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August 1, 1937

President Paul S. Burgess,
University of Arizona.

Dear Sir:

I have the honor of presenting herewith the Forty- eighth
Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1937. It contains reports of
progress on active research projects, brief summaries of other
station activities, and the summarized fiscal statement.

Respectfully submitted,

R. S. HAWKINS
Acting Director
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ARIZONA' S

CHANGING AGRICULTURE

INTRODUCTION

No one knows the exact form that readjustments will finally
assume in this period of agricultural unrest and of disturbing
surpluses. Probably no scheme or combination of schemes will
remain long in operation because of ever changing world situa-
tions. It becomes increasingly evident as time goes on that sat-
isfactory profits in future farming activities, as in any business
when competition becomes keen, will become more and more de-
pendent upon lowered costs of production through the use of
improved methods, crop varieties, and breeding stock. The con-
servation and intelligent use of our most priceless asset, soil fer-
tility, must become more universal if our agricultural popula-
tion retains its present relatively high standard of living. Ir-
respective of what is done about surpluses in the future as in
the past, those farmers who produce the most per acre or animal
unit at the lowest cost, farmers who produce a better quality of
products than the average, will enjoy the fruits of their labors
on a comparatively high plane of living.

The farmers of Arizona who have, knowingly or unknow-
ingly, increased their profits through the adoption of the results
of agricultural research are legion. Improved methods of hand-
ling soils, crops, and livestock and improved strains of both
plants and animals are constantly being evolved by the various
departments in the Arizona Agricultural Experiment Station.
The present annual report of this station, in common with those
of the past, is a progress report on the more important research
and experimental projects. It is a compendium of advance in-
formation on material not ready for final publication and yet of
sufficient value to justify more widespread use among the
farmers of the state.

The thoughtful reading of these annual reports may form the
basis for an exchange of suggestions mutually beneficial to
grower and research worker. The Experiment Station believes
that it has something in these pages of value to the agricultural
interests of the state and that many growers have problems or
suggestions that would be of value to the Experiment Station.

3
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RESULTS OF THE YEAR'S RESEARCH

AGRICth fURAL CHEMISTRY AND SOILS

SOIL CONSERVATION

Soil conservation in terms of erosion loss and control is at
present attracting more attention than any other single phase
of soil science. There is no question but that this attention is de-
served. However, in the irrigated lands of the Southwest soil con-
servation is a broader problem. As applied to the range lands
it is an erosion problem, but as applied to the irrigated lands the
problem is not one of erosion loss but largely one of structural
conservation. The productivity of a soil is greatly influenced
by the structural arrangement of the soil particles, soils of crumb
structure being productive and those of puddled structure be-
ing nonproductive. While a puddled structure is often a result
of careless tillage, this is less often true for irrigated lands as
many of these lands develop a puddled condition in spite of care-
ful tillage. This is shown in the field by variations in the rate
at which soils will take water as well as the variation in the ex-
tent of the root systems of the plants. On this basis much of
our soil research is now being devoted to studies which will give
us a better understanding of soil structure. It is planned to pub-
lish this work in a series of bulletins.

Physical characteristics

The first of this series was published during the past year as
Technical Bulletin No. 67, Studies on Soil Structure: Some Phy-
sical Characteristics of Puddled Soils.

A number of mechanical methods are in common use for
analyzing soil texture and structure, and a part of this bulletin
is devoted to a study of these methods. The hydrometer method
proved to be entirely adaptable to Arizona soils, and the influ-
ence of dispersing agents and time on the interpretation of the
method was studied. The physical characteristics studied were
suspension of the dispersed soil in water, structural stability,
settling volume, apparent and real specific gravity, and the ag-
gregation of the soil particles.

Moisture is the critical factor in soil structure. That is, if a
soil is worked or kneaded at certain moisture contents a puddled
structure will develop. On this basis the investigations have
been conducted by working the soils at moisture contents vary-
ing from air -dry to the maximum water -holding capacity and
observing their behavior. The critical moisture content, that is
the moisture content of the soil at which maximum puddling
takes place, is approximately the moisture equivalent. Soil
worked at this moisture content will possess its maximum degree
of dispersion as measured by suspended solids, the greatest
settling volume, and its lowest apparent and real specific gravity
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as a suspension in water. The aggregate structure is also re-
duced to a minimum point by puddling at the moisture equivalent.

It is of interest that the soil will show a greater degree of dis-
persion if puddled before being placed in the dispersing ma-
chine than if not previously puddled. Obviously there is a
difference, therefore, between puddling and dispersion, although
the two terms are often used synonymously.

Of course, soils are rarely found in a completely puddled state,
but instead they usually exist in various degrees of puddling.
Furthermore the puddled state rarely exists throughout the soil
but rather in definitely defined areas in the field or at definitely
defined soil horizons. The best method for reclaiming a puddled
soil is to resort to a dry fallow, and the use of gypsum, manure,
or sulphur along with the dry fallow will enhance its value.
Nitrogen transformations

The microbiological life in the soil plays a very important part
in soil productivity. The encouragement of the growth of fa-
vorable soil organisms is one of the important reasons for trying
to maintain a crumb soil structure, for these organisms must
be amply supplied with air. In view of this, much time has
been devoted to a study of the nitrogen transformations taking
place in puddled and waterlogged soils. This study has been
completed and submitted for publication as a technical bulletin.
Quite rapid denitrification takes place in a puddled soil, a large
part of the nitrogen being lost by volatilization as gaseous nitro-
gen. This denitrification is greater in puddled soils than in
waterlogged soils. In agreement with our other studies in soil
structure, the moisture content represented by the moisture
equivalent is the approximate point where denitrification in
puddled soils commences.
Moisture equivalent

The centrifugal method of determining the moisture equiva-
lent of a soil is believed to remove only the so- called "outer -
capillary" water from the soil. If this moisture is affected in
any way by puddling, it should be evident by moisture equiva-
lent determinations. The data obtained in such a study show
that puddling tends to lower the moisture equivalent of the soil,
and hence there must be a lesser capacity to retain "outer- capil-
lary" water. Either the interstices between the aggregates have
been reduced in size, or an appreciable amount of water has gone
into the form of "inner -capillary" water.
Freezing point data on puddled soils

The growing of plants in puddled soils suggested that the
puddling process might involve considerable binding of water
into the "unfree" or inactive state. Freezing -point measurements
were made to gain some measure of the extent of bound water
formed by puddling. The studies were conducted on soils at
moisture contents varying between 16 and 40 per cent.
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The result of these freezing -point studies showed in all cases
that the freezing point of the soil was lowered by puddling,
which indicates that the moisture had been changed into the
bound -water form and that binding of water was greatest when
the soils were puddled at the moisture equivalent. This again
is in agreement with other studies which have shown the mois-
ture equivalent to be the critical moisture content.
Dilatometer measurements

The dilatometer is an apparatus by which the actual amount
of water that freezes in the soil may be determined. A new type
of apparatus has been designed for use in this study of soil
structure.
Conductivity determinations

If there is a change in the amount of free water from puddling,
there should also be a change in the amount of salt present in the
soil solution, and this can be easily measured by determining
the conductivity. Investigations along this line have shown that
puddling decreases the resistance, which again indicates that
water is bound in the soil by any treatment which brings about
puddling. In other words when a soil is converted to the puddled
state there is a corresponding increase in the concentration of
salt in the soil solution.
Cohesion

If cohesion between the soil particles is the principal factor
which determines the stability of a soil aggregate, it seemed of
value to study the force of cohesion by way of plasticity meas-
urements. This was done on a heavy clay soil after puddling at
different moisture contents. The time of penetration, as meas-
ured with the Vicat needle, increases markedly as the moisture
content is decreased and becomes a maximum at or near the
moisture equivalent. This experiment indicates that plasticity
may be considered as an indication of the cohesion between soil
aggregates.
Erosion

The erosion phase of soil conservation is being studied in this
laboratory under, a co- operative arrangement with the Soil Con-
servation Service, U.S. Department of Agriculture, by which a
research chemist from their service is supplied with space and
equipment. The large areas of sparsely vegetated areas used for
grazing in Arizona make the inherent resistance of the soil to
erosion one of the more important factors in the conservation
of range lands.

As everyone knows there is a wide difference in the erosi-
bility- susceptibility of soils to erosion -of different soils. Ob-
viously this must be due to definite soil characters. The nature
of the co- operative project is designed to determine why some
Arizona soils are erosive and others nonerosive. Both field and
laboratory studies are being conducted.
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EROSIBILITY STUDIES

The results of this investigation to date show that erosion -
resistant characters fall in three general groups. They are (1)
the adherence of the soil particles into large, dense, stable
granules resistant to removal by flowing water, (2) the absorp-
tion of all, or a large portion of, the rain which falls upon it, and
(3) the support of a good vegetative cover which is resistant to
grazing.

The soil properties investigated in the laboratory which seem
to be most nearly associated with the above groups are: Group 1,
colloid content, kind of colloid, base saturation, mechanical com-
position, and density of particles; Group 2, the same factors in-
cluded in Group 1 together with compaction, expansion on
wetting, and porosity; Group 3, water -holding capacity, moisture
equivalent, total salt content, and nutrient content.

Although only a few of these factors are controllable by man,
they give us a means of determining what care and practice we
must use in the management of any particular soil.

FERTILIZING ARIZONA CROPS

Various phases of fertilization still compose a large part of the
work being conducted by this department.
Cotton

Many of the fertilizer experiments which have been con-
ducted on cotton in Arizona have not yielded positive results.
In view of this we have recognized the need of experiments on
the fertilization of this crop. Kind of fertilizer, amount, and time
of application are three of the problems that should be studied.
During this season co- operative experiments are being conducted
with the Agronomy Department at the Mesa Farm and with G. E.
Blackledge, Yuma County Agricultural Agent, at the Yuma
Valley Farm.
Small grains

A co- operative experiment was also conducted with the
Agronomy Department on fertilizing small grains at the Mesa
Farm.

As an aftermath of our alfalfa fertilizer experiments at the
University (Tucson) Farm (see last annual report) , an interest-
ing observation on the residual effect of phosphate on barley
was noted. At the completion of the alfalfa experiment the land
was plowed and planted to hegari, which was followed by barley.
The hegari showed little or no difference in growth between
borders which had been fertilized and those which had received
no fertilizer. This indicates that there is probably little need
for fertilizing this crop, and that it is probably a vigorous feeder.
However, when the hegari was harvested and the land planted to
barley, there was a much better growth and an earlier ma-
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for some rather intensive work on the role of calcium in the nu-
trition of some of our crops and also the behavior of organic mat-
ter when incorporated in commercial fertilizers for use on alka-
line soils.

SOIL REACTION STUDIES

Factors associated with the reaction of alkali soils seem to
be an endless problem. In spite of the accomplishments in this
phase of soil science both in this laboratory as well as at many
other experiment stations, there still remains much that is more
or less obscure. We are therefore continuing our soil -reaction
project as one of our major projects. Our recent investigations
stress the role of calcium carbonate in the reaction of alkali
soils along with the alkali and alkaline earth silicates. Pre-
viously this compound had received little consideration. Hy-
drolysis studies have been made by measuring the pH of sus-
pensions over a range of mineral -to -water ratios. Calcite, mag-
nesite, dolomite, aragonite, limestone, precipitated calcium car-
bonate, magnesium carbonate, and sodium carbonate together
with such silicates as orthoclase, montmorillonite, bentonite, mus-
covite, albite, lucite, natrolite, anauxite, and kaolinite have been
studied. These studies showed that the pH of carbonate solu-
tions rises with dilution to a ratio of 1:10 beyond which it re-
mains constant. This is in agreement with the results obtained
in dilution studies on our calcareous soils. As a part of this in-
vestigation the effect of colloidal matter, neutral salts, and state
of subdivision upon the pH value was studied. For the silicates
it was found that the pH decreased with dilution with the single
exception of bentonite which like the carbonates showed an in-
crease in pH with dilution. This investigation has been pub-
lished as Technical Bulletin No. 64 and in an article published
in the proceedings of the Soil Science Society of America.

As mentioned in our previous reports it is our belief that the
pH of the soil has a great deal to do with the nutritional dis-
turbances often occurring on plants grown in our alkaline -cal-
careous soils. However, we have been handicapped in the pur-
suit of this problem by lack of accurate methods of determining
the pH of the soil at field moisture contents. In order to deter-
mine the pH of a soil it is necessary to have sufficient moisture
present to suit the requirements of the analytical method. These
amounts of water are greatly in excess of the amount present in
the soil under field conditions, and since the pH value increases
with the soil -water ratio the results obtained are always higher
than in the field. One phase of our pH studies has therefore
been directed toward eliminating this error. In the one case an
attempt has been made to extrapolate from pH values obtained
at various soil -water ratios and in the other to adapt the spear
type glass electrode. Both methods give results which appear
to be correct. The spear type glass electrode has been found to
be entirely reliable. This electrode is strong enough to withstand
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the pressure required to force it into a soil at field moisture con-
tents, and the readings obtained appear to be entirely accurate.
With this equipment we are now able to study the actual pH
under which the plant is growing in the field, and it should find
wide application in nutritional studies.

LYSIMETER STUDIES

A lysimeter study has been in progress since 1930. The pur-
pose of it is to study nitrogen changes in a soil under rotation
and receiving no nitrogen fertilizers. It has been continued
during the past year with the usual planting, watering, har-
vesting, and drying of crops. All crops were prepared for
analysis.

This experiment involves a five -year rotation and has now
reached one year on the second five -year period. Thus far there
is no significant difference in the appearance of the crops in the
different rotations.

SOIL SURVEY

During the winter of 1936 -37 E. N. Poulson of the U.S. Bureau
of Chemistry and Soils was in charge of mapping the Yuma -
Gila area in southern Yuma County. Due to difficulties in out-
fitting a car for travel in this sandy desert, and sickness, the work
was not started until after the first week of January, 1937. J. C.
Foulger of the Resettlement Administration was loaned to the
University to assist Mr. Poulson in the field work. Much of the
country had to be traversed by foot. Loose sand made it impos-
sible to drive over much of the area. Slow progress was there-
fore made on the mapping, with the result that the area was not
finished during the winter. It is estimated that about half of
the area was covered.

FLUORINE IN DRINKING WATER

Studies on the fluorine content of drinking water continue as
one of our major projects. The early work was confined largely
to water surveys in order to learn the extent of fluorine distribu-
tion in Arizona waters. It became necessary to extend this work
to include a study of the fluorine in foods and plants and methods
of removing fluorine from water.

The fluorine content of most foods is relatively low, hence
rather large samples must be taken for analysis. Then again
there is the problem of fixing the fluorine so that it will not be
lost during the ashing, for such materials must be ashed before
analysis. Also there is need for further study on the tempera-
ture of ashing. A torch which has recently been designed by
McHargue for ashing plants preliminary to an iodine determina-
tion shows some promise. The investigation of fluorine in plant
material must therefore await the development of more accurate
analytical methods.
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The problem of removing fluorine from drinking waters has
received a great deal of attention since the relation of fluorine
to mottled teeth was discovered. Since as little as 0.9 part per
million in water is damaging to children's teeth, the method
would have to be extremely efficient. In addition to our own
research on this problem we have also studied all the methods
which have been proposed by others. At present we are hav-
ing excellent success with our own method, which utilizes ground
bone as an extracting agent. All others have failed when put
to test. The possibility of using bone, which is a carbonate phos-
phate, sometimes called carbonato- apatite, was first studied by
us in 1934, and a discussion of the experiments was presented at
a meeting of the American Public Health Association during
that year. Since that time our studies have been extended with
rather phenomenal success. To illustrate the efficiency of this
method as little as 2 gra- ; of bone per 500 cc. of water will re-
duce the fluorine from 5 p.p.m. to 0.8 p.p.m. Studies to date
have included time of contact of bone with water, ratio of bone
to water, and fineness of bone particles. Bone filters have been
demonstrated for home use at very reasonable cost. Large -scale
treatment of city water supplies has not as yet become economic-
ally feasible.

AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY
MEASURE OF LAND PRODUCTIVITY IN SOUTHERN ARIZONA

Cotton -yield maps of southern Arizona were made showing
yields of cotton in each of the years 1934 and 1935. A comparison
of yield maps for the two years shows a rather similar picture,
indicating that there are rather well -defined high -yielding and
low -yielding areas in the irrigated sections of the state.

Within a given yield area, on the other hand, it was not shown
that certain farms made consistently higher yields than other
farms, in fact the correlation between the two years' yields, by
farms, was very low, leading to the conclusion that the yield
data either were inaccurate or that factors other than the in-
herent productivity of the soil, severally or collectively, were
nearly as important in determining the yields as was this in-
herent productivity factor. The yield records used were those
compiled by the Agricultural Adjustment Administration, and
it appeared that the yields shown for the two years studied, 1934
and 1935, were obtained with greater accuracy than were the
Agricultural Adjustment Administration yield records for the
years 1928 to 1932. It may be deduced, therefore, that insofar
as a historic base was used, the rating of lands by county commit-
tees for the purpose of determining the rate of payment which
the government would make for crop diversion was not a scien-
tific procedure.
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ECONOMIC STUDY OF ST. JOHNS AREA

Loans aggregating in principal amount $628,000 were made by
the state of Arizona from permanent public and University school
funds for construction and reconstruction of Lyman Dam and
Irrigation Works in the vicinity of St. Johns, Apache County.
Major portions of the principal amount were spent from 1917
to 1921. Originally more than 15,000 acres were included in the
project. In 1930 the area was reduced to 6,000 acres by action of
the State Loan Board, which had acquired more than 90 per cent
of the land through foreclosure. A study made co- operatively
with the Land Utilization Division of the Resettlement Admin-
istration indicated that the historic water supply -that is, the
1921 to 1936 supply -was not adequate for more than 4,000 acres.
The recommendation for irrigation of 4,000 acres was contingent,
however, upon consolidation of the irrigated area and improve-
ment of the distribution system to reduce seepage losses.

About 3,500 acres were cultivated in 1936. The study showed
how a rather consolidated area embracing only relatively good
soils, totaling 4,000 acres, could be given permanent water rights.
This would necessitate a blocking in of 800 acres not irrigated
in 1936 and the blocking out of a small acreage irrigated in that
year. Stability of the project would require the permanent
withdrawal of irrigation privileges from all lands outside of the
4,000 -acre block.

CROP ACREAGE AND TRENDS

Basic data heretofore unorganized have been assembled, in-
terpreted, and classified, showing the history of crop acreage,
production, and prices by counties and for the crops cotton, cit-
rus, wheat, barley, and sorghum. The department is building
up series of data which will be used from time to time for show-
ing supply -price relationships.

RELIEF AND REHABILITATION IN ARIZONA RURAL AREAS

A manuscript on unemployment relief in Arizona from Octo-
ber 1, 1932, through December 31, 1936, with a special analysis
of rural and town relief households was prepared during the
year and published in July, 1937, as Bulletin No. 156. This study
includes a comprehensive analysis of the extent and distribu-
tion of unemployment relief throughout Arizona, and it shows
the possibilities for the return of Arizona's relief population to
the status of self- support. It contains a special analysis of relief
families and persons living in rural and town areas, as to the
occupation of the heads of households, the composition of house-
holds, and the character and composition of the population. Ba-
sic information on rural and town households was obtained by
means of a schedule survey of 2,737 relief cases. In addition a
special tally was made of the reasons for closing 3,300 cases. Fi-
nancial data were taken from original reports of governmental
agencies.
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In four counties (Cochise, Graham, Pinal, and Yavapai) it was
found that more than 13.9 per cent of the rural and town popu-
lation were receiving relief during June, 1935. By the close of
December of the same year, less than 2 per cent of the rural and
town population of the counties were receiving relief. This reduc-
tion was effected by the transfer of able- bodied relief persons to
the Works Program to the extent of 41 per cent of the total. The
remaining 59 per cent had found private employment, had failed
to report for further relief, or had received rehabilitation assist-
ance or assistance from relatives and friends. It was especially
noteworthy that no relief persons who were classified as farm
owners or tenants were found to be operators of irrigated farms
of average size or greater. Many relief persons classified as farm
owners or tenants had established themselves on the land as
homesteaders or purchased a small plot of desert land as a place
to live. They were not bona fide full -time farmers. There were
some instances of operators of small acreages and owners of
small herds of range cattle who found it necessary to apply for
relief.

A special study was made of the extent of unemployment on
irrigated farms and in mines. It was found that private employ-
ment in these industries increased between 45 and 50 per cent
during the years 1935 and 1936.

Farm people in the lower income brackets received assistance
from the Rural Rehabilitation Division of the Resettlement Ad-
ministration. Grants amounting to $52,800 and loans totaling
$378,900 made it possible for unfortunate laborers and former
farm operators to set themselves up in a small way and estab-
lish themselves in self- support. Farm people in the upper in-
come brackets were assisted by the inflow of Agricultural Ad-
justment Administration checks. A total of $3,300,000 was dis-
tributed throughout Arizona in A.A.A. checks from March 4,
1933, to December 1, 1936.

SEASONAL LABOR ON ARIZONA IRRIGATED FARMS

A study of seasonal labor on Arizona irrigated farms was
made and the results presented in a manuscript which was read
at the annual meeting of the Western Farm Economics Associa-
tion, at Reno, Nevada, July 24 to 26, 1937. It was found that 4,-
400,000 man days of hired labor were used on Arizona irrigated
farms during 1935. This was based on a study of 670 farms in the
Salt River, upper Gila, Yuma -Gila, Santa Cruz, and Casa Grande
valleys. It was estimated that the next year 5,255,000 man days
were used, and that the year 1937 would require 5,700,000 man
days or more. It was found that the number of man days of sea-
sonal labor employed on Arizona irrigated farms increased more
rapidly than the number of man days of regular labor. This was
due to the great increases in short staple cotton acreage. During
1937 more than three out of every four days of hired labor on
Arizona irrigated farms were hired by the day.
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Seasonal labor was distributed throughout the year in exceed-
ingly uneven proportions. Taking 1,000 man days and dividing
them from month to month, there were only twenty -nine days
used during February as compared with 183 days during Novem-
ber. For one man day required during February, six were
required during November. Taken together, the months of
January through April required 142 man days, May through
August used 210 man days, and September through December
required 648 man days per thousand.

A study of California's needs for seasonal labor was used for
comparative purposes, and it was found that in that state the
seasonal distribution was somewhat more even. The series for the
comparable four -month periods was 204, 353, and 443 man days
per thousand of seasonal labor. On the other hand, comparison
with a study of Yakima Valley showed that seasonal require-
ments in that area fluctuated much more violently than in Cali-
fornia or Arizona. Seasonal series for the Yakima Valley was 73,
364, and 663 man days per thousand.

Arizona farming areas showed a considerable variation in the
monthly and seasonal distribution of man days' seasonal labor.
Irrigated farms in the Salt River Valley required seasonal labor
in much more even proportions throughout the year than any
other farming area in Arizona. This was due to a balance of
factors associated with seasonal labor needs. The most impor-
tant of these were: (1) the extent of diversification within the
area usually with a great number of farms being highly spe-
cialized; (2) the extent of diversification on individual farms;
(3) the specific requirements of individual commodities.

Suggestions respecting seasonal labor adjustment so as to se-
cure a more even distribution throughout the year were as fol-
lows: (1) commodity diversification within Arizona area; (2)
farm diversification; (3) the spread of certain farming operations
into slack seasons; (4) the exercise of strict public control over
the size of individual or corporate holdings (the Bureau of
Reclamation practice of limiting individual holdings to 160 acres
is a case in point) .

AGRICULTURAL ENGINEERING

GROUNDWATER STUDIES

The groundwater supply of the Marana Irrigation Co., for-
merly the Pima Farms Co., has been studied continuously the
past seventeen years. In these studies the operators of the project
have given helpful co- operation. The following notes are a con-
tinuation of the data and comments presented in previous an-
nual reports.

