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February 15, 1936.

President Homer L. Shantz,
University of Arizona.

Dear Sir:
I have the pleasure of submitting herewith the Forty -sixth

Annual Report of the Arizona Agricultural Experiment Station
for the fiscal year ending June 30, 1935. It contains a report of
progress on active research projects, a description of the other
activities of the station, and the summarized fiscal statement.

Respectfully submitted,
P. S. BURGESS,
Director
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ARIZONA'S FARM PROBLEMS

SERVICE TO ARIZONA FARMERS AND RANCHERS

It is impossible to overemphasize the importance of research
and education on agricultural development. The value to the
farmer and rancher of methods of disease prevention and con-
trol, both in animals and in crops, which scientific research has
devised and education disseminated, is incalculable. The proper
rations for livestock, the correct fertilizers for different soils and
crops, the improved breeds and strains of farm animals and plant
seeds, all are noteworthy scientific achievements. To this list
may be added the control of insect pests, the proper utilization
of irrigation water, the greatly extended use of machinery on
the farm and, more recently, the application of economics and
sociology to the problems of marketing and to the improvement
of rural living conditions. Accurate information in all of these
fields has come as a result of long- continued and carefully -
planned research work, which is the chief function of the agri-
cultural experiment stations. There are, however, other more
direct personal services which this experiment station is pre-
pared to render to the farmers and ranchers of this state. As a
result of completed research and of past experience and also due
to the fact that excellent laboratory facilities are available, ser-
vice and information along many lines are gladly made available
to any resident of Arizona who will make his wants known. He
may send us samples of agricultural products for analysis, or he
may write us for information, telephone to us, or make a per-
sonal call. No fees are charged. To allow maximum utilization
of the opportunities offered, the departments are arranged alpha-
betically, and direct personal services which each is prepared to
render are briefly described.

Agricultural Chemistry and Soils

Chemistry was one of the first branches of science called upon
to solve perplexing agricultural problems. This department of-
fers an analytical service in which all agricultural products
(soils, waters, feeds, fertilizers, etc.) submitted to the laboratory
are analyzed and the analyses interpreted. Last year over four
thousand such samples were analyzed and reports rendered. A
branch laboratory is maintained in Phoenix in conjunction with
the Maricopa County agricultural agent's office. This laboratory
takes care of most samples submitted from the Salt River Valley.
All others should be sent to the University Laboratory of Agri-
cultural Chemistry at Tucson.

3
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Agricultural Engineering

Here the most active line of contact with farmers is with un-
derground water supplies and pumping. In past years more
than five hundred pumping plants have been designed for in-
dividual farmers, not to mention the writing of thousands of
letters of information on ground water and pumping problems.
Complete logs of wells of the state are kept which give informa-
tion as to type, size, and depth of wells possible in different loca-
tions. Other subjects often discussed are the methods used in the
measurement of water and its proper application. Another is
the proper preparation of land to receive water, as the design
of ditches, length of runs, slope, etc. There are also many calls
for information on the design and materials best adapted to the
construction of farm structures, as hay sheds, barns, septic tanks,
water tanks, and other farm buildings. Other matters receiving
attention from this department are: irrigation districts in finan-
cial distress (see Bulletin No. 144) , questions of water law, and
the repair and use of farm machinery including pumping equip-
ment. Letters along all of these lines are welcomed by the Agri-
cultural Engineering Department.
Agronomy

The production in Arizona of such field crops as cotton, alfalfa,
hegari, and the small grains is of great importance. Pure, care-
fully selected, and well -adapted seed is necessary for the produc-
tion of high -yielding crops of good quality. This department has
been responsible for the introduction of Early Baart wheat,
Vaughn barley, California red oats, and hegari. Small acreages
of each are grown each year for foundation seed. The Arizona
Crop Improvement Association is the agency which registers and
distributes such seed. This department is equipped to handle
limited numbers of seed purity tests for farmers who care to
submit samples. Growers should not use seed of doubtful viabil-
ity and low purity. The farmers of Arizona would save thou-
sands of dollars each year if they would consult the Agronomy
Department before trying out crop varieties and management
methods which are new to them but known to be of little or no
value in this state. All inquiries on field crops should be sent to
the Agronomy Department.
Animal Husbandry

The great importance of herd improvement by breeding is
realized by all of our range cattlemen. An official representative
of the American Hereford Breeders Association has publicly an-
nounced that our university herd of Herefords is equal if not
superior to any other college herd in the United States. Through
the efforts of this department the Arizona Registered Hereford
Breeders' Association has been established, and to its members
herd bulls will be furnished from the university herd at nominal
cost. These in turn market their bull stock with the commercial
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producer. The object then is to publicize this work with the
objective of selling Arizona -grown bulls to our range cattlemen.
The Tucson Livestock Show and auction sale of bulls has been
inaugurated as a result of these endeavors and bids fair to be a
permanent annual affair. A new feature of this show was in-
stituted last year in the form of a competitive exhibit of feeder
calves. The Animal Husbandry Department took this opportu-
nity to institute a cattle -type experiment to study the relation
of type and conformation to the economy of gain and killing
qualities of Arizona range steers. Individual gains and killing
records are obtained to supplement the scoring of each animal
as a feeder steer. It is believed that the results secured over a
period of years will give cattlemen a more definite basis for
making selections in their breeding and selling programs. A wide-
spread interest has developed among producers and feeders as a
result of the first test and all have manifested a desire that the
project be continued. Further services which this department
has rendered to the livestock industry during the past twelve
years are the general feeding experiments at the Mesa Farm with
both steers and lambs. Arizona -grown feeds are largely used.

A veterinarian was added to the experiment station staff dur-
ing the past fiscal year and has been extremely busy with vary-
ing duties for all of our livestock groups. A summary of his work
for the year 1934 -35 follows. Besides these autopsies and tests,
much correspondence and some teaching work also have been
required.

Horses Cattle Sheep Swine Poul-
try Goats

Wild
ani-
mals

Total

Autopsies __ 6 12 12 7 230 6 3 276
Serological

tests 1 652 177 50 2,655 3,535
Field trips 6 21 7 3 35 5 77

Total 13 685 196 10 315 2,666 3 3,888

Botany

The botanist of the experiment station assists farmers, stock-
men, and citizens generally in identifying thousands of plant
specimens sent in annually and giving accurate, detailed informa-
tion concerning them. These include such plants as weeds,
grasses and other forage plants, browse plants, poisonous plants,
medicinal plants, honey plants, trees, shrubs, vines, and flowers.
Ornamental and shade trees, shrubs, vines, and flowers for grow-
ing successfully under widely different soil and climatic condi-
tions are also recommended. The botanist has studied and identi-
fied over 2,200 kinds of ornamental plants in cultivation in our
state, and 3,600 different kinds of plants indigenous to our flora.
More than a thousand letters are received and answered annually.
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He assists also by preparing lists of plants of ornamental or for-
age value, either for communities or the state as a whole. Among
these are (1) trees indigenous to the state, (2) introduced plants
growing in Arizona outside of cultivation, (3) weeds, both on the
farm and range, (4) aquatic and marshland plants of our state, (5)
grasses of Arizona, (6) medicinal plants growing in Arizona, (7)
Arizona cacti, and (8) ornamental plants growing successfully in
the different communities of the state.
Dairy Husbandry

This department assists the farmers with their feeding prob-
lems through correspondence and consultation. Help also is given
in locating superior dairy sires and in planning breeding pro-
grams. A study of proven sires is in progress and many breeders
have been helped in proving their sires now in service. This de-
partment supervises the advanced registry testing in the state
whereby the breeders of purebred dairy cattle secure authenti-
cated records on their cows. Good records increase the value not
only of cows but of their offspring. Much service is rendered in
improving the quality of dairy products manufactured in the
state. Improved sanitation and methods of manufacture have
been of much help in finding outlets for dairy products.
Entomology

This department serves the citizens of Arizona with information
on a wide variety of subjects running the entire gamut of the
scale of animal life from minute insects to birds and mammals.
While the majority of inquiries concern insect pests and bee
keeping, there are also many concerning scorpions, centipedes,
tarantulas, black widow spiders, etc. No small number of re-
quests are received for information in the vertebrate field, deal-
ing with subjects varying from fish ponds and frog farms to
rabbit raising and bat control. Perhaps no other department in
the experiment station receives so varied a line of inquiries.
Horticulture

Besides writing hundreds of letters each year in answer to in-
quiries relative to horticultural crop production, members of this
department often act as judges at agricultural fairs over the state
where horticultural products are displayed, and speak at many
meetings of growers of citrus, dates, pecans, and truck crops,
giving them early results and information made available through
research. Most of the staff members of this department are per-
manently located in the field where the studies are being con-
ducted, thus offering many opportunities for personal consultation
and the dissemination of useful information.
Plant Breeding

It is the function of the Plant Breeding Department to produce
improved varieties and strains of crop plants. Since Arizona is
a new state, agriculturally speaking, many of the older varieties
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are not well adapted to its peculiar soil and climatic conditions.
Furthermore, due to the wide variation of these conditions within
the state, no single crop or variety can be grown successfully in
all of the farming sections. This makes necessary the develop-
ment of several varieties. In order for a variety of a crop plant
to be of benefit to the farmer, an adequate seed supply must first
be provided. It is obviously impossible for this department to
supply all of the farmers with seed of any new variety. Conse-
quently, small quantities of seed of improved strains and varieties
have been turned over to local pure-seed associations and to other
pure-seed growers for increase and further distribution. Even
after a well-adapted variety has been established, continuous
selection and frequent distributions are necessary in order to
maintain a high-quality product. A plan has been put into opera-
tion whereby distributions of pure seed of as many crops as can
be handled are made to the pure-seed associations yearly. This
department is producing and is co-operating in the distribution
of pure seed of varieties of the following crops: cotton, alfalfa,
wheat, corn, and lettuce.
Plant Diseases

Each year members of this department inspect from three hun-
dred to four hundred samples of diseased plant materials sub-
mitted by our farmers, and after proper laboratory (and occa-
sionally greenhouse) studies diagnose the condition and name the
disease. Whenever possible, reports are accompanied by sugges-
tions for the control or eradication of the disease. This depart-
ment is occasionally called upon to make plant-disease surveys of
considerable areas where heavy losses have resulted from rapidly
spreading maladies. Such a survey was made this past year of
the Salt River Valley as a result of a heavy outbreak of soft rot
of lettuce. Weed eradication work also has been an important
part of the service duties of this department. Experiments along
this line have been in progress in the Salt River Valley since last
fall and from information obtained it is hoped that an economical
and successful plan of action may be developed. The eradication
of loco weed and mesquite on our cattle and sheep ranges also is
receiving attention. In recent years calls have become numerous
for information by city and town dwellers on diseases of shade
trees, ornamentals, and garden plants. Prompt attention is given
to all requests for assistance along these lines.
Poultry Husbandry

The service work of this department consists in the dissemina-
tion of information by office visits, phone calls, correspondence,
and by trips over the state. Lectures on poultry subjects are
given and popular articles in farm papers are frequently written.
Thus the results of research work in this department are quickly
put into practice. The Arizona Egg Laying Contest also is con-
ducted by the poultry department and is a medium through
which the breeders receive direct service in the evaluation of
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their stock. The popularity of this contest is evidenced by the
large number of prospective entrants each year that cannot be
accommodated. The contest is in its fourteenth year. This work
has indicated a number of important lines of research now in
progress in the fields of breeding, sanitation, and disease control.
Over a thousand birds, representing some twelve breeds, are kept
at the poultry farm for teaching, experimental, and service pur-
poses.

RESULTS OF THE YEAR'S RESEARCH

AGRICULTURAL CHEMISTRY AND SOILS

PHOSPHATE AVAILABILITY

In the spring of 1934 a phosphate fertilizer experiment was
started on the New University Farm near Tucson. The object of
this experiment was to determine the phosphate requirement of
alfalfa when grown on a phosphate- deficient soil and to compare
two methods of application, namely drilling in the soil and dis-
solving in the irrigation water. A progress report of this experi-
ment was given in the last annual report, and a summary for the
1934 season is given in Table 1.

The drill applications (a grain drill was used) were made at
the rate of 100, 200, 400, and 600 pounds (11 -48) ammonium phos-

TABLE 1.-- SUMMARY OF DATA FOR FIVE CUTTINGS

ü ro v °
Treatment h00 c+uW4 ñ 1.4

p, $8 Ó ^ ÓÑ-$., O ' +a ,+

<,2 3, d 2 ate= O O. a
Check 8,055 2.80 .505
100 lbs.

per acre 12,693 4,638 2.78 .605 $1.29 $27.14
200 lbs.

per acre 13,485 5,430 2.84 .663 2.21 29.29
400 lbs.

per acre 14,418 6,363 2.83 .711 3.97 29.36
600 lbs.

per acre 14,106 6,051 2.72 .703 5.95 21.43
5 ppm. in

water 9,795 1,740 2.67 .541 0.90 10.53
25 ppm. in

water 11,376 3,321 2.79 .609 2.40 17.60
200 lbs. (1933) 12,687 4,632 2.70 .530

Calculations were made on a price of $13 per ton for alfalfa hay
which was the 1934 price.
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phate per acre, while the applications in the irrigation water
were made at the rate of 5 parts per million (ppm) and 25 ppm
at each irrigation. The fertilizer applications were started after
the first cutting of hay in 1934.

In view of the fact that the root rot began to appear about the
time of the third cutting after the fertilizer application, the yield
of hay per acre and nitrogen and phosphate content of the hay
were calculated for the first two cuttings separately, and these
data are given in Table 2. These data show a much greater differ-
ence in yield of fertilized and unfertilized plots and also in the
nitrogen and phosphate content of the hay and therefore its feed-
ing value.

TABLE 2.- SUMMARY OF DATA FOR FIRST TWO CUTTINGS
AFTER APPLICATION OF FERTILIZER, 1935.

o
ar q

Treatment á 0 y á y. 0 a`i k o ¡C)

'ú bA C) .o c-, ` v^ßi U TS cCy t- V c.
R' of

o. ,s,^ óc.0 c) No,. --

Zgz áá'á w Úóg Zá
Check 4,435 2.58 .431
100 lbs.

per acre 7,140 2.75 .613 2,715 $2.21 $14.64
200 lbs.

per acre 7,485 2.77 .674 3,050 3.93 13.82
400 lbs.

per acre 7,935 2.86 .735 3,500 6.57 10.75
600 lbs.

per acre 7,800 2.76 .720 3,365 10.69 3.87
5 ppm. in

water 5,064 2.65 .466 619 2.52 3.24
25 ppm. in

water 5,700 2.74 .568 1,265 6.31 4.23

* Calculations were made on a price of $13 per ton for alfalfa hay.

While it is unfortunate that root rot introduced some undesir-
able features into the experiment, the data are of considerable
interest and value in spite of this. The experiment shows that
the feeding value of the hay both for nitrogen and phosphate can
be increased by ammonium phosphate fertilizer.

A net profit was obtained in every case varying from $10.53
per acre, where the phosphate was added at the rate of 5 ppm in
the irrigation water, to $29.36 per acre where it was drilled in at
the rate of 400 pounds per acre. The difference in net profit for
the five cuttings of hay between 200 pounds per acre and 400
pounds per acre is very small and indicates that a 200 -pound
application should be a good average application.

A comparison of drill application versus application in small
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amounts in the irrigation water indicates that a single applica-
tion by drill is most effective and profitable.

It is of special interest that the data given in the bottom row
of Table 1 are taken from two borders in the experiment where
the phosphate was applied in 1933 and that this one application of
200 pounds per acre continued to give higher yields than the
checks throughout 1934.

This experiment has been continued during the 1935 season.
In view of the fact that all treatments had been made in dupli-
cate, one set was continued without further application of ferti-
lizer in order to determine the residual effect, and the other set
received additional fertilization at the same rate as in 1934. To
date the residual response is still favorable in all cases, and addi-
tional response is being obtained from the second season's appli-
cation of phosphate.

The experiment indicates that application by drill is the most
satisfactory way to apply phosphate to alfalfa, and than appli-
cation of about 200 pounds per acre is the most economical
amount to apply. The experiment also shows that if there is any
question of phosphate deficiency in an alfalfa field it can be very
quickly determined as the response in all cases was indicated by
a growth response which appeared in three weeks' time after the
fertilizer was applied.

In view of the value of phosphate fertilizers in the cropping of
Arizona soils this problem has continued as one of our major
projects. For example, we have studied the effect of ammonifica-
tion and nitrification on the availability of phosphate as well as
the influence of sulphur and manure. As we have stated many
times, Arizona soils contain a good reserve of phosphate but soil
conditions, notably alkalinity and the nature of the phosphate
compound present naturally in our soils, reduce its availability.
There is some question, then, as to which is the more economical,
the purchase of commercial fertilizers or the adoption of methods
which will increase the availability of that already present in the
soil. To date the investigations show that both sulphur and
manure when added to the soil increase the availability of phos-
phate but that ammonification and nitrification have little effect
upon it. It appears that relatively smaller applications of com-
mercial phosphate are required where animal manures are
utilized and that in many cases manure may completely eliminate
the need for commercial phosphates.

GRAPEFRUIT STORAGE

During the 1933 -34 grapefruit season this laboratory co- operated
with the Arizona Citrus Growers Association in storage experi-
ments with grapefruit. The research staff of the California
Fruit Growers Exchange was in charge of the experiments. An
outline of this experiment, its aims, and the character of the
analyses we made are given in the last annual report. The
1933 -34 experiments were started rather late in the season, and
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while they showed definite information regarding the ability of
grapefruit to hold up under storage conditions they indicated
the need for further work, and so we continued our co- operation
during the 1934 -35 season. During the first season only washed
and dry brushed fruits were used while during the second season
an additional treatment- namely, washing and waxing -was
included in the experiment.

There were two fillings of the storage rooms- namely, the
latter part of February and the first part of May. The fruit used
in the storage was taken from eight separate groves in the Salt
River Valley and selected so as to represent both young and old
trees.

While the analysis of these data is not yet complete the results
continue to show very strongly that grapefruit can be satisfactor-
ily stored, and that the quality and ability to stand storage are
greatly increased by washing and waxing the fruit. The ability
to stand storage is influenced by the size of the fruit, whether
picked from young or old trees, by the care with which the fruit
is picked and handled, and degree of maturity at the time of
storage.

NITROGEN STUDIES

Arizona soils are notably deficient in nitrogen, a characteristic
of most semiarid soils. Insofar as possible it is the practice to
supply nitrogen to these soils in the form of organic manures as
there is also a crying need for organic matter in these soils. As
agriculture became more intensive in the state it was found neces-
sary to supplement organic manures with commercial nitrogen
fertilizers, and there is a rapidly increasing consumption of such
fertilizers over the state. In view of the mild winters a number
of crops, notably truck crops, are actively growing plants through-
out the year. There arose, then, the question of the effect of the
wide variation between winter and summer soil temperatures
upon the nitrogen transformations, and a study of this has been
made during the past year. This study consisted of a determina-
tion of the activities of ammonifying and nitrifying bacteria at
minimum winter temperatures and maximum summer tempera-
tures and the relation to the selection of organic, ammonia, or
nitrate forms of nitrogen fertilizer.

Using urea, ammonium phosphate, ammonium sulphate, or
ammonium hydrate, it was found that at favorable temperatures
both ammonification and nitrification proceed rapidly. Nitrifi-
cation of blood, tankage, and bat manure was somewhat slower.
Cyanamid ammonified readily but did not show appreciable nitri-
fication. Regarding the effect of extreme temperatures little
nitrification was obtained at temperatures below 60 degrees F.
or above 108 degrees, F., while ammonification occurred at both
these extremes as well as all intervening temperatures. The
practical conclusions to be drawn from this work are that if
nitrate nitrogen is required it should be added to winter crops in
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that form, and if ammonia is required it may be applied either
as ammonia salts or as organic nitrogen.

CITRUS TREE DECLINE

Our investigations on Arizona soils and the nutritional dis-
turbances which arise in the crops grown upon them with special
reference to citrus tree decline have been continued. This study
is yielding additional data in support of our observation that in
the presence of an excess of hydroxyl ions in the soil solution
plants absorb an excess of positively charged ions, notably potas-
sium and sodium because these are the principal bases present
in the soil solution; that a calcium deficiency may arise due to
the reduced solubility of calcium carbonate in the presence of
hydroxyl ions; and that a reduced solubility of such elements as
iron, manganese, and zinc or their failure to function within the
plant is also associated with an excess of hydroxyl ions in the
soil solution.

Experimental evidence that the above does actually represent
the conditions in many of our citrus groves is proven by our field
experiments. Citrus tree decline is usually manifested as chlor-
osis or crazy top, and the soils in which such trees are growing
have been treated with sulphur and acids with the aim of reduc-
ing the hydroxyl -ion concentration of the soil solution and observ-
ing the effect on tree conditions. All the trees which we have
treated with sulphur have shown practically complete recovery
from chlorosis, and the crazy -top trees are also showing evidence
that this trouble may be corrected by this procedure. The sul-
phur has brought about a marked reduction in pH (i.e. has
decreased the alkalinity) of the soil; it has increased the absorp-
tion of calcium by the plant, increased the availability of phos-
phate in the soil, increased the absorption of iron and manganese
by the plant, and reduced the water -soluble alkalinity of the ash
of the leaves. In explanation of the latter it should be stated
that we have found the water -soluble alkalinity of the ash of
normal leaves to be characteristically lower than for chlorotic
or crazy -top leaves.

The above is entirely in accord with the new conception of
alkali soils, which has been presented by this laboratory. It is
an established fact that most crops grow best in soils of nearly
neutral reaction. This explains why the practice of liming acid
soils to near neutrality has been so profitable. Probably because
acids are more hazardous to handle than lime a practice similar
to the liming of acid soils has not been developed for alkali soils.
It is true that we reclaim soils which are highly impregnated
with black alkali by the use of acids. On the other hand there
is no definite program for the treatment of soils which do not
contain sufficient hydroxyl ions to show the characteristic black
color but do contain sufficient concentration to interfere with
normal ion absorption by crops. In other words alkali soils
which do not contain sufficient alkalinity to be directly toxic
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toward the crop may seriously reduce crop yields by interfering
with a properly balanced absorption of plant food. The further
reduction in pH by continued or occasional use of acids or sulphur
and the maintenance of a favorable soil pH is just as important
as the removal of excessive alkalinity, and is a highly desirable
practice which is represented in part by the use of organic
manures on alkali soils.

SULPHUR FERTILIZATION

When sulphur is applied to alkali soils for the purpose of reduc-
ing the alkalinity it must undergo oxidation to sulphuric acid to
become effective. This oxidation is brought about by soil micro-
organisms which are referred to as sulphofying bacteria and of
course it depends, therefore, on the presence of these organisms
in the soil. In view of the favorable results obtained with sulphur
in our citrus- tree -decline studies, an investigation of the sulpho-
fying power of Arizona soils has been made, together with a
study of its effect upon the soil reaction or pH, upon phosphate
and potash availability, carbon dioxide production, and its effect
on the physical condition of the soil.

This study has shown that: (1) Arizona soils possess an active
sulphur -oxidizing flora, (2) ordinary agricultural sulphur is just
as effective as the more expensive finer grades, (3) the avail-
ability of phosphate and potassium is increased, (4) the soil pH
is reduced, (5) a very active production of carbon dioxide occurs
during sulphofication, and (6) there is an improvement in physi-
cal soil conditions which promotes better penetration of water.

SOIL REACTION STUDIES

Field experiments continue to show that many crops on alka-
line soils are benefited by use of acid materials such as sulphur,
manure, and acids. While we know that this is due to the reduc-
tion in pH of soil which follows the application of these materials
and further since we know that most plants have difficulty in
absorbing a properly balanced nutrient at certain pH values
above neutrality we are, however, handicapped by the limitation
of methods for evaluating the pH of the soil under field condi-
tions. That is, in making a pH determination it is necessary to
mix the soil with an excess of water, and in so doing the poten-
tially alkaline compounds hydrolyze to a degree not possible
under soil conditions. A preliminary study of this problem was
published during the year as Technical Bulletin No. 57. There
is need for obtaining some knowledge of the actual hydroxyl -ion
concentration of the soil solution in order to be able to correlate
the soil pH with plant behavior.

Continuing the problem during the past year, we have investi-
gated some of the compounds which, by hydrolysis, give rise to
the high alkalinity of soils, notably the zeolites and carbonates.
First, the applicability of the glass electrode to pH studies on
alkaline soils was studied. A large number of electrodes were
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constructed and carefully checked against each other as well as
against buffer solutions of known pH. The sources of error were
checked, and a table of pH values for different potentials of the
glass electrode was constructed. Good agreement between the
electrodes themselves as well as between the glass electrode and
hydrogen electrode was found.

The effect of soil -water ratio upon pH of soils was extensively
studied. It was found that the pH rises rapidly at first with dilu-
tion and remains constant beyond a solution of 1:10. Under these
conditions the hydrolysis is at a maximum. Since none of these
soil -water ratios actually exist in the field, it was of interest to
ascertain the pH of the soil at actual moisture contents in the
field. This was done in two ways: experimentally and theoreti-
cally, that is, by extrapolating the data obtained over a range of
soil -water ratios to the actual field moisture conditions. The
determination of pH of the soil at low moisture contents was
made by means of the glass electrode using a specially devised
technique. Agreement between the calculated and measured pli
was very close. It was found that the typically alkaline soils
were markedly alkaline even at moisture contents as low as 50
per cent. This is an important point since plants feeding under
these conditions must overcome the alkalinity in the root zone
before certain nutrient elements can become available.

