
Thirty-Second Annual Report of the Agricultural
Experiment Station for the Year Ended June 30, 1921

Item Type text; Report

Authors University of Arizona. Agricultural Experiment Station.

Publisher College of Agriculture, University of Arizona (Tucson, AZ)

Rights Public Domain: This material has been identified as being free of
known restrictions under U.S. copyright law, including all related
and neighboring rights.

Download date 24/05/2023 21:05:04

Item License http://creativecommons.org/publicdomain/mark/1.0/

Link to Item http://hdl.handle.net/10150/196598

http://creativecommons.org/publicdomain/mark/1.0/
http://hdl.handle.net/10150/196598










Illustrations
Fig. 1. Salt Eiver Valley Farm: Foreman's house completed Septem-

ber, 1920 563
Fig. 2. Salt River Valley Farm: Field Peas as a green winter manure

crop 565
Fig. 3. Varietal tests of barley in the Yuma Valley; common six row

on left; beardless in the center; Mariot on right 569
Fig. 4. Salt River Valley Farm: Field tests with rye; Rozen rye on

left; Abruzzes rye on right 569
Fig. 5. Curves showing inheritance of earliness (as indicated by date

of appearance of first head) through four generations of a
cross between early (Sonora) wheat and a late (Red Turkey)
wheat 604

Fig. 6. Effects of date rot disease; note mummies still hanging to tree
and on ground 607

Fig. 7. Field of lettuce near Toltec, infected with bacterial rot 608
Fig. 8. Head1 of lettuce from the market, inoculated in the laboratory

with bacterial rot from diseased plants taken from field near
Toltec 610

Fig. 9. Trunk of peach tree killed by crown gall. Note! the large gall
at base of trunk on the left side 612





548 THIRTY-SECOND ANNUAL REPORT

The irregularity of the increases shown above needs a few
words of explanation. The sharp decline in attendance for
1917-18 was clearly due to the World War. The slight increase
in the following year can be accounted for by the number of
students who returned to the University after being discharged
from the Army. In 1919-20 colleges and universities through-
out the country gained very largely in attendance. Our
own registration in the College of Agriculture showed an in-
crease of 340 percent. Part of this gain has already been
accounted for; and the remainder can be explained by the more
general recognition of the value of college training for men
entering the various agricultural pursuits, the more extended
knowledge of the character of the instruction offered, and the
increased population of the State.

AGRICULTURAL EXTENSION WORK
What has been said thus far relates to the campus teach-

ing of the College of Agriculture. Developments during the
past ten to fifteen years have made it necessary to distinguish
between the resident teaching and the extension of the agricul-
tural colleges. It has come about that a very large part of the
teaching efforts of the College of Agriculture are put forth
throughout the State; and at the same time a smaller portion of
the teaching work is done within college classrooms and labora-
tories. This is as it should be. The people of the farming
communities recognize their need of instruction, and they as
frankly ask that the college extend its activities to every part
of the State where farmers and their families can come together
to receive instruction.

Practically every man and woman on the farms of Ari-
zona knows of the work of the County Agricultural Agents and
the Home Demonstration Agents who are working in the agri-
cultural counties of the State. Not all of them realize that
these men and women are members of the teaching faculty
of the College of Agriculture. Increasingly, however, the peo-
ple are becoming aware of the purpose of the College to teach
agriculture and home economics wherever country communi-
ties are willing to organize to receive instruction. So the work
of agricultural education is widening its field of influence; and
the instructors at the University and among the farms and
farm homes of the State are finding the people becoming more
responsive to intelligent instruction and readier to do their
share to make cooperative agricultural extension work more



ARIZONA AGRICULTURAL EXPERIMENT STATION 549

genuinely cooperative and, therefore, more effective in promoting
profitable farming and more wholesome home and community
life in the open country.

The report for the preceding year announced the appoint-
ment of Mr. W. M. Cook as Director of the Agricultural Ex-
tension Service of the College of Agriculture after he had served
two years as County Agent Leader. After a year of work as
Director, Mr. Cook has his organization well in hand, with the
hearty support of every member of the Extension Service. In
spite of many obstacles, the work is making real progress, and
seems to be better established in the interest of the people than
ever before.

THE AGRICULTURAL EXPERIMENT STATION

Primarily, this is a Report of the Agricultural Experiment
Station; but it is proper m an administrative report to discuss
the Experiment Station as one of the divisions of the College
of Agriculture. The Station is an investigational and research
agency. It conducts experiments to test old knowledge in its
applications under new conditions; it plans other experiments
in its search for new facts; it studies old knowledge in relation
to new and different surroundings; and it publishes the results
of its investigations and studies in order that teachers of agri-
culture and farmers may make u§e of old facts and old mean-
ings and new meanings in the operations which we call agri-
culture—farming, fruit-growing, stock-raising, and all of the
various activities of the men and women whose business brings
them into contact with growing plants and breeding and caring
for animals.

In Arizona we have been used to a form of organization
which assumes that it is necessary that we have an Agricultural
Extension Director able to devote his full time to the adminis-
tration of agricultural extension work; but we have not realized
that the work of the Agricultural Experiment Station needs to
be supervised by a Director able to give his full time to the
work of the Station. Our research work has been important
enough for a number of years to require the leadership of a
competent man able to give it his entire time and strength.
Not, however, until the present year was nearing its end had
the way become clear to provide for a Director of the Agricul-
tural Experiment Station who should be without other adminis-
trative or teaching duties*
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The Dean and Director, who gives up his directorship in
order that the work of the Experiment Station may increase
in effectiveness, commends to the readers of this Report the
man who has been known to many of them for twenty years
or more as Professor J. J. Thornber. The work of the Experi-
ment Station should show almost immediate improvement under
his administration; for he has the good fortune to begin with
adequate preparation and the hearty support of all his
associates.

A NEW DEPARTMENT
With the development of the agriculture of Arizona, there

came the introduction of many plant diseases and an increase
of injury from native diseases of plants. For a number of
years it had been apparent that the Experiment Station needed
to give serious study to these diseases and methods of con-
trolling them. It was found possible to support the work
needed; and the Board of Regents authorized a Department of
Plant Pathology.

Effective July 1, 1920, Mr. J. G. Brown, who had been
Assistant Professor of Biology in the College of Letters, Arts,
and Sciences for a number of years, was made Professor of
Plant Pathology in the College of Agriculture, with the cor-
responding title of Plant Pathologist in the Experiment Station.
One year of work by the new department has more than justi-
fied the action of the Board.

CHANGES IN PERSONNEL
The strength of a college is due in part to the character

of the men and women who constitute its staff of workers; and
in part it is due to the length of their service and the security
they feel in their positions. In the Thirty-First Annual Report
may be found two paragraphs which will gain in interest by
repetition here as follows:

"The College of Agriculture has been fortunate in being
able to retain the services of strong men for many years.
Three heads of Experiment Station departments have been
connected with the University from fifteen to twenty years.
Three others have been in service from five to seven years.
Too much emphasis can not be placed on the importance of
keeping high-class men. The State of Arizona is to be con-
gratulated on supporting a University policy that enables the
administrative officers of the University to secure strong men
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and to keep them after they have learned Arizona conditions
so well as to be of the maximum service to the State.

"One reason why we are able to keep men of ability is
found in the fact that the Regents have pursued a liberal
policy in regard to salaries. Another reason is found in the
opportunity Arizona gives strong men to do their best. High-
grade scientific men need freedom in their work and the kind
of support that will give them outlet for their energies and
ambitions. They need tools and materials to work with. So
that the workers of the College of Agriculture may continue to
work most effectively, it is necessary that the State pursue
its established policy of providing liberal financial support/'

RESIGNATIONS

July 31, 1920: J. W. Longstreth, County Agricultural
Agent, Yuma County.

August 31, 1920: Mrs. Mary P. Lockwood, State Leader
of Home Demonstration Work.

August 31, 1920: Francis R. Kenney, Poultry Husbandman.
August 31, 1920: Stuart W. Griffin, Assistant Agricultural

Chemist.
December 31, 1920: Nydia M. Acker, Home Demonstration

Agent, North Counties.
February 28, 1921: Hazel Zimmerman, Home Demonstra-

tion Agent, South Counties.
March 31, 1921: F. H. Simmons, Foreman Yuma Date

Orchard and Horticultural Station.
June 30, 1921: H. H. Gibson, Professor of Agricultural

Education. On July 1, 1921, the Department of Agricultural
Education was transferred to the College of Letters, Arts, and
Sciences.

June 30, 1921: W. E. Schneider, Instructor in Animal
Husbandry.

APPOINTMENTS AND PEOMOTIONS

July 1, 1920: J. G. Brown, Professor of Plant Pathology;
Plant Pathologist

August 16, 1920: E. S. Turville, County Agricultural
Agent, Pinal County.

September 1, 1920: R. B. Thompson, Associate Professor
of Poultry Husbandry; Poultry Husbandman.

September 1, 1920: Miss Grace Ryan, Home Demonstra-
tion Agent, Cochise and Pinal Counties.













AGRICULTURAL CHEMISTRY
A. E. VlNSON, C. N. CATLIN

The work of the Department of Agricultural Chemistry
during the year ended June 30, 1921, has been continued along
the lines of projects defined in former reports. This work is
divided into research, miscellaneous analytical work, and
teaching.

RESEARCH
SWELLING COEFFICIENTS OF DRY SOILS WHEN WETTED

The method of determining the swelling coefficient of dry
soils when wetted, which was originated in this department, was
given further study; first to obtain satisfactory duplicate de-
terminations, and second, to compare the swelling coefficient with
other physical constants dependent on the texture of the soiL A
technical paper covering the details of the method and duplicate
determinations will be prepared by the department during the
coming year. The following table, however, is given here to
show the correlation between the swelling coefficient as deter-
mined by our method in the case of a few soils of widely vary-
ing texture and the mechanical analysis and moisture equivalent
of the same soils.
TABLE III—COMPARISON OP SWELLING COEFFICIENT "WITH OTHER

CONSTANTS

Mechanical Analysis

Fine gravel 2-1 mm.
Coarse sand 1-.5 mm.
Medium sand .5~.25 mm.
Fine sand .25-. 10 mm.
Very fine sand .1-.05 mm.
Silt .05-.005 mm.
Clay below .005 mm.

