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SIR: I have the honor herewith to transmit to you the Twenty-
sixth Annual Report of the Arizona Agricultural Experiment Sta-
tion, of the College of Agriculture, University of Arizona, for the
fiscal year ending June 30, 1915.

This report is made in accordance with the Act of Congress,
approved March 2, 1887, establishing Agricultural Experiment
Stations, and the Act of Congress, approved March 16, 1906, known
as the Adams Act.

Faithfully yours,
R. B. VON KXEINSMID,

President.
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DEAR SIR: I beg to submit herewith the Twenty-sixth Annual

Report of the Agricultural Experiment Station for the fiscal year
ending June 30, 1915, with subsequent items.

This report includes the administrative work and the work in
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bandry, Entomology, Chemistry, Irrigation Investigations, and
Agricultural Education.
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R. H. FORBES,

Director*
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Twenty-sixth Annual Report

ADMINISTRATION

The agricultural year was characterized by an abundant rainfall,
by mild and favorable winter weather, by a hot fore-summer, and by
somewhat less than normal precipitation during the months of July
and August. These generally favorable conditions, on the whole,
have resulted well for irrigators, for dry farmers, and for stockmen
on the range.

Dry farming, which received a strong impetus in Arizona during
the wet winter of 1905, is again experiencing the favorable effects of
the wet winter of 1914-15. Well prepared soils accumulated an
abundant store of moisture in which properly planted crops made
a promising showing. This was especially true at altitudes of 5000
to 7000 feet, where the rainfall is relatively more abundant and where
quick growing crops of early potatoes, oats, native Indian corn,
wheat, and vegetables are grown The dry farmer, with the help
of proper machinery, drought-resistant crop plants and trees, silos,
livestock, and supplemental water supplies, will undoubtedly
succeed throughout considerable areas within the boundaries of the
State, more particularly in the eastern half, and at altitudes of 4000
feet and above.

The range livestock industry was especially prosperous on
account of prices received, Arizona yearlings having brought as high
as $30 to $33, and two and three-year old feelers having sold up
to $38 and $45 during the spring of 1915. Range sheep brought
$5 50 to $7 each, December lambs in one instance netted $7 10 each
in June on the Kansas City market, and another shipment averaged
$8 90 each. The range livestock industry m Arizona under the
favorable weather conditions of last year, with good markets and
with the beneficial regulations imposed by the Forest Service
throughout the vast extent of national forest areas, is in a very
prosperous and satisfactory condition
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The Arizona irrigator experienced a variety of conditions both
favorable and unfavorable during the year. The irrigating water
supply, with the help of storage, was the most abundant and depend-
able ever known in the history of the State. The Roosevelt Reser-
voir, with a capacity of 1,284,000 acre-feet, overflowed for the first
time, April 14, 1915, while abundant and prolonged stream flow in
other parts of the State aided in more than an average production
of alfalfa, grain, cantaloupes, melons, potatoes, fruits, and all forms
of produce. With this abundant production, however, were asso-
ciated unsatisfactory market conditions, local markets, especially for
alfalfa hay, being depressed, while wheat, melons, and vegetables
quite generally brought only moderate local prices. Outside mar-
kets reached by rail were also sluggish for some commodities and
prices were not equal to those commanded in former years, so that
the sale of unconverted products, both forage and fruits, considered
as a whole, has been somewhat less than satisfactory.

Cantaloupes were a notable exception to this general condition,
bringing good prices in Eastern markets throughout the season. In
this case the growers cooperated through their several associations
to put an excellent standardized product in car lots upon distant
markets. What was done in this instance must and can be done
with an increasing number of commodities when they are produced
in sufficient quantity to afford opportunity for advantageous asso-
ciation.

On the other hand, animal products in general—mules, horses,
fat cattle, sheep, wool, hogs, and poultry—havs brought good prices
and have, in large part, been sold readily in comparatively distant
markets eager to receive them. For instance, Arizona beef in Kansas
City has brought 8 to 8% cents; while wethers have brought 6J^
cents and have been sold locally at about 8 cents a pound.

Forage and feeds, on the other hand—alfalfa hay, sorghum
grains, and roughage from other crops—are comparatively cheap
by reason of increased production, the completion of the Reclamation
Service operations, which required large amounts of hay for horses
and mules, loss of Mexican markets due to the war, and prevailing
general conditions. These crops must therefore be fed locally in
order to realize the best returns; and there is at this time a con-
siderable movement in the direction of livestock industries on
irrigated farms.

In certain other respects, also, improvement is needed in the
agricultural practice of some of our largest and richest irrigated
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districts. First may be mentioned the neglect of home vegetable
and fruit gardens, in which, with reasonable attention, any indus-
trious family can in this climate produce a continuous supply of
wholesome vegetables and luscious fruits throughout the year. Such
a garden should easily afford more than half the sustenance of an
ordinary family and oftentimes provide a salable surplus. No-
where in the United States are the gardening possibilities better,
and perhaps nowhere are they more sadly neglected. In fact, almost
the only thorough gardeners we have in the region are the Chinese,
who retail their products from door to door, while fruits, vegetables,
and poultry from California to Kansas are commonly retailed not
only to the natural customers of our own farmers, but sometimes to
the farmers themselves

The Experiment Station for the last fifteen years has put out
a continuous series of publications relating to various garden and
fruit crops, and at this time again calls attention to the importance
of the "little things of agriculture" in promoting a condition of
general prosperity.

Still another need of the region is small manufacturing industries
to work up raw materials into finished products. The great diversity
of raw agricultural products that may be grown in the region
together with cheap and convenient electrical power available—for
instance, under the Roosevelt Dam—creates a generally favorable
condition for the development of such industries Fruit and vege-
table canneries, alfalfa meal mills, four mills, macaroni factories,
olive oil mills and pickle factories, cottonseed oil and cake mills,
small packing houses, and many other manufacturing industries of
this class are among the possibilities for the region.

In brief, therefore, the writer bejieves that more abundant
water supply assured from this time on by storage, with resulting
greater abundance of cheaper raw products, points toward further
growth of the animal industries and to the development of small
agricultural manufactures. Increasing thriftiness and care in the
production of diversified, cheap, and wholesome home-grown food
products are essential, as is also the growth of cooperative methods
whereby the social and business welfare of our farmers may be
more fully attained. With these developments will be associated
larger populations, better kept farms, a more valuable class of prod-
tacts, improved marketing methods and facilities, and, in general,
intensive, coordinated, and business-like management, as con-
trasted With the old extensive practice of the pioneer bonanza farmer-
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AGRICULTURAL RESEARCH

It is not possible for this Experiment Station, because of its
limited personnel, to touch at any one time upon more than a small
number of the many subjects of agricultural interest in a region of
such varied character as Arizona. We have, nevertheless, main-
tained a considerable but not extensive number of experimental
projects relating as far as possible to the more important problems
for the region The expense of these experimental projects is borne
mainly by the Hatch and Adams Funds (Federal), while the State
maintains the dry farms, the date orchard at Tempe, and the
cultural station at Yuma

The botanist is devoting all available time under Hatch Funds
to the writing of an Economic Botany of the Southwest. This
work when completed will serve as a mine of useful information
which may be used as a starting point for many scientific and
economic studies. Under the Adams Fund, a special study of the
frost resistance of economic cacti has been made. A definite relation
has been observed between the structure of the epidermis of cacti
and their frost resistance, a fact capable of useful application in
making choice of varieties of spineless cacti for locations subject to-
frosts. A bulletin on English walnuts, based upon observations-
made by various growers in Arizona and California, has been
published during the year.

In continuation of persistent work for several years past with
the subject of toxicity of copper to crops, further field observations
and copper determinations have been made. While copper is ex-
tremely poisonous to plants in water and sand cultures, and to a
less extent in pot cultures of soil, these effects are not necessarily
evident under field conditions, where various agencies modify the
tendency toward toxic action by small amounts of copper derived
from up-stream mines. This work has been maintained on the
Adams Fund.

Ground-water studies have been instituted in the Casa Grande
Valley in continuation of similar work carried out and completed
in the Rillito and Sulphur Spring Valleys. White ground-water
districts may resemble each other in a general way, each new field
of study develops peculiar problems of its own, so that this long
continued line of investigations is constantly producing new knowl-
edge of the subject. Collaterally with these ground-water observa-
tion s exact mechanical studies of oil engines and pumps have beea
carried out and a number of pumping tests have been made. The
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object of this work is to advise reliably those who are investing their
means in pumping plants. Dependable information of this character
is much sought for and is of great value to the agricultural pubHc.
These studies are supported by the Adams Fund.

Dry-farming experiments and demonstrations have been con-
ducted at the three dry farms at Cochise, in Sulphur Spring Valley;
at Prescott, in Yavapai County; and near Snowflake, in Navajo
County, Arizona. Favored by more than usual rainfall, the work
at Snowflake finally yielded satisfactory results. The new location
chosen for this work has been considerably instrumental in this
outcome.

The dry farm at Prescott has continued to be successful, both
in the demonstration of cultural methods and in the production of
fair crops. The work done here has been strongly influential upon
the agricultural practice and prospects of the surrounding region.
A pit silo has been installed, and it is intended to supplement cultural
work at this point with stock-feeding operations in order to dem-
onstrate, if possible, the profitable disposition of produce.

The work at Cochise is comparatively recent but is well under
way and promises instructive results for the southeastern dry-
farming districts. The dry farms are all maintained by State funds.

Agricultural experiments and demonstrations have also been
conducted at the Station Farm, near Phoenix, under irrigation. At
this farm the principal crops grown have been alfalfa, sugar cane,
wheat varieties, green manuring crops, and potatoes, in addition
to the more permanent work with olives, date palms, and other
orchard trees. The only line of livestock for which there has been
room on the Station Farm is sheep, in connection with which breeding
operations have been continued. This is one of those long-term
experiments, results from which do not begin to appear until after
several years of patient and persistent effort. As in the case of the
famous Corriedale sheep of New Zealand, which required about
forty years to perfect, work with Tunis sheep is slow. After some
ten years, however, a type of coarse wool and good mutton producing
animal is beginning to develop. These Tunis hybrid sheep are also
useful for grazing Johnson grass and other weeds in hot weather
and will make valuable farm animals. All this work in irrigated
agriculture is supported by the Hatch Fund.

Plant-breeding studies under the Adams Fund have been con-
tinued through the year, and good progress has been made with
alfalfa, wheat, b^ans, corn, and date palms. All of these studies
relate to leading crops within the State, and economic results are



510 TWENTY-SIXTH ANNUAL REPORT

therefore of major importance in connection with them The work
in breeding alfalfa is proving more difficult and slow than was ex-
pected in the beginning. Wheat, beans, and corn, however, are
yielding quick and satisfactory results under the Plant Breeder's
hand. A bulletin on Papago sweet corn was issued during the year.
The work with date palms has for its object the bleeding of a valu-
able variety true to seed. This will require three generations of
palms and about twenty years of time for its accomplishment. When,
however, this is done, the cost of propagating this valuable variety
will be reduced to almost nothing, and thousands of date palms
can be started where suckers cannot now be obtained. Pollination
studies with dates have also been carried out during the year.

Observations conducted upon grape varieties culminated m a
publication on the subject which will enable the Station to answer
the many inquiries relating to grape culture which are received each
year.

Investigations upon ostriches have been begun under the Adams
Fund. At the present time ostriches are of little importance
economically, European feather markets having been destroyed
by the war. With the restoration of normal conditions, however,
it is more than likely that prices will again become remunerative and
that the ostrich industry will be a paying one. This bird is well
suited to the arid Southwest and will probably prove adapted not
only to irrigated farms but to range country also.

THE TKMPE BATE ORCHARD

The Cooperative Date Orchard at Tempe experienced a most
successful season during 1915. Having recovered fully from the
severe freeze of 1913, the trees set a heavy crop of fruit, which in a
majority of cases ripened successfully during a nearly rainless fall.
Following the experience of previous years in harvesting, processing,
and marketing dates, the crop was disposed of in various forms.
Soft dates, either naturally ripe or processed, were pasteurized to
destroy insects and packed in cheesecloth-lined crates containing
5 or 15 one-pound boxes. Dry varieties were sold loose. Inferior
grades of soft dates were packed and pressed in pails, in which form
they keep well. Artificially ripened Deglet Noors were packed in
one-pound tin boxes. In these forms the crop was sold loyally or
was shipped to a distance at prices ranging, according to grade,
from 10 cents to 33f cents a pound. At these prices at cut 27,000
pounds of dates from 200 of the best trees were sold for approximately
$4600, and a good deal of practical a»d commercial experience
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gained in handling the crop. Even in rainy or cold weather the crop 
may now be harvested, taken into the curing rooms, and there 
ripened artificially for market. In brief, with our present knowledge 

Pill. I T~"'~ Datc O",bard. 

of dale culture, with scale insects under control, with economical and 

successful methods of ripcDI'ng and ltandflng the crop known, and 



512 TWENTY-SIXTH ANNUAL REPORT

with a market demand for the product established, nothing stands
in the way of a rapid expansion of the date industry in Arizona but
the lack of offshoots of desirable varieties. These exist only in
limited numbers on established trees in Arizona and California,
and Old World war conditions at this time prohibit further importa-
tions. With the end of the war, the work of importing the more
desirable varieties demonstrated at Tempe and elsewhere should
be organized on a scale commensurate with its importance.

Probably the best commercial variety produced at Tempe up
to this time is Hayany, from Egypt. Other excellent sorts are:
Khadvawi, Maktum, Tennessim, Behri, Burni, and a few others.
Rhars is an early variety that bears heavily and is liked by many
consumers. Deglet Noor usually requires a longer and a drier
season than is available at Tempe. Many of the varieties growing
at Tempe require a longer season and are valuable for suckers,
which may be sent to Yuma and southern California. As is the
case with other fruits, many date varieties which may be inferior
at Tempe will give good results under other conditions elsewhere.
The Tempe orchard, therefore, is now coming into a most interesting
phase of its history, when commercial experience with its product
will lead to the choice and propagation of selected varieties in
districts best suited to them,

CONSTRUCTIVE WORK

Following the letting of contract July 13, 1914, construction
work on the Agriculture Building, proceeded rapidly. With the
exception of minor details, and changes required in the audito-
rium, the building stood practically complete in July 1915, and
was occupied in September for the work of the college year.

This concludes a heavy item of business, for two years requiring
much careful attention in the Director's office, wlr*ch is responsible
for the general idea for the plan of the building, for the conduct of
the architectural competition, according to the laws of the State,
for the facilitation of business in letting contract, and for repre-
sentative and advisory service during construction.

In the opinion of competent judges excellent values have been
secured in this building, which is permanent In construction, adapt-
able to a wide range of uses, and architecturally beautiful,

THE SBRVOSS W8U,

Following the letting of contact for the State well near geivcss
in Sulphur Spring Valley, considerable attention was devoted to
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business and observations relating to the progress of this under-
taking, with the execution of which the Director of the Experiment
Station was charged by law. The total depth attained by the well
was 1502 feet, cased as follows:

1 to 200 feet—14-inch double stovepipe casing.
200 to 1135 feet—9|-inch (inside diameter) artesian well

casing.
1135 to 1502 feet—8-inch uncased hole in rock.

The log furnished by the contractor indicated a formation con-
sisting mostly of clay to a depth ol 1030 feet. In this clay presum-
ably water-bearing formations were found at the following depths:

36- 38 feet-—porous clay.
65- 67 feet—porous clay.

136-144 feet—fine sand.
673-694 feet—-sand and gravel.
714-734 feet—sand and gravel.
800-812 feet—sand and gravel.

From 1030 to 1430 feet is a solidified conglomerate or outwash
containing occasional pockets or fissures considered to be possibly
water bearing, but with no indications of water in the remaining
depth of the well.

Following the completion and casing of the well as above del-
scribed, the 8-inch hole from 1135 to 1502 feet was thoroughly
washed out but without developing artesian water. In order, if
possible, to demonstrate a pumping supply the fissured portion of
the hole, from 1135 to 1450 feet, was additionally developed with
the help of an air compressor and pumped with the following result:

Drawdown, feet. 38,0
Gallons per minute 180

The upper cased portion of the hole was then perforated opposite
the important water-bearing strata at 800-812 feet; 714-734 feet,
and 673-694 feet, at the rate of six }<i x 3-inch slits per foot spirally
placed in the pipe, and pumped again. The well was vigorously
pumped for 15 hours, considerable quantities of fine sand, silt, and
small gravel, showing development of the strata behind the casing,
being brought up by the air lift which was employed for this work.
In the opinion of the drillers and of our representative on the ground
any artesian water present must have been developed. The following
pumping test was then conducted:

Drawdown, feet , 38.8
Gallons per minute 190

showing very little increase over the previous tests. No evidences
of artesian water were developed.
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While, however, artesian water seems not to be present in this
location, it is possible that additional development of water-bearing
strata behind the casing wall will show a larger pumping supply
than has thus far been found, and an appropriation for this purpose
was recommended. Fifteen hundred dollars was granted by the
Second State legislature for further work upon this well. A com-
plete and detailed report upon operations up to the time of their
cessation on May 1, 1915, has been made to the Governor's Office
and has been distributed to those most interested in the subject.

EXTENSION SERVICE
The Extension Service, conducted partly in cooperation with the

U. S. Department of Agriculture, serves as a means of disseminating
useful information relating not only to the work of the Agricultural
College and Experiment Station, but also to various features of
social and industrial organization which shall make the labors of
the farmer more productive in final results.

The Congressional act known as the Smith-Lever law, providing
for certain forms of extension service, was accepted by the vSecond
Arizona State Legislature (S, B. 34, March 9, 1915). For the year
1914-1915 the funds carried by this act were $10,000, of which
State funds amounting to $4444.35 and county and local funds of
$1100 made a total of $15,544.35 for this work.

