seed was
delinted with sulphuric acid from which were grown crops en-
tirely free from angular leaf spot. That the bacterium was still
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present in these districts is shown by the presence of the disease
in fields raised from untreated seed.

Germination tests of acid -delinted seed afterward dusted with
2- per -cent Ceresan showed remarkable stimulation. Visible
sprouting of the seed started in the germinator in six or seven
hours, and approximately 80 per cent germination, or enough to
give a good stand, had occurred in fourteen hours.

TEXAS (COTTON) ROOT ROT

Work on this project has absorbed the major portion of the re-
search time available. Investigations on the different phases of
the problem reported in the last three annual reports has been
continued on an enlarged scale and several new phases are being
investigated.
Chemical treatments for prevention and control of root rot

Ammonium sulphate. -A large amount of additional data has
been assembled on the use of this treatment on a wide variety of
ornamental trees and shrubs, nut trees, and fruit trees. The re-
sults of the treatment of visibly diseased trees have on the whole
been most gratifying and the method as outlined in the circular
mentioned in 1935 has been generally used in saving valuable
ornamental plantings.

Ammonium phosphate. - Following the discovery that ammon-
ium phosphate is a more satisfactory fertilizer than ammonium
sulphate for certain species of trees and shrubs, comparative tests
of the two chemicals based on equivalent amounts of ammonia
have been made. Results thus far have indicated a better response
and recovery of the diseased trees, probably due to a better
balance of available plant food.

Anhydrous ammonia.- Previous experience with aqua ammonia
showed some promise as a treatment for root rot, but the chemical
was discarded as too disagreeable to handle for general use by
persons unfamiliar with chemicals. Having followed the work of
Waynick on the use of anhydrous ammonia metered into irriga-
tion water, the writer visited his laboratory and saw the apparatus
in use. Two cylinders of anhydrous ammonia and a flowmeter
were obtained to test the feasibility of the method on alfalfa under
field conditions in Arizona. The possibility of a detrimental effect
of ammonia on certain soils appeared when a treated area in Oak
Creek showed poor growth of the following grain crop.

Sulphur.- Failures in treatments with ammonium compounds
have usually been correlated with an unusually high pH of the
soil. In an effort to combat this condition sulphur alone and in
combination with ammonium compounds and manure has been
added to the soil. This treatment has been given to the soil in
large tree holes in advance of the planting of healthy trees of
susceptible species in soils known to be infested with the root -rot
fungus. This method, if successful, is better adapted to prevention
rather than cure; it is very much needed for ornamental plantings
and other places where the infested area is limited.
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Sulphuric acid. -Heavy applications of sulphuric acid in fairly
concentrated solution appear to be impracticable, both from the
standpoint of cost and permanence of effect in lowering the pH of
the soil. The solution containing 1 to 2 per cent by weight of acid
was found to have fungicidal effect when applied to root -rot spots,
but the reaction with surface layers of the soil with evolution of
carbon dioxide rapidly reduced the strength of the solution, as was
shown by subsequent analysis of the soil which revealed an ac-
cumulation of sulphates in the surface layers. A new series of
experiments with the application of a few parts per million of acid
to the irrigation water to change its reaction to about pH 5 is under
way.

Manure and organic matter. - Trenching with manure or bulky
organic matter has been found inadequate to save trees already
visibly infected by the root -rot fungus. King has shown beneficial
effects of very heavy applications of manure on field crops planted
in infested soil, but no experiments are reported on trees or shrubs.
Results in the past few years have shown manure applications to
be protective rather than curative. In a new series of experiments
on pecan trees, large tree holes were dug and various amounts of
manure, alone and in combination with different amounts of
ammonium sulphate, ammonium phosphate, and sulphur were
mixed with the soil as the holes were refilled. Check trees were
not treated in any way. No treated trees have died of root rot,
although eight of the check trees became infected and died.

Studies on root -rot sclerotia

Prevalence and abundance. -The early attempts to find sclerotia
in the Tucson district were very disappointing, although a large
number of soil samples from a variety of infected areas were
washed through screens and the debris carefully examined for
sclerotia. A new method for separating all of the rock particles
and nearly all of the lighter fraction of debris from the screen
residues was reported in 1935. Studies during the past year
showed sclerotia entirely absent in most locations sampled,
especially in a badly infected cotton field which has shown abun-
dant root rot every year for the past twelve years at least. Cer-
tain locations in an adjoining alfalfa field produced abundant
sclerotia, as did other locations in an adjoining orchard; some
locations in both alfalfa and orchard produced no sclerotia or
very few, less than ten in a 20 -pound sample of soil. During the
late summer and fall sclerotia were much more abundant. Soil
samples from the same spots showed very few or no sclerotia
during the following spring and summer.

Realizing the great value of a rapid and accurate method of
determining the presence of root rot in any piece of land in the
absence of dying plants of a susceptible species, we hoped to find
a constant correlation of the occurrence of sclerotia with the
presence of root rot. This would make it possible to survey land
for root rot at any time of year and in the absence of susceptible
host plants, in answer to frequent requests for such service. A
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Plate IX.- Sclerotia of the root-rot fungus (Phymatotricüum`ornnivorum)
washed free from soil of show method of growth on the fungus strands

(X2).

machine for the rapid mechanical separation of sclerotia from soil
samples was designed but never built and tested because too fre-
quently

`.

ne sclerotia were recovered from samples taken in known
root-rot areas.