Pumping draft in the Pima Farms area in the 1935 irrigation
season of only 13,700 acre -feet resulted in about 0.8 foot of resi-
dual lowering of the water table. This lowering occurred in spite
of much greater than normal precipitation and with resulting
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runoff greater than average. The draft during the 1936 season
was increased to 18,300 acre -feet and the residual lowering was
approximately 3.5 feet over the pumping area. With the long
period of records now available on this project it becomes in-
creasingly evident that early estimates of the safe yield of the
area were too high. The lateral extent of the groundwater basin
and the specific yield of the water -bearing materials can only
be determined from long period and intensive study of the area
involved.

The probable draft in the Pima Farms area for 1937 will ap-
proximate that for 1936, and it is evident that the residual lower-
ing of the water table for this year will be in the neighborhood
of 3 feet.

The company has started a program for the development of
water with deep wells in the lower end of the farming area near
Marana. The use of natural gas engines for power and the
proximity of the wells to the lands irrigated encourage the
pumping of water with practically double the lift found in the
main pumping area. Inasmuch as pumping in the lower area near
Marana will have little if any effect upon the main pumping
area near Cortaro, the water supply has been augmented by this
new development. Four of these wells have now been equipped
with pumps with an average capacity of about 2,500 gallons per
minute. Because of the late start in the 1937 season, only about
3,000 acre -feet will be supplied from these wells this year.

THE ELOY PUMPING DISTRICT

The recently developed farming area near and south of Eloy,
Pinal County, lies in the Santa Cruz Valley, 10 to 25 miles south-
east of Casa Grande. The principal shipping point is at Eloy,
on the Southern Pacific Railroad.

The valley here is about 17 miles wide, with excellent soil
over most of the area, the topography is smooth and the desert
vegetation easily removed. The area would have been settled
long ago, were it not for the great depth to the water table, the
high lift making necessary expensive pumps and pumping. In
its virgin condition the depth to water varied from 130 feet at
the south end of the area to 85 feet around Eloy. Beginning
some ten years ago, a few wells were drilled and the water was
used for high -priced crops, mostly lettuce and peas. The water
table was lowered about 8 feet in six years in one section of the
pumped area.

The notable improvement in the design and the efficiency of
deep -well turbine pumps, the reduction in the electric power
rates, and the favorable prices received by farmers for cotton in
1935 and 1936 brought about a sudden expansion of agriculture
in the Eloy district. About 4,000 acres of newly cleared land
were planted in 1936 and 13,500 acres additional in 1937. Forty -
four new wells were drilled, all of them of 20 -inch diameter and
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nearly all of depths of 500 feet or more, each well in most cases
serving to water a half section of land.

With the overrapid development of pumping, it became impor-
tant to determine as soon as possible the extent and the perma-
nence of the irrigation supply. At the same time there was of-
fered the opportunity to make general studies of a virgin un-
derground storage reservoir and of methods of investigating
groundwaters.

The Santa Cruz River, emerging from the narrows opposite
Picacho Peak, has built a great alluvial fan reaching to and be-
yond Eloy and merging into plains that extend to the Gila River.
On normal and dry years, the stream flow is of little consequence.
But on occasions of great floods the stream flow is bifurcated at
the head of the fan, the right -hand branch is divided 4 miles
south of Eloy into two branches, and each of them is split into
fractions farther to the northwest. The left -hand main branch
extends westerly to a playa called Greens Reservoir, and thence
northwesterly toward Maricopa. At the head of the fan the
main branches flow in sandy- bedded channels, but farther on the
various streams during flood flows are spread over wide draws
of silt or clay. The opportunities for deep percolation to the
groundwater table are very limited.

The Eloy district is a partially closed basin. The main source
of water supply is from the Santa Cruz River, with small con-
tributions from the surrounding low mountains and from three
small tributary drainage basins. The outflow on the surface and
underground is toward the north and northwest.

Well logs reveal alluvial silts and silty clays and occasional
strata of sand and gravel to a depth of 500 or 600 feet. Below
these deposits are older alluvial materials of finer texture in
which the water is confined under subartesian pressure. The
greatest artesian pressure found was 58 feet, in a well in the
southeast corner of Section 25, T. 8 S., R. 7 E. However, in all
the wells the pressures have been found to become exhausted
during the heavy pumping season.

Studies of the water table were made before and after each
pumping season with many intermediate measurements when
opportunity was offered by shut downs. Depression cones were
developed around all the irrigation wells, and where several
wells were located in the same district the depressions were
deepest, proving the mutual interference and the competition
between the wells.

An automatic water -level recorder was maintained on a well
in Section 24, T. 8 S., R. 7 E., at a distance of nearly a mile from
the nearest pumped wells.

In the movement of underground water time is an important
factor, and therefore when measurements of water level in wells
are made a few days or a few weeks after cessation of pumping,
there is considerable doming of the water table between wells -
that is, there are irregular water -table mounds between the
cones of depression. So far as can be ascertained, these domes



FORTY- EIGHTH ANNUAL REPORT 17

are flattened during the winter and the water table in March
appears to be one smoothed basin, except in the few places
where some winter crops are raised. The yearly computations
should be based on the March -to -March year, but the fall records
are helpful, and at least they indicate the amount of doming.

The quantity of water pumped is obtained by multiplying the
acreage of each crop by the quantity used per acre. The latter
was obtained for cotton, the principal crop, by obtaining the
pump discharge, the power used per acre -foot, and the wattmeter
record through the season for thirteen pumping plants. A crop
survey was made each year.

For the 1936 irrigation season ending in March, 1937, it was
found that the pumping draft of 36,000 acre -feet of water re-
sulted in the unwatering of 170,000 acre -feet of the pervious de-
posits constituting the valley fill. The residual lowering of the
water table was from 6 feet in the center to 3 feet on the edge of
the main pumping district.

For the 1937 season, with the pumping district much expanded,
the draft was 60,000 acre -feet to October, and the volume unwa-
tered was 500,000 acre -feet of the valley fill. The lowering of the
water table for the season was 12 to 15 feet at many wells and
was greater than 6 feet over an area of 28,000 acres. Estimating
for the leveling off during the winter on the basis of the pre-
vious year's record, the unwatering that will be shown in March,
1938, may be 420,000 acre -feet.

An equation may be written as follows: the volume unwa-
tered times the specific yield plus the recharge to the district
from without its boundaries equals the quantity pumped. In .

this equation there are two unknown factors but by writing the
equation separately for each of two years -preferably, widely
dissimilar years -a solution is possible. The equations for 1936
and 1937 for the Eloy district give a specific yield of 11 per cent .
and a recharge of 19,000 acre -feet.

There is unmistakable evidence that the annual safe yield,
which should be comparable to the annual recharge, has been
greatly exceeded, especially in 1937. The pumped water has
been drawn largely from storage and will not be replaced while
extensive pumping continues. The situation is very different
from that of the Santa Cruz above Rillito, where a strong re-
charge from stream flow and the neighboring high mountains
occurs year by year.

No more wells should be drilled in the Eloy district for two
reasons: first, by reason of the overdraft and the mutual inter-
ference, the day of exhaustion would be hastened for all wells;
second, with the high lift and the assurance that new pumping
plants can have only a limited period of usefulness, the economic
prospect does not justify any more wells.

It may be suggested that if any more land is cleared, marginal
strips of native vegetation should be preserved. If the areas are
later abandoned, these strips will assist in revegetating the areas
with desert plants.
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Another problem which demands consideration is provision
for the passage of floods. Lands have been plowed across knowx
flood.. -courses without leaving any definite courses "for: the water
to follow.. During the past two years, there have been no -$nods
but from the records of stream flow of the Santa Cruz River, it
is known that great floods do occur whenever there.: is heavy
general rainfall on the drainage basin.

CORROSION OF WELL CASING

[n numerous instances and for various reasons the casings of
wells have been pulled, and it is found, that the "hard, red iron"
commonly used for : casings becomes badly corroded, depending:`

somewhat on the chemical :T.1414
ity of the groundwater. When
the pipe wall becomes seriously
weakened, there is danger. ßìf
collapse and the loss of a pump,,
or at least of a shut . down even.
if the pump can be pulled This
means, a decidedly limited length
of life for wells. The corrosion
tends to close the perforations
entirely and the scale appears to
contain much lime deposited
from the water. Photographs, of
two such casings are "shown In
Plate II No practical method
of preventing, such- corrosion: is
apparent - Rustproof metal at
the present time is costly.

GROUNDWATER. LAW
The. manuscript for a bulletin

on groundwater ;l äw mentioned
in previous reports.. has been
brought to completion "" and pub
lished as. Tech rkcl Bulletin. No
65. The bulletin discusses ground.-
water law historically, compares:
the various theories and prac-
tices which have been tried in
this and other states, points out..:
the uncertainty existing by rea
son of recent decisions of Arizona
courts, and suggests alternative'
meth o d s of clarifying " our
groundwater law. A first consid-
eration under any plan is the de-
termination of existing ' devel

problem in some areas. oped uses of groundwater. The

Plate . II. -Two examples of cor-
roded strainers pulled out of old
wells after .`seventeen years ;in the
ground. , The strain of pulling has
caused :. the scale to peel near the
joint and has opened one perfora-
tion. In the case of the ` other
strainer some of the ` slots: have
been opened by repeated " `blows
of a single; jack. The partial or
complete,. closure of perforations
with `iron sale mixed with limy
deposits is becoming an acute
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State Farm Bureau Federation has been urged to sponsor legisla-
tion that will give greater security to established groundwater
users.

A paper on desirability of uniformity in state water laws was
read before the annual meeting of the Association of Western
State Engineers in December, 1936, and a paper entitled "Ad-
ministrative Control of Groundwater" was published in the
1937 volume, Transactions of the American Society of Civil En-
gineers, page 795.

The study of the physiography of Arizona valleys and its rela-
tion to groundwater supplies and groundwater law is progressing
but is not yet ready for publication. The study has been extended
to include some parts of Arizona where groundwater hydrology
is unique, particularly the Papago Indian Reservation, on which
the underdrainage is at great depth and where areas of shallow
soil over dense rock make groundwater unobtainable.

THE MEASUREMENT OF THE FLOW OF WATER

For thirty years the standard practice in the measurement of
flow in ditches and canals in Arizona has been by means of the
weir, which permits accuracy and certainty and is applicable
over a wide range of conditions. End -cap orifices have been used
to some extent on pump discharges and a few Sparling meters
have been used on pipe lines where an integrated record of
flow was required.

Recently a wide assortment of flow gages based on the meas-
urement of velocity head has been brought into the state, mostly
for pump acceptance tests. A standard device of this type, called
the pitot tube, gives the velocity at one point in a cross -section
accurately. The flow gages are crude adaptations of the pitot
tube. By calibration they are presumed to give the average ve-
locity in a cross -section of a pipe, but they have been used care-
lessly in field tests. They should be used only in clean pipe,
with calipered diameter and only where there is a straight run
of at least 20 diameters preceding the point of measurement, and
readings on both vertical and horizontal diameters should be
taken for a check. There is little justification for the flow gages.
Purchasers are urged to demand a weir measurement on ac-
ceptance tests. Also if the weir is installed in a permanent man-
ner, the operator himself can take measurements, say once a
month, and keep a record, and thereby know the extent to which
the discharge changes through a pumping season and from year
to year.

Discussions concerning the flow tubes and comparisons with
other methods and devices have reopened a lively interest in the
accuracy of measurement and have led to new tests and studies
which are now under way.

When each party to a contract has his own method of measure-
ment, controversies are likely to arise. The method to be used in
testing should be stipulated in the specifications for a pump.
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TESTS OF DIESEL- ENGINE -DRIVEN PUMPING PLANTS
Complete tests of pump efficiency and of fuel economy of

Diesel -engine- driven pumping plants are impracticable in the
field since dynamometers of Prony brakes of sufficient size are
ordinarily not available. In most cases the efficiency of one of
the units must be determined upon the basis of the factory tests
of the other unit.

Tests were made of two pumping plants of this type in which
both pumps and engines were of different manufacture. In both
cases the power drive was through right -angle gear heads, the
efficiency of which was accepted by both engine and pump man-
ufacturers at 97 per cent. In the case of Plant No. 1 the factory
test of the pump was conducted by this department, and the field
efficiencies were then computed in accordance with the 1937
standards of the Hydraulic Institute, and the guaranteed fuel
consumption was taken from curves furnished by the engine
manufacturer. For Plant No. 2 the pump efficiency was obtained
from representatives of the pump company, and the rated fuel
consumption of the engine was taken from curves given in the
catalogue of the engine company.

PLANT NO. 1
SIX -CYLINDER DIESEL ENGINE RATED AT 170 HORSEPOWER

Test 1 Test 2*

Pump discharge, gallons per minute 2,840 2,720
Total static pumping head, feet 161.0 159.4
Computed water horsepower 115.5 109.5
Fuel consumption, pounds per hour 69.2 66.65
Pump efficiency, from factory tests corrected

to field conditions, per cent 80.0 80.7
Pump efficiency computed from actual fuel

consumption and the factory rating for the
engine, per cent 70.0 69.6

Fuel consumption, on the basis of factory
curves for engine, pounds per H.P. hour .405 .409

Fuel consumption, on the basis of the actual
amount consumed and field efficiency of
pump as computed from factory tests, pounds
per H.P. hour .465 .477

*Test 2, made with impellers raised slightly to insure that they were not
dragging, shows a discharge somewhat less than Test 1.

PLANT NO. 2
SIX -CYLINDER DIESEL ENGINE RATED AT 95 HORSEPOWER

Test 1 Test 2*

Pump discharge, gallons per minute 2,007 2,370
Total field pumping head, feet 113.8 109.7
Computed water horsepower 57.6 65.6

*Test 2 was made with a new set of bowls of higher capacity after the
engine had been overhauled with new rings, pistons, and cylinder liners.
The engine was run for only about twelve hours before the test.
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PLANT NO. 2- Continued

Test 1 Test 2*

Fuel consumption, pounds per hour 37.42 42.0
Pump efficiency from factory tests corrected to

field conditions, per cent 77.0 75.0
Pump efficiency computed from actual fuel

consumption and the factory rating for the
engine, per cent 73.0 72.5

Fuel consumption on the basis of factory
curves for engine, pounds per H.P. hour .46 .45

Fuel consumption on the basis of the actual
amount consumed and the field efficiency of
the pump as computed from factory tests,
pounds per H.P. hour .486 .465

The results of these tests would indicate that either the pumps,
under field operating conditions, cannot meet the same high effi-
ciencies as can be obtained in the laboratory, or the engines can-
not equal their laboratory records of fuel consumption. It is
probable that both fail somewhat under field conditions. In the
case of the pump in Plant No. 1, it is known that the laboratory
tests were conducted in such a manner that the very highest ef-
ficiencies possible were obtained by means of extremely close
adjustment of impeller clearances.

COST AND RELATIVE ECONOMY OF POWER FOR DEEP -WELL
PUMPING FROM DIESEL ENGINES, NATURAL GAS ENGINES,

AND ELECTRIC MOTORS

The rapid extension of irrigation pumping into districts where
the lift is from 100 to 200 feet and where the costs of water are
therefore relatively high has awakened an interest in the relative
costs of, first, electric power and engine power and second, of
power developed from Diesel fuel oil and from natural gas, which
is now available to many ranches. Many inquiries have been re-
ceived from purchasers of new pumping plants.

Scores of the new plants require 150 horsepower or over. A
comparison is here presented for a plant requiring 150 brake
horsepower, assuming six months' operation, March to Septem-
ber, and 600 hours per month, and assuming the following quoted
prices:

Electric current -1 cent per kilowatt -hour measured on low -
voltage side of transformer.

Diesel fuel oil -6 cents per gallon in tank -wagon lots.
Natural gas (1,000 B.T.U. per cubic foot) -40 cents per 1,000 cu.

ft. for first 200,000 cu. ft.; 35 cents per thousand for next 300,000 cu.
ft.; and 30 cents per thousand for all over 500,000 cu. ft. per month.

The power required by pump per month is 90,000 horsepower -
hours. The unit cost of electric power direct- connected, with 89-
per -cent motor efficiency, is .84 cent per horsepower -hour deliv-
ered to pump.
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Cost of electric power, per month $756.00
Transmission efficiency for engine power 97%
Diesel fuel oil per month 5,760 gal.
Cost of Diesel fuel oil per month $345.60
Consumption of natural gas per month 944,000 cu. ft.
Cost of gas, $80+$105+$133.20 $318.20

In order to have a complete picture, not only fuel costs but
lubrication, attendance, miscellaneous supplies, and various fixed
charges must be included. These items can be approximated
closely and are exhibited in Table 1. The length and the cost of
electric power line or of a gas pipe line to a connection cannot be
estimated. Those costs will usually determine the final choice of
power.

TABLE 1. -COST OF POWER WITH THREE TYPES OF POWER
PLANTS FOR IRRIGATION SEASON OF SIX MONTHS.

Item
Electric
motor

Diesel
engine

Natural
gas

engine

Electric current or fuel $4,536 $ 2,074 $ 1,909
Lubrication 10 125 100
Maintenance 10 325 300
Attendance, 150 part days 30 150

1
150

Depreciation
Motor and transformers, 5 per cent 270
Engine and gear head, 8 per cent 921 840

Interest on investment, 6 per cent_. 324 691 630
Taxes, estimated 50 100 100
Transmission or gas line variable none variable
Total, except supply line $5,230 $ 4,386 $ 4,029

First cost of power plant and house__ $5,400 $11,515 $10,500

If fixed charges and maintenance for the well and pump are
now added to the costs shown in the table, the result will be the
cost of the pumped water.

With 150 horsepower delivered to the pump, the size of the dis-
charge stream depends on the pump efficiency and on the lift.
Pumps of excellent construction with efficiency of about 80 per
cent are now available, but in order to operate on such high effi-
ciency, the speed, discharge, and lift must have such relations as
were provided for in the design. (Ordinarily this requires that
the well be tested before the pump is ordered.) Assuming an ef-
ficiency of 78 per cent and a total water -to -water lift of 170 feet,
the discharge will be 2,725 gallons per minute.1 This provides
303 acre -feet of water in a month of 600 hours, sufficient for 480
acres of cotton and also for a moderate acreage of other crops
which will not require water during the three summer months
of July, August, and September.
1. The method of computing power and pumping problems and convenient
rules therefor are published in Ariz. Agr. Exp. Sta. Bull. 99, page 96.
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Using the above method as a model, costs for other conditions
can be investigated.

GUARANTEES

An important problem which has been given attention during
the year is that of co- operative bidding by engine manufacturers
and pump builders. Several conferences were had with manu-
facturers regarding this desirable objective. If a purchaser is
given a guarantee of combined efficiency for the pumping plant,
then the efficiency can be tested on the ranch by measuring the
consumption of fuel or electric current per hour, the lift in feet,
and the discharge of water over a weir. If the purchaser receives
separate guarantees on the pump and on the engine, he cannot
make the necessary tests, and yet he will have paid a higher price
to have the efficiencies written into the contracts.

Pump salesmen are willing to guarantee definite plant effi-
ciencies for pumps driven by electric motors. By joint bidding
or by some other form of co- operation, it should be possible to
give plant efficiency guarantees for engine -driven pumps. This
was accomplished approximately in one novel case at Marana by
the device of calibrating the pump in the factory (by the pur-
chaser's representatives) and using the pump to measure the
power output of the engine after installation on the purchaser's
well.

NEW UNIVERSITY WELL

A new well on the University campus adjacent to the Power
House was completed in September, 1937. The well is 20 inches
in diameter, cased with double No. 10 stovepipe casing, and drilled
to a depth of 500 feet. The starter consisted of 15 feet of three -
ply and 6 feet of two -ply casing, with a 20 -inch by 16 -inch by 11/2 -

inch steel shoe all welded together. The casing had butt welded
vertical joints in place of the lap- riveted joints commonly used in
stovepipe casing.

The actual drilling time on this well was only nine days. Al-
though several hard cemented strata of sand a foot or more in
thickness were encountered, the entire well was drilled with a
mud scow. The log of the well as submitted by the driller is
given below.

Depth in feet
From To Description of formations

0 10 Caliche
10 20 Gravel
20 40 Cemented gravel
40 41 Tight gravel
41 108 Cemented gravel

108 110 Tight gravel
110 114 Cemented gravel
114 128 Gravel to 8 inches
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Depth in feet
From To Description of formations
128 140 Tight gravel
140 142 Cemented gravel
142 194 Gravel with cemented streaks
194 200 Sandy clay
200 210 Tight gravel
210 220 Loose gravel to 2 inches
220 244 Sandy clay (cemented)
244 248 Sandstone
248 326 Cemented sand
326 360 Gravel with streaks of cemented sand
360 366 Tight gravel
366 426 Cemented sand
426 430 Gravel with streaks of sandstone
430 460 Cemented sand
460 462 Sandstone
462 500 Brown sandy clay

The casing was perforated with a Mills knife giving a vertical
slot of nominal size 1/2 inch by 41/4 inches. Perforations were cut
in accordance with the following schedule:

from 116 feet to 210 feet -10 holes every 10 inches
from 210 feet to 220 feet -10 holes every 8 inches
from 220 feet to 300 feet -10 holes every 10 inches
from 300 feet to 480 feet -10 holes every 12 inches

Developing of the well was accomplished by means of plunging
with a 23 -foot mud scow for sixteen hours and by surging the
well intermittently during the pumping test.

Previous to perforating the casing a verticality survey of the
well was made. For this purpose a platform 32.5 feet above the
top of the well was used for a datum plane, and deflection meas-
urements were made at the top of the well casing. A cylinder
having an outside diameter of 19.5 inches and weighing approxi-
mately 60 pounds was lowered into the well in steps of 25 feet
each to the depth of 476 feet. At this depth the cylinder rested
upon the mud which had settled out of the water in the well since
the drilling was completed. The computed deviation of the well
from the vertical is shown graphically in Figure 1. Casual in-
spection of the well would have led to the conclusion that the
hole was not only stra. ,ht but vertical. In this case it was known
that the well was not vertical, but the extent of its deviation was
a surprise to the driller as well as to the inspector for the Uni-
versity. It is probable that the extent of the deviation from the
vertical of many irrigation wells is far greater than in this well,
and it is only when difficulty in the pump installation is en-
countered that such a deviation is discovered.

A pumping test of the well was made over a period of nine
hours of continuous pumping during which the drawdown -ca-
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Figure 2.-A pump test of the new university well was made October 2,
1937. The drawdown-capacity curve of the well has been constructed
upon the basis of the data secured from the test. With this information
available a pump may be selected to exactly fit the conditions of the well.

pacity relationship of the well was determined. The results are
shown graphically in Figure 2. The curve shows that the spe-
cific capacity of the well is approximately 36 gallons per foot of
drawdown until the water-bearing stratum between 114 feet and
128 feet is uncovered. With the water level drawn down below
128 feet no additional water is secured from this stratum, and the
relation between drawdown and capacity again approaches a
straight line. Below a depth of 128 feet the specific capacity of
the well is approximately 15 gallons per minute per foot of draw-
down. A deep-well turbine pumping unit having a capacity of
800 gallons per minute under a total head of 131 feet and with
the pump bowls set 140 feet below the top of the casing has been
recommended for the well.
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During the past year inquiries have been received concerning
the use of dry ice (solid carbon dioxide) for the development of
new wells and the restoration of the capacity of old wells. No
information as to the efficacy of this treatment was available on
wells in the cemented formations found locally. Having made an
accurate capacity test of the new University well, it was de-
cided to give it the dry -ice treatment as an experiment while
awaiting the permanent pump installation. The treatment con-
sisted of an application of 1,000 pounds of dry ice, cut up into
about 3 -inch cubes and dropped into the well in two batches of
400 pounds and 600 pounds respectively with an interval of eight
minutes between them. The roiling turbulence of the water, agi-
tated by the rapid liberation of the carbon dioxide gas, extended
over a period of about eighteen minutes during which the water in
the well surged up to within 25 feet of the surface. Whether any
beneficial results have been obtained by this treatment will not be
known until the new pump installation and another capacity test
of the well have been made.