The activities of the Extension Service for the year are described
in a separate report.

PERSONNEL

The personnel of the agricultural staff has been but little changed
during the year. Professor W. H. Lawrence, after a brief but fruitful
connection of two years, went to the Department of Horticulture in
the University of Missouri. Mr. J. C. Th. Uphof was transferred
from the Department of Plant Breeding to the Department of
Botany, this change being effective July 1, 1915. Mr. Leonhardt
Swingle, a graduate of the Kansas Agricultural College, who has
been connected with the plant breeding work in the Station for two
years was made Assistant in Plant Breeding, beginning July 1, 1915,
Mr. C. E. Grassick, for two years secretary of the Station, has been
transferred to assistant in the office of administration of the Uni-
versity. Additions to the staff of the Extension Service have been
made as follows: Mr. L. S. Parke in charge of Boys'atid Girls* Club
Work for the State; Mr. A. L. Paschall, Farm Advisor for Cochisc and
Santa Cruz Counties, and Mr. J. A. Armstrong, Farm Advisor for
Maricopa County.
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PUBLICATIONS

Publications for the year, including Bulletins, Annual Reports,
Timely Hints for Farmers, and scientific papers, are as follows:
Bulletin 74, February 1, 1915, Oil Engines for Pump Irrigation and The Cost

of Pumping. __By G. E. P. Smith
Bulletin 75, May 1, 1915, Papago Sweet Corn, a New Variety,

—By G. F. Freeman.
Bulletin 76, June 30, 1915, Walnut Culture in Arizona —By J. J Thornber.
Twenty-fifth Annual Report, December 31, 1915. —By the Station Staff.

Timely Hints for Farmers:
No. 106. January 1, 1915. The Home Vegetable Garden.

—By J. J. Thornber.
No. 107. February 1, 1915. Grape Culture. —By W. H. Lawrence.
No. 108. March 1, 1915 Milo Maize vs. Combined Rations for Swine.

—By F. W. Wilson.
No. 109. April 1, 1915. Bat Guano. —By A. E. Vinson
No. 110. May 1, 1915. Alfalfa as an Orchard Cover Crop.

—By A. M. McOmie.

Papers published in scientific and technical journals:
The Outlook for Beef Cattle.

The American Hereford Journal, Vol. 5, No. 19, 1915.
—By R. H. Williams.

A 40-acre Farm in Arizona.
Breeders* Gazette, 1915. —By R. H. Williams.

Discussion on the Determination of the Safe Yield of Underground Reservoirs
of the Closed-Basin Type

Trans. Am. Soc. C. E,, Vol. LXXVIII, pp. 221-234, 1915.
—By G. E. P. Smith.

Arizona.
Cyclopedia of American Agriculture, new Edition. —By R, H. Forbes

Arizona Agriculture.
Official Proceedings Ninth International Dry Farming Congress, 1914,

—By A. M. McOmie.
"Arizona Strip.**

Published by State Board of Control. Phoenix, 1914.
—By A. M. McOmie.

Arizona Indian Agriculture.
Tenth International Dry Farming Congress, 1915. —By A. M. McOmie,

Dry Fanning in Arij&ona.
Tenth International Dry Farming Congress, 1915, —By A. M. McOmie.

FINANCIAL

The second year of tbe biennium provided for by the First State
I^iegM^ture tms an exceedingly busy one, principally in connection
W ft fa of tff& fiew Ajpricpjfcure Building, but also on
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account of a generally augmented program of work and expenditure.
Financial resources for the year 1914-1915 were as follows:

Hatch Fund, from the U. S. Treasury $15,000 00
Adams Fund, from the U. S. Treasury 15,000 00
Farm Sales, Station $2,054 77
Sales, Tempe Date Orchard 1,390.40
Produce, Yuma Date Orchard 794.87
Miscellaneous receipts 215.51

$4,455.55
Balance brought forward from 1914-15 1,524.65
Balance forwarded to 1915-16 2,022.12 497.47 3,958.08
E. P. & S. W. Fund 297.33
First State Legislature (including balances from pre-

vious year)
Dry farming $8,938.52
Institutes 4,444.35
Date Palms 3,499.97
Publications 2,249.32
Horticultural Experiments 3,042.89
Plant Int. and Breeding 2,104.85
Underflow Investigations 2,018.93
Office expense 2,500.00
Agriculture Building 160,838.42

"~~" ™ 189^637^25
Total $223,892.66

The usual detailed statement of expenditures by schedules, by
departments and by funds, is also submitted herewith.

R. H. FORBES.
Director



EXPENDITURES BY FUNDS, SCHEDULES, AND DEPARTMENTS FOR THE YEAR ENDING JUNE 30, 1915.

ABSTRACT

Hatch
Fund

115,000.00

Sales Fund,
$3958.08

E. P. &
S. W.
Fund
$297.33

Laws of
1913

Farmers'
Institutes
$4444.35

Laws of
1913

Dry-farm-
ing

$8938.52
Horticul-

tural
Experi-
ments

$3042.89
Date

Palms
$3499.97
Miscel-
laneous

Office
Expenses
$2500.00

Law s of
1913

Printing
$2249.32

Plant
Introduc-
tion and
Breeding
$2104.85

Underflow
Investi ga-

tioab
$2018.93

New
Agricul-

ture
Building

$160,838 42

Salaries
Labor
Publications
Post., stat'y, tel. & tel.
Freight and express. . .
Heat, light and water.
Chemical supplies
Seeds, plants, sundries.
Fertilizers. .
Feeding stuffs
Librar}r

Tools, mch'y& appfncs
Furniture and fixtures.
Scientific apparatus. .
Live stock
Traveling expenses.. . .
Buildings and lands. . .

Totals . . . .

Labor
Contingent expenses. .
Irrigation waters

Totals

Salaries
Labor. . .
Scientific apparatus.. .

Totals

Salaries
Labor
Traveling expenses. . . .
Printing
Freight and express. . .
Post., stat'y., tel. & tel
Seeds, plants, sundries
Furniture and fixtures .

Adminis-
tration

2667.15
145.45
432.67

1245.28
80.82

162.29

205.57
133 51

8 75

122 54
11.00

740.74
6 35

5962.12

80 90
1192.83
256.00

1529.73

Scientific apparatus

Totals

Salaries
Labor .
Seeds, plants, sundries
Tools, imp'ts., mach'y
Freight and express
Buildings and land.
Furniture and fixtures .
Traveling expenses. . .
Post., stat'y., tel & tel,
Feeding stuffs
Scien. app. & supplies.

Agricul-
ture

575 . 00

4 35
2.74

13 42

595 51

Institutes

1337.14
420.07
869.06
337.93
130.05
90.61

963.81
290.70

4.98

4444.35

4995 51
942 89
671 17
230 30
133 09

1024 88

720 16
40 97

179 .i5

Totals &QMX .V>

Ann, Kept, & bulletins.
Timely Hints
Sundries

1844.30
376. 77
28.25

Salaries <U QQ
Labor >
Travel . . .
Freight and express .
Post., stat'y., tel. & tel.
Tools, imp'ts, mach'y.
Seeds, plants, sundries.

1819.63
134 70

5.83
20 . 74

Animal
hus_ i Horti-

bandry culture

366.54
701.04

49.09
91.06
69 . 52
4.98

198.52
9.62

294.35
5.00

132 68

636.49

45.83
41.34
53.32
3 00

185.02
9.63
1.10

95 70

50 00
429.29

7 20

Botany

2017.62
17.53

6.51
54.50

61.95

97.40

4.00
16.00

8.10
1.08

2376.291113.21

1054.03
19.00
22 97

924.13

22.97

1096.00 947.10

104.95

2380.46

38.92

38.92

2168.24
SQ fi7

1 111 61
4 25

5» rmi
Bulletin No 74

Totals . . . 2104 85i

Misc. expenses
Architect's fees
Winget Const. Co
Elliot Engineering Co.
Well

Totals.

179.30
6000 . 00

134310.94
19857.18

491.00

160838.421!

8.80

515 88
13 81

130 53

3042 89

Chemis- Ento-
try mology

1770.00
379.67

300.00

.45
107.42

2 50

2260.04 300.00

246.33

246.33

I

1

,

. . . . . . .

Irr. and
meteor-

ology

2.30
50

3.16

5.96

65.33
11 85

220.15

297 33

1
ii
1

i

26.66
632.40
632.15

37
21 20
22.25

684.00

2018.93

Temp
date

orchard

2.25

1.50

Yuma
date

orchard

2 00

66

3.75 2 66

100 00'

100 00

1000.00'
450. 501

203.13

6.51

1330 00
149 83

6 25
22.50

84.15 13.50
27.55 34 16

103.31| 42.00

9.58 17.00

Miscel-
laneous

Totals

7696.31
1880.18
432.67

1351.10
223.42
447.05

7.98
669.14
153 42
392.85

13.75
232.38
141.04
11.00
50.00

1283.08
14.63

2444.31
1211.83
301.94

I

2443 . 30
56 . 70

1884.73 1615.242500.00

•

65.33
11.85

220.15

1337.14
420 . 07
869.06
337.93
130.05
90.61

963.81
290.70

4.98

10607.05
2869.76
1135.74
240.90
170.90

1024.88
1333.69

116 49
324 . 86
130.53
26 . 58

1844.30
376,77
28.25

91.65
2452.03
766.85

5.83
21.11
21.20
81.11

684.00

179.30
1 6000 . 00
^34310.94

19857.18
491.00

15000.00

3958.08

297.33

4444.35

17981.38

2249.32

4123.78

160838.42

Adams
Fund

$15.000.00

EXPENDITURES BY FUNDS, SCHEDULES, AND PROJECTS FOR THE YEAR ENDING JUNE 30, 1915.

Salaries
Labor . . . . .
Postage, stationery, telephone and telegraph
Freight and express.
Heat, light, and water.
Chemical supplies
Seeds, plants, sundries
Fertilizers

Cacti

420.00

21.00

1 50

Feeding stuffs
Tools, machinery ,and appliances
Furniture and fixtures
Scientific apparatus
Traveling expenses
Buildings and Ind

13.40

Totals 455 90

Toxicity
of

copper

780.00

15.00
9.46

8.85

Date
ripening

1675.30
10.90
46.00

7.29

133.36

G'dwatei
investi-
gations

Plant
breeding
invest'ns

4193.38J4250.08
113.88ll914 47
37.78! 64.41
96.94 42.22
20.221 14.50

32 . 50
47.93 48.10

72.41

90 00 4.00
5 25' 2 25

813 31

120.18
106.45
38.25
52.60
3.95

253.57
199.42
33. 2Q

!
Totals

r

11318.76
2039 . 25

184.19
155.91
34.72

165.86
217.71
106 45
38.25

125.01
3 95

347 57
229 17
33 20

2016.0314588 9617125 80J 15000.



AGRICULTURE

EXPERIMENT STATION FARM AT PHOENIX

The activities at this farm have been confined to animal hus-
bandry, horticulture, and agricultural crops,

ANIMAl, HUSBANDRY

Aside from the work in sheep breeding which has been outlined
by the Animal Husbandman of the Experiment Station, the writer
has been collecting data on the management of sheep on the farm to
determine whether or not they might profitably be included with
the permanent live stock of irrigated farms Some rather interesting
data have been accumulated, which will appear in detail in a publi-
cation now in the course of preparation.

Further detailed data affecting the quality and productiveness
of various grape and fig varieties have been taken.

Dates.— Heavy blooming and successful pollination of dates
mark the high point of production of this fruit on the Station Farm.
The standard varieties, such as Deglet Noor, Rhars, etc., as well
as a number of the Seewah seedlings, bearing for the first time, show
a profit from sales. Among the seedlings only a few are desirable
as commercial dates, although some of the local buyers preferred
one of these seedlings in particular to the Deglet Noor, Hayany,and
others that were offered. Altogether, there are 50 trees on the
place bearing a little fruit. About 20 of these have crops from
which $150 have already been realized.

F%gs. — Successful pollination of Smyrna figs was effected this
year, resulting in a heavy crop; there was also a goodly supply of
Profichi figs for distribution. Records on the old Bulletin Smyrna
tree show returns of more than 1000 pounds of commercial figs as
the year's production. This tree was introduced from the Depart-
ment of Agriculture's original importation into San Francisco some
20 years ago and stands as a strong advocate of Smyrna fig growing
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in this yalley. 'Chese figs find a ready sale when dried, and a limited 
salt: as a fn: ... h product, at 3 to 4 ccub per pound. 

Records were abo kept <m yil:lds and \"ariol1s cultural operations 
on all \"aricties of fruit, such as olin~s, pcacht:s, plums, de., of the 
Statioll orchard. 

The cuntinuation of CfOp projects in this department is beginning 
to Ih th(' superior qualities of certain \"ariHies. lucrease in the 
number of \":iricties in tlit, flax plantings is the chid additioll to the 
work. 

lI"heut.· Some 2 .... varieties of wheat are nnw included in the test. 
Of this number 1:3 were planted as spring whcats and 1,'i as winter 

varietks, altlwugh the ~me sort was used for both plantings in 
many cases, 'fhe performance of tiwsc varieties with only a difTt'.r
cnce in time of planting has de\"clopcd decided nd,·antages in favor 
of fall planting of all wheats. Of spring plantings, California Club 
shows the largest yield, WiUl 38 bushels per acre. The Chul and 
Early Baart produced 36 bushels each; Blue Stem, 35.3, and other 
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va rieties less abundantly, until the low mark of 14.5 bushels was
reached by the Turkey Red. Of varieties planted in the fall—
the latter part ol October—Red Chaff leads, with a yield of 55
bushels, Blue Stem, with 53.9; Turkey Red, with 51; and Kofoid
with 50 bushels. Those falling within the 50-bushel class are a1so
included. The 45-bushel list includes Marquis, producing 47.8;
Early Baart, with 47.8; Red Fife, with 47.5, and Red Russian, yield-
ing 47.3 bushels per acre. It is worthy of note that Blue Stem
planted in the spring produced 35.3 bushels and in the fall 53,9
bushels. Turkey Red in the spring yielded 14.5 bushels, while the
fall planting produced 51 bushels to the acre. In every case when the
same variety was planted in spring and fall, the fall plantings far
outyielded the spring plantings. It should also be observed that
some of the best bread wheat varieties are as good producers as
the soft, poor milling kinds.

The following wheats were introduced from the Nephi substation
of the Utah Agricultural College, Logan, Utah: Kofoid, Bulgarian
C. I., No. 1248; Crimean C. I., No. 1559; Kharkow C. I. No. 1442;
Crimean C. I., No. 1435; Crimean C. I. No. 1437; and Arinaviar
C. L, No. 1355, all of which made satisfactory yields. From the
University Farm, at Davis, CaL, Chul and Fretis were introduced,
both of which show promise in this section. Other additions to
the wheat were Buffin No. 17, Macaroni, and Regenerated Defiance,

The wet winter and spring season were highly conducive to the
development of rust spores, from which disease much of the wheat
of the valley suffered. California Club planted in the spring was
ruined with rust, but the fall planting of this wheat was almost free
from the disease. The same condition holds true for each variety,
the spring planting in each case being much more affected than
the fall planting. Marquis showed no injury from rust, while
Turkey Red was affected but slightly. All seed was treated for
smut with formalin solution, which entirely prevented this disease.

Oats.—Eight varieties of oats were planted in the spring, and
four in the fall, Sixty-day and Texas Red being planted in both
series. Sixty-day yielded but 1680 pounds from the spring plant-
ing, against 2904 pounds from the fall planting* Texas Red yielded
880 pounds from spring sowing and 2970 pounds per acre from the
fall-planted plot. The fall planting of the Texas Red gave the
highest production of any oat variety.

New introductions of oats were made as follows: BoswelTs
Black Wiater, from the substation at Nephi, Utah; Red Algeria®.
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Bust, California Red, and Australian Rust Proof, from the Uni-
versity farm, at Davis, CaL, Swedish Select was brought in from
Colorado, and Black Eagar from Eagar, Ariz. The last-named
variety has an exceptionally long head, being 23 inches in length,
wide, coarse leaves, and heavy, cane-like stems. The seed is black,
oval, large, and heavy. Eagar has an elevation of about 7000 feet,
with a very short growing season, but this oat matures readil> in
that section. Samples were taken by Dr W. H. Evans, of the
Office of Experiment Stations, for trial in Alaska.

Barley, ewimer, and spelt.—Of the ten varieties of spring-planted
barley, the Utah Winter, C. I. No. 592, made the hea\icst yield,
with 3685 pounds. Mariout produced 3002 pounds, and the Blue
Hulless followed, with 2871 pounds. The last variety named is
the earliest barley yet tried. It shatters badly, htn\e\er, unless
harvested promptly. Utah Winter barley was introduced from the
Nephi substation, Tennessee WTinter, Hcndrcn, Beldi, Chavalior,
Common Day, and Mariout were supplied from the University
Farm, at Davis, CaL The heaviest yielding grain of all varieties
was the Utah Winter barley, which was followed with the Black
Winter emmer.

Black Winter emmer produced 3630 pounds, and spelt produced
2970 pounds. Both were planted in the fall. Black Winter enimer
was introduced two years ago from Utah and is proving especially
suitable to the dry-farming sections of the State.

Corn.—Of the 25 varieties cf corn tested, the Sacaton Mexican
June gave the highest yield, 99 bushels of shelled corn per acre.
Mexican White Flint and White Dent each yielded 85 bushels of
shelled corn per acre. Some of the varieties fell as low as 10 bushels.
Replants were necessary with nearly all varieties as a result of
attacks by the corn ear worm when the plants were about six inches
high. In Arizona this pest works on the corn continuously from
its early stage of growth until it is practically matured. The same
trouble appeared in the sorghum varieties when the plants were
small.