Sclerotïa in cutture=--Sclerotia were readily grown in soil cul-
tures in Mason jars where their formation and development could
be watched daily through the glass walls of the jars. Some cul-
tures produced mycelium abundantly but no sclerotia, and certaán.
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cultures produced sclerotia in great abundance. Cultures on
sterilized cotton roots sometimes produced abundant sclerotia.

Root rot in pecan orchards

The pecan growers of Yuma County, where several thousand
acres of Yuma Valley land is devoted to pecan groves, now con-
sider root rot the principal obstacle to a permanent pecan industry.
The older groves were planted at a time when the pecan was con-
sidered immune to root rot. The first successful experiments on
root rot in pecan were conducted in the Yuma Valley four years
ago, and the situation seemed to be under control. Recently with
the maturing of many young trees the growers have suffered
somewhat heavy losses from the failure of nuts to fill. The De-
partment of Horticulture found that a restriction of water supply
and depletion of available nitrogen during late summer and early
fall favored the normal filling of the nuts, but trees on infested soil
began to die under this treatment which is just the opposite of that
recommended for root -rot control- abundant water following a
heavy application of ammonium sulphate.

A joint conference and study of the situation in the field lead
to the following conclusions: (1) wherever root rot exists in pecan
plantings, its control or eradication must be given primary con-
sideration in order to save the trees; (2) since some of our best
results in treating infected trees have been from late fall applica-
tions of ammonium sulphate, it may be possible to correlate the
two treatments without serious losses from lack of proper filling of
nuts or from root rot; (3) as there is considerable difference in
the amount of loss from lack of filling in different varieties grown
under identical conditions, it may be possible to choose varieties
less subject to this difficulty. Burkett is apparently the most
sensitive variety.

In an effort to protect young trees, a co- operative project with
the Department of Horticulture, was started on the new Univer-
sity Farm at Tucson this spring. All the permanent trees in a
6 -acre planting were given some sort of treatment of the soil in
the tree holes, including all the chemical and fertilizer treatments
outlined in the first section of this report. The semipermanent and
temporary trees planted at 30- and 15 -foot intervals between the
60 -foot permanent trees were not treated and will serve as con-
trols. Most of the area is known to be infected with root rot. If
permanent trees can be grown under these conditions, the problem
of root -rot control so far as pecan is concerned will be solved.
Root -rot surveys

A number of surveys have been made at the request of various
governmental divisions to pass on the presence, severity, distri-
bution, and probable significance of root rot in the soils of various
tracts of land under consideration for resettlement, subsistance
homesteads, etc. Last fall at the request of the Soil Conservation
Service, Mr. King of the U. S. Field Station at Sacaton, Arizona,
and the writer made a detailed survey of the lands used for



FORTY - SEVENTH ANNUAL REPORT 77

nursery purposes at the New University Farm and City Farm at
Tucson; also the Pima Nursery on Ash Creek near Safford and
adjacent lands under consideration for purchase or lease. The
Conservation Service has now abandoned the use of infected areas
for nursery purposes. It is significant to note that the only piece of
land in use which was found free from root rot was the 18 acres
on the new farm which the writer surveyed and pronounced
free from root rot prior to its acceptance as a nursery.

A root -rot survey of the forest nursery near Superior, Arizona,
was made at the request of the forest supervisor.
Selection for resistance in cotton

The selection of cotton progenies for resistance to root rot has
been continued along the lines previously reported. A more
drastic culling of progenies was practiced last fall to eliminate
all but the most promising strains.
New host plants

Although the root -rot fungus is known to attack over six
hundred species of cultivated and noncultivated plants, knowledge
of its host range is still incomplete. During the past year the
fungus was found infecting and killing the following host plants
not previously recorded: Japanese euonymous ( Euonymous
japonica), very susceptible; Arizona cypress (Cupressus ariz-
onica) ; Russian thistle (Salsola pestif er) ; Spanish broom
(Spartium junceum) ; and Euphorbia splendens.

MISCELLANEOUS STUDIES

Crown gall

As in the past the crown gall experiments have been continued.
In this work a study of the relationships between soil temperatures
and the developments of crown gall under natural conditions is
being made. Soil thermographs which are carefully checked
regularly are maintained in continuous operation at 4- and 10-
inch depths.

Galls developed from artificial inoculations of the "cottonwood
strain" of P. turne f aciens have been measured in two dimensions
bimonthly in the present experiment since May, 1935. New in-
oculations are being made, the galls from which will be measured
as well as the continuance of the measuring of the present galls
through the coming year. In continuation of the work on crown
gall on conifers, Libocedrus decurrens, has been successfully in-
oculated. The increase in size of galls has invariably been more
rapid during the periods of the highest soil temperatures.
Gummosis of Elaeagnus

On October 10, 1935, some diseased seedlings of Elaeagnus
angustifolia were brought to the laboratory from the Federal
Introduction Nursery located northwest of Tucson. Diseased and
dying plants were 4 to 5 feet high. The disease was found to be
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Plate X.- Gunimosis of Vaeangus
an.gustifoiia: D, exudation; M,

lesion.