The hydrolysis of zeolites and carbonates was next studied. It
was found that the hydrolysis of these constituents also increases
with dilution, even though the solid material is present in con-
siderable excess. The carbonate compounds studied were calcite,
magnesite, dolomite, limestone, synthetic CaCO, and synthetic
MgCO3. The pH of CaCO, suspensions in all cases changed more
markedly with dilution than those of the corresponding mag-
nesium compounds. Also, the synthetic carbonates give higher
pH values than the natural minerals. This difference is doubtless
due to fineness of division. The effect of colloidal suspensions on
the pH of CaCO, was studied using dialyzed ferric hydroxide and
colloidal clay. In all cases the pH was markedly reduced by the
colloid and remained constant over an extended period of time.
This may be explained in terms of absorption of a colloid film
thus preventing further hydrolysis because of slow diffusion
through the film. It is possible that the calcium carbonate in
alkaline -calcareous soils is largely in this state and for this reason
reacts rather slowly with acids. Further work is in progress to
determine more exactly the crystalline state of the carbonates.
Evidence has been obtained to indicate that when calcium car-
bonate is formed in the soil, it is not crystalline but largely in the
colloidal state.

A study of the calcium carbonate content of calcareous soils in
relation to their pli was also made. A large variety of soils gave
pH values which did not correlate with the total carbonate con-
tent. This lack of correlation has been reported by other investi-
gators. When these soils were leached with calcium chloride and
washed free from soluble salts, the pH values came to a constant
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at about 8.7. In this experiment the sodium zeolite was converted
to calcium zeolite, and the pH of the soil suspension corresponded
to that of calcium carbonate in the presence of soil colloids. The
possibility of interaction between sodium zeolite and calcium
carbonate has been studied, 'but it was found that the pH re-
mained constant over a wide range of composition of the mixtures
of these components. It appears that this reaction does not
appreciably affect the equilibrium pH of the soil.

Mixtures of sodium and calcium zeolite gave pH values in the
1:10 suspension which were directly proportional to the amount
of sodium zeolite present. This is consistent with the fact that
calcium zeolite does not hydrolyze appreciably on dilution.
These findings are also in accord with the results of other inves-
tigators, namely that the pH increases with Na -Ca ratio in the
zeolite complex.

The effect of neutral salts of calcium and sodium chlorides on
calcium carbonate was to reduce the pH in proportion to the con-
centration of salts present. This cannot be attributed to a com-
mon ion effect. It is known that the solubility of calcium carbon-
ate is increased by the presence of neutral salts, particularly the
chlorides. Incidentally, sodium sulphate was found to have no
effect on the pH of calcium carbonate. The effect of neutral salts
seems to be primarily one of flocculating the colloidal portion of
the suspension and thus reducing the pH. Soils high in soluble
salts therefore have lower pH values before the salts are leached
out than after. Another experiment on the effect of soluble salts
was made with four different samples of calcium carbonate of
different origin in which the solid material was washed with
COZfree water after each pH determination. Whereas the pH
values of the different samples were widely different at the be-
ginning, they gradually approached each other after successive
washings and finally became constant at a value of 9.70. This is
probably the most accurate value for the pH of CaCO3 suspen-
sions thus far published.

Some work was also done on the nature of calcium carbonate
when precipitated from different solutions. Several precipitates,
obtained by the treatment of calcium chloride with sodium car-
bonate in presence of varying concentrations of sodium hydrox-
ide, gave a calcium carbonate precipitate whose CaO -COZ ratio
was in all cases higher than that of theoretical CaCO3. The ratios
found ranged from 1.30 to 1.69, whereas the theoretical is 1.272.
It is concluded that a basic calcium carbonate probably is formed
in alkaline solutions similar to basic magnesium carbonate. In
this case the ratio of CaO to CO2 should theoretically be 2.544 if
the compound were entirely basic carbonate. It is probable that
not all of it is present in the form of basic carbonate, however,
and this may account for the CaO -CO2 ratios lying between 1.272
and 2.544. It may exist as a film on the surface of particles of
normal carbonate. If Ca (OH) ZCaCO3 exists as such in the soil,
it would account in part for the high alkalinity; moreover, the
carbonic acid from bacterial action or plant roots would first have
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to neutralize this basic compound before any appreciable amount
of the carbonate could go into solution. This problem is being
investigated by other independent methods to determine whether
the basic calcium carbonate actually exists as a compound or
merely as an absorption complex.

LIME SPRAY FOR CITRUS TREES

An outstanding character of citrus leaves manifesting chlorosis
or crazy top is an apparent deficiency of calcium. In attempting
to increase the calcium content of these leaves by spraying with
limewater (dilute solution of Ca (OH) 2) it was noted that the
normal leaves became much greener, and sunburned leaves were
markedly improved in color. From this observation an investiga-
tion was started on the effect of limewater spray on the chloro-
phyll content of leaves. While this study has only been under
way less than a year, chemical analysis of leaves has definitely
shown an increase in the per cent of chlorophyll following this
treatment. There is also an increase in the calcium content of
the leaves. In view of the fact that an increase in chlorophyll
content should increase the sugar -producing capacity of the
leaves, attention is now being given to the effect of the spray on
fruit characters such as maturity and quality.

LYSIMETER STUDIES

This project is a study of the nitrogen balance in semiarid, irri-
gated soils as cropped by a rotation program without the addition
of animal manure or commercial fertilizer. It was started in the
spring of 1931; the rotation includes cotton, wheat, hegari, and
alfalfa. The crops are planted at the proper seasons, irrigated
and harvested when mature. The water -free (dry) weight of
each crop is determined and then all the crops (seed is analyzed
separately where seed is produced) are analyzed for nitrogen. A
complete record of nitrogen is being kept. The first rotation has
two more years to run.

FLUORINE

Since the discovery that fluorine in drinking water is the cause
of mottled enamel of teeth the Department of Agricultural Chem-
istry and Soils has conducted an extensive fluorine survey of the
waters of the state. The most complete survey has been con-
ducted in the Salt River Valley as this is the most densely popu-
lated section. Water samples from practically every section
(square mile) have been analyzed from this valley. The Glen-
dale, Peoria, and Litchfield areas are characteristically free of
toxic amounts of fluorine as is also the Phoenix municipal supply.
In fact this is true of most of the municipal supplies of the valley.

Most of the high- fluorine waters are found in private wells.
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Those northeast and southeast of Phoenix ordinarily contain toxic
amounts of fluorine. An occasional well in a district of notor-
iously high fluorine water will produce a water of low fluorine
content. A study of this situation revealed that in most cases
the high- fluorine waters were produced by shallow wells while
the deep wells produced low- fluorine waters. This makes it
possible to case out the toxic waters. In some wells it can be
cased out at 100 feet, but in others satisfactory water can be
obtained only at 300 feet or more.

The relation between depth and fluorine content of the water
is illustrated by the following data obtained in Township 1 N.
Range 1 E.

Sections Depth of well
(feet)

Fluorine
(ppm)

1 65 2.1
3 100 0.4
4 165 0.5
5 60 1.7
8 500 0.5
9 200 0.4

11 45 2.6
13 150 0.3

BORON

During the past year some attention has been given to the
boron content of Arizona irrigation waters. The reason for this
is that in a few isolated cases a leafy character identified as boron
injury has been observed on citrus. C. S. Scofield has observed
a correlation between the fluorine and boron content of western
waters, and the limited number of samples analyzed in our labor-
atory tends to support his observation. Seventy samples of water
from the Salt River Valley, chiefly from Salt River Valley Water
Users' Association wells, have been analyzed for boron and only
four of these contain 1 ppm or more. This is the toxic limit
established for citrus by Scofield. The areas showing the most
boron are southeast of Mesa and south of Lehi. A number of
wells in the Arcadia district were analyzed and these varied from
0.4 to 1.1 ppm boron. Chemical analysis of the leaves from a set
of trees said to be suffering from boron injury showed 225 ppm
in the normal leaves and 800 to 1,000 ppm in the injured leaves.

By mixing well and gravity waters it is possible to reduce the
boron injury to negligible proportions.

SOIL AND WATER STUDIES FOR AGRICULTURAL ADJUSTMENT

In connection with land evaluation studies for agricultural ad-
justment this department has gathered some very valuable data
on soil classification and irrigation water rating. The soil classifi-
cation studies were necessarily confined to lands in the state
which have been surveyed, and these were in turn divided into
irrigation projects.
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The most tangible method for evaluating soils seemed to be
the Storie Index which has been used successfully in California,
and so it was adopted here with some modification. The method
consists essentially of rating (1) soil texture, (2) soil profile, and
(3) modifying factors such as alkali, infertility, drainage, erosion.
etc. These ratings are multiplied together in obtaining the final
index. An index rating of 60 per cent or less indicates a poor
soil. On attempting to apply the Storie Index to an entire irriga-
tion enterprise it was found impossible to use the third rating
(modifying factors) because of the extreme variability of the
soil conditions covered by this rating in an individual soil type.
For example, Gila loam in one part of the project might be
alkali -free and have a low water table, while in another part it
might be directly opposite. On account of this extreme variabil-
ity ratings were based only on profile and texture.

This evaluation has revealed that 73.8 per cent of the soils in
the Salt River Valley are silt loams or heavier types. In the
Buckeye -Beardsley area only 24.5 per cent of the soils are of
heavier types. In the Yuma - Wellton area, as a whole, the soils
are much sandier than the Salt River Valley, while the soils
of the Yuma Valley are moderately heavy types.

While parts of several irrigation projects were found to be
undesirable, taken as units, all were rated satisfactory or higher.

In view of the fact that the quality of both soil and water must
be evaluated in classifying the productivity of irrigated land,
considerable time has been devoted to water ratings. This labora-
tory has several thousand water analyses on file representing
most of the sixty -three projects in the state. These analyses were
studied particularly as to the total salt, chloride, sulphate, and
percentage of sodium of the total bases. The ratio of sodium to.

other bases is an important character of irrigation water, as high -
sodium waters tend to saturate the soil colloids with sodium, and
thereby the development of black alkali follows. From this,
physical and chemical soil properties arise which are extremely
detrimental to crop growth.

Basing the ratings on the above factor a few projects rated
100 per cent - notably, the water in the northwest section of the
Salt River Valley. Colorado River water rated 90 per cent.
Some few waters rated as low as 10 to 20 per cent because of
excessively high salt content and high sodium- calcium ratio.

LETTUCE FERTILIZATION

In co- operation with the horticultural department a rather in-
tensive study of lettuce fertilization was made during the 1934 -35
winter and spring seasons. Three commercial lettuce plantings
in the Salt River Valley, one commercial planting in the Yuma
Valley, and one experimental planting at the University Farm
(Mesa) were used for this study. The study was divided into two
parts: (1) changes in available nitrate, phosphate, and potash in
the soils during growth and (2) changes in composition of lettuce
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plants at different stages of growth. Soil samples representing
the first and second foot separately were taken from the beds at
regular periods during the growth of the crop and the soils
analyzed for changes in available plant food. Also, plant samples
were taken at various stages of growth and analyzed for ash,
silica, phosphate, calcium, potassium, and nitrogen.

The soil studies showed very definitely that where the avail-
ability of phosphate was low in the soil the crop gave marked
response to phosphate fertilizer. Potassium availability in the
soil continued high in all the areas throughout the cropping
period. This confirms our previous observations that Arizona
soils are well supplied with available potash. Nitrate changes in
the beds were rather irregular. This is believed to have been
due to the capillary movement of nitrate to the peak of the bed
resulting from the practice of irrigating in the furrows. This
capillary movement of soluble salts is being made the subject of
a separate investigation.

In the analysis of plants at different stages of growth we de-
termine ash, silica, phosphate, calcium, potassium, magnesium,
and nitrogen. The data show a definite correlation between the
availability of the plant food in the soil as determined by chem-
ical analysis and the absorption by the lettuce plant. The data
also show that when nitrogen and phosphate fertilizers were used
the nitrogen and phosphate in thé plant were increased. The
per cent of phosphate, calcium, potassium, and nitrogen in the
plants tends to decrease with age (showing early absorption and
storage) ; there is a lower percentage in the roots than in the
tops.

AGRICULTURAL ENGINEERING

THE LAW WITH RESPECT TO GROUND WATER

When the Arizona state water law was prepared, by the present
agricultural engineer, provisions relating to ground waters were
carefully avoided. It was felt that too little was known about
ground waters, and that an attempt to crystalize ground -water
law into statutes would be premature.

More recently two cases have passed through the courts with
widely divergent results. The first case, originating in Pima
County, resulted in unreasonable protection to rights of priority
in ground water; the second case, in Maricopa County, resulted
in refusal to accord any value to rights of appropriation that
could in practice be asserted. The pendulum had swung to the
other extreme. It appears, therefore, that if left to the develop-
ment of common law, investments based on the use of ground
water will be at the mercy of later developers. This unsatis-
factory outcome is the result, in large part, of the inadequate
presentation of the two above cases by litigants.

The time has come when open and thorough discussion should
be had by representatives both of private and of public interests,
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and in such discussion the experiment station can aid and assist
by reason of the studies of ground -water supplies that have been
prosecuted by the station for the past thirty years. It happens,
too, that the subject is undergoing a thorough reconsideration in
a half dozen states of the West. A study of the subject as related
to Arizona has been undertaken, and an address presenting the
whole problem with suggestions as to the proper solution was
delivered by the agricultural engineer to the Pima County Bar
Association and to the Sigma Xi Society.

EVAPORATION RATE AND DUTY OF WATER

The operation of Class A evaporation stations at Yuma, Mesa,
and Willcox has been continued.

In December, 1931, a concrete weir box with a standard, steel
Cipolletti weir was installed on the main canal of the Flowing
Wells Irrigation District under the direction of the Agricultural
Engineering Department. The department provided and has
maintained a continuous automatic water -level recorder with its
float in a stilling well. A continuous record of the water flow
since January 1, 1932, has been obtained.

This record has aided in the study of ground -water supply along
and near the crosscut line of wells; in the study of the separate
quantities of ground water obtained by gravity (during the win-
ter) and by pumping; in the study of power costs per acre -foot
of water; and as a check on the water -delivery measurements,
which are obtained by methods more crude. The discharge rec-
ords by months and the division into gravity and pumped water
by years are given in Table 3 together with the area irrigated
and the gross duty. The low duty of 1932 was due in part to the
considerable waste of gravity flow resulting from the low acre-
age and low demand for water. The high duty in August and
September, 1935, was due to the unusually beneficial rains, which
fell directly on the farm lands, and the low evaporation rate.

The monthly duty of water is obtained easily from the table.
The distribution through the twelve months is seen to be more
uniform than on most irrigation canals.

PROBLEMS OF IRRIGATION ENTERPRISES

On the solicitation of the National Resources Board, a study
was made of the physical and economic problems of irrigated
enterprises within the state, particularly with reference to sub-
marginal lands, with a view to suggesting remedies. Because of
the magnitude of this undertaking and because the report was
needed quickly, chief reliance was placed on the knowledge of
Arizona projects acquired during a period of service covering
many years.

The total area under irrigation is only about three fourths of
1 per cent of the area of the state, but the importance of the
limited irrigated area is reciprocally great. Economic problems
are intensified here by the fact that farming in Arizona is not a
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"mode of living" as in some other sections but is a strenuous
business enterprise. The criteria for successful farming as pro-
posed in the report are: (1) Adequate water supply at reasonable
cost; (2) reasonably good soil; and (3) a considerable percentage
of money crops and dependable markets therefor.

In order to analyze the problems of irrigation enterprises, it
was necessary to determine and adopt a classification of problem
area types particularly suited to this state. After a study of the
individual areas, the following groupings were adopted:

1. These areas, twelve in number, are characterized primarily
by an overgrown population dependent on a limited, small water
supply so completely developed that there is little or no oppor-
tunity for expansion. The only remedies are introduction of
additional small industries or migration of part of the population
to other places.

2. These areas are suffering from arrested development. The
natural increase of population has overtaxed the water supply in
its present state, and failure to provide storage or otherwise aug-
ment the water supply has weakened the resistance to the effects
of the depression. In two cases of this type, the remedy is a
storage reservoir and if the storage development is not overdone,
such reservoirs are within the limits of feasibility.

3. In areas of the third type extensive development of water
supplies -in some cases, overdevelopment- occurred during
periods of high prices, leaving in its wake excessive indebtedness
which was burdensome at the outset and became devastating as
price levels fell. Failure to meet bond interest became the rule .

and individual failures and foreclosures were common. The
remedy for these enterprises is liquidation through the provisions
of Section 36 of the Farm Relief Act, which provides compromise
with the bondholders and refinancing by the federal government
at lower rates of interest and with amortization over a longer
period of time. This solution of the financial difficulties is being
applied. Applications were submitted in 1933 by nine Arizona
enterprises and one was submitted in 1934. Six of them have
been approved.

4. These areas are handicapped by alkaline land or poor soil
of other types. The problems are largely technical. Such lands
must be improved or withdrawn from cultivation.

Another study was made of lands already provided with water
supply but in need of further settlement. In both the Casa
Grande Valley and the Yuma Valley, there are large holdings of
lands and lands under foreclosure that should be broken up into
smaller tracts and sold to farmers as and when the demand for
land improves. This study included also the opportunities for
new projects. The water supply for such projects must come
from the main stem of the Colorado River. The most obviously
inviting project is the development of the Colorado River Indian
Reservation. The present irrigated area of 4,000 acres can be
expanded to 110,000 acres, and the portion not needed by the
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Indians should be opened to settlement by qualified citizens of
the United States.

In connection with these studies, two projects for submarginal
land purchase and resettlement were set up and presented to the
Agricultural Adjustment Administration. One project contem-
plated relief to an area of Type 1 above, and the other project
was to relieve a district which has twice as much land as can be
served with the present water supply and which is now burdened
with debt.

LIST OF IRRIGATION ENTERPRISES

As a first step in the above studies, it was advisable to tabulate
the irrigation enterprises. No such tabulation could be found

TABLE 4.- MUTUAL WATER COMPANIES INCORPORATED IN
ARIZONA.

Name
Date

incor-
porated

Area
in

project
(acres)

Areas
irrigated,

1934
(acres)

Apache County
Fish Creek Irrigation Company 1916 250
Lyman Water Company 1916 6,000
Round Valley Water Users'

Association 2,583
Springerville Water & Ditch

Company 63
Cochise County

St. David Canal Company 900 523
Coconino County

Consolidated Irrigation & Mfg.
Company 1,400 900

Schulz Pass Water Users' Ass'n
Graham County

Dodge Canal Company 1918 2,488 4,038b
Lebanon Reservoir Ditch Company 1911 717 0
Union Canal Company 1886 7,427 5,400e

Maricopa County
Arlington Canal Company 1899 4,800 4,400
Buckeye Irrigation Company 1907 15,800 15,250
Camelback Water Company 1929 3,314 265
Queen Creek Land Company 1928 6,146 2,500
Salt River Valley Water Users' Ass'n 1903 242,626 218,544

Navajo County
Joseph City Irrigation Company 1,600 1,500
Showlow Irrigation Company 1911 1,800 1,500
Woodruff Irrigation Company 1895 1,200 700

Yuma County
Yuma County Water Users'

Association 1903 52,000 41,000

a Approximate. These figures also include land rented to the govern-
ment, which in some cases was not irrigated.

b Includes Nevada Canal Company.
Includes Sunflower Canal Company.
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in any state office. Since the list may be a convenience to others
it is presented herewith (Table 4) with the exception of the list
of fifty enterprises organized under district laws, that list being
discussed fully in Bulletin No. 144 of the experiment station
series, and reproduced on pp. 94 -98 of this report.

THE SAFFORD VALLEY

A special report on the water supply of the Safford Valley was
prepared. The irrigated area, about 34,000 acres, lies on the flood
plain and adjacent stream fans of the Gila River in Graham
County. The runoff from melting snow occurs mostly in March
and April. Shortage of water usually begins in May and becomes
acute in June. An increased supply due to summer rains begins
sometime in July, but in many years there is serious shortage
again in September. The lack of regulation by reservoirs places
severe limitations on agricultural practices and heavy losses occur
during some years.

Many reservoir sites exist on the upper reaches of the Gila and
its tributaries; several of them have been surveyed and test
borings made thereon. In each case, however, the effort has been
made to provide a large reservoir with long- period storage, power
development, and flood control. However, the urgent problem
is regulation to furnish a continuous water supply through the
growing season. From a study of the known possibilities, it was
concluded that a reservoir with capacity of 82,250 acre -feet at
the Alma site on the San Francisco tributary will be adequate
for the irrigation supply, will reduce the peaks of river floods,
will be economically justified, and is urgently needed as a first
project. At a later date, a dam should be built at the Slate Can-
yon site on the main stream for flood control and irrigation regu-
lation for the Duncan Valley and for incidental development of
water power. Considerable benefit would accrue to the San Car-
los Reservoir by reason of reduction of silt accumulation, even
from the one project at Alma.

CITRUS IRRIGATION INVESTIGATION 1934 -35

High summer soil temperatures that normally occur on the
Yuma Mesa from June 15 to September 15, and in varying degree
in other citrus regions of Arizona, have been found to have a
retarding influence on the growth and development of young
citrus trees, particularly during the first two or three years after
planting. Comparative field tests of various methods for reducing
summer soil temperatures have been in progress on the Yuma
Mesa for four successive summers. Progress of these studies has
been reported in the annual reports for the years ending June
30, 1933, and June 30, 1934. Due to the resignation of the field
assistant who conducted the field tests during the first three
years, the control of the plots and of the irrigations in 1935 was
somewhat unsatisfactory.

The methods of control now being studied are frequent light



i:ß
RTY-STX....T...

:

A.:...........N......... li...

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

25.

Plate i. -C h racter of shading by various cover crops used for tempera -
turo control: upper, Sesbania; lower, cowpeas.



26 AGRICULTURAL EXPERIMENT STATION

irrigations, dry straw mulch, cowpea cover crop, and Sesbania
cover crop. Each method has been confined to a separate plot
of thirty -nine grapefruit trees planted in strip borders 7.5 feet
wide. Records are kept of soil temperatures, of soil moisture,
and of depths of irrigation water used. Circumferences of tree
trunks are measured several times during the year.

Until the summer of 1935 an alfalfa cover crop was included
with the above methods, but owing to its evident unsuitability
as a cover crop and a desire to save the trees from dying, it was
plowed under on December 29, 1934. To aid in the recovery of
the trees, a mulch of Hubam clover straw was placed about each
tree of the plot in June, 1935.

On the original straw mulch plot the practice has been to
place a thick mat of freshly cut Hubam clover, 6 to 7 feet in
diameter, about the trees in June when the soil temperature at
1 foot depth is nearing 90 degrees F. The green straw dries
quickly and compactly but does not cause heating later when
wetted by irrigations or rain. It is removed in September when
the need for control has passed. It is doubtful if the mulch con-
tributed much in the summer of 1935 to the cooling of the soil
since the tree tops had attained a size sufficient to shade nearly
all the ground area occupied by the mulch.

The method of frequent irrigations depends for its effectiveness
on the cooling by evaporation at the soil surface. It is . easy to
use and is economical provided the application of water is so
controlled as to apply but little at a time. In 1935 the test plot
for this method was irrigated approximately at two -week inter-
vals during the summer, though the irrigations should have been
weekly, as during previous summers.

The cowpea cover crop, consisting of the Brabham variety, was
planted May 20. The plants made vigorous growth, but due to
faulty planting the stand was poor around a third of the trees,
and consequently there was little ground shading during the
summer. Unfortunately, this plot has had only one good stand
of cowpeas in the four summers. The trees of this plot have not
been given the control they would have received had more
diligence been exercised in planting and in securing an even
stand about all thirty -nine trees.

A mytch better cover crop of Sesbania was obtained in 1935
than had been secured the two previous years, dùe in part to
fertilizing of the soil by the two previous crops.

Figure 1 shows the growth of the trees under the various
methods of control. The percentages gained in average trunk
circumferences from September 1, 1934, to September 1, 1935, are
as follows:

Per cent
Straw mulch 53
Bare plot (frequent irrigations) 50
Cowpea cover crop 36
Alfalfa plot (alfalfa removed; mulched with straw) _ 26
Sesbania cover crop 13
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The trees of the straw mulch plot might have made even better
growth during the 1935 season if the mulch mats had been spread
out farther to cover the root system. However, it is apparent
that the mulch is not essential to satisfactory growth after the
third summer.

Improvement is noted in the growth of the trees on the alfalfa
plot since the alfalfa has been destroyed.

Some improvement is noted also in the growth of the trees on
the Sesbania plot. This may be attributed to the better shading
caused by a better growth of the cover crop.

A consideration of the depths of water used by the separate
plots is necessary before the relative values of the various control
methods can be asserted. The summarized irrigation record for
the 1935 season is presented as follows:

Method of Control

Total
depth

applied
from

Jan. 1 to
Sept. 3
(inches)

Number
of

irrigations

Average
depth per
irrigation
(inches)

Frequent irrigations
(alfalfa cover crop)
changed in 1935 to straw mulch

( 48.24

61.77

11

12

4.4

5.2
Straw mulch 64.73 12 5.4
Cowpea cover crop 77.25 18 4.3
Sesbania 62.00 17 3.6

It will be noted that while the first method above is called
frequent irrigations the cover crops were irrigated more often.
This exception occurred only during the 1935 season. If the
planned schedule had been followed correctly the irrigations on
this particular plot would have been weekly after June 15, and
consequently the plot would have had a total as large or possibly
larger than any of the cover crops. Because of the extremely
light soil in the Yuma Mesa, it is necessary that cover crops be
irrigated often during the summer. However, because of the
lack of supervision, practically all of the irrigations were too
heavy.

The soil temperature records for depth of 1 foot during the
summer months showed the best control on the dry -mulched
plots, the highest temperature shown being 90.2 degrees on
August 5. The bare plot temperature was from 6 to 8 degrees
higher and for a period of thirty days averaged about 95 degrees.