Total
Loss on ignition
Moisture equivalent
Swelling coefficient

Muck

1.0
.4

19.7
19.6
25.7
30.3

Killito
clay

1.2
7.6
6.2
7.5

21.5
55.1

99.7 | 99.1
9.71

33.0
181.4

11.14
34.8

173.7

U. of A.
sandy
loam

.4
1.7
3.5

21.9
45.4
11.3
15.8

100,0
12.76
8.0

67.5

Maricopa
gravelly

loam

2.3
9.0
8.9

20.4
39.7
7.6
9.7

97.6
3.93
9.0

74.6

Calcar-
eous

gxavellj
loam

3.6
16.1
16.2
18.8
25.5
10.6
6.0

96.8
3.54
7.2

60.0

ALKALI STUDIES
Field studies of the treatment of black alkali soil with

gypsum have been continued at the University Farm. A good
stand of barley was obtained over the most alkaline portion of
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the plot that had always been barren before gypsum treatment.
These studies, which extend over a period of years, have been put
in manuscript form and crop maps have been prepared for pub-
lication.
INFLUENCE OP CONCOMITANT CONDITIONS OF THE TOXICITY

OF BLACK ALKALI
The work has been in progress for several years as an

Adams fund project. In the pot culture phases of this in-
vestigation interesting and suggestive results have been ob-
tained with winter cultures of wheat and barley. Attempts
with summer cultures so far have failed almost entirely. In
1920, tepary beans and cotton were used, but neither proved of
value for pot cultures. This year milo, hegari, and Mexican
June corn are being used. Corn is doing fairly well, but the
first planting of milo and hegari failed to come up or died im-
mediately in the same pots where wheat and barley had given
fair returns the previous winter. Even in the low concentra-
tion, .05 and -075 percent sodium carbonate, these sorghums
made very weak growths and were nearly destitute of chloro-
phyll. The pots have been replanted with the same sorghums.
Milo and hegari have behaved almost the same way on the
black alkali plots on the University Farm where barley made a
good winter growth. Check pots with sweet soil are giving
good growths with both of these sorghums. It is difficult to
find a crop suited to summer pot culture work with alkali under
the climatic conditions prevailing at Tucson, Rhodes grass,
however, on strong black alkali soil at the University Farm is
making a fine growth. It may prove of value for pot culture.

With winter cultures wheat proved much more resistant to
black alkali than barley, which is contrary to the generally
accepted belief. It may be a matter of variety, however, for
the wheat used was Sonora and the barley was ordinary six-
row. Six series of cultures were run with both wheat and bar-
ley in which the concentration of black alkali was the only
factor varied. Barley failed absolutely in .25 percent (by anal-
ysis of the natural soil) sodium carbonate, while wheat made
a slight growth. Barley made a very weak growth in .20 per-
cent sodium carbonate and wheat a fair growth. In weaker
alkali both wheat and barley made satisfactory growth for
experimental studies on soil of the University Farm type. Very
little difference was discernible in the weaker black alkali cul-
tures as judged from general appearance, but the grain yields
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were reduced materially by .075 percent sodium carbonate.
The main purpose of this series of cultures was to determine the
percentage of alkali in this particular type of soil, but the ex-
periment was adapted to the study of the influence of other
conditions. With this percentage fixed and held constant
through the series, other conditions will be varied. Such
observations have been made on the influence of texture in
soils containing .2 of one percent and .15 of one percent of
sodium carbonate. A very strong black alkaline soil was se-
lected and mixed with sand and with clay in order to reduce the
alkalinity; then combinations of the two mixtures were made
so as to give one series of .2 of one percent and another of .15
of one percent sodium carbonate, the two series varying only
in texture. Sand greatly intensified the toxicity of the black
alkali, while clay (or muck in one series) largely neutralized
the effect of the alkali. Other similar series, in which the
original sodium carbonate is held constant but wholly or in
part neutralized by gypsum, aluminum sulphate, mineral and
organic acids, are planned. A few preliminary trials along
this line have shown some very interesting results which will
be carefully checked with larger series n&xi winter.

THE TEMPE DRAINAGE DITCH

Monthly samples of water from the Tempe Drainage Ditch
have been collected and analyzed. The study has now extended
over a period of four years and shows interesting results. Since
January 1920, there has been very little change in the com-
position of the water. This may possibly be due to the long
period of drought through which we have just passed. Table
IV gives the composition of water for each month from July
1920, to July 1921.
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TABLE IV.—MONTHI/Y VARIATIONS IN COMPOSITION OF WATER

FROM TEMPE DRAINAGE DITCH. 1920-1921 PARTS PER 100,000

Date
1920-1921

July
August

September

October

November

December

January

February

March

April

May

June

Total
- solids

273.4
262.6

222,6

171.4

274.2

253.2

210.8

207.8

209.6

207.6

203.0

203.0

Chlo-
rides as

NaCl

191.0
113.0

143.0

136.0

179.5

168.0

135.0

135.0

135.0

133.0

129.0

131.0

Hard-
ness

(perma-
nent)

CaSO4

13.3
89.71

8.9

6.3

3.5

Hardness
(tempo-
rary)

Ca(HCOa) 2

50.1
73.7

67.2

84.2

68.0

69.2

65.4

55.8

73.0

61.9

60.1

59.7 j

Alka-
linity

Naa COa

8.7

1.7

4.2

9.3

3.4

5.1

5.1 j

SO 4

Str
S t r
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str

CaO

Str
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str

MgO

Str
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str
Mod
Str

B
3
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The average monthly composition for the four years ended
January 1, 1921, was as follows:

1917 1918 1919 1920
Total solids 308 266 262 256
Chlorides 209 182 173 158

During the year 1920, the sample for April is missing. It
would appear that a marked and steady improvement in the
drainage from this very alkaline area is taking place. Further
discussion of this project will be found in the Twenty-Seventh,
Twenty-Eighth, Twenty-Ninth, Thirtieth, and Thirty-First
Annual Eeports of this Station.

PRUSSIC ACID POISONING BY JOHNSON GRASS

In June, 1921, Mr. William H. Griffin of Cornville, Arizona,
reported to His Excellency, Thomas E. Campbell, Governor of
Arizona, the sudden death of three head of cattle and sent sam-
ples of the Johnson grass they had been eating. The letter and
samples were referred to this department. We had been called
upon previously to examine Johnson grass that was believed to
have caused the death of hogs; but the analyses were always
negative, although there was little doubt but that the hogs died
of prussic acid poisoning, and it had been shown in Bulletin No.
90, Part IV, 1905, of the Bureau of Plant Industry, that Johnson
grass did sometimes cause such poisoning. The samples in this
case contained surprisingly large amounts of prussic acid, but
no quantitative determination was made. The following descrip-
tion of the death of the animals is taken from Mr. Griffin's
letter:

"I have lost three head of cattle the last two months by eating this
grass. The first was a two-year-old steer that broke through the fence,
stayed in the pasture about one hour, then came back to the fence and
died in a few minutes. The next was a milk cow that came fresh in
the morning and stayed about the corral all day. We gave her a good handful
of the Johnson grass and she died in less than an hour. The last was a
milk cow that broke into the horse barn and got a small amount which
was left by the horses. I milked this cow at eight o'clock and1 she was
in good health. At a quarter to nine we heard her calling and before
nine she was dead, in less than an hour after eating the grass/*

Since other cases of this kind are likely to occur, it is well
to call attention to the best known treatment of sorghum poison-
ing in cases where the animals are not beyond help- Glucose,
best known in the form of Karo corn syrup, greatly lessens
the toxic effect of prussic acid. It should be administered
freely. Milk sugar is also an antidote, and whole or skimmed
milk should be given freely. Animals that have just received
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a good grain ration are much less susceptible to sorghum or
Johnson grass poisoning. Hay that is cured quickly is more
apt to retain dangerous amounts of prussic acid than hay that
is cured slowly. It is generally believed that the sorghums are
likely to be poisonous when the growth is stunted by drought.
Crawford in Bulletin 90, cited above, quotes a California cor-
respondent: "This plant is poisonous when grown on irrigated
as well as on non-irrigated lands, but especially so when grown
on irrigated lands, and the growth has become rank. It has
been shown that sorghums grown in Florida under humid con-
ditions also contain hydrocyanic or prussic acid. Great care
should be exercised in feeding Johnson grass or other sorghums,
especially after the sudden or mysterious death of any animal
that has had access to these forages."

MISCELLANEOUS

A large number of samples of irrigating water and of soil
for alkali have been analyzed during the year. The Chemist
made one visit to the Casa Grande Valley and in company with
County Agent Turville examined several alkaline districts. One
case in particular was of interest. The soil, which was wet and
sticky, even after a long dry period, was found to be heavily
impregnated with calcium and magnesium chlorides. The native
vegetation over this area was mostly saltbush.

Twenty-four samples of water from the Agua Fria River,
representing the daily flow from January 5 to February 13,
1920, with a few omissions, were analyzed. The samples were
all of excellent quality, although they carried a small amount
of black alkali.

A number of samples of feeds, guanos, manures, rocks,
insecticides, linseed oils, medicinal herbs, and other materials
were examined and reported on, although in only a few cases
were quantitative determinations made with this class of mate-
rials. One sample of so-called boiled oil which killed two valu-
able horses proved to be commercial rosin oil.





564 THIRTY-SECOND ANNUAL REPORT

resigned as foreman March 30 and was succeeded May 1 by
Mr. Carl Clark, a 1916 graduate of the University of Arizona
College of Agriculture.

The summer and fall of 1920 were unusually dry, and the
winter of 1920-21 and the spring of 1921 have likewise been
below normal in the amount of precipitation. Consequently,
we are starting the cropping season of 1921 under unfavorable
conditions. However, the ground has been carefully worked
and sufficient moisture has been stored to enable us to secure
good stands of all crops planted, and with a normal summer
rainfall we expect average returns for the present year.

Silage produced and stored in the fall of 1920 was not
used for stock feeding experiments because of the high price
of feeder cattle and the probability of low markets later. The
silage was sold to a neighboring rancher.

IL A CONTINUATION OF STUDIES AT THE SULPHUR SPRING VALLEY
DRY-FARM

The growing season of 1920 was the most severe one exper-
ienced in Sulphur Spring Valley since the establishment of the
Experiment Farm there. No grain yields of consequence were
secured from any of the plantings made in 1920, and not more
than 25 tons of silage were stored. Due to shortage of feed,
no stock feeding experiments were conducted in the winter of
1920-21. In 1920, even tepary beans failed to make a satis-
factory growth, which was the first failure of this crop recorded
in Sulphur Spring Valley.

Conditions in the spring of 1921 have not improved over
those of 1920. Dry-farm fields do not have sufficient moisture
to cause germination of newly planted crops, consequently only
those fields that are supplied with some irrigation water have
been planted.
III. LEGUMES AND THEIR CULTURE FOR SOTJTHWEST CONDITIONS

As in the previous year, plantings under this project were
made on the five farms of the Experiment Station. These plant-
ings covered experiments with velvet beans, soybeans, tepary
beans, cowpeas, vetch, and a few miscellaneous crops. On the
Salt River Valley Farm purple vetch made a larger and more
satisfactory growth than any other variety, but it failed to
set a good crop of seed. Hairy vetch made a very satisfactory
growth and produced a considerable quantity of seed. Woolly-
podded vetch made the third largest growth and produced a
reasonable amount of seed. Bitter vetch, which in other years
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has been quite promising, did not make as satisfactory a growth
as in 1920, although it yielded a good crop of seed. Bitter
vetch planted with barley competed with it to such an extent
that the barley crop was reduced materially.

Fig. 2.—Salt River Valley Farm: Field peas as a green winter
manure crop.

Cowpeas planted in midsummer in Mexican June corn
made an excellent growth and can be relied upon to increase the
value of the corn crop for either silage or pasture.