Sorghums.—Extensive tests of Sudan grass were again carried
with the addition of a field demonstration of this crop as a summer
pasture. It is found that Sudan will maintain twenty sheep per
acre continuously for 100 days in this section. This is a little better
result than amber cane showed from the standpoint of quantity and
very much superior in quality. The sheep fed on Sudan fattened
while those fed on the Amber cane made only ordinary growth.
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Sudau is a better Stllllmer pa~ture crop than alfalfa. Planted witb 
alfalfa in the summ('r s{'ason it would preyent bloat, to a large 
extent, amon,!.! shetop hdng pastur('d then'on. In the yield test 
against Club Top, Sumac, and Amber cane as forage, Sudau gave 
a yil'ld of 16,!l20 pounds dry hay, as against H,OOO pounds of Club 
~'(lp, till' best of the otht'r three vaneties. A Timely Hint on Sudan 
gms~ is hcing- pr('pared. 

The lending- }:.,'Tain-producing sorghums this year are Shallu, 
Dwarf Black Hulled White kafir, and YcJlow and White milo. Fete· 
rita did not compare fayorably with the other varieties. 

Legumes far un'a allil jar<11!,f! crops.- -·1'0 these tests were added 
WlIlter and Spring yetdt. For forage, T<:pary beans madto a yield 
of 4800 pounds as the best of six trials. Winter n:t,ch g:n'c a dry 
product of 13,·tOO pounds, and Spring \'ctch showed a yield of 
16,750 pouuds. Th(:Sl- ~in> promise of being the best wint,('r cover 
-crops yet introduced. The roots of these plants were htoavily sup· 
plit'd with noduks when hut six inches tall. 

Su!:ar callC,' Experiments in sugar cane were cnlarged by 
incn:asing the size of the plots and also by sending St:ed cane to be 
tried out at tilt: Yuma Date Orchard. A report on the sugar cane 
ha5 bc(:n writteu but is not yet published. This will be revised to 
include till.' work of the curreul year. 
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Sugar beets.- Th.is crop was not afTected by the leaf hopper and 
gave the heayiest yield of any year since ohscn"atiolls have been 
kept. A yield of 24 tons per acre is shown from the November 14 
planting, and nearly 8 tOllS per acre from the February 9 planting. 
In yield, the November plantings of sugar beets ha\"e consistently 
exceeded the February plantings for tbe last four years, and un
doubtedly the !;ugar-beet industry can be made profitable as far as 
tonnage is concerned in this valley by early planting and the !;election 
of suitable land. 

Sugar-beet seed.- Tn addition to growing sugar-beet sced from 
mother beets allowed to stand over ill our field, we imported mother 
beets from the Utah-Tdaho Sugar Co., Idaho Falls, Idaho, and can 
report a yield of a little o\rer 2000 pounds per acre. The production 
of sugar-beet seed in the United States is an important industry 
but at prescnt is very limited, hence the cost of seed is high, most of 
it coming from Germany. The Salt River Valley mar prove a 
suitable place to grow much of the present supply. 

Fla_t 'l'weIVl.' vurieties of flax wt'rt' addt'd to the three grown 
last year. Some plll.:nolnenal yields WNl' obtained, ranxing from 
~3.5 bushel-; as a maximum, to ;W.5 bushl'b pl'r acre as a minimum. 
Thbe are lIIltlsually high yields. The same \'arictil'S arc being 
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tested again on larger plots to confirm these, results. A Timely
Hint will be issued to cover this work.

Potatoes.—The work with potatoes was continued and the
results obtained are in harmony with those of the previous two
years. This work will appear as a Timely Hint.

Millets.—The leading millet variety this year was Kursk. This,
with the German millet, was included in the Sudan grass series as
forage and seed crops.

THE DRY FARMS

SNOWFLAKE DRY FARM

Moisture storage.—The snow and rainfall of the previous winter
considerably exceeded the average, but the unusually dry summer
was very hard on crops growing on land that had not been properly
prepared to receive and conserve the moisture of the previous
winter. All of the summer fallow land of this farm was in good con-
dition to catch the moisture. In fact, as a whole, the soil was well
plowed and open and carried a heavy moisture supply through the
entire summer. It is certain that most of the crops were produced
on the moisture thus held over. The conservation of moisture is
readily affected by eradicating weeds and other vegetation and by
harrowing or "light" disking often enough to accomplish this
purpose and maintain a light mulch. Harrowing and light disking
are best for this type of soil which has a tendency to "shift" if
worked deeply and frequently during the windy months of May
and June.

Winter gram.—The dry spring and summer proved less trying
to the winter grains planted in August and September than it did
to those planted in October and November, mainly because the
stored moisture supply began to give out before the October and
November plantings were thoroughly matured, hence they were
somewhat shrunken when harvested. The best success with winter
grains of any so far experienced here was obtained this year, the
yields ranging from 12 to 32 bushels per acre. Turkey Red and
Marquis led in production,

Spring crops.—The spring crops, having aa abundant moisture
supply came up readily and remained thrifty until the arrival of the
first but delinquent summer rain on July 23. This was- followed by
& dry period only broken a month later by a single shower. Sep-
tember followed with a few light rains, which mre so late that the
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early frost of September 14 prevented assistance toward the proper
maturity of many of the summer crops.

Deans.—In spite of these unfavorable conditions many of the
summer crops show excellent returns. This is especially notice-
able with certain varieties such as the Tepary, Pink, and Boetcher
beans. The Tepary gave the phenomenal yield of about 1100
pounds of seed per acre, which is the first yield of any consequence
that has ever been recorded for this variety in this district. Pre-
viously it has been destroyed largely by rabbits and prairie dogs
and has not had a chance to develop fully, although some plants
have always matured. It is possible that the early rains having
supplied an abundance of moisture, gave the Tepary a start which
it has not had in previous years, but which may be necessary for
the short growing season of this section. It is further noticeable
that the Pink bean gave the highest yield of any year it has been
tried, while most of the usually high yielding sorts of normal years
have fallen below their averages.

By proper farm and soil management it appears certain that
beans and summer forage crops may be produced every year on the
dry farms, and in most portions of the region winter grains \vill
succeed at least every other year.

SULPHUR SPRING VAX^BY BRY #ARM

This farm has experienced a successful year and developed much
definite and valuable information for the southeastern plateau
•country.

Grains.—Some thirty varieties of small grains were tried, from
which plantings of the same varieties were made from October until
December, and in every case the October seeding gave the best
yields. Marquis wheat produced the largest yield of any variety,
with 19.8 bushels to the acre. Turkey Red, Red Chaff, Early Baart,
California Club, and other varieties made satisfactory yields,

Barley and rye are especially valuable as winter pasture crops,
and both produced grain after being pastured. Injury to the heads
by the green soldier bug was especially severe on varieties in the
milk and dough stage, late in May*

Spring grains.—The spring varieties seeded March 15 practically
failed, Sonora being the only sort that yielded any grain. It is a safe
conclusion that of the varieties tested it will pay to grow no spring
.grain here, but if emtner, rye, Marquis or Turkey Red wheat is
planted in the fall on summer fallowed knd, it is highly probable
that a fair crop can be obtained.
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SQil types. -Plots of barley and rye.: "n·r(· plant(.'d Oil shallow soil 
underlaid with calidle. Excdh.:llt wint(.'r pastur(.' lInd 1.:) tons of 
rye hay and J 5 bushels of barky lx.:r acre, howcnr, were produccd. 
The same type of soil planted to Sudan grass and Amber cane in 
April produced very satisfactory yidds of silage and hay crops. 
The deeper soils with day and a porous or soft caliche subsoil will 
produce profitably any of the dry·farm crnps. These soils :rielded 
at lit(· rate of 22.8 hushels of t::xcellcnt corn p(or acre and 924 pounds 
of seed, with 2.44 tons of Sudan bay p('r acre. from one cutting 
notwithstanding the exceedingly dry summer, 'I'hese yarieties 

were grown on summer-fallowed land and the crops were made 
from stored moisture. Ihct'llent bean yidds are also show11. 

Time oj plalltillg. 'rhe crops that ha\'c slIc""edcd during the 
past two years arc as follnw!;: Kafir, Shallu, CI.·,J Top, and other 
sa('ch:nille sorghums; \\,hippnor-will cowpeas; Sudan grass (two or 
tilr(>e ('tlttings): and the following \'arielies of com: Mexil'nn June, 
White"·olldcr,Sherrod.Frt'id'~. White Flint and Diamond Joe. These 
succeeded best wh(>n planted from April I to :!\Ia ... 15. Short-season 
crops, such as millets, Blaekcy('d peas, and all varieties of beans 
except tbe )'loqui Lima, producl'd he3\'j(,"st when planted in July at 
the beginning of the rainy season, while the small grains .. tnd Winter 
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vetch produce best if planted in October, Dwarf milo and feterita
are safer when planted in May.

A test year — This has been the driest summer experienced since
experimental work began in the Sulphur Spring Valley in 1910 and
may be truly considered a test year. The results justify certain
definite assurance that dry farming with proper crops and methods
may be followed profitably in the southeastern plateau region.
Other important experiments have been conducted to determine
the best depth to plow, time to plow, and the depth and method o£
seeding various crops.

PRESCOTT DRY FARM

The work of the Prescott Dry Farm continues to attract favor-
able attention throughout the State. There are now under cultiva-
tion some 60 of the total of 110 acres included within the farm. The
steep contour of the land induces heavy run-off, which was especially
serious this year, since the only storm of the summer, July 23, came
with such violence and rapidity thac little of it penetrpted the soiL

Beans.—In general the bean varieties made yields better than
usual. Of the 14 varieties tested, the Colorado Pinto gave the
heaviest yields, with 812 pounds per acre; the Bates followed with
776; the Boetcher ranked third, with 744 pounds, and the Tepary
fourth, with 722 pounds per acre. These crops were produced on
conserved moisture and with generally very high temperatures*
Pink beans failed again, although heavy vines were grown, but
little seed was matured.

Corn.—It appears that the exceedingly dry summer was too-
severe for corn seed production, although most varieties made an
abundance of fodder. The ears formed, but the dry weather burned
the plants before the seed matured. This was especially noticeable
in the larger varieties, such as Ried's Yellow Dent and Bloody
Butcher. The low-growing Indian varieties, light yielders under
any conditions, made the best average yields. Bloody Butcher
made but 800 pounds to the acre; Maul's Yellow Dent, 757; Reid's
Yellow Dent, 62ft; and Calico, 581 pounds of ear corn.

Potato&s.—For the first time the potatoes failed. Fair stands
were secured, but beetles' attack combined with drought destroyed
the crop completely,

Sudan grass.—Sudan grass deserves special mention, since it
made 3.5 tons of dry hay to the acre from two cuttings in addition
to a pasture third crop. This was on the poorer land. On the bot-
tom land the first crop cut 8 tons and the second 2f tons of dry hay
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to the acre, but no third pasture crop. This was made on stored
moisture, with the exception of one rain, July 23, which affected
only the second cutting, the first being made early in July. These
plots were planted in rows 42 inches apart. The same crop sown
with a grain drill failed to reach a height sufficient for cutting. All
late crops failed.

Grains.—Wheat and emmer made good yields from fall plantings.
Marquis was the heaviest yielder of the wheats, and Winter rye pro-
duced the most hay per acre.

Silage.—Much of the corn and sorghums, although not profitable
for seed production, was valuable as silage. The pit silo was filled
from this material. Several silos were built during the past summer
by stockmen of the region. The silo and Sudan grass propaganda,,
centered for the past three years at this farm, are now showing results,
throughout the dry-farming sections of the State,

Exhibits.—Exhibits of products of the Prescott and Snowflake
farms were shown at the International Dry Farming Congress at
Denver, September 27-October 7; at the Northern Arizona Fair
at Prescott, October 21-23; and at the Arizona State Fair at Phoenix,
November 15-20,1915. These exhibits attracted favorable comment
and won many first prizes.

HIGH PLATEAU SECTIONS

Early frosts at Eagar and similar high elevations in the plateau
region injured some crops before they were fully matured. Confi-
dence, however, has been established in the certainty of crop pro-
duction with dry-farming methods in these districts, and hun-
dreds of entries on lands have been made in the three northern,
counties of Apache, Navajo, and Coconino. The scant summer rain-
fall reduced the yield in many parts of the section, but in most cases
where the soil was properly prepared and moisture conserved the
summer drought was little felt and the usual crops were reported.

tSudan grass produced three tons per acre at 7000 feet elevation.
Visitors.—The work of bringing the farmers and public into-

closer touch with the dry farms and the Phoenix Farm has been
emphasized more than in previous years. This was necessitated at
the dry farms by the growing demand for information from the
many new settlers and the generally Increased interest of the older
residents. Meetings of farxaers have been held sometime during
the year at each of the farms, At such times various experiments,
were explained and the best methods of culture and varieties of
crops
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Correspondence relating to various phases of agriculture in the
dry-farming sections, as well as in the Salt River Valley, has been
doubled. The number of visitors at the Phoenix Farm has increased
SO percent, while those at the dry farms have increased from 10
percent to 50 percent. Timely articles have been published in the
press of the State, Exhibits were placed at the International Soil
Products Exposition held at Denver; at the Northern Arizona Fair,
and at the Arizona State Fair by the Snowflake and Prescott Sta-
tions, and at the first and last named fairs by the Phoenix Farm.
At these three fairs the writer served as one member on the jury of

awards.
A. M. McOniE,

Assistant Agriculturist.



BOTANY

The rainfall over the State for the year ending June 30, 1915,
was considerably above normal. The summer rainfall for 1914
was average and resulted in fair to excellent growths of grass on
the ranges. The winter rains were unusually heavy and in many
instances resulted in considerable erosion. Generally speaking,
range stock came through the year in good condition. Some com-
plaints came in from bunch-grass sections that stock wintered badly*
notwithstanding the abundant rainfall and good forage of the
previous season. This was noticeable in parts of New Mexico and
Arizona, and it is thought that the heavy winter rainfall leached
much nutriment from the grass, making the forage low in fcod
value, although often abundant in quantity.

Rainfall on the small range reserve near Tucson was 20.52 inches
for the year ending June 30, 1915, this being about 9 inches above
average. Of this amount 7.53 inches fell from July to October,
inclusive, and 12.99 inches from November to April, inclusive. The
heaviest rainfall occurred in December, May and June were the
only months without precipitation. Grazing was excellent on the
lowrer or desert ranges during the latter part of the winter season and
the spring months and continued good until late in May. There
was an abundance of such forage as Indian wheat (Plantago sps.)»
alfilaria (Erodinm cicutarium), low mallow (Malvestrum exile), comb
seeds (Pectocarya sps.), saccato gordo (Amsinckia sps.), paint woods
(Plogiobothrys sps.), paint brushes (Orthocarpus purp%ra$cens)>
patota (Monolepis Nuttalliand), California poppies, and numerous
other species.

The past summer has been deficient in rainfall with the natural
result that growth on the stock ranges was much below average*
The fall rains helped the ranges considerably, although occurring
too late to result in much new growth.

POISONOUS PLANTS

Losses of stock on the ranges from poisonous weeds have been
much greater than heretofore. These have been reported from
many sections of the State and in most instances were caused by
species of loco weed or Astragalus. Loco weeds, together with other
poisonous plants, have been unusually abundant on the grazing
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ranges due to the heavy winter rainfall. A peculiar kind of stock
poisoning, not yet understood, occurs occasionally in the spring.
Presumably this is caused by one or more species of native winter-
growing mustards. Animals in good flesh and apparent health on
one day are found dead by evening or by the following morning,
and often show signs of bloat Losses of stock were also reported
from the Gila Valley. These losses are generally believed to be
caused by animals eating resinous green leaves of a species of rayless
golden-rod, common to that valley, which often forms in hard masses
in the digestive system of animals This department is investigating
plants poisonous to stock in Arizona and welcomes correspondence
from stockmen on this subject.

ROOT-ROT OF FRUIT TREES

Root-rot of alfalfa and of fruit trees has been very serious during
the past year. The last work done here on this problem was by
Drf W. B. McCallum in 1910. The writer recently visited several
orchards where root-rot was causing serious loss. In some instances
the trees had been set out before the land was properly cultivated.
Land should be under cultivation at least two or three years before
being planted to fruit trees, and such crops as cereals, sorghums
and corn, members of the grass family, should be grown on the land,
since none of these plants are hosts of the root-rot fungi. Alfalfa
and leguminous crops in general should not be grown on the land.
In this way root-rot fungi which are already common in the soil may
be starved out. The greatest damage appears in clay soils, par-
ticularly with a heavy substratum. Long periods of drought fol-
lowed by heavy irrigation or rainfall render trees more liable to the
disease. It is apparent that more than one fungus is responsible
for root-rot. Without a knowledge of the life history of these fungi
and of the conditions favoring and retarding their growth, no con-
structive work looking toward intelligent control of the disease is
possible. This department is continuing root-rot studies that
were dropped some years ago, Unfortunately, assistance and funds
for this work are limited. Careful attention is being given to resist-
ant stocks for orchard trees* The writer shares the opinion of other
observers that well-selected soils for fruit trees combined with
proper cultivation and attention will go far toward overcoming this
trouble,

PUBLICATIONS

Bulletin 76, Walnut Culture in Arizona, was prepared largely in
response to numerous requests for i$£<^matiQ;Gt relative to tfae
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Biederman method of grafting walnuts It was intended primarily
to describe only the methods of grafting that Mr Biederman used
with such remarkable success at his home in the Huachuca Moun-
tains. It is known, however, that Mr R. A. Smith, Sr., Safford,
Ariz., has been grafting English walnuts on Arizona walnut stock
and that the trees have been bearing well for about 15 years. Mr.
Smith succeeded in getting only a small percentage of his grafts to
take, but the growth of the trees was excellent. The value to the
State of Mr. Biederman's splendid work in grafting appeared all
the greater to the writer when viewed in the light of Mr, Smith's
success in growing English Walnuts in the Upper Gila Valley over
a period of years. On this account, and m the interests ot prospect-
ive growers, much additional information on walnut growing in
Arizona was included in the bulletin.