Control of noxious weeds

Ever since the publication in. x,92$ of our bulletin on the to of
sulphuric acid as a weed sprat there have been inany r e4nests
for further investigations along this line, but time and funds for
proper equipment have not been available. Early last fall a
modern power sprayed was purchased by several departments of
the experiment station, and in response to urgent requests from
farmers' organization$ in the Salt River Valley experiments in
co- operation with the Agricultural Extension Service were initi-
ated on the control of horse nettle (Solanum elaeagni f of ium) ,

T STATION

causing considerable damage in
spots in the planting, particularly
at the west end of the rows. An
outstanding characteristic of the
disease was a gummy exudate on
the stem lesions which extended
from wìhin 2 inches of the soil
line to 3leet above ground.

From 'diseased, discolored tis-
sues which extended throughout
the barland wood of Elaeagnus
stems, a pecies of Phytophth.ora
was isolated. Positive results
were obtained with this fungus in
both field and laboratory inocula-
tions. Studies on the disease are
being continued.

Stock wilt

A Fusarium, identified by Dr.
C. D. Sh*bakoff as F. oxysporum,
has been isolated from diseased
roots of stock. The same wilt was
found in flower beds on the cam-
pus of the University of Arizona
early this year. The disease is a
typical wilt; positive results have
been obtained with inoculations
in the greenhouse.

Fusarium root rot of rose

Three lots of roses have been
found to be infected in the roots
with a Pusarium during thêz past
three years. Recently sixty
bushes in one planting have been
destroyed. The disease in under-
going investigation in this t'bor-
atory.
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Plate XI. -Power sprayer with acid attachment spraying infestation of
white horse nettle. It covers I. acre in twelve and one half minutes, apply-

ing 20Q gallons of spray on a strip 18 feet wide.

bind weed (Convoivtaus arvense) , and nut grass {Cyperus escu
lentus) ...About 7 acres were sprayed, and in addition small .:
patches were treated with chemicals applied to the soil.

Plate XII. --- Spraying ditch bank with a four nozzle spray gun for-weed
control. A rapid and efficient method of weed sprays.
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Assistance to seed potato growers

The program of aiding growers to develop seed potatoes suitable
for registration and certification (in co- operation with the exten-
sion horticulturist) was inactive on account of greatly reduced
potato acreage and difficulty in obtaining satisfactory foundation
stock. The sale of very poor quality certified seed potatoes from
certain states has largely destroyed confidence of the growers in
certified seed.
Curly-top virus

Losses from tomato yellows continue to be severe, and the
same virus is causing losses in beets, cabbage, beans, and cucurbits
as reported last year.

GRAPHIOLA LEAF SPOT OF THE DATE AND OTHER PALMS

This project was fully summarized in the last annual report and
will be given only brief mention here. The problem, with the ex-
ception of certain studies on host range and details of the life
history of the fungus, is practically completed. A manuscript in
preparation for a technical bulletin would have been finished ex-
cept for the pressure of other work.

POULTRY HUSBANDRY
THE EFFECT OF BACK CROSSING AND RECIPROCAL CROSSES

ON EGG PRODUCTION IN THE OFFSPRING

The preliminary work on this project commenced in 1932 -33
with twelve foundation matings. In 1933 -34 there were thirty -
seven matings including twelve foundation, seven father and
daughter, six mother and son, five brother and sister, three half
brother and sister, and four individual family matings. In 1934 -35
there were thirty -seven matings including five foundation, five
grandfather and daughter, one grandmother and son, three father
and daughter, nine mother and son, nine brother and sister, four
half brother and sister, and one outcross. In 1935 -36 there were
five foundation matings, three great -grandfather and daughter,
two grandfather and daughter, four grandmother and son, four
father and daughter, four mother and son, three brother and
sister, seven half brother and sister, three individual families, and
fourteen outcrosses, making forty -nine matings in all.

The object of this experiment was to study the effect of the
above matings upon the fertility, hatchability, mortality, and egg
production in the offspring, in other words, the progeny test.

In all but father and daughter, grandfather and daughter mat-
ings, fertility either increased or remained constant.

Hatchability, however, seriously decreased in all matings except
the father and daughter matings which increased about 10 per
cent.

The mortality under the brooders to twelve weeks old seriously
increased in practically all matings.
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The egg production showed an increase in the offspring in every
case except that of the brother and sister mating.

In summarizing the work thus far, it seems that inbreeding in
any form does not seriously affect fertility, but greatly decreases
hatchability and losses under the brooders. At the same time,
production of those hens living the 365 -day period has been in-
creased.

Outcrossing and its effects on the above factors are being investi-
gated for the first time this season, 1936. Fourteen matings on
outcrossing have been established.

In order to be sure that the routine in connection with the
growing of pullets is such as to assure pullets coming into pro-
duction in the highest state of vigor, each phase of the method of
growth will be carefully checked, beginning with the 1936 crop
of chicks. The phases to receive consideration will be feeding,
contamination, house capacities, and internal parasite control.

The method used in establishing average egg production on a
yearly basis assumed 365 days from the beginning of continuous
egg production, and only birds completing a 365 -day period were
used in the averages. This was thought more accurate than taking
the 365 -day period from the time of first egg, as in many cases a
rest period due to environmental conditions broke into a 365 -day
record of this kind. It also appeared to be more accurate than the
so- called hen -day basis for estimating. In the hen -day method if
a bird died early in January, the assumption would be that it
would have produced throughout the entire 365 days at the fall
rate which would not be accurate. If a bird died immediately after
the peak of production in the spring, the assumption would be that
it would continue this same heavy production throughout the re-
maining period which would be inaccurate in the other extreme.