Inoculation tests with cowpeas gave no conclusive results.
The vegetative growth of a number of varieties of soybeans

was satisfactory, but the beans produced were very poor in
quality, being shriveled and unmarketable. At the present
time we are cooperating with the United States Forage Crop
Office in making varietal tests of about twenty varieties of soy-
beans, and also in making tests with four of these varieties to
determine the best time for planting. Plantings have been made
at intervals of two weeks, beginning April 1, and continuing
until August 15. This test is preliminary to a more extensive
one for next year, which, we hope, will enable us to determine
the causes of previous failures with soybeans and perhaps will
give information that will finally lead to the successful handling
of this crop under southern Arizona conditions.
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Velvet beans did not prove satisfactory, due largely to
the extreme difficulty in securing stands. Examination failed
to show nodules on the roots of the velvet beans and it is pos-
sible that inoculation will be necessary to produce satisfactory
growth.

Tepary beans proved a most excellent green manure crop
for the Salt River and Yuma valleys. These beans, planted at
the rate of one bushel to the acre, grew eighteen to twenty-four
inches high and the yield was estimated at twelve to fifteen tons
weight per acre.

IV. A STUDY OF THE VARIETIES AND METHODS OF CULTIVATION OF
INDIAN CORN AND THE VARIOUS SORGHUMS

Of the various sorghums tested in 1920 hegari proved the
most valuable from the standpoint of feed. Milo gave a slightly
larger yield of threshed grain, but, because of greater fodder
value, hegari is better liked by the average farmer. Feterita
proved considerably inferior to either milo or hegari, and
white milo proved a little inferior to ordinary dwarf yellow milo.

Sumac sorghum made an excellent silage crop, being
slightly superior in leafiness to Orange sorghum, and because it
is lighter and more easily handled, it Is more satisfactory for
silage than either Gooseneck or Honeydrip; these two latter
varieties, however, will give larger tonnage.

Mexican June corn, or selections of it, proved superior to
other varieties of corn, particularly in the Salt Kiver Valley.
V. THE CULTIVATION AND FIELD MANAGEMENT OF EGYPTIAN COTTON

This project has been carried almost entirely on the Salt
Eiver Valley Farm near Mesa. In the fertilizer tests the fol-
lowing results were secured:

Yield in pounds
Treatment of seed cotton

per acre
Barnyard manure 5 tons 1076
Barnyard manure 10 tons 1005
Barnyard manure 10 tons and

acid phosphate 300 lbs 875
Acid phosphate 250 lbs 893
Acid phosphate 500 lbs. and

nitrate of soda 200 lbs 1225
Acid phosphate 500 lbs " I..., 964
Acid phosphate 500 lbs. and

cottonseed meal 450 lbs ] 1.1.1...1.111..111... 1130
Nitrate of soda 200 lbs 1111*11.11.111 1.11.11 820
Nitrate of soda 600 lbs 11. 1 . .11." " ..1111. 1124
Commercial cotton fertilizer ^ L . l l l l l l l l "1 918
Cottonseed meal 700 lbs 11111*1.1.1111.111111" 856
Check—no treatment l lT l lT l l l l l l l l l l l l l 981
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Beardless barley was sown in an alfalfa field which is to
be plowed later in the season. This very materially increased
the tonnage of hay obtained from this field. As a feed for
horses this mixture of fairly well-matured barley and alfalfa
has proved to be almost ideal.

VII. EFFECT ON FIELD CROPS OF DYNAMITING SUBSOIL

The results secured in 1920 with this project were the same
as in 1918 and 1919, namely, there was no appreciable difference
between crops grown in soil that was dynamited and in soil
that was not so treated.

VIII. VARIETAL AND CULTURAL TESTS OF GRAIN AND FORAGE
CROPS AND OF GRASSES AND MISCELLANEOUS CROPS

Under this project more extensive tests were made with
Rhodes grass than in previous years. One planting on ex-
tremely alkaline soil has withstood two winters and is now
starting the third summer with vigorous growth and a full
stand. Rhodes grass promises to be of considerable value as a
pasture crop on the alkaline soils of our lower valleys.

Napier grass gives a large yield, but because of its vigor-
ous growth the stalks soon become hard and woody which
renders them inferior for silage. This grass does not bear seed,
but is propagated from cuttings, which makes it less desirable
than the common varieties of sorghum.

IX. COOPERATIVE CROP EXPERIMENTS

This project enables us to distribute good seed to farmers
who will give it good cultural treatment; it also enables us to
test crops under different soil conditions and at various alti-
tudes. Under this project four hundred and fifty lots of seed
were supplied to farmers in various parts of Arizona during
the growing season of 1920. In the spring of 1921 more than
600 lots of seed were supplied to cooperators. In a majority
of cases cooperators have furnished satisfactory reports con-
cerning the adaptability of varieties, hardiness, yield, and
other data.

X. A STUDY OF INDIAN AGRICULTURE

In this project a detailed study has been made of the
conditions under which different tribes of Indians carry on
dry-farming operations. Considerable attention has been given
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to the soil types selected by these Indians. Photographs have
been taken to illustrate the methods employed by the Indians
in preparing ground for field crops and for gardens, and field
notes have been taken to show the varieties used and the
methods of planting. The results of these investigations will
be published within the next year, and we believe this data will
be of interest and value to dry-farmers.

XL SEED CERTIFICATION WORK

For more than two years the Agronomy Department has
cooperated with the County Agent of Yuma County in inspect-
ing fields of alfalfa and certifying as to the varieties grown
and their purity. This work has made it possible for the grow-
ers of alfalfa seed to market their product in such a way
that it has brought many thousand dollars more than would
have been possible without certification. This work was car-
ried long enough to prove its value, and then it was taken
over by the Yuma County Farm Bureau. The County Agent
and the Agronomy Department continue to act in an advisory
capacity.

EXTENSION WORK
Throughout the period covered by this report one-half of

the time of S. P. Clark has been given to extension work along
agronomy lines. This work has included writing newspaper
articles, delivering lectures at institutes, farm bureaus and
other public meetings, judging field crops at county fairs,
visiting the various counties in the State, and making numerous
farm tours with county agricultural agents. A total of 7093
miles was traveled on the railroad and 2722 miles by automo-
bile. The head of the Department has also been called upon to
do some extension work of a similar nature.

PUBLICATIONS
During the fiscal year closed June 30, 1921, the following

publications have been prepared by the Agronomy Department:
EXPERIMENT STATION CIRCULARS

Sweet Clover in Arizona.
Sudan Grass in Arizona.
Hegari in Arizona.
Rhodes Grass in Arizona.

MIMEOGRAPHED EXTENSION LEAFLETS

Broomcorn in Arizona.
Tentative Agricultural Program for the Salt River Valley.
Green Manure Crops for Arizona Orchards.
The Pit Silo.
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MISCELLANEOUS WORK

In addition to the Experiment Station work handled by
the Department of Agronomy, the members of the Department
have taught six classes in which were enrolled 123 students.

This Department has tested 22 samples of seed for germi-
nation and purity.

During this fiscal year 1200 letters were received and
answered. In addition, a large number of telephone calls con-
cerning crops and other matters were received and answered,
and a considerable number of office consultations were held.

The Association of Western Agronomists will hold their
annual meeting at Tucson, Arizona, in August, 1921. This
Department has in charge the matter of preparing a program
and planning for this meeting.



ANIMAL HUSBANDRY

R. H. WILLIAMS, E. B. STANLEY, W. E. SCHNEIDER

The livestock industry in Arizona during the past year
has passed through one of the most critical stages of its history.
Losses among range cattle and sheep were large, owing to the
drought, and ttie calf and lamb crops were abnormally small.
A prevailing shortage of feed placed stockmen in circumstances
that made it necessary for them to ship their stock out of the
State to pastures in Kansas, Texas, and California. Heavy
losses of livestock during the periods of drought make it very
plain that stockmen should avail themselves of every oppor-
tunity to provide feed for such emergencies.

Due to the uncertainty of the livestock market, fewer cat-
tle were fed in the irrigated sections than during the previous
year. A few feeders were able to turn their steers at a small
profit, but for the most part, cattle feeding proved unprofitable,
due to a declining market. Normally, however, our livestock
will furnish a remunerative market, and in many cases the only
market, for our grains and roughages.

The serious setback to the cotton industry in the State
emphasizes the need of a well-defined system of diversified
farming. By using livestock to a greater extent on our farms
to consume homegrown feeds, the farmer and the stockman will
derive mutual benefit by a cooperation in their respective inter-
ests in livestock and crop production.

WORK OF THE YEAR

In the absence of Dr. R. H. Williams, who is taking Ms
sabbatical leave, the work of the department was carried on
by Mr. E. B. Stanley until January 1, at which time Mr. W. E.
Schneider was engaged to assist with the teaching and office
duties.

The major portion of the work carried on by the depart-
ment consisted in giving instruction to University classes in
animal husbandry. Aside from the regular routine of the office
and instructional duties, trips were made to various parts of
the State to give talks and livestock judging demonstrations
and to advise with stockmen on different livestock problems.
The department supervised livestock judging contests among the
high-school students at the State Fair and during University
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Week. A creditable showing of University stock was made at
the State Fair, and assistance was given in the livestock judging
work there.

Two registered Poland-China gilts were added to the
swine herd during the past year. These animals were prize
winners at the Arizona State Fair, and were owned by Omer
McCullough of Mesa, Arizona. The limited number of ani-
mals at the University Farm does not provide a representative
selection of each breed, and thereby handicaps the teaching
and investigational work. The Hereford breed of cattle and
the Eambouillet breed of sheep should be further improved and
built up,

FEEDING COTTON SEED TO RANGE STEERS

Numerous inquiries from farmers and stockmen through-
out the State regarding the feeding value of cotton seed and
its products, together with a lack of experimental data on
feeding work in Arizona, prompted the department to conduct
a steer feeding experiment at the Salt Kiver Valley Farm.
The purpose of the test was primarily to ascertain the relative
feeding values of cotton seed and cottonseed meal when fed
with a basal ration of alfalfa hay and silage. Fifty head of
common bred two-year-old range steers were used in the ex-
periment. They were divided into six separate lots and fed five
different rations for a period of ninety days. The results of
this test are specifically set forth in Bulletin 93. The follow-
ing is a brief summary of the results:

Cottonseed meal as compared with cotton seed gave uni-
formly better results as was evidenced by the greater gain,
smoother finish, and higher dressing percentage of the steers.

When a basal ration of alfalfa and silage is fed to two-
year-old steers, 100 pounds of cottonseed meal are equal to 170
pounds of whole cotton seed. Cotton seed at $17 per ton is
equal to cottonseed meal at $30 per ton. It was found that the
use of cotton seed in a crushed form was not warranted.

When fed with cottonseed meal, corn silage gave larger
and more uniform daily gains than did the ration of cottonseed
hulls and cottonseed meal Cattle fed a ration of cottonseed
meal and cottonseed hulls made good daily gains for the first
60 to 80 days, after which time the gains began to diminish
rapidly. If the roughage is silage instead of hulls, the meal
may be fed for a longer period of time without ill effects.
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The lack of finish of the steers receiving cottonseed meal
indicated that it would have required a feeding period of 120
days to put them in good marketable condition, and 150 days
for those receiving cotton seed, had they continued to make
the same rate of gain.

FEEDING COTTON SEED TO PREGNANT EWES

Twenty head of pregnant ewes were fed a daily ration con-
sisting of % pound of cotton seed with a liberal allowance of
corn silage for a period of three weeks prior to lambing. Cow-
pea straw was available at all times, and the ewes had the
freedom of a scanty pasture along an enclosed ditch bank.
No scouring or other ill effects resulted. The ewes remained
in thrifty condition and raised healthy, vigorous lambs.