MAPS AND PLACE NAMES

The department is naturally interested in correct mapping of
the state, especially mapping of hydrographie features. For this
reason the Topographic Branch of the U.S. Geological Survey
has furnished advance sheets of forthcoming maps issued during
the past twenty -five years, and in most cases the department has
been able to contribute information of value before the final
printing. This service has brought the department into contact
with the U.S. Board on Geographic Names also with the result
that many erroneous and confused designations have been cor-
rected, and many historic place names have been restored.

MISCELLANEOUS

The water -level recorder on the canal of the Flowing Wells ir-
rigation district has been maintained throughout the year. The
total flow for 1936 was 5,027 acre -feet, and the crop survey showed
a total of 1,670 acres, giving a gross duty of 3.0 acre -feet per acre.
Records for the years 1932 -35 were given in the Forty -sixth An-
nual Report.

A paper entitled "Adobe Construction for Southwestern Farm
Buildings" and a paper entitled "Control of High Soil Tempera-
ture" were published in Agricultural Engineering (journal), Sep-
tember, 1936. A paper on creosoted tamarisk for fence posts was
published in the Arizona Producer, October 1, 1936.

AGRONOMY

COTTON PRODUCTION AS AFFECTED BY SOIL ENVIRONMENT

Data secured during preceding seasons have indicated rela-
tionships between plant height of cotton and such lint characters
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as length and maturity. Since immaturity of fibers is a major
source of objection to southwestern irrigated cotton, our atten-
tion in 1936 was directed mainly toward controllable factors
which might influence maturity.

In 1935 plant height as influenced by irrigation was shown to
be correlated positively with lint length but rather negatively
with fiber maturity. In 1936, therefore, spacings were varied on
both Acala and Pima plots, the opened bolls were gathered every
three days and classified as to normalcy on the basis of how well
the locks were fluffed. Field observations have seemed to indi-
cate that more hard -lock bolls are produced on tall, rank grow-
ing plants with heavy foliage. The data on boll normalcy, sum-
marized in Table 2, show no consistent relationship for either
Pima or Acala. All the Pima plots produced high proportions of
poorly opened bolls early in the season, but the condition was
much more pronounced in the more closely spaced plots. While
the highest percentage of normal Acala bolls was produced on
the widest spaced (10 feet) plant, yet second best was the closest
spacing.

TABLE 2.- PERCENTAGE OF NORMAL, WELL -OPENED BOLLS
PRODUCED ON ACALA AND PIMA COTTON PLANTS UNDER

VARIED SPACINGS, TUCSON, 1936.

Acala Pima

Plot no. Plant
spacing

Per cent
normal

bolls
Plot no. Plant

spacing

Per cent
normal

bolls

6 6 in. 88.8 12 6 in. 79.1
5 14 in. 75.9 11 14 in. 87.3
4 24 in. 79.1 8 24 in. 84.1
2 36 in. 79.9 10 36 in. 88.4
3 10 ft. 92.5 9 10 ft. 85.2

From the data in Table 3 secured from microscopic examina-
tions of the lint, it is clear that there was a closer relationship be-
tween spacing and maturity of fibers in Pima cotton than was
true for Acala. A distinct tendency is shown for the wider

TABLE 3. -ACALA AND PIMA WEIGHTED AVERAGE FIBER
MATURITY FROM VARIED SPACINGS, TUCSON, 1936.

Acala Pima

Plot no. Plant
spacing

, Maturity
index

Plot no. Plant
spacing

Maturity
index

6 6 in. 5.36 12 6 M. 7.11
5 14 in. 5.08 11 14 in. 7.09
4 24 in. 4.87 8 24 in. 6.94
2 36 in. 5.05 10 36 in. 6.91
3 10 ft. 5.26 9 10 ft. 6.55
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spaced Pima plants to produce less mature lint than the closely
spaced plants, which result was contrary to expectation based
on previous results. In 1936, however, the irrigation schedule
was not as varied as it had been in previous years.

Lint maturity studies were run on Pima cotton produced at
the Mesa Farm under varied irrigation treatments, and some of
the data are tabulated in Table 4.

TABLE 4.- INFLUENCE OF VARIED IRRIGATIONS ON PLANT
HEIGHT AND FIBER MATURITY OF PIMA COTTON,

MESA, 1936.

No. of Acre- Average
irrigations inches plant Average

Series after of height maturity
planting water (inches) index

1 7 29.15 72 6.05
2 5 25.36 66 6.27
3 3 23.69 64 6.24
4 2 21.05 55 6.13

From these data it is apparent that heavy irrigating increases
plant height at the expense of lint maturity, while water defi-
ciency, as in Series 4 above, decreases plant height so severely
that the lint fails to mature properly.

Additional studies are being made on field samples, gathered
from the major cotton -growing areas in the state, in an attempt
to learn the influence of soil conditions and cropping systems on
lint maturity.

THE CULTURE AND IMPROVEMENT OF SMALL GRAINS

A date -of- planting experiment with three varieties of oats and
four of barley was conducted at Mesa last year. The varieties
were planted at monthly intervals from October to February. On
the average Vaughn barley yielded more pounds of seed per acre
than any other variety of barley or oats. However, each of the
oat varieties produced, on the average, more hay than any of the
barley varieties. Markton was the highest yielding oat variety
for hay and Texas Red for grain.

A total of eight varieties of barley was grown at Mesa in field
plots. The average yields of these varieties were as follows:

Variety Bu. per acre
Beardless 41.8
Vaughn 62.7
Common Six Row 64.5
Scarab 63.2
Afghanistan 62.8
Trebi 70.0
Sacramento 65.2
Union Beardless 59.7
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There was no lodging in any of the varieties. Vaughn barley
has been the highest variety only during seasons in which lodg-
ing occurs. When there was no lodging the yields of Vaughn
have been below several of the other varieties.

During the season 1935 -36 there were planted in field plots at
Mesa four varieties of flax. The same varieties were planted on
December 3 and January 20. The average yields in bushels per
acre of these varieties at the two planting dates were as follows:

Variety Dec. 3, 1935 Jan. 20, 1936
Punjab 14.3 14.5
Bolley's Golden 9.1 6.3
Giza 11.2 5.3
Abyssinian 6.4 6.6

Nearly fifty varieties of sorghum were tested at Tucson during
the summer of 1936. The varieties which excelled Dwarf hegari
as to grain yield were as follows: Dwarf White Milo, Fargo
Straightneck Milo, Darso, and Mexican Desert Bishop.

A large number of wheat, barley, and oat varieties were tested
at Flagstaff under dry -land and high -elevation conditions. Ku-
banka (brush tip type) and Jenkin were the highest yielding va-
rieties of wheat; Union Beardless and Hannchen the highest
yielding varieties of barley; and Markton x Idamine C.I. 2574 and
Markton the highest yielding varieties of oats.

CORN

As a result of the work in previous years in attempting to find a
suitable variety of yellow corn for southern Arizona most of the
introduced corn belt varieties have been dropped from the test
as unadapted to our conditions. Some fairly promising results
with introduced hybrid strains in 1935 prompted including a few
in the 1936 test. While the hybrids were better performers than
one yellow variety brought down from Yavapai County, the tabu-
lation shows how they were outranked by the local white Mexi-
can June and also by the yellow strain produced by crossing
Mexican June and Reid Yellow Dent. Increase seed of this
strain is being sent to county agents in 1937. Generally speaking,

TABLE 5. -CORN VARIETY PERFORMANCE, TUCSON, 1936.

Variety
Pounds of ear
corn per acre

Bushels
per acre

Mexican June (Ariz.) 3,926 56.1
Mexican June (N. Mex.) 1 3,273 46.6
Mexican June X Reid 3,629 51.8
Ferguson 3,278 46.8
Kutias X R 2,823 40.3
Iowa Hybrid 2,482 35.5
Golden Republic 2,384 34.0
Stiegelmeier X Kutias 2,174 31.0
Hatch Yellow 1,623 23.2
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the 1936 season was fairly good for corn at Tucson with a mini-
mum of damage from insects which commonly damage stalks
and ears so seriously.

One very good co- operative corn test was conducted in Cochise
County under irrigated conditions. Twelve varieties and strains
were included, all being fertilized with 150 pounds of ammonium
phosphate per acre. The yields, calculated from shelled corn
brought to an air -dry condition, were very good as Table 6
shows.

TABLE 6. -CORN VARIETY PERFORMANCE, COCHISE COUNTY,
ARIZONA, 1936.

Variety

Pounds
shelled

corn per
acre

Bushels
per
acre

Average
rank

Kutias X R 4,796 85.6 121.8
Mexican June X Reid 4,457 79.6 113.3
Mexican June (N. Mex.) 4,319 77.1 109.7
Golden Republic 4,180 74.4 106.2
Mexican June (Ariz.) 4,165 74.4 105.9
Stiegelmeier X Kutias 4,017 71.7 102.0
Krug 3,819 68.2 97.1
Bloody Butcher 3,555 63.5 90.4
Ferguson (Tex.) 3,533 63.1 89.8
Colorado Yellow 3,511 62.7 89.2
Ferguson (Ind.) 3,505 62.6 89.1
Hatch Yellow 3,366 60.1 85.5

The first two of these varieties are to be grown on an increase
scale by this co- operator in 1937.

FORAGE GRASSES AND LEGUMES

Trials with grasses and legumes in the form of nursery plant-
ings were continued in Coconino, Apache, and Navajo counties
in co- operation with county agents and one farmer in each
county. Such tests resulted in the introduction of new varieties
to farmers and has increased interest in the establishment of such
grasses as Brome, Perennial Rye, Crested Wheat, and Tall
Meadow Oat, as well as Dwarf Essex Rape. An extensive forage
crop test will be conducted at Lakeside, Navajo County, in co-
operation with the Smith -Hughes instructor.

SOYBEANS

The search for adapted soybean varieties for Arizona condi-
tions was continued on three of the University farms at Tucson,
Mesa, and Yuma in 1936. Several less promising varieties grown
in 1935 were dropped from the tests in 1936.

Several varieties have shown very definite promise at each of
the three locations, especially as regards green manure or forage
produ- tion. The principal problems in seed production con-
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tinue to be early shattering of the seed before all pods have rip-
ened. Four or five varieties, notably Macoupin, Laredo, 71663,
and Tokyo, are less subject to shattering than most of the others.

In yield tests several varieties produced at a rate well above
2,400 pounds, or 40 bushels of seed, and above 5 tons of dry hay
per acre.

Several growers are making small plantings of soybeans this
year, mainly for forage purposes.

GRAIN SORGHUMS

The grain sorghum variety test was continued on the Salt River
Valley Experiment Farm with the expectation of closing that
phase of the work and publishing the results. However, poor
stands of most varieties were obtained, due apparently to seed
injury at threshing when the bagged head material was put
through a small thresher. Yields were good but not entirely
comparable with previous results as indicated in Table 7.

TABLE 7.- SORGHUM VARIETY TEST, SALT RIVER VALLEY
FARM, MESA.

Variety
Yields (pounds)

1932 -35 ay. 1936

Fargo Straightneck Milo 5,315 4,219
Ajax 5,062
Double Dwarf Yellow Milo 4,859 4,462
Algeria 4,980 3,882
Hegari 4,830 4,041
Brown hegari 4,584 Dropped
Club Kaffir 4,501 3,437
Grohoma 4,320 4,044
Feterita 3,943 2,937
Blackhull Kaffir 3,993 3,618
Wheatland Milo 3,742 4,274
Beaver Milo 3,594 3,641
Sooner Milo 3,428 3,495
Wheatland (20" rows) 4,598
Pink Kaffir (35) 5,207 4,726
Atlas (35) 4,404 3,309

The selection work started in 1934 with Double Dwarf Milo has
been continued although no progress has been made with the
hegari selection work due to failure to secure a stand. The twelve
Double Dwarf Milo selections which proved superior to the
checks in 1935 were grown in triplicated 30 -foot rows. It is in-
teresting to note that in the 1936 planting the check ranked
lower than any of these selections, not only on the basis of the
average for the three series but in each series as well. The com-
parative ranking in yield is as follows:

Selection Ranking
Check 100

1 173
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Selection Ranking
2 164
5 141

10 175
11 183
14 149
15 138
16 164
17 190
19 167
21 161
25 160

It will be noted that four selections exceeded the check by
from 73 to 90 per cent. The twelve selections will be continued
as will the hegari selections. Selections of Fargo Straightneck
Milo and Atlas will be included in an attempt to develop indi-
vidual strains of distinctly superior yield and uniformity.

Test plantings of grasses which appear to have promise for
southwestern conditions have been extended to include a series
of selections of Italian Rye and Perennial. Some of the Italian
Rye strains from Denmark are promising but are no more so
than local grown Australian Rye. It is felt that the rapid growth
annual types have marked promise for use as winter hay and
pasture crops for the southern sections of Arizona. The possi-
bilities extend to the production of seed for local and out -of-
state markets.

FACTORS AFFECTING SEED SETTING IN ALFALFA

Detailed work on this project was confined to pot studies in
order to maintain controlled conditions. Three series of twenty -
one pots each were used. Each pot contained twelve plants which
had been handled uniformly since planting in March, 1935. Series
A was watered in such a manner as to prevent stress, Series B
was allowed to show a water deficiency, while Series C was al-
lowed to suffer considerably between water applications. It was
impossible to use predetermined amounts of water, as changes
in growth of plants made differences in water application neces-
sary. Flower racemes on one third of the pots were tagged with
fine jewelry tags as the first flower opened. Material on the re-
maining pots was used for osmotic value determinations which
were made each third day.

Final calculations on the material are not complete. The num-
ber of matured pods has been taken as the measure of the treat-
ments rather' than the seed produced, due to the fact that seeds
were injured by chalcis flies. A comparison of two series is as
follows:

Series B Series C
Pots used 6 6
Pods matured 10,556 3,344
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Series B Series C
Racemes bearing pods 2,754 986
Bare racemes 680 582
Pods per raceme 3,074 2,218

A study was made of the effect of tripping alfalfa blossoms on
set of seed pods. Two plants propagated vegetatively from the
same plant were used. Two stalks of each plant were carefully
staked and the flowers on one stalk tripped while those on the
other stalk were not tripped. Any flowers on the untripped stalks
which tripped were carefully removed. The effect of tripping
and its apparent role in the seed setting of alfalfa are illustrated
in the data secured as follows:

Two alfalfa stalks
on which all flowers

were tripped

Two alfalfa stalks
on which flowers
were not tripped

Total number racemes 122 104
Total number flowers on racemes 1,086 853*
Average number flowers per raceme.. 8.9
Flowers self- tripped 89
Total pods set 435 23
Average number pods per raceme 3.57 0.221
Average number pods per flower 0.401 0.024

* Calculated.

Repeated counts of alfalfa blossoms visited by honeybees
showed an average tripping of 1.5 per cent.

Preliminary data obtained on the effect of variety of alfalfa
on seed setting showed the following yields of recleaned seed
from comparable 10 -foot rows.

Grams
1. Hairy Peruvian 185
2. Grimm 118
3. Baltic 117
4. Montana Common 109
5. Smooth Peruvian 98
6. Colorado Common 93
7. Nebraska Common 83
8. Arizona Common (Yuma) 75
9. Chilean 73

10. Marlborough 72
11. Ladak 31
12. Hardistan 29

ANIMAL HUSBANDRY

NUTRITIONAL DEFICIENCIES OF ARIZONA RANGE FORAGES

Conclusive evidence that mineral salts of calcium and phos-
phorus were not productive of apparent beneficial results when
fed to cows on a grassland type of range in southern Arizona
warranted their discontinuation in the feeding program, and the
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project plan was changed to provide for a more complete study
of the use of cottonseed cake as a supplement to the range forage.
Stockmen expressed a desire to have further information on the
value of this much -used range supplement, particularly when fed
in varying amounts and at different seasons of the year. The plan
of the experiment now makes a comparison of limited versus full
allowance of cottonseed cake to range cows during dry seasons.
A third lot is being used to creep feed the calves, and a fourth lot
serves as a check.

SUPPLEMENTAL RANGE FEEDING

In conjunction with the mineral -feeding phase of this project
previously reported, one lot of range cows has been given an al-
lowance of 1.5 pounds cottonseed cake per cow daily during the
winter months for a period of about 100 days each of the four
years the project has been existent. It has served to maintain
the weights of the cows about 30 pounds above those of the check
lot but produced no favorable effects either upon the number of
calves raised or their rate of growth. The addition of 1.5 pounds
of shelled corn to a like amount of cottonseed cake fed in com-
bination to another lot of range cows during the past winter sea-
son was productive of a more rapid growth of the calves both in
comparison with the calves in the check lot and those whose dams
were fed the 1.5 pounds allowance of cottonseed cake. The cows
in the lot fed the cake -corn supplement maintained an average
weight of 50 pounds per head above the check lot cows and 25
pounds above the cottonseed -cake -fed cows. It developed in this
one season's trial that the feeding of 3 pounds of cottonseed
cake and corn was a more advisable practice than giving the
smaller allowance of cottonseed cake. The limited feeding of
cottonseed cake should not be discouraged by the results of this
test in that its conditioning effect upon the cows is a protection
against drought.

VITAMIN A CONTENT OF BLUE GRAMA GRASS

Bioanalysis tests of the Vitamin A content of blue grama grass
at different stages of growth have been conducted by the Depart-
ment of Nutrition co- operating with the Animal Husbandry De-
partment.

HEAVY CALVES MAKE RAPID GAINS

That meat- producing animals of relatively heavy birth weights
will make more rapid growth gains than those of lighter weights
was found to be true in an analysis of the birth weights and
growth records of 194 range calves to weaning age. The weights
varied between the extreme of 45 pounds and 95 pounds with an
average of 70 pounds. The daily gain was between 0.6 and 2.4
pounds and had an average of 1.7 pounds for the period to wean-
ing age. The coefficient of correlation between weights at birth
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and average daily gain was 0.59664 -±- 0.031187, which shows the
high agreement between these two factors.

CATTLE FATTENING RATIONS

Mother- sugar -beet silage vs. hegari silage

One of the principal objectives of the steer feeding experiment
this year was a study of the use of mother -beet silage as a cattle -
fattening feed. The development of the sugar- beet -seed industry
in the Salt River Valley originated the question of utilizing the
mother beet for stock feeding. About 20 tons of these beets were
obtained from a farmer near the experimental farm and were run
through a silage cutter into a trench silo. It was found that the
steers relished this feed somewhat but could not be induced to
consume more than half of the amount they consumed of hegari
silage with which it was compared. Under the conditions of this
experiment the beet silage was an impractical feed for fatten-
ing cattle. If by improved methods of harvesting and ensiling,
the beets can be made more palatable, thereby making for a
greater consumption, this feed may be utilized with some success
in the cattle- fattening ration.

A comparison of hegari heads with rolled barley revealed these
two feeds to be of about equal value when fed with hegari silage,
cottonseed meal, and alfalfa hay. Chopped hegari heads also
proved a satisfactory concentrate fed with alfalfa hay and cotton-
seed meal.

A ration of ground barley hay, alfalfa hay, and cottonseed meal
in the ratio of 50:30:20 respectively was productive of satisfactory
gains comparing favorably with the ration of alfalfa hay, hegari
heads, and cottonseed meal.

Rations including hegari silage produced more economical
gains than any of the other feed combinations. A ration of hegari
silage, cottonseed meal, alfalfa hay, with rolled barley fed the
latter half of the feeding period was the most economical ration
of the ten rations fed in the test. It excelled only slightly the
commonly fed ration of alfalfa hay, hegari silage, and cottonseed
meal.

FEEDER STEER TYPE STUDY

The purpose of this project and the results of the first two tests
are described in the preceding station reports. A summary of the
third test is given in Table 8.

In general it will be observed that there is not a very close
agreement 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 ex-
pected then that the steers making the most economical gain may
not kill out with the highest value to the packer. Nevertheless,
with all ratings accurately determined, one could improve but
little on the judges' placings as made at the show.
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TABLE 8.- SUMMARY OF RATINGS.

Lot
no.

Division A Division B Division C

Judge's
rating Economy of gain Killing efficiency

Tucson
Livestock !

Show

Feed cost 1

per 1

cwt. gain
Rating

Est. gross packer
return per lot

above steer cost
Rating

Lightweights
I 1 $ 9.56 4 $70.43 1

II 3 8.83 2 41.97 3

III 5 8.40 1 41.71 4
IX 2 9.84 5 51.32 2
X 4 9.09 3 28.66 5

Heavyweights
IV 1 9.20 1 50.66 2
V 3 10.42 4 71.27 1

VI 5 9.59 2 36.80 5
VII 2 10.02 3 38.70 4

VIII 4 10.58 5 49.63 3

The Baca Float steers, Lot I, in the lightweight division won
two firsts and a fourth. They had keen competition from the
Bixby steers, Lot IX, and the Spence steers, Lot II.

The McKinney calves, Lot III, the lightest steers in the contest
won the economy -of -gain test, taking first and champion in this
division. Their lack of uniformity detracted from their showing
at Tucson and a few of them lacked sufficient finish to place high
in the killing test.

The showing made by the steers in Lot X in the last two divi-
sions of the contest was undoubtedly influenced by the fact that
they lost their stride during the third thirty -day feeding period.

In the heavyweight division the Chiricahua Ranches' entries, by
virtue of a first place in economy of gain and a second in killing
efficiency, seem entitled to the first place and championship
awarded them by the judge at the show.

An analysis of the individual qualities and characteristics of
the 290 steers used in this project to date does not reveal any
significant relationship between the gradations of each character-
istic except in carcass grade. Each of the four characteristics -
feeder grade, type, body width, and disposition -were classed into
three grades, and a comparison was made with the daily gain and
carcass grade of the individual steer, a summary of which is shown
in Table 9.

The greatest difference in average daily gain between two
grades of a single characteristic was 0.1 pound per day, much too
small to be significant. In carcass grade the difference between
Choice- to Choice+ is not great but does show a trend in that
direction.

The steers were not individually fed so that the efficiency of
gain could not be determined. It is, however, true that rate of
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TABLE 9.- GRADES OF FEEDER STEER CHARACTERISTICS
COMPARED WITH CORRESPONDING DAILY GAIN AND

CARCASS GRADE RECORDS.

Char
Feedk,i

Type

Body w

Disposit

scteristic Grade
No. of
steers

Av. daily
gain (lbs.)

Carcass
grade

grade Choice 79 2.40 Choice+
Good 144 2.41 Choice
Medium 67 2.47 Choice
Lowest 68 2.46 Choice+
Medium 141 2.38 Choice
Upstanding 81 2.46 Choice

idth Wide 71 2.49 Choice+
Medium 164 2.40 Choice
Narrow 55 2.39 Choice -

ion Quiet 156 2.46 Choice+
Medium 97 2.38 Choice
Wild 37 2.37 Choice-

gain is closely allied with the economy -of- weight increase. The
rapid -gaining steer produces its unit of gain with less feed than
the slow -gaining steer.

A comparison with gaining rate and carcass grade of the com-
bined characteristics, type and width, as shown in Table 10, failed
to reveal any significant relation.

TABLE 10.-SUMMARY OF AVERAGE DAILY GAIN AND CARCASS
GRADE OF VARIOUS COMBINATIONS OF TYPE AND

WIDTH FACTORS.