HIGH AND LOW LINES*

Types of matings: Season 1934, high and low lines, both mated
with full brothers, sires dam 286 eggs, dam 264 -241 eggs. 1935, high
and low lines, both mated to full brothers, dam, 255, 201, 135, 157,
144, 80 eggs respectively. 1936, mated to males of equivalent pro-
duction but not brothers. High line, sires dam 269, 219, 177 eggs
respectively. Low line, sires dam, 248, 233, 167 eggs respectively.

Incubation and brooding record: 1934, eggs set: high line 234,
low line 90. Per cent infertile 5 and 3, per cent hatch to fertile
eggs, 73 and 76. Numbers to start in brooders, 162 and 66. Per
cent to die first 12 weeks, 21 and 23. 1935, eggs set: high line 300,
low line 129. Per cent infertile, 43 -19. Per cent hatched to fertile
eggs, 51 -31. Number to start in brooders, 87 -17. Per cent to die
in first twelve weeks, 22 -6.

Data of progeny from 1934 season: Average production of dam,
high line 249, low line 112. Production sire's dam 264 -264. Num-
ber progeny at start, 31 -15. Per cent mortality, 19 -73. Number
* This high- and low -line work is in reality a test on the value of males

in connection with egg production.
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to complete 365 days, 11 -4. Per cent to complete 365 days, 36 -27.
Range in egg production, 130 -229, 99 -267 eggs. Average produc-
tion first year, 174 -163. Per cent culled, 14-0.

ARIZONA EGG TEST

The Egg Laying Test continues to be of value to the breeders as
evidenced by their continued demand for this type of work. At
the same time it is giving the experimental station much valuable
data at very little cost.

There is a growing demand to extend this type of work through
the establishment of a pullet trapping project which would also
be self supporting and would further our experimental evidence
along certain lines.

UTILIZATION OF LOCALLY PRODUCED GRAINS IN THE
POULTRY RATION

This project had the following objectives:
1. To determine whether a ration can be compounded on the

basis of price alone and be satisfactory.
2. To compound a ration of locally produced ground grains

supplemented with liquid milk.
3. To determine whether a low- protein (14 per cent) ration

fed intermittently will reduce mortality and still maintain satis-
factory egg production.

The following rations were used:
1. This ration was changed from month to month, depending

on the cost of the different ingredients. Sorghum grains are used
to a great extent.

2. Mash: red milo, 100 pounds; wheat, 100 pounds; barley, 50
pounds (all ground) . Scratch grain is composed of the whole
grain. Liquid skim milk is available at all times. Green alfalfa
fed daily.

3. Mash: corn meal, 100 pounds; bran, 100 pounds; ground
oats, 100 pounds; meat scraps, 100 pounds; charcoal, 15 pounds;
oystershell, 15 pounds; salt, 3 pounds. Scratch grain: cracked
corn, 125 pounds; barley, 50 pounds; wheat, 50 pounds; oats, 25
pounds. Fed intermittently.

4. Check pen -mash: bran, 100 pounds; yellow corn meal, 100
pounds; ground oats, 100 pounds; shorts, 100 pounds; meat scraps,
125 pounds; linseed meal, 25 pounds; dried buttermilk, 25 pounds;
bonemeal, 25 pounds; alfalfa leaf meal, 25 pounds; oystershell, 15
pounds; charcoal, 15 pounds; salt, 3 pounds. Scratch grain: wheat,
200 pounds; cracked yellow corn, 200 pounds, hegari, 200 pounds;
oats, 100 pounds.

5. Conference ration.
All rations are fed in the regular manner (mash, hopper fed;

grain, hand fed) except ration No. 3, which is fed intermittently.
This is a low -protein (14 per cent) feed and is fed as follows:

First feed in morning -damp mash (water) of an amount that
will be consumed in forty -five minutes.
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Second feed-open mash hopper at 11 A. M. and closed at 2 P. M.
Third feed -give all the grain in the evening that the birds will

clean up.
Green feed is given at 1 P. M.
At the end of the five months' period (October 1, 1935 -March

1, 1936) the check pen had the highest average egg production.
The average production was 8.66 eggs more than the intermittently
fed group, the second lot. This pen averaged 4.40 eggs per bird
more than the conference fed birds. This is not in accord with
the results of last year for the same period. A probable cause was
the heavy mortality in the intermittently fed lot.

The number of pounds of feed necessary to produce a dozen
eggs is one of the tests of the value of a feed. The check group
required the smallest amount of feed per dozen eggs. The inter-
mittently fed lot was second highest followed by the economy
ration, the conference group, and the locally produced grains
supplemented with milk.

White Leghorn pullets are being used in this test.

ENVIRONMENTAL FACTORS AND THEIR EFFECT ON THE
NATURAL EGG CYCLE

Object: To determine whether uniform conditions as regards
temperature, ventilation, humidity, and light will result in an
even distribution of egg production over the twenty- four -hour
period, and if egg size (by weight) will become constant.

