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Twenty Seventh Annual
Report

ADMINISTRATION

By reason not only of abundant crops, but of high prices for agri-
cultural products, and, also, of markets that for the most part readily
absorbed the output of grazing ranges and cultivated farms, the agricul-
tural year in Arizona has been one of unprecedented prosperity. This
has been true not only of grazing ranges from which have been mar-
keted a surplus of mutton, wool, and beef, and of irrigated farms whose
varied products are gradually establishing themselves in sufficient
quantity and of such quality as to win recognition in distant mar-
kets, but also to an increasing extent is it true that the hitherto little
known dry-farming regions of the State are gradually becoming se-
curely established in a peculiar but stable agriculture of their own.

To some extent this general condition of prosperity is doubtless
artificial, being due to high prices for many articles directly or indi-
rectly influenced in price by the European war. It is safe to say, how-
ever, that the impetus thus given will never be wholly lost since in-
creased agricultural areas, better agricultural organization and im-
proved marketing facilities will maintain a higher level of agricultural
prosperity than would otherwise have been possible.

Among the products that have attracted most attention during the
year have been Egyptian cotton which, particularly in Salt River Valley,
has been developed to the rank of a leading staple. By reason of the
Egyptian shortage and of the increasing demand for this cotton for
the manufacture of thread, automobile tires, and other purposes where
great strength is necessary, the price of the 1916 crop in Salt River
Valley reached unprecedented figures. Wool, likewise, because of the
destruction of great quantities of wool fabrics in Europe and the cur-
tailment of importations, has advanced to a very high price, with conse-
quently beneficial results to sheep grazing interests on the range. In ir-
rigated sections alfalfa seed, although prices have been moderate, has
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been very profitable on account of phenomenal yields, over 1,000
pounds per acre of alfalfa seed having been recorded in the Yuma sec-
tion. Feeding stuffs in general have been high-priced and readily
salable, partly because of the military market along the Mexican line
and partly because of considerable areas which have been turned from
alfalfa into cotton, wheat and other crops. Grains in general, including
wheat, barley, milo maize and other sorghum grains, have produced
well and have brought high prices. The cost of feeds, in fact, has
reacted somewhat unfavorably upon livestock interests dependent upon
them and in some cases has led to shipments of unfinished stock to
localities affording cheaper materials with which to finish for market.

The great diversity of crops not only possible in the region, but which
year by year are coming into commercial development, continues to be
an astonishing feature of the irrigated sub-tropical Southwest. No less
than forty-nine such crops are known in the Salt River Valley, which is
typical agriculturally of the general region. This diversity is practi-
cally equal to that of the State of California or of the thousand mile
span of agricultural country lying between the Gulf of Mexico and the
Canadian line. The stability and the intensive possibilities of this
region, agriculturally considered, are beyond question, a fact which is
reflected in the improved conditions which are more and more evident
from year to year—better knowledge of agriculture, better farming
practice, better co-operation for the solution of agricultural problems,
and better agricultural service on the part of public agencies. Respond-
ing to this generally improved condition, land values have within the
year appreciated considerably and a noteworthy influx of farmers from
other sections of the United States is to be observed.

THE EXPERIMENTAL FIELD

Extraordinary diversity characterizes the agriculture of the South-
west not only as to soil conditions, which include extreme alkalinity,
diverse physical characteristics and varying chemical composition; and
as to rainfall, which ranges from almost nothing to almost humid in
amount; but also as to temperature conditions, ranging from sharply
frosty in winter to extremely high in summer. Geographically, agricul-
tural locations are distributed from a point about 90 feet above sea level
at the southwest corner of the State, where crops can be planted or
harvested every month in the year, to an agricultural altitude of 7000
feet, where only quick-growing summer crops can be produced. Deal-
ing therefore with a variety of subjects as great as may be found in
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the neighboring State of California or as may be found between the
Gulf of Mexico and the Canadian line, demands made upon the Agri-
cultural Staff are very diverse in character. While, however, the State
of California has an Agricultural Staff of^130 men to handle their
situation, and while the agricultural zone between Canada and the Gulf
i« served by a whole group of agricultural colleges and experiment sta-
tions, Arizona, which, on account of its unique agricultural conditions
receives less than the usual amount of help from outside organizations,
must handle its problems with a staff at present numbering 21 people.
Inevitably, in order to work effectively, this Staff has concentrated its
efforts from year to year upon a comparatively small number of prob-
lems, laying aside completed work from time to time and taking up new
projects as time and funds have allowed.

In this way, the efforts of the Staff having been shaped largely by
demands made upon it by the agricultural public, the research work of
the Station has for the most part fallen under three general heads re-
lating to (1) the development and effective utilization of agricultural
water; (2) intensive cultivation of irrigated lands; and (3) the utiliza-
tion, by dry-farming methods and by grazing, of lands for which there
is but limited water supply. With reference to internal organization
this work has been carried on by departments of research classified
according to technique as follows: agronomy, animal husbandry, botany,
chemistry, entomology, horticulture, plant breeding, and irrigation.
Following is a classified list of subjects, exclusive of the 27 Annual
Reports, thus far published upon by these departments, comprising 77
Bulletins and 123 Timely Hints for Farmers, besides a considerable list
of papers published in scientific journals and a constant output of news-
paper articles, addresses and other instruments of information:

Soils, water, alkali and farm management 35
Climate 6
Crops 90
Weeds, insect pests, and plant diseases. 23
Irrigation 17
Animal industry and the range 29

This fund of agricultural information constitutes a body of knowl-
edge indispensable at a time when increasing immigration and a quick-
ening in agricultural development has made more urgent the public
demand for such information.

This body of agricultural knowledge also serves as a basis for
teaching, more particularly in the sub-tropical and semi-arid region
which constitutes the field of work. Indeed, until such knowledge had
been achieved it would hardly have been possible to establish a satisfac-



242 TWENTY-SEVENIH A N N U V L REPORT

tory scheme of agricultural instruction in and for the State. Such a
scheme, however, is now under development in the high schools of the
State under the provisions of the Vocational Pursuits La\\ , in the two
normal schools, and in the State University. Properly systematized and
correlated, these agencies will assist in bringing into common under-
standing the body of scientific anl economic information thus far
achieved.

GENERAL PROGRESS FOR THE YEAR

Considerable time on the part of the Agricultural Staff has been
devoted to readjustments relating to the occupation of the new Agri-
crlture building and to changes required in connection with the general
University administration. Furnishings for the laboratories and offices
have been devised and installed, equipment purchased, and at the same
time the usual amount of routine work and correspondence has been
carried on by the Staff.

THE SAl/T RIVER VALLEY tfARM

An item of considerable magnitude and importance has been the
reclamation of the new Station Farm between Mesa and Tempe, Ari-
zona. At the time of its acquisition this property was in a condition of
considerable disrepair and a large portion of it was densely seeded to
Johnson grass, making a preliminary campaign of reclamation neces-
sary before a scheme of experimental and demonstration work could
be installed. Worthless trees and old orchards were grubbed up, use-
less ditches were plowed in, new fences were built, the two old residence
buildings were repaired for temporary use, and a general plan of
improvements for the place was drawn up and accurately surveyed.
The City "of Mesa was permitted in the course of the year to lay an
outlet sewer across the southern edge of the place, four inlets being
provided, with which it is the privilege of the farm to make connection
at a future time if desired. At present, therefore, this property, which
lies one mile from the city limits of Mesa, has telephone, gas, electric
light and power, and sewerage facilities, and in addition is readily ac-
cessible from the State Highway by stage lines connecting with all
parts of Salt River Valley. The plan of improvements also calls for
a siding and a small station of the Arizona Eastern Railroad, affording
additional means by which the public can reach the farm.

Four methods of reclaiming the land from Johnson grass are be-
ing tried : ( 1 ) Continuous dry fallow, both summer and winter, until
the Johnson grass is tinder control: (2) dry fallow in summer with
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winter crops of barley, wheat and oats; (3) winter fallow with in-
tensively cultivated summer crops of Egyptian cotton and Indian corn;
and (4) pasturing of ditches and waste ground by means of sheep. In
this latter connection the Arizona Eastern right-of-way adjoining the
farm, hitherto a jungle of Johnson grass, has been leased and already
brought under control by means of sheep.

Fig-. 2. The Experiment Station Farm near Mesa, September 3, 1915, showing
dense growth of Johnson grass which has since been brought under control.

According to experience gained, the first method entails expense
with no income, and the grass is as yet far from exterminated. In (2)
the expense of maintaining summer fallow is offset and a clear profit
may be gained from the crop of winter grain. In (3) Egyptian cotton
has this year yielded a handsome profit in spite of the large amount of
hoeing that was done in order to keep the crop entirely free from grass,
while the corn just about offset the expense of intensive summer culti-
vation. In the case of sheep, not only were ditches kept clean with a
minimum of expense, but the railroad right-of-way, composed of ir-
regular ground which could not have been handled in any other way,
was brought under control not only at a large saving, but with a small
profit from the operation. At present it appears that a combination of
sheep and intensive cultivation will take care of the Johnson grass
problem in southern Arizona much more profitably than by the old
expensive method of continuous dry fallow.