No. steers
Av. daily

gain
Carcass
grade

Lowset wide 42 2.48 Choice+
Lowset medium 26 2.41 Choice
Medium wide 27 2.48 Choice+
Medium medium 96 2.35 Choice
Medium narrow 18 2.36 Choice
Upstanding wide 2 2.72 Choice+
Upstanding medium 42 2.49 Choice
Upstanding narrow 37 2.41 Choice-

The steers that were used in this experiment were the ten best
lots of steers shown at the Tucson Livestock Show, and because
of this fact the difference between steers was not great enough to
show a marked difference in average daily gain. In other words,
the steers were a fairly uniform bunch with only slight variations
between grades. A factor which enters into the grading of the
feeder steer is the personal judgment of the grader.

REPORT OF VETERINARY MEDICINE

The major portion of the time has been spent with routine
autopsies and disease ^ontrol. Field trips were made to investi-
gate death losses. The laboratory has offered autopsy service to the
poultrymen of the state. Table 11 gives a summary of this work.
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TABLE 11.

Work
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Examinations.._ 30 15 1 40 86
Autopsies 14 3 30 15 1,050 4 1,112
Serological tests 2 500 50 552
Field trips 8 9 20 2 60 99

Total 1 24 542 65 18 1,200 4 1,848

Infectious keratitis or pinkeye in cattle is being investigated.
Numerous bacteriological studies have been made. The organ-
ism, a gram negative diplobacillus, has been isolated. Numerous
other factors that influence the infection of this disease are being
investigated. No definite results as yet can be reported.

Studies of the effect of gonadotropic hormones, prepared from
pregnant mares' serum, on sheep kept in the warm valleys are
being made. Representative sheep of the various breeds were
used and fed according to general practices.

Poisonous plants have continued to cause deaths in cattle. No
new poisonous plants were found.

Sheep and horse parasites were studied. A general program of
treating horses for bots is being started in the northern counties.

The major portions of death losses in poultry flocks are prob-
ably due to management. Numerous outbreaks of infectious
coryza have been diagnosed. Other infectious diseases are not
common in Arizona.

One major outbreak of encephalitis and several isolated cases
in horses were investigated. Sections of the brain failed to show
lesions of encephalomyelitis. Intradural inoculations in rabbits
were negative. Starvation parasites and forage were suspected.

BOTANY AND RANGE ECOLOGY
STUDIES IN POISONOUS PLANTS

During the past year the species of Senecio or groundsel, known
to be poisonous to livestock, were studied. These include broom
groundsel (Senecio spartioides) of the prairies and plains of
northern and north -central Arizona; Riddell groundsel (Senecio
riddellii) of river valleys, deserts, and desert grasslands of south-
ern Arizona; and threadleaf groundsel (Senecio fili f olius) grow-
ing on prairies and plains throughout Arizona. Study has also
been made of the distribution of loco (Astragalus praelongus) of
northeastern Arizona. This species causes poisoning to range
stock, the symptoms of which are quite different from those of
well -known loco weeds of the same plant group. One of the
poisonous principles in loco is thought by Dr. O. A. Beath, of the
Wyoming Agricultural Experiment Station, to be due to soluble
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selenium compounds, taken up by the plants from the soils which
contain this substance. This poisonous principle is also found in
species of Stanleya, which are members of the mustard family
(Cruciferae), and are represented by Stanleya arcuata of north-
eastern Arizona (Navajo Indian Reservation) and Stanleya canes -
cens occurring in northern, northeastern, and north -central Ari-
zona. These plants likewise take up selenium compounds from
the soils which come from the disintegration of Cretaceous and
Tertiary deposits. Not alone do these plants take up selenium
from the soil, and as a result become poisonous to livestock, but
when they die the selenium is given back to the soil in concen-
trated amounts over small areas where it may again be taken
up by other plants, such as grasses, which also may become
poisonous to stock.

GRASSES AND GRASSLIKE PLANTS

The botanist is now engaged in the preparation of a bulletin
on the grasses and sedges of the state. Studies of these plants
were practically completed last year. Along with the studies of
grasses, a list of thirty of the most valuable grasses of the state
was prepared, based on the following characteristics: (1) heavy
seed production; (2) good hay production; (3) nutritious forage
for winter pasture; (4) nutritious and palatable forage; (5)
tolerance to close grazing and trampling; (6) occurrence in
abundance over large areas; (7) long seasonal growth; (8)
dense growth of basal leaves; (9) pronounced drought- resistant
qualities; (10) valuable as a soil -conservation plant. In the
preparation of this list of most valuable grasses of the state, the
botanist was assisted by advanced students of grasses in his de-
partment and by the forest supervisors of Arizona.
Thirty most valuable range grasses of Arizona

Blue grama (Bouteloua gracilis)
Hairy grama (Bouteloua hirsuta)
Side -oats grama ( Bouteloua curtipendula)
Black grama; wire grama (Bouteloua eriopoda)
Slender grama (Bouteloua fili f ormis)
Curly mesquite (Hilaria Belangeri)
Galleta ( Hilaria Jamesii)
Rothrock's grama; mesa grama ( Bouteloua Rothrockii)
June grass (Koeleria cristata)
Mountain muhly (Muhlenbergia montana)
Western wheat grass; bluestem (Agropyron Smithii)
Texas timothy; wolf -tail (Lycurus phleoides)
Mutton grass (Poa Fendleriana)
Nodding brome (Bromus anomalus)
Mountain brome; California brome (Bromus carinatus)
Fringed mountain brome (Bromus ciliatus)
Little bluestem; prairie beard grass (Andropogon scoparius)
Texas beard grass (Andropogon cirratus)
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Feather grass; silver top (Andropogon barbinodis)
Arizona fescue; pine grass (Festuca arizonica)
Alkali sacaton (Sporobolus airoides)
Hairy dropseed (Blepharoneuron tricholepis)
Screw -leaf muhly (Muhlenbergia virescens)
Black dropseed (Sporobolus interruptus)
Griffiths grama (Bouteloua eludens)
Mountain rye; squirrel -tail (Sitanion hystrix)
Indian rice grass (Oryzopsis hymenoides)
Needle and thread (Stipa comata)

STUDIES OF ORNAMENTAL PLANTS

The study of ornamental plants of the state was continued as
opportunity has afforded. As a result of this study, 140 species
and varieties have been added to our lists. These plants have
been classified as far as possible according to the soil and climatic
conditions under which they thrive and their usefulness in orna-
mental planting. A study was also made of the injury to orna-
mental plants caused by continued freezing temperatures during
January, 1937.

In response to many requests seven special lists of ornamental
plants were prepared. These are as follows:

1. Plants having bright -colored foliage or fruits during the
winter season.

2. Trees, shrubs, and flowers more or less resistant to alkaline
conditions.

3. Winter and spring flowers for planting in autumn.
4. Flowers for spring planting for summer and autumn

gardens.
5. Showy flowering trees for planting in Arizona.
6. Hardy shrubs for desert gardens.
7. Evergreen flowering shrubs for southern Arizona planting.

FREEZING INJURY OF ORNAMENTAL PLANTS

The month of January, 1937, was unusually cold in the South-
west; this resulted in considerable injury to tender ornamental
plants. During the period January 20 to 28, inclusive, the maxi-
mum temperatures for six successive days ranged from 36 to 50
degrees F., with an average of 43 degrees F., and the minimum
temperatures on eight successive nights ranged from 28 to 15 de-
grees F., with an average of 24 degrees F. This cold weather was
preceded by a light rain which soon developed into a snowstorm
with a fall of 4 or 5 inches of snow. This was followed by eight
days of clear, cold weather, with the temperatures noted above.
The snow remained for several days, particularly in shaded or
partly shaded situations, thoroughly chilling the air. The fore-
going temperatures were taken at the University of Arizona, Tuc-
son, and though they are not remarkably low as compared with
low winter temperatures of 1912 -13 and some other years, their
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duration over practically a week caused rather severe injury to
many tender exotic ornamental plants and of certain rare native
plants of foothills and low mountains of the desert region.

In a study of the frost injury it was noted that young plants
invariably suffered more injury than older ones of the same
species; also that plants with slight protection, as when growing
in the shade of a larger plant or within a few feet of or against the
wall of a building, even on the north side, showed less frost in-
jury than those of the same variety with greater exposure; and
finally, healthy robust plants and those whose autumn growth
had fully matured were injured less than unhealthy or chlorotic
ones or those whose growth had not fully matured and hardened.
Little or no injury was done to deciduous plants or to a large
number of the standard hardy evergreen species commonly
grown.

The following species of evergreens suffered rather severe in-
jury, particularly as concerned their ornamental value for the
present year.

Brazilian pepper tree (Schinus terebinthi f olius) . Foliage
killed; large branches badly frozen back.

California pepper tree (Schinus molle) . Foliage killed; twigs
and branches an inch in diameter frozen back; small trees killed.

California bottle tree (Brachychiton populneum) . Foliage
killed; branches frozen back; small trees killed.

Seville or bitter orange (Citrus aurantium) . Foliage killed;
twigs mostly uninjured; some small trees killed.

Jacaranda (Jacaranda ovali f olia) . Foliage killed, branches
frozen back nearly to the ground.

Orchid tree (Bauhinia purpurea) . Young trees killed to the
ground.

African sumac (Rhus lancea) . Thirty per cent of leaves in-
jured.

Horsetail tree (Casuarina equiseti f olia) . Twenty -five per cent
of twigs injured.

Castor bean (Ricinis communis) . Large plants killed to the
ground.

Canary Island palm (Phoenix canariensis) . All but innermost
leaves frozen.

Date palm (Phoenix dactylif era). All but innermost leaves
frozen.

Slender fan palm (Washingtonia gracilis) . All but innermost
leaves, even those on tall trees, frozen.

California blue palm (Erythea armata) . All older leaves in-
jured.

Cocos plumosa (Arecastrum romanzoffianum). All but inner-
most leaves frozen; young plants killed.

Sago palm (Cycas revoluta) . Foliage badly injured in unpro-
tected situations.

Dwarf poinciana (Poinciana pulcherrima) .. Stems frozen back
nearly to the base.
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Spanish jasmine (Jasminum grandi f lorum) . Young plants
killed, older ones badly frozen back.

Barbados aloe (Aloe vera) . All but innermost leaves frozen.
Sprenger's asparagus (Asparagus sprengeri) . Stems and leaves

killed, even in protected places.
Fern asparagus (Asparagus plumosus) . Leaves and younger

stems killed.
The following list of native ornamental species was injured:
Desert ironwood (Olneya tesota) . Leaves and twigs of season's

growth killed.
Bagote; Mexican paloverde (Parkinsonia aculeata) . Foliage

killed; growth of the season frozen back one half or more.
Elephant tree; kopal (Bursera microphylla) . leaves killed;

large branches and twigs frozen back.
Senita (Cereus schottii) . Tips of younger branches killed.
Pitahaya (Cereus thurberi) . Tips of stems and branches killed.
Lysiloma thornberi. Foliage killed; branches frozen back one

half or more.
Desert milkweed (Asclepias subulata) . Stems frozen to the

base.
Canyon ragweed (Franseria ambrosioides) . Stems killed to

the base.
Australian beef wood (Casuarina cunninghamiana) . Slight in-

jury to young twigs.
Evergreen tamarisk (Tamarix articulata) . Considerable injury

to young rapid -growing shoots. Normal growing trees uninjured.
European palm (Chamaerops humilis) . Occasional slight in-

jury.
Sweet bay; grecian laurel (Laurus nobilis). Injury scarcely

appreciable.
Common oleander (Nerium oleander) . Foliage occasionally

injured.
Pampas grass (Cortaderia argentea) .

Roman myrtle (Myrtus communis and vars.) .

Cocos palm (Cocos eriospathya) .

Silvery germander (Teucrium fruticans).
Laurustinus (Viburnum tinus) .

California fan palm (Washingtonia filifera).
Aleppo pine (Pinus halepensis) .

Japanese loquat (Eriobotrya japonica) .

Evergreen photinia (Photinia serrulata) .

Common olive (Olea europoea) .

Chinese windmill palm (Trachycarpus excelsus) .

Carolina palmetto (Sabal palmetto) .

Texas palmetto (Sabal texana) .

Weeping pittosporum (Pittosporum phillyraeoides) .

Japanese pittosporum (Pittosporum tobira) .

Dwarf pepper tree (Sch.inus dependens) .

Cork oak (Quercus suber) .

Tall Japanese privet (Ligustrum lucidum) .

Slender bottlebrush (Callistemon lanceolatus) .
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Red gum (Eucalyptus rostrata).
Red box (Eucalyptus polyanthema) .
Forest red gum (Eucalyptus tereticornis) .
Boojum tree (Idria columnaris) . No injury to leaves or twigs.
Common century plant (Agave americana and vars.).

NOXIOUS WEEDS OF ARIZONA

As an aid to the study of noxious weeds in the state, the botan-
ist in collaboration with the Department of Agronomy and the
Department of Plant Pathology prepared the following list of
noxious weeds occurring in cultivated fields of Arizona, by fam-
ilies, with their scientific and common names, distribution,
habitat, and season of flowering and seed production.

Cyperaceae -sedge family

Yellow nut grass (Cyperus esculentus L.). Throughout the
state; cultivated fields and pastures; summer and autumn.

Brown nut grass (Cyperus rotundas L.) . Southern Arizona;
local, cultivated fields and valley soils; summer and autumn.
Gramineae -grass family

Wild oats (Avena fatua L.) . Throughout the state; cultivated
fields; spring and summer.

Bermuda grass; devil grass (Cynodon dactylon (L) Pers.).
Southern Arizona; valley soils; fields, and roadsides; May to No-
vember.

Johnson grass (Sorghum halepense L.). Southern and central
Arizona; valley soils, fields, and orchards; summer and autumn.

Field sandbur (Cenchrus pauciflorus Benth.). Throughout the
state; sandy soils; fields and meadows; summer and autumn.
Polygonaceae- buckwheat family

Spreading knotweed (Polygonum aviculare var. littorale Koch.) .
Throughout the state; fields and pastures, roadsides; spring to
autumn.

Silver- sheath knotweed (Polygonum argyrocoleon) . Southern
Arizona; alfalfa fields and cultivated lands; summer and autumn.
Cruciferae- mustard family

White -top; hoary cress (Lepidium draba L.) . Throughout the
state, local; roadsides, fields, and pastures; spring and summer.
Legwninosae -pulse family

Camel thorn (Aihegi camelorum Fisch.), spiny shrub. North-
ern and southern Arizona, local; roadsides, wastelands, and fields;
summer and autumn.

Mesquitilla; camotedepaton (Hoffmanseggia densiflora Benth.).
Southern and central Arizona; heavy soils, waste- and cultivated
lands; spring to autumn. (The tubers are valuable feed for swine.)
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Zygophyllaceae- caltrop family

Puncture weed; bull's head (Tribulus terrestris L.). Through-
out Arizona; roadsides, waste areas, and fields; spring to autumn.
Apocynaceae -dogbane family

Spreading dogbane; mountain hemp (Apocynum androsaemi-
folium L.) . Northern and eastern Arizona, mountains, 6,000 to
8,000 feet altitude, local; fields and pastures; spring to autumn.
Asclepidaceae- milkweed family

Whorled milkweed (Asclepias galioides H. B. K.). Throughout
the state, chiefly in the northern half; fields, meadows, and ranges.
summer and autumn.
Convolvulaceae- convolvulus family

European bindweed (Convolvulus arvensis L.). Throughout
the state; roadsides, fields, gardens, and meadows; early summer
and autumn.

Clover dodder (Cuscuta epithymum L.). Southern Arizona;
local; alfalfa fields; summer and autumn.

Field dodder (Cuscuta arvensis Beyrich.). Throughout the
state; alfalfa, weeds, citrus, olive trees, and privet; summer and
autumn.

Dodder (Cuscuta indecora var. neuropetala (Engelm.) Hitchc.).
Throughout the state; alfalfa and weeds; summer and autumn.
Solanaceae- nightshade family

Silver horse nettle; trompillo (Solanum elaeagnifolium Cay.).
Southern half of the state; chiefly in valley soils, roadsides, culti-
vated fields, and meadows; early summer and autumn.
Compositae -composite family

Common dandelion (Taraxacum officinale Weber.) . Through-
out the state; lawns, meadows, alfalfa fields, and wastelands;
spring and summer.

Poverty weed (Iva axillaris Pursh.). Northern Arizona; waste -
and cultivated lands; summer and fall.

Western ragweed (Ambrosia psilostachya DC.). Chiefly north-
ern Arizona; pastures, cultivated lands, alfalfa fields; summer and
autumn.

False ragweed (Franseria tenuifolia A. Gray.). Throughout
the state; pastures, cultivated lands, meadows, waste areas; sum-
mer and autumn.

Hoary ragweed (Franseria discolor Nutt.). Northern Arizona;
pastures, cultivated fields, and meadows; summer and autumn.

Common cocklebur (Xanthium commune Britton.). Through-
out the state; roadsides, wastelands, cultivated fields, rich soils;
summer and autumn.

Cocklebur (Xanthium pennsylvanicum Wallr.). Southern Ari-
zona, local; waste- and cultivated lands; summer and autumn.
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European cocklebur (Xanthium spinosum L.) . Central and
northern Arizona, local; roadsides, ranges, pastures, and fields;
summer and autumn.

Blueweed; yerba parda (Helianthus ciliaris DC.). Northern
and eastern half of the state; rarely abundant; fields and waste-
lands; summer and autumn.

Wild sunflower ( Helianthus fascicularis Greene.). Northern
Arizona, high altitudes, Iocal; fields and roadsides; summer and
autumn.

Canada thistle (Cirsium arvense Scop.) . Northern and central
Arizona, local; meadows and fields; summer and autumn.

Turkestan thistle; Russian knapweed (Centaurea repens L.).
Throughout the state; fields, wastelands, meadows; spring and
summer.

STUDIES NOT INCLUDED IN PROJECTS

Since July 1, 1936, the botanist has identified 5,260 specimens
of plants that were brought in for study. These have come from
county agricultural agents, members of the Agricultural Experi-
ment Station and Agricultural Extension Service, workers in the
United States Forest Service, United States Department of Agri-
culture, Soil Conservation Service, Department of the Interior,
Indian Service, United States Park Service, and Entomological
Service. Besides these, citizens of the state and interested tour-
ists have brought in large numbers of specimens for study. An
increasing number of plant specimens have been received from
southern Colorado, southern California, and northern Mexico. As
a result of the study of these specimens and of studies made in
the University Herbarium, 144 species have been added to the
flora of the state, and large numbers added to the herbarium.

During the year a Spencer, Jr., binocular microscope complete
with lenses was purchased to aid in plant identification work, one
large cabinet was added to the University Herbarium, and 5,800
specimens were mounted and distributed in the plant collections.
This work was done in part by student help through N.Y.A. funds.
Within the year, plant identification work was completed in six-
teen families, looking toward the publication of a manual of Ari-
zona plants. Throughout the year, correspendence has continued
heavy, somewhat more than 1,100 letters and inquiries having
been received and answered.

BREAKING THE DORMANCY OF LETTUCE SEED

The fact that freshly harvested lettuce seed shows various
degrees of dormancy makes it necessary to use year -old seed in
order to secure satisfactory stands. In addition to this, the occur-
rence of high temperatures at planting time may induce a sec-
ondary dormancy, even in year -old seed, thus resulting in poor
stands. These experiments were started in order to find a prac-
ticable method of breaking the dormancy of new seed and pre-
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venting the onset of dormancy when the seed is germinated at
high temperatures.

Preliminary results indicate that exposure of the moist seed
to strong artificial light for five minutes or longer results in break-
ing the dormancy of new seed so that they germinate well at
moderate temperatures: It has not been possible yet to control
temperatures so that the results of the treatment on high -tem-
perature germination can be ascertained. The effect of light ex-
posures on the germination of newly harvested lettuce seed was
as follows:

Treatment* (/, Germination «
Moist -no light 52
Moist -light (5 minutes) 67
Moist -light (1 hour) 75
Moist -light (2 hours) 74
Moist -light (5 hours) 75
Moist -light (24 hours) 48

Dry -no light 24

*The seed was moistened by exposure over water for ten hours in a closed
container.

tGermination record taken three days after planting.

RANGE CONDITIONS AS INDICATED BY FERTILIZER PLOTS

An effort has been made during the past three years to gain a
better understanding of the nutrient losses from range soils. Two
sets of fertilizer plots were established in Pasture 1 of the Santa
Rita Experimental Range. One set of plots was fenced against
cattle, the second set being left open to grazing. Sodium nitrate
fertilizer in a water solution was applied to the protected and
unprotected plots in 1935. The sodium nitrate plots were not

TABLE 12.-COMPARED FEEDING ANALYSIS OF BOUTELOUA
FILIFORMIS SAMPLES FROM PLOTS, AUGUST 16 -17, 1936

(PER CENT).

Plot
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Old cattle excosure 4.84 10.44 0.34 8.64 0.53 I 27.4
Protected sodium nitrate 4.86 16.94 0.61 8.03 0.71 22.6
Protected calcium nitrate 4.91 16.31 0.70 9.17 0.64 ! 25.0
Protected ammonium

phosphate 4.80 16.88 0.60 9.42 0.71 25.2
Protected check 4.89 14.31 0.62 8.73 0.74 23.2
Unprotected sodium nitrate 4.78 15.37 0.48 8.65 0.71 23.7
Unprotected calcium nitrate 4.72 17.00 0.64 9.60 0.54 25.3
Unprotected ammonium

phosphate 4.62 20.00 0.60 9.27 0.76 20.9
Unprotected check 4.89 16.06 0.58 8.88 0.75 25.4
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refertilized in 1936 or 1937. The calcium nitrate and ammonium
phosphate plots were established in 1936 and refertilized in 1937.
Fertilizer losses through leaching and cropping were followed by
weekly soil analyses for nitrates and phosphates. An estimation
of the losses due solely to cropping was made by comparing the
weekly soil analyses of protected and unprotected plots. Vege-
tation studies included: quadrat studies, plant analyses, and
osmotic -value determinations.

The preference shown by the cattle for the unprotected ferti-
lized plots indicated an increased palatibility of the treated plants.
The apparently increased palatibility of the fertilized plots over
the check plots is further supported by the table on the compared
feeding analysis for slender grama grass.

Samples collected from the fertilized plots in all cases contained
higher percentages of crude protein than did the samples of the
unfertilized check plots. The calcium nitrate and ammonium
phosphate plots of both protected and unprotected plots, in gen-
eral, gave higher percentages of crude fiber and ash. The figures
in Table 12 are in general agreement with the data collected in
1935. Analysis of the 1937 samples have not yet been completed.

LIFE HISTORY AND REPRODUCTION OF BURROWEED

Studies were started on the effect of cutting, burning, and
spraying burroweed plants at various seasons. Plots have been
established at the Santa Rita Experimental Range in which in-
dividual plants were treated and careful observations of growth
response made at monthly intervals. Plants grubbed at or below
the root -crown level showed no sprouting, whereas plants which
had been burned or sprayed with 5 and 10 per cent sulphuric acid
showed some growth after treatment.

Root excavations were made of burroweed and surrounding
grasses to determine the extent to which burroweed competes
with grass. On a clay soil 2 feet deep and underlain with boul-
ders, burroweed plants had an extensive system of lateral roots
throughout the clay soil to which the grass roots were limited.
The taproots of the burroweed plants penetrated to a depth of 11
feet in the rocky soil. Another area with a deep, porous, sandy
loam soil was studied on which three- and four- year -old burro -
weed plants were competing with grasses such as spreading three -
awn grass and side -oats grama to a depth of 6 feet.