In this publication Mr. Biederman's unique and very accurate
methods of grafting are illustrated and fully described. From a
study of this the average person, with practice, should be able to
graft his own trees according to one of the several methods described.
Since the publication of this bulletin Mr. Biederman has been very
successful in grafting scion wood of the present season's growth
instead of using year-old wood. Summer temperatures are more
tolerant at his altitude, however, than in the valleys. The English
walnut on its own roots is unsuited to our soil and climatic con-
ditions. It makes an excellent growth, however, when grafted on
Arizona walnut stock and is quite tolerant to summer heat and
aridity. It is believed that certain of the French walnuts, such as
the Franquette, will be better adapted to commercial growing here
than the so-called English varieties. Since most of the scion wood
used here must come from California for several years at least,
greatest care should be used to prevent the introduction of wood
diseased with walnut blight. Once established here, this disease
might prove as serious an obstacle to walnut growing as it has in
parts of California,

Timely Hint for Farmers, No. 106, The Home Vegetable Garden,
was issued by this department in response to a growing demand for
information on vegetable gardening. Winter and summer vegetables
are discussed and lists of common varieties that succeed well in
Arizona are noted. Suggestions are also given concerning the prep-
aration of garden soils, methods of planting, irrigating, and culti-
vation. It is a sad commentary on our southwestern, agriculture,
in view of year-long favorable growing seasons, that more farmers
are apt growing garden ptodttce and fruits for their own use. Such a
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condition is not justifiable and cannot continue if farmers are to
enjoy probperit3T.

Timely Hint No. Ill, Irises for Southwestern Gardens, was also
published. The list of perennial, herbaceous flowers that grew
successfully in the warmer parts of Arizona is not large, and this
information will be ^welcomed by flower growers and persons inter-
ested in home ornamentation. Irises are among the hardiest of
garden flowers and require the least care for successful growth.
After planting, most varieties do best if not disturbed for several
years. Iris flowers have few equals in range of color and beauty
of design. Many varieties can be grown successfully and are worthy
of a place in every garden where thought is given to ornamentation.

FIELD BOOK OF WESTERN TMW> BLOWERS

The writer has been engaged for some time as collaborator -with
Miss Margaret Armstrong in the preparation of a Field Book of
Western Wild Flowers. This volume appeared in the early summer
and has already found a place in the hearts of lovers of wild flowers
and those interested in learning about wild flowers of the West and
Southwest. Though a handy pocket volume, it contains 48 plates
in color, 500 drawings in black and white, and a large number of
simple and accurate descriptions of plants. It is published by
Messrs. G. P. Putnam's Sons, The Knickerbocker Press, New
York City.

J. J. THORNBER,
Botanist



PLANT BREEDING

No new projects in plant breeding have been instituted during
the present year, but each of the projects already under way have
received appropriate attention.

ALFALFA

In the variety tests of alfalfa at Yuma the hairy type of Peruvian
again stands out in striking contrast to the remainder. The con-
trast here emphasized is the ability of this variety to grow at low
temperatures and hence to give heavier crops than the others in late
fall and early spring. The following table gives the last cutting in
the fall (Dec. 8 not included in yields given in the Twenty-fifth
Annual Report) and the first cutting in the spring (Mar, 23) Seed
crops have been taken from these plots and 140 pounds obtained.
This will be used in larger field plantings and for distribution to
cooperative seed breeders.

YIELDS OF VARIETIES AT YUMA

No
of

plot

39a
11

22
24
39b
27
35
41
39c

Name of alfalfa

Peruvian (hairy type)
Italian (shows falcata cross)
Baltic (from Colorado)
Algerian type (Bagdad)
Algerian (Oued Rirh)
Peruvian (hairy type)
Turkestan . . . .
Siberian (Turkestan type)
French (European type) ,
Peruvian (hairy type)
Average of Peruvian (hairy type)
Best of other varieties . . . . .
Average of other varieties

Yield in pounds
per acre cutting,

Dec 8, 1915

2,070
1,669
1,239
2,054
1,872
2,113
1,108
1,958
2,007
2,450
2,217
2,113
1,701

Yield i n pounds
per acre cutting
Mar 23, 1915

5,690
5,459
3,376
5,194
4,500
4,873
4,241
5,239
5,158
5,937
5,500
5,459
4,738

Forty pure strains of alfalfa now undergoing their second
elimination test in field plots occupy the major part of the land
leased from the Evergreen Nursery Co. Each plot here measured
approximately 0.03 of an acre. In addition to comparative hay
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yields a seed crop was taken which, though light, will be ample for
planting much larger field plots for the next season's tests. Forty-
three pure strains originating from plant selections of last year are
undergoing their first elimination test during the present season.

Certain improvements in the mechanism of the apparatus used
for the study of transpiration in alfalfa have been made. These
have greatly facilitated the measurement of the effect of wind
movement, relative humidity, and temperature upon the rate of
transpiration for plants.

SWEET CORN

A publication setting forth the results of the breeding operations
to produce a variety of sweet corn suited to prevailing Arizona
conditions has been issued as Bulletin No. 75, under the title of
"Papago Sweet Corn, a New Variety." About 100 pounds of
Papago sweet corn seed are now available for distribution. Seeds
of this variety may also be purchased from local seedsmen. No
work with sweet corn subsequent to the publication of this bulletin
(May 1, 1915) has been completed. However, studies concerning
the hardiness of corn silks and pollen, and breeding for the further
amelioration of Papago sweet corn are continued.

DATES

The block of seedling Deglet Noor date palms at the Tempe
Cooperative Date Orchard are maintaining good growth. A few
plants have died, but sufficient palms are left over from the
original lot of seedlings to fill up the missing places. This replanting
was done during the past summer.

BEANS

The 17 pure races of Tepary beans grown at the Yuma Date
Orchard last season occupied 1.02 acres of ground and gave an
actual total yield of 1846 pounds of cleaned beans, an average yield
per acre of 1810 pounds. The highest yield, 2526 pounds per acre
was made by race No, 48. Seeds of several of the most promising
races have been kept separate and sold as pure races to farmers
who desired growing them for seed. Two hundred and forty-eight
pounds of the seed of pure race No, 17 were furnished to the Ex-
tension Service, which in turn placed them in the hands of its
cooperative seed breeders throughout the State, Several thousand
pounds of seed of this variety ^hotild therefore be available at the
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end of this season. Those desiring seed of this variety may write
to the Agricultural Extension Service, Tucson, Ariz., for a list of
farmers who have grown it this year.

During the summer of 1915 this same series was repeated.
Eighty-seven-hundredths of an acre yielded 1050 pounds. This
equals a yield of 1214 pounds per acre. The yields, though markedly
lower than the exceeedingly flattering production of the preceding
season, were still high enough to maintain the Tepary among the
list of promising summer catch crops so long as a price of 2^ to
3 cents per pound can be secured.

Fifteen pounds of wild Tepary seed were secured from the
locality south of the Santa Rosa Mountains near the Mexican
border, which was visited by the writer in November, 1914 (see
Twenty-Fifth Ann. Rept., p. 346). These seeds were planted in
field plots at the Yuma Date Orchard for comparison with the
domesticated form as a hay crop.

The following table shows the details of this experiment*

COMPARISON OF VARIETIES OF TEPARY BEANS WITH COWPEAS

HAY, 1915

Variety

Teparies, pure, race No. 17 ,
Mixed yellow, brown, and black Teparies
Wild ,
Pure race No. 17 . . . , .
Wild
Mixed yellow brown and black Teparies . . .
WTiippoorwill cowpeas
Teparies, pure race No. 17.

Area
of

plot
(acre)

19
.10
.05
.05
10
10

.10
19

Yield, air-
dry.Jaay
(pounds)

1,137
744
254
438
618
838
596

1,310

Yield air-
dry hay,
(pounds
per acre)

5,882
7,440
5,080
9,760
6,180
8,380
5,960
6,795

This test indicates that as hay plants Tepary beans are equal
to or superior to cowpeas in productivity* Moreover, since the
vines are much finer, the hay cures more quickly, is handled more
easily, and is of better quality than cowpea hay.

WHEAT
Without correcting for alkali spots, and excluding the nursery

plots of head rows and hybrids, there was a total of 4.08 acres of
land devoted to wteat at the Yuma Date Orchard. On this area
the total yield of deaned grain was 10,505 pounds. This amounts
to 42.91 bushels per acre. When the Dyer block alone is considered.
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we have 3.44 acres, yielding h623 pounds, or 41.b2 bu:;hels, per 
acre. Tn the last annual report the yield of this same area is given 
as 38 bushels per acre, but this is based upon corrections for alkali 
spots. \Vithout correcting for alkali ~pots the actual yield per 
acre for the total area was 36.58 bushels pcr acrt.' in H)J4. The 
net gain for the land as a whole wns thudort 5.24 bushels per acre. 
It is Yery probable tbnt tbis gain lDay be ascribed to tilC fact that 
a. green manurc crop of Tcpary beans, yielding approximately 
15,000 pounds of green stuff per acre, was ttlrm:d under a few weeks 
before seeding to wbeat ill the fall. 'fhe alkali spots were also 

greatly reduced and in lUany cases entirely reclaimed by scraping 
oIT scHeal inches of the strongly imprt'gnutcd surface soil. 'I'bis 
soil was distributed along the fence row, when' it assisted materially 
in preventing the encroachment of Bermuda grass from neighboring 
infested land. Tbe spots were then treated with a CQating of 2 to 3 
inches of stable manure, whicp was turncd undt.'T det.'ply. A heavy 
irrigation was made just before planting and as a «,suIt a stand of 
wheat was obtained almost uniformly through the former salt spots. 
Some of the worst salt spots still show somc injury, but it is antici
pated that one or two more treatments of a like nature will fully 
f('mo\'c them. 
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The highest yield for the season was made by a plot of 0.14 acre
of Turkey Red wheat which produced 483 pounds cleaned grain,
amounting to a yield of 57 bushels per acre Taking the averages
of all field plots, the yields of the different varieties were as follows"-

WHEAT VVRIETIES AT YUMA, 1915

Name of \inety

Sonora .
White Algerian Macaroni
Red Algerian Macaroni
Early Baart
Turkey Red

Yield
per acre
(bushels)

51 7
44 6
44 6
43 3
43 2

The surprise of the season was the high yield of the White
Sonora, which heretofore had been outyielded by the Algerian
Macaroni This is probably due to the fact that Sonora was
earlier than the others and the last irrigation came, when it was in the
dough stage, whereas the last irrigation of the other later varieties
came at about the time of full head. The yield of Sonora was
therefore encouraged to the fullest extent, whereas the other sorts
were slightly reduced in yield by the soil becoming quite dry
during their ripening periods. It is believed, however, that this
slight reduction in the yield of the other varieties by reason of the
stoppage of irrigation is more than offset by the increase in quality
thereby induced.

During the present spring the rust was quite severe on certain
varieties. As was the case last year the Algerian Macaroni was
practically immune Sonora suffered more severely. The early
plots of Turkey Red were nearly free from rust, but a late plot of
this sort was badly rusted and yielded only 36 37 bushels per acre,
whereas the average of this sort was 43.2 bushels per acre.

Among the 63 pedigree increase plots which came from the
-selection of the best head-rows of last year, the White Algerian
Macaroni strains were the best yielders, giving an average of 11.4
bushels per acre more than the average for the other strains The
crop upon this experimental block was badly interfered with by a
heavy growth of sour clover which came up in the spring. In
addition to cutting down the yield, the presence of the weeds also
disturbed the nutrition of the wheat and resulted in a marked
reduction in the quality of the gram produced This series will,
therefore, necessarily be repeated next year
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The new series of 214 head-rows planted at the Yuma station
was harvested in May, careful notes having been taken on habit,
height, strength of straw, rust resistance, time of heading, ripening,
etc. Each head-row was threshed separately and the grain brought
to the laboratory at Tucson for study and comparison as to quality,
yield, and the correlation of these economic characters with other
characters of growth and habit of the plants.

Two years comparative test with 145 pure races of Turkey
wheats indicate that the characteristics of a wheat may appear to
change markedly when it is transferred from one climate to another.
In fact, strains which were similar in one climate may react very
differently in another, but when once this distinction in reaction
under the new climate has been determined it tends to persist from
year to year. Thus certain strains of Turkey wheat, all of which
were hard when grown in the Central Plains States, immediately
became soft when grown here under irrigation, whereas other strains
from the same original source have remained hard and show prac-
tically no tendency to become soft. Since, however, on the average,
those strains which became soft immediately were greater yielders
than those which resisted the softening effect of the climate, a
rational explanation is easily apparent for the gradual cumulative
softening of a mixed commercial variety of hard whe&t when intro-
duced into a warm irrigated section.

A method of maintaining the high milling quality of a hard
bread wheat in a warm climate by means of such pure races is also
suggested. This experiment has been especially interesting due to
the fajct that notwithstanding the adverse correlation above men-
tioned a few pure races of hard Turkey wheat have been found
which, though high yielders, have maintained their hard, glutinous
texture. This series has been planted again in order to gain further
data upon this important question.

The block of second-generation hybrid wheats gave approxi-
mately 8000 plants, each of which was harvested separately. Care-
ful studies of these plants have been made and records secured
whereby much may be learned concerning heredity in wheat. In
addition to this an abundance of material is available from which
to make selections looking toward the original purpose of the work,
L e., the production of a hard milling wheat for Arizona..

G» F. FREEMAN,
Plant Breeder.

J. C. TH. UPHO#,
Assistant Plant Breeder.



HORTICULTURE

As noted in the Twenty-fifth Annual Report, research work in
horticulture was largely confined to the culture of the grape and
pollination of the date palm. Less important problems of more local
interest have been attacked and the results are herewith given in
all cases vvhere the information is of a practical nature. The writer
here wishes to recognize the assistance of those who rendered effective
service in completing the work as outlined for 1914-15.

PRUNING THIt BLACKBERRY

Of the few varieties of blackberries grown in the Yuina Valley,
Crandall's Early makes a rank vegetative growth and during most
seasons produces fair yields of fruit. This year a few plants were
pruned, according to the following plans: All the dead or weak and
a few of the strong canes were removed and the tops of the remain-
ing ones cut back to one-fourth or one-half their length, Although
the vines were full of blossoms the fruit did not set well, probably
due to thrips. The crop of fruit, though light, gave positive proof
of the advisability of thinning and pruning, since the berries on
these plants were much larger than on the neglected ones.

STRAWBERRY ROOT ROT

An examination of strawberry plants in full bearing,near Phoenix,
showed the following conditions: Arizona Everbearing had been
planted on low, narrow ridges in an almost level field of an excellent
type of soil, and irrigating water had been applied in broad, shallow
rills. Many of the plants in the ridges were either dead and brown
or in a greatly weakened condition, all of the roots being brown to
black in color. Runners had formed early in the season and some
of them had produced two or more offsets. The offsets located on
the ridges were in the same condition presented by the mother plants
or were more severely damaged. Those plants in the rills, however,
were brighter and otherwise healthier than those growing in more
or less elevated places. The presence of soluble salts in the soil was
indicated by a slight trace of alkali. Samples of soil were taken
and examined by Mr. C. N. Catlin, of the Department of Chemistry.
Soil from the ridge gave a total of 2.72 percent soluble solids, 1.26
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percent being sodium chloride and a slightly greater proportion
sulphates of calcium and magnesium. The soil in the rill contained
a total of 0.18 percent soluble solids, with 0.008 percent sodium
chloride and 0.065 percent sulphates of calcium and magnesium.

These results show the trouble due to soluble salts. By varying
the method of irrigation and growing the plants on the sides of high
ridges, thus making it possible to leach the alkali from the ground,
good results may be expected.
STUDIES WITH PROCESSED FABRICS PREPARED FOR USE IN PRO-

TECTING CITRUS TREES DURING INJURIOUS LOW TEMPERATURES,

As noted in the Twenty-fifth Annual Report, some preliminary
work was done to determine the value of processed fabrics as pro-
tectors for citrus trees during cold and frosty periods. These covers
were made of two weights of cotton fabric and each was processed
to make it more air-tight, less resistant to light, and both heat-
absorbing and heat-retaining The following notes deducted from a
further study of the data and additional experimental \\ork are
interesting •

Semitransparency.—The use of an actinometer and light-sensitive
solutions shows

1. The heavy weight fabric (normal) offers the greatest light
resistance, the light weight (normal), next greater, while the heavy
processed fabric and the light treated grade rank third and fourth,
respectively.

2. Treating fabrics of both light and heavy weight decreases the
light resistance.

3. Heavy treated fabrics offer less resistance than the light non-
treated.

4. I4ght~sensitive solutions used gave less marked results than
the actinometer.

5. Hourly exposures on different days show the light to be of
variable strength day by day. Also the light is strongest at 12
to 3.30 o'clock. The action of light on continuously exposed sensitive
solutions gives more or less variation, but more marked results for
continuous exposure versus exposure of two hours duration.

Air-tightness.—-The passage of air through the cover was studied
under variable and widely different conditions, with the following
notations •

1, Air passes through the covers readily, especially the lighter
weight and nonprocessed fabrics,

2. With the expansion of the air due to a rise in temperature, air
passes through in spurts, as indicated by gradual rises of the ther-
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mometer intermittant with short periods during which no change
In the position of the mercury takes place

3. During windy periods highest temperatures occur in the
center of the tent, with the exception of the light nonprocessed
fabric, in which the temperature is nearly uniform throughout.