Experimental acres of alfalfa, lettuce, and various winter growing
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green manuring crops have been planted on the northeastern forty acres
of the farm for the season of 1917, while the scheme of reclamation
outlined above is being continued upon the other weedier portions of
the place.

THE YUMA DATE ORCHARD

At the Yuma Date Orchard horticultural plantings have been con-
tinued between the rows of date palms, plant breeding work has been
continued on a portion of the place, and the new block for horticultural
planting has been leveled and enriched by means of two crops of

Fig. 3. Sudan grass at Yuma, August 28, 1916. One week's difference in age of two plots.

tepary beans ploughed under in preparation for fruit trees the follow-
ing season. This garden continues to be one of our best kept agricul-
tural properties, and the new Warrenite roads which now pass the
property on the south and west sides, and which carry practically all
of the travel between Yuma and the lower valley, contribute to its value
as an object lesson and as a source of information to the rural popula-
tion. The Yuma property has been improved by means of new fencing
and additions to the residence building during the year.

THE TEMPE DATE ORCHARD

Improvements to the residence at the Tempe Date Orchard have
been made; and the old structures, used as packing sheds, have been
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replaced by a new structure which contains rooms for ripening, pack-
ing and displaying the product of the orchard. The crop of 1916 was
very much inferior to that of 1915, not only because the trees set less
than half the number of clusters of fruit, but also because a heavy rain
early in September caused a large portion of the crop from many
varieties to sour. The total sales from the crop of 1915 amounted to
$4734.10, while those from the crop of 1916 amounted to $1563 79.
These two years' experience, one of them the most prosperous and the
other the most unsatisfactory in the history of the orchard, afford us
excellent means of judging the vicissitudes to which the crop in this
dimate is liable and enables us to strike a fair average of performance
for a number of the more promising varieties of dates at the orchard.

A feature of the year's work with dates has been the installation
on the Mesa Farm of a propagating house for date suckers according
to the plan developed by the U. S. Department of Agriculture in the
Coachella Valley, California. This house, the sides of which are con-
structed of boards coated with paper roofing and the top of which con-
sists of 10 oz. canvas, affords in summer a hot and humid atmosphere
and a diffuse light evidently very favorable to the rooting and growth
of offshoots, while in winter the newly rooted plants, which are
very susceptible to cold, are protected from frost. This method, which
at least affords success in the rooting of suckers, solves what has thus
far been a most serious problem in connection with the date industry,
and puts horticulturists in position to propagate much more rapidly
desirable varieties of palms,

THE DRY-FARMS

The dry-farms at Prescott and Cochise have had a fairly successful
year, particularly the one at Cochise in the Sulphur Spring Valley,
where the summer rains were somewhat more favorable than usual and
afforded excellent crops of Tepary beans, milo maize, feterita, and
Sudan grass. A silo was constructed during the year and filled with
silage products on the place. The year's work, indeed, has seemed to
demonstrate a successful scheme of agriculture for the Sulpk ir Spring
and similar valleys in the Southwest.

The salient features of this plan are, the most effective use of rain-
fall, quick growing drouth resistant crops, silos, livestock and the
skillful supplemental use of grazing range, dry-farming and irrigating
resources available within the region. The supplemental use of the
various resources referred to is of particular importance to the dry-
farmer in this region, for he must combine grazing, rainfall and
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^round-water resources in a manner to reap the benefits and avoid the
disasters incident to the use of any one of these alone. The stockman,
relying upon the grazing range alone, is subject to disaster by drought.
The dry-farmer, relying upon rainfall alone, will likewise often fail
through want of an adequate water supply. The pump irrigator alone
\\ ill fail because he cannot afford the cost of his pumped water supply;
but upon the combined resources of the grazing range, the dry-farmer
and the irrigator, a scheme of agriculture can be built up that combines
all of the advantages mentioned and avoids the disaster almost certainly
resulting from dependence upon any one of them alone. The grazing
range, for instance, with its rich burden of green feed during the
rainy season, supplements the dry-farmer's silo; and the water sup-
plied by the pump irrigator at times when water must be had to start
or save a crop, supplements the rainfall upon which the dry-farmer
must mainly rely. This cooperation between cheap range feed, dry-
farm forage supply available as silage, and pumped or stored water
supply used in time of need, together with a scheme of livestock
adapted to the best use of forage supplies, points the way towards the
utilization of hundreds of thousands of acres of lands in a region of
which it was formerly said that it could only be farmed by means of a
copious irrigating water supply.

THE NORTHERN ARIZONA DRY-tfARM

Operations at the dry-farm near Snowflake, Arizona, were dis-
continued because of the great distance from supervision and the diffi-
culty, therefore, in securing satisfactory returns for the money ex-
pended upon the work. Continuation of dry-farming operations at a
third location in the State has not as yet been decided although it is
recognized that an agricultural region of higher altitude and conse-
quently peculiar conditions exists between 5000 and 7000 feet elevation.
This region is distinguished by its short summer growing season and is
limited to such quick growing crops as early potatoes, oats, certain
varieties of corn, vegetables, and some of the deciduous fruits.

REQUIREMENTS FOR FUTURE PROGRESS

The physical properties of the several departments of the College of
Agriculture are at this time fairly complete and satisfactory, consisting
not only of office and laboratory facilities in the Agriculture Building
on the University Campus, together with adjacent gardens and the
University Farm, but also consisting of outlying cultivated tracts—the
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Station Farm near Mesa, the cooperative date orchard near Tempe, the
intensively cultivated garden at Yuma and the dry-farms near Prescott
and Cochise, respectively. This organization of facilities affords not
only the advantage of affiliation with the general University organiza-
tion, but also affords wide contact with the diverse agriculture of the
State.

As pointed out in the preceding paragraphs, the personnel of the
Station is small in proportion to the diversity of the agriculture which
it serves, and as opportunity offers personnel should now be built up
in order to make the best use of the physical facilities available. At
this time particularly executive assistance is needed in order that sys-
tematic and thorough administration of the affairs of the College of
Agriculture and Experiment Station may be maintained. This is par-
ticularly true in connection with the outlying farms situated at a dis-
tance from the University Campus, which are increasing in the amount
and complexity of operations carried on. It is necessary in this con-
nection to maintain suitable records of work done, to install proper
s) stems of cost accounting in connection with crop demonstrations, to
keep track of public needs and wishes in connection with experiments
undertaken, and in other ways provide for the greatest possible useful-
ness and efficiency of this work. Within the campus itself there is the
same need for more time in which to study the requirements, the possi-
bilities of usefulness and the actual efficiency of departments of work.
These objects can only be obtained by means of assistance sought for,
a fact to which the attention of our authorities has been called both
in written reports and in verbal communications, for several years past.
In view of the opportunity for economic demonstrations of farm crops
which exists upon all of the farms at this time, it is recommended that
provision be made for the assistance mentioned along farm manage-
ment lines, and appointments to this effect are at this time urged.
Properly organized, such assistance will also relieve the scientific staff
of a good deal of executive work with which it is at this time burdened
and enable its members to devote themselves more effectively to
research, teaching, and extension activities expected of them by the
agricultural public.

PERSONNEL

The personnel of the Agricultural Staff has remained substantially
the same during the year, but with several shifts between different de-
partments of service.
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For a period of about ten months the Director was on leave of ab-
sence in Riverside, California, completing a long standing research
relating to the mining waste problem in certain irrigated districts in
Arizona, and, incidentally, studying the agriculture of a district re-
sembling southern Arizona but older in experience and more highly
developed in its methods. Professor G. F. Freeman assumed the duties
of Acting Dean and Director of the College of Agriculture and Agri-
cultural Experiment Station for the time mentioned, and it is under
his direct supervision, with the collaboration of the Director, that the
work of the year has been accomplished. A. M. McOmie, for six
years Assistant Agriculturist in the Station, went into commercial
work January 1, 1916, and was succeeded by Professor John F. Nichol-
son, of St. Louis, as Agronomist, and Mr. H. C. Heard, of Moscow,
Idaho, as Assistant Agronomist. Mr. Leonhardt Swingle, for one year
Assistant in Plant Breeding, went into commercial work January 1,
1916, and was succeeded by Mr. Walker E. Bryan, of Alabama. Mr.
C. R. Fillerup, foreman of the dry-farm at Cochise, was promoted to
be County Agent in the Extension Service in Navajo County. Mr. L.
L. Bates, foreman of the Prescott dry-farm, went into commercial
work near Prescott, and was succeeded by Mr. Hyrum Dana. Mr. D.
C. Aepli, of the old Station farm near Phoenix, was transferred to the
"Yuma garden; and Mr. C. J. Wood, formerly of the Yuma garden,
was transferred to the foremanship of the new Station farm near Mesa.
Miss Helen M. A. Miller, for several years Librarian and Secretary,
was succeeded by Miss Frances M. Wells as Secretary. Mr. J. A.
Armstrong, Farm Advisor for Maricopa County, resigned June 1, 1916,
to go into commercial work, and his place has not as yet been filled,

Mr. Stanley F. Morse, for three years Superintendent of Extension
also resigned August 15, 1916, to go into commercial work, and he was
succeeded by Professor Estes P. Taylor as Director of the Extension
Service.