Two sets of individual compartment hen batteries are used; one
set is in a thermostatically controlled room while the other is
under natural climatic conditions. The time of laying and the
number of the hen is recorded by an electrical device.

The results for the first four months' period (November 1 to
March 1) are available. The birds in the controlled group aver-
aged forty -eight eggs per bird. The average weight was 55.1
grams per egg. The average production for the noncontrolled lot
was 38.75 eggs per bird, weighing on an average of 50.6 grams per
egg.

The distinction of production over the twenty- four -hour period
is not available at this time.

The hot summer months will probably show more difference
than was noted during the winter period.

The mortality was the same in both lots. Rhode Island Red
pullets are being used in this test.

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

Object: To develop strains of chickens that will be resistant
to the above diseases.
Pullorum disease

Blood testing is being utilized to eliminate the reactors from
the breeding flock, but this does not prevent infection due to en-
vironmental conditions.
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Reactor males and females were mated. Also reactor males and
nonreactor females were mated and the chicks from both lots
reared together. Survivors of each group were mated the second
year. Survivors of this mating produced the chicks being reared
this year. A test of the degree of resistance will be made after
this year.

Both the White Leghorn and Rhode Island Red breeds are being
used.

Range paralysis

There is no test for range paralysis. Losses are very severe in
some areas. The question of transmission by inheritance is being
studied. A flock was located that to the owner's knowledge was
free of paralysis. Eggs were secured and incubated separately.
The chicks were reared and are now in lay. Other chicks are being
hatched and the degree of loss from this disease will be tested.

The Rhode Island Red breed is being used.

RANGE ECOLOGY

WATER RELATION WORK

Studies on the use of water by different range plants were con-
cluded. The species studied were palo verde, oak, cat's -claw,
ephedra, side -oats grama, slender grama, black grama, crowfoot
grama, hairy grama, curly mesquite, cotton grass, and tanglehead
grass. The experimental work consisted of measurement of water
loss from plants grown in large cans filled with soil of proper
moisture content. Plants were cropped at intervals and dry
weights measured to determine the amount of water necessary
for the production of a unit amount of forage.

Data on the use of water by the important browse and forage
plants of southern Arizona have been collected during the past
five years and compilation of the results of this experiment is well
under way.

QUADRAT STUDIES

Studies of the influence of grazing by cattle and rodents on the
density and composition of vegetation were continued by detailed
studies of sixty permanent quadrats. These quadrats were estab-
lished at Desert Grassland Station on areas open to all grazing,
totally protected, and rodent grazed only. Yearly studies have
been made of the vegetational change on these quadrats and a
photographic record taken annually.

METEOROLOGICAL STUDIES

Detailed weather records have been taken at Desert Grassland
Station and at two supplementary stations for the purpose of de-
termining the influence of climatic factors on range forage pro-
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duction. Compilation of the data obtained from these three
stations for the past five years is near completion and will be
published shortly.

SOIL MOISTURE STUDIES

Penetration of rainfall under different vegetation cover and on
different soil types was studied by weekly determinations of soil
moisture content at varying depths on several stations. Rainfall
is probably the most important weather factor in range forage pro-
duction, and studies of its storage and movements in the soil are of
great importance in vegetation problems. In March, 1936, the
Santa Rita Experimental Range took over the collection of samples
and moisture determinations.

FERTILIZER EXPERIMENTAL WORK

Emphasis was placed upon this work in an effort to get a better
understanding of losses of nutrients from soil by leaching and by
grazing. Various experimental plots were laid out on range land
protected from grazing and open to grazing. Additions of sodium
nitrate, calcium nitrate, and ammonium phosphate were made to
the soil, and the fate of the fertilizer elements was determined
followed by soil analyses for N and P as well as complete plant
analysis at the end of the season's growth. Detailed vegetation
studies indicated that a low rate of fertilization for a single season
would bring about changes in the composition of the grass cover
similar to those induced by several years of total protection from
grazing. Increased palatability of the grass species was evident on
plots fertilized with nitrogen.

These studies were continued during the present growing season
and additional plots established on the Larrimore ranch near
Sonoita in co- operation with the Animal Husbandry Department.

VEGETATION COVER MAP OF ARIZONA

Work on this project is completed and the manuscript nearly
ready for the printers. The cover map in colors with an accom-
panying text and some twenty -four photographs illustrating the
various vegetation types will be issued as an Experiment Station
bulletin. The obtaining and compiling of accurate data for this
publication has been a long and painstaking work but will be
amply justified in the contribution it makes to the natural re-
source data of the state.

RODENT INFLUENCE ON RANGE VEGETATION

Field work on the project was discontinued in favor of conduct-
ing feeding work on jack rabbits and kangaroo rats to determine
the actual maintenance and growth requirements as expressed
in forage weight consumed. Rodents are unquestionably a very
important factor on the range especially in the short years when
the percentage required for their maintenance can rise to injurious
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heights for the stockman. Various agencies in the past have
attempted to make estimates of this influence, but due to the ex-
treme difficulty of following rodents in the field and the effect of
personal viewpoints, there have resulted such wide divergencies
in results that they are worthless. Following the lead of the deer
feeding work, rats and rabbits were obtained and feeding work is
beginning. This method gives actual figures which can be used
under all circumstances and need only be multiplied by the
rodent population on a given range to arrive at a dependable
figure of the tonnage removed. Jack rabbits can only be taken by
Caesarean operation. Rabbits are still on the low curve of their
cycle, breeding was erratic and it has been with extreme difficulty
and care that three were raised to maturity. Kangaroo rats can be
easily trapped and handled as adult animals. The work is only in
the initial stages, but when finished will give basic figures with
which this most controversial (and economically important)
problem can be solved.