Radiation of heat.—To determine the radiation of heat, temper-
atures were taken simultaneously at three different elevations at
the center of each of the four tents. Thirty-two observations from
January 22 to 29, inclusive, at intervals of two hours, beginning
with 7 o'clock A. M. and continuing to 11.30 P. M., prove that the
materials used in processing increase radiation enough to show
temperature in the top of the processed tent lower than m that of the
normal fabric. This difference was great enough to be measured in
degrees. While the processing of material increases radiation, it
makes the light-weight fabric more air-tight. In this case, tent
No. 2 (See Twenty-fifth Annual Report), while its radiating prop-
erties are a little greater than the heavy nonprocessed fabric, again
gave evidence of greater serviceability.

Under a temperature of 22° P., in an atmosphere devoid of
currents of air, with all sources of heat by absorption eliminated*
and supplied with a constant amount of heat, it was again found that
tent No. 2 was the best retainer of heat. It also held its heat for the
longest period at the close of the experiment.

Distribution of heat under covers;—The distribution of heat de-
pends upon the rate at which calories are liberated, the movement
of air due to radiation of heat, lowering of humidity, and sources
of heat.

In dead air with a temperature of 22° P., devoid of air currents,
•distribution was studied by making observations on eight ther-
mometers with heat being delivered from three burners hung in
three quarters of the enclosure and each about 18 inches above the
floor. On this level the temperatures did not rise above 28° P.;
at 5 feet 4 inches from the floor the temperature rose to 34°; at
7 feet 8 inches, 43°; and at 8 feet, 46°. Midway between the second
and third thermometers and 4 feet from the center, the temperature
was 44°, while on the opposite side funheated quarter) 39° was the
maximum; at 2 feet 4 inches above, the temperature was 5° higher,
while on the opposite side there was an additional gain of 2°. These
records are the maximums reached notwithstanding the fact that
the observer moved about the enclosure freely, frequently climbing
to the top of the tent to take readings.

The same equipment was used to determine the influence of
variable calories of heat, observations being taken on three ther-
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mometers placed above each other perpendicularly in tire tent.
The cover was removed previous to each test and the temperature
of the air reduced to 22°F. One burner raised the temperature from
27° to 30° in 10 minutes, and up to 32° in a total of 2&
minutes, after which there was no change. Doubling the
calories raised the temperature for each succeeding 10 minutes
from 24,5°~28°~29.5° to 25°-28°-330 to 26°~29°~350 to 26°-~29°~360

to 26°~-29°~36.5c, with no further change as shown by successive
observations. Trebling the calories increased the temperature
27°-30°-38° to 27°-~31°-39° to 27°~31°-400 to 28°-32°-41° to-
280~34°-420, for each successive 10 minutes with practically no
additional change thereafter. Quadrupling the calories quickly
raised the temperature to a constant maximum of 28°-37°-50°.

Conclusions from the above experiment and other minor
observations follow:

(1) The method of applying heat that does not produce a draft
permits a more uniform temperature. (2) The rate of the rise of
heat increased with the greater number of calories liberated.
(3) There is a tendency for heat to rise direct, spreading but little
laterally. (4) In a dead air space the upward trend of heat is little
influenced by convection currents induced by objects moving within
an enclosure. (5) Radiation increases with a rise in temperature and
with a corresponding accumulation of heat at the higher points of
the container. (6) Heated air shifts bodily at times as shown by no
change in temperature for periods of short duration.

Change due to wind currents.—While the average increase in tem-
perature through absorption averaged about 15° for clear days-
regardless of wind, and* a majority of the records show an increase
from the base of the enclosure upward, a few observations were
made showing the temperature to be greatest near the center of the
tent. Wind or rain, or both, reduced the temperature through loss
of heat by radiation and a pumping motion of the cover, Of the
conditions just mentioned the processed covers of both weights-
showed the greater variation, and, since they are more nearly air-
tight, the difference in change is believed to be due most largely to
radiation. Thermograph records show very marked changes during
days when the wind blows, and especially during the hottest portion,
of the day,

THINNING DATE FRUIT
This work was done primarily to determine the comparative

effects of pollination and thinning on the size and rate of maturity-
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of the fruit. Thinning was done on both old and young trees. The
plan and results of the tests follow:

On young trees.-—Thirty-five three-year-old Deglet Noor trees,
located in the Date Palm Orchard, Yuma, bearing their first crop
of fruit, were selected. Four trees bearing a total of 13 bunches
were reserved as general checks. On 7 trees, bearing 4 bunches
each; 17, bearing 3 bunches each; and 5, each bearing 2, respectively,
the plan of thinning was:

1. When 2 bunches occurred, remove one-half the spikes from
one bunch and allow the other to make natural growth and normal
development.

2. When 3 bunches of equal size were present, (a) remove one-
half the spikes from one bunch; (6) cut off the lower half of each
spike in another, and (c] reserve the third as a check.

3. When 4 bunches were formed, prune the spikes in 2 bunches»
as described for a and 6, reserve c as a check, and thin d by remov-
ing each alternate berry on a spike.

A careful inspection of the 35 trees and 108 bunches borne by
them was made just before the fruit began to ripen.

In these bunches there was an average of 18 spike's and 450
berries. As the fruit began to ripen 10 of the bunches were removed
and records made with reference to the size and maturity of the fruit
and such other differences worthy of note.

All methods of thinning gave a slight increase in the size of the
berry. Removal of the alternate berries of each spike is too slow a.
method, being difficult and often injurious. Cutting out alternate
spikes is less injurious and more space is allowed for the development
of the fruit. Cutting of the spike above the berries is not only
tedious but less productive of results than shearing. Shearing the
spikes to one-half their length is quickly and conveniently done and
with the least injury to the fruit clusters. This method without
exception gave the largest berries, being 1.8 grams heavier by weight
than the checks. Also the fruit does not shell as readily, showing a
2 percent loss, a gain of 8 percent over the check.

On old trees.—The above observations and study on the influence
of thinning fruit on old trees done at the Bxperimen Station Farm,
Phoenix, together with miscellaneous experiments undertaken itt
the Date Palm Orchard, Tempe, apparently warrant the following
conclusions:

(a) The date palm is a plant having a natural method of thin-
ning fruit. The fruit begins to drop shortly after pollination takes
place and continues long; after the reduction to one of the three
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carpels occurring in each floral cup, sometimes continuing into the
harvest period.

(6) Trees not bearing a maximum crop will mature fruit to size
and quality with little or no change in earliness of ripening.

(c) Natural methods of thinning fruit early in the season have
a greater tendency to increase the size of the berry, in proportion
to the number in the bunch, than is induced by artificial removal of
a number of berries later in the season following natural thinning

(d) Artificial thinning may be done to advantage only after the
bearing capacity of a tree has been determined.

(c) Thinning may be done most effectively and quickly by the
removal of an entire fruiting branch. This method not only in-
creases the weight of the berry but of the entire bunch, including
the brush.

( / ) Thinning may be done profitably when the tree is carrying
in excess of a maximum load. Under these conditions bunches
with one-half the spikes removed begin to ripen their fruit earlier
than the nonpruned bunches, which come second in order, while
those with one-half of each spike removed mature the fruit more
slowly.

(g) In general, fruit of inferior size occurs on the slender stemmed
bunches, bearing weak branches.

FIG CULTURE
Records of yields and behavior of the several varieties of figs

grown on the Experiment Station Farm, together with observations
made, and personal experiences of growers, are now available and
complete enough to warrant an illustrated publication showing
the distribution, culture, yields, and uses throughout the State.
This bulletin will be prepared for distribution at an early date,

GROWING WINTER RADISHES
On October 1, plots of White Icicle, White Vienna, White Straus-

burg, Bright Long Scarlet, $arly Scarlet Turnip White Tipped,
Early White Turnip, Scarlet Olrve, Chinese White Winter, and
Cincinnati Market were planted in sandy loam soil on the Uni-
versity Farm. With the exception of the last two named varieties,
which did not produce edible roots, Early Scarlet Turnip White
Tipped was ready for use November 12, followed by White Icicle
on the 15th, Scarlet Olive on the 18th, Bright Long Scarlet on
the 20th, and White Strausburg and White Vienna on the 28th.

In December the final test was made by harvesting and exam-
ining a large number of the roots of each variety to determine the
percent edible. The first three named varieties (all white) proved
best adapted, since edible roots varied from 49 percent for the
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White Vienna to 58 and 59 percent for the White Icicle and White
Strausburg. For rate of maturity, length of time roots continue
to grow and remain edible, White Icicle is first choice. While red
varieties may mature earlier, their use is limited to a very few days,
as they become pithy. The test further shows that all varieties
producing roots give good yields and establishes a rotation for the
varieties tested.
SOIL AND AIR TEMPERATURES IN RELATION TO WINTER VEGETABLE

GARDENING
Beginning with late September the temperature of the soil

gradually lowers from a maximum of 85° P. to 50° F., the minimum
being reached about December 15, which is the lowest degree occur-
ring in the soil during the year. The daily range varies from 5°
during the period of extreme temperatures to an average of 3° or less
as the maximum gradually lowers. These low maximum tempera-
tures prevail during January with a gradual daily rise. The lowest
maximum was 50°, with a rise of 4° for the maximum by the end of
the month. By April, however, the maximum increased to 60°,
by the middle of May to 70°, by the middle of June to 80°, which
temperature, with less regularity, mounted to about 90° in early
July, Since the range in temperature rarely exceeds 5°, with this
range as a fair average, the daily temperature of the soil is rather
high for a considerable period of time. With temperatures of the
air ranging well above 90° and at times well above 100°, this slight
reduction during the cooler portion of the day maintains a high
average during flood heat, thereby delivering a large total of degree-
hours of heat daily and almost continuously from June to September.
This condition warrants a continuation, of this study with special
reference to the degree-hour requirements of plants within the soil
and the varieties of vegetables suitable for forcing. The greatest,
value of these records will undoubtedly be to determine dates for
planting, methods of irrigation, and rate of growth until edible ma-
turity. The study of varieties with reference to heat requirements
will establish more definite systems of rotations,

GRAPES

The vineyard in which the experiments and observations were
made was planted in 1906 and 1907. The planting contains, with
few exceptions, 80 varieties of 4 hills each, and includes representa-
tives of both European and American groups. The hills were set
8 by 8 feet, square system of planting, and were given the same
treatment with reference to cultivation, irrigation, and pruning to
the vgse form, in order to produce a stump, which in all varieties.
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both European and American, provided a serviceable support for
the top of the plant -while in fruit.

The observations and experiments conducted during the fruiting
seasons of 1914-15 consisted in recording the date of first bloom,
number of days required to develop full bloom, dates of picking
and number of pickings, total number of bunches produced, and the
average weight of bunches for each season.

Records were also taken showing number of pickings and total
number of bunches, the average weight of bunches for each of the
320 hills included in the vineyard, together with variation in size
of berry each season and succession of pickings.

A study of these data is summarized as follows:
Bearing habits of the plant.—While it is evident that all varieties

included in the list were very satisfactory when given short pruning,
some forms give even better results when pruned half-long and
trained to a stake. Similar results may be obtained by allowing a
larger number of canes to form, permitting the plant to produce a
normal crop of wood, which may induce a more compact growth
with shorter nodes, forcing the development of fruit buds near the
crown of the plant. Such varieties as Beclan, Johannasburg, Reis-
hng, and Chasselas de Pontainbleau, however, produce so many
bunches borne so close together near the crown of the plant that
it is impossible to harvest the fruit without seriously injuring many
of the berries in each bunch. Great care must be taken in gathering
the fruit of such varieties, since many leaves are found projecting
through the bunches, making it imperative to cut the stem of the
leaf and remove the same carefully before locating and to severing
the stern of the bunch.

Systems of pruning.—It is evident that the pruning of all varieties
studied may be done to form the vase-shaped head, since each of the
80 represented produced full crops both seasons of 1914 and 1915.

Yields per season.—-Pew varieties show a tendency to produce
heavy crops in alternate years yet the weight of fruit and number
of bunches usually vary considerably. Very few varieties produced
heavy yields during both years. There was less variation in yield
among those plants bearing a maximum load of fruit, A much
larger yield of fruit was produced during 1915.

Date of blooming.—The earliest variety to bloom is the Lugliaao,
which opened its first blossom on March 18, reaching full bloom in
six days. Bowood Muscat, Chasselas Citoit, and Mataro, the last
three to show early flowers, began blooming on April 9. The two
former were in full bloom in four days, wMle the latter readied
maximum flowering the sixth day^ It i$ crqiKte&t, iwth the excef tfojl
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of Lugliano, that the rate of coming into full bloom varies from
12 to 21 days. These varieties provide pollen for all early bloomers
to and including the latest flowering variety. Beginning with those
varieties blooming March 21 and later, the number of days inter-
vening between first and full bloom varies from 4 to 21 days. A
daily record of all varieties shows a variation and rate of corning
into full bloom of 16 days beginning March 21, to 5 days beginning
April 9, the decrease being gradual and showing two larger groups
which naturally fall into five smaller ones. The first group of
32 varieties shows blooming dates from March 18 to 25, inclusive,
with an average of 10 days for coming into full bloom. Group 1, rep-
resented by a single variety, began to bloom March 18 and was in
full flower in 6 days. Group 2 was represented by 5 varieties which
came into bloom March 21 and 22 and were at their maximum m
15 days. Group 3, with early flowering on March 23 to 25, repre-
sented by 25 varieties, came into full bloom m 11.5 days. Group 4,
represented by a single variety (Flame Tokay), reached full bloom
in 4 days from March 31, group 5, in 7 days, group 6, in 6 days.

In some cases two or more plantings of a variety were made in
separate parts of the vineyard. Of duplicates of Golden Chasselas,
one began blooming on March 25 and was in full bloom in 21 days,
while the other, beginning April 6, was in full flower in 9 days.
Observations on Thompson's Seedless, White Cornichon, and
Dattier de Beyrouth gave similar but less marked differences. The
three late blooming forms came into full flower much quicker than
the early flowering ones. The one marked exception noted was
Purple Damascus, in which the duplicate plantings began blooming
on March 25, with one in full bloom in 10 and the other m 14 days.
These observations show variations to occur among varieties, pro-
viding intervariety pollenizers through a considerable period of
time* From general observations it is apparent that a more detailed
study of various forms cbttld be made with reference to self and
intra-sterility,

Weight of average size bunches.—During 1914, three successive
pickings of fruit from three unlike varieties gave a notable decrease
in average weight of the bunches which was also accompanied with
decrease in size of berries* Two pickings on 29 additional varieties
gave an appreciable decrease in weight for the second picking.
Comparing the average weight of bunches for each season, we find
in 16 instances the 1915 crop exceeds in weight, while in a single
case the weight is precisely the same. All of the remainder were
perceptibly
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Date of picking.—Picking the 1914 crop began July 10 and con-
tinued through September 5, the 1915 season opened July 19 and
closed on the same day as for the previous year. Forty percent of the
varieties (1914) were gathered at one picking; 47 percent at two
pickings, and the remainder in three pickings. The 1915 crop
matured much more slowly and less uniformly, since about 13 per-
cent of the varieties were gathered at one picking, 40 percent the
second, 20 percent the third, and the remainder in four or more.
A noticeable variation in the development of crops on separate hills
of the same variety was also evident, since in some cases the dates
of gathering were several days apart. The 1914 crop was badly
infested with leaf hopper, which pest influenced the development
of the fruit to a marked degree.

Decrease in size of bernes.—Measurements of the diameter of
berries taken from bunches of average size in all cases where three
separate records were taken during subsequent pickings, show some
variation for each observation. Of 15 additional varieties two
observations gave an average difference of 0.20 inch; 13, a difference
of 0.10 inch; and 18 gave the same. Data showing the diameter of
berries of the same varieties but for different seasons' crop, show
20 to be greater, 21 the same, and 22 of a lesser diameter.

Decrease in the number of berries per ounce.—Records of the
number of berries for each variety required to weigh an ounce were
made each year. The 1915 records show a lesser number of berries
or larger berries in 16 varieties, the same in 4, while in 60 the number
was greater—that is, the berries were smaller.

Comparison of yields for separate pickings from all hills of each
variety.—The total yield of each picking for a variety which in many
cases included fruit from each of four hills, varied as greatly as
between hills of a variety. In general, the total weight is usually
greater for the first picking, where the amount collected is a greater
portion of the total. In those cases, however, where two or more
pickings of considerable importance are made, the second is mote
often the heavier,

Yield of fruit.—The yield and number of bunches of fruit were
considerably greater for 1915. There is a notable increase for 58
varieties. The proportionate yield in pounds of fruit is also marked,
since approximately 12 percent of the varieties show about equal
returns by weight for both seasons, while by far the greater number
shows a somewhat greater increase. Twelve percent of the varieties
during 1915 show a smaller size of berry by weight Also, berry for
berry, the 1915 crop was smaller than the 1914. Of the 80 varieties
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there were three or four marked exceptions due to very abnormal
differences in the amount of fruit produced each season.

SUNSCALD OF NE)WIvY PLANTED OLIVE) TR££S

In the latter half of March and the first week of April, 1914, an
orchard of several acres of Mission olives was planted in the Casa
Grande Valley. Early in May many of the trees began to discolor
near the ground, and by the middle of the month the percentage of
cankered areas showed an alarming increase. The size, shape,
general appearance, behavior, and location of these areas indicated
fungous infection. Numerous cultures made to isolate an organism
gave negative results. The relation of alkali in the soil and water
to scalding was also investigated. More injury occurred in soil
where there was no black alkali and only a trace of white.