.PUBLICATIONS

Publications for the year, including Annual Reports, Bulletins,
Timely Hints for Farmers, and scientific papers are as follows:
Bulletin 77, June 1, 1916. Practical Fig Culture in Arizona.
m . —By W. H. Lawrence.
Twenty-sixth Annual Report, December 31, 191d —By the Station Staff.

Timely Hints for Farmers:
No. 111. September 1, 1915. Irises for Southwestern Gardens.

—By J. J, Tfeornber.
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No. 112. October 1, 1915. Garbanzo Culture in Arizona.
—By R. H. Forbes and Stanley F. Morse.

No. 113. December 1, 1915. Orchard Heating. —By Donald F. Jones.
No. 114. March 1, 1916. Producing Guaranteed Eggs —By R. H. Williams.
No. 115. February 1, 1916. Infectious Abortion in Cows.

—By R. H. Williams.
No. 116. May 1, 1916. Sugar Cane in Arizona —By A. M. McOmie
No 117. May 1, 1916. Vines for Shade and Ornamental Planting

—By J. J. Thornber.
Papers published in scientific and technical journals:

The Utilization of Groundwater by Pumping for Irrigation
Trans. International Engineering Cong., 1915. Waterways and Irrigation.
Volume ..._ ., pp. 414-444. —By G. E P. Smith

Duty of Water in Irrigation.
Ibid, pp. 494-496. —By G. E. P Smith.

Duty of Water and Evaporation-rate.
Twenty-second International Irrigation Cong., 1915.

—By G. E P. Smith,
Composition of Salton Sea Water, June 10, 1916

Carnegie Institution of Washington, Year Book No 15, 1916, p 83.
—By A. E. Vmson.

Quality vs. Number in Range Cattle.
Arizona Cattle Growers' Assn., Ninth Annual Report.

—By R .H. Williams
Registered vs. Scrub Sires on the Range.

The American Hereford Journal, June 1, 1916. —By R H. Williams.
The Practical Application of the Ferris Stock-raising Homestead Bill to Our

Western Grazing Ranges.
Proc. Nineteenth Ann. Convention Amer. Live Stock Assn., 1916, p 116.

—By J. J. Thornber.

FINANCIAL

Financial resources for the year ending June 30, 1916, were as
follows:

Hatch Fund, from the U. S. Treasury $15,000 00
Adams Fund, from the U. S. Treasury 15,000 00
Sales fund balances from 1914-15 $ 2,022 12

Sales funds 1915-16 as follows:
Salt River Valley Farm, Mesa $ 613 35
Yuma Date Orchard 82447
Tempe Date Orchard 4,73410
Prescott Dry Farm 200 00
Sulphur Spring Valley Dry Farm 21.77
Hatch Sales Fund 2,36805 8,761.74

$10,783 86
Less remittances to

State treasury 1*941 61
Balances on hand 53631 2,47792 830594

State appropriations;
Balances from 1914-15 507.73





AGRONOMY

Experimental work in agronomy for the year has included opera-
tions upon the old Experiment Station farm near Phoenix previous to
removal from that place June 30, 1916; the initiation of work upon
the new Experiment Station farm between Tempe and Mesa; dry-
farming operations on the Prescott Dry Farm near Prescott, and on the
Sulphur Spring Valley Dry Farm near Cochise, Arizona. This work
has therefore included experiments and demonstrations on a wide
variety of soils under irrigation and by dry-farming, and with a con-
siderable range of atmospheric conditions. A good deal of informa-
tion has been obtained relating to standard crops—wheat, barley, oats,
alfalfa, beans, and sorghum grains, as well as with some new crops in
the region. The work finishing operations at the old farm near Phoe-
nix is reported in considerable detail. The plan of reclamation at the
new farm near Mesa is outlined and a table of the first season's results
is submitted. A summary for the work clone at the Prescott and Sul-
phur Spring Valley Dry Farms for the year is also given.

PHOENIX FARM

The experimental crop work on the Phoenix Farm this year was
limited to small grains, flax, and alfalfa. The work was limited on ac-
count of the intention to discontinue experimental operations on this
farm at the end of the fiscal year 1916.

The character of the soil is designated as Maricopa sandy loam.
Little attention has been paid to the maintenance of fertility in previous
years, hence the quantities of the crops are below the average. Since,
however, most of the experiments were variety tests, the relationship
1 etween yields of grains tried can be quite accurately observed.

CROPS GROWN

Wheat: The work for the year demonstrated the superiority of
fall over spring planting. All of the 21 varieties tested this year were
planted in the fall All seed used in the tests was treated with formalin
for smut. Xo introduction of new varieties was made, hence all seed
of this year's plantings were grown on the farm last year.

The season was such that very little rust appeared. The Early Baart
and the Little Club were the only varieties showing this disease in in-
jurious amounts. The following table gives the varieties in the order
of their production, and also shows dates of planting, harvesting, irri-
gating and rate of seeding per acre.
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TABLE I. VARIETY OF TESTS

Variety

Early Baart
White Aus-

tralian
Little Club
Marquis . .
Koffoid
Wild Wheat
Marquis
Sonora
Kubanka
Red Chaff
Red Fife
White Aus-

tralian
Arinaviar
Macaroni . .
Crimean
C I. 1435
Blue Stem
Defiance
Turkey Red
Bulgarian
Red Russian
Kharkov
C.BI 1442
Crimean —
C I 1437 .
Buffum No

17

Date
planted

11-15-15

11-15-15
11-15-15
12-20-15
11-15-15
11-29-15
11-15-15
11-29-15
11-29-15
11-15-15
11-26-15

11-29-15
11-29-15
11-15-15

11-29-15
11-15-15
11-15-15
11-15-15
11-29-15
11-15-15

11-29-15

11-29-15

11-26-15

Rate
seeding

pei
acre

pounds

75-80

75-80
75-80
75
75-80
75-80
75-80
75-80
75-80
75-80
75-80

75-80
75-80
75-80

75-80
75-80
75-80
75-80
75-80
75-80

75-80

75-80

75-80

Date
har-

vested

5-18-16

5-18-16
5-12-16
6- 6 .*
5-29-16
5-23-16
5-22-16
5-18-16
5-23-16
5-31-16
5-29-16

5-29-16
5-31-16
5-22-16

5-31-16
5-22-16
5-23-16
5-29-16
5-31-16
6- 6-16

5-31-16

5-31-16

6- 6-16

Yield
per

acfte

pounds

2460

242U
2380
2128
2060
2060
1900
2060
1820
1900
1800

1700
1700
1680

1660
1660
1640
1640
1260
1200

1100

1040

1040

Dates irrigated

11-22-15— 2-11-16

11-22-15—2-11-16
11-22-15—12-11 15—4- 546
11-18-15- 2-11-16—3-1346
11-22-15— 2-11-16
1148-15—12-11-15—4- 546
11-22-15—124145—24146
11-18-15—12-11-15—343-16
11-18-15—12-11-15—4- 5-16
11-2245—12-11-15—34346
11_184 5— 12-11-15— 34346

H.18-15—12-1145—24146
H-18-15— 12-11-16
11-22-15— 2-1146

1148-15— 12-1145— 34346
11-22-15— 2-11-16
H_2245— 2-11-16
11.22-15— 2-11-16—34346
11-18-15—12-11-15—2-11-16
11-22-15— 2-11-16—4- 5-16

1148-15— 124145— 24146

11-18-15—12-11-15—2-11-16

11-1845—12-1145

It will be noted from Table I that Early Baart gave the highest
yield of grain. White Australian, Little Club and Marquis were not
far behind. Early Baart is quite generally grown throughout the Salt
River Valley, and meets the demands of the millers generally. With
this taken into consideration its yielding capacity would recommend it
highly as a standard variety for this section. Marquis is a consider-
ably better milling wheat than Early Baart, but so long as the local
market will not pay higher prices for it than it does for the softer
wheats, and the local production is not equal to the local demand, Early
Baart can be profitably grown as the standard variety.

The hard winter and durum wheats did not show up as well as the
varieties mentioned above, and it is doubtful if it would be advisable
to encourage their production at this time.

Two plats of Marquis, planted November 15 and December 20,
respectively, gave a difference of 228 pounds per acre in favor of the
later planting. This can be explained by the better seed bed conditions
at the later planting date. The November planting was irrigated by
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an application of water seven days after sowing, which is a bad prac-
tice. The December planting was made in a seed bed which had re-
ceived water November 18 and December 11, respectively. The latter
irrigation placed the seed bed in excellent condition for planting nine
days later.

The two plats of White Australian show a difference of 720 pounds
per acre in favor of the November IS planting as compared with the
November 29 planting. There were two factors that may have had a
bearing on these results. The November 29 planting was made on a
more gravelly plat than the other, and the seed for the November 15
planting was home grown, while that for the other came from Yuma.
Seed should be locally grown, when of good quality, on account of
the influence of acclimatization. In the case of the heavier yield the
crop was irrigated subsequent to seeding, as it was with several of the
other plats, but in spite of this improper practice the yield was greater
than the White Australian grain on the poorer soil.