Studies were started on the growth of flower buds and branches
in relation to seasonal weather changes and infection of an un-
known larva which destroys the flower buds. Reconnaissance of
several areas to note the extent of injury of this larva showed a
low percentage of infection and consequently a limited effect
upon seed production in burroweed.

RECORDS OF GRAZING INFLUENCE UPON VEGETATION

Permanent quadrats established at Desert Grassland Station on
areas totally protected from grazing, grazed by rodents only, and
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grazed by cattle and rodents were charted, and photographs were
taken to observe the changes in vegetation occurring under these
conditions. These quadrats have been under observation since
1931.

CLIMATIC CONDITIONS AND VEGETATION

Weather records were continued during the current year at
Desert Grassland Station and two supplementary stations for the
purpose of determining the influence of climatic factors on range
forage production. These observations are of utmost value in
explaining the yearly fluctuations in forage production under
various degrees of grazing and in an analysis of the water re-
quirement of plants, studies which are now being carried to com-
pletion.

WATER REQUIREMENTS OF SEVERAL RANGE PLANTS

Water requirement measurements of several range plants were
initiated in 1932 and concluded at the end of the 1936 growing
season. The experimental work over the five -year period con-
sisted in measuring the amounts of water required by several
common range species as well as a few crop plants. Plants were
grown in large containers filled with soil of a proper moisture.
The quantities of water lost by the plants were recorded periodi-
cally and replaced after each weighing. The plants were cropped
at intervals and the dry matter weighed. From these two measure-
ments the amount of water necessary for the production of a unit

TABLE 13.- SUMMARY OF MEAN WATER REQUIREMENTS
(POUNDS WATER REQUIRED TO PRODUCE

1 POUND DRY MATTER).

Species
Mean
w.r. Species

Mean
w.r.

Crop plants Spreading three -awn_ r
474

Alfalfa 1,367 Smooth three -awn 493
Corn (northwestern dent) 392 Sideoats grama 572
Cowpeas 654 Feather grass 621
Oats (Swedish select) 606 Johnson grass 710
Sorghum (red amber) 333 Native herbs
Wheat (Kubanka) 737 Boerhaavia 580

Native grasses California poppy 897
Slender grama 366 Comb seed 594
Blue grama 370 Filaree 735
Tanglehead 382 Indian wheat 775
Mixed gramas 385 Mexican poppy 422
Rothrock's grama 387 Lotus 608
Hairy grama 387 Native shrubs
Annual six -weeks grama 398 Burroweed 1,984
Cotton grass 408 California coffeeberry__ 1,708
Annual three -awn 430 Catclaw 2,404
Curly mesquite 437 Mesquite 1,723
Annual winter fescue 464 Mormon tea 1,946
Black grama 466 Paloverde 772
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of dry weight was determined, thus giving the water requirement
of each species. From the compilations of these measurements,
Table 13 summarizes the mean water requirements of the species.

Northwestern dent corn and red amber sorghum were the most
efficient of the crop plants. Kubanka wheat is a cool- weather
plant and has a very high water requirement. Alfalfa was the
least efficient of the crop plants tested.

The seasonal mean water requirements of the native grasses
ranged from 366 to 710. Slender grama gave the lowest mean
water requirement, comparable to the values obtained for corn
and sorghum. Side -oats grama, feather grass, and Johnson grass
required relatively high amounts of water, Johnson grass being
the least efficient of all the grasses tested.

The mean water requirements of the native herbs were in gen-
eral higher than those of the native grasses and range from 422
to 897. Except for Boerhaavia and Mexican poppy, the herbs
studied were winter annuals. The two summer annuals required
less water than the winter annuals. California poppy was the
least efficient, having a mean water requirement of 897.

The highest mean water requirements of all the species studied
were recorded for the native shrubs. Paloverde was strikingly
the most efficient, having a mean water requirement of 772. Cat-
claw gave the highest water requirement of 2,404. Grouping al-
falfa with the native shrubs, it seems possible to correlate deep-
rooted plants with extremely high water requirements.

SEASONAL UTILIZATION AND FORAGE REQUIREMENTS ON
RANGE VEGETATION BY RODENTS

Considerable difficulty has been encountered in obtaining and
raising jack rabbits and kangaroo rats for the controlled feeding
and caged plot study. The field cages have been planted to addi-
tional plants to give more volume and additional species from
which the jack rabbits may select food. Data on selection of
range plants are only complete for a few summer months; how-
ever, a definite selection of species of range plants by jack rabbits
is very evident, and in many cases the selections were not in ac-
cordance with expectations. For example, Calliandra with
abundant green foliage in September was not taken even when
very little food was available. On the whole no conclusions should
be drawn until the feeding observations have been carried
throughout all seasons of the year.

The food maintenance requirements are being determined by
the methods used in the deer feeding. The requirements will be
in terms that can be compared with known requirements for
deer, sheep, and cattle.
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DAIRY HUSBANDRY
THE EFFECT OF STAGES OF MATURITY OF HAIRY PERUVIAN

ALFALFA ON MILK PRODUCTION

To test the feeding value for milk production of alfalfa hay cut
at bud stage in comparison with alfalfa grown on the same field
but cut at one -third -bloom stage, three feeding tests were con-
ducted. The cows were divided into two lots and fed by the
double -reversal system. They were given grain in proportion to
the amount of milk produced.

In the first test, the one -third -bloom hay produced slightly more
milk than the bud -stage hay, but in the second and third tests the
bud -stage hay produced more milk. The bud -stage hay produced
slightly more fat in all tests. The difference is not large in any
case. The cows usually liked the bud -stage hay better than the
one -third -bloom hay. There were periods of several days' dura-
tion, however, when the cows fed the one- third -bloom hay would
eat it with more relish and would not leave as much hay in the
mangers as the cows fed bud -stage hay. This would indicate that
some other factor, possibly the way the crop was irrigated or
cured, or thickness of stand, makes more difference in the palata-
bility of the hay than the stage of cutting.

If the dairyman is buying alfalfa hay, he would likely get a
little better quality hay if he bought bud -stage hay, but if he is
growing his own alfalfa hay, he would get much more hay with
only slightly lower feeding value if he were to cut the alfalfa in
the one -third -bloom stage.

HAIRY PERUVIAN VERSUS COMMON ALFALFA
HAY FOR MILK PRODUCTION

Three feeding tests were made to test the comparative value of
hairy Peruvian and common alfalfa hay. Except for the differ-
ence in hay, the cows were fed the same rations, and all feed re-
fused by the cows was weighed and deducted from the totals.
The cows were divided into two groups and fed by the reversal
system. In two of the tests more milk was produced when hairy
Peruvian alfalfa hay was fed, while in the other test more milk
was produced when common alfalfa was fed. The total for the
three tests shows a difference of 150 pounds of milk or 1 per cent
in favor of hairy Peruvian. The cows ate slightly more hay when
fed the common variety. This was due to their refusing a little
more of the hairy Peruvian stems because of coarseness.

These tests would indicate that the variety of alfalfa hay makes
little difference in the feeding value for milk production. Since
the yields of hairy Peruvian hay are slightly larger, the dairyman
raising his own alfalfa might do better to grow that variety.

CANNING MILK ON THE FARM

Cream with low, medium, and high fat content and milk with
a fat content of 3.5 and 4.5 per cent were kept for thirty -one
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months in good condition. These samples were held in the lab-
oratory where the temperature ranged from a minimum of about
60 degrees F. to a maximum of about 95 degrees F. during differ-
ent seasons of the year. Screw -top prescription bottles and plain
and lacquered tin cans were used for containers. The milk and
cream kept in good condition in all three containers. All samples
were autoclaved at 245 degrees F. for twenty minutes. Some
samples were heated to 185 degrees F. before placing in the con-
tainers. There is apparently nothing to be gained by preheating
the milk.

Some of the milk and cream was used for cooking by the Home
Economics Department, which reported that the flavor was fully
as good as commercial evaporated milk.

The data of this work are being prepared for publication.

PROPERTIES OF SWEET BUTTERMILK POWDER

This is an experiment to determine the properties of sweet but-
termilk as regards moisture absorption and solubility. Sweet
buttermilk powder was also compared with other kinds of milk
powders for these properties.

Close records were kept of the fat content of powder and acidity
of milk from which the sample was prepared, original moisture
content of the samples, and method of preparation of each sample
in order to observe their effects on the moisture -absorbing prop-
erties of the powders.

Samples were placed in 40, 60, 80, and 100 per cent relative
humidities. They were weighed at frequent intervals, and the
rate of moisture absorption was determined as well as the mois-
ture content at equilibrium. Samples kept in the 60 and 80 per
cent relative humidities were then placed in lower humidities,
and the rate of dehydration was determined.

Samples of each kind of milk were dehydrated by drying in a
vacuum oven. These samples were then placed in humidors and
their moisture -absorbing properties determined. Samples treated
in this way were then compared with undried samples. The data
on these experiments are being tabulated and prepared for publi-
cation in the near future.

PHYSIOLOGICAL VARIATION OF BACTERIA IN MILK AT THE
TIME OF REDUCTION IN THE METHYLENE -BLUE

REDUCTION TEST

One thousand and sixty -eight samples of milk have been ex-
amined. Agar plates have been poured from each of these
samples in various dilutions so that counting of bacterial colonies
would be possible. Twenty -five colonies from each sample were
then inoculated into litmus milk and the results observed.
Twenty -six thousand and five hundred thirty -seven tubes of lit-
mus milk inoculated with bacteria colonies show the following
percentage of these types of bacteria: acid -coagulating, 5.42 per
cent; acid- not -coagulating, 56.75 per cent; acid -coagulating -gas-
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proteolitic, 12.64 per cent; acid -proteolitic, 16.30 per cent; alkaline,
2.30 per cent; inert, 2.52 per cent; and blank, 4.07 per cent.

Much variation in the types of bacteria present was noticed at
different seasons of the year and in milk from different cows.
Comparisons are being made of the bacterial flora of individual
cows, of the types of bacteria most prominent, of the length of
time of reduction, and of the bacterial count of the milk.

It was found in this investigation that the longer the length of
the reduction period, the lower the number of acid -coagulating
bacteria present and the higher the number of acid- coagulating-
gas- proteolitic bacteria. The number of alkaline and acid -not-
coagulating bacteria remained approximately the same, while the
number of acid -proteolitic bacteria varied directly as the time but
not proportionately.

Results of the experiment are being tabulated and will be ready
for publication in the near future.

PASTURE FOR CALVES

This is an experiment to determine the value of pasture for
young and maturing calves. Work was done on this subject sev-
eral years ago, but the evidence was not conclusive. Indications
were that pasture was very beneficial for calves as regards growth
and fertility. The present experiment started three years ago
and is a check on the previous attempt. However, data so far
compiled are insufficient to justify the drawing of conclusions.
They indicate that there is very little difference in the growth
rates and fertility of pasture -fed calves and calves fed in the dry
lot.

Calves used in the experiment are weighed at birth and every
month thereafter until they are six months old, then every six
months until they are two years old. Records are kept of the
number of services required for each heifer to conceive. Twenty -
seven heifer calves have been entered in the project to date, but
complete records are available on only six of this number.

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 is measured at birth, monthly until
six months old, every six months until two years old, and yearly
thereafter. This study was undertaken to find whether there is
any correlation between size of heart girth and body weights at
the various ages of dairy cattle. Twenty -seven calves have been
entered on the project to date. Too few calves have been studied
to draw definite conclusions; however, present data indicate that
there is a very definite correlation between weight and girth
measurement, and variations from the average weight for various
measurements are small. The weights vary directly with the
girth measurements but not proportionately.
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ENTOMOLOGY AND ECONOMIC ZOOLOGY
RANGE RODENT INVESTIGATIONS

Slow progress has been made on the manuscript for a bulletin
on the life history and ecology of the wood rat (Neotoma) . Much
of last summer, which had been planned to be devoted to prepara-
tion of manuscript, was used in extending field studies and col-
lecting wood rats. Collecting was done along the eastern side
of the state in the Pinaleno, White, and Lukachukai mountains,
the latter range being in the extreme northeast corner. Collec-
tions were also made on the Kaibab Plateau.

The vertical range of Neotoma albigula, the common wood rat
of the southern grazing ranges, had not been determined; and
collections were made from the experimental range upward to
about 9,000 feet altitude on the Santa Rita Mountains.

WATER RELATIONS OF DESERT ANIMALS

Here also additional field work not contemplated last spring
has hindered progress on the manuscript. In connection with
a graduate- student problem on the ecology of the mesquite forest,
it seemed desirable to compare the climate of a mesquite forest
and a near -by open mesa similar to the types already studied by
means of our instrument setup. Accordingly, instruments were
placed in a dense mesquite forest, and a duplicate set was placed
on the open mesa only a half mile distant. Wood rats and some
other rodents are common to both areas. Significant differences
in climate have appeared, with the most important part of the
year still ahead.

An article entitled "Rodents and Conservation" was published
in the Conservation Department of Nature Magazine last Decem-
ber. It is a direct result of the years of study and observation on
range- rodent problems of the Southwest and is somewhat revolu-
tionary in ideas on rodent problems. A paper entitled "Inter -
relationships of Range Animals" was sent to the Second North
American Wildlife Conference in St. Louis last March and pub-
lished in the report of the Conference. Essentially the same pa-
per was presented as part of a wild life symposium at the A.A.A.S.
in Denver last June.

RANGE GRASSHOPPERS

The work of gathering data on food plants, distribution, and
egg laying of grasshoppers was continued throughout last season.
The winter was long and cold (the coldest in twenty -four years) ,
closing up field work early last fall and retarding things for more
than a month in the spri.ig.

In the meantime, much progress has been made in working out
a number of difficult groups. The larger collections that have
been made in this work have enabled specialists to arrive at
definite conclusions as to the specific limits in these groups. With
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these determined, it will be possible to work out the food rela-
tions, distribution, and economic importance of these species.

Dr. Hubbell has just published a monographic revision of
Ceathophilus (the cave cricket), using all the materials available
in the United States up to two years ago. We recently forwarded
our material collected since that time, and it is reported that there
are apparently three new species contained therein. A new grass-
hopper and a new species representing an entirely new orthopter-
ous family for Arizona was also reported in this collection.

There are a few more very difficult groups to work out before
any complete biological study can be published. In the mean-
time the records of distribution, eggs laid, etc. are being compiled
for the species that can be accurately determined.

One paper entitled "The Food Plants of the Grasshoppers" has
been published. Another, "The Factors that Control Grasshopper
Outbreaks," was presented at the A.A.A.S. in St. Louis but has not
been published. Another, "The Range Grasshopper Problem in
the Southwest," was presented at the Denver meeting in June.
Two Experiment Station bulletins are in preparation, one, The
Control of the Grasshoppers in the Salt River Valley, will discuss
the methods by which the grasshoppers in the largest irrigated
area in Arizona have been brought under complete control and
will outline methods by which they may be permanently elim-
inated as a crop menace in similar areas. The second will be The
Bird Locusts of Arizona. These are the large, long -winged grass-
hoppers allied to the plague locusts of the Bible which continue
to devastate large areas in South America, Africa, and even in-
vade southern Europe. Arizona has five species of this group and
has witnessed seriously destructive outbreaks of two of them. On
the other hand, one of them is highly beneficial, feeding on the
ragweed, one of the most serious of our hay -fever weeds and also
a bad weed all over our lower grassland. It, is a plant that no
grazing animal will touch and multiplies on the overgrazed areas;
any insect that will help to hold it in check should be known and
protected.

SCALE INSECTS (COCCIDAE) OF ARIZONA

Studies of the effect of climate on the olive parlatoria (Parla-
toria oleae Colvee) are being continued. By means of counts in
fall and spring, the seasonal mortality is being studied. Observa-
tions on the life history under natural conditions are being made
in these counts. Other coccids on olive have been collected.

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 and other sources. Collecting from
wild and cultivated plants has been done. Many permanent
stained slide mounts have been prepared and determinations
made as far as possible, while information on host plants and
other biological data on coccids are being gathered. Infested
plant material and slides are being added to the collection for
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further study. A large amount of material remains to be mounted
and studied.

On March 7, 1936, two mesquite trees which were infested by
Toumeyella mirabillis were sprayed with a proprietary white oil
emulsion. One of these trees (ornamental on city lot) was in a
serious condition. One application of the spray greatly improved
the condition of the trees, and there was a normal healthy growth
of foliage during the summer of 1936. The spraying seems to have
brought this scale under control as it was not present in sufficient
numbers to be injurious in 1937.

INSECTS AND VERTEBRATES

Studies on the biology and control of the new gall midge on
watermelon (Itonida citrulli) are being continued. Considerable
progress has been made, especially on the habits, life history, and
natural control of this insect.

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

Other insects and related forms are constantly being added to
the collections. Many immature forms have been reared, and
information on their life histories gathered. In this way a better
understanding of some of the insects of economic importance in
Arizona is being gained, and correspondence relating to such in-
sects can be more satisfactorily answered.

Cataloguing of the department collections of birds and mam-
mals has been completed. Collecting of birds is hampered by the
fact that through an error in the wording of the state game code
relating to scientific permits, no migratory birds whatever may
be taken. The Federal Migratory Bird Law includes a large ma-
jority of the birds of Arizona.

Our study collections now contain more than 1,400 specimens
of birds and nearly 600 mammals.

HORTICULTURE
TRUCK -CROP STUDIES

Lettuce fertilization

Although it is impossible to give definite recommendations for
fertilization of lettuce because of widely varying soils and differ-
ences in climatic conditions from year to year, the results of con-
tinued experiments show that (1) superphosphate applied before
planting is generally beneficial in Arizona soils for lettuce pro-
duction; (2) an organic nitrogen material such as good manure
may be applied before seeding with the superphosphate; (3)
ribbon application, under the seed, is more economical than
broadcasting the fertilizer; (4) by carefully observing the crop,
the need for side dressings of nitrogenous fertilizers may be
noted, and calcium nitrate has been shown to be highly beneficial
as a quick- acting fertilizer for this purpose (if sufficient phos-
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phate fertilizer is not applied at time of seeding, a side dressing
of ammonium phosphate may be beneficial) ; (5) two or three
small applications of the quickly soluble calcium nitrate will
generally give higher yields than a similar amount of the ferti-
lizer applied in one application.

An experiment was conducted at the Mesa Experimental Farm
in which the effects of soil structure and fertilizers on growth of
lettuce were simultaneously studied. It is generally recognized
that changes in the physical structure of soils in this region may
have a profound effect on plant behavior. A study of some of the
possible causal relationships has been published in our Technical
Bulletin 69. The present experiment with lettuce was carried on
in co- operation with the Department of Agricultural Chemistry
and Soils. The following treatments were provided:

1. No fertilizer. Compacted by rolling before planting and
rolled after each irrigation. No cultivation given.

2. Fertilized with 300 pounds of ammonium phosphate (16 -20)
per acre before planting. Otherwise treated as No. 1.

3. No fertilizer. Soil thoroughly loosened before planting
and cultivated well after each irrigation.

4. Fertilized with 300 pounds of ammonium phosphate (16 -20)
before planting. Otherwise treated as No. 3.

After the lettuce was thinned the low beds were worked down
until the soil surface was level. Flood irrigation was used
throughout the remainder of the season. The fertilized plots in
each case gave a response in plant growth and gave satisfactory
commercial yields, while the unfertilized plots produced prac-
tically no marketable lettuce. Noncultivated plots were superior
in plant production to cultivated plots. Cracking and crusting
were more evident on the cultivated plots and subsoil structure
was decidedly gummy. It was evident that cultivation had in
some way adversely affected the physical condition of the soil.
Whether this condition was due to cultivation while the soil was
too wet, or to some other factor, is not known. This experiment
must be considered entirely preliminary in nature, and further
broad experimentation is necessary on the problem.

Lettuce seed selection

Commercial lettuce fields in Arizona are harvested according
to size and quality of the heads, and each year a considerable per-
centage of heads fail to reach the desired size or quality. One of
the many factors that may affect this percentage "cutout" is the
inherent ability of the seeds to produce a desirable head. In the
fall of 1935 individual head selections out of Imperial 152 and
Imperial 615 were made, according to commercial desirability,
and seed lots from each of the forty selected plants were kept
separate. The seeds were planted in September, 1936, and de-
cided strain differences with regard to size of head, vigor, hardness
of head, and uniformity were apparent when the plants reached
maturity. From this material it is possible that there may be
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obtained strains better adapted to our climate and soils. These
selections have been made also for the purpose of developing
pure lines for seed storage studies.
Cantaloupe shipping test

During the 1936 season an investigation on cantaloupe ship-
ments to the East under both standard refrigeration and pre -
cooling was carried on by our Department of Horticulture in
co- operation with the Bureau of Plant Industry of the United
States Department of Agriculture and the Fruit and Vege-
table Standardization Service of Arizona. It was the purpose of
these investigations to follow the cars through to their point of
destination and determine the quality of the melons as influenced
by time of harvest and icing treatment. Melons picked in the
early slip stage or before they reach an early vine -ripened con-
dition cannot be expected to attain high quality, regardless of
subsequent treatment. These shipping tests show that only vine -
ripened melons must be picked, that they should be packed
rapidly, and placed in cars which have been precooled to a tem-
perature of 45 degrees F. Salt should be used from the time fans
are started, and re -icing done at the end of four hours. Mildew
Resistant Cantaloupe 45 has been observed to remain in better
condition than Hales Best and Perfecto varieties after shipment
to such eastern points as New York, and when the melons were
in the vine -ripened condition at time of harvest.

PECAN STUDIES

Nut filling

The pecan nuts produced in 1936 were the best quality generally
of any commercial crop thus far harvested in the state. Nut fill-
ing, which has been such a problem in years past, is clearly re-
sponsive to practical control through the use of cultural treat-
ments and irrigation practices tending to reduce the vegetative-
ness of the trees and pruning to permit the entrance of an abund-
ance of sunlight into the tree. Cultural conditions and features
of environment which influence vegetativeness have been quite
well catalogued as given in the annual report a year ago. It is
now possible for the grower to select each cultural treatment
through the season with relative assurance as to what its effect
will be upon the filling and maturity of the nuts.
Preharvest germination

As has been previously reported preharvest germination is
induced through the failure of the shucks to open well and liber-
ate the nut. It appears that the principal factor in the failure of
the shucks to open well is the high fall temperatures. Hence,
while shuck opening is improved by the same cultural treatments
which favor filling it cannot be completely controlled by them
under adverse temperatures.
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Two years ago it was evident that something further must be
done. Preliminary trials in 1935 suggested that the shucks could
be removed from the nuts by the use of ethylene. In 1936 these
studies were extended. Serial collections of nuts beginning
somewhat before the normal harvest season and extending
through it were made. On each date the amount of preharvest
germination was recorded. Some nuts were treated with ethy-
lene and some untreated as checks. During the winter all were
cracked, tested for edibility and flavor, and analyzed for fat,
sugar, and protein.

The results indicate that maximum maturity of the kernel is
attained somewhat before the shuck normally opens well and
before extensive preharvest germination occurs. By basing the
time of harvest upon kernel maturity, rather than upon shuck
opening, a considerable reduction is effected in preharvest germ-
ination.
The dropping of young nuts

For several years studies of the excessive dropping of young
nuts have been made largely through adjusting cultural treat-
ments to produce variations in vegetativeness of the trees. As
previously reported, the percentage of blossoming has been
greatest and the amount of dropping least on relatively highly
vegetative trees. However, the very best condition of set has not
been as satisfactory as would be desired. There has been some
evidence suggesting that winter temperatures may play an im-
portant role in the dropping of young nuts through influencing
the rate of growth of shoots in the early spring. During the past
season two materials to break the rest period and to stimulate
growth were used. These were ethylene and diphenol. It was
not possible this year to obtain the latter except as a proprietary
compound. No results were obtained through its use. The ethy-
lene was applied to a Halbert tree by covering the tree with a
fumigating tent and liberating the gas under the tent. This was
done on February 22, 1937. The results were striking in that the
tree so treated broke into leaf earlier, blossomed more heavily,
and dropped fewer nuts than did the untreated check tree. This
tree continued to be more advanced than other trees until late
summer when it was observed that many of the nuts were not
enlarging normally, and at harvest there were many "sticktights."
The cause of this latter is not known: One possibility is that the
abnormally early growth of the vegetative structures did not
permit effective pollination and fertilization. The condition of
growth of the treated and untreated tree at the time of breaking
of growth is shown in Plate III.