The Hereford heifer which is being maintained on an
exclusive ration of alfalfa hay, dropped a calf on February
11, 1921. Both animals are doing nicely with no indication of
any ill effects from the hay ration. It is planned to carry on
this test for several years to study the effect on the progeny of
the heifer of the continuous use of alfalfa hay as the sole feed.

The crop of wool produced this year is the largest that
has been sheared from the University flock, in point of indi-
vidual production. The Rambouillet ewes of all ages gave
an average fleece of 12.8 pounds, which is 22 percent more
than the average production of the Shropshire ewes; while the
Rambouillet rams yielded an average fleece of 15.2 pounds,
or 38 percent more than the Shropshire rams. Sheepmen
will be interested in following these records from year to year.



BOTANY

J. J. THORNBER

The year ended June 30, 1921, was one of the driest in
the history of the stock-raising industry in Arizona, the
drought being especially severe in the southern half of the
State. The rainfall at Tucson, Arizona, for this twelve-month
period was 6.32 inches which is slightly more than one-half
the yearly average for this location. Of this amount, 4.38
inches or 69.3 percent fell during the summer growing season,
July to October inclusive, and 1.72 inches or 28.2 percent
during the winter and spring months, November to April in-
clusive. At Tucson no rain fell in May and but .22 inches in
June. Similar conditions prevailed generally throughout south-
ern Arizona. Rains varying from one to two or three inches in
depth fell in various parts of central and northern Arizona
late in the winter and spring months. Only at altitudes of
5500 feet and above, however, were these rains sufficiently
heavy to make possible a fair growth of the spring grasses
and similar plants. This growth was particularly good in the
country about Flagstaff and Williams. The precipitation for
the year came generally as showers which, though beneficial
to plant growth, were not lasting in their effects, since the
moisture did not penetrate to any considerable depth in the
soil and hence was soon dissipated by the dry winds.

EFFECTS OF SCANT EAINFALL

As a result of the scant rainfall noted above, growth on
the grazing ranges during the summer and fall of 1920 was
greatly reduced, being generally not more than twenty-five to
thirty-five percent of the average, while practically no growth
took place late in the winter and spring months, except as
already noted at the higher altitudes. It was to be expected,
therefore, that heavy losses of stock through starvation would
result on the ranges. In the southern and eastern parts of the
State in particular, with a shortage of both feed and water,
losses on many grazing ranges were heavy. It is stated that
in some instances as high as thirty-five to fifty percent of the
stock died and that many of the remaining animals were left
in an emaciated, half-starved condition.
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CHARACTER OF ARIZONA RAINFALL
The character of the rainfall for the two years just ended

is, in general, what stockmen should count upon and plan for
in the future, if their business is to be run on a moderately
safe basis—very heavy for one year and very light for the
following year or two years. In the proper sense of the term
we do not have in Arizona what may be called a "normal" rain-
fall The rainfall for one year cannot be taken as any indi-
cation of what may be expected the next year. Years of aver-
age rainfall may be followed by dry years or wet years. The
rainfall at Tucson for the year ended June 30, 1920, was 20.54
inches or more than three times the amount for the twelve
months just closed. The former was the heaviest annual rain-
fall for this location during a perior of thirty-nine years, the
latter the lightest rainfall over a period of seventeen years.
Other years or seasons within the memory of Arizona stock-
men that were nearly or quite as dry as the one just ended,
with the usual heavy losses of stock from starvation, are as
follows: 1894-1895, with a rainfall at Tucson of 5.65 inches;
1899-1900, with a rainfall at Tucson of 7.42 inches; 1901-1902,
with a rainfall at Tucson of 6.99 inches; and 1903-1904, with
a rainfall at Tucson of 6.26 inches.

BROWSE PASTURES VERSUS GRASS PASTURES
The present drought has taught some good lessons relative

to forage conservation during periods of abundant feed and to
the classes of grazing ranges that in the long run are most
desirable for general grazing purposes. Losses of stock were
relatively light and in addition the animals mostly came
through the year in fair condition on ranges having a growth
of browse plants along with the usual growth of grass and mis-
cellaneous herbs or weeds. This was noticed on ranges in
southern Arizona where such plants as scrub-oak, mesquite,
cat's-claw, mesquitilla or ramita (Calliandra), deer browse
(Cercocarpus), and bear grass (Nolina) were abundant; also
on grazing ranges in central and northern Arizona, in particu-
lar, those about Mayer, Prescott, Payson, and Grand Canyon,
where the growth of such shrubs and small trees as scrub-
oak, (Querctts turbinella), post-oak (Quercus utahensis) and
(Q. submollis), mulberry (Morns celtidifolia), hackberry or
palo bianco (Celtis reticulata), Apache plume (Fallugia para*
doxa)f cliff rose or quinine bush (Cowania Stansburiaita), deer
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browse (Cercocarpus), and service berry (Amelanchier), was
often abundant and diversified. At Grand View on the rim
of Grand Canyon in June, 1921, cattle were looking well and
were subsisting almost entirely on the leaves and twigs of post
oak, cliff rose or quinine bush, deer browse, and two species of
service berry. Generally, "these shrubs were closely browsed to
a height of six feet or as high as the animals could reach. Dur-
ing June and even as late as the middle of July the growth of
grasses on these ranges had scarcely started, nevertheless the
stock were in fair to good condition. Browse plants and shrubs
are deeper and more permanently rooted and hence can endure
dry weather better and continue growth longer during a
drought than grasses or other herbs. As stated in an earlier
report, under favorable conditions the pure grass ranges very
likely give larger yields than the mixed forage ranges, i. e.,
those with a growth of browse and grass, but they do not give
as continuous a supply of feed throughout the year.

In marked contrast with the condition of stock on the
browse-grass grazing ranges was the pitiable condition of stock
on the prairie grass lands having little or no growth of browse
plants and on areas where drought or frost had retarded the
growth of browse. Not alone was the percentage of losses
heavy, but the animals that survived came through the year
generally in very poor shape. Even with the return of favor-
able rains, such animals must continue to be a liability for
months to come*

During the year a remarkably small number of instances
of losses of stock from poison plants have been reported. This
is not unusual during long droughty periods, since at such times
the poison plants make little or no growth.

INSTRUCTIONAL DUTIES

During the year just ended, as head of the Department of
Biology, the writer has found it necessary to give a larger pro-
portion of his time than heretofore to instruction in the de-
partment. This was due to the large increase in the number
of students in the department, to the writer's giving full time,
in the absence of an instructor, to instruction for one month
at the beginning of the regular school year at the University,
and one-half time during the remaining eight months. In ad-
dition to the above, the writer taught six weeks at the Uni-
versity Summer School, Flagstaff, Arizona.
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PREPARATION OF BULLETINS

The larger part of the writer's time in Experiment Station
work was spent in the preparation of a bulletin on the grasses
of Arizona. A small amount of work remains to be done on this
publication. Additional study has been made on the poison
plants of our grazing ranges. This applies in particular to the
loco weeds, larkspurs, death camas, and the whorled milkweed.

A bulletin on the cultivated ornamental shrubs of Arizona
is in process of completion. This treats of about one hundred
and twenty-five species and varieties of deciduous and ever-
green shrubs and includes a brief description of each one,
together with a discussion of the soil, temperature, altitude,
and cultural conditions best suited for its successful growth.
This work is being done in collaboration with Miss Ethel Pope,
an advanced student who has made a careful study of our
ornamental plants. It is planned to follow this publication
with a similar study of our ornamental trees and vines. The
work in ornamental plants has developed to its present impor-
tance through studies in plant introduction and ornamentation
both in the Experiment Station and the Department of Biology
in the University.
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values of green alfalfa and alfalfa hay; to determine the rela-
tive amounts of feed obtained per acre by soiling and by mak-
ing hay; arid to determine, as far as possible, the relative econ-
omy of the two methods of feeding when production is con-
sidered.

MILK SUBSTITUTES FOR FEEDING CALVES

Three new calves have been added to this project, which
was described in the Thirty-First Annual Report. Two of these
calves are in Group 3, and are being fed a ration of commer-
cial calf meal; the other calf is in Group 4 and is being fed com-
mercial calf meal plus homemade calf meal.

Some changes have been made in the methods, in that
Group 4 will be fed on commercial calf meal for two months
and on homemade meal for the following three months.

The homemade calf meal contains the following ingredients:
Cornmeal 3 parts
Wheat bran 2 parts
Linseed oil meal 1 part
Blood meal 1/2 part
Ground bone meal 1/5 part
Wheat middlings 3 parts



ENTOMOLOGY
C. T, VORHIES

During the fiscal year 1920-1921, the investigation work
of the life history of the banner-tailed kangaroo rat (Dipo-
domys spectahilis) has been completed. This work has been
carried as an Adams fond project. The life-history phase of
the investigation has been written up in co-authorship with Dr.
Walter P. Taylor of the United States Biological Survey and
will shortly appear as a joint publication of this Station and
the Bureau of Biological Survey," United States Department of
Agriculture.

WORK ON AEIZONA PINK BOLLWORM
In August, 1920, a new Adams fund project was inaugu-

rated. This is an investigation of a native insect which exists
on the Arizona wild cotton (Thurberia thespesioides). In its
larval or grub stage this pest lives in and eats out the bolls of the
wild cotton to the number of several bolls for each larva. It
is, therefore, in fact a native bollworm, more destructive to
its normal host than the Arizona boll weevil. It has been
called the "Arizona pink bollworm" and may continue to be so
called, since it is distinctly pink in color. It should be kept
clearly in mind, however, that this is neither the ordinary boll-
worm nor the corn ear-worm, already infesting cultivated cot-
ton in Arizona; nor is it the same as the Egyptian pink boll-
worm, which dreaded pest does not yet occur in this State.
These two pink bollworms belong, in fact, to different families
of moths. The insect now under consideration does not occur
as yet on cultivated cotton anywhere, but must be recog-
nized as a potentially dangerous insect. The investigation
now under way is designed to determine whether the Arizona
pink bollworm is adaptable to cultivated cotton, and also
whether it is likely to become a dangerous pest of that crop.
We have already proved that this insect can live its entire lar-
val life in the bolls of Pima cotton.

WHEAT INJURY DUE TO HYLEMYIA CILICRURA
In December, 1920, samples of seed wheat, which had al-

most wholly failed to germinate in certain fields, were brought
in by Mr. F. L. Ginter of Safford, Arizona. The grains, recov-
ered from the soil of the affected fields, were found to be in-
fested and eaten out by numerous small fly larvae. From these



584 THIRTY-SECOND ANNUAL REPORT

"maggots" there were reared in January a number of speci-
mens of small Diptera (true flies) resembling very small house
flies. Specimens sent to Washington were determined by a
specialist, Dr. J. M. Aldrich, to be Hylemyia cilicrura Edi. This
is an insect occasionally reported as injurious in several other
states, and known under various common names, but usually
designated as the seed-corn maggot. It has been found infest-
ing turnips, radishes, seed-corn, roots of beets, planted seed
potatoes, beans (cotyledons and young shoots), and peas, but
only once previously in wheat Available data seem to indicate
that damage most often occurs under conditions leading to de-
cay of the affected plants or seeds, the infestation being sec-
ondary and therefore of little consequence. There is no certain
evidence offered that seed grains are attacked while sound. In
the present case, however, there seems to be no good reason to
suppose that the seed wheat was in other than sound condition
when attacked. A sample of the grain used in seeding the
fields affected was clean and no insect eggs or other infestation
could be discovered, indicating that eggs or larvae were in the
soil, a conclusion verified by the available reports on the life
history.