Barley: Nine varieties of barley were included in the variety test
plats this year. All of these were sown in the fall. No spring planting
was made on account of previous year's trials showing the fall planting
superior to the same varieties planted in the spring.

Table II gives the varieties in the order of yields per acre, and also
indicates the dates of planting, harvesting, irrigating, and rate of seed-
ing per acre. All of the seed was treated for smut with formalin,
which resulted in there being no smutted grain in any of the plats. All
of the seed was grown on the farm last year.

TABLE II. VARIETY TESTS OF BARLEY

Variety

Beldi ...
Tennessee

Winter..
Chevalier
California

6-Row. .
Mariout
California

6-Row
Black Hull

less . . .
Day. ..

Brewing
Utah Win-

ter ..
W h i t e

Hulless

Date
planted

11-26-15

11-29-15
11-29-15

12-27-15
11-26-15

12-26-15

11-26-15

11-26-15

11-29-15

11-26-15

Rate
seeded

per
acre

pounds

75-80

75-80
75-80

90
75-80

75-80

75-80

75-80 "

75-80

75-80

Date
har-

vested

5- 6-16

5-1246
5-1246

5-1346
5- 846

5- 846

5- 846

541-16

5-3146

5- 8-16

Yield
per
acre

pounds

2580

2200
2160

2000
1840

1680

1440

1440

1220

1060

Dates irrigated

114845—12-1145—343-16

114845—124145
114845—124145—4 -5-16

12-1145— 34346—4- 5-16
114845—124145— 4- 5-16

114845—124145—241-16

114845—12-1145—343-16

H4845—124145

114845—124145—34346

114845—124145—343-16
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Beldi, a common bearded variety, gave the best yield. Tennessee
Winter barley, another bearded type, was second, and Chevalier, a 2-
rowed bearded barley, was third. Last year the Utah Winter barley
was the heaviest yielder out of ten varieties planted in the spring, but
proved a very poor producer when planted this year in the fall. The
California 6-row barley was planted on two dates, November 26 and
December 27, respectively. The December planting gave a higher
yield by 320 pounds per acre. The November 26 plat was badly in-
fested with burr clover which may have accounted for some of the dif-
ference in yield. Since much of the barley grown in Salt River Valley
is used for hay, it is highly desirable to secure a beardless variety.
White Hulless has a hooded spike, and it was hoped that it might prove
sufficiently productive to encourage its general introduction. Its yield
of 1060 pounds per acre placed it lowest in the list. Further work is
desired along this line either with this variety or some other possessing
the advantage of beardless spikes.

Oats: Nine varieties of oats were sown in the fall The previous
year's tests gave much better yields for the fall planted plats as com-
pared to those planted in the spring. All seed was home grown, except
one plat of Red Algerian which came from Yuma and gave 580 pounds
per acre better results than the home grown Reel Algerian seed. All of
the seed was treated for smut with formalin, which resulted in practi-
cally no loss from this disease.

Table III gives the varieties tested arranged according to yields
per acre. The table also shows dates of planting, harvesting, irrigation
and rate of seeding per acre.

TABLE III. VARIETY TEST OF OATS

Variety

San Saba....
Texas Red..
Australian

Rust Proof
Alberta Red
Red Algerian
Calif. Red..
Boswell Black

Winter,...
Hed Algerian
Black Eagar
Texas Red..

Date
planted

11-15-15
11-2645

IMS-IS
IMS-IS
11-2945
114545

11-2945
11-2645
114545
12-2945

Rate
seeding

per
acre

pounds

75-80
75-80

75-80
75-80
75-80
75-80

75-80
75-80
75-80
75

Bate
harvested

5-23-16
5-1746

5-17-16
5-23-16
5-3146
54146

5-3146
54746
5-23-16
5-2446

Yield
per

acre

pounds

2900
2680

2400
2060
2020
1680

1100
1440
1000
800

D&tes irrigated

1915 1916

11 -22—1241 343
... 4-5

a n <<

u tt
it a

" 1241 " ...<* m «
44 i*

" . . . . . 241 a

The Texas Red oats gave the highest yield of grain last year but
was surpassed by San Saba this year. The Australian Rust Proof
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proved a very good producer this year. Texas Red Oats were planted
November 26 and December 29, respectively. The latter planting was
practically a failure with only 800 pounds production per acre.

With a production of 2900 pounds of oats per acre there is no
question as to the place of this grain m Salt River Valley or other
irrigated sections of the State. For feeding upon the farm to work
horses during the hot season they are superior to barley, and should
find a place in limited acreage on every farm.

Rye, emmcr and spelt: One plat of rye was planted December
9, 1915, at the rate of 50 pounds per acre. This was irrigated four
times, including the application of water prior to sowing for the pur-
pose of putting the seed bed into shape. The crop was harvested May
23, 1916, giving a yield of 1200 pounds per acre. There is little profit
in growing rye with this low production. This, in view of the limited
market for this grain, makes it a questionable crop for the irrigated
sections of the State.

Only one plat of Black Winter emmer was tried this year. This
was sown November 26, 1915, at the rate of 75 to 80 pounds per acre.
The stand came 90 per cent about two weeks after planting. The plat
was irrigated eight days previous to sowing, and again on December
11. Harvesting was done May 31, 1916, showing a yield of 1540 pounds
per acre.

Emmer produced some 3600 pounds per acre last year on the farm,
but even with such yields it is doubtful whether it is a paying crop to
grow on the highly improved irrigated lands of the State. It has a
place in the crop system of the dry farms of the State, and is proving
very valuable there. With good crops of barley, oats, and wheat, the
irrigation farmer fills his needs for small grain crops, and will find
them much more satisfactory to grow than emmer.

Only one plat of spelt was tried this year. This was sown Novem-
ber 26 on land irrigated eight days previous. Seeding was done at the
rate of 75 to 80 pounds per acre, which gave an excellent stand. The
crop was irrigated once after seeding, and harvested June 6, 1916. The
yield was 1200 pounds per acre. There is no reason for encouraging
the growing of spelt on our irrigated farms. Other and more profit-
able crops should be adopted on such highly developed and expensive
land.

Field peas, vetch and chick-peas: Two varieties of field peas—
Colorado Stock and Canadian—were planted November 29, with re-
sults so poor that the crops were not harvested. Spring and Winter
vetch planted December 9 failed to germinate. The chick-peas planted
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November 15 made a very meagre growth, failed to form any seed,
and were plowed up as a failure. More extensive investigations are
planned for next year with these legumes as forage and green manur-
ing crops. Our soils are deficient in humus, and it is particularly desir-
able that a proper winter legume be found for green manuring pur-
poses. The cause of the above failure will be studied, and if possible
methods found to grow them successfully in Arizona.

Approximately seventeen acres of the farm were devoted to alfalfa.
This was cut twice from January 1 to July 1, yielding the following
amount of dry hay:

First cutting April 5 to 10 Yield 33495 Ib.
Second cutting May 22 to 25. Yield 48325 Ib.
Average for 2 cuttings, 2.4 tons per acre.

The alfalfa was cultivated with a spring-tooth harrow January 10.
It was irrigated on the following dates: February 22, March 20, April
21, May 4, and May 17.

As stated before, all experimental work on the Phoenix Farm ter-
minated July 1, 1916. On that date the alfalfa was about ready to cut
for the third time, but was left for the lessee, who took immediate
possession.

Flax: The flax testing plats were continued again this year, using
the same varieties tested last year and a considerable number of others
furnished by the U. S. D. A. This work is done in cooperation with
the Department of Agriculture under the immediate supervision of
Charles H. Clark, Assistant Agronomist in charge of Flax Investiga-
tions. Six varieties, North Dakota Resistant, Select Russian, Smyrna,
Punjab, Boulga, and Soddo Brown, were grown in one-fourth acre
plats. In these seeding was made in 6-inch drill rows.

Table IV gives the results of these plantings together with in-
formation as to date of seeding, harvesting and irrigation.

TABLE IV. FLAX IN ONE-QUARTER ACRE PLATS

Variety

N. D. Resistant

Select Russian

Smyrna, ....

Punjab ...

Boulga ....

Soddo Brown. .

Gov't
C. I.
No.

13

3

30

20

37

38

Date
planted

12-24

12-24

12-24

12-24

12-24

12-24

Date
harvest-

ed

5-11

5-11

5-25

5-25

5-25

5-25

Yield
per

acre

bushels

9.6

8.6

104

7,1

100

8.6

Dates of irrigation

12-11 2-11 2-29 3-13
3-21 4- 1 4-20 5- 3

12-11 2-11 2-29 3-13
3_2l 4- 1 4-20 5- 3

12-1! 2-11 2-29 3-13
3-21 4- 1 4-20 5- 3

12-11 2-11 2-29 3-13
3«2t 4- 1 4-20 5- 3

12-11 2-11 2-29 3-13
3.21 4- 1 4-20 5- 3

12-11 2-11 2-29 3-13
3.21 4- 1 4-20 5- 3
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Some thirty varieties were grown in nursery rows and cultivated
eight times. Some of the varieties were planted on two different dates,
November 8 and December 22, respectivly. Table V shows the results
of these test rows, as well as dates of planting and harvesting.