For two years efforts have been made to determine if humidity
was a factor in the dropping of young nuts. Electric bathroom
heaters have been placed in the orchard in such a manner as to
direct a draft of warm air across some blossoms from receptivity
until after the period of dropping was passed. These seem to
have dropped no more than those having normal exposure.
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Plate III.- Halbert pecan trees on the Yuma Experimental Farm: left,
treated with ethylene on February 22, 1937; right, untreated. Photos
taken April 3, 1937. At harvest the treated tree bore many more nuts

than the untreated, but there was a higher percentage of sticktights.

On the other hand, a palm leaf stockade was built around one
tree to shelter it from drying winds. Each day at one o'clock
water was sprayed over the tree. Almost all young nuts dropped.
The question now is, may excessive humidity in the orchards
during the spring be a factor in the dropping of the nuts?

DATE STTTflTF

The 1936 date season

The 1936 season was one of the earliest on record at the Uni-
versity Date Garden. The late spring and summer temperatures
were above normal, having a total of 345 excess heat units from
April 1 to August 31. The weather from July 22 to August 31
was unfavorable for dates. During this period there were thirty -
five cloudy or partly cloudy days and a total of 4.25 inches of
rainfall in ten days. This was followed by clear and dry weather
particularly during late September and early October. These
conditions induced heavy losses in many varieties particularly
the Hayany, Iteema, Deglet Noor, and Maktoom.

Table 14 gives the blossoming and ripening dates and percent-
age of crop loss for the more important varieties at the University
Date Garden at Tempe.
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TABLE 14. -DATE OF BLOSSOMING, RIPENING, AND PERCENTAGE
LOSS OF DATES AT THE UNIVERSITY DATE GARDEN,

TEMPE, ARIZONA, 1936.

Variety Date
blossomed Date ripened Per cent loss

Apdamdon_._. I March 15 August 20 10
Bent Kibala_, April 1 August 25 20- checking
Braim April 13 August 30 40- souring
Deglet Noor_ April 14 September 20 65
Halawi April 2 August 20 50- apical checks
Hayany April 8 August 20 90- checking, blacknose, &

mold
Iteema April 10 August 25 40- severe checking, split-

ting & souring
Khadrawi April 2 August 20 10- shrivel
Khir April 12 August 20 10
Kustawi April 2 August 25 10- reduced in grade, puff-

iness
Maktoom. April 10 October 1 35- checking, darkening, &

discoloration
Rhars March 28 August 5 65- souring, calyx end rot
Sayer March 30 August 25 10- calyx end rot
Saidy April 14 October 10 50 -60 -calyx end rot
Tadala April 9 September 0- excellent
Zahedi April 5 September 15 0 -good
16 -23 April 7 August 25 10- checking, calyx end rot

Moisture damage and the crude -fat content of date skins

A study relative to the crude -fat content of date skins and
moisture damage begun by the late D. W. Albert and summarized
in our Forty- seventh Annual Report was followed this year using
a greater number of varieties.

In general the results verified those of preliminary tests to the
extent that the varieties subject to more severe moisture damage
showed a lower crude -fat content than those not so severely dam-
aged. There was, however, one notable exception. The only
semisoft date used in this series of tests, the Deglet Noor, is sub-
ject to severe losses yet it showed a high percentage of crude fat.
Although the least damaged varieties, with the above exception,
have the highest crude -fat content it would be unfair to assume
that this is the only factor involved. There is evidence to show
that some types of moisture damage are correlated with degree
of maturity and sugar and moisture content.
Injury from the 1937 freeze

Observations on the effect of the freeze on the date palm show
wide variations and a considerable difference between palms of
the same variety. Generally, old palms had less damage than
young palms. There were wide differences in losses between
gardens which cannot be e.itirely accounted for. The loss of
leaves was progressive continuing throughout the summer. As
it was difficult to accurately estimate the loss of leaves at the
time of thinning the fruit the following spring, a heavy crop was
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left in many instances. This it is believed will cause a reduction
in the 1938 crop. Table 15 shows the per cent defoliation on fif-
teen varieties based on observations made in five gardens in the
Salt River Valley.

TABLE 15.

Variety Per cent
defoliation arietyVariety Per cent

defoliation
Zahedi 5-10 Sayer 20-50
Tazizoot 5-10 Saidy 20-60
Therry 5-10 Rhars 20-90
Deglet Noor 10-30 Halawi 25-75
Iteema 10-35 Maktoom 40-70
Dairi 5-35 Braim 40-90
Kustawi 15-35 Khadrawi 40-90
Hayany 15-40

CITRUS STUDIES
Notes on the 1937 freeze

In January, 1937, the most severe freeze since 1913 occurred.
In the Salt River Valley this freeze was preceded on the night of
the twentieth by a light snow ranging from 1 to 3 inches in depth.
Temperatures from three stations in the Salt River Valley and
two at Yuma are presented in Table 16.

The temperatures for the four weeks' period preceding the
freeze had been below normal. This condition apparently hard-
ened citrus and other trees and shrubs to the extent that only the
more tender experienced any injury to vegetative parts.

Leaves of grapefruit and orange trees in various orchards were
injured varying in extent from none to 100 per cent. The greatest
loss was in damage to fruit. This loss in the Salt River Valley
area was estimated at 46 per cent of the crop for grapefruit and
70 per cent for Valencia oranges. It appeared to run somewhat
higher on the Yuma Mesa. The loss of leaves was the greatest
on trees growing in light soils in the higher and usually warmer
areas. In irrigated groves there was generally no loss of leaves,
and 40 to 70 per cent of the fruit was marketable. Groves which
were not irrigated in the same areas showed much heavier losses.
Groves which were recently plowed and unirrigated were most
severely injured. In the one grove of the Salt River Valley which
was heated a high percentage of the fruit showed no frost dam-
age. Temperatures were raised in this grove from 4 to 6 degrees.

Following the freeze a study was made to determine the extent
of recovery within the fruit and its commercial importance. These
tests were made on grapefruit and Valencia oranges from five
groves at intervals during the period of February 23 to June 2.
Thirty fruits picked from the same five trees were classified as to
extent of injury and tested for juice.

The conclusions from these tests are that while both the oranges
and grapefruit showed recovery it was sufficiently great only on
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fruit sustaining mild injury to be of commercial importance. The
more severely injured fruit showed marked recovery as indicated
by expansion of the juice sacs, but this was followed by granula-
tion which made the fruit unmarketable. Spring temperatures
were cool and below normal up to May 13, when six days with
temperatures of 104 to 107 occurred. Following this the fruit
deteriorated rapidly. Apparently temperatures have an im-
portant bearing on the extent of commercial recovery.

In the variety planting on the Yuma Mesa, there was severe
freezing of limbs on the Lisbon, Eureka, and Villa Franca lemon
and on the Mexican, Thornless, and Tahiti lime. The Chinese or
Meyer lemon and the Rangpur lime experienced no injury of the
wood and set a heavy crop of fruit in the spring following the
freeze.

Grapefruit and orange trees generally have set a large crop of
fruit.
Citrus fertilization

The studies of citrus fertilizers were initiated with one plot on
the Yuma Mesa in 1928 and extended in January of 1936, when a
16 -acre block of eight -year -old grapefruit trees was divided into
plots and various fertilizers applied. New plots in privately
owned orchards of the Salt River Valley have been established
in which cover -crop trials are also included.

The fertilizer studies generally have proved to be of much less
value in the solution of problems of fruiting than was anticipated
when the studies were begun in 1928. It is clearly apparent that
for best production nitrogen- and phosphorus- carrying fertilizers
must be used on a majority of the soils on which citrus trees are
grown in Arizona. However, the results indicate that nitrogen
and phosphorus may be supplied in a number of different forms
as commercial concentrates or as manure with rather compar-
able results if a judicious irrigation program is followed.

Such cultural treatments have resulted in increased yields and
improved quality up to a certain point, but no fertilizer has given
completely satisfactory yields or freedom from excessive drop-
ping of young fruit and of imperfections in quality. The question
seems to be may not such problems have their cause in something
other than insufficient soil fertility?
Citrus irrigation

During the past three years, work in citrus irrigation has been
confined chiefly to keeping a record of the growth in circumfer-
ence of grapefruit and oranges. It has been found that this growth
of the fruit is greatly affected by irrigation and that making
measurements of it is a much simpler, accurate, and more prac-
ticable method of determining when the groves need irrigation
than is the taking of soil samples.

The method consists of measuring the circumference of fruit
on the trees with a steel tape graduated in centimeters and tenths.
Three or four fruits on a tree are tagged and all future measure-
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ments made on the same fruit. The circumference of this fruit
is then measured every two or three days in the summer time
and every seven to ten days in the fall and winter months.

As long as water is available to the tree the fruit grows at a
fairly uniform rate and at such a rate that the daily growth can
be noted readily from the measurements. As soon as soil mois-
ture is limited the fruit stops growing and if irrigation is delayed
too long, the fruit actually shrinks. When water is again applied
the fruit will make a rapid gain for a few days and then grow at
the same rate as before soil moisture became limited.

This method has now been tested sufficiently and is so simple
that it can be recommended to growers as a help in determining
when to irrigate.

HUMAN NUTRITION

VITAMIN STUDIES

Vitamin A in blue grama grass

(In co- operation with the Department of Animal Husbandry.)
Measurement of the Vitamin A content of blue grama grass at
different stages of its development has been made using the modi-
fied bioassay technique of Sherman and Munsell. Results show
that blue grama grass is extremely rich in Vitamin A at certain
stages of its growth, but for the greater part of the year it is rela-
tively deficient in this vitamin. When cut in August, inclusion
of only 0.05 per cent of the dry grass in the Vitamin -A -free ration
fed to rats induces a rate of gain of 6.5 grams a week. Approxi-
mately twice as much of the grass cut in September and 100 times
as much of the grass cut in November was necessary to induce
the same rate of gain. A more detailed report of this work has
been accepted for publication in the Journal of Agricultural
Research.
Vitamin A in pumpkin

The Vitamin A content of canned pumpkin (89.0 per cent mois-
ture) has been determined by the rat -growth method of assay.
Results show that pumpkin can be classed as an excellent vege-
table source of Vitamin A. Feeding of 0.03 gram daily to stand-
ard test animals induced an average rate of gain of slightly
greater than 3 grams weekly. On this basis it has been estimated
that canned pumpkin as tested contains approximately 3,500
Sherman -Vitamin -A units per 100 grams.
Vitamin A in carrots

A quantitative comparison of the Vitamin A content of very
light- colored carrots which appear upon our local markets in the
winter and spring with the new orange- colored carrots of the
same variety grown in a different section of the state is being
made by the rat -growth method. Data at hand reveal that the
orange carrot contains from two to three times as much Vitamin
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A. Carotene analysis of the different colored carrots shows a
much greater difference in carotene content than has been found
in the Vitamin A content as measured by the rat -growth method.
This study is being extended and the carotene -Vitamin A rela-
tionship is being investigated quantitatively for other colored
foods.

Utilization of Vitamin A by dogs

The ability of the dog to utilize Vitamin A from vegetable and
animal sources has been investigated. Normal puppies taken at
weaning age were fed a Vitamin -A- deficient diet with supple-
mented feedings of Vitamin A as cod -liver oil or its precursor
carotene in oil or in i t s natural state in cooked carrots.
Storage of Vitamin A in the liver after an experimental period of
fourteen to twenty -two weeks was measured by the antimony -
trichloride color reaction, using a Lovibond tintometer. In a few
cases bioassay by the rat -growth method was used to confirm
the findings of chemical assay.

The results obtained in the foregoing experiments showed that
the normal growing puppy requires Vitamin A and when given a
diet deficient in that factor exhausts any previous store of Vita-
min A and develops symptoms of deficiency. The most pro-
nounced symptoms of Vitamin A deficiency were loss of appetite,
general apathy, loss of hair, and a watery discharge from the eyes,
becoming progressively more serious, developing in one case into
ulceration and complete loss of sight.

The normal growth requirements of the young puppy were
amply provided for, and a slight storage was permitted by the
administration of 20 U.S.P. units of Vitamin A. When fed at a
level of 20 units per 100 grams of body weight, Vitamin A as cod -
liver oil or as its precursor, carotene, in the form of carotene in
oil or as the natural food, carrots, appeared to be equally well
utilized by the dog.

The ability of the dog to store Vitamin A was made evident by
the increased content of Vitamin A found in livers of dogs fed
levels of Vitamin A intake above the requirement for growth
and good nutritive condition. As the level of administration was
increased, there was a proportionately higher concentration of
Vitamin A in the liver of the dog.

Although no weight -gain advantage was afforded by levels of
Vitamin A intake above that required for normal growth there
was evidence of better nutritive condition in the superior luster
and heaviness of coat.

Following the period of most rapid growth, as the body weight
tended to approach a more or less constant level, a given amount
of Vitamin A resulted in a higher concentration of Vitamin A in
the liver than the same level given to an animal still growing
rapidly. This finding appears to indicate that the Vitamin A re-
quirement for the puppy, per unit of body weight, is highest dur-
ing the period of most rapid growth -that is, during the first five
months of life.
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HUMAN METABOLISM STUDIES

Basal metabolism

As a limited number of measurements of the basal rate of
energy metabolism have given results lower than the accepted
prediction standards, the possibility of variation due to the cli-
matic factor suggested itself. Accordingly, studies are under way
to determine the basal metabolic rate of many healthy men and
women native to Arizona in order to establish a norm. Tests are
being made with the Benedict Roth and checked with the Student
Benedict apparatus.

Mexican dietary study

In order to obtain information which could be used in the feed-
ing of Mexican families on relief, a dietary study based upon the
records of food consumed by twelve self- supporting Mexican fam-
ilies living in Tucson has been made for a two weeks' period or
from payday to payday. These records obtained by the inventory
method have been analyzed from the standpoint of (1) food reac-
tion, (2) food combinations and menus, and (3) adequacy of the
diets in meeting the nutritional needs of the families for energy,
protein, calcium, phosphorus, iron, Vitamin A, and Vitamin C.

The energy intakes were adequate for 67 per cent of the fam-
ilies and inadequate for 33 per cent. There was a close relation-
ship between the income per capita of the family and the number
of children of adolescent age with the adequacy of the diet in
energy. An excess number of calories in many cases was caused
by an overconsumption of cereal products. The large families
with lower incomes were apparently unable to meet their energy
requirements except in one case in which the consumption of
flour and beans was unusually high. In general, however, with
more income there was an overconsumption of the foods high in
energy value such as fats, cereals, and beans and an undercon-
sumption of the protective foods such as milk, fruits, and vege-
tables which are lower in energy value and higher in both min-
eral and vitamin content. The tendency for adult Mexicans,
especially women, to be overweight is no doubt due to their large
consumption of the more concentrated sources of energy instead
of the more bulky protective foods.

The protein intakes were also adequate for 67 per cent of the
families. In general the families whose food intakes were low in
energy value also had a low intake of protein. In all of these
cases, increasing the amount of food in the proportions selected
would bring the protein intakes up to the required amounts. For
every family the per cent of calories which was derived from
protein was within the recommended standards of from 10 to 15
per cent of the total number of calories. Thus the food selection
of these twelve Mexican families could not be considered faulty
from the standpoint of proportion of protein. Since, however,
the larger part of the protein in these diets was of vegetable ori-
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gin, it is questionable if the protein quality was sufficient to meet
the needs of the growing children in the best manner.

The calcium intakes were adequate for only 34 per cent of the
families, met the bare requirements for 33 per cent, and were
wholly inadequate for 33 per cent. The consumption of milk fell
far below the recommended allowance of 1 quart for growing
children and 1 pint for adults. In every case, other than milk,
beans supplied most of the calcium. The calcium consumption
of the diets of the twelve Mexican families was therefore not
optimum from the standpoint of total amount or source, although
the maintenance needs were fairly well met for eight of the fam-
ilies. The diets were more seriously deficient in calcium in the
form most available for the growth of children.

In general the phosphorus intake ran parallel with those of
calcium, although fewer diets were inadequate in phosphorus
than in calcium, since meat and vegetables provided more of this
dietary essential than of calcium.

In but three cases was the consumption of iron entirely opti-
mum. Beans proved to be the cheapest source of iron, and the
only family with a low income which met its iron requirement
derived most of its iron from this source. The other family whose
diet was adequate in iron apparently afforded large amounts of
meat, a more expensive source of iron. A greater use of dried
fruits and green vegetables as a source of iron in the diets of
Mexican families is thus indicated.

The Vitamin A intakes were adequate for only one family. Next
to calcium the Vitamin A consumption was more deficient than
that of the other food essentials. This inadequacy was caused by
lack of sufficient amounts of whole milk, butter, and green vege-
tables in the diets of these twelve Mexican families.

The Vitamin C intakes were adequate for all but one of the fam-
ilies. Tomatoes proved to be the best source of this vitamin, and
they were used in large enough amounts by most of the families
to insure an adequate supply of Vitamin C.

In conclusion it is evident that the Mexican dietary studies for
this report are highly deficient in calcium in a form available for
the best growth of children, namely milk, in Vitamin A, and to a
lesser extent in iron. In general the best recommendation is for
a more liberal use of milk and green vegetables and for the fam-
ilies of lower income a greater consumption of dried legumes.

Metabolic studies of human subjects on a skimmed milk and banana. diet

The populatity of weight reduction, especially among women,
has led to the use of a variety of remedies for overweight, such
as drugs, mechanical devices, and special reducing diets, many of
which are either ineffective or dangerous or both. Although a
fad which demands loss of weight from everyone is to be de-
plored, there are many cases of true obesity where weight reduc-
tion would be a benefit to health and increase the expectancy of
life.
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Weight reduction by restriction of the caloric value of an other-
wise adequate diet is the logical method of correction of simple
obesity in otherwise normal individuals, but such dietary restric-
tion is dangerous when practiced by one unfamiliar with food
values and the body's requirement for all of the dietary essentials.
Many so- called "reducing diets" are in use which vary widely in
their adequacy, effectiveness, simplicity of administration, and
appeal.

This laboratory has carried on metabolic studies of short dura-
tion on human subjects given the diet composed entirely of
skimmed milk and bananas which has been used by Dr. G. A.
Harrop in the treatment of obesity in certain of his diabetic
patients.

Twelve women who wished to reduce their weight served as
experimental subjects and were instructed to limit their daily
food intake to 1 quart of skimmed milk and six bananas for a
period of six days. Measurements were made of the body weight,
hemoglobin content, and erythrocyte count of the blood, urinary
acidity, aceto- acetic content of the urine, and the retention of
calcium, phosphorus, and nitrogen of each subject during the
experimental period. General health observations were made,
and conditions such as fatigue, headache, constipation, gastric or
intestinal distress were recorded.

The diet produced a weight loss of from 4 to 10 pounds in the
six -day test period. It was found to be "filling" but to produce
distress due to intestinal gas in the majority of subjects and con-
stipation in some. It was monotonous and increasingly distaste-
ful to the majority. The urinary acidity lay within the range of
ordinary variations found in subjects on a mixed diet, and tests
for the presence of aceto- acetic acid in the urine were negative.
All subjects showed a slight decrease in the hemoglobin concen-
tration of the blood, but there was no change in the erythrocyte
count. Calcium and phosphorus balance experiments showed
small retentions of both these elements in the majority of cases.
Nitrogen balance experiments showed a loss of nitrogen ranging
from 0.09 to 3.02 grams per day in all but one subject.

When lean beef replaced part of the bananas in the diet, in
general there was no loss of nitrogen and the hemoglobin concen-
trations did not fall. This material has been published in the
Journal of Home Economics, Volume 29, page 468, 1937.

IRON AVAILABILITY STUDIES

In working on the determination of the availability of iron in
foods, it has been necessary to perfect a technique which is ac-
curate enough to enable one to determine the use of minute
amounts of iron by the rat., The most important development in
this study that was made during the past year was to show that
while previously male and female rats were being used inter-
changeably in iron studies, actually there was a decided differ-
ence in the response of the different sexes to the same amount of
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iron. A brief account of this finding is published in Science,
Volume 85, pages 125 -26, 1937, entitled "Sex Variation in the
Utilization of Iron by Anemic Rats."

A reference curve was developed using about 400 rats showing
the responses of males and females on various levels of iron, the
iron being fed as ferric chloride which is considered completely
available. In the Journal of Nutrition, Volume 13, pages 573 -82,
"Hemoglobin Regeneration in Anemic Rats in Relation to Iron
Intake," the results of this work are published.

However, even after taking into consideration the sex of the
animals there was still too great a variation in the increase in
hemoglobin between rats receiving the same iron supplement to
allow any very accurate determination of the amount of iron used
by the rat. It seemed possible that these irregularities were due
to differences in the iron stored in the tissues of the rat which
would not be available for hemoglobin formation unless the diet
was adequate in copper. To ensure the complete removal of any
such store, rats were fed copper during the last few weeks when
they were being prepared for use in the iron tests. Apparently
there was a considerable but variable amount of such an iron
store. It was shown first by the increase in hemoglobin when
the rat was fed only copper besides the regular diet of milk, sec-
ondly because the response of the rats (as shown by hemoglobin
increase) was decidedly less if copper was fed the animal before
feeding of the iron supplement that if copper was not fed. So if
copper is not fed the animal before making the test, the hemo-
globin response is due not only to the iron in the supplement fed
but also to the iron reserve of the rat which is a decidedly variable
factor. The details of this study can be found in an article pub-
lished in the Journal of Nutrition, entitled "Effect of Adding Cop-
per to the Exclusive Milk Diet Used in Preparation of Anemic
Rats upon Their Subsequent Response to Iron," Volume 14, pages
365 -73, 1937.

Having developed the technique to a place where the animals
are giving fairly constant results in the known amounts of iron
fed as ferric chloride, studies on the actual availability of iron in
various commercial breakfast cereals and dried fruits are now un-
der way. Each food used is being analyzed chemically for the total
iron present, using the thiocyanate method. Knowing the amount
of the iron the rat has used from the feeding tests and the amount
of iron actually present from the chemical test, it should be pos-
sible to report soon on the percentage availability of iron in quite
a list of foods.

DENTAL STUDIES
Fluorine studies

The Nutrition Department has been co- operating with the
Agricultural Chemistry Department in an investigation of pos-
sible methods for the removal of fluorine from drinking water.
In addition to chemical assays for fluorine content, fluorine -con-
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taining waters before and after treatment have been given to rats
to determine the effect upon the teeth. See report of Agricultural
Chemistry Department for details of the methods and results of
fluorine removal studies.