The soil moisture records showed heavy use of water by the
cover crops and by the larger trees of Plot 3. In general, there
was no water stress, but the need for frequent irrigations was
evident on the plots in the cover crops.
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CREOSOTING TAMARISK FOR FENCE POSTS

The annual expense paid by farmers and stockmen for fence
posts is very great. For this reason and because of the wide-
spread distribution of tamarisk (Tamarix articulata) in central
and southern Arizona and the ease of growing windbreaks and
groves of this tree, it was desirable to investigate the feasibility
of creosoting tamarisk posts and the effect it might have in pro-
longing the useful life of the posts. No information regarding
tamarisks has been available. The proposal is that farmers grow
their own supplies of fence posts along fence lines or in a wood
lot. In this project George Kinne, an experienced farmer near
Coolidge, has been the co- operator.

Tamarisk is recognized as the most rapidly growing tree in the
state. It can withstand heat and drought but grows best with
an abundance of water and is often planted along irrigation
ditches. Since it is tolerant of alkali it is adapted to locations
along stream courses where the soil is poor but the water table
is within reach of the roots. It is much used for shade and for
windbreaks. Complaint is made that the roots rob the edge of
the field of fertility. This injury is minimized by frequent thin-
ning of windbreaks, by cutting the roots on the field side once
or twice a year with a subsoiler, and by providing the trees with
a water supply independent of the water spread on the field.

Tamarisk wood tends to split and check badly and therefore
should be split into posts immediately after cutting and should
be cured in shade at a slow rate, and preferably in winter. The
wood structure is peculiar, having unusually long and large ver-
tical vessels or tubes through which sap (and creosote) can move
rapidly. Otherwise the wood is dense and when thoroughly dried
in the atmosphere of southern Arizona, it becomes extremely
hard and durable. However, the portion at and below the ground
surface should be preserved.

Twenty -five posts were cut and split in January and cured
under shelter. These were sent to the creosoting plant of the
Southern Pacific Company at West Oakland, California, where
various temperatures and time periods were tried for open -tank
treatment. It appeared from these tests that seasoned tamarisk
can be treated easily with creosote or a mixture of creosote and
fuel oil, and that twenty -four hours' soaking at summer air tem-
perature is ample. It was found that the longitudinal vessels or
tubes, of which there are several thousand per square inch, act
as capillary tubes and in many of them the creosote is carried to
the top of the post though the submergence was only 29 inches.
The twenty -five posts were returned to Arizona and have been
set in fence lines. They will be observed from time to time to
determine their resistance to decay and to termites.

Another lot of 390 posts was cut in December and treated dur-
ing a warm period in September. No artificial heat was applied,
but it was found that the temperature of the oil rose to over 100
degrees F. during the afternoon. The duration for each batch was
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only twelve hours, a fresh batch being started each evening and
each morning. The quantity of creosote used was 1.4 pounds per
post, costing 6.75 cents, and the rate was about 5 pounds per cubic
foot. Although the penetration is not so thorough as in standard
pressure treatment plants, it is believed the life of the posts will
be increased many years.

During the period of creosoting a few green posts were cut and
treated at once. They absorbed the creosote and in every case
creosote appeared at the top of the 7 -foot posts. However, this
practice is of doubtful value for possibly much of the phenol of
the creosote may be lost with the sap as the post dries. Only a
trial in the ground will determine this point.

AGRONOMY

CERTAIN FACTORS INFLUENCING COTTON FIBER
MATURITY AND FIBER LENGTH

The degree of maturity and mean length are two factors which
are of prime importance in determining the spinning value of
cotton. The extent to which environmental conditions influence
these two factors has not been definitely established. Consider-
able progress along this line has been made during the past year
by the Agronomy Department. Some rather consistent results
indicate that fiber length bears a fair correlation with the rate
of plant growth during the period when the fibers are elongating.
The longest fibers were produced on plants which made the most
rapid growth and the plants making the least growth produced
the shortest fibers. Variations in plant growth were accomplished
through control of irrigation waters.

The degree of fiber maturity as measured by the thickness of
the fiber walls appears to be negatively correlated with plant
growth. Plants which made slow growth during the period of
fiber -wall thickening produced thick - walled fibers compared with
fibers produced on rapid growing plants.

COTTON GRADE AND STAPLE QUALITY

Arizona Agricultural Experiment Station Bulletin No. 150
summarizes six years' results secured in the co- operative cotton -
quality study conducted jointly with the Bureau of Agricultural
Economics, U. S. Department of Agriculture.

The bulletin emphasizes the wide differences in both grade and
staple length for the cotton from all the major producing areas
in the state. Most important factors causing the differences are
thought to be in the climatic conditions and seed quality.

Table 5 shows the 1934 -35 results, which are not included in the
bulletin, together with averages for the previous six -year period.
It is clear that with a few exceptions in grades, the 1934 -35 crop
in Arizona was distinctly better than average. The results with
Pima cotton for the 1934 -35 season are shown in Table 6.



FORTY -SIXTH ANNUAL REPORT 31

TABLE 5.- PERCENTAGE DISTRIBUTION OF SAMPLES OF
ARIZONA UPLAND COTTON FROM FIVE AREAS, 1928 -33 AVERAGE

AND SEASON 1934 -35.

Area Period

Grade Staple length (inches)
Extra

White & White Spot-
ted and Less

than
1

1 and
1 -1/32

1 -1/16
and

1 -3/32

1 -1/s
and
overand

better

Mid-
dlingotherand
below

Safford 1928 -33 65.6 26.1 8.2 4.4 24.9 51.6 19.1

1934 -35 89.5 7.4 3.1 trace 5.0 71.3 23.6

Coolidge 1928 -33 69.8 19.5 10.7 13.7 46.8 35.3 4.2

1934 -35 76.8 7.2 16.0 .7 12.7 77.7 8.9

Peoria 1928 -33 61.7 32.3 6.0 11.8 49.3 36.9 2.0

1934 -35 58.4 24.3 17.3 3.9 50.7 43.8 1.6

Mesa 1928 -33 61.8 22.7 15.5 15.3 50.6 31.8 2.3

1934 -35 66.3 22.7 11.0 1.8 32.6 61.8 3.8

Yuma 1928 -33 49.9 21.8 28.3 62.1 33.4 4.4 trace
1934 -35 18.6 42.7 38.6 46.0 53.0 1.0 0

TABLE 6.- PERCENTAGE DISTRIBUTION OF SAMPLES OF
ARIZONA PIMA COTTON FROM FOUR AREAS, SEASON 1934 -35.

Area
Grades Staple length (inches)

2 -1/2 and
better

3 and
below

Less than
1 -1/2

1 -1h to
1 -19/32

1 -5 /R and
over

Glendale 94.5 5.5 0 82.4 17.6

Coolidge 81.5 18.5 .2 72.7 27.1

Mesa 82.3 17.7 .2 88.0 11.8

Peoria 72.8 27.2 2.1 95.1 2.8

All areas showed the damaging effects of the late season rains
on the grades of Pima. The crop from the Glendale area, which
was best in grade quality, consisted of 94.5 per cent of the grades
2 and better, with almost 68 per cent grades 1 and 11. The
Pima from the Peoria area showed the largest percentage of the
lower grades.

Pima staple lengths, as in the previous season, were best from
Coolidge, where 27.1 per cent of the crop stapled 1% inches or
over.
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VARIETY TESTS AND IMPROVEMENTS OF GRAIN SORGHUMS

The grain sorghum variety test was continued for the third
year, and yield data for the entire test are summarized in the
table below. Fourteen varieties were included in the test in four -
row triplicated plots. The Fargo Straightneck variety is being
grown by a number of farmers as a result of the excellent show-
ing made by this variety in the test plots.

TABLE 7. -GRAIN SORGHUM VARIETY TEST, YIELD IN POUNDS -
SALT RIVER VALLEY EXPERIMENT FARM -MESA, ARIZONA.

Variety 1932 1933 1934 Average

Fargo Straightneck milo 6,185 4,490 4,994a 5,223
Ajax 4,490 5,469 4,980d
Double Dwarf milo 5,097 3,926 5,132 4,718
Algeria 4,656b 4,042 5,446 4,715
Hegari 4,645 3,079 e 4,588 4,617d
Brown hegari (Mesa) 5,573b 3,693 4,490 4,585
Club kaffir 4,083b 4,000 4,970 4,354
Grohoma 4,928 3,448 3,520 4,299
Brown hegari (Tucson) 4,415b 4,375 3,956 4,249
Feterita 3,477 3,740 4,250 3,822
Blackhull kaffir 2,438 4,839 3,639d
Wheatland 3,461 3,129 3,977 3,522
Beaver milo 2,665 2,625 4,263 3,184
Sooner milo 2,943 2,126 4,043 3,037

a Eighty per cent stand; others perfect stand in 1934.
b Two -row plots; all others are four rows per plot.
e Omitted from average because of poor stand.
d Average of two years indicated only.

Extensive selection work has been initiated with hegari, Double
Dwarf milo, and Sooner milo and to a more limited extent with
Fargo Straightneck milo, Club kaffir, and Algeria milo. It is
hoped that the head -row testing of hegari will still further purify
and improve the uniformity of hegari which has shown such
great improvement as a result of the mass selection carried on
for the past twelve years with this variety. Fargo Straightneck
milo, Grohoma, and Club kaffir all show a considerable mixture
of types, and selection work is indicated.

EFFECT OF SUNLIGHT ON THE COLOR OF ALFALFA
Color determinations made mechanically by the Bureau of

Agricultural Economics in connection with the work reported in
the 1933 Annual Report showed a much more rapid loss of color
by the stems than by the leaves. Color of the meals ground
from the leaves and stems ranged from 100 per cent green color
in the unexposed leaves to 60 per cent green color in the leaves
exposed in the field for a total of fifty -three hours, while stems
similarly handled showed a maximum green color of 71 per cent
and a minimum of 20 per cent.

The determinations made on the leaves and stems before grind-
ing are shown in the following table:
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TABLE 8.- EFFECT OF VARIATIONS IN SUN EXPOSURE ON
COLOR OF ALFALFA

Treatment
Leaves Stems

Hue Per cent
green color Hue Per cent

green color

Cured in dark
Exposed to

5.00 GY 100 + 110 2.00 GY 92.5

5:00 P. M. 6/27 5.00 GY 100 + 110 9.60 Y 79.0
12:00 M. 6/28 3.34 GY 100 7.10 Y 64.5
5:30 P. M. 6/28 1.56 GY 90 4.72 Y 47.5
3:00 P. M. 6/29 10.00 Y 80 3.64 36.0
2:00 P. M. 6/30._ 7.65 67 1.78 Y 10.0

Chemical determinations made on the meals ground from the
leaves and stems indicated that there was no appreciable reduc-
tion in the nitrogen content as effected by sun exposure alone.

THE CULTURE AND IMPROVEMENTS OF SMALL GRAINS,
INCLUDING WHEAT, OATS, BARLEY, AND RYE

The small grain variety trials were continued at the Salt River
Valley Experiment Station near Mesa. The more promising vari-
eties were grown in triplicated field plots. All the grain yields
were high, which may be partially due to the long, cool spring.
Vaughn barley averaged 101.4 bushels of grain per acre compared
with 75.9 bushels for Common Six Row. The Union Beardless
barley averaged 32.0 bushels of grain more per acre than the
ordinary Beardless.

With the exception of Punjab, all the flax varieties were badly
injured by bacterial wilt. This disease killed so many plants in
the other varieties that they were not even harvested. The yield
of Punjab was nearly 22.0 bushels per acre.

A total of ten varieties of spring wheat was also planted in
plots at Mesa. The average grain yields are given in the follow-
ing table:

TABLE 9.- YIELDS OF WHEAT VARIETIES GROWN IN PLOTS
AT MESA

Variety Bu. per acre Variety Bu. per acre

White Federation.... 56.9 South African 65.5
Federation '73.1 Pacific Bluestem 66.0
Onas 74.8 Marquis 63.1
Baart 57.5 Irwin Dicklow 78.5
Bobin 78.7 Jenkin 68.5

A date -of- planting experiment with three varieties of oats -
Markton, California Red, and Texas Red -was carried on at Mesa
in monthly intervals, ranging from the middle of October to the
middle of February. Both grain and hay yields were obtained
for each variety at each date of planting. The highest yields of
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both hay and grain were produced from middle -of- November
plantings. On the average, Markton produced the highest yields
of both hay and grain. California Red was superior to Texas Red
from both the hay and grain production standpoint. In the
November planting Markton averaged 147.6 bushels of grain per
acre, or slightly over 7 tons of hay.

Varietal trials with wheat, barley, and oats in northern Arizona
gave results much in accord with those of previous years. At
Flagstaff the Idamine and Colorado -37 oat varieties were the
highest yielders. Komar wheat and Union barley produced the
highest yields in the wheat and barley tests. At Nutrioso the
highest grain yields were produced by Hope wheat, Trebi barley,
and Markton oats. In addition to being resistant to covered smut
and rust, Hope is highly resistant to shattering, which is a protec-
tion against hail injury at these high elevations.

A clipping experiment was started at Tucson in the fall of 1934
with Baart and Sonora wheat, Vaughn, Common Six Row, and
Beardless varieties of barley, and Texas Red, California Red, and
Markton varieties of oats. It was intended that this experiment
be preliminary to an actual pasturing experiment. The varieties
were planted early in October, and clippings were made at inter-
vals when there was sufficient growth to start pasturing. The
same area was clipped as many as four times. The growth
(measured as dry weight of foliage per unit area) of Baart was
highest among the varieties at the initial clipping, but the ability
of Baart plants to increase in growth after a clipping was less
than any other variety in the experiment. The Texas Red and
California Red varieties of oats made very slow growth during
the winter months and the first clipping could not be made until
late in January. In the barley and wheat varieties the first clip-
ping was made on November 27. The highest total amount of
foliage was produced by the Texas Red oats.

CORN VARIETY PROJECT

Corn variety trials again were conducted in 1934 in co- opera-
tion with the Agricultural Extension Service in Coconino, Navajo,
and Cochise counties. Several of the varieties grown in the tests
in outlying areas of the state also were planted in a comparative
trial on the University Farm near Tucson.

Coconino County

Five plantings were made under widely different soil conditions
during the period from May 12 to 18. While corn growing is a
stable enterprise in northern Arizona, the 1934 trials indicate the
hazards of grain -crop production under the existing environ-
mental conditions. Of the five plantings made in the county, only
two produced measurable yields. One plot on a volcanic -ash soil
was a failure from the start, due to faulty soil- moisture conditions
at planting. Another planting failed to produce measurable
yields because of a killing frost which occurred on June 6 when
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the corn was about 6 inches high. All the plants were not killed
but the stand was made very spotted. A third plot grew almost
to maturity under excellent conditions but in a new and sparsely -
settled area, and gave promise of good yields only to be so
severely attacked by birds and rodents that no yield comparisons
could be secured. The yields for the successful tests are shown
in Table 10.

TABLE 10.- YIELDS OF CORN CALCULATED ON A BASIS OF 70
POUNDS OF DRY EAR CORN PER BUSHEL.

Variety
Acre yield in bushels

Red Lake Flagstaff
Lawson White 53.6 19.2

Golden Republic 51.2 a

Colorado 13 48.0 21.8

Maule's Earliest Red 45.6 a

Smith Yellow 44.2 26.2

Swadley 43.6 18.7

King of the Earliest 42.2 20.7

Maule's Drought -proof 29.4 20.4

Cream Dent a 36.2

Colorado Yellow a 26.2

Local Red Dent a 24.4

a Not included in specified test.

The Red Lake yields reflect the importance of a naturally fer-
tile lake -bed soil combined with proper cultural conditions to
conserve soil moisture. The lower yields were produced on a
volcanic -ash soil of rather low fertility and poor in water -holding
capacity. All varieties listed are of the dent type.
Navajo County

Under the widely different growing conditions in this county
six plantings were made. Two were under dry farming in the
mountain areas above 6,000 feet. Early to midseason varieties
such as King of the Earliest, Swadley, Cream Dent, and 4X
Yellow Dent produced most fodder and grain. With the three
plantings made at elevations ranging from 4,500 to 6,000 feet and

.

supposed to have been grown under partial irrigation, all suffered
from a serious water shortage. Under those conditions the new
yellow variety, Golden Republic, and the acclimated 4X Yellow
were most successful grain producers. With full irrigation at
Snowflake and on excellent soil, forage and grain yields were
good. Most promising for silage purposes were Ferguson Yellow,
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Surcropper, Colorado Yellow, Golden Beauty, and Duncan White,
all medium to mid -late varieties, while 4X and Golden Republic
were the more promising for grain and general purposes.
Cochise County

The corn stalk borer combined with a heavy hail storm just as
the ears were forming to reduce the grain yields on what early
appeared to be a good test in this county. Acre yields of six of
the best varieties are given in the next paragraph. Unlike the
previous year, the large stalked, later varieties produced most
grain because they were more resistant to borer damage, and
because fruiting was in a less critical stage on the late varieties
when the hail storm occurred.

The leading varieties and their yields in bushels per acre were
as follows: Surcropper, 34.4; Mexican June, 30.8; Golden Repub-
lic, 27.3; Doubet, 24.9; Duncan White, 24.9; and Ferguson, 23.7.

An increase pure -seed plot of Golden Republic was planted
three weeks later on the same farm. That plot escaped much of
the borer damage, and the plants were small enough to be able
to recover after the hail storm. The yield from that plot was
nearly 50 bushels of dry corn. Considerable seed of that variety
will be available for planting in 1936. Inquiries should be
directed to the Agronomy Department, University of Arizona,
Tucson.

Pima County

Continuing the search for a suitable variety of yellow corn for
sourthern Arizona, mostly yellow varieties were grown at Tuc-
son. With the serious damage caused by the stalk borers, how-
ever, none of the smaller -stalked yellow varieties was as good as
local Mexican June or Texas Surcropper, both of which are
coarse stalked and white grained. Acre yields calculated on a
small plot basis from a planting made June 4 from over 60 bushels
for Mexican June down to slightly over 20 bushels from some of
the poorly adapted varieties. The best yellow variety, Ferguson,
yielded at the rate of 43.1 bushels.

A second planting made June 26 suffered much less borer dam-
age, but all grain yields were from 10 to 60 per cent less than
from the earlier plantings.

All the corn tests indicate a need for a continued search for
better adapted varieties and for crop improvement through seed
selection.

ANIMAL HUSBANDRY
NUTRITIONAL DEFICIENCIES OF ARIZONA RANGE GRASSES

Continuation, for a period of 18 months, of the mineral feeding
described in the two preceding annual reports has failed to pro-
duce any apparent beneficial results. During the first year the
two mineral supplements, monosodium phosphate and monocal-
cium phosphate plus sodium iodide, were administered via the



FORTY -SIXTH ANNUAL REPORT 37

drinking water. The minerals were then mixed with plain salt
in open boxes to check the difference, if any, in the utilization
of the dry and water -solution forms of the minerals. The mono-
sodium phosphate was mixed with salt in the proportion of thirty
to seventy for the cows in one lot. In addition to the monocal-
cium phosphate fed in another lot, calcium carbonate and ferric
oxide were included in the following ratio: salt 68 per cent, mono -
calcium phosphate 27 per cent, calcium carbonate 4.85 per cent,
and ferric oxide 0.15 per cent. A third lot of cows was fed cotton-
seed cake and plain salt from January to July, 1934, and a fourth
lot served as a check.

A summary of the results of the two mineral feeding periods
are herewith shown.

In order to check upon the weight records of the cows and
calves, analyses of the blood of six cows from each lot were made
every other month for inorganic phosphorus and calcium. Two
tests for hemoglobin by the Newcomer method were also made.
The results of these tests failed to reveal any significant effects
from the addition of the mineral supplements. The addition of
the cottonseed cake, however, was accompanied by a marked
increase in the inorganic blood phosphorus of the cows in this
group. The cottonseed -cake -fed cows, while maintaining a small
weight advantage, did not impart any favorable effect upon the
weights of their calves.

TABLE 11.- SUMMARY OF RESULTS FOR THE FIRST PERIOD OF
MINERAL FEEDING, MAY 31, 1933, TO MAY 17, 1934.

Check

Cotton-
seed

cake fed
(Jan.-
July)

Mono-
sodium

phosphate

Mono -
calcium

phosphate
plus

sodium
iodide

Av. wt. cow (lbs.)
Dec. 1933 723 743 698 739
May 1934 703 763 613 704
Gain or loss -20 +20 -85 -35

Av. wt. calf (lbs.)
Dec. 1933 315 295 304 285
Daily gain

July -Dec. 1.38 1.34 1.39 1.38
Av. daily salt and

mineral consumed
Salt (oz.) 1.47 1.25 1.36 1.76
P205 (gr.) 8.23 7.41
CaO (gr.) 1.22 2.51
NaI (gr.) .05

Blood analyses
Mg. inorg. P per

100 cc. serum 4.69 5.67 4.75 4.82
Mg. Ca per

100 cc. serum 10.27 9.80 10.38 10.26
Grams hemoglobin

per 100 cc. blood 11.53 12.85 10.34 10.20
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TABLE 12.- SUMMARY OF RESULTS OF THE SECOND PERIOD OF
MINERAL FEEDING, MAY 17, 1934, TO JANUARY 21, 1935.

Salt
check

Salt plus
cottonseed
cake fed

(Jan.-
July)

Salt plus
mono-
sodium
h tphosphate

Salt plus
monocal.

phos., cal.
carbonate,

ferric
oxide

Av. wt. cow (lbs.)
May 1934 703 763 613 704
Jan. 1935 657 694 643 642
Gain or loss -46 -69 + 20 -62

Wts. of calf (lbs.)
Av. daily gain

per calf 1.06 1.01 .87 .93
Per cent calf crop 88.8 72.2 55.0 93.7
Av. daily salt and

mineral consumed
Salt (oz.) 2.58 2.13 1.0 1.0
Grams 73.01 60.30 26.39 26.37

Monosod. phos. (gr.) 11.31
Monocal. phos. (gr.) 10.47
Calcium carb. (gr.) 1.88
Ferric oxide (gr.) .06
P20, (gr.) 5.78 5.76
Cao (gr.) 3.53

Beginning in January, 1935, the experimental plan was altered.
The mineral feeding was temporarily discontinued and the cows
were used to study the relative values of (a) white corn, (b)
yellow corn plus halibut liver oil, and (c) cake, as supplements
to the range forage. The purpose of this plan was to determine
the nature of the deficiency of the dry winter grass with respect
to its gross energy value, Vitamin A, and protein content. Be-
cause of the low intake of the plentiful dry feed it is believed that
the nutritional deficiency may be one of a quantitative nature due
to the decreased palatability of the forage. The short duration
of the supplemental feeding period before the green feed was
available did not afford a sufficient period to test the different
feeds. The same plan will be repeated at the close of the growing
season.

SEASONAL CHANGES IN THE CHEMICAL COMPOSITION OF
RANGE GRASSES

A standard feed analysis of samples of the principal grasses
collected at different stages of growth is being made in addition
to a determination of the lime, phosphoric acid, and lignin con-
tent. The grazing area, exclusive of small, scattered, plowed-
over lands, is a grassland with the following approximate per-
centage composition: curly mesquite, 40 per cent; hairy grama,
25 per cent; blue grama, 25 per cent; other, 10 per cent. Pure
samples of each of the three principal grasses were taken at
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ten -day intervals during the growing season following which
collections were made fortnightly and monthly. An average of
the chemical analyses of these three grasses is shown in the
following table. The first sample was taken twenty days fol-
lowing the start of the summer rains when the grass reached
a growth sufficient to clip. The maximum crude protein content
was reached at this stage and continued at a relatively high level
for a period of only three weeks. The phosphoric acid and lime
composition were also at their peak during this same period.
Beginning with the September 13 sample, collected one month
following the start of the lush growth of grass, the crude protein,
phosphoric acid, and lime followed a parallel and precipitous
decline to a low level the latter part of December. The protein
and phosphoric acid percentage composition decreased approxi-
mately 83 per cent and the lime 60 per cent from summer to
winter. The total water content declined from a high point of
73 per cent on August 20 to 10 per cent November 11. An in-
crease of 37 per cent in the crude fiber occurred during the same
period. These pronounced changes in the forage grasses of nutri-
ents essential to animal growth reveal the restricted nature of an
exclusive grass range to livestock for yearlong grazing.

FORAGING HABITS OF CATTLE

Continuous observation of cattle having access to range area
of the grassland type, topographically rolling, a part of which
was plowed and turned back years ago, has been made for the
past two years. The unplowed area was covered to a density of
from .5 to .7 with curly mesquite, 40 per cent; hairy grama, 25
per cent; blue grama, 25 per cent; Aristida spp., 5 per cent; black
grama, 3 per cent; eriogonum (buckwheat), 1 per cent; and weeds,
mesquite, and yucca, 1 per cent. The plowed and partially re-
stored -to- grasses area was covered to an average density of
approximately .2 and in small areas as high as .5 per cent with a
stand consisting of aristidas, 50 per cent; curly mesquite, 20 per
cent; hairy grama, 16 per cent; blue grama, 12 per cent; senecio,
2 per cent; with a trace of loco.

Summarizing the observations, it can be said that:
1. Summer utilization was heaviest on bottom lands, moderate

in the swales, moderate to light on the ridges, and light on
hillsides.

2. Following the rainy seasons, the bottom lands were covered
with palatable annuals which are almost entirely utilized by
cattle.

3. Utilization was heavier on unplowed than on plowed -over
areas in keeping with the plant covering as given above.

4. The grass covering is restored more quickly on old travel -
packed and denuded areas than in plowed -over areas.

5. On areas previously in light use where there is an apparent
yearly accumulation of grass, plant utilization is lower than on
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previous heavy -use areas where the present stand consists of a
higher percentage of new growth.