TABLE V. FLAX IN NURSERY ROWS

Variety

Tashkent
Tashkent
Kashgar
Turkish
Smyrna
Smyrna
N D Resistant
Matania .
Hoshangabad
Hoshangabad
Punj ab
Pun j ab
Jalaun
Jalaun
Benares
Benares
Soddo White
Soddo White
Soddo Brown
Canadian L/a Plata
Nova Rossick
Fargo Common
Hay's Seed Flax
Russian
Select Russian
Select Russian
Select Russian ,
Select Riga
N. D. Resistant
Kazan *
Primost
Sethbridge Golden
Williston Golden
Mundjar
Boulga
Metcha

Gov't
C. I.
No.

11
11
50
7

30
30
13
34
40
40
20
20
21
21
28
28
36
36
38
26
27
18
16
19
3
1

45
2

14
4

12
23
25
35
37
39

Date
planted*

11- 8
12-22
11- 8
11- 8
11- 8
12-22
11- 8
11- 8
11- 8
12-22
11- 8
12-22
11- 8
12-22
11- 8
12-22
11- 8
12-22
11- 8
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22
12-22

Date
harvest-

ed

6- 9
fi- 0
fi- 9
6- 9
6- 9
6- 9
5-12
6- 1
6- 1
6- 9
6- 1
5-23
6- 1
6- 9
6- 1
5-23
6- 1
6- 9
6- 9
6- 1
6- 1
5-23
5.23
6- 9
5-23
6- 9
6- 9
5-23
5-23
5-23
6- 9
6- 9
5-23
6- 9
6- 9
6- 1

Yield
per
acre

bushels
7 87

in ̂
7 Q?
C 91
Q ce
5 j j
4.Q1
3 24
5 31

11 63
837

1364
718

1226
608
486
697

1265
595

11Q4
1496
11 79
6.82
9.26
6.82
6.48
9.97
6.08
9.26
9.00
7.20
8.83

10.08
7.91
8.10
7.70

*A11 rows planted November 8, 1916, were irrigated 10-26, 2-18, 3-7, 3-21, 4-20 and
5-3. Those planted December 22, 1916, were irrigated 12-11, 2-8, 3-7, 3-16, 4-3, 4-20
and 5-3.

This work was intended only as a test of varieties; however, those
varieties planted at two dates, namely, November 8 and December 22,
with but two exceptions gave better results with the later planting.
All of the flax was badly infested with the false chinch bug at heading
time. Frequently all of the bolls on a plat were intensely festooned
with these sucking insects. The result of these ravages must have been
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very instruniental in cutting the yield, and also in lessening the weight
of seed per bushel.

All of the varieties mentioned in Table V will be continued in test
plats and rows another year. Conclusions should not be drawn, there-
fore, until a more extensive trial has been made. In general, it can
be said that flax growing for seed has indications of being a profitable
industry for our irrigated valleys in Arizona.

THE NEW EXPERIMENT STATION FARM

The University assumed direct management of the new Experi-
ment Station Farm, near Mesa, on July 1, 1915. The place was rather
heavily infested with Johnson grass, the fences were old and run down,
and in many places the lay of the land for irrigation needed much im-
provement. Accordingly the main efforts on this farm have been di-
rected toward improving the irrigation system, fencing, eradicating
Johnson grass, and bettering the general appearance of the place. It
has not been considered advisable to attempt much experimental work
here until the Johnson grass is brought well under control, and the
irrigation can be accurately handled.

THE JOHNSON GRASS EXPERIMENT

The north half of the east 80 acres of the farm was quite free
trom Johnson grass when the Experiment Station took charge. Aside
from this the entire remaining* 120 acres were badly infested. Half
the Johnson-free portion was planted to wheat and half to alfalfa. Any
etray grass in these fields was destroyed by hand digging.

In the south half of the east 80 acres, a strip which had been in
wheat in the spring of 1915, was set aside to be dry fallowed. It was
plowed in August, of that year, and worked clown later in the fall with
a disc and harrow. A luxuriant crop of volunteer grains came up with
the winter rains, and in many places a perfect stand was found. This
heavy growth soon seriously depleted the soil moisture, and the Johnson
grass growth in the spring of 1916 was very meagre, being confined
for the most part to seedlings. This field was again plowed in April.
The land was very dry and no appreciable growth of Johnson grass was
noted until after the summer rains began. At this time, as before,
seedlings were most in evidence. A particularly hard rainstorm in
early September soaked the ground quite thoroughly, and gave the
seedlings a fresh start. In order to control these the entire field was
plowed and disked the third time. The land was in very clean shape,
preparatory to seeding to grains in December, 1916.
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The west 80 acres was divided into five fields, three of which con-
tained 20 acres each, and two 10 acres each. Four methods of eradi-
cation were tried out on these fields: close pasturing with sheep, in-
tensive cultivation of intertilled summer crops, dry fallow in summer
followed by grain in winter, and continuous dry fallow.

The first field contained 20 acres. It was plowed in September
and October of 1915 when very dry and hard, leveled and bordered in
November, and seeded to barley in December. The dry plowing in
1915 served to check seriously the Johnson grass, and as a result very
few plants were showing above the grain while the latter was still
standing. The grain was bound about the middle of May, 1916, and
the ground was held dry until the middle of June, at which time about
275 sheep were turned in on it. Between the time of removal of the
grain and coming of the sheep, a considerable growth of Johnson grass
had sprung up uniformly over the field. None of this was allowed to
mature seed. After the sheep came, the field was irrigated at frequent
intervals in order to force as rapid a growth of Johnson grass as pos-
sible. The sheep kept it eaten very close to the ground, and, as a result,
the propagating rootstocks of the grass were showing marked lack of
vigor by the fall of 1916. In the middle of November, 1916, the land
was prepared and seeded to barley for pasture, and it is believed that
by the end of another summer the Johnson grass of this field will either
be almost totally destroyed or well under control.

The remainder of the west 80 acres had been in grain sorghums
for a number of years, and the University did no work to eradicate
Johnson grass on it in 1915, except to mow some of it and burn over
some of the worst of it. Some of the laterals were so badly infested
that it was deemed advisable to fill them with straw and burn them out.

The first 10 acres of this part was plowed in February preparatory
to putting into Egyptian cotton. In order to make this land irrigate
perfectly it was all replowed once and part was replowed a second
time. In this way the grass was constantly disturbed until the mid-
dle of April. The cotton was not planted until this late elate on
account of the work necessary to level the land properly. A cultivator
equipped with 8-inch sweeps was put to work in this field in the latter
part of April, and was kept going whenever any grass appeared above
the surface of the ground. The weeds in the rows were removed by
hand hoeing. By the time the cotton had become large enough to shade
the ground very little Johnson grass was appearing, and in the latter
part of the season the few plants left were almost all from seeds which,
presumably, were brought in by the irrigating water.
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The next 10-acre field was treated in a similar manner, except that
it was planted to Sacaton June corn in the middle of July. This field
was first plowed in April. The Johnson grass was kept clown by the
cultivator until June, when the field was replowed to facilitate leveling.
After being put in corn it was again kept under control by the cul-
tivator and by hand hoeing. The condition of the Johnson grass at
the time of the first frost was much the same as that in the cotton.

The remaining 40 acres are divided into two 20-acre fields, both
of which have had the same treatment to date. One of these is to be
planted in grain in December, 1916, and the other is to be continuously
dry fallowed. All of this land was plowed in March and April, and re-
plowed in August. It was disced in July and September, and after the
latter operation was run over twice with a t4Cyclone" weeder. The
fight against Johnson grass on these two fields, while it has unques-
tionably borne good results, has probably been the least effective of that
on any of the fields, and there are a number of roostocks remaining
vhich have approximately normal vigor. An exceedingly heavy rain
late in the summer and occasional accidental leaking of irrigation water
have been largely responsible for reducing the efficiency of the Johnson
grass control method on these fields. It appeared advisable on one oc-
casion to pasture sheep for a short time on these fields, owing to an
increased growth of the grass due to heavy rains. The value of this
pasturage from each field was estimated at $4.60 per acre and is the
only returns we have received from the fields during the experimnts.

WHEAT AND ALFALFA

As mentioned above, the north half of the east 80 acres was put
into wheat and alfalfa. This was run under commercial farming con-
ditions and was in no sense experimental in its nature, though it had its
value for,demonstration purposes. This 40-acre tract had been in
grain in the spring of 1915, It was plowed dry in August of that
year.

Twenty acres were prepared for irrigation in November, 1915, and
sown to Early Baart wheat on November 25, at the rate of 60 pounds
per acre. The soil is very fertile, and a heavy stand of very high wheat
was the result. Danger of lodging made it inadvisable to give it all
the water it needed for complete filling. A very slight damage was
caused by rust, and a considerable amount of trouble was experienced
from lodging. The yield was slightly more than 1900 pounds of grain
per acre, and, in addition, 27 tons of straw were sold,

The wheat stubble on 9 acres was plowed up in July and early
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August, 1916. This land was planted to Sudan grass in the middle of
August at the rate of 20 pounds to the acre. This was cut October 28,
and an estimated yield of 30 tons of cured hay was obtained.