WORK WITH BEES

A record of the 1920 season with the University bees pre-
sents points of some interest for this report Throughout the
school year 1919-1920, thus extending into the 1920 season,
these bees were used for instruction in bee-keeping, and partly
for experimental reasons were divided into two small groups
of hives, one on the campus, well removed from mesquite and
eat's-claw in quantity, the other at the University Farm in
the bottom land of Eillito River, where these plants are plenti-
ful and within easy reach of the bees. The nine colonies were
large and flourishing before the end of March, and began early
in April to store some surplus honey from a wide variety of
wild flowers. Slow accumulation of surplus honey continued
until mesquite and cat's-claw (Prosopis velutina and Acacia
Greggii) began to blossom, about May 15 to 20, when the flow
increased. Mesquite proved to be practically without nectar,
though blooming profusely, with the result that the flow, which
at this time of year is generally mixed mesquite and cat's-claw
was nearly pure cat's-claw and of excellent color and flavor.
On May 29, the first extracting cleared out all of the mixed
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wild-flower honey. During the next ten or fifteen days the
flow was nearly pure cat's-claw, and at the next extracting period
on June 15 and 16 the finest honey of the year was secured.
One colony had stored 81 pounds in this period.

This proved to be practically the close of the commercial
honey flow for the season. Normally the summer rainy season
brings on a second blooming of mesquite, but the 1920 rains
failed for July and were below normal for August, resulting
in complete failure of second bloom for this plant. The campus
colonies secured no surplus honey after the June extracting
and required feeding this spring (1921), a condition which was
even worse than was anticipated because of failure of winter
rains, and consequent lack of early flowers for spring upbuild-
ing. The bees at the University Farm had, close by, forty or
more acres of yellow bee-flower (Wislizenw refracta) on which
they concentrated, and from which they secured a surplus
of about thirty pounds per colony. This honey was light amber,
of rather inferior flavor, not to be compared with the cat's-claw
honey taken in June, and it was retained for feeding purposes.
Considering the area and the rank growth of the bee-flower
the yield was small. This plant is of interest in that it grows
on "black alkaline" soil—indeed is an alkali indicator. For in-
structional purposes comb-honey supers were carried on two
hives through the best of the flow.

Summarizing the results of the season, we find that the
nine colonies produced 968 pounds of extracted honey, and 127
sections of comb honey. The extracted honey was sold locally
at 20 and 22% cents per pound in 60-pound cans, the catfs-
claw moving readily at the higher price. The comb honey
graded and sold as follows: 48 one pound sections at 30
cents; 22 fancy at 35 cents; 11 extra fancy at 40 cents; and
the remainder graded as No- 2 and culls, sold at 25 and 20
cents. Actual sales averaged $21.50 per colony, omitting ac-
count of honey fed back to bees as well as a considerable
amount distributed to farm employees as a part of their labor
compensation.

The maximum production figures were 170 pounds ex-
tracted honey for colony No. 9 and 112 pounds of extracted
and 55 sections of comb honey for colony No. 1, both located
at the University Farm.

The autumn season was very dry. Desert broom (Bac-
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charts sarathroides) and Bata mota (B. glutinosa) yielded but
little nectar though they were heavily worked, since other honey
flowers were scarce. These plants bloom at the end of October
and in early November, and in good years yield a fine flow for
filling the hives with winter stores.

A species of palo verde, of which there are many trees on
the University campus, blooms profusely in May and June and is
much worked by bees. It seems certain that a considerable pro-
portion of the first crop from the campus colonies was from this
so-called "Mexican palo-verde" or "bagote" (Parkinsonia acu-
leata); the honey was of good quality, in no way inferior to
the rest of the mixed light amber honey of that period of the
year, and superior to some of the local honey of other apiaries
produced at the same time. This tree, where abundant, appears
to be a honey plant of no small importance; however, it is a
native of Mexico, and extends into Arizona only a little way
in the extreme southwestern part of the State, its natural
range ending about 40 miles southwest of Tucson,

MISCELLANEOUS

Considerable progress in systematizing the insect collection
has been made in the past year. The insect cases already pro-
vided are nearly filled and more will be purchased immediately.

No Station publications have been issued by this depart-
ment in the past fiscal year. A short technical article, "Caesa-
rian Operation on Lepus alleni and Notes on the Young," was
published in the Journal of Mammalogy, Vol. 2, No. 2, May 1921.



HORTICULTURE
F. J. CRIDER, A. P. KINNISON, D. W. ALBERT

For the past few years the Department of Horticulture
has concerned itself with the more fundamental phases of horti-
cultural investigation. An important part of this work has con-
sisted in establishing orchards and vineyards composed of the
leading adaptable varieties of fruit at all of the branch Experi-
ment Stations in the State. These plantings have now reached
the stage of development where they are beginning to yield
interesting and valuable data. The increasing number of in-
quiries for information based on sound experimental practices
shows the need for this work. The distinct natural advantages
for commercial fruit and vegetable culture found in Arizona
are coming more and more to be realized, as is manifested by
increased activities in these lines, carrying the compelling sug-
gestion that investigational work in horticulture must embrace
constantly broadening fields.

The progress made in the work on projects with the gen-
eral subjects under investigation during the fiscal year ended
June 30, 1921, is given below;

CITEUS FKUITS

NEW PLANTINGS

Five acres of oranges of the Washington Navel variety
were planted at Yuma Mesa Farm on August 4, making a total
of ten acres that was set during the summer of 1920. This
planting was enlarged on June 9, 1921, to include a collection
of twenty-eight different varieties. The trees were planted
"open rooted/' and the temperature on the day they were set
reached a maximum of 106 degrees. In ten days from the
time of planting the trees had started into growth.

Following is a list of the varieties used: Eureka, Lisbon,
Rialto Seedless, and Villa Franca lemons; Marsh, Foster, and
Duncan grapefruits; Malta Blood, Valencia, Washington Navel,
Mediterranean Sweet, Navelencia, Ruby Blood, Lue Gim Gong,
and Satsuma oranges; Dancy Willow-Leaved, King and Al-
gerian tangarines; Mexican Sweet, Rangpur, Thomless, and
Bearss Seedless limes; Sampson Tangelo; and Cedrola.

The following varieties were planted at the Salt River Val-
ley Farm on April 29: Homasasses, Valencia, Thompson Im~
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proved, Mediterranean Sweet, Kuby Blood, Joppa, and Lue Gim
Gong oranges; Tahiti lime; and Sampson tangelo.

THE EFFECT OF FERTILIZERS AND COVER CROPS ON TREE GROWTH
AND YIELD

Results secured during the past two years failed to show
any material difference in tree growth and yield as influenced
by the use of different kinds of commercial fertilizers. How-
ever, a very marked effect of the previous summer's cover crop
on the foliage of four-year-old grapefruit trees was observed
during the past fall and winter. Parts of the orchard where
cowpeas had been turned under showed a distinctly green color;
whereas the foliage of other parts of the orchard where no
cowpeas had been plowed under was decidedly yellowish in ap-
pearance. The experiment indicates that leguminous cover
crops have a beneficial effect on the growth of citrus trees, not
found in the use of stable manure or commercial fertilizers.
The orchard in which the test was conducted had been liberally
fertilized with stable manure annually, previous to the use of
the summer cover crops.

The excellent growth of leguminous cover crops on virgin
soil, between the rows of young citrus trees suggests the possi-
bility of building up and maintaining the fertility of orchard
soils on the Yuma Mesa without the use of more expensive fer-
tilizers. In view of the extremely light character of the soil
of this district, this is an important matter. Sour clover (Meli-
lotus indica), common vetch, and hairy vetch, planted on No-
vember 3, made a growth of twelve to eighteen inches by the
end of May. It might be noted further that the value of inocu-
lating leguminous orchard cover crops in this district was
clearly demonstrated by the remarkably greater growth of in-
oculated clovers and vetches as compared with the growth of
similar crops planted without treatment. The leguminous crops
that were not inoculated were an absolute failure.

An experiment was recently started on the Yuma Mesa
to determine whether there is any advantage in attempting to
build up orchard soils through the use of cover crops before
the trees are planted. As a first step in the operation, a sum-
mer cover crop of cowpeas was planted on June 21. This will
be followed by a winter legume crop.
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THE EFFECT OF TEMPERATUEE AND HUMIDITY

The purpose of this experiment, which is being conducted
in the Camel Back district of the Salt River Valley, is to de-
termine the effect of temperature and atmospheric humidity on
citrus trees, as reflected through intercultural practices. Stand-
ard meteorological instruments consisting of air and soil ther-
mographs, hydrographs, and atmometers have been placed in
two adjoining orchards, one with clean cultivation, and the
other with an alfalfa cover crop. Accumulated data at present
indicate a difference in both atmospheric and soil tempera-
tures of approximately five to six degrees F., the cover-cropped
orchard having the lower temperatures. Hydrographic records
show the atmospheric humidity to be approximately fifteen
percent higher in the orchard containing a cover crop; whereas
the atmometer readings show a correspondingly lower percent-
age of evaporation.

DATE STUDIES

Progress on this project has been considerably retarded on
account of the necessity for "torching" in order to control an
outbreak of scale, Parlatoria blanchardi, which has occurred at
both the Tempe and Yuma stations during the past year. The
general condition of the orchard at Tempe, however, is quite
satisfactory, as the palms, since the beginning of warm weather,
have recovered very rapidly from the effect of the "torching" or
burning. The stronger trees have been allowed to carry from
two to three bunches of fruit. It might be noted that the
weaker trees failed to set fruit well, even when the flower
clusters were pollinated. The orchard at Yuma has not recov-
ered so rapidly from the treatment, and in fact several valuable
palms died during early spring. This orchard was "torched**
later in the summer than the Tempe orchard, giving the palms
less time to recuperate before winter, which may account for
the weakened condition of many of the palms.

PROPAGATION OF OFFSHOOTS

During the month of May eighty offshoots of the Deglet
Noor variety were taken from palms at the Yuma Station and
set directly in the field on the Yuma Mesa, in an effort to deter-
mine the practicability of this method of propagation where



590 THIRTY-SECOND ANNUAL REPORT

large suckers are used. It is too early for the test to show
definite results, but the offshoots making the best growth thus
far are from the stronger type of parent trees.

Further work in propagating offshoots has consisted of
making four series of plantings, using clean sand as a rooting
medium, as follows:

(a) Planted in 12-inch earthen pots in the greenhouse;
(b) Planted in 12-inch earthen pots in the open ground;
(c) Planted directly to the greenhouse bench;
(d) Planted directly in the open ground.
The range of temperature to which the offshoots in the

greenhouse are exposed varies from 60 degrees F. at night to
120 degrees F. during the hottest portion of the day. At the
present time eight weeks from planting, a numbei of the suck-
ers show evidence of rooting.