6. Curly mesquite has maintained itself better under heavy
utilization than has blue or hairy grama.

7. Blue gramas and curly mesquite were heavily utilized,
hairy grama moderately, and black grama and curtipendula very
lightly utilized.

8. The degree of utilization of the different plants varied with
the season and with climatic conditions influencing the condition
of the plants.

9. During the summer the cattle graze ridges early in the
morning, come in for water at 8 to 9 A.M., leave at 10 for lower
country, return at 4 to 5 P.M., and then go back to pasture.

10. In winter, grazing habits are less regular, the cattle varying
the time of grazing and the frequency of watering.

11. The grazing habits of cattle are dependent upon factors
that influence the condition of the various plant species at a given
time. The time spent by cattle on the different topographical
subdivisions of a given area is determined by the nature and con-
dition of the plant species prevalent there.

12. The winter use of the different species of dry grasses
appears to be somewhat affected by the amount of moisture in the
atmosphere. The cattle take varying amounts of different species
depending apparently upon the condition of the grasses as to
their external moisture.

FEEDER STEER TYPE STUDY

A significant innovation in the experimental cattle -feeding
plans at the Salt River Valley Station was made this year with
the temporary discontinuance of the ration comparisons and the
introduction of a cattle type test to study the relation of type and
conformation to the economy of gain and killing qualities of Ari-
zona range steers. The test was divided into three divisions:
Division A, judge's rating as feeder steers; Division B, economy
of gain; and Division C, killing efficiency. Twelve Arizona cattle
producers delivered twelve head of feeder steer calves to the
University Farm, Tucson, December 1. These steers received
uniform treatment, pasture, and ration until February 21, on
which date they were sorted by brands and rated according to
their excellence as feeder steers.

The ten highest rating groups of ten head each were taken to
the Salt River Valley farm for the feeding test. Each steer was
graded for each of the following factors: (1) type, (2) condition,
(3) feeder grade, (4) conformation of head, (5) width of body,
(6) disposition, (7) weight. Each group of steers was full hand-
fed on a ration of alfalfa hay, hegari silage, cottonseed meal, and
rolled barley, beginning March 6 for 120 days. The results of the
economy -of -gain feeding test are reported in Table 14.

Since all lots were fed exactly the same feeds in identical pro-
portions, the feed cost per hundredweight of gain is indicative of
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TABLE 14.- DIVISION B- ECONOMY OF GAINS.

Number
Average
initial
weight
(lbs.)

Average
final

weight
(lbs.)

Av. daily
gain per

steer
(lbs.)

Feed cost
per 100 á1b.

gain

I 5,205 8,127 2.44 $7.09
II 4,785 7,858 2.56 6.60

III 5,665 8,915 2.71 6.90
IV 5,205 8,320 2.60 6.70
V 5,648 8,498 2.38 7.32

VI 5,262 8,128 2.39 7.25
VII 5,351 8,210 2.38 7.39

VIII 5,628 8,635 2.51 7.24
IX 5,460 8,320 2.38 7.62
X 5,885 8,963 2.57 7.26

a Feed prices: hegari silage $3.50; alfalfa hay $10; ground barley $28;
and cottonseed meal $38 per hundredweight.

TABLE 15.- SUMMARY OF RATINGS.

Lot
No.

Division A

Judge's
rating
Tucson Feed cost

Livestock per
Show cwt. gain

Division B Division C

Economy of gains Killing efficiency

I
II

III

IV
V

VI
VII

VIII
IX
X

Est. gross packer
Rating return per lot Rating

above steer cost

? 7.09
1 6.60
3 6.90
6 6.70
2 7.32
8 7.25
5 7.39
9 7.24

10 7.62
4 7.26

4
1
3
2

9

10

$60.10 5
36.79 8
71.63 1
62.88 3
68.86 2
20.90 10
38.41 7
34.71 9
42.76
60.85

6
4

the feed required per hundredweight of gain. Each lot of steers
were allowed all of the feed they would consume twice daily. The
average daily ration per steer for all lots was: hegari silage, 19.65
pounds; alfalfa hay, 6.91 pounds; ground barley, 4.68 pounds; and
cottonseed meal, 2.24 pounds.

This ration of Salt River Valley feeds has been established by
the Animal Husbandry Department of the University of Arizona
as being efficient and practical, providing the price of grain is
not higher than the price of cottonseed meal, and provided there
is sufficient premium on finish to justify the inclusion of grain in
the ration. When these provisions are not met the grain allow-
ance should be decreased, fed only the last thirty days, or omitted
from the ration entirely.
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The one hundred steers made an average daily gain for the
120 -day feeding period of 2.49 pounds per head. The fastest -gain-
ing steer averaged 3.26 pounds per day throughout the period,
while the slowest -gaining steer made 2.12 pounds per day.

Table 15 gives a summarized report of the ratings made by each
lot in all three divisions of the contest.

DISCUSSION OF THE RATINGS

When the ratings given in the above table are studied carefully,
it will be seen that on the whole the judge's ratings as made at
the beginning of the test agree reasonably well with the test
ratings. The steers used in the test were all good steers and the
differences in individual characteristics, in economy of gain, and
in killing efficiency were not great.

The feed costs in lots V, VI, VII, and X were so nearly the same
that the ratings for these four lots under economy of gains prob-
ably are not significant. In other words if the test were repeated
with the same steers they probably would not make identical
comparative ratings. They are, therefore, not assigned ratings in
this division.

The excellence of the Lot IV entry was apparently underestim-
ated at the beginning of the experiment. Lot V, second in Divi-
sion A, fell to eighth in Division B, but came back to second in
Division C. These calves were comparatively heavy and in good
flesh when the feeding period started. As indicated by their
killing record and the history of their daily gains, they reached
acceptable finish some time before the close of the feeding period.
As steers approach high finish, their gains become expensive.

The steers in Lot II were the lightest steers in the experiment
at the beginning of the test. During the feeding period they con-
sumed more pounds of feed per unit of body weight than did any
other entry. Smaller size and greater capacity resulted in com-
paratively low dressing percentages which dropped them to
eighth place in the killing efficiency test.

Individual gains and killing records were obtained to supple-
ment the scoring of each animal as a feeder steer taken at the
start of the test. These individual records will be accumulated
as the experiment is continued over a period of years. It is be-
lieved that the results secured will give cattlemen a more definite
basis for making selections in their breeding and selling programs.

VETERINARY WORK

A veterinarian was added to the experiment station staff in
July, 1934. Prior to this time problems in animal pathology were
investigated by other members of the staff or referred to local
veterinarians or other experiment stations. After the necessary
adjustment, this is now done by the veterinarian.

Laboratory facilities were not available until January, 1935, at
which time a laboratory was equipped for the study of animal
diseases. Field trips were made to various localities in the state
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to investigate death losses and recommend measures for their
control. The health of the animals on the University Farm and
experimental animals was supervised. Several of these animals
were treated for common ailments. Preliminary studies on major
problems in livestock disease were made. Three problems of
outstanding importance in Arizona are in need of investigation:
(1) The condition of arthritis in range lambs; (2) infectious kera-
titis in range and feeder cattle; (3) livestock losses from poison-
ous plants. These problems are peculiar to Arizona conditions
and considerable research is necessary to undertake properly the
problem of control.

The following outline is a summary of the work for the year
1934 -35.

LIVESTOCK LOSSES INVESTIGATED

1. Investigation of mule losses in Salt River Valley: mani-
fested by various degrees of paralysis and mortality of 80 per
cent of the mules showing symptoms. Toxins produced in canta-
loupe fields on which mules were dying were suspected. Isolated
hemolytic streptococci from the spinal fluid. Losses amounted
to thirteen mules.

2. Investigation of sheep losses around Mormon Lake: one
band of sheep was moved to water across an area of range that
was being treated by the Forest Service for the eradication of
weeds. After reaching water 350 sheep died within a few hours;
during the day others died, bringing the total to eight hundred
head. Sodium hypochloride was suspected because of the history
of the area. Symptoms and examination of stomach contents
demonstrated the fact that the whorled milkweed (Asciepias
galioides) was present. No traces of hypochloride were found.
Death was due to poisoning by whorled milkweed.

3. Investigation of sudden death losses in cattle in territory
east of Douglas: water and algae were suspected. Losses amount-
ing to fifteen or twenty head occur yearly on the same ranges.
Algae and water were analyzed and fed test animals with no
results. The range was investigated and two poisonous plants
that had been grazed considerably were found, these being
Mixaceae or Amorenxia wrightii and Jotropha macrorhiza or
nultifida.

4. Investigation of cattle losses in an area west of Benson in
the Whetstone Mountains: approximately forty cows were lost
in the area; loco weeds were suspected. The range was investi-
gated, and arrow grass was found which contained traces of
prussic acid. However, the symptoms and lesions were not typi-
cal of prussic -acid poisoning. This condition will require a care-
ful study to determine the toxic or probable deficiency present.
Cultures were made and no pathogenic organisms were isolated.

5. Investigation of losses in sheep moved off lettuce pastures
onto the desert: animals were moved off in the evening and on
the following morning about six hundred sheep were down.
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Death losses were 175. Poisonous plants on the range were
suspected, but after an investigation no toxic plants were found.
Post mortems indicated nutritional disturbances. Symptoms were
corrected by laxatives and supplementary dry feed.

6. Investigation of death losses in cattle around Cochise: re-
ported losses of twenty -five cattle; suspected plant poisoning. The
range was investigated and no toxic plants were found. Post
mortem on cow demonstrated presence of hemorrhagic septic-
emia. Vaccination stopped losses.

7. Investigation of sheep losses in Buckeye territory: owner
suspected poisonous plants. Losses were investigated and pre-
sence of large numbers of tapeworms and infectious caseous
lymphangitis were found. Losses totaled about eighty bucks in
a month's period.

8. Investigation of sudden losses of sheep in Yuma after
changing onto a new range. Strychnine was isolated in stomach
contents.

9. Investigation of sudden death in horses in Cochise area:
the range was investigated for poisonous plants. Rayless golden-
rod and senecio were found, but these are not causes of sudden
death. Cultures proved negative and no diagnosis was made.

10. Investigation of sudden deaths in cattle north of Benson:
about two hundred head of cattle moved onto a new pasture
showed symptoms of paralysis. The range was investigated but
no toxic plants except grasses containing prussic acid were found.
Symptoms were not typical of prussic acid poisoning. The
symptoms were indicative of a deficiency in calcium or phos-
phorus. No diagnosis was reached because of lack of post mortem
material.

11. Investigation of losses in cattle on Indian reservation south
of Tucson: the cattle were purebreds shipped in to restock Indian
ranges. Lesions and cultures were positive for blackleg. Vaccin-
ation and isolation stopped losses.

12. Investigation of losses in dairy cattle north of Tucson :
four animals with nervous symptoms suggestive of rabies were
lost. The brain was examined, and negri bodies were found in
brain cells- diagnosed as rabies. Biological Survey was notified
and measures were started to rid the country of stray dogs and
coyotes.

13. Investigations of sudden death and peculiar nervous
symptoms in cattle at Sonoita on range mineral experiment:
symptoms were suggestive of mineral unbalance; corrected by
injection of calcium.

14. Investigation of sudden death in cattle on range north of
Red Rock: sudden death in about eighty head of steers over a
period of two weeks. The range was investigated and no toxic
plants were found. Successful post mortem could not be per-
formed because of decomposition. The range plants were ana-
lyzed for prussic acid. No animals have been found to be suffer-
ing from ailments. Sudden death was the only symptom. Bloat
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and possibly a metabolism problem are suspected. Further work
will be done.

LAMB FEEDING

Heavy mortality of lambs in the preceding 1932 -33 and 1933 -34
feeding tests prevented the completion of these experiments.
Similar disease outbreaks occurred in local commercial lamb
feeding units. Local veterinarians were unable to accurately
diagnose or effectively treat the disease. It was decided to formu-
late a feeding plan that would reveal the nature of the causes of
the losses and to study methods of prevention.

OBJECTS OF THE EXPERIMENT

1. To study the effect of vaccinating feeder lambs against
hemorrhagic septicemia.

2. To determine the presence of intestinal parasites in feeder
lambs and compare results apparent from lambs treated for intes-
tinal parasites with those obtained from untreated lambs.

3. To test narrow nutritive ratio rations against wide ratio
rations for range lambs fed in dry lot.

4. To investigate the nature of any nutritional or pathological
disturbances in the feeder lambs with the purpose of determining
the nature of the trouble incurred by Salt River Valley feeders
and suggesting effective means of combating the losses.

Eight lots of twenty -four lambs each were used in the experi-
ment. All lambs were fed the same feed, but one half of the lots
received a proportion of the protein feeds to observe if the narrow
nutritive ratio had any bearing on the results. The lambs were
fed for a period of ninety days. Only two lambs were lost, both
dying from minor ailments. No deleterious effects developed
from the use of the high protein rations with a nutritive ratio of
1:3.8 as compared with rations having 1:6.1. No benefit from the
worm treatment nor from vaccination for hemorrhagic septicemia
was apparent. The experiment will be repeated.

THE TUCSON LIVESTOCK SHOW
AND

ARIZONA REGISTERED HEREFORD BREEDERS ASSOCIATION

The Animal Husbandry Department has been instrumental in
the organization of the Tucson Livestock Show and the Arizona
Registered Hereford Breeders Association. Both of these organ-
izations are actively engaged in stimulating a greater interest in
the production of well -bred range cattle. The livestock show is
devoted to both beef-cattle and saddle -horse classes. One of the
features of the show is the feeder steer class from which the
department obtains its feeders for the cattle type study. In the
1935 (February) show twelve entries from well -known range
herds were made in this class. Arrangements have been made
for accommodating double this number for the 1936 show. The
University of Arizona prepared an educational exhibit of Here-
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ford cattle and is planning to add an exhibit of fat steers. Mem-
bership in the A.R.H.B.A. has been increased to twenty -three
members who represent all but a very small percentage of the
registered Hereford cattle breeders in the state.

BOTANY

IDENTIFICATION OF PLANT SPECIMENS

Three hundred and fifty persons sent or brought to the univer-
sity 5,500 plant specimens, of which 4,500 were identified and the
remainder carried over to the next year's work. The larger num-
ber of these were collected and sent in by about a dozen state and
federal bureaus or departments that are engaged in intensive
field work in the state and hence require information concerning
the plants with which they are working. As a result of these
studies about 250 species have been added to the native and cul-
tivated flora of the state, and a large amount of information has
been disseminated. Almost without exception these plants are
of economic importance, representing grasses, browse plants, mis-
cellaneous forage plants, trees and shrubs, honey plants, poisonous
plants, medicinal plants, weeds, fiber plants, and stout -rooted
plants suitable for soil erosion purposes.

FORAGE GROWTH AND STOCK LOSSES

The winter and spring rains were unusually heavy over the
state, with the result that there was a good growth of forage on
most of the ranges, particularly those at the lower altitudes. On
the desert ranges this growth was better than it had been for sev-
eral years. The stand of alfilaria was very heavy on ranges with
altitudes as low as 2,400 feet, and it appears now that in time this
introduced winter annual will become the dominant plant on our
desert ranges. Next in importance were the kinds of Indian
wheat (Plantago spp.) which covered large areas of the desert
with a low, dense, silvery -gray growth. Besides these, more
than fifty other species were represented in considerable abun-
dance on the desert ranges and foothills. With the favorable
winter and spring season, the growth of poisonous plants was
also favored, causing heavy stock losses on some of the ranges.
In southern Arizona these losses were due mostly to loco weeds,
while in northern Arizona loco weeds, milk weeds, and death
camas contributed to stock losses.

Studies in the poisonous plants of the state have practically
been completed and the information will be assembled in form
for publication at the earliest opportunity.

PREPARATION OF PLANT LISTS

During the year a list of the aquatic and marshland plants of
the state was prepared. This has served as a basis for the study
of food plants for southwestern waterfowl, which was made by
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the Bureau of Bic:>logical Survey of the United States Department.
of Agriculture during the past spring and summer. This list
includes thirty -nine families and 126 species. The grass family
(Gram,ineae) is represented by twenty species; the pondweed.
family (Potamogeton.c ceae), by fifteen species; and the sedge
family (Cyperaceae) and figwort family (Scrophulariaceae), by
ten species each. Considering the fact that Arizona has very
limited areas of water and marshland, the number of these plants .
is remarkably large. Numerous requests have been received from
time to time for lists of these plants on account of their food
value to waterfowl, and the experiment station is now able to
advise sportsmen, hunting clubs, and other interested persons
concerning varieties of water plants that are suited for growing
in different parts of the state, either as ornan entails, as Image for
stock, or as food for water birds.

The botanist also prepared .a list of the trees indigenous: to the
state. as far as it has been possible,
to study them. This includes
twenty -nine families and about
130 species and varieties. The
,eight familes having the largest
number of species or varieties
are given below in the order
named. The pine family (Pina-:
ceae) is represented by twenty -
four species; the willow family.
(Saliceceae) , by sixteen species;:
the pulse family (Leguminosae) r
by fourteen species; the oak fam-
ily (Fagaceae) , by eleven species;
the rose family (Rosaceae) , by
ten species; the cactus family
(Cactaceae), by nine species; the.
ólive family (Oleac..eae), by eight
-species; and the lily family (Li i ,-

ceae) , by : six species. Tree
are among our most interestii E g
as :. well as : valuable plants, and
until this list was completed it
was not possible to take care o
the many requests that are re -.
c eived annually for information
on these plants.

During the year the botanist
has completed studies tentatively
o f t h e following families of
plants: sandalwood family (San-
talaceae) , m i s t l e t o e family:
(Loantliaceue), plantain family:

Plate IL-Column Italian cypress
(Cupressus scnz pervirens var.
itricta) , suited for growing in
calcareous soils in arid, hot cli-

mates,-
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(Plantaginaceae), madder family (Rubiaceae), honeysuckle fam-
ily (Caprifoliaceae), valerian family (Valerianaceae), gourd fam-
ily (Cucurbitaceae), bluebell family (Campanulaceae), and
lobelia family (Lobeliaceae).

DAIRY HUSBANDRY
STUDY OF PROPERTIES OF SWEET BUTTERMILK POWDER

In comparisons of ice cream made with sweet buttermilk
powder and with skim -milk powder 39.5 per cent of the general
consumers preferred the ice cream containing sweet buttermilk
powder, 25 per cent preferred the skim -milk powder cream, and
35.5 per cent could not distinguish any difference.

The mixes for these comparisons were the same except the
powders. A large number of comparisons will be made before
making final conclusions.

CANNING MILK ON THE FARM

This work was undertaken on request of the Agricultural Ex-
tension Service as a result of interest of rural housewives.

Milk containing 31/2 per cent fat and cream containing 22 and
42 per cent fat were sterilized in hermetically -sealed tin cans
during March, 1934, and held until October. Part of the cans
were stored in the laboratory and part in the refrigerator at about
50 degrees F. The temperature in the laboratory ranged from
about 65 degrees F. to 93 degrees F.

Both milk and cream kept in good condition. The cooked
flavor was no more distasteful than that of evaporated milk. In
fact, some of those who passed on the flavor thought there was
less cooked flavor than in evaporated milk.

Some of the cream was used by the Home Economics Depart-
ment in cooking and for coffee, and this department reported very
favorably on the flavor.

There was apparently no advantage in storing the cans in the
refrigerator.

Milk and cream put up in tins and prescription bottles in No-
vember and December, 1934, are apparently in good condition.
It is planned to hold some of the samples for two or three years.

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

REDUCTION TEST

The following are the percentages of the different varieties of
bacteria in 478 samples of milk at the time of reduction: acid -
coagulated, 7.013 per cent; acid -not -coagulated, 46.100 per cent;
acid -coagulated -gas -proteolitic, 7.531 per cent; acid -proteolitic,
28.075 per cent; alkaline, 2.543 per cent; inert, 2.234 per cent; and
6.502 per cent blank.

In order to study the change which takes place during the re-
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duction period, samples were taken from 109 milk containers
both before and after reduction with results as shown in Table
16.

TABLE 16. -PER CENT CHANGE IN MILK BACTERIA
DURING REDUCTION.

During
reduction

Before
reduction 4.15

51.60

31.85

17.84

3.71

24.62

42.39

d

;71

1.80

8.11

ti

1.06

5.03

2.61

4.77

During the reduction period there were substantial reductions
in the acid- coagulated, acid -proteolitic, alkaline, and inert vari-
eties, while the acid - not -coagulated and the acid- coagulated -gas-
proteolitic show large gains. The increase from 31.85 per cent to
51.60 per cent in the acid - not -coagulated is practically equaled
by the decrease from 42.39 per cent to 24.62 per cent in the acid -
proteolitic group. These two varieties represent approximately
75 per cent of the total both before and after reduction.

Eleven thousand nine hundred fifty colonies have been studied
to date.

STUDY OF INFECTIOUS ABORTION IN DAIRY CATTLE

More than one hundred herds have been tested in this work.
This represents over 2,500 cows. Many of these herds have been
tested several times. About 78 per cent of the herds tested had
one or more positive animals, and about 25 per cent of the animals
tested were positive to the abortion test.

Ten herds have been studied in more detail to find, if possible,
a feasible method of eliminating the disease without immediate
slaughter of the positive animals. These herds have been tested
at frequent intervals. The positive animals have been segregated
from the negative animals on the same farm, and both groups
have been cared for by the same help. The results have been
very satisfactory. One herd had no new reactors after segrega-
tion, all positive animals in three herds have been sold, and there
has been little new infection.

This project is about completed, and results should be published
soon.
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PASTURE FOR YOUNG CALVES

To determine the value of pasture for calves under six months
old, three calves were allowed pasture from about a month of
age and two others were in dry lot until six months old. This
experiment is being continued, and the calves born on the Univer-
sity Farm this year will be entered on the project.

A COMPARISON OF THE FEEDING VALUE OF ALFALFA HAY
GROWN ON PHOSPHORUS -TREATED GROUND VERSUS HAY

GROWN ON UNTREATED GROUND

In a fertilizer experiment on the University Farm, in which
some borders are treated with phosphate fertilizer and some are
not, a chemical analysis shows that the alfalfa hay grown on the
treated borders has slightly more nitrogen and about 40 per cent
more phosphate in terms of PO4 than hay grown on the untreated
borders.

In the summer of 1934, at one cutting, hay from the treated and
untreated borders was kept separate and the bales marked for
identification.

On March 5, 1935, a feeding test was started to compare the
feeding value of hay grown on phosphate- treated soil with that
grown on untreated ground. Four cows were divided into two
groups of two cows each. The feeding test was divided into three
periods of twenty -eight days with a seven -day preliminary feed-
ing period and a seven -day interval between periods to change
rations. The cows were fed by the double reversal system to off-
set differences in period of lactation and in individuality of the
animals.

The feeding schedule was as follows:

Group I
Period 1 Phosphorus- treated hay
Period 2 Untreated hay
Period 3 Phosphorus- treated hay

Group II
Untreated hay
Phosphorus- treated hay
Untreated hay

Each cow was fed 30 pounds of alfalfa hay per day. The grain
ration was apportioned to meet the requirement for total digest-
ible nutrients according to Morrison's modified feeding standard.
The digestible crude protein in both rations exceeded the require-
ments on account of so much alfalfa hay being fed.

Table 17 shows the milk yield of the cows by periods and the
percentage decrease from one period to the next.

It is evident that the decrease in milk yield is similar for the
groups of cows in all periods. The kind of hay fed did not have
any consistent influence on the amount of decrease in yield of
milk from period to period.

The following table shows the summary of the milk yield re-
sulting from the feeding of the two kinds of hay.

When fed hay from the untreated soil the cows produced 33.4
pounds or .9 per cent more milk than when fed hay grown on the
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TABLE 17.- FEEDING SCHEDULE OF COWS BY PERIODS AND
MILK YIELD IN POUNDS.

No. of cow
First

period
P- treated

hay

Second
period

untreated
hay

Decrease
( %)

Third
period

P- treated
hay

Decrease
( %)

173 1,315.1 1,226.5 6.737 1,089.2 11.19
174 893.5 788.7 11.73 690.4 12.46

Total for
Group I 2,208.6 2,015.2 8.756 1,779.6 11.69

No. of cow Untreated
hay

P- treated
hay Decrease Untreated Decrease

181 790.6 670.0 15.25 592.1 11.63
187 899.3 870.3 3.22 823.3 5.4

Total for
Group II 1,689.9 1,540.3 8.85 1,415.4 8.1

phosphorus- treated borders. This difference in yield is not
significant. Possibly the reason that the phosphorus- treated hay
did not carry an increased milk yield over the untreated hay was
that there was no real shortage either in protein or phosphate in
either ration. A chance variation in the milk yield of one or more
of the cows would have caused the difference in yield that was
obtained.

TABLE 18.- SUMMARY OF MILK PRODUCED.

Rations Milk yield
(pounds)

Phosphorus- treated hay
Group I, ay. 1st and 3rd periods 1,994.1
Group II, 2nd period 1,540.3

Total 3,534.4

Non -treated hay

Group II, ay. 1st and 3rd periods 1,552.6
Group I, 2nd period 2,015.2

Total 3,567.8

Difference in favor of nontreated hay 33.4 or .9 per cent

ENTOMOLOGY AND ECONOMIC ZOOLOGY
WATER REQUIREMENTS OF DESERT ANIMALS

Determinations of dry weights of various food plants of wood
rats or other rodents used is under way. The present season
offers a wide variety of vegetation.
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The extensive campaign of rodent control on the Santa Rita
Experimental Range has practically eliminated the round -tailed
ground squirrel, about the burrows of which was planned the next
setup of climatic record instruments. In order to find these
rodents in a situation where the instruments could be safely
placed, the apparatus has been placed on the University Farm.