Because of space taken up by a roadway, and by fences, the actual
size of the alfalfa yield was slightly less than 14 acre^. After having
been summer plowed dry, as given above, this land was prepared for
irrigation in September and October, and seeded to Hairy Peruvian
alfalfa October 24, 1915, at the rate of 17 pounds per acre. The first
cutting was made in the middle of March, and was mostly bur clover
and volunteer wheat. The second cutting was excellent hay, though
it contained a large proportion of volunteer wheat. The remaining four
cuttings were all very excellent alfalfa. A total yield of 89 tons
(measured) was obtained.

No trouble was encountered from Johnson grass in either the
wheat or the alfalfa.

Table VI gives a brief summary of the costs of operations on the
various fields, the sizes, and the returns therefrom. The third to the
eighth fields inclusive were within the Johnson grass eradication experi-
ment, and our main efforts were directed toward the control of this pest
rather than financial profit.

TABLE) VI. OPERATIONS, FIELDS, AND RESULTS OBTAINED ON THE SALT
RIVER VALLEY FARM AT MESA, 1916

Type of farming-

Wheat
Sudan
Alfalfa

1 year dry fallow

Winter grains and
sheep pasture

Intensive cultiva-
tion (cotton)
Intensive cultiva-
tion (corn)
1 year dry fallow
and winter grains
Continuous dry
fallow

Size
of

fields

acres

20
9

14

40

20

10

10

20.
20

Cost
per
acre

dollars

2352
2113
4958

17.58

3262

7258

3670

14.45

1285

Income
per
acre

dollars

31.50
33.00
56.03

None

27.14

12000

42.00

Remarks

Cost per acre includes pre-
paring ground and seeding
Cost per acre includes 3
plowings, 2 being under very
dry conditions
On account of over-grazing
value of sheep pasture just
paid for irrigation expense
Johnson grass under con-
trol
Johnson grass under con-
trol

It is the plan to continue the same methods of Johnson grass con-
trol on these same fields until the pest seems to be well in hand.
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The effects of another season's work will undoubtedly shed much
light on the situation, and it is inadvisable to draw too many conclu-
sions at this date. However, certain points have been definitely noted
and certain results have been obtained which are of interest. A discus-
sion of these follows:

The matter seems to resolve itself into Johnson grass control rather
than eradication. Irrigating water brings in enormous quantities of
seed each summer, and plants from this source must IK* continually dealt
with in the absence of a suitable method for screening out these seeds.
It is as easy to control a seedling Johnson grass plant as any other weed,
provided the work is clone in time. As a usual thing the propagating
rootstock starts to develop about the time the head is- in the boot, or
just before it appears above its protective sheath. Before this time a
single cultivation destroys the plant. It follows, then, that after the old
rootstocks are destroyed the key to the whole matter is to attack the
seedlings before they have had time to develop rootstocks of their own.

The cost involved where the grass is kept down by intensive culti-
vation is very heavy, but the returns are often great enough to leave a
margin of profit. By this method, the farmer can eventually get his
place well rid of this pest without being denied the use of his land ; and,
by doing a large share of the work himself can accomplish the task
without much outlay of actual cash. If this method is to be successful,
he must have a cultivator that cuts every bit of plant material between
the rows, and he must be able to clo the work immediately when the
necessity arises. When leaves are formed above the ground, this por-
tion of the plant begins to feed the rootstock, and the only way to make
any headway is to destroy the growth while the rootstock is feeding
the above ground portion. If this is done the vigor of the rootstock is
diminished during the best growing season at a surprisingly rapid rate.

Dry fallow is not as quick a method as intensive cultivation. A
heavy rain may cause enough growth before the field can be entirely re-
plowed to restore otherwise depleted rootstocks to normal vigor. Plow-
ing in dry ground in hot weather is very expensive and slow work, and
the farmer has a difficult situation to face when he has to bear this
expense on land that is returning him no income.

Pasturing with sheep promises to be a favored method. The suc-
cess of this depends on overgrazing. That is, enough sheep must be
run on a field to graze every bit of the grass as close to the ground as
possible. When the land has an abundance of water and the proper
temperature to induce fast growing, the rootstocks can be very rapidly
weakened. Sheep have the alditional advantage of keeping ditches
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clean. When a ditch is grazed thoroughly it is left in ideal shape, for
the tramping and grazing of the sheep tend to smooth the sides and
bed of the ditch, partially overcome the effects of gophers, and keep
down brush and willow growth which make horse work difficult. Where
a ditch is well grazed with sheep it is very rarely that any other work
needs to be done to keep it in condition.

It seems highly probable that some headway can be gained by sup-
plementing these Johnson grass control methods with fall plowing when
practicable. When this is done, a great number of rootstocks will be
brought to the surface and either killed or materially weakened by the
frosts, of winter.

PRESCOTT DRY FARM

The crops grown on the Prescott Dry Farm this year consisted of
corn, beans, peas, grain sorghums, Sudan grass, saccharine sorghums,
and small grains. The 50 acres in cultivation were divided into five
fields as nearly equal as possible. Each field was then sub-divided into
varying sized plats. The plats of any given field were devoted ex-
clusively to one class of crops.

!

Fig. 4. Dwelling- and farm buildings at the Prescott Dry Farm, July 30, 1916.

RAINFALL

Rainfall has direct bearing upon the success or failure of the farm-
ing operations on this farm. The season this year was very favorable
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from a rainfall standpoint. Between five and six inches of rain fell
during January, February, and March, and five inches fell during the
growing season of July, August, and September. The rains were quite
uniformly distributed over the growing months, this having much to
do with the success of the crops on the Prescott Dry Farm this year.

CROPS

Corn: The following varieties of corn were planted from May 22
to June 12: Papago Sweet, Hickory King, Bloody Butcher, Reid's
Yellow Dent, Silver's White Flint and Blue Squaw. All of the corn
was cut for silage except a small patch of Hickory King and Bloody
Butcher which was left for seed. Hickory King yielded the largest
quantity of green silage per acre, while the White Flint and Blue
Squaw were practically failures. Hickory King made 13,320 pounds of
green silage per acre; Papago Sweet, 8,364; Bloody Butcher, 6,720;
Reid's Yellow Dent, 4,500. The small Indian corns have appeared to
better advantage during a less favorable season of rainfall and should
be included in order to provide against complete loss of all corns when
such seasons appear.

Beans: Tepary beans and Colorado Pinto beans were the two
varieties tested this year. These were planted May 10, but later were
nearly destroyed by rabbits. The teparies were completely destroyed
and the Colorado Pintos yielded only 75 pounds of beans per acre.

Field peas: Six acres of Canada field peas were sown June 15,
which was too late to take advantage of any winter moisture that was
present earlier in the season. The majority of the peas did not germi-
nate until July when the summer rains appeared. The season from
this time on until frost was too short for maturing the peas, and the
excellent growth of vines which they made during that time was turned
under as a green manuring crop with no attempt made to harvest
them.

Grain sorghums: The grain sorghums tested thi* year were
Early Dwarf White milo, Standard Black Hulled White kafir, and
shallu. These were planted June 1 on plats ranging from one-eighth to
three-fourths acre in size. The entire crop of all the grain sorghums
was harvested for silage except a small portion of the milo which was
left for seed. An estimate of the yield of milo seed was 1260 pounds of
grain in the head per acre. The yield of green forage was as follows;

Shallu 8062 pounds green silage per acre
Standard Black Hulled White kafir , . . , 5182 " ** " " «
Early Dwarf White milo , .4000 ** a " " "
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The grain sorghums are more drought resistant than corn and in
a less favorable year would have compared more favorably with that
crop. \\ hile shallu made the heaviest yield of forage it does not make
the best silage and its growth should not be encouraged.

Saccharine sorghums: Club-top cane, Reel-top cane, Early Am-
ber cane, and Early Orange cane were tested in plats of more than one
au~e in size. These sorghums were all sown from May 10 to June 12.
Club-top planted May 10 yielded 11,650 pounds of green silage per acre,
Club-top planted May 31 yielded 11,456 pounds, Red-top planted June
9 yielded 5775 pounds, Early Orange planted June 9 yielded 8592
pounds, and Early Amber planted June 12 yielded 3686 pounds per
acre. The Club-top out-yielded all of the other sorghums, and as a
silage crop is very valuable as a supplement to corn.

Sudan grass: A little over 8 acres were planted to Sudan grass
on May 10. One small plat was planted as late as June 5. This late
planted plat was practically a complete failure due not so much to the
elate of planting as to the poor soil and the depth to which the seed was
sown. All of the Sudan grass was planted in rows 40 inches apart
with the exception of one-half acre which was set in 20-inch rows. The
narrow rows yielded only 1000 pounds of dry hay per acre while the
rest of the field, except the late planted plat mentioned above, yielded
slightly over 1.5 tons of dry hay per acre. All of the Sudan was cut
three times and furnished a* considerable amount of green pasture be-
tween the time of the last cutting and the first frost in November.