Inspection of a large number of plants showing cankers in all
stages of development and a further study of the trouble in the field
gave proof that it first makes its appearance on the south or south-
west side of the tree and near the ground. With rare exceptions the
areas when first noticeable are about equal in size and are character-
ized by an indefinite yellow color. As the scald develops, however,,
the color merges into brown and the bark shrinks, forming definite
areas nearly oval in shape and less than one inch in length. These
mature cankers may be confined to one side, yet more often burning1

continues until the bark is dead and discolored, forming a complete
girdle. In this connection it is interesting to note that the injury,
while usually effective in the destruction of the portion above the
girdle, may be only temporary, since the inner tissues of the bark
sometimes revive and grow, closing the wound. Wood discolored
during scalding remains brown in color.

Simple experimental work and general field observations develop
the following facts:

1. Tops of healthy trees when cut from the plant and inserted
into the sand during those days when the temperature of the air is
high and the soil and air are dry soon show typical cankers near
the surface of the ground.

2. Sunburning always makes its appearance on the southwest
quarter, first observable as an indefinite, slightly yellowish, area
finally becoming a well discolored, accurately defined girdle, deep
brown to black in color when scalding is severe.

3. When girdling takes place just previous to renewed activ-
ity of the root system* the top may die from lack of moisture, yet
growth, will ocdjr fetitw tito girdle, forming a new top.



550 TWENTY-SIXTH ANNUAL REPORT

4. Plants that have good green stems but no leaves do not scald
until the leaves begin to form.

5. Plants without leaves making a vigorous growth from new
buds below the ground may scald above the new growth.

6. Branches well above ground when facing the sun at the right
angle show scald in the bow of the branch.

7. Shading the olive tree to prevent burning reduces vegetative
growth so greatly that this method cannot be recommended.

Having demonstrated that injury was due to the action of the
bun, a number of young olive trees were given partial shade during
the hottest portion of the day by placing shingles on the southwest
side. A record taken for one day, beginning at 9 o'clock A. M. and
continuing until 5 o'clock P. M., showed a shade on the southwest
quarter to influence the temperature m the open and in the shade,
respectively, for each hour of the test—82.5°-80°; 98.5°-86°;
97°-88°, 114,5^93^ ll8°-93.5°, 95°-93°, 95°-91.5°. The rapid
lowering of the air temperature during the last two hours was
due to marked increase in wind velocity. While positive proof of
preventing further sunscalding could not be secured, there was
plenty of evidence that the olive trees did not make a satisfactory
growth under these conditions.

One hundred and forty trees of the Mission variety, furnished
by the Armstrong Nurseries, Ontario, CaL, were used to determine
the relation of injury to loss of water, method of irrigation, size, and
condition of nursery stock. These trees were planted June 3 and
handled according to definite outline. All the trees were excellent
specimens and examination showed them to be free from any
defects. Ten trees were included in each test, unless otherwise stated;
five of each lot were stripped of their leaves at the time of planting,
while all were trimmed to 12 or 15 inches in height. Reduction of
evaporation in its relation to sunscalding could not be determined
by the removal of the leaves, since the check plants dropped their
leaves in a few days, due to late planting under adverse conditions.

The first evidence of scalding was noticeable June 14. The
cankers had fully developed four days later. On June 29 scalding
was general throughout the fourteen plots, being best developed
where exposed to the sun.

Final notes were taken August 14, after which no further work
was done with these plants. The following data concerning these
experiments may be recorded:

1. Ten trees planted in vessels with irrigating water standing
at the same level continuously, with, the steins fully exposed to
sun, did not show a sign of
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2. Ten plants set in a deep rill and irrigated by flooding gave
seven living, and no scalding on the living plants.

3. Ten trees set without topping showed eight dead and none
affected by sunscald.

4. Five trees set in five-gallon oil cans from which the bottoms
had been removed gave four living and one dead. These trees were
of poor color and unhealthy in appearance.

A test to determine the temperature of the air just outside
and within the can was continued from 9 o'clock A.M. until 4 o'clock
P. M.,June 5. The temperatures for air outside and within the
enclosure for each hour were, respectively, 78°-9L5°; 79°-95°;
85°-98.5°; 86°-100.50, 83.5°-100.5°; 80.5°-102.5°; 79°-102°; 79°~
97.5°. The high temperatures due to lack of circulation of air with-
in the enclosure were no doubt responsible for the general unhealthy
condition of the trees. Sunscalding, however, did not show on a
single tree.

5. Ten trees were planted on the south side of the rills and the
ground sloped as described under 6. Three of the smaller trees
died, yet one showed a ring on June 28. One of the largest speci-
mens scalded before the end of the month, while six showed no
injury,

6. Ten trees selected for size and variation of specimens com-
parable with those included in experiment 5 were planted on the
north side of the rill and the ground sloped from the tree to the
water, forming an angle permitting reflection of light on the base
of the stem. Four of these trees died, but, as in experiment 5,
one had developed a sunscald ring. The six remaining specimens
were badly scalded just at or about an inch above the surface of
the ground.

7. Ten trees standing far enough from the rill to provide good
subirrigation but with a low ridge of dirt between them and the
water, showed two dead (one with sunscald), seven with various
stages of scald, which was not so well developed as in experiment 6;
there was also one large, strong growing specimen with no injury.

8. Ten trees with dry dirt ridged high upon the stem gave five
dead, but no scalding, and five badly burned just above or in the
sand.

9. Of tea trees planted deeply, nine died, seven of which showed
well developed cankers as rings, and one lived but was in bad con-
dition.

10. Of tea trees planted at ordinary depth and wrapped in news-
papers Up to the first Jrtetn, two were dead June 28 and had spots



552 TWENTY-SIXTH ANNUAL REPORT

just above the wrapping 6 to 7 Inches above the ground; the two
remaining heavy-stemmed ones showed no injury.

11. Ten specimens were set with tops slanting toward the north-
east in order to expose the stems to the sun as much as possible.
Four of these trees which had been severely scalded died before
June 28; the six living ones were even more severely burned. All
these were burned above the surface of the ground.

12. Ten trees planted with tops slanting toward the south-
west gave one dead, one large living specimen with no injury,
and eight smaller living ones that showed marked injury just below
the soil surface.

13. Ten trees shaded with boards and shingles gave four dead
with no injury; two living, no injury; four badly scalded just below
the surface of the soil.

Conclusions,—-1. Sunscald of newly planted olive trees will occur
under certain conditions.

2. Small weak growing trees usually die before sunscalding
takes place.

3. Large growing stems do not scald.
4. Shading injures the tree and does not prevent scald.
5. Flooding the field so that the plants are surrounded by water

insures scalding.
6. Water run close to trees on the south side of the row favors

scalding.
7. Hot soil around plants in the form of surface mulch, with

water applied through subirrigation favors scalding.
8. Medium sized specimens that give up their water slowly are

most susceptible to the injury.
9. Deep planting is injurious; shallow planting gives poor results.
10. Heading trees at the time of planting is advisable since

evaporation is greatly reduced.
11. Fall, winter, or very early spring planting is more desirable

than late spring planting.
12. Specimens of large diameter withstand more adverse condi-

tions.
13. Scalding takes place only during periods of intense heat.
14. Under average field conditions scalding is limited to an area

just above the ground line.
W. H, LAWRENCE,

Horticulturist.
S. B. JOHNSON,
Assistant Horticulturist*



ANIMAL HUSBANDRY

Work in the Department of Animal Husbandry has been divided
between that of the general department and investigation. During
the year classes have been taught in nine different subjects, and
members of the department have made special trips to different
districts to act as judges of livestock, to talk at farmers' meetings,
and to give personal advice. Correspondence has required consider-
able time, and many visitors have been given personal advice.
Much development has taken place which required considerable
attention.

The dairy herd.—The dairy herd at the University Farm consists
of 16 cows. These animals were used primarily for classroom work
and to produce milk for city delivery and for the University Dining
Hall. Several inferior cows and all grade calves have been sold. The
record of the 16 cows in the dairy herd for the yearly lactation
period was as follows:

Name of cow

Sheppardess ,
Nettie
Missouri
Blanco
Mollie
Pedro ,
Brindle
Lady Douglas . . .
Miss Tennessee, . .
Arizona Maid. .
Miss C o 1 u m bia

Girl
Childeberte . . . .
Betsey Bobbin.. .
I/inwood Maude.,
Ivy Rose
Anna

Average , * , .

Breed

Grade Holstein . .
Grade Holstein . .
Grade Holstein. .
Grade Holstein . .
Grade Holstein. .
Jersey
Grade Shorthorn
Ayrshire
Grade Jersey ....
Holstein.

Terse v.
Terse v
Ayrshire »
Ayrshire . . . . . . . .
Ayrshire
Holstein » .

Days
dry

before
calving

55
69
52
32
65
18
15

104
57
53

45
67
67

110
36
36

55

Days
in

milk

359
355
375
389
311
455
350
353
487
336

360
365
353
552
498
305

387.6

Yield in pounds

Milk

14,460.9
14,701.8
10,496.0
11,273.0
11,142.6
6,833 0
8,119 4
8,353 2

10,581 6
9,898 9

5,581 1
6,760 2
5,983 4
8,911.0
9,191.5
7,990.2

9,392 3

Butter fat

491 . 67
552 92
448.05
458.74
450.65
423.65
397.87
363.76
507.91
313.11

354,51
395.62
258.83
343.37
334 97
290 48

399 13

Aver-
age

% but-
ter fat

3.40
3.90
4.26
4.07
4.04
6.20
4.90
4.35
4.80
3.16

6,35
5.85
4.37
3,85
3 64
3 64

4,25



554 TWENTY-SIXTH ANNUAL REPORT

Beef cattle.—A herd of four registered cows and one steer was
purchased in January for instructional purposes. These animals
were selected from the San Rafael Ranch, which supports the largest
herd of registered cattle in the State. Although the animals selected
had been accustomed to a fenced range they took kindly to dry feed
lots conditions and a ration of alfalfa hay. Four calves were raised
and all are doing well at the University Farm.

Sheep.—A small flock of registered Shropshire and Tunis sheep
have been maintained at the University Farm for instructional pur-
poses. Most of the sheep are located at the Experiment Station
Farm, at Phoenix, where they are used in developing a special type
of sheep suitable for valley farms.

Hogs.—One registered Duroc Jersey sow was selected and
brought to the University Farm. It is hoped to develop a repre-
sentative herd of hogs from breeds best suited to Arizona conditions
and to use these for instructional and research purposes.

Poultry —An allotment has been made of five acres on the north-
east corner of the University grounds to be used for work with
poultry. Plans have been outlined for arranging the poultry plant
and developing poultry and ostriches for classroom and research
purposes.

Investigational work has been confined chiefly to sheep and
ostriches.

SHEEP-BREEDING INVESTIGATIONS

The project of producing a type of sheep adapted to the South-
west, which was begun in 1906, has been continued during the past
year. Since the beginning of the experiment, records of 1303 sheep
have been studied. The breeding flock for the past year consisted
of 153 ewes and 6 rams. In the spring of 1915, 140 percent of a
lamb crop were dropped, and 131 percent were raised. Fifteen
of this ypar's ram lambs, including three pure-bred Tunis and two
pure-bred Shropshires, have been retained for the purpose of getting
desirable breeders from them. Thirty-four of the more desirable
ewe lambs have also been retained.

The Tunis sheep continued to prove themselves vigorous breeders
and will produce early active Jambs with a marked ability to with-
stand heat. Their greatest fault is that the wool is very coarse, with
loose crimp and too much hair or "kemp," As it is the aim of the
investigation to produce a type of sheep peculiarly skirted to Arizona
conditions, this demands characteristics not found in any one breed.
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The following points are sought and the breeds named are used as
the chief source for obtaining desirable characteristics The breeds
militating against reaching the desired characteristics are given in
parentheses

1. Sheep that will breed at any time of the year or that will pro-
duce lambs in December or January—Tunis (Shropshire).

2. Strong constitution with ability to withstand heat and to
rustle for food—Tunis, Hampshire (Shropshire).

3. Herding qualities—Native or Delaines, Tunis (Hampshire,
Shropshire).

4. Good clip of wool—Native, Shropshire (Tunis, Hampshire).
5. Black faces—Hampshire, Shropshire, (Tunis, Native).
6. Large size and good mutton form—Hampshire (Native).
Breeds having no distinctive effect on each of the above points

have not been mentioned. Hampshire, Shropshire, Oxiord, and
Dorset breeds have been used to improve the mutton characteristics
of the lambs, and have proved valuable for this purpose in the order
named. Oxford and Dorset breeds have been eliminated because of
the high rate of mortality among the lambs. More recently it has
been decided to limit the Shropshire blood because of the smaller
size, inferior mutton form, and lower percent of black faces in
their lambs than in those of the Hampshire crosses. Unfortunately,
the Hampshire crosses are inferior in wool, having a short staple
and light fleeces. The weight and quality of wool of the Native
sheep, which are of Merino foundation, have not been much im-
proved by the above process. It is doubtful, however, if the heavy,
close fleeces of the Rambouillet or Delaine are suitable for valley
conditions, as these breeds cannot endure intense heat. Rambouil-
let bucks used at the Station Farm have not done well. It is there-
fore probable that the ideal valley sheep must have a more open
fleece, while the range sheep may have a denser and longer fleece,
due to their grazing in higher altitudes.

Of breeds used at the Station Farm, the Tunis and Hampshire
have brought about the greatest improvement. I/ambs showing a
high proportion of Tunis blood have been active, alert, and hardy,
but have given poor quality of wool and are of only fair mutton
conformation, The Tunis-Native cross has usually resulted in
tan-colored face and legs, although many mottled attd, white faces
are found. The quality of wool from this cross is usually of medium
Staple, good length, and density, but contains too much kemp.
The Hampshire blood has been excellent in improving the mutton
form, increasing the afee, and stamping black faces on their crosses.
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TABI,E n. COMPARISON 03? THK MORB FAVORABLE CROSSES

Cross

TN
2 2

H N
2 2

SN
2 2 *

H T N
2 4 4

STN
2 4 4

T H N
2 4 4

T SN
2 4 4

S H T N
2 4 8 8

H STN
2 4 S 8

H T SN
2 4 8 8

S THN
2 4 8 8

H THN
2 4 8 8

S H N
2 4" 4

T

S
Pure

Weight at birth

Ntunbei
weighed

237

47

87

19

213

40

63

20

SI

11

8

4

1

21

9

Aver-
age

7.68

8.59

7.57

8.79

7.63

6.95

7.21

8.06

7.83

7.65

7.2

6.0

9.0

6.9

7.19

Weight at 6 mo.

Number
weighed

179

22

55

16

154

32

40

12

20

7

5

2

11

6

Aver-
age

67.2

65.5

61,5

68.5

60.7

62.3

58.3

63.9

52.1

49.5

53.4

50.5

63.8

67.0

i
Weight at 1 year

Number
weighed

135

18

33

14

105

21

27

12

13

6

3

2

1

12

3

Aver-
age

81.8

79.1

71.0

92.36

70.25

73.24

68.93

78,75

82.0

75.83

93.0

84.0

86.0

76.83

67.6

Weight of wool

Number
fleeces

384

52

93

49

177

21

50

13

14

7

3

1

3

27

16

Average
weight

7.15

6,91

6.86

5.40

5.75

4.28

5.96

4.90

4.88

5.11

3.88

7.50

6.42

5.76

5.97

i Table II gives weights at different ages arid the average weight
of fleece for the most desirable crosses.

k The symbols used for the crosses are the same as those of pre-
vious years and are taken from the first letter of the breed repre-
sented, while the Natives are referred to as " N." The figures below
the letters refer to the amount of blood in each of the crosses.

It is noted that the Hatnpshire-Tunis-Native cross compares
favorably with any of the others except in weights of wool. The
other crosses that have produced the best type of sheep are the
f||f, the | fff , and the f |ff. While these crosses have not
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produced an unusually large sheep, they show a great superiority
over other types in mutton form, in freedom of kemp in the wool,
in uniformity of black faces, and a fleece of reasonable fineness and
density.

The problem in the future is to fix the type so that they will
breed true. This will be attempted by selecting ewes of desirable
type and breeding them to rains of similar cross and type. Not having
any mature rams of desirable type in the above crosses, two of this
year's ram lambs have been chosen and will be bred to a small
number of ewes. Twenty-nine ewes have been selected which will
be bred to the two rams. It is not expected that all of the first cross
wilJ breed true, and it will require years of careful breeding and
selecting before a suitable type has been fixed in any considerable
number of sheep. The other sheep retained in the flock are being
mated in the manner most likely to produce lambs of the desired
type, and all inferior sheep have been sold.

Early lambs vs. late lambs.—It has been observed for a number of
years that lambs born early in the winter seem to be more vigorous
.and make more rapid growth than those born in the spring months.
In order to make a study of the time lambs were born as affecting
their growth, they have been classified according to the month in
which they were born and tabulated for each year. Table III gives
the average weight of lambs at 6 months, the range in weight for
*each month, and the average weight for three years, classified
according to the month in which the lambs were born.

III. AVERAGE WEIGHTS OF LAMBS, AT SIX MONTHS, ACCORDING

TO MONTH BORN

Month ! Year 1912
!„ I - - .

which ' No
dropped lambs

Jan, . . 0
Feb..,1 18
Mar, . . 59
Apr... 15
May , . 3

!

Average
weight

69,11
03.64
58.62
52.83

Range
in wt.

55-80
45-87
41-70
40-61

Year 1913

No,
lambs

4
30
46
7
4

Average
weight

05,24
69,90
61.30
53.43
44.13

Range
in wt.

56-82
50-92
44-83
40-77
31-65

Year 1914

No.
lambs

0
25
43
45
9

Average
weight

55.70
52 33
47,04
47,44

Range
in wt.