STUDIES ON THE SCALE INSECTS (COCCIDAE) OF ARIZONA

A publication (Technical Bulletin No. 56) embodying results of
studies on the olive parlatoria scale (Parlatoria oleae) should aid
in identification and control of this scale when required.

Much scale- infested plant material from the Phoenix region
has in the last several months been received through the office of
the state entomologist. Permanent mounts of scale insects from
nearly all of this material have been prepared and thus added to
the collections. Included in this material are red scale (Chry-
somphalus aurantii), soft brown scale (Coccus hesperidum), ivy
or oleander scale (Aspidiotus hererae), San Jose scale (Aspidi-
otus perniciosus) , tamarisk scale (Chionaspis etrusca) , rose scale
(Aulacaspis rosae), greedy scale ( Aspidiotus camelliae) ( ?), and
others not yet determined.

Injury to Bermuda grass lawns in Douglas has been caused by
an insect of the family Margarodidae, closely related to Coccidae
and in fact formerly a part of the latter family. In the hope of
securing some information on this little -known insect, laboratory
experiments with it were begun. Thus far no tangible results
have been obtained, but it is still hoped that some information on
the life history may be secured. This insect occurs also in the
Tucson area, and some evidence of its occurrence in the Phoenix
region was obtained the past winter.

Other additions to the collection of Coccidae have been made,
and permanent preparation of such material is proceeding as
rapidly as possible. Systematic arrangement of the collections
is progressing and taxonomic studies are pursued as time permits.

THE BIOLOGY OF THE RANGE GRASSHOPPERS

The season's work on this project was considerably modified by
the extreme drought on the southern ranges which very nearly
eliminated the grasshoppers from most of the grasslands. It had
been planned to spend a large part of the time in studying the
egg production and deposition of the range species. As the
drought progressed the work was shifted to a study of the grass-
hoppers in the higher plateaus and mountain ranges where mois-
ture conditions were more favorable.

There are five major objectives to this study as follows:
1. A list of the species occurring in the state and a record of

their distribution.
2. The food habits of all species.
3. The life histories and number of eggs laid at one time (egg

pod) , the number of times they lay, when, and where. Factors
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that determine life histories and control egg laying.
4. The ecological factors that limit distribution and numbers

(climate, food plants, predators, parasites, diseases, cycles of
abundance, etc.).

5. The control of injurious species (to be based upon above
information) .

A. Control of species injurious to cultivated crops.
B. Control of species injurious to range grasses and

shrubs.
C. Encouragment of beneficial species (i.e. species that

destroy serious range weeds) .

The list of species of the state with their distribution will be
published by Dr. Morgan Hebard, of the Philadelphia Academy.
Dr. Hebard is an outstanding authority on the Orthoptera and has
collected extensively in the western states. He has published
state lists from Illinois and Minnesota westward to Colorado and
is now working on a New Mexico list. He has determined all
the material in this study and promises to have the Arizona list
ready within another year.

A preliminary working list for Arizona has already been pre -
pared and shows a much larger and more varied Orthoptera fauna
than the states previously studied.

General Species
Sub-

species Total
Speci-
mens

New
Species

Illinois
Colorado
Kansas
Arizona

87
89
89

131

181
.181
197
248

9
22
12
12

190
203
209
260

10,000

10,900

2
2
1

21+
1 new genus

Little attention has been paid to the food habits of grasshoppers
except for a relatively few of the injurious species. These few
species have been found to be omnivorous, and the conclusion has
been that all grasshoppers are. Arizona is a peculiarly favorable
region for food -plant studies, as isolated areas of almost pure
stands of different food plants are available. The preliminary
tabulation of food -plant studies is not complete, but indications
are that the majority of grasshoppers are strictly confined to a
single food plant or a restricted habitat or both, and that the great
majority of them are either beneficial or of no economic import-
ance either way.

The life history studies as far as tabulated show that there are
grasshoppers that pass the winter as eggs, others as partly grown
nymphs, and still others as adults, and that the number that pass
the winter in a given stage is proportional to the relative vegeta-
tion of that area after the spring and summer rains. In the Yuma
area the majority of them mature early before the summer heat
In the higher mesas the majority of them mature after the sum-
mer rains.
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A large number of egg records have been made showing aver-
age egg pods as low as four eggs and as high as 110. The number
of eggs produced tends to be fairly constant within groups of
species of like habits, but there may be two or three widely vari-
able groups within a large genus, such as Melanoplus.

The ecological factors can only be worked out after the other
factors have been determined and tabulated. Every factor that
appears to have a bearing on the problem is recorded in the field
notes and will be available when the final interpretation is made.

The control of the injurious species on cultivated crops pre-
sented many new problems in the southwestern region. The
major ones of these have been worked out and a serious outbreak
was suppressed so thoroughly that no injury occurred the succeed-
ing year.

The control of the injurious species of the ranges is of course a
more difficult problem because nothing has been known about
them. Two widely separate outbreaks appeared the first year of
this study. One of these was eliminated by encouraging pre-
dators, and the other one was wiped out by an outbreak of
disease. Since that time the drought has been too severe to
allow the range hoppers to build up to injurious proportions.
With the added knowledge of the biology of these forms accumu-
lated in this study it should be possible to formulate certain con-
trol measures by the time they again become injurious.

A MINUTE INSECT PEST OF THE WATERMELON

A very minute fly (Itonida citrulli Felt) has been noticed dur-
ing recent years as an apparently new pest insect in the Santa
Cruz Valley on watermelon vines. The insect lives in its larval
stages in the growing tips of the vines which become deformed
and die. The insect has been reared from these tips for the past
three years. A careful study of the life history and of all points
bearing on natural or artificial control has been in progress
throughout the 1935 season.

HORTICULTURE

DATE STUDIES

The 1934 season began with a blossoming period approximately
two weeks earlier than normal. This earliness was augmented
by above- normal spring and summer temperatures. Ripening
began July 25 on the earlier varieties, and by August 15 the fruit
was ripening on practically all commercial varieties. Seven rains
combined with nineteen cloudy or partly cloudy days interfered
with orderly picking during August. Despite this condition very
little loss occurred except to the Rhars variety. Favorable
weather with a low relative humidity prevailed during Septem-
ber and October and the fruit ripened with little injury. Some
loss from shriveling occurred, particularly on the Deglet Noor
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variety, due to ripening during a period of rather hot, dry
weather. Due to the earliness of the season all commercial vari-
eties except the Maktoom were completely harvested by the fifth
of October.

Table 19 shows the blossoming and ripening dates and fruit loss
of the more important varieties.

TABLE 19. -DATA FOR SOME OF THE IMPORTANT VARIETIES
OF DATES.

Variety
Blos-

soming
date

Ripen-
ing
date

%
fruit
loss

Remarks

Apdamdon Mar. 22 Aug. 3 5 -10 Splitting
Bent Kebala Mar. 15 Aug. 20 5 Slight checking
Berhi (Braun) Apr. 15 Aug. 25 5 Slight checking
Deglet Noor Mar. 29 Aug. 25 50 -60 Blacknose, "brown spot,"

shrivel
Halawi Apr. 3 Aug. 5 5 Very good
Harshut Mar. 20 Aug. 2 5 Excellent condition
Hayany Mar. 28 Aug. 10 15 Souring and blacknose
Iteema Apr. 6 Aug. 20 40 Calyx end rot, souring,

mold, splitting
Khadrawi Apr. 4 Aug. 5 5 -10 Premature ripening
Khir Mar. 18 Aug. 7 5 Excellent condition
Kustawi Mar. 16 Aug. 15 5 Excellent condition
Maktoom Mar. 28 Sept. 15 10 SIight souring and

"brown spot"
Maktoom

seedling Mar. 20 Aug. 20 5 -10 Very good
Rhars Mar. 15 Aug. 1 70 Calyx end rot, splitting,

mold, souring
Sayer Apr. 3 Aug. 27 15 -20 Calyx end rot, splitting
Saidy Apr. 5 Sept. 10 40 "Brown spot" and shrivel
Tadala Mar. 28 Aug. 15 0 Excellent
Zehedi Mar. 9 Aug. 15 10 Mold and "brown spot"

Thinning Date Fruit 1934 -35

The study to determine the effect of different methods of thin-
ning date clusters was continued during the past year on the Braun
(Berhi) variety. The number of fruiting clusters was reduced on
all palms to eight large, uniform, well -set clusters which had been
pollinated within a period of five days. Two thirds of the fruit
on each of these remaining clusters was removed except on those
clusters designated as checks. The following methods of thinning
were used: removal of entire strands, thinning fruit on individual
strands, removing strands from central area of cluster, and cutting
off the ends of the strands.

Thinning was done on the sixth of June, at which time the fruit
was 1/2 inch in length. Fruit measurements and weights were
taken after the fruits had reached maximum size, but before the
fruits had started to ripen.

A summary of the data obtained coincides with that obtained
from other varieties reported in the "Forty- fourth Annual Re-
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port." The greatest difference in size of fruit was obtained from
those clusters in which the length of the fruit -bearing strands
was reduced. In this case the average increase in length was 17.30
per cent and 24.86 per cent by weight, based on an average of two
hundred berries from each palm. The increase in size of seed was
12.27 per cent in length and 19.12 per cent by weight for the same
method of thinning. The most outstanding effect of thinning was
its effect on time of ripening of the fruit. Unthinned clusters
held their fruit from two to three weeks later than did the thinned
clusters.
Protecting Fruit from Rain Damage

Rain and high atmospheric humidity during the ripening sea-
son constitutes the greatest hazard to date culture in Arizona.
Damage to the fruit may result from one or all of the following
causes: checking or tearing of the epidermal tissue, blacknose,
fungus spot, molds, and souring. The extent of the damage
caused by these maladies depends not only on atmospheric con-
ditions but upon the stage of maturity of the fruit and to a less
extent on the variety. Green fruits are more susceptible to check-
ing; preripe and ripening fruits to tearing, spot, blacknose, and
molds; and mature fruits to souring and molds.

Bagging the fruit clusters has been practiced for a number of
years as a protection against rain and bird injury. Results have
varied from one season to another depending upon climatic con-
ditions and are on the whole unsatisfactory. During the past
several years this problem has been studied from many angles.
Waterproof waxes sprayed on the fruit have given fair protection
from rain damage, but no wax has thus far been found which
does not reduce the grade of the fruit to a point that prohibits
its use in commercial plantings. Withholding irrigation water
during the ripening season has given very promising results and
should be practiced, at least on a moderate scale, in commercial
gardens.

During the past season eight different types of bags made from
waterproof and semiwaterproof material were used on Rhars,
Deglet Noor, Iteema, Hayany, and Maktoom varieties. The pri-
mary object was to devise a bag which would protect the clusters
from rain and at the same time have sufficient ventilation within
the bag to carry off the water of transpiration. The fruit was
picked once each week throughout the season, taken to the labor-
atory, and segregated into the following classes: commercial,
split, blacknose, sour, fungus spot, and mold. The weights of each
class were recorded for the season.

The results obtained were not conclusive in that they apply
only to one particular season.

The hood, an umbrellalike affair, which fits over the top of
the fruiting cluster, gave the most uniform results for the season
on all varieties tested. The principal objection to this type of
bag is that it does not keep the fruit dry during wind -driven rain
storms which frequently occur during this season of the year.
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Maturation and Storage

Maturation by means of cold storage was continued on approxi-
mately the same scale as in the 1933 -34 season. During the past
season tests were confined to two stages of maturity- hard -ripe
and true -ripe fruits. Pasteurization consisted of subjecting the
fruit to temperatures of 60, 70, and 80 degrees Centigrade. Cold
storage temperatures ranged from 31 to 33 degrees F. with a rela-
tive humidity of 60 to 70 per cent, except during the latter part
of the storage period when the storage compartment was used
for other fruits.

Samples were removed from storage on January 30, April 30,
and July 31, at which time a detailed study was made of their
moisture content, color, flavor, and condition. Only slight differ-
ences were noted between samples treated at the two lower tem-
peratures up to four hours' duration. At the higher temperature
and with longer treatments at the lower temperatures, a slight
scorched flavor was imparted to the fruit. Greater differences
were noted between samples wrapped with moisture -proof and
ordinary cellophane. The fruit sealed with moisture -proof cello-
phane has a lighter color and a more attractive appearance; how-
ever, there was a tendency for this fruit to exude more syrup.
Ordinary cellophane wraps allowed a loss of moisture which
caused the fruit to wrinkle and become puffy. Molds and sour-
ing occurred only in the hard -ripe Hayany fruit having a moisture
content in excess of 45 per cent.

"Sugar spot" was first noticed in processed Halawi and Kha-
drawi fruits April 30, and on July 31 practically all the dryer
fruits were in this condition. Color of the fruit became darker
during storage, but darkening was more pronounced on those
samples subjected to the longer duration and higher temper-
atures.

Deterioration in flavor is a gradual process throughout the
storage period. Accurate comparisons between samples are al-
most impossible due to the large number of samples which must
be tasted during a short period.

Individual baskets of fruit weighed at monthly intervals indi-
cated that fruit having a high moisture content and wrapped in
ordinary cellophane lost moisture throughout the storage period.
Two Halawi samples were the exceptions. These gained 0.7 and
1.07 per cent, their moisture content being 16.67 and 24.71 per
cent, respectively, and from this it would appear that for a
definite moisture content a corresponding relative humidity could
be calculated which would maintain the fruit without change in
weight. Fruit held in the laboratory at room temperatures after
being removed from storage did not appear to be any more perish-
able than processed fruit not stored.

LETTUCE FERTILIZATION

An intensive study was made during the past year of the nutri-
ent needs of the lettuce plant. Plots receiving different treat-
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TABLE 20.- FERTILIZERS AND THE PER CENT OF IMPORTANT
AVAILABLE INGREDIENTS

Fertilizer Available
nitrogen

Available
phosphoric

acid
Cost

per ton

Ammophos A 11.0 48.0 $67
Ammophos B 16.0 20.0 54
Ammonium sulphate 20.0 0.0 40
Blood meal 12.0 1.0 35
Goat manure (ground) _. 2.5 1.5 8
Hardhead 4.0 10.0 35
Chicken manure (ground) 2.5 2.5 15
XX Special 4.2 2.3 35
Treble superphosphate 0.0 46.0 50
Tankage 6.7 1.0 30

ments of nitrogen and phosphoric acid, alone and in combination,
were located in commercial fields. The study was made along
three lines of approach, viz: (1) the following of the available
nutrient content in the various plots through soil analyses at
given intervals, (2) the response of the plant to the differential
fertilizer applications through plant analyses at the same inter-
vals as the soil analyses, and the response of the plant to the
fertilizers as measured by weight and commercial yield.

The unusually hot fall season of 1934 caused the experimental
plots to yield so little commercial lettuce that the results are not
given. The data in Table 21 indicate the treatments and the re-
sponse of the different plots in commercial yield. The side dress-
ings were applied in two equal amounts -one just after thinning
and the other three weeks later. The fertilizer applied before
seeding was drilled 3 inches under the seed at time of planting.

From these data it is again evident that the lettuce plant is a
very high feeder of phosphoric acid. As the amount of phos-
phoric acid is increased there is a definite increase in plant re-
sponse. Some nitrogen is needed with the phosphoric acid, but
the utilization is not in line with the response found with increas-
ing amounts of phosphoric acid. Organic matter shows a greater
influence per unit of nitrogen than the mineral nitrogen fer-
tilizers, but even here the maximum results are obtained with
phosphoric acid together with an organic carrier.

Practical recommendations may be drawn from these data to a
limited degree as follows: (1) phosphoric acid and organic mat-
ter applied before seeding -under the seed is the most economical
procedure, (2) nitrogen by itself in the form of mineral nitrate
or sulphate is not economical unless adequate phosphoric acid is
present, (3) phosphoric acid should always be applied in a mix-
ture with organic nitrogen or combined with some form of
nitrogen.
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CITRUS STUDIES

With another year's results from the several series of citrus
fertilizer plots available for study, a number of interesting trends
are in evidence, especially when summary comparisons are under-
taken.

On the Yuma Mesa grapefruit plots for the past three -year
period, yields have averaged highest on those plots receiving
phosphate and complete fertilizer, supplementing an application
of farm manure. Immature -fruit -shedding counts have indicated
a wide range in numbers of fruits shed from the different trees
studied. Those trees receiving farm manure alone had above -
average numbers of immature fruit shedding. Those shedding
below- average numbers received applications of ammonium sul-
phate in late winter, ammonium phosphate in the irrigation water
during the growing season, and treble- superphosphate, in each
case supplementing an application of farm manure.

With the grapefruit plots in the Salt River Valley, a compari-
son of the average yield of the plot trees for the five -year period
prior to fertilization with the four -year period since fertilization
began shows that only those plots receiving ammonium sulphate,
treble- superphosphate, and complete, in each case supplementing
farm manure, had increased in yield. The increase for the
ammonium sulphate plot was 4 per cent; for complete, 8 per cent;
and for treble- superphosphate, 21 per cent. For the same period
the check plots receiving farm manure alone had decreased in
yield 13 per cent.

Fruit from these plots was separately graded in a commercial
packing house; the treble -superphosphate plots produced 49 per
cent fancy, 37 per cent choice, and 14 per cent standard. Fruit
from the complete and potash plots was next in order of highest
percentage of fancy fruit (followed by the check plots of manure
only) with an average of 31 per cent fancy, 51 per cent choice,
and 18 per cent standard. Those plots receiving supplementary
ammonium sulphate, X2 ammonium sulphate, and X2 manure
graded poorest in quality with an average of 29 per cent fancy,
52 per cent choice, and 19 per cent standard.

The value of the increased yields on the fertilized trees at 50
cents per field box ranged from a maximum of $1.52 per tree on
those receiving phosphate to a minimum of 12 cents on trees re-
ceiving X2 manure. With the cost of the fertilizer charged against
this increased return, the net return per tree showed a profit of
$1.25 for trees receiving phosphate, 55 cents per tree for ammon-
ium sulphate, 24 cents per tree for X2 manure, and a loss of 36
and 31 cents per tree for X2 ammonium sulphate and complete,
respectively.

The above fertilizer -plot studies with mature grapefruit may
be summarized to date as follows:

1. Five to 10 tons per acre of farm manure alone have not
maintained yields and the fruit grade has been lowered with the
use of increased amounts of this material.
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nonium sulphate supplementing farm manure has La-
sed yields somewhat but at a sacrifice in . grade

3. Phosphoric acid supplementing farm manure has been out-
-standing in increasing yields and in prodtcing the highest grade

. ;.
Applications of iroli sulphate to old orange frees rr advanoec1

stages of chlorosis and di¡egbacki continue
improved

improve the tree
1dition. Certain blocks of trees so improved are now receiv-

ing supplemental applications of nitrogc 7 and phosphoric acid
to aid in restoring these trees to norm it fruitfulness

Field experiments in the control of mottle leaf involving appli-
cations of sprays and dusts of zinc compounds as well as soil appli-
cations of zinc sulphate, sulphuric acid, and sulphur are receiving
continued study in co- operation with the Department of Agricul-
tural Chemistry and Soils. ,

CANTALO 'PE WAX1Nt

The waxing o vine -rrpe cantaloupes tò prolong ti eir edible
life in shipment is a practice gradually increasing in use in the
Yuma and Salt River valleys of Arizona. Market reports during
the present season have indicated premium prices received
for this class of produce. This extra return has aroused much
;speculation and interest in the actual effectiveness of this treat-
ment in prolonging the edible life of the melon. To answer these
questions the University of Arizona in co- operation with shippers
and wax companies, conducted an experiment on clranges in
cantaloupes. both waxed and unwaxed, during storage life.

Plat e1T1. Waxing prolongs the life of the ;cafltaloupe after harvest..

Rrytene and Waxdrite waxing treatments \were compared in
experiment. The concentrations of stock wax solution tested

were three, four, and five parts of water to one of wax. Four
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crates of vine -ripe Perfecto melons were treated for each con-
centration of each wax. Four crates of unwaxed melons were
included as a basis for comparison. The melons were waxed,
dried, wrapped, and packed in the normal commercial manner,
excepting one crate from each lot in which the melons were
packed wet as they were received from the waxing bath.

A standard pre -iced refrigerator car was spotted on the siding
of an ice company to provide storage facilities for the melons.
One crate of each lot was placed on the floor of the car next to
the bunker wall; another in the second tier at the same location
and the remaining two in the same respective elevations at the
doorway. The car was closed and kept iced during the nine
days of the experiment. The fruit temperatures registered during
this period were: bottom bunker position 40 degrees F.; top
bunker position 42 degrees F.; bottom doorway 42 degrees F.;
and top doorway 44 degrees F.

Melons from each crate were carefully examined at the end of
the ninth day for comparative external and internal differences.
The writer was assisted by several shippers in this inspection and
in their opinion there were no outstanding differences at this
stage of the storage. The melons that were waxed while wet
failed to show any mold but the paper had become torn and the
pack was lacking in attractiveness. It appears impractical to pack
the melons wet as it weakens the wrap and the paper tears easily,
thus preventing a normally attractive package. Table 22 presents
the per cent shrinkage in each crate during the storage.

TABLE 22.- SHRINKAGE OF WAXED CANTALOUPES IN STORAGE
(PER CENT) .

Treatment

Check, no wax.
Brytene, 1 -5
Waxdrite, 1 -5
Brytene, 1 -4
Waxdrite, 1 -4
Brytene, 1 -3
Waxdrite, 1 -3

Average

Bottom
bunker

Top
bunker

Bottom
doorway

Top
doorway Av.

2.1 2.9 3.3 2.8
1.7 0.8 2.8 2.8 2.0
1.9 2.7 3.2 3.3 2.8
1.0 2.5 2.8 3.3 2.4
2.0 3.3 2.6 2.9 2.7
1.4 3.0 3.4 2.4 2.6
1.6 3.3 2.7 3.3 2.7

1.6 2.5 2.9 3.0 2.5

It is interesting to note that there is no consistent benefit de-
rived from waxing in the reduction of weight loss. The Brytene
wax is consistently more effective in this regard than is the Wax -
drite, but the figures are not sufficiently at variance from those of
the unwaxed melons to be significant. There is a very definite
increase in weight loss with increase in temperature and distance
from the bunker.

One crate each of unwaxed, Brytene 1 -4, and Waxdrite 1 -3 and
1 -4 were stored for two additional days in an air -conditioned
room with temperature range of 70 -80 degrees F. At the end of
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this time the melons were unpacked and carefully examined.
The waxed melons were very definitely in better condition and
more firm than the unwaxed. J. M. Foote, Arizona State Super-
visor of Fruit and Vegetable Standardization, classed the melons
according to their firmness as follows:

Treatment Per cent
hard

Per cent
firm

Per cent
fairly firm

Check, no wax
Brytene, 1 -4
Waxdrite, 1 -3

5.5
33.0
44.0

39.0
55.0
33.0

55.0
12.0
23.0

(The Waxdrite 1 -4 was in very little better condition than the
check so was omitted.)

These figures indicate that the Waxdrite process has a slightly
better effect in prolonging the firmness of the melon than the
Brytene, although both waxes showed a definite influence in com-
parison with the untreated melons.

The same melons were then cut and examined for internal con-
dition. Mr. Foote classed them as to per cent showing definite
internal breakdown: Check -73.3 per cent; Brytene -60.0 per
cent; Waxdrite -53.0 per cent. This rating shows another point
of evidence that the waxes do materially prolong the edible life
of the cantaloupe flesh. The difference between the two waxes
is slight but definitely in favor of Waxdrite.

A comparison of the melons from the various concentration
treatments indicates that the most favorable range for Waxdrite
is between 25 per cent and 33/ per cent, and for Brytene between
16/ per cent and 20 per cent. Concentrations weaker than this
fail to retard the life processes sufficiently to insure increased
life. Stronger concentrations induce internal breakdown by
sealing the surface too completely. This internal breakdown has
the undesirable accompaniment of disagreeable odor and flavor
of the flesh.

The following conclusions may be drawn from the above:
1. Waxing does prolong the life of the cantaloupe after har-

vest. The extent to which this may be attained depends on the
strength of the fruit and the environmental factors of tempera-
ture and humidity; it may be narrowed down to a matter of hours
under extreme conditions.

2. Waxing of cantaloupes with proper concentration does not
materially impair flavor and natural aroma after normal periods
of storage.

3. Waxing does not exert beneficial effect in retarding shrink-
age.

4. Waxing is not self sufficient but must be accompanied by
careful grading, efficient precooling, and rapid transportation in
order to insure that vine -ripe melons reach eastern markets in
proper condition.

This report is preliminary. Analytical studies on stored
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samples are being made to present data on changes of sugars and
pectins. Respirational data will accompany the fruit report.

PECAN STUDIES

Filling and Maturity of the Nuts

The pecan harvest of 1934 was again disappointing in that many
nuts failed to fill well; preharvest germination caused the loss of
as high as 65 per cent of the nuts in some orchards. The nuts
remained green on the trees, were difficult to remove at harvest,
and the shell did not color. Perhaps most discouraging of all was
that the limited amount of meat which did form in the nuts was
lacking in quality and flavor.

The repeated occurrence of these losses as the groves become
more mature seems to be evidence that they are not altogether
the result of the vagaries of any one season but that they repre-
sent conditions which may be expected to occur any or every
season. In other words they represent problems which must be
solved if the industry is to be maintained in Arizona. Already
there have been grave doubts expressed as to the future of this
industry. Planting of new acreage has almost entirely ceased.
Many young orchards are being neglected, a few have been pulled
out. Truly the pecan industry in Arizona is at a crisis.

In reporting the studies of 1933 we were able to suggest the
cause of these losses and in a general way to indicate the measures
necessary for their solution. The statement then was: "It now
appears that the problems of maturity have a common funda-
mental cause; namely, the failure of carbohydrates to accumu-
late abundantly in the tree during the summer. The practical
solution of these problems appears to be in making the trees less
vegetative or succulent during the latter part of the summer and
fall."