Small grains: During the fall of 1915 several varieties of wheat
ar.d rye were planted, but all were either destroyed by winter killing or
by rabbits, except one plat of rye. The rye had a very meager stand
and was not worth harvesting. All the small grains were considered
complete failures.

SILOS

During the year a 40-ton cement silo was constructed on the farm.
This is the second silo to be built, the first one being a pit silo built the
year before with a capacity of about 35 tons.

GENERAL CONCLUSIONS

Plowing should be clone in this locality in the fall or early winter.
Spring crops should be sown as early as late frost will permit in order
to take advantage of the winter moisture that has been retained in the
soil Locally grown seed should be used on account of its acclimatiza-
tion to local conditions.
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SULPHUR SPRING VALLEY DRY FARM

The work on the Sulphur Spring Valley Dry Farm proved suc-
cessful this year in demonstrating that feed can be produced in sufficient
quantities to carry on a system of livestock farming. This success was
due largely to the use of selected varieties of crops which have been
proven adapted to this region, and to the copious rainfalls which were
veil distributed during the entire growing season.

WATER SUPPLY

The farm is operated so as to take advantage of any flood waters
that may come upon it. It is also supplied with a small pumping plant
which to a limited extent can be used to supplement dry farming
operations.

Nine inches of rain fell on the place during the months of July,
August, and September. The greater portion of this water fell during
July and August in eight or ten showers, which thoroughly distributed
it over these two growing months.

CROPS

Small grains: During the fall of 1913 sixteen varieties of wheat,
and one each of oats, barley, spelt, emmer, vetch, and rye were planted
on one-quarter acre plats. Nearly all of these varieties with the ex-
ception of vetch came through the winter with a rather imperfect stand
and showed promise of making grain, but upon the advent of warm
weather the lesser migratory locusts appeared and completely destroyed
the crops.

Grain sorghims: The work with the grain sorghums—kafir,
feterita, Dwarf and Standard milo—was largely a test to determine the
proper date of planting. The best results from these tests were ob-
tained with the March 17 planting of Dwarf Black Hulled White kafir.
This crop produced 10,530 pounds of green silage per acre on a two-acre
plat. Weights for the quantity of grain gave an estimate of 4001
pounds of grain in the head per acre. This was more than any of the
other grain sorghums planted at any date. Feterita gave fairly good re-
snlts with the July planting. This crop harvested 9504 pounds of green
silage and an estimated yield of 2052 pounds of grain in the head per
acre. The size of the feterita plat that gave these results was one-third
of an acre. None of the plantings made on April 17 and May 18
produced a crop of sufficient amount to make those dates of planting
practicable. With Dwarf kafir for March planting and feterita for
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planting in July after the rains appear, the Sulphur Spring Valley
farmer is amply provided with crops of this kind. The above crops o£
kafir and feterita were grown on some of the poorest soil on the farm.
This particular portion of the farm is underlaid with clay and caliche
at a depth of 18 to 24 inches and the water holding capacity of the soil
is very low. In some seasons this portion of the farm receives copious
floodings from an arroyo that conies down from the country above, but
this year no such flood water was obtained.

Saccharine sorghums: Club-top cane and Black Amber cane
were each planted on three dates: April 15, May 18, July 21, respec-
tively. The Black Amber cane made a very poor showing in all of the
plantings. The Club Top cane produced two tons of green silage per
acre with the April IS planting and 3.5 tons with the July 21 planting.
July planting, however, was immature when harvested. The grain
sorghums are superior to the canes for silage purposes, and, since the
results indicate greater tonnage from the grain sorghums, there is
little reason for the growing of the forage canes,

Corn: Six varieties of corn were tested. Plantings were made
with each variety on three separate dates: April 16, May 15, and July
22, respectively. The April and May plantings resulted in very im-
perfect stands on account of insufficient moisture in the seed bed; while
the July 22 planting did not afford ample time for complete maturity of
the larger growing varieties, such as Mexican June, The Mexican June
with each date of planting was superior to the other varieties tried, and
appears to be a very excellent variety to grow under these dry farming
conditions. The other varieties used in the trials were White Flint,
Freeds, White Moqui, Mohave, and Papago Sweet. The April plant-
ings of Mexican June yielded four tons of green silage per acre, and an
estimated yield of 2490 pounds of grain in the ear per acre. The July
planting of Mexican June was immature at the time of harvesting, but
yielded 11,520 pounds of green silage per acre. The size of the corn
plats varied from one-half to one acre. The smaller Indian corns did
not equal the yields of the larger growing varieties this year, but in
all probability in years of limited rainfall they would give returns when
the larger growing corns would be a failure.

Canada Held peas: Three acres of Canada field peas were sown
February 29. The crop was a failure for two reasons,—heat and grass-
hoppers. The moisture conditions were good and the peas germinated
\\ ell giving a perfect stand. When the peas reached a height of seven
inches they stopped growing and stood at this size for several weeks
until the grasshoppers eventually devoured the crop.
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A winter legume is highly desirable in this region for soil building
purposes, and more work should be done along the line of testing out
either field peas or some other legume that could be used as a green
manuring crop.

Tepary beans: Seven acres of Tepary beans were planted July
17. The beans were harvested October 5 and gave a yield of 752
pounds of recleaned beans per acre. After the beans were harvested

Fig. 5. Tepary beans on a windy day at the Sulphur Spring" Valley Dry Farm.
Yield, 752 pounds per acre.

the soil was left in excellent condition. All that was then necessary for
the planting of small grains in this field was double discing and drilling.

Pink beans: Two acres of pink beans were planted on July 19, on
land of the same character as the field of Tepary beans and received
the sanie treatment in every respect as the above crop. Pink beans
harvested October 22 yielded 208 pounds of recleaned beans per acre.

Cowpeas: Two varieties of cowpeas, Whippoorwill and Black-
eyed, were planted July 19. The yields for the two varieties were 51
pounds of Whippoorwill peas per acre and 335 pounds of Black-eyed
peas per acre. The Whippoorwill peas made much heavier growth of
vine, but did not wholly mature its full crop of seeds. The Black-eyed
pease were earlier and yielded a mature crop, but the vines were not
so luxuriant. The Whippoorwill peas promised to be the best variety
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for green manuring purposes. A crop of Whippoorwill peas could be
planted to take advantage of summer rains and plowed under in the fall.

Sudan grass- Sudan grass was planted on three dates: April 15,
May 18, and July 21, respectively. The April and May plantings gave
a very imperfect stand which was further damaged by grasshoppers.
The July planting was on very thin soil underlaid with caliche at a
depth of about 12 inches. The yields in all the plantings were very un-
satisfactory, less than a ton per acre being harvested from the April
and July plantings, and only about 600 pounds per acre from the May
planting.

Two cuttings were made from each plat. The results obtained
from the work \\ith Sudan grass should not be taken as evidence that
this crop cannot be made to yield profitable returns on this dry farm.
The performance of individual plantings more favorably located as to
soil conditions and the appearance of portions of the plats where the
early planted seed found sufficient moisture to germinate, indicates
that if properly handled, Sudan will become a very valuable forage
grass for this region.

CONCLUSIONS
The short season crops must be delayed until the coming of the

summer rams in July. The dry farmer must farm with the moisture as
the limiting factor; and to conserve that moisture and take advantage
of it at the proper time is his main problem.

This year's results would indicate that Dwarf kafir, Mexican June
corn and Sudan grass planted m March on fall plowed ground; f eterita,
Club-top cane, Tepary beans, cowpeas, and a second crop of June
corn planted in July on a previously prepared seed bed moistened by
the first rains of the summer, and small grains sown in October on the
Tepary bean ground, would furnish ample feed for the livestock farmer,
and at the same time give a crop of beans or wheat to be placed on the
market for cash.

J. F. NICHOLSON,
Agronomist.

H. C. HEARD,
Assistant Agronomist.



BOTANY

Rainfall for the year ending June 30, 1916, was generally up to the
average or somewhat above, for the State as a whole. This was true
both as concerns the summer and the winter rainfall. As usual most of
the summer precipitation took place during July and August. October
and November were dry months and there was little growth on the
ranges after the middle of October. The long dry fall was unusually
favorable for the natural curing of the bunch grass growth, and also
enabled stock to consume the heavy crop of mesquite beans before this
could be damaged with moisture.

The winter rains were abnormally heavy during December and
January and lighter than the average in February and March. As is well
known, rainfall on the ranges before January 20 is of less value than
that which comes later, and when heavy it may prove even detrimental.
The heavy rainfall of the earlier winter months caused considerable
erosion on the ranges and also serious floods in many of the river val-
leys and washes. Besides this, it damaged greatly the bunch grass feed
on the ranges through leaching. And, finally, it came at a time when
the temperatures were too low, even on the warmer desert ranges, for
active winter annual growth. When the temperatures were more favor-
able, in February and March, the rainfall had dropped off greatly with
the result that the growth of the late winter and spring forage was not
as heavy as it would have been with a more timely distribution of the
rainfall. The rainfall on the small range reserve, near Wilmot, Ari-
zona, which is typical of southern Arizona ranges at the lower altitudes,
may be cited as an example of this. The total precipitation for this
area for the year ending June 30, 1916, was 13.95 inches, or about 2
inches above the average. Of this 5.65 inches fell during the summer
period, July to October inclusive, and 8.17 inches in the winter season,
December to April inclusive. Of the latter, 622 inches came during
December and January, which left but 2 inches of moisture to mature
the growth begun in the winter season. Naturally, this growth was
shorter than it would otherwise have been.