39-85
35-72
31-78
37-56

Average for
3 years

No.
lambs

4
73

148
67
16

Ax erag6

weight

65.25
64.84
59.30
51.81
47.63

The above table Indicates that lambs born early in the year
usually reach a greater weight at 6 months than those dropped
later. The column giving the average weight shows lambs born in
January of the three years to weigh more than those ot any other
tnonth; February lambs more than March; March lambs more than
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April, and April lambs more than May There 19 a difference of
17.21 pounds between the average weight of May lambs and those
born m February

In making a study of the lambs dropped each month as com-
pared with those dropped during different months, there is a gen-
eral tendency for the earliest lambs to reach a larger average weight
due to the fact that there are few or no small lambs. Thus the
smallest lamb that was born in January, 1913, weighing 56 pounds,
is 6 pounds heavier than the smallest one in February, 12 pounds
heavier than March, 16 pounds heavier than April, and 25 pounds
heavier than the lightest one born in May. A similar condition,
existed m 1912, while m 1914 it happened that a large percentage
of the lambs born m May was from registered stock and received
special attention The largest lamb dropped m 1912 was born m
March, but m 1913 and 1914, in February Almost invariably it
is found that the large average weight of lambs born during the
early part of the year is due to there being no small ones, and this
increases the average On the other hand, there are no large
lambs when the 6 months* weights are taken from those dropped,
during April and May

WOOL STUDY

During the past year considerable study has been given to the
quality of wool found in the various crosses There is a great
difference in the fineness and denseness of the wool fibers in the
various crosses, and certain crosses have been more efficient in
eliminating the characteristic Tunis hair or kenip from the wool,
While the Tunis bieed has produced a type of sheep which is heat-
resistant and vigorous, it has, as a rule, given them a coarse, open
fleece which contains a great deal of kemp The Hampshire and
Shropshire blood have aided materially in improving these faults,,
the former being of the greatest service

To arrive at an estimate of the character of the wool, the sheep
present on the farm during 1914-15 were scored by members of the
department and the results herewith tabulated
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TABLE IV < SCORING OF WOOL FOR FINENESS, DENSENESS, AND

PRESENCE OF HAIR

Cross

TN
2 2

H N
44 2

SN
2 2

H T N
2 4 4

S T N
2 4 4

T H N
2 4 4

T SN
2 i 4

S H T N
2 4 S 8

H S TN
2 4 8 8 "

H T SN
2 4 8 8

T
1

S
1

Kemp
in wool

2 78

36

1 00

1 00

1 64

2 67

2 27

1 00

1 00

1 16

3 25

50

Fine-
ness

2 35

4 00

3 75

3 50

2 46

2 00

1 67

3 25

4 00

3 50

1 16

3 00

Dense-
ness

2 61

4 00

3 75

3 6$

2 6$

2 40

1 83

3 50

4 00

3 50

2 00

3 00

Scoring was done on the basis of 0 to 5. In the column headed
"kemp in wool," 0 would mean no kemp or hair in the wool, 5 would
mean an excess of it, while 2 or 3 would mean a moderate amount.
In scoring for fineness, 5 would indicate very fine wool, while 1 or 0
would mean that it is very coarse. In scoring for denseness, 5
would mean a very dense or closely fibered fleece, while 0 would
mean an extremely open or thinly wool fleece.

It will be noticed that the pure-bred Tunis sheep has the
largest amount of kemp, the coarsest fiber, and are next to the -^-^
cross in openness of fleece. In the f f and f f crosses, where no-
Tunis blood is found, we find a fleece that is both fine and dense
and remarkably free from kemp, while in the crosses having a large
proportion of Tunis blood the quality of the wool decreases. Where
both the Hampshire and Shropshire blood are used, the quality of
the wool is excellent. The ^-Jf cross gives the best score where as
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much as one-fourth Tunis blood is used. This, as well as other parts
of the table, indicates that the Hampshire is better than Shropshire
in producing a fine and dense fleece which is free from kemp.

It is also noted that there is a close correlation between the fine-
ness and denseness of wool In every case where a fleece is reason-
ably fine it is also fairly dense. Further studies will be made in
this regard and an attempt will be made to determine the coefficients
of correlation between the fineness and denseness of wool

OSTRICH INVESTIGATIONS

During the year 14 ostriches have been added to the equipment
of the department, which are to be used m making a special study
from an economic and scientific standpoint. Already several
slaughter tests have been made and record taken of the weights and
measurements of various parts of the birds They are being fed
according to most approved methods and weights of the different
foods are being taken Table V is a statement of the birds selecfed.

TABLE V. BIRDS SELECTED

Hen No

1410
2071
No No .
2105
2170
2305
2180
2292

Age

5 years
4 years
20 yrs (?)
4 \ears
4 >ears
5 years

Breed

South African
South African
Nubian
South African
Nubian
Crossbred

4 years Crossbred
3 years Crossbred

Male No

2034 .
2160
435 .

2075
2165

Age

4 years .
4 years
8 years
4 vears

Breed

South African
South African
South Afncan
Nubian

4 years . Crossbred

It will be noted that this table gives us two distinct breeds and
various combinations of them. These are pure-bred South African
birds and pure-bred Nubians. Their age ranges from about 3 to 20
years Two of the females were only three years old, while five
were four years old and one, five years old, The list includes one hen
that was known to be pure Nubian and another that was probably
of the same breeding, three cross-bred Nubians and South African
females, and four full blooded South African hens.

As it is difficult to determine the quality of feathers in young birds
before their sex characteristics become prominent, it was found
necessary to make a special study of the eggs, incubation, brooding,
rearing the chicks, and the general care and management of tfa$
older birds, together with a study of the feathers. Table VI gives
a record of the eggs laid by the different hens*



ARIZONA AGRICULTURAL, EXPERIMENT STATION

TABLE VI AVERAGE EGG RECORD OF HENS

561

Hen No

1410 .
No No
2305
2071
2105
2136
2180.
2170.

Eggs laid

28
12
21
11
34
7

41
41

2292 5

Average
for flock 22 22

Days
between

eggs

3 14
7 43
4 61
9 25
3 68
7 14
3 10
3 49
5 40

Fresh
weight
grams

1,279 6
1,473 0
1,485 7
1,489 3
1,496 5
1,510 7
1,612 7
1,704 9
1,761 6

1,536 91

Inches

Length

5 629
5 984
b 170
6 261
6 268
6 024
6 116
6 552
6 337

6 178

Width

4 808
4 979
4 938
4 909
4 938
5 024
5 159
5 171
5 300

5 026

Inches and sixteenths

Length

5-10 07
5-15 75
b- 271

Width

4-12 93
4-15 67
4-150

6- 4 18 4-14 55
6- 429 4-150
6- 43 5- 43
6- 1 85 , 5 - 2 5
6- 880
6- 540

6- 3

5 - 2 7
5 - 4 8

5- 0

It has been noted that there is a distinct difference in the general
gppearance of eggs laid by hens of different breeds. Observations at

the University during the past year indicate that there is no appre-
ciable difference in the number "of eggs laid by the South African
and Nubian hens, the average number of eggs laid by the South
African hens was 20, the Nubian hens 26 5, and the cross-breds
23.33 It was noted, however, that more variation was found be-
tween hens of the same breed than the average of different breeds.
It is just possible that the South African hens laid smaller eggs than
those of the Nubian breed, but it was found that in our special
flock the cross-bred hens laid the largest eggs, averaging 1616.36
grams. The variation, however, between the average weight of
eggs laid by the different hens was great. Thus it is noted that the
South African hens laid eggs that weighed from 1279.6 grams to
5110.7 grams, and eggs from the four hens of this breed averaged
1444,03 grams. The cross-bred hens laid eggs that averaged 172.6
grams heavier than the South African and 27,7 grams heavier than
the Nubian hens. Similar conclusions may be made with regard to
the effect of breed upon the width and length of the eggs. The
South African hens laid eggs that were rather short in length and
round in appearance, while the crossbred and Nubian hens laid
eggs that were larger, of about the same diameter, but greater in
length. There seems to be a striking correlation throughout between
the weight, length, and width of eggs, and breed characteristics
seem to be significant, although not definitely proved.
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It has been shown that ostriches are similar to poultry in that
hens beginning to lay early in the season are usually the best layers.
The four hens that began to lay in January averaged 36 eggs during
the season. This was 72 percent of the eggs laid during the year
and only 28 percent from the other five. A hen beginning to lay
late in the season is branded an inferior layer. The average num-
ber of eggs laid by hens beginning to lay in February was 21, in
March, 11, and in April, 8.

During the laying season no facilities were at hand for hatching
eggs. I^ater an incubator was purchased and a small number of
chicks hatched. As these young ostriches have been maintained
without green feed and in very cramped, inferior quarters, it has
been difficult to care for them properly,

R. H. WIWJAMS,
Animal Husbandman.

W. S. CUNNINGHAM,
Assistant Animal Husbandman.



ENTOMOLOGY

Work with the harvester ant (Pogonomyrmex barbata var.) was
•continued during the season of 1915 with the view to following the
experiment in the 10-acre field, mentioned in the last report, to the
point of complete eradication of the pests. The owner failed to
use the field for cither pasturing or for cropping during 1915 and
consequently a rank growth of weeds and alfalfa made it almost
impossible to locate the weakened ant colonies.

Where 28^2 pounds of London purple were required in 1914
only 2*4 pounds could be used to advantage in 1915 in the work of
cleaning up the remnants of the old nests. There were too few ants
to accomplish any damage but much more labor and poison were
required in proportion to the number of pests present. While
allowance must be made for the fact that the unusual condition of
the field interfered with the work considerably, it is evident from
the experiment that it will ordinarily be a difficult matter to com-
pletely eradicate the ants in a badly infested field, since it is doubtful
if the average farmer will follow the matter up with the regularity
and persistence with which it is followed in experimental work. As
a measure of control instead of complete eradication the experiment
shows that when once brought under complete control the ants can
be held down to a point where they do no damage, at a total cost
each year of less than 40 cents an acre. The original cost for con-
trolling the ants in the badly infested field, as given in the last
report, was $1.19 per acre. The average annual cost of the two
years control is 78 cents an acre.

The season of 1915 was not favorable for the work with the
"Green June Beetle'* (Allorhina mwtabiKs). The adults of these
Insects ordinarily appear in large numbers immediately following
the first rain after the middle of July. This year, in the vicinity
of Phoenix, there was no rainfall affecting the insects until the 27th
of July, when 0.54 inch of rain wa$ recorded. The total for the
month was only 20 percent short of normal. For some reason the
beetles were only slightly affected even by the rainfall of the 27th of
July and began to appear gradually, rather than in their usual
numbers. The rainfall during August was only 10 percent of
normal and the insects continued to appear in small numbers.

these WSM$&W& conditions it was impossible to make a thor-
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oughly satisfactory test of the usefulness of a collecting device
which was first constructed and tried out the previous year. The col-
lection of the adults while they are feeding in clusters on the f^uit
of the fig, peach, or other tree, by means of the device mentioned,
appears to be the best means yet discovered for the protection of
the fruit Mr. George Acuff, who has done the field work, found
that it was desirable to keep the ripe fruit picked closely, with the
exception of a few left on each tree in places where the collector
can be used to advantage This causes the insects to gather in
masses on the exposed fruits, where they are readily collected

With limited facilities for conducting the work an attempt was
made to arrange for an experiment in the control of the alfalfa-seed
chalcis fly (Bruckophagus junebris) in the Buckeye Valley. A
cooperative arrangement was made with one of the growers for
testing the border trap method of control mentioned in the report
for the fiscal year ending June 30, 1913. It had been planned by
the grower to cut the first spring crop of alfalfa in a 40-acre field
for hay and to make seed from the second crop. The experimental
plan agreed upon consisted in leaving uncut a border all around
the field and a strip through the middle about a rod in width, when
the remainder of the field was cut. This would result in the border
and central strip of the field being a little more advanced in setting
seed than the rest and it would presumably serve as a trap crop.
Through a misunderstanding for which the writer was not re-
sponsible, the workmen left uncut only the border along the "west
margin of the field Under the circumstaces no very striking
results could be expected and only tentative conclusions can be
drawn.

Acting under instructions from the writer, Mr. E. J. Brunea-
kant, employed as special field inspector for the Arizona Commission
of Agriculture and Horticulture, made a series of examinations in
the experimental field to determine the results. The west border,
designated X, was cut and the hay removed on June 20, at which
time 40 percent of the seed was found to be infested. The balance
of the field for purposes of the investigation was divided into three
equal parts, running parallel to the west border, and designated
A, B, and C—the first adjoining X, the second in the middle, and
the third being on the east side or farthest from X. On July 1
sections A, B, and C were in about the same condition of maturity
as X was at the time when it was cut, ten days earlier. Their infes-
tations at that time were found to be 29, 31, and 36 percent, re-
spectively. Two weeks later, when these three sections were con*
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siderably more advanced than was the section X on June 20, the
percentages of infestation of A, B, and C were found to be 42,
46, and 51, respectively. Even under the unfavorable conditions
the trap border experiment appears therefore to have showd defi-
nite results. Several other cooperative experiments were more or
less completely arranged between the writer and seed growers in
the Buckeye Valley, but for various reasons the plans were not
carried out. The work has not been carried far enough to warrant
advising the use of the system except on a purely experimental
basis. There seems good reason for continuing this line of experi-
ments, however, with hope that when perfected the trap border
system will greatly reduce the losses from the chalcis fly at small
and reasonable expense.

A. W. MORRILL,
(Consulting) Entomologist*



CHEMISTRY

The chemists have been engaged during the past year in several
lines of activity. The usual amount of analytical work in coopera-
tion with other departments has been done. The farmers of the
State have been served directly by analyses of irrigating waters and
of alkaline soils and by an extensive correspondence in reply to
inquiries regarding soils, waters, fertilizers, and dates. A large
number of requests for miscellaneous information, often requiring
the chemical examination of various materials, has also been han-
dled by the department. Some progress in the study of analytical
methods of alkali analysis, long deferred because of routine work,
has been made. The investigations of the toxicity of copper com-
pounds by Director Forbes has required much analytical work. A
number of samples of wheat, barley, corn, and oats, grown on test
plots and taken from fields supposed to be suffering from copper
poisoning, and several samples of soil have been analyzed for
copper. Complete chemical analyses of the soils of the several
experimental dry farms, conducted by the Station, have been made.
The investigations of these farms have also necessitated several
hundred moisture determinations to be made by the chemists. The
data on bat guano, which has been collecting in the department for
a number of years, has been compiled and published as Timely
Hint for Farmers, No. 109, Bat Guano.

Cooperative work with the U. S. Geological Survey on the
underground water supply in several Arizona valleys has been
continued and several series of waters analyzed. The annual
analyses of the Salton Sea water in cooperation with the Desert
Botanical Laboratory of the Carnegie Institute has been made in
part. Owing to the urgency of other analytical work only a portion
of this analysis was made at the usual time, such determinations
as would not be vitiated by standing having been deferred* Special
features of general interest relative to this water, such as the dis-
appearance of calcium and potassium as the water evaporated, were
presented by the chemist before the Geological Section of the
American Association for the Advancement of Science at the annual
meeting in Berkeley, CaL, August, 1915. The determinations of
the alkali metals this year in the Saltoti Sea water indicate tihat,
following the cessation of travertte deposition^ potasitan
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ceased to disappear and is concentrating at the same rate, or even
somewhat faster, than the other constituents. Since the determi-
nation of relatively few substances in the water has been completed,
the usual table tracing the annual changes in concentration of the
various constituents in the Salton Sea water win not be included in
this report.

Data concerning the resistance of crops to alkali in the field
is being collected. In this connection an alkali survey of a field of
feterita at the University Farm has been made. The field has
been accurately mapped, showing the relative stand of feterita on
all parts of the field, and a number of soil samples have been ana-
lyzed for total and black alkali. The effect on the crop appears to
be due in part to factors other than black alkali.

One of the most interesting series of analyses made by the
chemists was five samples of caliche, which gave the following
results:

COMPOSITION OF CAI4CHE

Laboratory number

Moisture , ,
Loss on ignition
Acid insoluble
J£2O.
NasO
CaO
MgO...... ,.
FegOg
AfeOg
Po0*
SOa

Total
C02 determined gravimetiically

6123

0.410
39.970
5.918
0,170
0.281

51.515
0 847
0 506
0.424
0,185
0.242

100,469
39.37

6124

0.855
28.860
29.788
0.154
0.337

36 235
1.358
1.012
1.138
0.130
0.123

99.98
27.94

!
6125

0.662
33.120
20.628
0.158
0.263

42.085
0.857
1.550
1.125
0.095
0.060

100.603
32.165

6126

0.947
26.350
34.657
0 265
0,273

31.535
1.873
0.934
1.029
0.092
0.062

98.017
24.98

6127

0 667
29.480
27.689
0 140
0.299

37.650
1.044
1.601
0.974
0.151
0.086

99.781
29.11

Description of caliche samples: No. 6123, typical caliche from
old cross-cut on Tempe road, 18 inches below surface; 6124, com-
posite sample of softer caliche; 6125, hard surface crust 18 inches
below surface Sulphur Spring Valley Dry Farm; 6126, unsolidified
caKche 18 to 50 inches deep; 6127, solid surface crust of caliche from
University grounds.

The analyses show caliche to be well supplied with potassium
and phosphorus, especially when we consider the ration of these

food dements to the inert acid insoluble matter and to the
eii4 ahintfumn^ With weathering and leaching out of
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it is probable these caliches would yield unusually rich residual
soils. The point of interest, however, is the similarity of the potas-
sium-sodium ratio to that found in limestone, which averages about
one of potassium to two or two and one-Ira 1f of sodium. A similar
ratio has been found in some calcareous tufas.