In connection with this phase of the date project, nine large
bearing palms of the Deglet Noor variety (weighing from 1500
to 3700 pounds) were transplanted to the Yunia Mesa, having
been transported a distance of nine miles from the date < rchard
in the Valley.

THE OLIVE

Sterility studies have been conducted with the olive during-
the past two years, seventeen varieties being available for the
test. The results obtained for the two seasons are somewhat
at variance, in that some varieties that indicated self-sterility
last spring showed an opposite tendency this year. The tests
will be continued for further confirmation of results.

During the blossoming period an attempt was made to de-
termine the effect of irrigation upon fruit setting, the work
being done at the Yuma Station. The data obtained indicate
that a less amount of fruit set on the trees that were watered
while in blossom than on those allowed to stand without irriga-
tion, but the results are not considered conclusive.

In tests to determine the effect of pruning upon the growth
of trees and the yield of fruit, a difference ii? fruit setting has
been observed in the case of five-year-old trees. Trees that
were pruned according to the "long" method have set a con*
siderably larger amount of fruit than those handled by the
"short" method; whereas unpruned trees of this age have a
still larger crop.
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WATER REQUIREMENT STUDIES
The purpose of this project is to further the development

of fruit growing in sections of the State having a comparatively
heavy rainfall It is divided into the following special lines
of investigation:

To determine: (a) the actual water requirement of fruits;
(b) the effect of pruning on the water requirement of fruits;
(c) the effect of special cultural practices on the water require-
ment of fruits; (d) the environmental factors concerned with
plant growth.

Work on the phase of this project dealing directly with field
practice was started in the spring of 1920 at the Prescott Dry-
Farm, as outlined in last year's report. However, investiga-
tions relative to the actual water requirement of fruits were not
begun until February of this year. Because of early bearing
and adaptability to a wide range of territory, the peach and
grape were chosen for use in the experiment. The plants are
confined in waterproof cement tanks constructed and handled
so that the amount of water used by each plant can be accu-
rately determined. The pruning factor will be embodied in the
experiment as soon as the plants have reached the proper stage
of development.

PRUNING STUDIES
This project, conducted at the Salt River Valley Farm,

deals largely with deciduous fruits and involves eight distinct
methods of pruning. Two standard varieties of the peach,
apricot, plum, and apple are used in the experiment; and it was
enlarged during the past spring to include the Thompson Seed-
less and Emperor varieties of grapes. In the case of the grape,
six different methods of pruning and training are being fol-
lowed. The fruit trees passed their formative stage of growth
last season and have been handled since that time according
to the several methods of pruning provided for in the outline
of the experiment The work has not reached the point where
it can be expected to yield results.

THE WALNUT AND PECAN
Progress on this subject has consisted largely in top-

grafting commercial varieties of the walnut and pecan upon
native walnut stock. The work was started early in the spring,
as soon as the bark would slip, and is being continued at inter-
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A test similar to the above with a larger number of varie-
ties is being conducted at the University Farm under somewhat
different soil conditions, but the crops are not yet ready to har-
vest. Comparative tests with thirty varieties are also being
made at the University Farm, the Cochise Dry-Farm, and the
Prescott Dry-Farm,

SWEET POTATOES

Work with sweet potatoes has consisted largely in storage
tests. The adobe house, so 'designed as to embody the main
principles of successful sweet potato storage, has given most
gratifying results. A test conducted at the Salt Eiver Valley
Farm during the past winter was entirely successful, the po-
tatoes keeping from November until April with a loss of only
two percent. A small lot was held over until June 16, at which
time the only sign of deterioration that could be detected was
a slight pithiness of the tubers. Cooking tests showed that the
potatoes still retained good quality. The Porto Rico variety
was used in making the test.

A shrinkage test with sweet potatoes in storage was made
at the University Farm with two varieties—the Porto Rico and
Nancy Hall. The potatoes were placed in storage during the
month of October, and on March 2, the Porto Rico variety
showed a loss in weight of 18.8 percent, and the Nancy Hall
of 15.1 percent. It was noted that the greatest shrinkage oc-
curred in the case of the smaller potatoes.

A test to determine the amount of sweet potatoes required
to produce plants to set an acre showed that 175 pounds is a.
sufficient quantity where the potatoes are planted whole and the
plants set 18 inches apart in the row with 3 ^ feet between the
rows. The Nancy Hall variety was used in making the test.

VARIETY TESTS OF ORCHARD FRUITS
VARIETIES AT THE SALT RIVEE VALLEY FARM

The orchard at the Salt River Valley Farm, which contains
over four hundred varieties of deciduous fruits, is now in its
third growing season, and while the trees could not be expected
to set heavily, a number of varieties have borne satisfactory
crops. Had it not been for a severe freeze, occurring when the
blossoms of some varieties were very susceptible to injury,
there would have been comparatively heavy yields of all the stone
fruits.
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The following varieties have ripened during the period cov-
ered by this report: Apricots—New Castle, Royal, Blenheim,
Hemiskirke, Cluster, Tilton, and Eussian; plums—Beauty, Shiro,
Excelsior, Santa Rosa, Simon, Climax, Eagle, Wild Goose, Gon-
zales, and Burbank; peaches—Mayflower, Greensboro, Triumph,
Oklahoma Beauty, and Oklahoma Queen.

VARIETIES AT THE YUMA STATION

The orchard at the Yuma Station is now in its fifth year and
except in the case of some varieties of peaches, the trees should
produce good crops this season. The varieties that have
ripened during the period covered by this report are: New
Castle, Royal, Blenheim, Moorpark, and Hemiskirke apricots;
Climax, Gold, Burbank, Santa Rosa, and Gonzales plums; May-
flower peach; Wilder pear; and the Transcendent crab apple.

Detailed records of all the varieties of fruit are being kept.
It might be noted at this time that in a general comparison
of varieties the New Castle, Royal, and Blenheim apricots stand
out as distinctly commercial sorts where earliness is desired,
and the Hemiskirke where a later maturing variety is sought
The Tilton and Russian varieties are not desirable for com-
mercial use. With respect to plums, the Shiro and Climax
varieties appear most favorable for market purposes—the for-
mer on account of its extreme earliness, fine flavor, and good
shipping quality, and the latter because of its attractive appear-
ance, excellent flavor, and fairly good keeping quality.

On account of severe freezes which occurred when the trees
were in blossom, no fruit was produced this year in the variety
orchards at the Prescott and the Cochise dry-farms.

VARIETY GRAPE VINEYARDS

Over one hundred varieties of grapes are in bearing this
season at the Salt River Valley and Yuma farms. The Thomp-
son Seedless, Persian 23, Kahlala, and Sweet Water varieties
ripened before the close of the period covered by this report.

BUSH FRUITS

The adaptability of bush fruits to different conditions found
in Arizona is being studied. The test includes currants, goose-
berries, blackberries, raspberries, and a number of other bush
fruits that are of less importance. A collection of the leading
varieties of these fruits planted at the Prescott Dry-Farm dur-
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ing the past spring has not come into bearing. At the Uni-
versity Farm the Early Harvest blackberry proved an abundant
yielder; and in fact, it was the only one of a collection of ten
varieties that bore a satisfactory crop. The Gregg and Kansas
black cap raspberries bore fairly good crops, while the red
varieties set only a few scattering fruits,

NEW FRUITS

A number of little known fruits and nuts that appear prom-
ising under Arizona conditions are being tested in different
parts of the State. Among these are the jujube, Feijoa, loquat,
white sapote, Hovenia, medlar, pistach, guava, paw paw, and
avocado. The jujube and Ferjoa have done well at the Yuma
and Salt River Valley farms and at the University Farm, the
former bearing fruit the second season from planting. The
white sapote was killed to the ground during winter at the
Salt River Valley Farm the second year from planting, but at
the Yuma Farm it has not been injured by cold. The avocado
stood the winter temperatures at both the Yuma and Salt River
Valley farms but died during the summer. It has been difficult
to get the loquat to succeed in summer under ordinary field
conditions.

GRAPE ANALYSES

Very interesting and valuable data are being obtained from
samples of grapes secured from different parts of the State and
tested for their sugar content. According to the Balling test,
about one-fourth of the crop in some vineyards in southern Ari-
zona had a sugar content of twenty percent on June SO, 1921.
It thus appears that grapes grown in southern Arizona mature
considerably earlier than the same varieties do when grown m
some other commercial grape centers.

VARIETY TEST OP BEETS

The results of a variety test with beets are given in Table
VII. Cooking tests showed the Basano to be of superior
quality, in point of flavor and texture, to the other varieties,
with the crimson Globe a close second.
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TABLE VII.—VARIETY TEST OF BEETS (PLANTED NOVEMBER 4. 1920; HAR-
VESTED APRIL 4. 1921)

Roundish-
Basano oblate
Crimson Globe Globular
Early Crosby a

Eclipse "
Blood Turnip "
Long Blood Long

tapering'
Crimson Globe Globular
Early Flat Egyptian Flattened
Detroit Dark Red Globular

Medium
Large

Medium

Large
Medium

Small
Heavy
Medium

Heavy
Medium
Heavy

96 106
100 120
100 117
100 149
92 98

35 34
100 155
100 100
95 99

lbs



IRRIGATION INVESTIGATIONS
G. E. P. SMITH, W. E. CODE, H. C. SCHWALEN

The last annual report of this department covered the
progress of investigations up to the end of the calendar yearr
as had been the custom in former years. This report, there-
fore, covers the period from January 1 to June 30, 1921.

GRGUNDWATER STUDIES

A survey of the water table in the Casa Grande Valley
was made in midwinter and another survey in June to deter-
mine the recovery from the severe pumping draught of 1920
and the subsequent depression due to the much lighter draught
of 1921. The fact that in the main pumping district there was
a residual loss in the supply at the beginning of the 1921 sea-
son is evidence that the rate of pumping in 1920 exceeded the
normal recharge and that the total water supply pumped in
1920 represented quite closely the capacity of the ground-
water supply. However, it has been proved by the well rec-
ords that there is an important gain or recharge due to irriga-
tion from the Florence Canal, and the recent completion of the
concrete diversion dam at the head of that canal, to replace
the temporary brush and gravel wing dams used heretofore,
will undoubtedly augment the groundwater recharge from this
source.

The extensive information concerning the groundwater
supply in the Casa Grande Valley that has been collected by
this department has been furnished the Land Classification:
Board of the United States Geological Survey for Its use.

A possible groundwater irrigation project of modest pro*
portions in the San Simon Valley is being studied. A contract
for a well for exploratory purposes in the vicinity of the Cien-
ega has been let, the location being the southeast corner of
Section 34, Township 15 South, Range 82 East, on State land.
The well is within the terrace which delimits the Eecent valley
fill, and, besides showing the pressure conditions at considerable
depth, will furnish data for estimating the probable yield of
individual wells and the possible groundwater development by
pumping in that district

The St. David-Benson artesian district has been studied
by means of a survey of the artesian wells, their locations,
pressures, and yields. Piezometric lines show conclusively that
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the sources of the artesian waters are the lateral flows from the
sides of the valley and that the longitudinal movement in the
valley is quite negligible, except for the underflow in the Re-
cent deposits of the San Pedro flood plain. A similar study of
the Hereford artesian district has been begun.