Studies during the 1934 season substantiated this diagnosis and
by the experimental use of what has come to be called "starva-
tion treatments" the amount of preharvest germination was sub-
stantially reduced and the quality of the nuts markedly improved.
This, we believe, is encouraging evidence that these problems will
yield to the right type of cultural management, and that their
control will involve no more expensive practices than is now the
rule. In fact, the cost of handling orchards will probably be re-
duced.

Growers and other organized groups in Yuma County have
been actively interested in the prosecution of these studies, and
because of their support the experiment station was able to
appoint C. W. Van Horn to assist with the work at Yuma. Mr. Van
Horn took up his duties on February 1 of this year and has
rendered invaluable assistance in the study of these problems.
His services have made it possible to extend our work to include
studies of the physiology of pecan trees, especially as it relates
to the filling and maturity problems. These have revealed an
important fundamental relation - namely, that starch and appar-
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ently other carbohydrates are stored more abundantly in the tree
when soil moisture is reduced and other starvation treatments
given. These carbohydrates are later moved into the nuts as
sugars and then converted into fats to make up the kernel. The
more carbohydrates that are stored in the tree during the early
summer, the more are to move into the nut at filling time - hence,
the more completely will the nut fill and the better will be its
quality.

It is now evident that the losses in the past have also been the
result of excessive fertilization and other feeding practices dur-
ing the summer months, under which condition carbohydrates
were not stored abundantly and filling was proportionately re-
duced. During the present season owners of bearing groves in
the Yuma Valley have uniformly adopted cultural methods
designed to starve the trees. At the present writing (September,
1935) the outlook for high -quality nuts at harvest is the best in
several years.
Other Phases of Fruiting

Studies of blossoming have again revealed that trees of rela-
tively high vegetativeness produce more blossoms than those of
low vegetativeness. It is now becoming evident that for the
greatest blossoming, trees must be irrigated and fertilized abun-
dantly. These are the opposite practices from those which pro-
vide for the best quality of nuts. This can only mean that
economic handling of pecan orchards involves a change from a
highly vegetative condition of the trees in the spring to one of
low vegetativeness in the summer. That this can be accomplished
seems to have been demonstrated in the young trees on the Yuma
Valley station and in commercial orchards of the Yuma Valley
during the present summer.

Preliminary data on the extent to which trees. starved during
the summer can be brought back by feeding practices during the
winter were obtained during the past season when the blossoming
on such trees was increased 15 per cent by winter irrigation and
fertilization.

The sizing of nuts has been found this year to be strikingly
influenced by light irrigations during June, July, and August. By
the use of furrow irrigation rather than by flooding, it appears
possible to increase the size of the nut without increasing the
vegetativeness of the trees sufficiently to reduce carbohydrate
storage. Furrow irrigation has been tried experimentally this
year. It promises to become an important feature of pecan -
orchard management.

The cause for the dropping of young nuts during April and
May still remains unknown. Knowledge on this subject is im-
perative.

We are still in the dark concerning factors governing the
growth of the seed coat and the formation of jell throughout its
entire cavity. Failure of these two processes to occur perfectly
accounts for another, though less serious, type of imperfect filling.
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Pecan Rosette

Because the fruiting problems have become so urgent and be-
cause the zinc treatment of pecan rosette as previously described
has beén so satisfactory, no further studies of it have been made.
There has, however, been opportunity to observe the results that
growers in the Gila, Salt River, and other valleys are obtaining
by the use of zinc sulphate. There continues to be little toxic in-
jury by soil applications to trees of four or five years of age or
older. Some slight injury has occurred in the tops of one -year-
old trees where several pounds of zinc sulphate were used. A
wide variation in the length of time during which soil applica-
tions remain effective has been noted. Some trees treated in the
spring of 1933 are still healthy. Others have redeveloped symp-
toms of rosette in less than one season. The amount of zinc sul-
phate applied appears to be important in determining the dura-
tion for which it is effective.
The Yuma Station Orchard

The trees in the experimental orchard on the Yuma Valley
station are now in the fifth growing season. This year they pro-
duced their first crop and have already provided valuable
material for studies of fruiting. They will become increasingly
valuable as production becomes heavier. This orchard without
question provides the best facilities for field and laboratory study
of pecan fruiting of any in the United States. In the variety ex-
perimental orchard the two rows of Garcia were this year budded
over to San Saba Improved, a variety which shows considerable
promise and in which there has been evidenced a growing inter-
est. The new Brake variety of North Carolina has been intro-
duced and established at the station. Trees of the Bureau of
Plant Industry Variety 7191 are well established and under obser-
vation. Some of the so- called Indiana or northern varieties were
established last year and budded into the nursery this season.
These are the Green River, Niblock, Busseron, and Indiana. It
is planned that when the trees are ready for transplanting they
will be distributed in the colder districts of the state.

In January of this year a 2 -acre orchard was set out on the
Salt River Valley farm using trees produced in the nursery at
Yuma. These trees have made an excellent growth. It is planned
to make further plantings there next season.

VEGETABLE FERTILIZATION

A simple experiment was conducted on the University Experi-
mental Farm at Mesa during the fall of 1934 to study the effect
of nitrogen and phosphate individually and in combination on
the growth of certain types of vegetables. Potash was intention-
ally omitted as previous experiments and soil analyses have
shown that Arizona soils are sufficiently high in this element for
plant growth.

The fertilizers were applied with a drill to a depth of 3 inches
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under the seed row at time of planting. The vegetables were
grown in the regular commercial manner as to planting, spacing,
and culture. Fertilizer applications were at the following rates:
Treble -superphosphate (44 per cent available phosphoric acid)

150 lbs. per acre
Tankage (6.7 per cent nitrogen) 300 lbs. per acre
Tankage and phosphate (mixed at same ratio as above) 450 lbs.

per acre
The effect of these fertilizers on the growth of the various crops

is shown in Table 23.

TABLE 23.- VEGETABLE FERTILIZATION
Leafy Crops

Lettuce Cabbage Spinach
Av. wt. Heading Seeders Av. wt. Heading Av. wt.
Pounds Per cent Per cent Pounds Per cent Pounds

Check 1.08 33.7 0.92 1.55 48.4 0.42
Phosphate 1.27 29.3 29.46 1.81 48.4 0.71
Tankage 1.30 11.3 0.70 1.54 43.3 0.64
Phosphate
and tankage 1.39 46.2 7.50 1.83 46.6 0.81

Root Crops

Carrots Turnips
Av. wt.

total
Av. wt.

root Root Av. wt.
total

Av. wt.
root Root

Ounces Ounces Per cent Ounces Ounces Per cent
Check 0.70 0.57 71.8 3.39 1.44 49.1
Phosphate 0.93 0.74 79.3 6.02 3.73 61.9
Tankage 0.48 0.35 73.3 5.79 3.17 51.9
Phosphate
and tankage 0.62 0.48 76.9 4.50 2.53 52.7

From this data it is evident that nitrogen is highly stimulative
to vegetative growth and that it delays the maturity. Phosphate
hastens the maturity, stimulates root growth and imparts quality
and hardiness. It is recommended for plants with highly vegeta-
tive above -ground parts, such as lettuce and cabbage, that the fer-
tilization program should include both nitrogen and phosphate.
For root crops the fertilizer program of phosphate applied in the
root zone is most desirable. Nitrogen should only be used on
root crops to force top growth and then it is needed only when
the soil is abnormally low in this element. The rates of appli-
cation used for the respective fertilizers is believed to be ade-
quate where it is applied in a ribbon under the seed. If it is to
be applied broadcast and then disced in before planting, the
amounts should be doubled.
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STRAWBERRIES

The strawberry experiment in its second year continues to
show that the Missionary variety is outstanding in its adaptability
to southern Arizona conditions. The production of market -quality
berries of good color and size was obtained from all varieties by
using the high -crowned bed which allows the alkali to move above
the crown and thus prevents to a great degree much of the mor-
tality from excessive temperatures in summer. Even under
these conditions most of the varieties turned yellow and a goodly
number of plants died. The Missionary variety became only
slightly chlorotic and very few plants had to be replaced.

The production record of the varieties tested is given in Table
24 which clearly shows the superiority of the Missionary variety
in production of marketable berries.

TABLE 24.- PRODUCTION RECORD OF SOME VARIETIES OF
STRAWBERRIES.

Variety
Yield

in 12- basket
crates per acre

Number
of berries

per pint basket
Per cent
arsu (Brix)g

Banner 232 65 11.5
Blakemore 393 59 9.2
Excelsior 294 74 11.2
Klondyke 348 70 8.9
Missionary 533 60 10.0
Progressive 290 73 8.5
Thompson 450 58 8.0

Note: Picking season, April 13 to June 24.

HUMAN NUTRITION

FLUORINE STUDIES

1. Investigation of the effect of drinking water containing
sufficient fluorine to cause mottled teeth upon the metabolism of
calcium and phosphorus of girls between the ages of eight and
fourteen years has been completed. A report of this study has
been published in The Journal of Home Economics, Vol. 27, p.
236, 1935.

2. Findings relative to the occurrence of mottled enamel on
deciduous teeth of children have been published in The Journal of
the American Dental Association, Vol. 22, p. 814, 1935.

3. A résumé of our studies dealing with the toxic action of
fluorine appears under the title of "Further Studies in Mottled
Enamel" in The Journal of the American Dental Association,
Vol. 22, pp. 817 -29, 1935.

4. Attention has been called to the public health significance
of fluorine in drinking -water supplies. A paper entitled "Fluorine
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Toxicosis, a Public Health Problem" appears in The American
Journal of Public Health, Vol. 25, pp. 696 -702, 1935.

5. The possibility of a relation between the action of fluorine
and the parathyroid glands is being investigated. Calcium- and
phosphorus- balance studies on rats fed fluorine and given injec-
tions of parathyroid extract are being compared with similar
balance studies on litter -mate rats in the absence of fluorine and
parathyroid administration.

As another method of attack of this same problem the balance
between the intake and outgo of calcium and phosphorus in rats
whose parathyroid glands have been removed is being measured
and compared with similar studies upon parathyroidectomized
animals during fluorine and parathyroid administration, either
singly or in conjunction with each other. The parathyroidectomy
was performed by Dr. Chandler of Loyola University in Chicago.
This work is being actively pursued.

6. With the purpose of throwing light upon the mode of the
destructive action of fluorine upon teeth, its effect upon the
enzyme, phosphatase, which is probably involved in tooth and
bone formation, has been investigated. This work has been com-
pleted and the manuscript presenting the results obtained has
been accepted for early publication in The Journal of Biological
Chemistry. This study includes the effect of sodium fluoride
upon the phosphatase content of the blood plasm, bones, and
incisor teeth of albino rat.

Comparisons were drawn between analyses made at the same
time on fluorine -fed and nonfluorine -fed rats of the same age, sex,
and litter. The plasma phosphatase values of the normal control
rats decreased with age, a rather precipitous dip occurring at
about seventy days of age with little change thereafter.

The plasma phosphatase value of the animals whose ration
contained 0.1 per cent sodium fluoride also decreased with age
but more slowly. They are lower than those of the control rats
until the age of approximately 70 days, after which age they are
slightly higher. It is believed that the lower values noted are
an indication of less active bone growth and delayed maturity
rather than a specific fluorine effect. Animals receiving 0.025 per
cent sodium fluoride in their ration, a concentration sufficient to
mottle the teeth but not to stunt bone development or produce
other signs of fluorosis, show phosphatase values of the same
order as the control rats.

The phosphatase content of the incisor teeth of the high -fluor-
ine -fed animals is less than that of the controls. Previous work
has shown that their rate of eruption is inhibited by fluorine
feeding.

Little difference was seen in bone phosphatase values of the
controls and their fluorine -fed litter mates until about seventy
days of age, after which time they are slightly higher in the fluor-
ine -fed rats.
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The plasma phosphatase of adult rats determined approximate-
ly eighteen hours after the injection of 0.3 cc. of a 2.5 per cent
sodium fluoride solution was not significantly different from the
controls.

It is concluded that fluorine does not exert its characteristic
lamage to the teeth of rats through its effect upon the enzyme
involved in tooth and bone calcification. Nor can an increase in
plasma -phosphatase content be considered a sensitive indicator
of fluorosis in rats as reported by Phillips for dairy cows.

For the past two years many experiments have been carried on
to determine the possibility of preventing the action of fluorine or
decreasing the severity of its action by dietary means. Dietary
deficiencies of all types have been studied in relation to the action
of fluorine. Additions to the basal diet of excessive amounts of
the known dietary essentials have also been made with the hopes
of preventing or attenuating the symptoms of fluorosis. The
following dietary essentials have been varied within rather wide
limits, and their relation to fluorine action noted - namely, cal-
cium and phosphorus, Vitamin A, Vitamin D, protein, and Vita-
min C. Variations in the acid -base balance of the dietary were
also made.

It would appear from these experiments conducted with lower
animals that mottled enamel not only does not result from a de-
ficiency of any of the known dietary essentials nor does any such
deficiency increase susceptibility to the toxic action of fluorine in
its production of mottled enamel. Variation in the severity of
this characteristic dental defect appears to be a function of the
amount of fluorine ingested. It was not possible to prevent the
destruction to dental tissue in rats nor to lessen the severity
characteristic of a certain fluorine intake by any of the dietary im-
provements investigated. Fluorine, if present, exerted its injur-
ious effect to its maximum degree regardless of the dietary steps
taken to minimize its effect. It was observed, however, that teeth
which were poorly nourished or defective in formation as a
result of a dietary lack, such as a suboptimum intake of calcium
and phosphorus or Vitamin A or C, presented more severe dam-
age, but the effect is believed to be an additive one and the teeth
doubly defective. A dietary deficiency which was not severe
enough in itself to show outward abnormal changes in the rat
incisors was without influence upon the injury due to fluorine.

In no case did correction of a dietary deficiency prevent the
fluorine injury, nor did large excesses of any dietary essential in
the ration inhibit fluorosis.

It seems logical to believe, therefore, that observed differences
in the severity of mottled enamel in human beings is almost
entirely the result of differences in the amount of fluorine in-
gested. The concentration of fluorine in public water supplies
is known to vary within rather wide limits. Concentrations of
fluorine found in waters in Arizona known to cause mottled
enamel range from 1 to 18 ppm. The lower concentrations (1 to
2 ppm.) usually produce the milder types of mottled enamel char-
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acterized chiefly by their soft and chalky white appearance. Con-
centrations from 2 to 8 ppm. produce the more serious pitted and
corroded types of mottled enamel. The very highest concentra-
tions of fluorine are sufficient to cause severe mottling of the
deciduous teeth.

Differences in types of mottled enamel within a family and
among users of the same water supply are probably best ex-
plained by a variation in the amount of water and therefore
in the amount of fluorine consumed during the period when cal-
cification of the teeth is normally proceeding at the most rapid
rate.

It has been concluded, therefore, that mottled enamel, a fluor-
ine injury, can not be prevented by dietary improvement.
Sodium fluoride, if present in the food or water supply, exerts its
maximum effect regardless of the adequacy of the diet, and
attempts have failed to nullify this effect in lower animals or
lessen its severity.

A suboptimum intake of any of the known dietary essentials
investigated herein did not result in an increased susceptibility
to the destructive action of fluorine, although an accompanying
deficiency in the dietary essentials necessary for normal tooth
formation may result in teeth which are "doubly defective."

PLANT BREEDING

COTTON BREEDING

During the late summer and fall of 1934 approximately 4,000
plants were selected in the field for laboratory testing. These
selections were equally divided among Acala, Stoneville, and two
strains of Mebane and were taken from a well -isolated field in
each case. Determinations were made in regard to the number
of bolls per plant, size of bolls, per cent lint, lint index, weight of
seed, length of lint, and uniformity of lint. Of the four thousand
plants originally selected about three fourths were discarded be-
cause of unsatisfactory yield per plant, percentage of line, lint
index, etc. One thousand seventy -one were sorted and the length
and uniformity of the lint of each determined. Final selections
for planting were made on the basis of the length and uniformity
of the lint as determined from the sorting data.

Approximately eighty progeny rows of each of two strains of
Mebane were grown at Yuma in 1935. In addition to these pro-
geny rows, increase plots of 3 acres for each strain were also
grown. Due to the cost of carrying on the work, the growing of
one strain will be discontinued at the end of this year. Two or
more tons of seed of the other strain obtained from an increase
plot grown on the Yuma Experimental Farm will be distributed
by the Yuma County Pure Seed Association for further increase
in 1936. Several promising progeny rows now growing on the
Yuma farm will furnish plants for progeny work in 1936 and also
for an increase plot. Differences of 1/16 inch in length and of
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8 per cent in the amount of fiber less than 1 inch long have been
found between samples of different progeny rows.

In co- operation with the Yuma County Pure Seed Association,
progeny rows and a 3 -acre increase plot of Stoneville were grown
on the farm of John Bretz in the south Gila Valley. Plant selec-
tions have been made from sixteen of the best of these progeny
rows. Approximately 2 tons of seed will be available for distri-
bution by the seed association in 1936, while further progeny
rows and an increase plot will also be grown.

Work with Acala has been carried on at the Salt River Valley
Farm at Mesa, the experimental farm at Tucson, and on the farm
of Roy Layton at Thatcher, Arizona. Sixty -five progeny rows
were grown at Mesa and the same number at Tucson. Since
isolation was impossible on the Mesa farm, only selfed seed from
a few of the best looking rows will be used next year. Seed from
a 1 -acre increase plot grown at Tucson will be available for dis-
tribution next year. Preliminary field studies of the rows grown
at Tucson show a variation of more than 33 per cent in yield be-
tween different progeny rows. No study has yet been made of
the length and uniformity of the lint. Thirty -five progeny rows
were grown in the Gila Valley at Thatcher. One of these rows
showed great promise from the standpoint of yield when last
studied in the field. Five acres were planted at Thatcher with
seed from selected plants. The seed from this field will be dis-
tributed by the Pure Seed Association for further increase in
1936. Progeny rows and an increase plot will be grown at both
Safford and Tucson in 1936. Lack of isolation makes the growing
of breeding plots on the Mesa farm quite unsatisfactory.
The Pima-Tanguis Cross

While straight selection within the best existing varieties has
been the method by which most of the cotton varieties have been
produced in the past, it is now being recognized that hybridiza-
tion must be used if entirely new types are desired. Past exper-
ience in crossing cotton has shown that the sorts to be crossed
must be rather closely related because the crosses are then easily
obtained and usually no sterile plants appear in the progeny. A
long staple variety known as Tanguis,1 coming originally from
Peru, has been crossed with Pima, and the cross has now been
carried far enough to make a tentative estimate of its value. As
grown on the Arizona Agricultural Experiment Station grounds,
Tanguis has a lint percentage of about 38 per cent as compared
with Pima's 29 per cent. The main purpose in making the cross
was to combine the high quality of the Pima lint with the high
percentage of the Tanguis. In the first segregating generation
(F2) grown from selfed seed 206 selected plants had a distribu-
tion of lint percentages as follows:

Lint percentage classes 37 36 35 34 33 32 31 30 30
No. plants in each class 5 9 9 23 26 40 34 20 40

1 Seed obtained from Dr. T. H. Kearney of the U.S.D.A.



74 AGRICULTURAL EXPERIMENT STATION

From this tabulation it is seen that twenty -three plants out of the
206 total have lint percentages of 35 or better which is rather
high for long staple cotton. The plants with the highest lint per-
centages had lint that was somewhat shorter than that of the
plants with low percentages. However, strains of Tanguis exist
in Peru which have a fiber length of 11/i inches and with a lint
percentage from 36 to 40, and it is believed possible to produce
such strains from this cross.

An interesting feature of this cross is the unexpected appear-
ance of dwarf plants having short internodes with a strong re-
semblance to Upland cotton in stalk characters but having typical
Pima bolls. These dwarf plants are fully fertile and appear to
set as much fruit as the larger plants. It is believed that such
a type of plant would be desirable for growth on the heavier
types of soil where growth is often too rank.

One hundred forty -five fourth -generation progenies are being
grown this season in order to make further study of the possibil-
ities of this cross.

BREEDING AND SEED SUPPLY

Any program of crop breeding in order to be of benefit to the
growers must have facilities for growing from year to year small
seed increases of the improved strains with the necessary isola-
tion to prevent crossing with undesirable sorts. It is evident that
unless sufficient seed of an improved strain can be provided for
a small commercial planting, it will be impossible to make the
best use of it. At present the Yuma Valley station farm is being
used as an isolated seed farm and breeding station for the im-
provement of cotton, and it is planned to use this farm in the
same way for alfalfa. With cross pollinated crops, such as cotton
and alfalfa, breeding work and seed increases can be carried on
with only a single variety of each crop at the same station. An
initial seed supply of 1,000 pounds for cotton and 500 pounds
for alfalfa of the improved strain will be released from the station
as often as an improved strain can be brought forward, or as the
requirements of the seed associations may demand.

ALFALFA

The inbreeding program with alfalfa has been continued as
outlined in previous progress reports on this project. Selfed seed
was taken from 256 individual plants from twenty -five progenies.
The plants to be grown from this seed will constitute the fourth
selfed generation, with the exception of two Arlington progenies
which will be the second generation (selfed) . While the season
just passed was not particularly favorable to seed setting in al-
falfa, some of the inbred strains continued to show good seed
setting as in previous seasons. Quality of hay in these strains
as indicated by leafiness and fineness of stems also shows an im-
provement over the commercial fields. Owing to its importance
both in breeding work and in maintaining pure strains, self pol-
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lination has been studied in bagged and unbagged plants. Recent
studies made by Armstrong and White2 of Canada led them to
believe that tripping of the alfalfa flower is essential to pollina-
tion. Studies made at the Arizona station in 1935 do not seem
to support this conclusion. On a plot of ground planted with a
strain of Arizona Common which had been inbred for three gen-
erations, each of ten plants was treated as follows: two flower
heads on each plant were selected and tied to a tall stake to
facilitate later identification and also to reduce the amount of
tripping due to whipping the plants by wind. On one of these
heads the flowers were tripped by hand daily as they opened
sufficiently to show the keel. On the other head of the same plant
no tripping was done, but when for any reason a flower on this
head was tripped it was promptly removed. In this way on one
head all flowers maturing seed were tripped, while on the other
head all flowers which matured seed were untripped. The heads
containing the untripped flowers were carefully inspected daily
until wilting. When these plants had matured their seed crop,
it was found that many of the untripped flowers had set seed on
each of the plants on observation. These facts indicate that
tripping is not necessary in all seasons under Arizona conditions.
Also with many bagged plants without artificial tripping, heavy
seed setting occurred. These facts, provided they have a general
application, also indicate that a lack of seed setting in a strain
of alfalfa may be neither due to the absence of insect activity
nor to the absence of tripping from other causes. In such a case
the cause of the failure to set seed must be sought either in the
genetic make up of the plant or in such environmental factors as
soil deficiencies or seasonal variations. Furthermore, if it can be
shown that insects play a relatively small rôle in cross pollina-
tion with alfalfa, it will not be necessary to isolate different
strains of alfalfa as much as has been thought essential in pre-
vious breeding work.

WHEAT BREEDING

Twenty F3 progenies of a cross between the smut -resistant
varieties known as Ridit and Sonora were grown in order to test
further their resistance , to smut. Each of these progenies was
grown from a smut -free, inoculated F2 plant of the previous sea-
son. Eleven of these twenty F3 progenies consisting of from
ninety to 128 plants each and heavily inoculated showed no smut,
while the similarly treated Arizona varieties were almost com-
pletely destroyed by the smut. From the earliest high -yielding
of these resistant progenies further selections will be made in
order to bring out a high- yielding resistant variety for general
distribution to wheat growers.

Grain yield tests were also conducted with three hybrid wheats
which have been fixed from a cross between smut -resistant Ridit
and Early Baart. Since Early Baart is generally regarded as
2 Jour. of Agr. Science, Vol. XXV, Part 2, April, 1935, pp. 161 -79.
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standard wheat for Arizona and is one of the highest -yielding
wheats in the state, the new hybrid wheats were compared with
it in yield. These yields are as follows:

Early Bart, 2,051 lbs. grain per acre
1076 -2 (fixed hybrid), 1,544 lbs. grain per acre
1076 -3 (fixed hybrid), 2,160 lbs. grain per acre
1076 -4 (fixed hybrid), 1,826 lbs. grain per acre

It will be observed from the above yields that hybrid 1076 -3
yields practically the same as Early Baart and also possesses
smut resistance which the Baart does not have. This high- yield-
ing, smut -resistant hybrid wheat is the result of combining in
one strain two superior qualities, each coming from a different
variety.

STRENGTH OF STRAW

Most wheats grown in Arizona are deficient in strength of straw
which causes them to lodge, particularly where the soil is highly
fertile. This results in considerable loss to the grower due to
reduced grain yield, lower quality of grain, and extra labor in
harvesting. For this reason crosses were made between certain
strong -strawed wheats and Baart and other wheats with a view
to the production of high -yielding strains with strong straw. A
particularly strong -strawed strain of wheat, known as Hard Fed-
eration- Martin hybrid, obtained from the United States Depart-
ment of Agriculture, has been crossed with several Arizona
wheats, and the first generation of these crosses will be grown
the coming season. The Hard Federation -Martin hybrid also has
the advantage of possessing strong smut resistance, which can
also be combined with the desirable characters of the Arizona
wheats.

PLANT PATHOLOGY
ROT OF DATE FRUIT

Date fruit rot is caused by an Alternaria- Macrosporium com-
bination, by species of Aspergillus and Penicillium, and some-
times by other fungi. Losses vary from year to year and depend
upon the rainfall as well as upon the variety of date. For some
time the University Date Orchard near Tempe has been sprayed
with the object of studying the effect of spraying on the prev-
alence of fruit rot.