The effect of the long continued use of irrigating water of known
composition on vegetation merits careful study as a means of
judging the quality of irrigating water While such factors as drain-
age conditions, the original alkali content, depth, and texture of
the soil on which the water is used modify the result, we are obliged,
by the difficulty of obtaining and correlating complete information,
to judge a water largely by its chemical composition. An interesting
case that has come to our attention is that of a well at Wellton,
Ariz., which in September, 1915, had the following composition

Total solids 137 4 parts per 100,000
Chlorides as sodium chloride . . . . 87 3 parts per 100,000
Permanent hardness as calcium sulphate . ... 19.9 parts per 100,000
Temporary hardness as calcium carbonate 35 6 parts per 100,000
Sodium carbonate (black alkali)... None

This water carries considerable common salt, amounting to
more than one ton to each acre-foot, but in spite of that fact it has
been used for more than twenty years and is still being used suc-
cessfully for trees and a house garden.

The available but scattered report of the investigational work
by this department on dates has been compiled in a single paper.
While no chemical investigations with the date have been made
during the year, close cooperation m the work at the Tempe Date
Orchard has been maintained and plans for the improvement of
the processing and packing plant are being drawn The methods
of ripening, pasteurizing, and packing, devised in former years, are
giving continued success when applied commercially. While the
past year has been unusually successful from the commercial stand-
point, the almost ideal climatic conditions have afforded little
opportunity of studying the harvesting of the date under adverse
conditions such as usually obtain at harvest time. Had weather
conditions been less favorable the present equipment would have
been taxed severely in handling the large crop and probably part
would have been lost, but the general methods used would un-
doubtedly have proved sufficient if more facilities were available.
The campaign of education, first, on the advantages and profits of
date culture in Arizona, and, second, in familiarizing the American
people with fresh dates, should be carried on even more
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than in the past. An industry that promises to be on* of the greatest
in the future agricultural development of the State is ready to be
turned over to the people with the details fairly well worked out
and good markets already established. Practically all cases of
dissatisfaction with the product of the orchard this year were attrib-
utable to lack of information on the part of the consumer concerning
the nature and use of fresh dates. They are still confused by the
public with dried and confection dates. Properly handled and
consumed in a reasonable length of time—a condition that ts granted
without question or complaint for every other fresh fruit—fresh
dates can be marketed anywhere in the United States.

In addition to work in the Experiment Station the chemist has
been engaged actively in teaching and administrative work in the
College of Agriculture. Courses in agricultural chemistry, more
specifically designated as soil physics and soil fertility, including
fertilizers, have been given. The requirements of the individual
students in the agricultural courses have been carefully studied and
advisory relations maintained with each student. The laboratory
-work in soils has been given in part by the assistant chemist.

A. E. VINSON,
Biochemist.

C. N. CATLIN,
Chemist.



IRRIGATION INVESTIGATIONS

CASA GRANDE

P tiring the past year ground water conditions in the Casa Grande
Valley have been studied and the usual foundation work of such
investigations has now been accomplished. The water table from
Sasco to the Maricopa Indian Reservation, extending laterally to
Florence, has been mapped, together with the surface contours and
the location of wells. Logs of weFs have been collected and the
yields have been obtained wherever practicable. The fluctuations-
of the water table are being observed in their relation to possible
sources of water supply. Surface floods have been studied, the
overflowed areas mapped, and some attempts at discharge and seep-
age loss measurements have been made, although such measurements
are very difficult in the Casa Grande Valley, partly because of the
delta-like character of the topography and partly because of the
erratic and short-lived character of the floods.

During the winter of 1914-15 two great floods occurred, one in
December and one in February. These floods were of considerable
benefit to certain overflow areas and penetrated the ground so
thoroughly that good crops of winter grain were matured without
irrigation. This has stimulated the building of ditches and dikes
by many farmers in the endeavor to utilize floodwaters in the
future. The same floods did much damage in other places in silting
over crops and in eroding deep channels through the land. It is of
timely importance to the valley that definite courses should be laid
out and agreed upon for the various branches of the Santa Cruz
River and that all dikes be built with reference to restricting the
flood flows to these courses. A representative of this department
has surveyed the valley in the vicinity of Sasco, and definite recom-
mendations have been made for the flood protection of that area,

Cooperating with the hydrogtaphic branch of the If. S* Geological
Survey, a gaging station was selected on Queen Creek in Pebimry,
The Geological Survey has agreed to maintain the station,
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discharge records of Queen Creek are needed in connection with
the studies of ground water supply in the Higley district, an area
that occupies the delta fan of Queen Creek, only a few miles north
of the Casa Grande Valley.

THE UTILIZATION OP GROUNDWATERS BY PUMPING FOR IRRIGATION

A technical paper under the above title was presented by the
Irrigation Engineer at the International Engineering Congress at
San Francisco.* In conformity with the other papers of the Con-
gress, it is a retrospect of the progress of the last ten years and
a discussion of the present status of pump irrigation The paper
treats in general terms of groundwater supplies, their occurrences,
recharge, and safe yield; of the methods of developing groundwater
supplies, particularly the modern hydraulic rotary process; of the
various types of pumps which are used in irrigation; of the recently
developed oil engines, of the economics of pump irrigation; and of
the outlook for future growth.

THE ECONOMICS OF PUMP IRRIGATION

A study of the economics of pump irrigation was made by this
station in 1908. The conclusion was reached that too many pump-
ing plants represent an investment out of proportion to the area
irrigated under them and that the plants stand idle too much of
the time. It is not practicable to reduce the cost of the plants. The
only solution *s an mcrease in the acreage. And, since the acreage
possible for each irrigator is limited by the relatively high cost
and relatively extensive operations per acre under irrigation farm-
ing, it becomes necessary for several farmers to cooperate in one
pumping plant. There is no greater fallacy in the province of agri-
culture than the common belief that each farmer must have his own
pumping plant, and this Station has endeavored for seven years to
combat the fallacy by showing the importance of the fixed charges,
the great saving to be effected by running a plant continuously, and
the practicability of cooperative pumping. The influence of acreage
upon the fixed charges is shown in Fig. 7. The oil engine plant for
which the lowest curve is drawn is a representative farmer's pumping
plant. It is to be noted that the cost of the water per year per acre
is $12,50 if only 40 acres are irrigated, and is reduced to $7.50 per
acre if the plant serves 120 acres.

*1 ransuctitSus Inlejauationul Engineering Congress of 1915, Vol II, p 1037.
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Fig 7 The influence of acreage upon the cost of pumping Pumping plants should be used
continuously through the irrigating season A 5-mch centrifugal pump should supply water for
at least 80 acres Oil-engine power is cheaper than electric power at current prices

In 1908 this Station recommended the organization of entire
pumping districts into single associations and the building o^ central
power plants from which power could be transmitted to electrically-
driven pumping plants distributed strategically throughout the
districts. The cost of gasoline for engine use was high, and it was
seen that the gasoline-engine plants then in favor must be limited
more and more by the increasing demand and price of gasoline*
The development since 1912 of oil engines suitable for farmers* use
has modified the conditions greatly, so that now it is only in excep-
tional eases that electric power can compete with engines-driven
plants using tops or special gas oil.
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Even in the case of oil-engine plants there is a possibility of con-
centrating in too large units. The limiting factor is the yield of the
wells. A strong effort has been made recently to organize the Higley
district into areas of 1280 acres each, with a single pumping plant
for each area. Such a plan requires an engine of 140 horsepower
and presupposes tha 4000 acre-feet of water per year can be
pumped from a single locality.

The size of plant is limited by the character of the valley fill.
Indeed, in many portions of the State, it is not possible to develop
wells of over a thousand gallons per minute capacity. In general,
the most advisable practice consists in wells of 600 to 2000 gallons
•capacity, pumps of the sizes from 4-inch to 8-inch, 4-cycle oil
engines of from 12 to 60 horsepower, and enough farmers cooper-
atfng — two> three, or four — to fully utilize the plant 140 hours each
week through the good growing months from April to August.

IRRIGATION LABORATORY

For use in connection with the irrigation laboratory in the new
Agricultural Building, a well has been put down just outside the
foundation walls. Since the well is of a model design an extended
description may be justified. A sectional view is shown in Fig. 8.
A pit 6 feet in diameter was first dug to the water level at 82 feet
depth. Then a concrete curb or lining was built in sections, begin-
ning at the bottom. Next, a contract for drilling, with carefully-
drawn provisions for development after perforation, was let, and
-a 16-inch double No. 12 casing was driven from the bottom of the
pit to a depth ol 282 feet. This casing was perforated throughout
its depth with a Mackey four- way perforator, and the well was then
developed with a plunger until no more sand could be coaxed in. The
quantity of sand removed after perforating the well was greater
than the interior volume of the well. Finally, a Layne & Bowler
pitless centrifugal pump was installed and the well was tested.
The y;eld was found to be 705 gallons a minute with 10.6 feet
-drawdown, a much better yield than that of any other well drilled
in the Pleistocene formation near Tucson

The old University well has been overtaxed for several years to
obtain a supply sufficient for the needs of the institution. Since
no feasible method of improving the old well has been found, it was
^decided to utilize the new well to obtain an auxiliary supply for
the University water system. A high-speed direct-connected cen-
trifugal pump and motor have been purchased and installed in a

ptuBp itK>m at tfce bottom of the well pit. The 5-inch
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suction pipe is placed close to one side of the 16-inch well casing,
leaving ample room to install vertical pumps for testing purposes.
The suction pipe can be removed easily to permit of the setting of
large pitless turbine or pit centrifugal pumps.

PUMPS

Pitless vertical pumps with large bowls were first introduced in
Arizona and California in 1909. They have come into use very
rapidly and at the present time fully 50 percent of the water
pumped for irrigation in southern Arizona passes through pitless
pumps. Foi several years the pumps of this type were brought into
Arizona from Texas and in efficiency they did not measure up to
that of the better class of pit pumps with which they came in com-
petition. Since 1912 the pitless pumps have been manufactured in
California, and while the first ones showed no improvement, the
California pumps made during the past year have been built on
scientific designs, are of excellent efficiency, and comparatively free
from mechanical troubles. They are believed to be quite superior
to the Texas pumps. The pitless turbine pumps are much more
expensive than ptt pumps, however, and for that reason it is doubt-
ful whether they are justifiable on lifts less than 60 or 70 feet.

PUMP TJEJSTS

A 15-inch, type CLC, 5-stage, 110-foot Layne & Bowler pump
was set in the Agriculture Building well with the bottom of the
bowls 28.5 feet below normal water level. Thirty feet of 6-inch
suction pipe were attached below the pump bowls, while above were
105 feet of 7 f -inch column pipe and the pump head, the discharge
outlet being 86.3 feet above normal water level.

The pump was connected to a 30-horsepower motor by a quarter-
turn belt. Three pulleys were used on the motor, giving pump speeds
of about 1210, 1025, and 908 R. P. M. A watt-hour meter was
used to measure the input to the motor, and the motor was tested
with a Prony brake to determine its efficiencies at various loads. It
was assumed that the belt loss was 8 percent.

A chalked steel tape and an electric tester were used to deter-
mine the drawdown. The head was varied by means of a gate valve
on the discharge pipe, and a pressure gage was installed just below
the gate valve. The sum of the pressure-gage reading and the static
head up to the pressure gage was taken as the total head. The
discharge was measured over an 18-inch Cippoletti weir. Following-
are some of the results obtained*
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Pump speed,
R P M.

903
1,031
1,030
1,019
1,242
1,225

Total head
Ft

91 1
136 2
127.7
108 6
97 1

154 9

Discharge
gal p ram

301
250
338
417
717
535

Efficiency,
Percent

64 2
60 6
75 4
71 0
55 2
66 8

The tests show that a very high efficiency can be obtained with
this type of pump if the pump is working under its best conditions
of head and discharge, but that at other heads or other discharges
the efficiency may be low. This emphasizes the importance of know-
ing the operating conditions in advance and of buying a pump
especially designed for those conditions.

A direct-connected 10-inch H'11-Tripp horizontal centrifugal
pump and Westinghouse 35-horsepower motor on the H, C. Kinnison
ranch were tested at the owner's request. The watt-hour meter and
pressure and vacuum gages were calibrated for this test and every
precaution was taken to secure accuracy. The data secured and
the results are here given.

Duration of test 4 hrs. 5 min.
Average discharge 4.10 sec.-ft.
Static lift 34 95 feet
Losses m piping 3,51 feet
Hydraulic lift 38.46 feet.
Total electric consumption , 101.3 kilowatt-hours
Efficiency of complete plant (pump, motor, and piping). . 49.0 percent
Efficiency of pump and motor , 53.9 percent

The irrigation department has been active the past year in
exposing the extravagant claims of two pump manufacturers* Sev-
eral other manufacturers have made changes in their catalogs at
the request of the department. The object, of course. Is the pro-
tection of purchasers against imposition.

oil/ ENGINES

Bulletin 74, on Oil Engines for Pump Irrigation and The Cost of
Pumping, was published in February, 1915, The results of the
investigations of oil engines reached the public much earlier, how-
«ever, having been stated in press notices, at farmers* meetings, aad
in previous annual reports.
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RURAL HIGHWAYS

The interest of this department in the construction and main-
tenance of country roads has continued and consultation was given
to the supervisors of one county regarding proposed work.

THE) PROPOSED STATE WATER LAW

Beginning with Wyoming in 1891, most of the Western states
have adopted adequate and effective water laws. Arizona is one of
the few states in which there is no efficient system ot adjudicating
water rights or of administering streams. With the assistance ot
other irrigation engineers of the State, the text for a comprehensive
water law was prepared and submitted to the Second Arizona
Legislature.

WATER ECONOMY CHART

A set of irrigation rules, designed to encourage greater economy
and higher duty in the use of water, has been prepared and published
in several forms. This effort is in line with those ol Utah and Mon-
tana, but the new chart is written with special reference to the
climatic and agricultural conditions of Arizona.

G. B. P. SMITH,
Irrigation Engineer.

A. If. ENGER,
Assistant Engineer,



EDUCATIONAL

AGRICULTURAL COURSES OF INSTRUCTION

Courses in agronomy, horticulture, and animal husbandry have
been offered in the College of Agriculture, as catalogued in 1914^15,
without material change. Classes in new courses allied to agricul-
ture, such as range studies and plant pathology, have served to
strengthen the agricultural work. Noteworthy changes have been
made in the four years' course. This has been reduced from 134 to
124 units to make it uniform in requirement with the general science
and arts courses. The reduction in number of credits necessary for
graduation is being compensated for by a uniform requirement of
three hours' work during one semester for one unit of credit. This
reduction has been made, for the present, entirely in the free elective
allowance. Sixteen units in one, modern language have also been
required of students entering the course without high-school credit
in foreign languages.

The agricultural students are taking their free electives to a
considerable extent in such general culture subjects as English,
Education, Law, and Social Science. This desirable condition is
made possible by the consolidation of the College of Agriculture
with the general University organization.

Several years ago the classes in agriculture were attended
largely by students enrolled in other courses, but electing agricultu-
ral classes to meet their requirements in science* At the present
time this type of student has nearly disappeared from these classes.
This is due almost entirely to changes in the requirements for gradu-
ation in general science and arts courses, in which agriculture,
together with a*l other applied sciences, can now be used only as free
electives and not, as was formerly permitted, to satisfy requirements
in pure science.

The attendance in the College of Agriculture showed an enroll-
ment of students at the close of registration for the semester^
which is an increase of about 46 percent as compared with a cor-
responding date last year. In June, 1915, one student was gradu-
ated in agriculture. The present senior clas3 has tea agricultural
members, of whom probably seven or eight will be graduated IB
1916. Two students are doing post-graduate work In
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Twelve classes in agricultural subjects are being taught, but several
classes in the University not classified as belonging to the College
of Agriculture are offered for and made up almost entirely of agri-
cultural students. In addition to the catalogued courses, special
instruction and thesis work is being given to advanced students in
several departmens.

SUMMARY OF ATTENDANCE UPON AGRICULTURAL COURSES

Students in two and four year course, . ,
Graduate students
Other students electing agricultural courses . .

Total students taking agricultural instruction
Number of classes in agricultural subjects

1914-1915

41

7*

48
22

1915-1916
first sem-
ester only

52
I

3*

56
13

* Including one student m science majoimg in agriculture

FARMERS' SHORT COURSE

Registration:
General agriculture . . „ •
TTnftw economio.s. , . , , , , , , „ . , . . . . , „ , , , , , . - „ , , . . . . I . , , , , , . , , , . . .

total
Number of lecturers;

College .
Outside ... . .

1915

94
49

143

18
7

The Agricultural Club, a student organization open to all
students attending two or more agricultural classes or enrolled in
the College of Agriculture, has done much during the year to pro-
mote social life among its members and the student body. The
regular meetings are devoted to debating, agricultural questions,
and other literary exercises. During the Farmers' Short Course
this club takes complete charge of the entertainment of the visiting
farmers,

FARMERS* SHORT COURSE

The third annual Farmers* Short Course brought together for two
weeks in January, 1915, from all parts of the State, 127 farmers, for
whom a program of lectures, demonstrations, and entertainments

in domestic economy was provided for
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which a class of 35 women was registered. Details relating t<f this
line of activities may be found in the Extension Service report "for
this year.

ADDITIONS TO EQUIPMENT

Facilities for instructions have been materially increased by the
installation of a poultry plant at the east end of the University
campus. In addition to pens for the ostriches, which are kept here
for research purposes, a plan for thirteen poultry yards was staked
out, partly fenced, and the first eight of the poultry houses were
constructed. A small storehouse, with an office room, was built
and preparations made for more satisfactory instruction in poultry
than was before possible.

The new Agriculture Building, with its ample and flexible plan,
with its laboratories, classrooms, offices, and auditorium, and with
an equipment which will gradually fill the building for years to
come, will be a center of agricultural interest and influence for the
arid subtropical region in the midst of which it stands.

R. H. FORBES.
A. £. VINSON.
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