The effect of feeding aluminum in addition to fluorine has been
further investigated. This laboratory has not been able to cor-
roborate the finding of Sharpless that aluminum multiplies the
effect of fluorine upon the teeth. It has been found in agreement
that aluminum fed in conjunction with fluorine does reduce the
toxicity of high dosages. Rats fed aluminum in addition to 0.1
per cent sodium fluoride are not so severely stunted in growth,
nor are the teeth so severely mottled. However, it has not been
possible to prevent the dental damage caused by minimum toxic
doses of fluorine. We have found the effect of aluminum to be
similar to that of calcium as previously reported. When sodium
fluoride is fed in high concentration (0.1 per cent of the ration),
the severe skeletal stunting, retarded rate of tooth eruption, and
severe pitting and corrosion of the teeth can be partially nulli-
fied by the feeding of either aluminum or calcium salts. How-
ever, in neither case can the fluorine effect be entirely prevented.
Diet and development of incisors

In order to obtain more information relative to tooth develop-
ment, a study of the reaction of diet to the rate of eruption and
weight of incisor teeth of rats is being made. Measurements are
also being made of body growth and the growth in skeletal de-
velopment as evidenced in body length, chest girth, length of
femur, tibia, ulna; and any true correlations between such meas-
urements are being looked for.
Effect of Vitamin A upon dentition

In co- operation with Dr. Isaac Schour of the University of Il-
linois College of Dentistry, the effect of Vitamin A insufficiency
upon the development of the incisor teeth of rats is being studied
histologically. Marking the teeth by injection of alizarine has
served as the means of measuring the rate of growth of the in-
cisors of rats showing different degrees of Vitamin A each.

PLANT BREEDING

ALFALFA

Studies with the inbred alfalfa progenies during the summer
of 1936 were confined entirely to comparative seed setting among
the 224 progenies obtained from selfed seed in 1935 (see the
Forty -seventh Annual Report, page 68) . No selfed seed was
taken in 1936 for the reason that the plants and progenies, being
in their first season of growth, had not shown their comparative
seeding abilities, and it was obviously impossible to bag all of the
approximately 2,000 plants and select from the high seeders.
Furthermore, bagging the plant or a part of it in the first growing
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season usually prevents normal seed setting, and no safe compari-
son can be made between a bagged and an unbagged plant with
regard to seed setting. At the beginning of the growing season
the progenies were thinned to a single plant per hill, and when
the full crop of seed was set the plants were scored or graded
according to the coverage of pods over the plant. Four grades
were used, 0, 1, 2, and 3, the latter being the most abundant. A
permanent stake was placed by each plant at the time of scoring,
showing its grade. This permits a comparative study of the seed
setting on the same plant in successive seasons. A plant which
bears seed heavily for several seasons is considered more promis-
ing, both from the standpoint of seed setting and longevity of
stand in the succeeding progeny than one which seeds well only
for a single season. In the summers of 1936 and 1937, 1,892 in-
dividual plants in 181 progenies were graded for seed yield in
the two separate crops. The following is a tabulation of the per-
centage yield of seed the 1937 crop is of that of the 1936 crops by
individual progenies:
Percentage

classes 50 60 70 80 90 100 110 120 130 140 150 160
No. progenies in

each class 7 14 25 30 35 37 16 7 6 1 1 2

The seventy progenies in the 100 per cent class and above are
taken tentatively as the most promising from which individual
plants may be selected, although outstanding plants in lower
percentage progenies are at times selected.
Seed increase of strain 21 -5

At the present time only alfalfa strain 21 -5 is being grown on
the Yuma Experiment Farm. This permits taking seed from in-
dividual plants without bagging, and consequently more seed per
plant, and a more accurate comparison of the seed -setting abili-
ties of the selected plants. Seed was taken from 112 plants of
an outstanding progeny from which the same number of progen-
ies has been planted for further seed studies next season.

The acreage of this strain is also being increased as rapidly as
possible at the station in order to provide a source of foundation
seed for registered seed growing.

COTTON BREEDING

Ninety progeny rows of Acala were grown at Tucson in 1936.
These ninety rows consisted of ten rows from each of the nine
best selections made from the original seed stock grown in 1934.
An increase plot of approximately 1/6 acre was also grown from
seed increased from each of these nine selections. Yields from
these increase plants varied from 2,650 to 3,400 pounds of seed
cotton per acre. Due to low yield and to certain undesirable
plant characteristics three of these strains were discarded in the
fall of 1936. Further plant selections were made from the progeny
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rows of the six strains remaining in the test, and from the seed
of these selected plants eighty progeny rows were planted at
Tucson in the spring of 1937. Duplicate increase plots were
planted from seed of each of these six remaining strains. These
strains will be further tested for yield and quality of lint in 1937,
and the seed of one or two of the most promising strains will be
distributed in the Salt River and Gila valleys for further com-
parative tests in 1938. The seed of the best of these strains will
then be turned over to the county pure seed associations. Plants
will be selected from the best progeny rows being grown in 1937
for further testing in progeny rows in 1938.

Approximately fifty progeny rows and a number of increase
plots were grown in the Gila Valley near Safford in 1936. The
strains planted in this test were the same as those planted at
Tucson. No selections were made at Safford for further increase,
since the strains that gave the best results there were the same
ones that gave the best results in the tests at Tucson. Seed of
the best two or three strains grown at Tucson in 1937 will be
taken to Safford for planting in the pure -seed district in 1938.

No selections were grown on the Salt River Valley farm in
1936..

Due to a lack of proper isolation, seed produced on the
Mesa Farm cannot be used for increase, and the cost of obtaining
self ed seed is prohibitive.

Approximately 300 Stoneville plant selections were made from
the progeny rows grown at Yuma in 1936. Determinations on
yield per plant, percentage of lint, and lint index were made on
these selections, and 170 of the best were sorted to determine the
uniformity of the lint. The seeds from seventy -two of these 170
selections were planted in progeny rows at Yuma in 1937. Seeds
from increase plots grown in 1936 were used for planting a foun-
dation field of 30 acres in 1937, while seeds grown on a 34 -acre
foundation field in 1936 were turned over to the Yuma County
Pure Seed Committee for distribution. Selections will be made
from the 1937 progeny rows for growing in progeny rows in 1938.

Stoneville has some characteristics which make it especially
valuable to the growers of the Yuma Valley. Among these are
its earliness, which enables a fair crop to be grown on root -rot
land, and its yielding ability. It has other characteristics which
greatly reduce the value of the crop produced. These are its ex-
treme leafiness and hairiness which result in the production of
cotton of low grade. Certain selections found in 1937 show prom-
ise of being less leafy, while others appear less hairy. Further
tests will be necessary to determine whether or not these selec-
tions have the ability to produce yields such as are obtained from
the more leafy and hairy type.
Stoneville- Hartsville cross

In a further attempt to eliminate the extreme leafy and hairy
condition of the Stoneville variety, crosses were made between
it and Hartsville in 1935. Two hundred twenty -six plants of the
F1 generation of this cross were grown in 1936. From selfed seed
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of these plants a population of over 5,000 F2 plants are being
grown in 1937. These plants represent both the Stoneville and
Hartsville plant types as well as intermediate types of all kinds.
Seven hundred fourteen of these F2 plants which were practically
free of hair were selected for selfing in 1937. Progeny rows repre-
senting the F3 generation will be grown in 1938 from as many of
these hairless F2 plants as have yielded selfed seeds. Several
more generations must be grown before definite results can be
expected.
Uniformity of lint

All plants increased in progeny rows are thoroughly tested for
yield, percentage of lint, density of lint on the seed, and uni-
formity in length of lint. Only those plants are increased whose
samples show a relatively low percentage of lint of the shorter
lengths. This practice has resulted in considerable improvement
in the uniformity of the lint of both the Stoneville grown at Yuma
and the Acala grown at Tucson.
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Figure 3 shows the change in the uniformity of the lint of the
Acala breeding stock that has resulted from three years of sort-
ing and from the planting of seed of plants whose samples showed
a relatively low percentage of short fibers. The solid line repre-
sents the average percentage of lint in each class obtained from
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all samples sorted from the original breeding stock. The dotted
line represents the average obtained from the plants sorted in
1936. There has been a reduction in the percentage of lint less
than 3/4 inch in length of 6 per cent and a corresponding increase
in the percentage of lint 3/4 inch long or longer. All of this in-
crease occurred in the usable fibers ranging in length from ?IS to
11/8 inches.
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Figure 4 shows the same thing for the lint of the Stoneville
breeding stock. The solid line represents the percentage of lint
in each class obtained from all samples sorted from the original
plant selections, while the dotted line shows the percentage of
lint in each class obtained from the selections sorted in 1936.
There has been a reduction in the percentage of lint less than 3/4
inch of 7.7 per cent, and a corresponding increase in the percent-
age of lint 3/4 inch long or longer. Here again the increase oc-
curred in the usable lengths.

Table 17 shows the percentage of lint in each class for each of
the varieties for 1934 and 1936.

An automatic cotton sorter was built in 1936 by J. M. Doebrich
of Tucson in co- operation with members of the Plant Breeding
Department. This machine has been in use by the department
for nearly a year and has proved satisfactory in every respect.
Samples can now be sorted in less than one third the time previ-
ously required, thus allowing for the handling of many more
samples than could be handled formerly.
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TABLE 17.

Length
of lint

Acala Stoneville

1934 1936 1934 1936

11/4-11/4 3.0 2.7 0.6 0.8
1 -11/8 17.9 19.1 7.4 8.6

7/8 -1 30.4 36.7 23.9 30.5
3/4 - 7/8 22.9 21.7 31.9 31.6
5/8 - 34 8.4 7.8 14.7 13.6
1/z - 5/8 4.6 3.4 7.4 5.2
3/8 - 1/2 2.4 1.6 4.2 2.9
1/4 - 3/8 2.6 1.7 3.2 2.2
1/8 - 1/4 2.4 1.6 4.0 2.7

0 - 1/8 5.4 3.7 2.7 1.9

100.0 100.0 100.0 100.0

Pima -Tanguis cross

The method of procedure used in plant selection within this
cross is as follows:

1. Field selection
a. High yield of seed cotton (estimated)
b. Desirable plant type
c. Large bolls
d. Earliness

2. Laboratory studies
a. Weight of seed cotton
b. Weight of lint
c. Lint percentage
d. Size of seed (weight of 100 seeds)
e. Seed fuzziness

In 1935, 468 F4 plants were selected in the field. These were
reduced by laboratory studies, as stated above, to 122. In 1936,
122 progenies were grown from these plants, and selfed seed was
obtained from 580 plants. In making the lint percentage selec-
tions, plants with the highest lint percentages were taken which
had lint lengths equal to or approaching that of the Pima variety.
The following tabulation shows the distributions of lint percent-
ages for the years 1935 and 1936.

Lint percentage
classes 18 20 22 24 26 28 30 32 34 36 38 40

Distribution of
1935 selected
plants 2 11 46 86 106 101 67 33 13 3

Distribution of
1936 selected
plants 1 0 3 7 28 72 103 103 23 21 11 2

From this tabulation it is seen that the modal class of the 1936
distribution is about 2 per cent higher than that of the 1935 dis-
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tribution, showing that on the whole selection for higher lint
percentage is effective. A number of these progenies are ap-
proaching sufficient uniformity in plant, lint, and yield characters
to justify preliminary yield tests in a replicated planting.

WHEAT BREEDING

During the year Breeding for Smut Resistance in Arizona -
Grown Wheats (Technical Bulletin No. 66), pages 95 -123, of the
Arizona Agricultural Experiment Station was published. This bul-
letin presents the results obtained in smut -resistance studies in
hybrids between certain susceptible white wheats commonly
grown in Arizona and the highly resistant Hussar, Hope, and
Ridit, the data for which were obtained in the years 1932 to 1935.
As a result of these studies, hybrids Nos. 194 (Ridit x Pusa) and
1076 (Ridit x Baart) have been fixed for high smut resistance.
Their grain yield was also close to that of Baart.

Approximately 300 F2 plants of each of the following crosses
were harvested in the spring of 1937:

1076 -3 x 389 -24
Baart x Hard Federation -Martin
389 -24 x Hard Federation -Martin

194 x Hard Federation -Martin
Smut- inoculated F3 progenies will be grown from these plants

in order to obtain, if possible, a higher yield of grain combined
with smut resistance.

In addition to straight F2 crosses, the progenies of the following
Fl crosses were grown:

1. Fl (Hard Federation -Martin x Baart) x Fl (Hard Federa-
tion- Martin x 389 -24) .

2. Fl (Hard Federation -Martin x 34 -16) x F, (194 x 389) .
3. Fl (1076 -3 x 389) x Fl (Hard Federation -Martin x 389) .
It is planned to grow these progenies in bulk for about three

seasons and then make head selections with the expectation that
a large portion of them will be homozygous for smut resistance,
strong straw, and also possess the high yield of the high- produc-
ing parents.

PLANT PATHOLOGY
ROT OF DATE FRUIT

Results of the spring spraying of date palms for the control of
fruit rot caused by various fungi (listed in the last annual report)
were not complete at the time the report went to press. More
than 10,000 fruits were inspected from which the results shown in
Table 18 are selected.

If the Berhi (Braim) variety of palm be excepted, the results
are very close. Unlike the fruits, the effect on the leaves was
quite evident; leaves of sprayed palms were much freer from
spots. It appears that two or more sprayings, one of them later
than the period chosen in this experiment, might well repay the
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TABLE 18.

Condition Variety palm
no. Row No. of

fruits Infected Per cent
infected

Sprayed Iteema 11 9 775 43 5.5
Unsprayed Iteema 26 4 840 55 6.5
Sprayed Deglet Noor 20 16 1,280 239 18.6
Unsprayed Deglet Noor 25 23 1,260 174 13.6
Sprayed Saidi 8 17 1,130 285 25.0
Unsprayed Saidi 1 16 1,290 306 23.7
Sprayed Kawstawi 5 18 505 176 34.8
Unsprayed Kawstawi 2 18 1,335 423 31.6
Sprayed Berhi (Braim) 4 18 1,050 168 16.0
Unsprayed Berhi (Braim) 4 19 480 225 46.8

cost. In previous years sprayings have favorably affected the
amount of fruit rot.

ANGULAR LEAF SPOT OF COTTON

Cotton angular leaf spot, caused by Phytomonas malvacera,
does not survive the winter in Arizona in the field except on the
lint; in this way it enters the next season's planting. Sulphuric -
acid delinting, the best method for treating cotton seed, entirely
eliminates the disease when the acid is applied by machine. Such
a machine has been developed here. Usual additional benefits
derived from the seed treatment are quicker germination of the
seed; ease in handling, planting, and storing seed; less seed re-
quired per acre; and elimination of "chopping."

The work this year has been concentrated upon problems con-
nected with sulphuric -acid delinting of cotton seed. One prob-
lem dealt with the comparative germination of (1) sulphuric
acid delinted seed; (2) delinted and organic- mercury- dusted seed;
and (3) untreated seed. Germinations were made by the rag -
doll method and at a temperature of 26 to 28 degrees C. In most
cases each lot germinated consisted of 100 seeds which were not
individually selected for favorable appearance but were taken at
random as they came to hand from the sack. Untreated seed was
the fuzzy or linted natural seed as it came from the gin; delinted
seed had been run through concentrated sulphuric acid applied
by machine at the Tucson plant of a commercial cotton seed de-
linting company; delinted and dusted seed was run through the
acid as mentioned above then dusted by machine with 2- per -cent
Ceresan for protection against sore shin (Rhizoctonia solani) . In
all comparisons the seed came from the same source. The seeds
were alike handled with sterile forceps and germinated in sterile
rags.

A summary of the results obtained in the germination tests are:
(1) certified seed gave quicker germinations and a higher per-
centage of germination as compared with ordinary seed; (2) acid
delinting always hastened the germination, whether the seed was
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Figure 6.- Diagram of osmometer
used for testing the comparative
permeability of the outer seed
coat of acid -delinted and fuzzy

cotton seeds.

Germination studies show a
much quicker sprouting of the
acid -delinted cotton seed. Pre-
vious investigation reported from
this station, in which untreated
and delinted seeds were weighed
dry and after different periods
of soaking, indicated that the
permeability of the seed coat or
coats is increased by the acid. To
try this idea a simple osmometer
was devised which permits the
use of a small piece of the seed
coat as an osmotic membrane and
the measurement of the rate of
water intake. The results ob-
tained are shown graphically.
The testa of Acala cotton seed, at
least, is a semipermeable mem-
brane; its permeability for water
is increased by the acid treat-
ment. Figure 6 shows the osmom-
eter, and 'fie l shows the
results. "0. jr

Another problem connected
with the sulphuric -acid control
of angular leaf spot has to do
with the occasional planting of
improperly prepared seedbeds
and too early planting. In wet,
cold soil fuzzy or untreated seed
sometimes germinates at the us-
ual planting depth of 11/2 to 2
inches when the same kind of
seed, acid -delinted, does not give
a stand. Why does the fuzzy seed
germinate in greater numbers
than the smooth seed?

Since Hutchins2 has found that cotton seed requires for germ-
ination approximately seven to ten times the concentration of
oxygen necessary for wheat and corn and since fuzzy cotton seed
obviously carries air entrapped in the lint as shown by the forci-
ble immersion of the seed in water, the oxygen supply carried by
fuzzy seed suggested the answer. How much air is carried on
fuzzy cotton seed? Is any air carried on smooth, delinted seed?

To answer these questions a simple apparatus was devised
which is illustrated in Figure 8. Results from its use are shown
in Table 19. By perusing the latter it will be seen that consider-
able air is carried by the fuzzy seeds and little or none by the

2 Lee M. Hutchins, Plant Physiology, 1 (2) : 95 -150.
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Figure 8.- Diagram of apparatus used for determining the air -carrying
capacity of the lint on cotton seeds. Aspiration lowers the pressure in the
measuring chamber; air bubbles liberated from the lint are caught in the
funnel, rise and displace the liquid in the graduated tube, and the volume
is read on the graduations after readjustment of the water level. Boiled
and cooled water was used in the measuring apparatus, but oil may be

substituted.

GRAPHIOLA LEAF SPOT OF DATE AND OTHER PALMS

The most seriously infected seedling date garden near Tempe,
which was burned to eradicate Graphiola leaf spot, has not had a
recurrence of the trouble. Almost all larger palms and most of
the offshoots survived the burning. Pruning and spraying proved
adequate to control the disease in plantings of commercial
varieties.
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Inoculation experiments are under way in a humidity chamber
in the new greenhouse, but the incubation period is long (four
and one half to six months), and results are not yet available.
Failure to obtain infection out of doors by artificial inoculation
and the scarcity of Graphiola in date gardens where aeration is
good indicate that the prevailing low humidity in our date -grow-
ing sections greatly reduces the prevalence of Graphiola in Ari-
zona. Since the host range of Graphiola is imperfectly known,
eight species of palms were inoculated in the humidity chamber.

Following the freeze of January 15, 1937, which killed many
leaves of date palms, it has been impossible to find Graphiola in
Arizona and therefore necessary to import spores for greenhouse
experiments.

PHYMATOTRICHUM (TEXAS OR COTTON) ROOT ROT

Recently a comprehensive and well -illustrated bulletin (Tech-
nical Bulletin 71) has been completed on the root -rot disease and
its control in different types of host plants grown under various
conditions in Arizona. Also the manuscript for a shorter, non -
technical extension bulletin is being prepared for publication.

The experiments begun in co- operation with the Department
of Horticulture in January, 1936, have been continued and ex-
panded (see the last annual report) . No tree set in soil treated
by any of the methods under test died during the past two grow-
ing seasons in the 6 -acre pecan planting on the New University
Farm at Tucson. Twenty -one untreated trees in this plot died
from root rot in 1936 and twenty -nine in 1937. Root rot was pre-
valent over about one fourth the area in 1936 and about two thirds
the area in 1937, as shown by the destruction of the alfalfa cover
crop.

All permanent and semipermanent pecan trees replanted in
January, 1937, were set in treated soil. Sixteen tree holes were
thus treated. Additional treatments to protect growing trees
threatened by the disease were made during the growing season.
One row of thirteen trees subject to severe root -rot invasion lost
all nine untreated trees while the five treated trees survived
(Plate IV). Results thus far are not considered conclusive but
encouraging.

Financial aid from the United States Department of Agricul-
ture made possible the appointment of Lloyd Brinkerhoff to
spend six months in the Yuma Valley conducting field experi-
ments on the treatment of mature pecan trees infected or threat-
ened with root rot. The expansion of these experiments, which
have been carried on in a limited way since 1932, has already pro-
duced much data of great value. Plans have been made to con-
tinue the work at Yuma through next season.

The ammonium sulphate treatment of ornamental trees and
shrubs is now widely used with considerable success in southern
Arizona. In certain soils including caliche formations, treatment
has not been uniformly successful, and reasons for this behavior
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at least in its resting stage, possesses a thermolabile toxin or
toxins capable of affecting host plants.

A root -rot survey of the Forest Nursery near Superior was
made at the request of the forester. In October a resurvey of the
Pima and Tucson nurseries of the Soil Conservation Service was
carried out. The indicator plant (okra) recommended last year
proved its worth by revealing some areas of root rot in the Pima
nursery and root knot in parts of both nurseries. Infected areas
were condemned for plants other than grasses.

BACTERIAL SLIME OF LETTUCE

Bacterial slime of lettuce as usual made its appearance early
this spring. A new effect of the rot in combination with sclero-
tiniose was evident. Many plants in the preheading. stage, with
or without bacterial lesions of the water -soaked type on the
leaves, showed decay of the crown and root. The decayed region
was broadest at the crown and included leaf bases; below the
crown it included a cone -shaped area in the taproot.

Damage from bacterial slime has been somewhat greater this
year than last. A higher price for lettuce, however, has resulted
in the harvest of plants which would not otherwise be used.

MISCELLANEOUS STUDIES

Peach mosaic

A serious virus disease of the peach, reported by a United States
Plant Quarantine inspector as prevalent in widely scattered or-
chards in Arizona, was followed by a survey of orchards in which
the department was represented. No clear -cut cases of mosaic
were found except in two orchards in the Sedona district. How-
ever, a resurvey by a quarantine inspector in the spring of 1937,
in a season when mosaic symptoms are most conspicuous, revealed
infected trees in certain orchards throughout the surveyed dis-
tricts. Mosaic of peach had not previously been reported in
Arizona.

Curly -top virus

Losses from tomato yellows and curly -top virus in other vege-
tables were severe.

Root knot

The season 1936 ended a three -year- rotation period in certain
plots in which only grain and resistant legumes had been grown.
In 1937 these plots were again planted to susceptible crops to test
for the presence of nematodes. One plot still showed a mild in-
festation which can be accounted for by failure to keep out sus-
ceptible weeds. Another plot under better care apparently
showed complete eradication.
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Stem and bulb nematode

The stem and bulb nematode, Tylenchus dipsaci, not previously
known to be present in Arizona was found generally distributed
in alfalfa fields in the Safford Valley in April, 1936, where it
caused poor stands. Later it destroyed a small planting of garlic
near Casa Grande.
Pythium on cucurbits

A watery soft rot affecting watermelons, honeydew melons,
quil muskmelons, and crookneck squash occurred in the Salt
River Valley where it virtually destroyed several plantings. From
the infected parts of the plants concerned Pythium aphanider-
matum has been isolated and proved to be the cause of the disease
by suitable and extensive inoculations and reisolations. A de-
scriptive paper has been prepared for publication.
Sclerotiniose of lettuce

Scierotiniose of lettuce, which has caused heavy losses in the
Salt River Valley and at Eloy, continues to worry the growers.
This year, however, there is some encouragement caused by the
planting of the worst infected areas to immune crops and by the
results of "sheeping off" infected fields after harvest, followed by
deep plowing.

In connection with the use of sheep for clearing infected lettuce
fields of abandoned infected plants, a new problem was encoun-
tered. It is customary to plow under crops of alfalfa in preparing
for lettuce. This year certain fields which had borne alfalfa for
several years were planted to lettuce, and sclerotiniose appeared
here and there over the fields. One field in which this condition
existed had been in alfalfa for seven years; another for three
years. Since farmers often graze sheep and cattle in alfalfa fields
after the livestock has been used to clean up lettuce fields, it
seemed possible that stock thus handled might carry the sclerotia
of Sclerotinia sclerotiorum in a living condition in their digestive
organs and deposit them in a viable condition in the droppings.
The long -lived sclerotia might then start infection in subsequent
crops of lettuce months or even years after deposition.