The orchard was sprayed, as reported last year, from April 16
to April 25, with Instant Bordeaux, 4 -4 -50. Results could not be
estimated until fall, so they were not included in the last annual
report. The season of 1934 was not a good one at the orchard for
testing the spray. Date palms flowered, set fruit, and ripened
fruit about two weeks earlier than usual. The rainfall at the
orchard during the ripening of the fruit was not such as to induce
maximum rot. However, a comparison of sprayed with un-
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sprayed palms showed some differences in the extent of rot in
favor of the sprayed palms. Table 25 gives an idea of the results
obtained by inspecting the orchard on September 10, 1934.

TABLE 25.- Errr1CTS OF SPRAYING ON DATE ROT.

Variety Palm
number

Row Per cent
rot Remarks

Deglet Noor 8 10 28.3 Sprayed; susceptible
Tafezoint 8 21 44 Unsprayed; rot bad
Totee 18.1 Sprayed; insignificant

infection
Totee 10 21 28 Unsprayed; small rot

spots
Good seedling 6 20 0 Sprayed
Hayany 7 16 10 Sprayed; no soft rot
Iteema 11 9 22.8 Sprayed; spots vary in

size; mostly soft rot

Only a few palms were pollinated, therefore the opportunity to
examine fruits was restricted. However, in addition to the re-
sults observed on fruits the effect on the leaves was available
for study. The new leaves on the sprayed palms were very clean
and remained comparatively free from spots.

This year the period of spraying lasted from April 25 to April
27. Instant Bordeaux was again used; 5,000 gallons of spray were
required for approximately six hundred palms, or an average of
8% gallons per palm. The following materials were used in
making the spray:

Copper sulphate "snow" 400 pounds
Hydrated lime flour 400 pounds
Fluxit spreader 12 pounds

Ten palms of five different varieties were left unsprayed for con-
trols. At this date results cannot be given for the season of 1935.

ANGULAR LEAF SPOT OF COTTON

Several thousand acres of cotton in the western part of the
Salt River Valley were inspected for angular leaf spot and other
cotton diseases during the fall season of 1934. At that time less
evidence of the disease was found. On the other hand, a heavy
loss resulted from the prevalence of angular leaf spot in Pima
cotton in the Rillito and Marana districts.

Since cotton has been grown commercially in Arizona, loss
from angular leaf spot has usually been limited to long staple
cotton. Therefore it is interesting to note the invasion of short
staple fields by the disease. One field of Acala cotton in the
Marana district showed last spring an infection of 91.3 per cent.

To check the susceptibility of Acala cotton to the angular leaf
spot bacterium, Phytomonas malvaceara, enough seed was inocu-
lated to plant two plats on the Salt River Valley Experiment
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Farm near Mesa. The seed was soaked in a suspension of the
bacterium until the lint was thoroughly wet, then quickly dried
with fans; one half the quantity was then sacked and the other
half was delinted by hand stirring in concentrated sulphuric
acid. Seed inoculated but not delinted was planted in Border 23,
the inoculated and delinted seed, in Border 24. The Acala seed-
lings in Border 23 were attacked by angular leaf spot, but those
in Border 24 remained almost 100 per cent free from the disease
and probably would have been absolutely free had the seed been
machine -mixed with the acid. Of 5,469 Acala plants in Border 24
inspected August 9, 99.89 per cent were free from angular leaf
spot as compared with 32.29 per cent free from the spot among
2,918 plants inspected in Border 23. Thus it will be seen that, both
naturally and as a result of artificial inoculation, Acala cotton is
susceptible to angular leaf spot under the conditions prevailing
in southern Arizona.

TEXAS (COTTON) ROOT ROT

Work on Texas root rot has been mainly along the lines pre-
viously reported, and the results obtained last summer and fall
supported and amplified findings reported in the last (45th)
annual report.

The ammonium sulphate treatment of the soil has been rather
widely adopted, especially to check root rot in ornamental plant-
ings and pecan groves. To supply the demand for explicit direc-
tions for the use of ammonium sulphate a mimeographed circular
has been prepared. A general bulletin on Texas root rot in Ari-
zona is in course of preparation.

On account of the expenditure of money and time necessary
for conducting experiments in Yavapai and Yuma counties as
much as possible of the work was transferred to an infected
deciduous orchard on the new University Farm near Tucson.
The use of root -study boxes with glass sides which permit de-
tailed observation will be continued to supplement the test plots
in determining the resistance of various plants to root rot.

Available evidence indicates that evergreen tamarisk, eucalyp-
tus spp., blue palo verde, native elder, and pomegranate are quite
resistant to root rot; oleander, sour orange, Arizona ash, native
black walnut, fruitless mulberry, bagote, and Casuarina have
shown enough resistance to give them preference over known
susceptible species. Root rot was found for the first time in Ari-
zona on bagote (Parkinsonia aculeata) in two separate cases on
seedlings, and also on catalpa seedlings.

Studies on the prevalence, distribution, and formation of sclero-
tia of the root -rot fungus during the past year showed the bodies
to be relatively scarce in soils of the Tucson area. Soil samples
were washed through screens as proposed by King and the residue
examined for sclerotia. An improved method for separating the
sclerotia from organic and inorganic debris greatly speeded the
work. The residue on the screens was poured into a saturated
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Plate IV.- -- Strands of Texas root rot fungus, Phymatotrichum orrtnivo-
rum, growing from the end of a small, infected root of cotton. By means

of these strands the fungus advances to adjacent healthy roots.

olution of sodium hyp ©sulphite and stirred. The sand and rock
particles collected at the bottom of the vessel while the sclerotia
and organic debris floated. The floating fraction was caught in
a sieve, transferred to a procelain evaporating dish, and washed
with a small jet of water which removed most of the remaining
debris. The sclerotia were then easily picked out with forceps.
If sclerotia are eventually found to be constantly associated with
the root rot fungus, it will be possible to examine the soil for
the presence of root rot in the absence of susceptible host, plants.
The numbers of sclerotia found and their erratic occurrence have
thus far not been encouraging.

The Arizona ash is kknown to live for several years after be-
coming visibly infected with the root -rot fungus. and the resist-
ance of this species is engaging the attention of Mr. Ponomareff,
a graduate student.

GALLS ON ALFILARIA .(RODIUM CICUTARIUM

Alfilaria, a valuable forage plant on the range, was vigorously
attacked by a gall -producing fungus. The disease resulted in a
purplish red discoloration of leaves, stems, and fruits. Sections
of infected parts show that the galls are in hypertrophy of single
epidermal cells. Each gall contains one to 'several bodies which
appear to be the sporangia of Synch ïrium papa/atm.



PI i eases of carrot and squash? (1) Black mold rot of scallop
squa h caused by Rlai.Lopus sp. (2) Scab of carrot caused by Fusariunt
sp. (3) Light yellow to white leaflets of carrot resulting from leaf
blight caused by the fungus, Macrospo rum carotae. (4) Lesions on leaf .
petioles of carrot caused by the leaf - blight fungus, Macrosporiu rt:

rarof.ae
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CARROT DISEASES

Carrots grown in southern Arizona last winter commanded a
good price on the market; therefore diseases of the crop were
noticed more. The tops are not removed from winter carrots
when shipped. A fungus blight of the leaves which caused loss
in the field, in transit, and in market was identified as Macros -
porium leaf spot. Minor losses in the field were caused by scab
(Fusarium sp.) and by vegetable soft rot (Erwinia carotovora).

PSYLLID YELLOWS AND EARLY BLIGHT OF POTATOES

Psyllid yellows, following the serious outbreak in 1933, was
again prevalent in 1934 but was very satisfactorily controlled
where summer -strength lime -sulphur was promptly applied.
Early blight was likewise controlled by the same spray. At
least one potato district of the Salt River Valley sustained an
attack of psyllid yellow and reported a lost in yield of 40 per
cent.

ASSISTANCE TO SEED POTATO GROWERS

Assistance to growers in developing seed potatoes suitable for
registration and certification and given in co- operation with the
extension horticulturist has continued. The number of growers
participating in 1934 was reduced by lack of water and suitable
seed stocks, but the season of 1935 has been better.

The yellowish to brownish vascular discoloration of seed pota-
toes reported last year was again present but to a less extent.
New series of cultures verify last year's findings that the dis-
coloration is not due to Fusarium or other pathogenic organisms.

CURLY -TOP VIRUS

Losses from yellow blight of tomatoes were greater than usual
during the spring and summer of 1935; other vegetables in the
northern counties appeared not to thrive. Although fungus and
bacterial diseases were often present, numerous lots of cabbage,
beans, beets, and cucurbita were unusually stunted and yellowed
by the curly -top virus. This is the first record of extensive in-
fection of hosts other than tomato and beet in Arizona.

HEART ROT OF THE UMBRELLA TREE

A study of the heart rot of the umbrella tree, Melia azedarach,
was begun. The disease is very common and widespread in the
Southwest. A fungus found repeatedly in the decayed wood has
been isolated and is undergoing study, as are other factors affect-
ing the rot.

BLIGHTS OF DATE INFLORESCENCE

Fungus blight of date palm inflorescences in the University
Date Orchard near Tempe and on the campus of the university
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resulted in the destruction of all or part of their flowers. Inocu-
lation from infected tissues yielded two species of Fusarium
which produced the blight when inoculated into healthy flower
clusters of the date palm and were reisolated from the same.
Both species of Fusarium attacked green date fruits in which they
caused rot. One species has been identified by Sherbakoff and
by the Centraalbureau voor Schimelcultures as Fusarium monili-
forme, the other species by Sherbakoff as Fusarium semitectum
and by the Centraalbureau as F. lateritium Nees var. fructigenum
(Fr.) Wr. A paper on the blight by Brown and Butler is ready
for the press.

In April, 1935, an inflorescence blight of the date palm, unlike
the blight previously mentioned, was found on the campus of
the University of Arizona. The disease in this case was proved
to be caused by a species of the fungus, Helminthosporium.

GRAPHIOLA LEAF SPOT OF THE DATE PALM

Graphiola leaf spot of the date palm (Graphiola phoenicis) is
found in certain plantings in the Salt River and Yuma valleys.
It has been studied in field and laboratory for several years, and
a bulletin describing the disease is now being completed. The
following is a summary of the bulletin:

Graphiola leaf spot, although very severe in unpruned plant-
ings, is not likely to become a serious disease in commercial
orchards which have good care.

The limiting factor in the development and spread of Graphiola
leaf spot is humidity which is necessary for the germination of
spores and the growth of the fungus until it can establish itself
in the date leaf.

Spore dissemination in the Salt River Valley begins in most
years early in May with a possible variation of two weeks earlier
or later, depending upon the weather conditions.

Not all pustules mature spores at the same time, and not all
spores are discharged from a pustule at one time; therefore spore
dispersal may continue over a period of two months or more.

The pustules are much more abundant on the older leaves al-
though the middle rows of leaves show some infection; the newly
expanded leaves are free from infection.

Artificial infection of date palm leaves by spores has been pos-
sible only by increasing the humidity over that found under
normal field conditions. Infections are unusually slow in develop-
ing; four and one half to six months are required for the appear-
ance of the fructification. The abundance of pustules on old
leaves is due to reinfection by new generations of spores.

Histological and cytological studies show that the invasion of
leaf tissues by the fungus is not extensive; the lesions are im-
portant only on account of their large numbers.

Pruning of badly infected leaves., especially where the palms
are large enough to insure free air movement, will give commer-
cial control; it is doubtful whether the disease could ever be
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eradicated by this treatment. Pruning followed by careful
spraying just before the new crop of spores is matured gave
almost perfect control. Either Bordeaux mixture, 4 -4 -50, with a
casein spreader or copper acetate, 3 ounces to 30 gallons, with
the same spreader, was effective; the latter had the advantage of
being practically colorless on the foliage and fruit, which is an
important characteristic. The ripe fruit of most varieties of
dates is too tender to permit washing to remove the spray residue
which is also unsightly on the foliage of ornamental palms. A
single spraying each year is sufficient in most cases.

These conclusions may not apply to regions of higher humidity,
such as the coastal region of southern California and the Gulf
coast of Florida, where Graphiola might require closer pruning
and additional spraying to hold it in check.

All infected leaves should be piled and burned. The most com-
plete eradication of Graphiola was obtained by setting fire to an
infected planting of unpruned seedling date palms near Tempe.
Although three years have passed no infection has since been
found on the foliage of these palms.

ASH CANKER

Work has continued on the study of cankers of ash trees. Al-
though over 150 inoculations have been made on native ash, Frax-
inus toumeyi, and the green ash, F. pennsylvanica var. lanceolata,
no visible infections have resulted. Infections on the latter species
of ash were obtained in Iowa in 1934 with cultures of the same
fungi used in Arizona, which were species of Cytospora and
Dothiorella.

CYTOSPORA CANKER OF APRICOT

Cytospora canker on the apricot was observed in Arizona for
the first time during the summer of 1935. Since the first ob-
servations of the disease in Tucson the canker has been found to
be causing considerable damage on trees in the Gila and Salt
River valleys. Although it is most common on neglected and
undernourished trees, the canker is also active on some thrifty
ones. The fungus has been tentatively identified as Cytospora
leucostoma var. rubescens.

FLAX LEAF BLIGHT

Flax plants on which the leaves had been blighted and browned
from the base of the stem upward were received from the Litch-
field district. Cultures of the leaves gave a species of Alternaria
which reproduced the leaf blight on healthy flax plants.

LETTUCE DISEASES

Bacterial slimy rot of lettuce was present in November and
December only on an occasional head observed in an extensive
field survey made during the winter of 1934 -35. Later in the sea-
son much more slimy rot was present but less than in some
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'Late VI.-- Diseases of lettuce: 0} Wai o brown rot caused by ,.he.
ungus, Seleroti riia sclerotioruri resting bodies shown on the stem at,

s may remain alive in the soil for ten yearss or more. (2) Lettuce;
trop caused by Sclerotinia sclerotiorum. (3) Gray mold rot caused by-
the fungus, 13otrytis cinerea. (4) Downy mildew. caused by the fungus ',;:

B re ìnia lactucae.
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preceding years. Lettuce material collected in March, which was
cultured for other diseases, frequently gave rot bacteria. The
relation of slimy rot bacteria to attacks of Botrytis, Bremia, and
Sclerotinia is not known. Following the destructive action of
Sclerotinia, lettuce heads in abandoned fields which were not
killed by the watery brown rot produced flower stalks. The
stalks as well as the basal leaves were often spotted with bac-
terial slimy rot and from the spots bacteria of the rot were iso-
lated in cultures. Development of slimy rot is probably also
favored by the attacks of both Botrytis and Bremia.

In addition to bacterial slimy rot several fungus diseases were
present on lettuce in Arizona in the season of 1934 -35. A survey
started November 26 showed that watery brown rot and drop
(Sclerotinia sclerotiorum) were extensive. The disease was first
reported in Arizona in 1926; the warning given by this depart-
ment at that time went unheeded. Probably through the move-
ment of cull lettuce, the disease spread from a small agricultural
area to a large important district beyond. In the latter district
the same unrestricted movement of cull lettuce and lettuce trim-
mings is permitted.

Botrytis rot was identified in heads from certain lettuce dis-
tricts. Sclerotia formed by the fungus differed in size, appear-
ance, and structure from those produced by Sclerotinia sclero-
tiorum.

Bremia mildew (B. Lactucae) is another lettuce disease new to
the state. The damage caused by the mildew was overestimated
by many lettuce growers.

LIBOCEDRUS GALL

Crown gall on Libocedrus decurrens sent from California is
under observation and study. Difficulty was met in establishing
seedling trees of Libocedrus for inoculation work. After the seed-
lings became thrifty inoculations were made (a) with the bacteria
isolated from natural galls on Libocedrus and (b) with the cot-
tonwood strain of Phytomonas turne f aciens. Excepting one seed-
ling which died, 100 per cent infection was obtained from both
series of bacterial inoculations.

EFFECT OF TEMPERATURE ON THE GROWTH OF CROWN GALL

Studies on the effect of temperature on the development of
crown gall have been carried on for several years by this depart-
ment. The plants studied are mainly peach; soil temperature
records are recorded for depths of 4 and 10 inches. A new plant-
ing of Elberta budded on Lovell stock was made in the tanks on
January 29, 1935, to replace trees which had died or become too
large for the tanks. On March 4 thirty -four inoculations with
the cottonwood strain of Phytomonas turnefaciens were made on
the roots of ten plants. The galls which resulted grew well
throughout the period of highest temperatures.
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CONTROL OF ROOT KNOT

Field experiments in the control of root knot have continued
in accordance with the plan previously drafted by County Agent
Turville, Extension Horticulturist Draper, and the plant path-
ologist. The most promising nematode -resistant legumes have
been used. Iron cowpeas (No. 762), Brabham cowpeas, and Bush
Velvet beans were introduced by Mr. Evans, formerly of this
department; they have been grown on plots of nematode -infested
soil in three different locations in Yavapai County, two locations
in Pima County, and in one location each in Cochise and Mari -
copa counties. The effectiveness of the resistant crops for the
control of nematodes will be compared with that of dry fallow
over a period of at least three years.

The cowpeas produced quicker, more uniform, and thriftier
stands than the Bush Velvet beans, although the latter eventually
gave a good growth. The yield of seed from Bush Velvet beans
has been poor compared with the cowpeas, and the seeds may be
attacked by the common bean weevil, yet the purpose of growing
nematode -resistant plants is primarily to get rid of root knot;
although the Bush Velvet bean produces a low yield of seed, it
is probably the most resistant plant to nematode attack and
should give quicker results than other plants now used for the
purpose.

The nematode -resistant cowpeas were susceptible to Texas root
rot, but they produced a good crop of seed before they were killed
by the rot. The susceptibility of cowpeas to root rot will limit
their usefulness to fields in which Texas root rot has not appeared.

POULTRY HUSBANDRY

THE EFFECT OF BACK CROSSING AND RECIPROCAL CROSSES
ON EGG PRODUCTION IN THE OFFSPRING

Although the project started officially on October 1, 1933, it was
possible to use a year of preliminary work so that the actual
starting point was with the foundation stock which came into
production during the fall of 1932, this year being designated as
the 1932 -33 year.

In 1932 -33 four White -Leghorn, four Rhode -Island -Red, and two
Barred -Rock blood lines were established from University of Ari-
zona females and males purchased from reputable breeders.

A, progeny test was made of the above blood lines in which
there was an increase in egg production in four of the lines and
a decrease in five lines. One line was lost due to faulty male
birds.

The progeny was also subjected to the five -character test with
the following results: in sexual maturity five blood lines de-
creased their period of maturity while the remaining four ex-
tended their period of maturity in the first generation. Three
lines increased in intensity, one remained the same, and five
decreased in intensity. Broodiness increased in the first genera-
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tion in six of the blood lines and decreased in three lines. Per-
sistency increased in five blood lines, and decreased in the other
four in the first generation.

An incubation record was kept on all blood lines. There was
a decrease in chicks hatched in eight blood lines. In the ninth
line no hatchable eggs were obtained due to a faulty male.

In the year 1933 -34 two additional foundation lines, eight father
and daughter matings, one mother and son mating, and two
brother and sister and half- brother and sister matings, one high
line and one low line mating, three matings of long continuous
matings, and three pens for selection were established. The same
tests - namely, egg production in progeny, five -character test, and
incubation test -will be made as in the preceding year in addi-
tion to a check on brooding results.

In the current year, 1934 -35, the following pens and blood lines
are mated: high line foundation, low line foundation, six grand-
father and granddaughter matings, three father and daughter
matings, one grandmother and grandson mating, eight mother
and son matings, besides several pens where progeny is being
checked.

Blood line charts have been made on all matings over the
three -year period, each chart showing the individuals involved in
the breeding pen as well as all offspring from that mating.

It was found advisable to use different methods for figuring
egg production. In the blood line charts, egg production was
figured from date of continuous production. In the breeding pens
all birds dying before any chicks were obtained were dropped out
of consideration. After this all production was figured on a hen -
day basis.

In the progeny egg production was figured on a hen -day basis.
In the five -character test only birds having a twelve months'

period were used in the calculations. Egg production was figured
from the date of first egg.

LOCALLY -PRODUCED GRAINS IN THE POULTRY RATION

Objects

1. To determine whether a ration may be compounded on the
basis of price alone and be satisfactory.

2. To utilize locally -produced ground grains supplemented
with liquid milk.

3. To determine whether a low protein (14 per cent) ration
fed intermittently will reduce mortality and still maintain satis-
factory egg production.
Rations used

1. This ration is changed from month to month, depending on
cost of the different ingredients. The sorghum grains are used to
a great extent.

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

lbs.; meat scraps, 100 lbs.; charcoal, 15 lbs.; oyster shell, 15 lbs.;
salt, 3 lbs. Scratch grain: cracked corn, 125 lbs.; barley, 50 lbs.;
wheat, 50 lbs.; oats, 25 lbs. Fed intermittently.

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

All rations are fed in the regular manner except ration No. 3,
which is fed intermittently. This is a low protein feed (14 per
cent) and is fed as follows:

First feed in morning -damp mash (water) of an amount that
will be consumed in forty -five minutes.

Second feed -open mash hopper at 11 A.M. and close at 2 P.M.
Third feed -give all the grain in the evening that the birds will

clean up.
Green feed is given about 1 P.M. at the time all pens receive

their allowance.
At the end of the eleven months' period, the intermittently -fed

lot had the highest average production per bird. The birds so fed
had each laid and average of 9.14 eggs more than birds on any of
the other feeds. The hens fed the locally- produced grains supple-
mented with milk ad libitum had the second highest average pro-
duction; they laid 6.24 eggs more than the birds in the check pen.
The check ration, however, produced 9.44 eggs more per bird than
did the economy ration.

The number of pounds of feed necessary to produce a dozen
eggs is often used as one criterion to determine the value of a
ration. During this test the low protein (intermittent system)
produced a dozen eggs for each 5.47 pounds of feed eaten. The
group fed local ground grains supplemented with milk produced
a dozen eggs with each 5.94 pounds of feed. The check lot re-
quired 6.61 pounds and the economy group 7.67 pounds for each
one dozen eggs.

This test will be continued.
ENVIRONMENTAL FACTORS AND THEIR EFFECT ON THE

NATURAL EGG CYCLE
Object: To determine whether uniform conditions of tempera-

ture, ventilation, humidity, and light will result in an even dis-
tribution of egg production over the twenty- four -hour period, and
if egg size will become constant.

Two sets of individual- compartment hen batteries are in use:
one under natural climatic conditions and the other in a ther-
mostatically controlled room. An electrical device records the
time when each egg is laid and the hen laying it.

Only the first four months' period is available at this time.
During this period the birds in the controlled room averaged
4.28 eggs more than those in the outside room.
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In egg size the controlled group averaged 1.83 grams more per
egg than the outside lot.

The outside group required 0.51 pounds more feed to produce a
dozen eggs than the birds in the controlled room. This would be
expected due to the difference in maintenance requirements.

DEVELOPING A STRAIN OF CHICKEN RESISTANT TO
PULLORUM DISEASE

Object: To develop a strain of chickens that will be resistant to
pullorum disease.

Blood testing is being utilized to eliminate the reactors from
the breeding flock, but this does not prevent infection due to
environmental conditions.

Reactor males and females were mated. Survivors were re-
tained during their first year and mated the second year. Chicks
from this mating were hatched. Survivors will be kept and
mated next year, after which the degree of resistance will be
tested.

Both the Rhode Island Red and White Leghorn breeds are be-
ing used.

RANGE PARALYSIS

Object: To determine if range paralysis is inherited.
Range paralysis is responsible for very heavy losses in pullet

flocks. In some cases the losses have been so great that poultry-
men had to turn elsewhere for a livelihood.

The question of transmission by inheritance is being tested.
After a lengthy search a flock was located that, to the owner's
knowledge, was free of paralysis. Eggs were secured and incu-
bated separately. The chicks were reared away from other
chicks. They have completed one year of lay and the eggs have
been incubated.

Results will not be available for another year.
The Rhode Island Red breed is being used.

CONFERENCE FEEDS

Object: To make a comparison between the conference starting
and gaining feeds and the University of Arizona feeds used during
the same periods.

A group of state workers planned a series of feed formulas
utilizing the grain sorghums as far as possible. These formulas
were tested. A further test is being conducted in which the con-
ference -fed birds are being carried through the laying year on
the conference egg mash.

Results of the chick feeding have not been compiled.
White Leghorn birds are being used in this test.

COMPLETED PROJECTS
A COMPARISON OF CERTAIN LOCAL ARIZONA FEEDS

Since the last report the above was completed and is now being
prepared for publication.
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The rations were as follows:
1. Corn meal (yellow), 30 lbs.; ground oats, 20 lbs.; bran, 10

lbs.; middlings, 10 lbs.; meat scraps, 20 lbs.; alfalfa leaf meal, 10
lbs.; bone meal, 3 lbs.; salt, 1 lb.; wheat, 50 lbs.; cracked corn, 50
lbs.

2. Ground oats, 20 lbs.; ground barley, 30 lbs.; bran, 10 lbs.;
middlings, 10 lbs.; meat scraps, 20 lbs.; alfalfa leaf meal, 10 lbs.;
bone meal, 3 lbs.; salt, 1 lb.; cracked corn, 50 lbs.; barley, 50 lbs.

3. Check: yellow corn meal, 15.20 lbs.; ground oats, 15.20 lbs.;
bran, 15.30 lbs.; middlings, 15.20 lbs.; meat scraps, 19 lbs. dried
buttermilk, 3.8 lbs.; alfalfa leaf meal, 3.8 lbs.; bone meal, 3.8 lbs.;
linseed meal, 3.8 lbs.; oyster -shell flour, 2.3 lbs.; charcoal, 2.3 lbs.;
salt, .5 lb.; wheat, 28.6 lbs.; cracked corn, 28.6 lbs.; hegari, 28.6 lbs.;
oats, 14.2 lbs.