APPENDIX

CHANGES AND ADDITIONS

The concrete irrigation pipe line was completed on the Salt
River Valley Experiment Farm near Mesa as a W.P.A. project.
The installation of this pipe line has made possible the better
control and application of water to all parts of the farm. The
length of run has been cut in half and the number of plots greatly
increased.

The long needed addition of a Department of Agricultural
Economics and Rural Sociology was effected during the year with
the appointment of Dr. George W. Barr as Agricultural Economist
and Head of the Department and Dr. E. D. Tetreau as Rural Sociol-
ogist. Dr. R. A. Greene, formerly Assistant Agricultural Chemist,
assumed charge of the State Laboratory, being replaced by R. H.
Kellner. R. H. Hilgeman, Assistant Horticulturist at the Tempe
Date Garden, resigned and was replaced by Justin G. Smith. Dr.
Louise Otis replaced Edith Lantz, resigned, as Assistant Nutrition
Chemist. J. C. Hiller replaced Lloyd Keller as Assistant Agricul-
tural Engineer. Dr. L. M. Pultz was appointed Assistant Botanist
and C. W. Van Horn as Assistant Horticulturist.

RESEARCH PROJECTS

A new federal fund, the Bankhead -Jones Fund, became available
for the first time during this fiscal year. The fund is dispersed
among the different states on the basis of farm population, the
Arizona Agricultural Experiment Station receiving $3,105.64 for
the year 1935 -36. The federal government increases this fund by
a similar amount each year for five years, after which time it will
amount to somewhat more than $15,000 annually. Two research
projects were initiated under Bankhead -Jones funds during the
year. These projects are entitled, "Land Utilization and Land
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Classification Studies," and "An Analysis of Production and Price
Trends Applied to Arizona Farm and Ranch Products."

Two new Purnell projects were started in human nutrition,
entitled "The Availability for Hemoglobin Formation of Iron and
Copper in Certain Dried Fruits and the Effect of the Sulphuring
Process Thereupon," and "The Vitamin Content of Certain Food-
stuffs Including the Effect of Cooking and Comparison of Chemical
and Biological Methods of Assay."

Two projects were begun during the year by co- operative
arrangement between the University of Arizona and the Works
Progress Administration, Washington, D.C. These projects were
"A Study of Current Changes in the Rural Relief Population" and
"Composition Trends and Mobility of Arizona Population."

THE FRUIT AND VEGETABLE STANDARDIZATION SERVICE

The Arizona Fruit and Vegetable Standardization Service en-
forces the state laws having to do with minimum grades on fruits
and vegetables and is under the supervision of the Dean of Agri-
culture of the University of Arizona.

During 1936 the Standardization Service inspected a total of
10,939 carloads of iceberg lettuce, 3,339 carloads of cantaloupes,
2,530 carloads of grapefruit, and 235 carloads of oranges. These
commodities originated in the Salt River and Yuma valleys and
were distributed throughout the United States and Canada. Their
net farm value was approximately $8,000,000.

The increasing use of the motor truck in the distribution of
Arizona fruits and vegetables is reflected in a comparison of truck
inspections. In 1935 a total of 1,200 trucks was examined by
standardization inspectors; in 1936 this increased to 1,600 truck-
loads.

ANALYTICAL SERVICE

The Department of Agricultural Chemistry and Soils offers an
analytical service on products related to agriculture, without
charge, to citizens of the state. The number and character of the

TABLE 24.- COMPILATION OF ANALYSES MADE IN THE
DEPARTMENT OF AGRICULTURAL CHEMISTRY AND SOILS.

Tucson Phoenix

Soils 1,266 315
Water 307 262
Hay and plant materials 226
Commercial feeds 57
Citrus fruits 73 4
Insecticides 10
Minerals 27
Blood samples 47
Fertilizers and manures 96 128
Poison 5
Miscellaneous 7 33

Total 2,121 742
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materials analyzed during the past fiscal year are given in Table
24.

ARIZONA EGG LAYING CONTEST

This contest is now in its fourteenth year, with the breeders as
enthusiastic for it as in the initial year. It is the only state agency
through which the breeders' stock can qualify for the Record of
Performance work which is now closely tied up with the National
Poultry Improvement Plan, a nation -wide movement. The first
unit of one hundred birds for the pullet testing project was com-
pleted this year and accommodated only a small portion of the
demand.

The Arizona Egg Laying Contest two years ago led all other
contests in high points per bird. It was the first contest to have
an average egg weight in excess of 24 ounces to the dozen, which
is the weight of standard large eggs.

The fourteenth contest was won by a pen of White Leghorns
owned by the Gold Spot Hatchery of Phoenix. This entry of ten
birds laid 2,422 eggs with a point value of 2,434 in a period of 357
days.

The high individual, owned by Leslie Guthrie of Tempe, a White
Leghorn, laid 279 eggs with 299 points in 357 days.

TABLE 25.- AVERAGE EGG PRODUCTION PER BIRD IN THE EGG
LAYING CONTESTS.