Knowledge of the relation of groundwater supplies in the
valleys of southern Arizona to the various components of the
valley fills has been handicapped by the uncertainty regarding
geologic relationship of the valley fills. Occasionally some essen-
tial information becomes available. For example, a well just
completed in Section 28, on the Rillito bottomlands four miles
northeast of Tucson, has penetrated 192 feet into the older
valley fill, which is believed to be of Pliocene age. The well is
420 feet deep, and is the deepest in the Rillito Valley. The
older fill at this point is pinkish-gray clayey silt and is uniform
in character throughout the depth penetrated. It is much in-
durated, with calcareous cementation, and is quite impervious.
Outcrops of the formation have been known for many years to
exist close to the base of the Santa Catalina Mountains. The
corresponding formations in the San Pedro and San Simon
valleys form the artesian caps of those districts. Until recently
it has been held that the Rillito Valley fill to great depth was of
Pleistocene age.

ADDITIONAL WATER SUPPLY FOR THE UNIVERSITY
CAMPUS

For six years the University has been dependent upon a
single well situated in the basement of the Agriculture Build-
ing. It was imperative that an alternative supply be developed,
both to relieve the danger of water famine in case of a break-
down, and to increase the supply during the months of maxi-
mum demand. A site was selected near the east edge of the
campus and a well has been drilled to a depth of 320 feet. The
well has a concrete-lined pit to the water level with a station
room large enough for a pump and motor at that depth. Special
methods were used to insure the thorough development of the
well, and after completion a test indicated that the capactiy is
40 gallons a minute per foot of drawdown. A 2%-inch motor-
driven pump of new design has been purchased, designed to de-
liver 400 gallons a minute on a lift of 130 feet The pump,
though small, has a horizontally-split casing and single end
suction, and has a guarantee of 67 percent efficiency.



ARIZONA AGRICULTURAL EXPERIMENT STATION 599

FUEL OILS FOR PUMPING

The results of studies of fuel oils, both in the laboratory
and in use at pumping plants, have been published as Bulletin
92, under the title "The Supply, the Price, and the Quality
of Fuel Oils for Pump Irrigation." This bulletin has proved
to be of much value to fuel oil users in obtaining their supply
for this season, and has done much to improve the quality of
the fuel oils shipped into the State. Furthermore, it has di-
rected the attention of refining companies of the Oklahoma and
north Texas oil fields to this important market for moderately
heavy distillates, with the result that many of them are now
furnishing an excellent engine fuel oil, which they have named
"Arizona gas oil." The bulletin has assisted, also, in the set*
tlement of freight claims arising from confusion in the classi-
fication of distillation products.

Additional tests of fuel oils are being made from time to
time as samples are submitted. Two new flash-point testers
have been added to the equipment, a Tagliabue tester for light
fuel oils and a Pensky-Martens tester for heavy oils.

STREAM-FLOW MEASUREMENTS

The Irrigation Department is maintaining fourteen stream-
gaging stations in Cochise County, two in Pima County, and
several in Pinal County. The records of stream flow are ob-
tained with special reference to source, distribution in time, and
the seepage losses which go to recharge the groundwater
supplies.

EFFECTS OF THE TRANSPIRATION OF TREES ON THE
GROUNDWATER SUPPLY

Seven years ago it was suggested that the loss of water
through transpiration of trees constitutes the largest ground-
water loss in many valleys of southern Arizona. If, therefore,
the transpiration loss could be measured, it would provide a
means of estimating the groundwater supplies in such valleys
as the Santa Cruz and the San Pedro. In 1916, investigations to
determine the relation of tree transpiration to groundwater
were initiated at Redington, where exceptionally large and
uniform forests of mesquite and cottonwood exist. The inves-
tigations were interrupted by the war. They were again started
in February of this year and results of much value are being
obtained.
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Wells were dug In the midst of two forests, one of mesquite
and the other of cottonwood. The wells were equipped with
autographic water level recorders, the record sheets of which
are changed weekly. For several weeks the slight fluctuations
were found to correlate quite closely with barometric pressures
but after the growth of leaves the fluctuations became much
more pronounced, and the effects of transpiration produced a
daily cycle consisting of the transpiration drop by day and
the recharge curve at night. After the beginning of the sum-
mer rainy season, additional correlations were obtained, notably
those of light, temperature, and humidity*

SOIL SURVEYS
The soil surveys in the San Simon and San Pedro valleys,

begun in October, 1920, have been completed. The surveys were
conducted by the United States Bureau of Soils and the Irri-
gation Department jointly, each party furnishing one field man
and the field expenses being divided equally.
METHODS OF IRRIGATION IN CASA GRANDE VALLEY

Owing to the difficulty experienced by many farmers in
the Casa Grande Valley in the irrigation of alfalfa, considerable
time has been given to the problem of the best method of irri-
gation. On some farms the alfalfa lands have been laid out
along the contours, and are, therefore, terraces, usually of irreg-
ular shape. The borders are high and meander along the con-
tours, and the land is difficult to work with farm implements.
There does not seem to be any merit in this method of laying
out the lands for irrigation.

Tests of absorption were made on two ranches. The soil
moisture to depths of four to six feet was determined both
before and after irrigation, and the quantity of water applied
was measured. The distribution of the water over the land
was found to be quite uniform, mUch more so than was found
in similar tests in the Santa Cruz Valley described in 1913.*
It was demonstrated that on the McClellan loam it is prac-
ticable to run the water down the slope of the land in long
lands, and this method has important advantages over all
other methods. Adjustment of the velocity of the flow and of
the duration of the period of wetting can be made by varying
the length and width of lands and the head of water turned into
each land.

•Arizona Agricultural Experiment Station, Twenty-Fottrth Annual Report, page 283.



PLANT BREEDING
W. E. BKYAN, E. H. PRESSLEY

ALFALFA

Pure-line studies with alfalfa have been continued as out-
lined in the Thirtieth Annual Report of the Arizona Agricul-
tural Experiment Station. Owing to the cost of individual plant
cages, funds were available for the construction of only fifty.
Since this number of cages limited the pure-line studies to a
single variety, the Hairy Peruvian was chosen for the past sea-
son's work. This is one of the most important varieties of al-
falfa in the State. Notes were taken during the early blooming
stage on each of the caged plants as follows:
Stems: Size, color, upright or reclining, height, and extent of

branching.
Leaves: Size, hairiness, and extent of leafiness.
Flowers: Number of open clusters, color and distribution.

The cages were placed over the plants on May 15, 1921,
care being taken to remove the flowers which had already
opened. By June 4, a large number of flowers had appeared
on several of the plants; the cages were then removed from
the plants, and the flowers of each plant were hand pollinated
(selfed) by rolling each flower cluster between the thumb and
fingers. The cages were immediately replaced after each plant
was pollinated and the hands of the person were dipped in a
solution of mercury bichloride, 1 to 1000, and thoroughly dried
before beginning with the next plant. From observations made
on the amount of seed set on the plants under the cages, as
compared with that set on uncaged plants, it is evident that
caging interferes to some extent with seed setting. However,
there is considerable difference between the amounts of seed
set on different plants under the cages.

COTTON

There is a distinct need in Arizona for a premium staple
upland cotton which will mature a profitable crop in those re-
gions which have a growing season too short for the American-
Egyptian cotton. A cotton breeding project was therefore
planned and begun in the spring of 1921 for the purpose of
breeding up such a cotton. As foundation stock for this work
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twelve short and long staple upland varieties have been im-
ported and planted in the vicinity of Tucson outside the quaran-
tine area.

Selection work is also being carried on with three strains
of Pima cotton for the purpose of reducing the amount of fuzz
on the seed. These three strains were obtained from the United
States Department of Agriculture through the courtesy of Dr.
T. H. Kearney.

WHEAT

As stated in previous annual reports of this department,
the object of the wheat project is to produce an early bread
wheat suitable for growth in the irrigated valleys of southern
Arizona. Early Baart is still our best bread wheat, although
the local millers speak of it as a soft wheat and claim that its
flour lacks the baking strength of the hard wheat flour of the
Middle West. Millers are, therefore, blending the hard wheats
of the Middle West with the locally grown Early Baart in the
milling of our best flours. The number of irrigations prob-
ably affects the quality of the flour produced to a greater ex-
tent than is generally recognized. Some varieties can stand
more irrigation than others and still produce grain of fair qual-
ity, and the Early Baart is probably the most tolerant to irriga-
tion of any bread wheat grown in the State, This is partly due
to hereditary qualities of the grain and partly due to
its early maturity. It matures about thirty days earlier than
the fled Turkey, thus saving one or two irrigations each season.
However, even the natural grain quality of the Early Baart has
been changed to such an extent by heavy, late irrigations that
its loaf volume as bread was smaller than that of the softest
wheat that had been irrigated more lightly. Thus at the Yuma
Horticultural Station in the spring of 1914 the grain of the
heavily irrigated Early Baart produced flour whose loaf vol-
ume was 1780 cubic centimeters, while the loaf volume of the
lightly irrigated Sonora was 1900 cubic centimeters, the same
quantity of flour being used in each case. It is apparent that
of the varieties of wheat which have a tendency to produce
hard grains, those maturing early, and therefore requiring less
irrigation, will have the best opportunity for developing the
hardest grains. In addition to requiring one or two fewer irri-
gations than late wheats, the early varieties are more likely to
escape insect and disease injury and also to give more time for
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the succeeding summer crop. In the wheat breeding work at
this Station, an early maturing wheat has, therefore, been con-
sidered as important as one which produces hard grains. For
these reasons the hard, late maturing wheats of the wheat belt
have been crossed with the local soft early maturing wheats,
with the idea of combining hardness of grain and early maturity
in a high yielding bread wheat The inheritance of grain tex-
ture of these crosses was presented in the Thirty-First Annual
Eeport of this Station. The inheritance of earliness through
four generations is briefly stated as follows:

INHERITANCE OP EARLINESS IN WHEAT

The Sonora-Turkey cross illustrates the manner of Inheri-
tance of earliness (or lateness) in crosses between the early and
the late maturing varieties. In comparing the earliness of
these wheats, the date of appearance of the first head on each
plant has been used. The mean heading date of 92 pure Sonora
plants in the spring of 1918 was April 7, while that of 90 pur®
Turkey plants, which were planted at the same time, was May
1. The mean heading date of SOFj plants of the cross between
these two varieties the same season was April 18, which is al-
most exactly intermediate between the two mean parental head-
ing dates. The standard deviations of the heading dates of the
pure Sonora, pure Turkey, and their Ft plants were 1.403$
0.070, 2.055JG.10S, and 2.128J0.254, respectively. Fig.
5A. presents curves showing the range of heading dates for
the parents (Sonora and Turkey) and their Ft plants. Thirty
families, containing altogether 4892 plants, were grown in the
F3 generation, and the range of heading dates of these second
generation plants covered a period of 86 days, which is three
days greater than the period between the date of appearance of
the earliest head on the early parent (Sonora) and that of the
latest head on the late parent (Turkey). Fig. 5B. shows
the range of heading dates of family No. 2 consisting of 275
plants, and also the range of heading dates for the original par-
ents for the same season. Only 66 of the F2 plants headed as
early as the latest head OH the early parent (Sonora), while
1435 F2 plants headed as late as the earliest head of the late
parent, leaving 3891 F2 intermediate plants with heading dates
on days when neither parent was heading. In making selec-
tions for later plantings, a plant was classified as early if Its

^Signifies plus or minus
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which were approximately the same as that of the F2 genera-
tion. Late selections were also made in planting the third and
fourth generations, and late races have been separated which
are as late as the late parent (Turkey). A large number of
true breeding intermediate races have also been separated, indi-
cating that it is possible to fix a race with any degree of inter-
mediacy with regard to earliness, provided a sufficiently large
number of F2 plants are grown.