In order to determine whether livestock can carry viable sclero-
tia of Sclerotinia, sheep were fed large numbers of the sclerotia.
They digested 95 to 99.5 per cent of the sclerotia ingested and
evacuated in a whole condition 1.6 per cent. Of the evacuated
sclerotia, less than 1 per cent were capable of growth. Two con-
clusions of importance drawn from the feeding experiments are:
(1) Sheep grazed on infected lettuce destroy large numbers of
the important sclerotia and thus reduce immensely the chances
for the spread of sclerotiniose; and (2) because they may evacu-
ate living sclerotia in small numbers, sheep which have been
pastured on infected fields should be kept from prospective let-
tuce land for a few days. The length of the quarantine period, as
suggested by the experiments, should be four days.
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involvirg the cutting of over,,.6.O

cords of mesquite woodi:'.::::'`ìtn'.
trees of all sizes up to 18 `:ine

.. .....
in diameter and the poisoning of

...

the . stumps by the woodcutter,
was completed to test the method
for large-scale operations and to
secure cost data. None of the... .... .... ....

treated stumps in the larger of
the two :: >,,experiinental. : ;`areas,.:....
sprouted.

:;
D;ta:. show that ab-

sorption and penetration of the
arsenite solution is botho'th`:: rapid,';..
and extensive. Kerosene : was,.,,
likevise found to be a promising';,...:...:.-,..
killing ' agent but :only`;:

..-when properly applied at a cer- '
tain season-limitations whie

Plate 1i-in.-Large mesquite trèe do not apply to the arsenic solu `killed; by sodiùìn::àrsenzte :applied : ;. ofn : cuts at base iïf truxl. : ; tórt.

PöVLrI'RY.::HZISBANDRY

THE EFCT ,A: :ROSSII:l'..A1 RÇIPRO.AL :ÇRt?SSF T
EGG PRODiTOTIO1T IN THE OFFSPRING.:

..

Pr`' ress:has 'ieeh ade `ari::this:vork à+n'' lïries:órï
.

° ut Durin . .the:' `reedin ::::season fift natin' vere establi ,e ;.ó ... ::. .g, . ..b :: :.:: -
y . . :,: , ,.

... .
: ;:, .: ,..g r . .:.

daughter, two; grandmQther and son, two; father and dáughtee.:..

involvhxg to and three blóa lnes, thirty; >.Qriginal : foundatiori,
:.. ,_.two.

.. ... . . . .
cánsrderab e arnount . of:;: outçrassix; bern ::doñè:; ::

. .. ... . . :.:.,..: .,.. :. . -... ....:.::. :.: .... .

Ti h :ot een railabl t: ta : hat: definit l::::,t e y
indicate the trend. . Pròni casual obserátion ii : handlirg the

... . .. ..gro.wing: s; oc ..:..,a. .::::':summ:r `:n;::u cros5': "ct).,' ..::'':11T1Irie .ta........, y::::: e::::

identified as birds were being reri,cved' frorìà the catching' coop,
..

e - tci the : increased `: vei h`t'"aud 'size: ' `Th'e chicks 'hatched` 'this
season hae size 'and ,:.gor with a low rriortaltty.: It s very evi- :.

dent that as oti:tcrossing progresses :: in the various blood lïnes,
vigor is; again boing' restared.

ARIZONA EGG TEST
. .

'.:'.: .:..... ..;..'

t:: ype of
:

.':t he part t r, bseed:ersY ' :.:.

: .
u

was ffteen hbeen
çreased by the :áddition `öf apullet-testing project, the first ünit



92 AGRICULTURAL EXPERIMENT STATION

of fowls having been established during the summer of 1936. It
is hoped to increase this project by two additional 100 -bird units
during the summer of 1937.

The same type of experimental information which has been
obtained in the past continues to accumulate.

CHECKING UP ON PRESENT CULLING SYSTEM

Although lacking the necessary time for a complete compilation
of data on this work, it is quite apparent that there is not the
definite correlation between factors associated with this system
and egg production as heretofore indicated.

LOCALLY PRODUCED GRAINS IN POULTRY RATIONS

Three years' work on this project has been completed, and re-
sults have been prepared and submitted for publication.

Of the three feeds tested -corn meal, barley, and red milo-
there was very little difference in the total consumption indicat-
ing that there was not choice in these feeds from the standpoint
of palatibility.

The hens in the check pen fed the University of Arizona laying
ration laid the greatest number of eggs. If the production of this
pen is taken as 100 per cent, the red -milo lot laid at the rate of
95 per cent; barley, 91 per cent; and corn, 88 per cent.

Barley has been penalized as a producer of small eggs. This
does not prove to be the case in these tests. The heaviest eggs
were produced by fowls receiving the red milo, while the lightest
eggs came from the fowls receiving corn meal. The fowls fed
barley and the University of Arizona laying ration laid eggs of
the same weight.

The birds in the check group, the University of Arizona laying
ration, required the smallest amount of feed to produce a dozen
eggs. They were followed by the red milo, the corn meal, and the
barley lots in the order named. Due to a difference in the cost
of feed the cash cost per dozen eggs was least in the red milo,
followed by barley, the corn meal, and the University of Arizona
laying ration in the order named.

These tests would indicate that locally produced grains, red
milo and barley, may be used in poultry 'rations provided proper
vitamin supplements are added.

STRAINS OF CHICKENS RESISTANT TO PULLORUM DISEASE
AND RANGE PARALYSIS

Through a process of selection it is hoped that resistant strains
to these diseases have been segregated. The truth of the sup-
position will be tested next year when these strains will be ex-
posed to these ailments.
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APPENDIX

CHANGES IN STAFF AND EQUIPMENT

During the months of May and June, 1937, the following mem-
bers of our Experiment Station staff resigned:

Mr. A. F. Kinnison, Head of the Department of Horticulture
Dr. E. L. Scott, Associate Animal Husbandman
Mr. M. F. Wharton, Associate Horticulturist
Dr. R. L. Matlock, Assistant Agronomist
These positions were not filled prior to the end of the present

fiscal year.
On October 27, 1936, D. W. Albert, Associate Horticulturist in

charge of our Date Garden at Tempe, died. This position was
filled by the appointment of R. H. Hilgeman on December 1, 1936.

On February 1, 1937, A. A. Nichol, Assistant Range Ecologist,
was granted a leave of absence to accept a fellowship given by
the Audubon Society of America for the study of bighorn sheep
in the Southwest.

During the past two years a large P.W.A. building program has
been in progress on the campus of the University of Arizona. As
a part of this program $45,700 was spent in the erection of five
structures on the University Farm as follows: livestock barn,
farm -machinery building, elevated steel water tank and piping,
small office building for the foreman, and an addition to the dairy
barn. An experimental greenhouse with six ranges also was built
adjacent to the Agriculture Building on the campus at a cost of
$25,670. Also during the past year an addition was built to the
foreman's house at the Tempe Date Garden. The University
furnished materials to the extent of $950, and the W.P.A. fur-
nished the necessary labor.

On November 12, 1936, the state legislature in extra session
provided the sum of $18,000 for the establishment of an experi-
mental farm for the study of field crops and livestock on the Yuma
Mesa near our Yuma Mesa Citrus Experiment Station. The Fed-
eral Bureau of Reclamation is furnishing the land (160 acres) and
has agreed to furnish the water necessary for irrigation. Eighty
acres are being cleared and leveled. Later a foreman's cottage,
machinery shed, barn, and corrals will be built and the area
fenced. Such a farm is rendered necessary by the construction
of the first unit of the Lower Gila Valley Irrigation Project by
the Federal Reclamation Service which will open to settlement
about 150,000 acres of irrigated land.

RESEARCH PROJECTS

During the present fiscal year a total of $6,211 was available
from the newly created federal Bankhead -Jones fund. As a re-
sult of this increased support, two new research projects were
undertaken in the Botany and Range Ecology Department. These
projects are entitled "Rayless Goldenrod, Life History Relative
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to Its Control as a Range Weed" and "Range Forage Plants Rela-
tive to Seasonal Utilization and Forage Requirements of Rod-
ents." Three other research projects also were started, each be-
ing supported partly with Purnell funds and partly with state
funds. These are: "Infectious Kerotitis in Cattle on Range and
in Feed Lots," "Seed Stalk Development of the Sugar Beet as
Related to Accumulated Low Temperature Effects," and "Seed
Top Development of Sugar Beet Plants in Relation to Carbohy-
drate Metabolism and Nitrogen Supply." None of the old projects
were completed or dropped during the present fiscal year, al-
though some are nearly finished and are being prepared for pub-
lication.

A complete list of all active projects appeared in the Forty -third

Annual Report. This has been revised each year since that pub-
lication appeared.

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 the year 1936 -37 the Standardization Service inspected
a total of 12,615 carloads of lettuce, 3,290 carloads of cantaloupes,
2,784 carloads of grapefruit, 329 carloads of oranges, 78 carloads
of strawberries, 320 carloads of carrots, and 270 carloads of cauli-
flower. 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 $10,000,000.

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, a branch laboratory being main-

TABLE 20.- MISCELLANEOUS SAMPLES ANALYZED BY THE
DEPARTMENT OF AGRICULTURAL CHEMISTRY AND SOILS,

1936 -37.

Tucson Phoenix

Soils 1,084 377
Waters 176 203
Sugar beets 10
Guano and manure 50 20
Feeds 52
Fruits 24
Plants 70 8
Fertilizers 18 6
Miscellaneous 11 4

Total 1,493 618
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tained in Phoenix for the convenience of the farmers in the Salt
River Valley. The number of analyses made and type of samples
analyzed during the past year are shown in Table 20.

ARIZONA EGG- LAYING CONTEST

The end of the fifteenth contest finds Arizona still ranking with
the best contestants in the United States and with a greater de-
mand for space than heretofore. The average production of eggs
per bird exceeds that of last year by four, this year being 218 eggs
and last year 214 eggs.

The fifteenth contest was won by a White Leghorn entry owned
by Leslie Guthrie of Tempe, Arizona, his ten birds having laid
2,560 eggs with a point value of 2,644 during the 357 -day period.
This is a 256 -egg average a bird, and the 264 points per bird means
that all eggs laid weighed 25 ounces to the dozen. This is above
the standard weight of 24 ounces to the dozen.

Two birds laid more than 300 eggs during the 357 -day period.
A White Leghorn owned by Leon Jones of Mesa laid 318 eggs,
while another White Leghorn owned by the Del Rio Farms of
Mesa laid 300 eggs.

Mortality was lower than it has been in five years.
It took 4.5 pounds of feed to produce a dozen White Leghorn

eggs, while the heavy breeds consumed 5 pounds to each dozen
eggs produced. With a lower rate of production the feed con-
sumption would be heavier in producing a dozen eggs.

Of the 260 hens entered which included sixty alternates, two
exceeded 300 eggs in production, twelve exceeded 275 eggs, fifty -
three exceeded 250 eggs, and ninety -six laid better than 225 eggs,
while 137, or 55 per cent, laid better than 200 eggs.

SOIL SURVEYS

During the winter of 1936 -37 the Department of Agricultural
Chemistry and Soils co- operated with the United States Depart-
ment of Agriculture in mapping the Yuma desert area. It is pro-
posed to develop this area with Arizona's share of the Colorado
River water. A preliminary survey by the Reclamation Service
and other federal agencies indicates that the area contains about
139,000 acres of arable soil. Half of the field work has been com-
pleted, the remainder will be surveyed during the winter of 1937-
38. No other soil survey reports have been received from the
publishers this year, although the United States Department of
Agriculture has indicated that the upper Gila report will be avail-
able early in the year of 1938.

SUMMARY OF STATION PUBLICATIONS
TECHNICAL BULLETINS

No. 64, The Hydrolysis of Calcium Carbonate and Its Relation
to the Alkalinity of Calcareous Soils, by T. F. Buehrer and J. A.
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Williams. 41 pages. This bulletin presents a study of the con-
ditions which affect the hydrolysis of calcium carbonate and the
extent to which it contributes to the alkalinity of calcareous soils.
It is introduced by a theoretical discussion of the fundamental
properties and reactions of calcium carbonate. Then there fol-
low studies on the pH of a number of different forms of calcium
and magnesium carbonates, their behavior on leaching and on
dilution, the effect of neutral salts (white alkali) and colloidal
materials commonly present in soils on the pH of calcium car-
bonate, the buffer capacity of calcareous soils, and the relation of
the carbonic acid -bicarbonate equilibrium to the pH of calcium
carbonate. The data presented show much new data on the role
of calcium carbonate in the reaction and behavior of the alkali
soils of the Southwest.

No. 65, Groundwater Law in Arizona and Neighboring States,
by G. E. P. Smith. 45 pages. This bulletin discusses classes of
groundwater; various theories of law tried in Arizona and in
other western states; Arizona law, both statutory and court de-
cisions; uncertainty resulting from recent decisions; and alterna-
tive proposals for clarifying the law and affording protection to
established users.

No. 66, Breeding for Smut Resistance in Arizona -Grown Wheat,
by W. E. Bryan. 29 pages. Inquiry revealed that as much as 50
per cent of the local wheat received by Arizona mills was smutty.
Previous work indicated that smut resistance is a definitely heri-
table characteristic. Inoculation experiments indicated that all
of the white wheats commonly grown in Arizona are highly
susceptible to all forms of smut. These wheats were therefore
crossed with three resistant varieties -Hope, Ridit, and Hussar.
The segregation of resistance and susceptibility was studied in
the F.,, F47 and F5. These studies indicated that resistance is deter-
mined by more than one main genetic factor and also by several
modifying factors. Many progenies were isolated with high re-
sistance to the form of smut used in the inoculations. Some of
these, notably Nos. 194 -12 -6 and 1076 -3, in addition to possessing
high smut resistance, also showed high yielding ability in a re-
plicated yield test with Baart.

No. 67, Studies on Soil Structure; Some Physical Characteris-
tics of Puddled Soils, by W. T. McGeorge. 50 pages. This bulletin
is the first of a series which we plan to publish on the structural
behavior and characteristics of Arizona soils. It presents a study
of the applicability of the mechanical methods of analysis; the
effect of puddling on a number of the physical constants such as
the measure of suspended solids, structural stability, settling
volume, real and apparent specific gravity of the soil in suspen-
sion in water; and the aggregation of the soil particles. A method
for determining the puddling ratio of the soil is suggested in
which the suspended solids of the soil in the air -dry condition, as
taken from the field, and in a state of maximum dispersion are
utilized.



FORTY -EIGHTH ANNUAL REPORT 97

GENERAL BULLETINS

No. 153, Use of Water by Washington Naval Orange and Marsh
Grapefruit Trees in the Salt River Valley, Arizona, by Karl Har-
ris, A. F. Kinnison, and D. W. Albert. 55 pages. This bulletin
reports some five years of investigations upon the water require-
ments of citrus trees in the Salt River Valley. It was found that
some 67 per cent of the total water used by the trees is in the
upper 2 feet of soil, about 16 per cent in the third foot and 10 per
cent in the fourth foot. It is suggested that the best irrigation
schedule is one in which alternate medium and light applications
of water are given with not more than one or two heavy irriga-
tions a year. Washington navel trees use slightly more than 21/2

acre -feet of water per year. Marsh grapefruit trees use about
31/2 acre -feet. These amounts do not include water used by weeds
and other cover crops or other losses as runoff, percolation below
the root zone, or evaporation.

No. 154, Fertilization of Alfalfa on Alkaline -Calcareous Soils,
by W. T. McGeorge and J. F. Breazeale. 26 pages. This bulletin
gives the results of two years' field experiments on the fertiliza-
tion of alfalfa with phosphate. A comparison of drill application
with application in the irrigation water showed the latter to be
the best method of application. Chemical analyses of hay samples
were made at each cutting, and the effect of fertilization on the
phosphate and protein content of the hay was determined. Both
these were increased by fertilization with ammonium phosphate.
Two hundred pounds per acre of 11 -48 ammonium phosphate ap-
peared to be the most economical amount to apply.

No. 155, Dairying in Arizona, by W. S. Cunningham. 43 pages.
This bulletin discusses general dairy conditions in Arizona, breeds
of dairy cattle, selecting the dairy cow and the herd sire, the com-
position and kinds of feeds and gives a general discussion of feed-
ing dairy cattle and balancing dairy rations.

This bulletin also gives results of feeding experiments on hairy
Peruvian versus common alfalfa hay and bud -stage versus one -
third bloom alfalfa hay for milk production.

OTHER PUBLICATIONS

Ball, E. D. "Food Plants of Some Arizona Grasshoppers." Jour.
Econ. Entom., 27:679 -84, August, 1936.

Ball, E. D. "Some New Leafhoppers Related to Thamnotettix."
Jour. Wash. Acad. of Sci., 26:431 -34, October, 1936.

Ball, E. D. "Some New Species of Leafhoppers in Groups Form-
erly Included in Thamnotettix." Pan Pac. Entom., 12:192 -95,
December 15, 1936.

Ball, E. D. "Two New Species of Agalliopsis." An. Entom. Soc.
Amer., 29:649, December, 1936.

Ball, E. D. "The Food Plants of the U.S. Forms of the Genus
Agalliopsis." An. Entom. Soc. Amer., 29:650 -55, December,
1936.
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Ball, E. D. "Some New Issidae with Notes on Others (Homop-
Fulg) ." Proc. Bio. Soc. Wash., 49: 155-57, December, 1936.

Ball, E. D. "Some N. Sp. of Leafhoppers in Groups Recently
Segregated from Thamnotettix." Bull. Brook. Entom. Soc.,
32: 26-31, February, 1937.

Bartel, A. T. "Changes in Breaking Strength of Straw of Wheat
Varieties from Heading to Maturity." Jour. Amer. Soc.

Agron., 29: 153-56, February, 1937.
Bayles, B. B., Taylor, J. W., and Bartel, A. T. "Rate of Water Loss

in Wheat Varieties and Resistance to Artificial Drought."
Jour. Amer. Soc. Agron., 29:40 -52, January, 1937.

Briggs, I. A. "Sorghum Tips." Ariz. Prod., 15:1, July 1, 1936.
Buehrer, T. F., and Williams, J. A. "The Hydrolysis of Certain

Soil Minerals." Soil Sci. Soc. Amer. Proc., 1:165, 1937.
Embleton, H. "Henhouse Gumption. Fundamentals to Be Re-

membered When One Is Building for Chickens." Ariz. Prod.,
p. 13, March 15, 1937.

Embleton, H. "Tips on Chick Brooders. Electric, Gas, Trench
and Battery Types All Work Well When Properly Handled."
Ariz. Prod., p. 6, April 1, 1937.

Finch, A. H. "The Use of Ethylene to Improve Pecan Harvesting."
Proc. Amer. Soc. for Hort. Sci., 34: 74 -77, 1936.

Foster, R. C. "A New Iris from California." Rhodora, 38: 199-200,
1936.

Foster, R. C. "Notes on Nomenclature in Iridaceae." Contribu-
tions from the Gray Herbarium, 114:37 -50, 1936.

Frazier, W. A. "Experimental Studies on the Cause of Cracking
of Tomato Fruits." Trans. Peninsula Hort. Soc., pp. 13 -20,
1936.

Frazier, W. A. "Type and Severity of Fruit Cracking in Tomato
Varieties." Proc. Amer. Soc. Hort. Sci. (Abstract), p. 536,
1936.

Hinds, H. B. "Starting in Poultry. Some Common Mistakes Be-
ginner Must Avoid to Escape Disappointment." Ariz. Prod.,
p. 17, December 15, 1936.

Hinds, H. B. "Breeds of Chickens. Beginner Should Know
Points of Light, Heavy, and Dual- purpose Fowls." Ariz.
Prod., p. 7, January 15, 1937.

Hinds, H. B. "Five Senses of Poultrymen." Ariz. Prod., p. 15,
February 15, 1937.

McGeorge, W. T. "Acidulated Fertilizers for Alkaline Soils."
Calif. Citrograph, 21:368, August, 1936.

McGeorge, W. T. "Some Limiting Factors in Estimating the
Fertilizer Requirements of a Soil." Soil Sci. Soc. of Amer.
Proc., 1:131, 1937.

Mitchell, John W, and Martin, William E. "Method of Stirring
Gases within a Closed Chamber." Plant Phys. 12:557 -58,
April, 1937.

Pultz, L. M. "Relation of Nitrogen to Yield of Sugar -beet Seed
and to Accompanying Changes in Composition of the Roots."
Tour. of Agric. Res., Vol. 54, No. 9, pp. 639 -54, May 1, 1937.
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Schwalen, H. C. "Adobe Construction for Southwestern. Farm
Buildings." Agric. Eng., Vol. 17, No. 9, September, 1936.

Smith, G. E. P. "Control of High Soil Temperatures." Agric.
Eng., Vol. 17, No. 9, September, 1936.

Smith, G. E. P. "Water Resources," Arizona and Its Heritage
(Univ. of Ariz. Bull.), Vol. VII, No. 3, April, 1936.

Smith, G. E. P. "Creosoted Tamarisk for Fence Posts." Ariz.
Prod., October 1, 1936.

Smith, G. E. P. "The Tangled Law of Groundwater Rights." Ariz.
Prod., December 15.

Smith, G. E. P. "Comprehensive Report on All Irrigated Areas
in Arizona, Their Problems, and Suggested Remedies for the
Difficulties, and on Areas for Resettlement and Closer Settle-
ment and New Settlement; and on Storage Needed for Safford
Valley." Published in Reports Ariz. State Planning Board,
Vol. II, December, 1936.

Smith, G. E. P. "Administrative Control of Underground Water."
Proc. Amer. Soc. C. E., p. 795, January, 1937.

Smith, G. E. P. "Measuring the Water Flow." Ariz. Prod., June
1, 1937.

Smith, Margaret C. "The Vitamin A Content of Three Varieties
of Squash." Jour. of Home Econ., 28: 467 -69, September, 1936.

Smith, Margaret C. "Dietary Factors in Relation to Mottled
Enamel." Jour. Dent. Res., 15:281 -90, September, 1936.

Smith, Margaret C. "Effect of Storage upon the Vitamin A Con-
tent of Alfalfa Hay." Jour. Agric. Res., 53: 681 -85, November,
1936.

Smith, Margaret C., and Roehm, G. H. "The Biological Value of
the Proteins in Hegari and the Supplemental Value of Certain
Protein Concentrates Used in Farm Animal Feeding." Jour.
Agric. Res., 54: 135-46, January, 1937.

Smith, Margaret C., and Otis, Louise. "Hemoglobin Regeneration
in Anemic Rats in Relation to Iron Intake." Jour. Nutrition,
13:573 -84, June, 1937.

Tetreau, E. D. "Seasonal Labor on Arizona Irrigated Farms."
Proc. West. Farm Econ. Assn., pp. 79 -89, June, 1937.

Van Horn, C. W. "Notes on the Effects of Soil Management on the
Growth in Diameter of Pecan Nuts." Proc. Amer. Soc. for
Hort. Sci., 34:67 -73, 1936.

Vorhies, C. T. "Surf Scoter and Caspian Tern in Arizona."
Condor, 38:248 -49, November, 1936. .

Vorhies, C. T. "Rodents and Conservation." Nature Mag., Vol.
28, No. 6, pp. 363 -65, 379, December, 1936.

Vorhies, C. T., and Phillips, A. R. "Brown Pelicans Invade Ari-
zona." Condor, 39: 175, April, 1937.

Vorhies, C. T. "Inter- Relationships of Range Animals." Trans.
Second N. Amer. Wildlife Conference, pp. 288 -94, March, 1937.

WEATHER REPORT
The usual weather records have been kept during the past year.

These are reported for calendar years rather than fiscal years,
and the data are given in Table 21.
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