Year Arizona U. S. A. and Canada
1923-24 205 181
1924-25 191 172
1925-26 206 173
1926-27 213 191
1927-28 213 185
1928-29 211 191
1929-30 202 188
1930-31 195 191
1931-32 189 196
1932-33 186 202
1933-34 220 204
1934-35 211 209
1935-36 214 211

In Table 25 it is interesting to note that the 1935 -36 contest had
the second highest average of all Arizona contests. It has also
exceeded the average of all other contests except in the years
1931 -32 and 1932 -33.

SOIL SURVEYS

During the past year, as is customary, the Department of Agri-
cultural Chemistry and Soils has co- operated with the U. S. De-
partment of Agriculture in making a soil survey of some important
agricultural areas in the state. This year, the field work on the
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Middle Gila area in the vicinity of Florence, Coolidge, and Casa
Grande was completed. This culminates three winters' work on
this particular area. E. N. Poulson was in charge.

Copies of the "Soil Survey of the Tucson Area," surveyed in
1932, have been received from the publisher and are available for
distribution.
Economic surveys

Water from the Colorado River will soon be available to irrigate
additional lands in Arizona. The suitability of land for agriculture
should be determined in advance of development.

With this in mind, the Agricultural Experiment Station investi-
gated the first unit of the proposed Yuma -Gila project. The land
lies on the Yuma Mesa, and in the virgin state is rather sandy. It
has received but scanty rainfall so has not developed a hardpan
as have many of the desert soils. Cultivated soils which were
originally similar to the adjacent virgin soils were also examined.
There was a distinct improvement in the physical condition of the
soil after irrigation of from three to twelve years. Both citrus
and alfalfa were found to grow and produce excellent crops on the
Yuma Mesa. Chemical and physical laboratory tests showed the
soil to be worthy of development.

A co- operative survey of the soils and waters of the Mohawk
Valley project was made for the Resettlement Administration.

SUMMARY OF STATION PUBLICATIONS
TECHNICAL BULLETINS

No. 58, "Effect of Soil Texture upon the Physical Characteristics
of Adobe Bricks," by Harold C. Schwalen. 24 pages. Adobes for
ordinary use are made from soils having a wide range in texture.
Within this range are many of the Arizona soils nominally classi-
fied among the heavier sandy loams, loams, sandy clay loams, and
clay loams, together with the gravelly phases of these soil classes.
The effects of differences in soil texture determined by mechanical
analyses upon shrinkage, cracking, uniformity of size and shape,
toughness, resistance to washing, and strength in compression and
flexure of commercial sized adobes are reported.

No. 59, "Oxidation of Sulphur in Arizona Soils and its Effect on
Soil Properties," by W. T. McGeorge and R. A. Greene. 30 pages.
Sulphur is one of the most effective materials for reducing the al-
kalinity of soils but must undergo oxidation before it is effective.
This bulletin presents a study of the sulphur oxidizing power of
Arizona soils and the changes in soil properties which accompany
the oxidation. These changes consist of improvement in water
penetration, increase in availability of phosphorus and potassium,
and reduction in soil alkalinity.

No. 60, "Some Aspects of Citrus Tree Decline as Revealed by
Soil and Plant Studies," by W. T. McGeorge. 43 pages. Under
southwestern conditions citrus trees often exhibit several types of
physiological disturbance in which soil condition appears to play
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a part. This bulletin presents a study of the chemical composition
of citrus leaves, and of the soils producing healthy and unhealthy
trees. This study showed that a high pH value of the soil is a
contributing factor. Experiments showed that reducing the pH of
the soil with sulphur or acids changes the chemical composition
of the leaves toward that of normal leaves and greatly improves
the vigor of the trees.

No. 61, "Mottled Enamel in the Salt River Valley and the Fluor-
ine Content of the Water Supplies," by H. V. Smith, Margaret
Cammack Smith, and E. Osborn Foster. 47 pages. This bulletin
involves an extensive survey of the fluorine content of the waters
of the Salt River Valley. Approximately one thousand samples
were analyzed. A classification of waters according to fluorine
content and prevalence of mottled teeth is given together with a
map of each township showing location of wells. It is of significant
interest that fluorine is most prevalent in shallow wells and that
by "casing off," good water may often be obtained at lower levels.

No. 62, "The Physiology and Control of Pecan Nut Filling and
Maturity," by A. H. Finch and C. W. Van Horn. 53 pages. This
bulletin reports the results of several years' study on problems
arising from the failure of pecan nuts to fill and mature well in
Arizona. The occurrence of these problems is related to excessive
vegetativeness of the trees during the summer months under
which conditions carbohydrates are not stored sufficiently to pro-
vide for abundant formation of fats for nut filling. Control meas-
ures are treatments or conditions which reduce the vegetativeness
of the trees during the summer months. These are varied but in-
clude limiting soil moisture, pruning to permit entrance of sun-
light, growing of soil -robbing crops in the summer, and other
practices.