4. Ground barley, 10 lbs.; ground red milo, 35 lbs.; ground
wheat, 10 lbs.; bran, 10 lbs.; meat scraps, 20 lbs.; dried buttermilk,
5 lbs.; alfalfa leaf meal, 5 lbs.; bone meal, 2 lbs.; oyster -shell flour,
2 lbs.; salt, 1 lb.; wheat, 50 lbs.; red milo, 50 lbs.

The following were taken as the criteria in comparing the above
rations:

1. Feed consumption: There was very little difference in the
total amounts of feed consumed in any lot. This is an indication
that palatability was not a factor in food consumption.

2. Egg production: The check pen produced the largest num-
ber of eggs. If this lot is taken as 100 per cent, the lot fed red
milo would lay at a rate of 95.3 per cent; barley, 91.7 per cent; and
corn, 88.6 per cent.

3. Weight of eggs: Barley has often been considered as a ra-
tion that would produce small eggs. This was not the case in
these tests. The heaviest eggs were produced in the red -milo
pens and the lightest in the corn -meal lot. The barley and the
check pens produced eggs of the same weight and intermediate
with the other lots.

4. Return above feed cost: The birds in the check group re-
quired the smallest amount of feed to produce a dozen eggs. They
were followed by the hens fed red milo, corn meal, and barley
in the order named. Due to the difference in the cost of feed the
cash cost per dozen eggs was least in the red -milo group, followed
by the check, the barley, and the corn meal groups.

5. Mortality during the laying year: The mortality in all lots
was high. The livability was best in the red milo, followed by
the barley, the corn meal, and the check groups.

These tests indicate that locally -produced grains -red milo and
barley -are suitable for use in poultry feeds when properly sup-
plemented.

RANGE ECOLOGY

WATER RELATION WORK

New species of forage and browse plants added this year are:
palo verde, oak, cat's -claw, ephedra, and Andropogon saccharoides.
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Species that were continued and rerun for additional data and ac-
curacy were: the side -oat,, slender, black, crowfoot, and hairy
gramas; Hilaria belangeri; Aristida glabrata; A. Divaricata; Valota
saccharoides; and Heteropogon contortus.

The work included filling the cans with field soil of a moisture
of F.H.C., planting, taking initial weights, and weighing twice
weekly to determine water loss. Cropping was done at the
necessary intervals to determine the produced dry weight and
thereby learn the degrees of economic use of water by the different
species.

SOIL MOISTURE WORK

Weekly soil samples were taken at seven different stations on
the range. Careful and continual record of the movement and
amount of water in the soil is a very important ecological phase
of the vegetation problem.

OSMOTIC VALUE PHASE

Six grass species were collected and run once a week using
Mallery's crysoscopic method of determination.

QUADRATING WORK

This phase determines vegetational change. The frequency -
index quadrats were continued at three stations. Permanent
meter quadrats were listed on the three areas, open, closed to
grazing, and total protection at Desert Grassland Station. The
annual photographic records were taken at the three main
stations.

FERTILIZER EXPERIMENTAL WORK

Last year this work was begun, but this year the entire experi-
ment was changed to make the data more complete since the
leads found last year warranted more intensive experimental
work. Indications point to far more complicated and important
factors than the mere mass increase of vegetation by the use of
fertilizer. Resistance to drouth, palatability, and moisture -holding
ability are a few phases of the work that justify more extended

.work.

RODENT INFLUENCE ON RANGE VEGETATION

Limited observations have been continued on rodent and other
animal influences on the range vegetation. On southern Arizona
ranges jack rabbits and cottontails are estimably down to 10 per
cent of their maximum numbers. Drouth, with consequent lack
of feed and cover, seemingly initiated this decrease with an
epizoötic following in the wake of the adverse environmental con-
ditions. The influence on the grazing ranges has been tremendous
since much of the vegetation was so near the expiration margin
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that the smallest additional load would have forced it past re-
covery.

VEGETATION MAPPING WORK

This much -needed work was furthered in connection with the
land -use work whenever possible. While further detailed work
is needed in certain sections of Arizona, the department has
secured enough data to complete a thoroughly usable and reliable
vegetation map of the state.

DEER FEEDING EXPERIMENT

At the end of a year this work, started in June, 1934, has shown
rather startling results, far from the preconceived guesses as to
the amounts, kinds, and seasonal uses of forages by deer. Briefly,
the carrying capacity of a range for deer would roughly equal
that for the same number of sheep. This is a tremendously im-
portant factor on our western federally -controlled ranges which
are continually under protest by the livestock lessees, who state
that the carrying capacities of these ranges are being continually
shifted in favor of the game animals.



APPENDIX

CHANGES AND ADDITIONS

No changes of a material nature have been possible during the
past year either in the experiment station at Tucson or on the
outlying experimental farms except for necessary replacements
and repairs to laboratory equipment and to farm machinery.
Work which, due to lack of funds, was temporarily discontinued
last year on our Yuma Valley farm and on the Tucson farms is
still being held up. No additions or resignations have occurred
on our staff of workers.

RESEARCH PROJECTS

A complete list of the active research projects of the station
was published in the "Forty -third Annual Report." This was
revised both in the forty -fourth and forty -fifth annual reports.
While several publications have been issued during this past year,
no projects have been dropped from the list and no new projects
have been added.

ANALYTICAL SERVICE

The Department of Agricultural Chemistry and Soils offers
analytical service on products related to agriculture without
charge to citizens of the state. In order to help meet this service
a branch laboratory is maintained in Phoenix. The number and
character of materials analyzed the past year is given in Table
26.

TABLE 26.- MISCELLANEOUS SAMPLES ANALYZED BY THE
DEPARTMENT OF AGRICULTURAL CHEMISTRY AND SOILS,

1934 -35.

Samples Phoenix Tucson

Soils 485 688
Manures and guano 276 48
Waters 211 397
Fertilizers 25 35
Poison cases 8 12
Grapefruit 206 290
Miscellaneous 34 950
Feeds and grasses 40

1,245 2,460

ARIZONA EGG -LAYING CONTEST
This contest is now in its thirteenth year with the breeders as

enthusiastic for it as in the initial year. It is the only state agency
93
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through which the breeder's stock can qualify for the record -of-
performance work which is now so closely tied up with the
National Poultry Code. It is planned to add a noncompetitive
feature to this which will be known as a pullet- testing project,
the purpose of which will be the same as the egg test.

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

TABLE 27.- AVERAGE EGG PRODUCTION PER BIRD IN
EGG- LAYING CONTESTS.

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

SOIL SURVEYS

The Department of Agricultural Chemistry and Soils has co-
operated the past year with the United States Department of
Agriculture Soil Survey in mapping the middle Gila area. The
territory to be covered is approximately that which will be irri-
gated by water from the Coolidge reservoir and includes lands
adjacent to Florence, Coolidge, Sacaton, and Casa Grande.

Work was started in the winter of 1933, but because of the
small size of the party and the shortness of the season only about
half of the area has been completed. No new soil survey reports
have been received from the publishers this year.

The United States Department of Agriculture has placed C. C.
Nikiforoff in the West for the purpose of studying the zonal distri-
bution of soils. The Department of Agricultural Chemistry and
Soils is co- operating in this study. The work, as yet, is incom-
plete.

IRRIGATION ENTERPRISES

We receive many inquiries from time to time for a list of the
names and areas of the many irrigation enterprises carried on
in this state. It is thought that the following list will be useful.
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TABLE 28.- MUTUAL WATER COMPANIES UNINCORPORATED IN
ARIZONA.

Name

Apache County
Concho Irrigation Company
Milligan Ditch
Round Valley Water Storage & Ditch Co
St. Johns Irrigation Company

Cochise County
Pomerene Canal Company
San Pedro Water Users' Association

Coconino County
East Side Ditch (Sedona)
Fredonia Community Ditch
Haylake Mutual Ditch
West Side Ditch (Sedona)

Gila County
Lower (Gisela) Ditch
Upper (Gisela) Ditch

Graham County
Brown Canal Company
Curtis -Kempton Canal Company
Ft. Thomas Consolidated Canal Company
Fourness Canal Company
Graham Canal Company
Jones - Colvin Consolidated Canal Company
Michelena Canal Company
Montezuma Canal Company
Nevada Canal Company
Oregon -Bryce Canal Company
San Jose Canal Company
Smithville Canal Company
Sunflower Canal Company

Greenlee County
Black McClaskey Canal Company
Colmonero Canal Company
Duncan Canal Company
Moddle Canal Company
Sexton Canal Company
Valley Canal Company
York Canal Company

Maricopa County
Palo Verde Irrigation Project..
Peninsula Water Company

Mohave County
Mesquite Irrigation Company

Navajo County
Lakeside Irrigation Company
Pinetop -Woodland Irrigation Company

Yavapai County
Bergman Ditch (west side)
Chino Valley Water Users' Association
Cottonwood Ditch
Diamond S Ditch
East Cornville Ditch (Oak Creek Ditch Co.)._
Eureka Ditch
Maneth Ditch

Area in
project
(acres)

Area a
irrigated

1934
(acres)

1,076
270

2,552

1,360 437

30 30

300
30 30

35
125

843 700
1,964 1,420
3,125 4,210

260 260
3,980b 1,160

250
450 450

4,842 4,800
2,738

430
3,867 4,240
2,952 1,640

300 228
650 480
250 215

2,100 1,800
150 150

2,000 1,400
350 320

2,264 2,264

100

720 360
600 300

712 712
220 220
222 222
450 450
25 25
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TABLE 28.- MUTUAL WATER COMPANIES UNINCORPORATED IN
ARIZONA (Continued).

Name
Area in
project
(acres)

Area a
irrigated

1934
(acres)

Nicklin Ditch
Page's Springs
Pump Supplied Ditch
Richards & Cawkins Ditch
West Cornville Ditch
Wingfield Ditch
Woods Ditch

200
80

154
340

1,250

125

a Approximate. These figures also include land, in some cases not ir-
rigated, rented to the government.

b Includes Oregon -Bryce Canal Company.

TABLE 29.- OTHER IMPORTANT IRRIGATION ENTERPRISES IN
ARIZONA.

Name of district

Apache County
Navajo Indian Reservation 9,400
Wm. S. Spence (Northern Arizona Land Co.) _

Cochise County
Boquillas Land and Cattle Company

Coconino County
Hopi Indian Reservation 450
Navajo Indian Reservation 1,760

Gila County
San Carlos Indian Reservation

Greenlee County
Billingsley Extension Canal 250
Craufurd Ditch 260
Rhea Ditch 75
York Cattle Company Ditch 65

Maricopa County
Camp McDowell Indian Reservation U.S.I.S.__
Enterprise Canal- Tovrea Packing Company_. 1,880
Fowler Tract 1,975
Gila Land & Cattle Company 1,600
Gila River Indian Reservation
Lone Butte Farm 1,708
Salt River Indian Reservation U.S.I.S 4,000
Southwest Cotton Company
Goodyear Unit 7,793
Litchfield Unit 11,000
Marinette Unit 6,878

Navajo County
Hopi Indian Reservation 2,600
Navajo Indian Reservation 650
White River Apache Indian Reservation 2,000

Area in
project
(acres)

Area a
irrigated

1934
(acres)

0

0

1,200
1,975
1,050

1,708
2,107

2,232
4,671
2,356
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TABLE 29. -OTHER IMPORTANT IRRIGATION ENTERPRISES IN
ARIZONA (Continued) .

Name of district
Area in
project
(acres)

Area a

irrigated
1934

(acres)

Pima County
Agricultural Products Corporation 4,000 240
Midvale Farms (Butterfield Ranch) 1,886
Sahuarita Ranch Company 2,000 229
San Xavier Indian Reservation 355

Pinal County
Gila River Indian Reservation (San Carlos

Project) 50,000 17,000
Maricopa Indian Reservation (Ak Chin

Village) 400
Papago Indian Reservation (Chiu Chui

Village) 400
Yuma County

Colorado Indian Reservation 96,000 4,000
Yuma Project, Unit B (U.S.B.R.) 3,810 1,410

a Approximate. These figures also include land,
rigated, rented to the government.

in some cases not ir-

TABLE 30.- COMMERCIAL WATER COMPANIES IN ARIZONA.

Name of district
Area in
project
(acres)

Area a
irrigated

1934
(acres)

Maricopa County
Arcadia Water Company 1,500 1,000
Chandler Heights Citrus, Inc 13,080 900
Gillespie Land & Irrigation Company b 85,000 11,156

Pima County
Cortaro Water Company 14,000 5,500

Yavapai County
Hassayampa Alfalfa Farm Company

a Approximate. These figures also include land, in some eases not ir-
rigated, rented to the government.

b Absorbed all rights of the old Gila Water Company.

TABLE 31.- IMPORTANT AREAS OF INDIVIDUAL IRRIGATION
DEVELOPMENT.

Name
Area in
project
(acres)

Area a

irrigated
1934

(acres)

Cochise County
San Simon Valley, artesian wells and pumping
Stewart pumping area northwest of Willcox
Webb- Elfrida pumping area

9,360 1,332
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TABLE' 31.- IMPORTANT AREAS OF INDIVIDUAL IRRIGATION
DEVELOPMENT (Continued)

Name
Area in
project
(acres)

Area a
irrigated

1934
(acres)

Gila County
Pinal Creek, pumping
Tonto Basin, individual ditches from

Tonto Creek
Graham County

Artesia- Cactus Flats, artesian wells
Maricopa County

Pumping area north of Litchfield
Pumping area north of Elect. Dist. No. 5

Mohave County
Big Sandy Valley

Pima County
Pumping area along Rillito River
Pumping area along Santa Cruz River

between Midvale Farms and Tucson
Santa Cruz County

Pumping area along Santa Cruz River
(Calabasas, Tubac, Amado)

Yavapai County
Artesian area north of Chino Valley Irrig.

Dist
Skull Valley, springs and pumping

333

10,000
2,000

56

3,375
1,000

a Approximate. These figures also include land, in some cases not ir-
rigated, rented to the government.

SUMMARY OF STATION PUBLICATIONS

TECHNICAL BULLETINS

No. 54, "Improving the Uniformity of Cotton Fiber by the Use
of the Pressley Sorter," by E. H. Pressley. 27 pages. A rather
detailed description is given of the construction of the sorting
machine. The purpose of this machine is to make possible the
determination, from unginned samples, of the relative percent-
ages of lint in the various 1/8-inch length classes for individual
plant selections. Directions are also given for sampling and for
the preparation of the samples for sorting.

Results obtained from two years' selection for uniformity of
lint in one strain indicate that it may be possible to produce a
much more uniform lint than is being produced at the present
time.

No. 55, "A Study of the Fig Beetle, Cotinis texana Casey," by
A. A. Nichol. 41 pages. This bulletin deals with the life history,
behavior, and control of the fig beetle. Its life cycle is one year;
the breeding grounds are limited to decaying organic matter,
such as corrals and stack bottoms, and the adults emerge during
the summer rainy season. The insect is only injurious in the
adult stage and only affects soft -skinned fruits which ripen during
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the months of July, August, and the first part of September. It
is not injurious below 500 feet elevation nor above 5,000 feet.
Control of the adults is not practicable, but the species can be
satisfactorily controlled either by subjecting the breeding areas to
two or three thorough floodings shortly after eggs of the beetle
have hatched, by thoroughly cleaning up the organic litter in the
early months of spring thereby starving the larvae, or by causing
the ground to become so dry that the insects that reach maturity
cannot dig themselves out of the soil.

No. 56, "The Olive Parlatoria, Parlatoria oteae Colvée, in Ari-
zona." Part I. Life History and Ecology, by A. A. Nichol. Part
II. Economic Significance and Control, by Lawrence Paul
Wehrle. 34 pages. This bulletin is an ecological and control
study of an introduced scale pest reported for the second time
in the United States. Evidence points to its introduction into the
Tucson area as early as 1891. It remained incipient, however,
until recent years when a series of higher winter temperatures
apparently created more favorable conditions allowing the pest
to increase its host plant numbers from five to forty -one.

Spraying with oil emulsion sprays from 2 to 4 per cent gives
excellent control.

No. 57, "The Measurement and Significance of Hydroxyl -Ion
Concentration in Alkaline- Calcareous Soils," by W. T. McGeorge.
31 pages (abstract) . In the cropping of alkali soils a knowledge
of their degree of alkalinity or pH is of great value in judging
their productivity. Since the pH of an alkali soil is governed by
the degree of hydrolysis of the compounds responsible for soil
alkalinity, and hydrolysis is in turn governed by the ratio of soil
to water, it is difficult to evaluate a soil pH determination in
terms of the field water carrying capacity of the soil. This bulle-
tin presents a study of the factors to be considered in determining
the pH of alkali soils and the significance of the determination.

GENERAL BULLETINS

No. 148, "Diseases of Field Crops in Arizona," by J. G. Brown
and R. B. Streets. 143 pages. This publication, the first general
bulletin of the Arizona Experiment Station on diseases of farm
crops, is the answer to repeated requests from farmers. It con-
sists of three sections devoted, respectively, to (1) a simple key
to common diseases, (2) a more detailed description of symptoms
and control measures, and (3) preventive measures. The simple
language used in the key and other descriptive passages enables
the reader to diagnose the commoner diseases of field crops in the
state; preventive measures include seed treatments, such as dust-
ing and steeps. The publication is well illustrated, and a con-
venient index is appended. In writing this bulletin the authors
have made use of material which has accumulated during their
comparatively long experience with plant diseases in Arizona.

No. 149, "Date Growing in Arizona," by D. W. Albert and R. H.
Hilgeman. 55 pages. Includes a history of date growing in the
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United States, botany of the date palm, soil, temperature and
humidity requirements, propagation, pruning, pollination, har-
vesting, effect of rain on maturing fruits, artificial maturation,
and packing and storage of fruit. Included among the tables are
those giving the cost of bringing a date garden into production
and the accumulation of sugars in the ripening fruits. Varieties
adapted to Arizona climatic conditions are discussed and de-
scribed. The bulletin is illustrated with twenty -five plates.

No. 150, "The Quality of Arizona Cotton," by R. L. Matlock and
J. R. Kennedy. 62 pages. This bulletin presents a picture and
suggests explanations of the existing conditions and trends in the
grade and staple length quality of upland and Pima (American-
Egyptian) cotton produced in Arizona as shown by representa-
tive bale samples secured from various areas during the 1928 -33
period.

PUBLICATIONS IN TECHNICAL JOURNALS

Ball, E. D., "The spittle insects of the genus Aphrophora occurring
in the U. S." Ent. News 45, pp. 175 -9, 1 pl., July, 1934.

Ball, E. D., "The number of generations of the beet leafhopper
under natural conditions." Jour. Econ. Ento. 27, pp. 945 -59,
Oct., 1934.

Ball, E. D., "Some new Issidae, with notes on others" (Homop-
Fulgorid) . Bull. Brook Ent. Soc. 30, pp. 37 -41, Apr., 1935.

Ball, E. D., "On mounting leafhoppers" (editorial) . Bull. Brook
Ent. Soc. 30, pp. 84 -5, Apr., 1935.

Ball, E. D., "The genus Oecleus in the United States" (Homop-
Fulg.) . (Ball and Klingenberg) . Ann. Entom. Soc. Amer. 28
(2), pp. 193, 213, 3 pl., June, 1935.

Ball, E. D., "Biological and ecological factors in the control of the
celery leaf tier in Florida" (Ball, Reeves, Boyden, and Stone).
U. S. Dept. Agric. Technical Bull. No. 463. 55 pp. 26 figs.,
May, 1935.

y' Butler, Karl D., "The cotton root rot fungus, Phymatotrichum
omnivorum, parasitic on the watermelon, Citrullus vulgaris."
Phytopathology 25, 559 -77, June, 1935.

Finch, A. H., D. W. Albert, and A. F. Kinnison, "Progress on the
control of citrus chlorosis or decline." Proc. Amer. Soc. for
Hort. Sci. 32, 20 -3, Dec., 1934.

Finch, A. H., "Further notes on pecan filling and maturity." Proc.
Amer. Soc. for Hort. Sci. 32, 24 -8, Dec., 1934.

Finch, A. H., "Physiology of apple varieties." Plant Physiology
10, 49 -72, Jan., 1935.

Greene, R. A., "Studies on protein synthesis by the genus Azoto-
bacter. Soil Science 39, 327 -36.

Greene, R. A., "A mass culture apparatus for securing bacterial
cells for analysis." Jour. Laboratory and Clinical Medicine
20, p. 977.

Greene, R. A., "A vaseline dispenser for hanging drop prepara-
tion." Jour. Laboratory and Clinical Medicine 20, p. 978.



FORTY -SIXTH ANNUAL REPORT 101

Lantz, E. M., M. C. Smith, and R. Leverton, "The calcium and
phosphorus metabolism of children with mottled enamel." J.
Home Ec., Vol. 27, 236, 1935.

McGeorge, W. T., "The determination of phosphate availability
in calcareous soils by electrodialysis." Soil Science 38, pp.
347 -53.

McGeorge, W. T., "The relation of potential alkalinity to the avail-
ability of phosphate in calcareous soils." Soil Science 39, pp.
443 -52.

McGeorge, W. T., "Organic base exchange compounds in soils."
Jour. Amer. Soc. Agron. 26, pp. 575 -9.

McGeorge, W. T., T. F. Buehrer, and J. F. Breazeale, "Phosphate
availability in calcareous soils: A function of carbon dioxide
and pH." Jour. Amer. Soc. Agron. 27, pp. 330 -5, May, 1935.

McGeorge, W. T., "The fertilization of arid soils." Zeit. für Pflan.
Dung. und Bodenkunde 38, pp. 18 -22.

Schour, Isaac, and Margaret Cammack Smith, "Mottled teeth: an
experimental and histologic analysis." J. Am. Den. Assoc.,
Vol. 22, p. 796, May, 1935.

Smith, H. V., "Determination of fluorine in drinking water."
Anal. Edition, Industrial and Engineering Chemistry, Vol. 7,
pp. 23 -5, Jan. 15, 1935.

Smith, H. V., "Potability of water from the standpoint of fluorine
content." Amer. Jour. of Public Health, Vol. 25, No. 4, pp.
434 -9, Apr., 1935.

Smith, Margaret Cammack, "Fluorine toxicosis, a public health
problem." Amer. J. Pub. Health, Vol. 25, p. 696, June, 1935.

Smith, Margaret Cammack, and H. V. Smith, "Mottled Enamel
of Deciduous Teeth," Science 81, 77, 1935.

Smith, Margaret Cammack, and Ruth Leverton, "A simple method
for preventing the high mortality of young rats during the
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Smith, Margaret Cammack, and H. V. Smith, "The occurrence of
mottled enamel on the temporary teeth." Jour. Am. Den.
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Smith, Margaret Cammack, "Dietary factors in relation to mottled
enamel." J. Dent. Res. accepted for publication.
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Taylor, W. P., "Significance of extreme or intermittent conditions
in distribution of species and management of natural re-
sources with a restatement of Liebig's Law of Minimum.
Ecology 15 (4), 374 -9, October, 1934.
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Taylor, W. P., "Coati added to the list of United States mammals."
Jour. Mamm. 15 (4) , 317 -8, November, 1934.

Taylor, W. P., "Some animal relations to soils." Ecology 16 (2),
127 -36, April, 1935.

Taylor, W. P., "Membership in the Ecological Society of America."
Ecology 16 (2), 279 -80, April, 1935.

Thornber, J. J., "Loco weeds in Arizona." Hoofs and Horns, July,
1934.

Thornber, J. J., "Milkweeds as poisonous plants." Hoofs and
Horns, August, 1934.

Thornber, J. J., "Lupines as poisonous plants in Arizona." Hoofs
and Horns, October, 1934.

Thornber, J. J., "Chopped or soapweed as emergency feed." Hoofs
and Horns, November, 1934.

Thornber, J. J., "Mistletoe in science and legend." Hoofs and
Horns, December, 1934.

Thornber, J. J., "Rayless golden -rods as poisonous plants." Hoofs
and Horns, January and February, 1935.

Thornber, J. J., "Gourds and the gourd family." Hoofs and Horns,
March and April, 1935.

Thornber, J. J., "Larkspurs as poisonous plants." Hoofs and
Horns, May, 1935.

Thornber, J. J., "Death camas as poisonous plants." Hoofs and
Horns, June, 1935.

Vorhies, C. T., "The relation of jack rabbits to grazing in southern
Arizona" (with W. P. Taylor and P. B. Lister) . Jour. of
Forestry, Vol. 37, No. 5, May, 1935.

Vorhies, C. T., "A second occurrence of the white -fronted goose
in Arizona" (with W. P. Taylor) . Condor, No. 37, May -June,
1935.

Vorhies, C. T., "The Arizona specimen of Euderma maculatum."
Jour. Mammal., Vol. 16, No. 3, p. 224, Aug., 1935.

Wehrle, Lawrence Paul, "Notes on Pycnoderes quadrimaculatus
Guerin (Hemiptera miridae) in the vicinity of Tucson, Ari-
zona." Bul. Brooklyn Ent. Soc., Vol. XXX, No. 1, p. 27, 1935.

WEATHER RECORDS FOR THE CALENDAR YEAR 1934

Temperature, rainfall, wind velocity, and humidity as well as
data on the evaporation and number of clear, partly cloudy, and
cloudy days were recorded as usual at the university weather
station and the data are given in the accompanying table. Maxi-
mum and mean temperatures were less than for 1933 as was also
the rainfall. The length of the growing season was slightly less
than for 1933, being 231 days as compared with 245.
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