PLANT PATHOLOGY
J. G. BROWN

Eecent agricultural developments within the State have
emphasized the economic importance of plant diseases and have
correspondingly increased the demands made on the Agricul-
tural Experiment Station. Formerly, requests for assistance
In combating diseases of plants were referred to the Station
Botanist, but in time the volume of work became so large that
it was necessary to establish a Department of Plant Pathology,
-which was done July 1, 1920. Since the annual budget had al-
ready been prepared and adopted, the work of the new depart-
ment has been somewhat handicapped by the lack of funds for
purchasing needed instruments and apparatus.

WORK OF THE DEPARTMENT

The most pressing plant-disease problems have been taken
up in the form of projects; miscellaneous studies of infected
plants which have been sent in from various agricultural dis-
tricts of the State have been made; information has been pub-
lished from time to time in the form of leaflets dealing with
diseases prevalent in the State and describing the latest methods
for controlling these diseases; a plant survey of the State has
been carried on in cooperation with the Federal Plant Disease
Survey.

DATE ROT

An important disease known as date rot confronts the
Arizona date grower. This rot is so extensive during unfavor-
able years that as high as 95 percent of the crop is damaged.
Processing the fruits saves a part of the crop if it is treated
in time, though the quality is impaired by the disease. Usually
before ripening has sufficiently progressed to warrant harvest-
ing, a large part of the crop falls to the ground.

Date rot is characterized by two main symptoms: very
•small chocolate-brown spots appear on the fruit, finally coalesce,
-and eventually cover one side. In other cases minute spots
having a watersoaked appearance, form, gradually enlarge, and
finally unite to make a blister. In the development of both
kinds of spots the protective layers of the fruit become rup-
tured, resulting in drying and mummification. The mummi-
fied fruit may remain hanging to the clusters or it may fall to
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formed, the surface soon cracks enough to permit drying of
the mesocarp beneath. Some of the hyphae in contact with
the tannin layer finally succeed m penetrating the tannin
cells in which they may actually be found embedded. Other
hyphae pass through natural breaks m the tannin layer and
the mycelium eventually reaches the endocarp.

SUSCEPTIBILITY OF VARIOUS DATES TO DATE ROT

No variety of date appears to be entirely immune to the
attack of date rot fungi so far as our Arizona orchards are con-
cerned. The Deglet Noor, the most valuable of the varieties
in cultivation here, is probably the most susceptible.

CONTROL

Owing to the torching of the date palms in the Yuma and
Tempe orchards for the eradication of scale, control measures
for date rot could not be undertaken during the season of 1920.
Fruit clusters sprayed this season with 4-4-40 Bordeaux mix-
ture have remained free from date rot fungi thus far.

COTTON BLACK ARM AND ANGULAR LEAF-SPOT

Black arm and angular leaf-spot were present in nearly
every field of Pima-Egyptian cotton in the State last season.
Injury to the crop included the usual stem lesions, destruction
of leaf tissue and leaves, boll spotting, premature ripening, and
fiber staining. Some fields were reported to be practically
ruined. The appearance of the disease in fields newly cleared
of mesquite added to the evidence that the casual organism,
Bacterium malvacearumf is carried by the seed. Unfortunately,
cotton growers are slow to adopt the method of seed treatment
with sulphuric acid which, in the South, has proved to be an
efficient control.

Considerable areas of alkali land lie within the cotton
districts of Arizona and alkali is brought into fields in irriga-
tion water. The question has arisen as to whether alkali in-
fluences the susceptibility of cotton to the black arm organism.
Under a cotton project, this Department is attempting to answer
the question. Duplicate plots of Pima-Egyptian cotton have
been planted at Sahuarita on alkali-free soil and at Yuma on
alkali soil, with untreated seed, seed treated with concentrated
sulphuric acid, seed treated with sulphuric acid and then with
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Growers almost Invariably attributed their losses to frost in-
jury, but laboratory studies revealed the presence of two bac-
teria which were capable of completely rotting healthy heads
of lettuce. Inoculated heads were usually reduced to a black
liquid within two or three weeks. Studies are in progress to
determine the identity of the bacteria and the source of Infec-
tion. Bacterial rot of lettuce has been reported from eastern
states and the infection there has been attributed to poorly
rotted manure used in fertilizing lettuce fields. In Arizona the
fields attacked consist of silt, and no manure of any kind has
ever been used.

Among other diseases determined in infected plants sent
in by county agents, farmers and others, or collected by the
Department, are the following:

FIELD CROPS
Alfalfa.

Leaf spot caused by Pseudopeziza medzcagints, from Salt
River and Yuma, valleys.

White spot, physiological, from Yuma and Salt River
valleys.

Bacterial blight caused by Bacterium medicaginis, from
Salt River and Rillito valleys.

Girdle, cause unknown, from Yuma, Casa Grande and
Mesa.

Rust caused by Uromyees striatus, from Yuma, Casa
Grande, and Mesa.

Barley.
Leaf-spot caused by Helminthospomim sativum, from

Agua Caliente.
Covered smut caused by Ustiktgo hordei, from Mesa.

Cotton.
Sore shin caused by Rhizoetoma sp., from Salt River

and Santa Cruz valleys.
Wilt caused by Fusarium vasinfectum, from St. David.
Black arm and angular leaf spot caused by Bacterium

malvacearum, from Salt River and Santa Cruz valleys.
Root rot caused by Ozonium omnivorum, from Salt River

and Santa Cruz valleys.

Watermelon, Cantaloupe.
Anthracnose caused by Colletotrichum lagenarum, from

St. David and Jerome Junction.
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Fire blight caused by Bacillus aniylovoius, from Ara-
vaipi Valley, St. David, Nogales.

Crown gall caused by Bactenum tumefaciens, from
Dewey.

Peach.
Bacterial leaf spot caused by Bactenum prirni, from

Tucson and Douglas.
Crown gall caused by Bacterium tumefaciens, from Casa

Grande, Yuma, Winkelman, Tucson.
Frost injury, from Tucson and Willcox.

Peay.
Black mold caused by Altei*waria sp., from Tempe.
Fire blight caused by Bacillus amylovorus, from Oracle,

Phoenix, St. David.
Orange.

Die-back, from Yuma.
Date.

Leaf spot caused by Macrosporium and Alternaria, from
Yuma and Tempe.

SMALL FRUITS

Gooseberry,
Powdery mildew caused by Sphaerotheea mors~uv&e,

from Navajo County,
Grape.

Mildew caused by Plasmopara viticola, from Inspiration*
Grape rot, cause unknown, first reported last year. Un-

ripe fruits of white varieties become spotted with soft, brown-
ish, semi-translucent areas. Shrivelling and rotting begin
and the spots become bronzed, later turning to purple. Dry-
ing proceeds more rapidly on one side than the other so that
the outline of the seeds shows. Often the berry remains nor-
mally greon excepting for one sunken spot* The appearance
of the tissues in histological preparations strongly suggests
a parasite, but cultures made from surface-sterilized frolt
usually show no growth. A few have given a species of
Gloeosporium with spores much larger than those of any
species hitherto reported on the grape.

Crown gall caused by Bacterium tumefaciens, from sev-
eral localities.
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Raspberry.
Crown gall caused by Bacterium tumefaciens, from Je-

rome Junction.
Strawberry.

Leaf spot caused by Mycosphaerella fragariae, from Je-
rome Junction.

GARDEN VEGETABLES

Lettuce.
Bacterial rot caused by undetermined bacteria, from

Casa Grande, Toltec, Tucson.
Eoot knot caused by Heterodera radicicola, from

Thatcher.
Eoot rot caused by Ozonium omnivorum, from Thatcher.

Okra.
Root knot caused by Heterodera radicicola, from

Thatcher, accompanied by
Eoot rot caused by Ozonium omnivorum.

Spinach.
Eust caused by Puccinia subnitens, from Clemenceau.
Downy mildew, caused by Peronospora effusa, from

Tucson.
Tomato.

Wilt caused by Fusarium sp., from Winkelman, and St.
David.

Wilt caused by Bacillus solanacearum, from Jerome and
Jerome Junction.

Blossom drop caused by unfavorable weather conditions,
from Dos Cabezas.

ORNAMENTAL PLANTS

Ash.
Phyllactinia leaf spot caused by Phyllactinia corylea,

from Tucson.
Oleander.

Gall caused by Bacterium savastanoi, from Tucson.
Pepper tree.

Hypertrophy and timber rot caused by Inonotus sp.,
from Tucson, Tempe, Florence.

Rose.
Crown gall caused by Bacterium tumefaciens, from

Tucson.
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Powdery mildew caused by Sphaerotheca pamiosa,
from Bisbee.

Snapdragon.
Rust caused by Puccinia antirrhim, from greenhouse

in Tucson.
OTHER ACTIVITIES

During the year two scientific meetings were attended
without expense to the State, one at Chicago and the other
at El Paso. At the latter, two botanical papers were read.
Traveling within the State necessitated by date and cotton
projects and other studies amounted to about three thousand
miles.

At the time the Department was organized, a preliminary
paper was published on date rot. In addition to this, about
two thousand sheets on plant diseases of Arizona have been
issued for the use of the farmers of the State.



POULTRY HUSBANDRY
K B. THOMPSON

The following projects were formally approved for
the Poultry Department on June 28, 1921:

Poultry Breeding
Poultry Breeding Contest
(Egg Laying Contest)
Date of Hatching
Chick Feeding and Brooding
Broiler Production.

Of these projects some work has already been done on
the Poultry Breeding Project. Desirable pullets were se-
lected in the fall of 1920 and trapnesting has been done
since that time. All chicks hatched have been pedigreed.
All other projects will be inaugurated as soon as the Poultry
Department is established in a larger and more desirable
location. The mortality of the brooding stock has been above
normal during this year due to the use of crowded tempo-
rary quarters.

In the Annual Report for the year ended June 80, 1920,
the 1800-egg incubator was reported as not having been a
success on account of improper coal and poor conditions for
operation. The proper grade of coal was secured and the
incubator given a series of trials. By operating different
sections with different ventilation and moisture it was de-
termined that the incubator was entirely unsuited to this
climate.

Francis R, Kenney, head of the Poultry Department,
resigned effective August 31? 1920, Although a new head
of the Department was secured to take the work on Septem-
ber 1, the change made readjustment in the work necessary
and, therefore, the advancement of Experiment Station work
was but slight during this year. The head of the Depart-
ment has done instruction work in the College of Agriculture
and has been Poultry Specialist in the Extension Service and,
accordingly, has not been able to devote more than part time
to any one branch of the work. Definite plans for the fu-
ture development of the Department, which will be effective
with the inauguration of the new poultry plant and with the
addition of instruction and extension help, have been for-
mulated.