No. 63, "Sclerotiniose of Lettuce in Arizona," by J. G. Brown
and K. D. Butler. 31 pages. Sclerotiniose of lettuce, caused in
Arizona by Sclerotinia sclerotiorum, is treated in this publication
in regard to symptoms, cause, importance, relation to environment,
hosts, and control. Wind -borne spores and the sclerotia or resting
bodies appear to spread the disease, especially the sclerotia which
are widely distributed in lettuce trimmings and cull heads fed to
livestock. The commercial fungicide "Funginox" and 1 -per -cent
sulphuric acid are effective chemical reagents for the control of
the disease on small areas. For the large acreage planted to head
lettuce on many farms in southern Arizona, the most practicable
method of control for sclerotiniose is the practice of grazing sheep
on infected fields immediately after harvest in order to destroy ref-
use which harbors the causal fungus; when the fields are cleaned
they are deeply plowed and planted to a resistant crop. The publi-
cation is of special interest because the disease discussed is here
existing in irrigated land in an arid environment.
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GENERAL BULLETINS

No. 151, "Irrigation Experiments with Wheat," by A. T. Bartel
and Charles Hobart. 34 pages. This bulletin compares the results
obtained when field plots of Baart wheat were irrigated with ten
different amounts of water at the various stages in plant develop-
ment. Determinations were made as to the effect of each irrigation
treatment on stand, tillering, number of spikelets per head, plant
height, percentage of lodging, kernel weights, percentage of pro-
tein in the kernels, grain and straw yields, and the percentage of
moisture in the soil during the growing season.

No. 152, "The Movement of Salt (Alkali) in Lettuce and Other
Truck Beds under Cultivation," by W. T. McGeorge and M. F.
Wharton. 46 pages. This bulletin reports a study of the move-
ment and accumulation of alkali in raised beds caused by capillary
water movement from the furrows and evaporation of this water
from the surface of the bed.

PUBLICATIONS IN TECHNICAL JOURNALS

Ball, E. D., and Paul Klingenberg. "The genus Oecleus in the U. S.
(Homop. Fulg.) ." An. Ent. Soc. Am. 28, pp. 193 -210, 3 pl., July,
1935.

Ball, E. D. "Some new Gyponas with notes on others." Jour.
Wash. Acad. Sci. 25, pp. 497 -503, Nov., 1935.

Ball, E. D. `The genus Bruchomorpha Newman (Homop. - Fulg.)."
Bull. Briaok, Ent. Soc. 30, pp. 197 -203, Dec., 1935.

Ball, E. D. "Four new Arizona leafhoppers." Bull. Brook, Ent.
Soc. 31, pp. 18 -20, Feb., 1936.

Ball, E. D. "Some new species of cicadellian leafhoppers with food
plant notes on others." Proc. Bio. Soc. Wash. 49, pp. 17 -24,
March, 1936.

Ball, E. D. "Some new genera of leafhoppers related to Thamno-
tettix." Bull. Brook. Ent. Soc. 31, pp. 57 -60, April, 1936.

Ball, E. D. "The food plants of the leafhoppers of the genus
Exitianus." Bull. Brook. Ent. Soc. 31, pp. 71 -72, April, 1936.

Bartel, A. T., J. H. Martin, and R. S. Hawkins. "Effect of tillers on
the development of grain sorghums." Jour. Amer. Soc. Agron.
27:9, 707 -14, Sept., 1935.

Brown, J. G. "The extension of an old practice in cotton culture."
Cotton and Cotton Oil Press (Dallas), Vol. 37, Jan. 11, 1936.

Brown, J. G. "Delinted cotton seed." Farmer -Stockman (Okla-
homa City), Feb. 1, 1936.

Finch, A. H. "Zinc and other mineral constituents in relation to
the rosette disease of pecan trees." J. Agr. Res., Vol. 52, No. 5,
March, 1936.
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Finch, A. H., and C. W. Van Horn. "The moisture relations of
pecan leaves." Science, Vol. 83, No. 2150, p. 260, March 13,
1936.

Smith, G. E. P. "Preferential rights in the use of water and their
relation to agriculture and authority for enforcement." Re-
port of 5th Ann. Conf., Inst. of Irrigation Agriculture, March,
1936.

Smith, Margaret Cammack. "The vitamin A content of three
varieties of squash." J. Home Econ., Vol. 28, No. 7, Sept., 1936.

Smith, Margaret Cammack. "Dietary factors in relation to mottled
enamel." J. Dent. Res., Vol. XV, No. 5, Sept., 1936.

Tetreau, E. D. "Goals for agriculture in the southwest." The
Southwestern Social Science Quarterly, Vol. XVI, No. 3, Dec.,
1936.

Vorhies, C. T. "The Arizona specimen of Euderma maculatum."
Jour. Mammal., Vol. 16, No. 3, pp. 224 -26, August, 1935.

Vorhies, C. T. "Bird records from the Tucson region, Arizona"
(with Randolph Jenks and Allen R. Phillips) . Condor, Vol.

XXXVII, pp. 243 -47, Sept., 1935.

Vorhies, C. T. "Stereoscopic vision in a single eye ?" Auk, Vol.
LII, p. 249, Oct., 1935.

Vorhies, C. T. "The Clark nutcracker in extreme southwestern
Arizona" (with Walter P. Taylor) . Condor, Vci. XXXVIII,
p. 42, Jan., 1936.

Vorhies, C. T. "Wildlife aspects of range rehabilitation." Hoofs
and Horns, including Arizona Wild Life. Vol. V, Nos. 8 and 9,
Jan. and Feb., 1936.
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