ROOT-KOT DISEASE

During the year, Mr. Uphof and the writer devoted some time to
the study of root-rot of alfalfa and fruit trees, both in the field and in
the laboratory. This work led to the isolation of several different or-
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ganisms or fungi, of which one was a species of Fusanum. This fungus
was present in practically every culture made from roots of plants that
had died from the disease known as root-rot, and it is believed to be
one of the organisms causing this disease. This is apparently the same
species of Fusarium that Dr. McCallum studied several years ago at
this Station, in his work on root-rot. This fungus develops commonly
in great quantity as a white filamentous growth on roots of plants that
have recently died, when these are washed and placed in a moist, sterile
chamber. It is quite easily obtained as a pure culture and grows readily
in a large number of prepared media. With several trials Mr. Uphof
did not succeed in inoculating healthy seedling alfalfa plants with cul-
tures of this fungus. This inoculation work was done late in the season
when the fungus was quite inactive, which may explain the failures.
Unfortunately, it was necessary to discontinue this work last June after
the departure of Mr. Uphof. 'As is well known, root-rot disease is
widespread in our State and causes serious losses for the alfalfa grower,
orcharclist and gardener. Accordingly, this study should be completed
at an early date so as to open the way for a possible economic control
of the disease.

PUBLICATIONS

Bulletin No. 79, Cold Resistance in Spineless Cacti, was com-
pleted in July and is now in press. This work is an attempt to deter-
mine the factors which influence resistance to cold in spineless cacti and
completes an Adams' fund project that was outlined three years ago.
Spineless cacti have not proved very hardy in Arizona, which fact was
noted in Bulletin 67 of this Station. This statement led to consider-
able inquiry and correspondence and was partly responsible for the
present bulletin. For this work spineless cacti that were considered
hardy, were secured from several sources and, with others that were
known to be injured with a few degrees of frost, were planted in the
introduction garden at the University Farm in the spring of 1913. The
soil was loamy in character and the plants were given moderate care in
the way of irrigation and cultivation.

The following varieties of platopuntias were among the more im-
portant of the ones planted: Opuntia ficus indica from Malta; 0. ficus
indica from Sicily; Opuntia sp. Burbank Special, regarded as very
hardy; 0. fusicaulis, a slender-jointed spineless pear; 0. castillae, a
spineless Mexican cactus growing in Tucson gardens; and 0. Ellisiana,
secured from Mr. B. R. Russell, San Saba, Texas.

Careful notes were kept on these plants concerning their rates of
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growth, and relative resistance to summer and winter temperatures. It
was observed in brief that Opnntia castillae and 0. Elhsiana made less
growth than the other species, but that they were hardier to winter
temperatures. With these species growth usually ceased in October
while the others often continued growth until severe frosts began in
November. Naturally, the tender half-matured joints were killed with
the first heavy frost.

In the summer of 1915, Mr. J. C. Th. Uphof, then assistant in
botany in the department of biology, made laboratory studies, morpho-
logical and physiological, of joints of these plants in order to determine
the factors of cold-resistance in cacti. Mr. Uphof found that the
varieties of spineless cacti having relatively thick integuments may
withstand a low temperature for a short time with little or no injury
while those having thinner integuments would be injured. He also
found that the collecting and freezing of water from the cells in the
intercellular spaces during low temperatures is not in itself harmful to
the plant. Also, that the protoplasm of the cell is not poisoned with
the concentration of the cell-sap solution as a result of at least part of
the water of the cell being withdrawn to the intercellular spaces and
frozen. Mr. Uphof concluded that with normal cactus plants resistance
to cold is inherent in the protoplasm, and for this reason some varieties
can endure more frost than others.

Mr. Uphof s work checked quite closely with observations made
by the writer relative to low temperatures in winter. He found that
Opuntia castillae and 0. EIHsiana were more resistant to cold than any
of the other species and that Opuntia EIHsiana was considerably hardier
than 0. castillae. Mr. Uphof determined that Opuntia castillae would
be injured with a temperature of 6.8 degrees F. During the winter of
1912-1913, it was severely frozen back on the University grounds \\ith
a temperature of 6 degrees F.» and in December, 1916, it was injured
at the University Farm with an estimated temperature of 9 degrees F.

The literary work of this bulletin was clone by the writer, the
reason for this being stated in the publication.

Timely Hint No. 117, Vines for Shade and Ornamental Planting,
was written to meet a growing demand for information on this sub-
ject This leaflet discusses briefly the value of vines for general plant-
ing and includes a list of the hardier species, both evergreen and de-
ciduous, that are quite generally planted. Short descriptions of the
varieties are given together with methods of cultivation. Vines are
among our most ornamental plants. They are planted more in the
Southwest than in other parts of the country, partly because of our
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stronger sunlight and aridity, and also the quick shade which they
supply. The following species were recommended for planting over
the State: five-leaf ivy or Virginia creeper (Parthenocissus vitacea var.
macro phylla); Japanese ivy (Parthenocissus tricuspidata); Japanese
honeysuckle (Lonicera japonica); English ivy (Hedera helix); Arizona
grape (Vitis arizomca), trumpet honeysuckle (Lonicera scmpervirens) ;
silk vine (Penploca graeca); Chinese wistaria (Wistaria chiensis);
Chinese trumpet creeper (Tecoma chiensis) ; blue passion flower (Passi-
flora caerulea) ; Japanese virgin's bower (Clematic paniculata), west-
ern virgin's bower (Clematis hgusticifolia;) native hop vine (Humuhis
lupulus var. neomexicana).

Timely Hint No. 118, Crown Gall, deals with the well-known
disease of orchard trees and suggests means for its control. Severe
losses have resulted to Arizona orchardists from crown gall, and it may
be looked for now in practically every agricultural community in the
State. Recent studies have shown that in addition to deciduous fruit
trees, hops, grapes and cane fruits, crown gall attacks roses, chrysanthe-
mums, Paris daisies, walnuts, white poplars and similar shade trees be-
sides field crops like sugar beets and occasionally alfalfa. Nurseries
have played an important part, often unconsciously, in the spread of
this disease. In the light of better information concerning the infec-
tious nature of crown gall, and with stringent state inspection laws,
there will be less danger than heretofore of introducing crown gall in
one's orchard. However, the orchardist and farmer should exercise
great care in purchasing nursery stock and insist that it be inspected
properly by the state authorities.

STUDIES IN THE FLORA

This department is assisting the forest service in this State to
identify the more important plants, both woody and forage species, that
grow on our forest areas. It is also cooperating in a like manner with
the Bureau of Biological Survey, Washington, D. C., relative to their
work of mapping the life zones of Arizona. More than 200 plants
were determined for the Coconino National Forest last summer and
smaller lots for other of the forest areas. Thus far 180 species have
been identified for the government biological survey work. Most of
these plant specimens are deposited ultimately in the herbarium of the
University for future reference. This work requires a considerable
outlay of time, but it is invaluable since it enables the Botanist to be-
come better acquainted with plants from widely separated localities in
the State and their distribution. It also helps to make more nearly
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complete the work on the flora. It has been the means of brmoing
to notice a number of species that heretofore were not known to occur
in the State.

In addition to this, the writer practically completed during the
year a study of the native Pteridophytcs or fernworts, Chenopodiaceae
or Goosefoot family which includes the saltbushes, and Amaranthaceae
or Tumble-weed family. Studies were also made on the trees of Ari-
zona which added several more species for the State, and work was
begun on the grasses. Besides the above, two classes were taught each
semester.

Six weeks of the past summer was spent in field work, principally
about Prescott, Flagstaff, and the Grand Canyon. This trip was made
by automobile with a camping outfit which made it possible to stop
wherever interest demanded. Much valuable information was secured
relative to grazing, carrying capacity of ranges, and poison weeds. The
distribution and abundance of the more important plants was also noted.
Quite complete plant collections were made at the Grand Canyon and
Prescott. A careful study was also made of the shade and ornamental
plants growing most successfully above altitudes of 5000 feet. The
information on cultivated species is being included in a bulletin on the
shade and ornamental plants of Arizona.

MISCELLANEOUS

The writer read a paper at the meeting of the American National
Livestock Association, El Paso, Texas," last January, entitled The
Practical Application of the Ferris Stock-raising Homestead Bill to
Our Western Grazing Ranges. This was published in the Proceedings
of the Nineteenth Annual Convention of the American National Live-
stock Association, 1916, pp. 116-120. This law was enacted recently,
and the stockman may now take up a section of arid grazing land for
a homestead.

J. J. THORNBER,
Botanist.



HORTICULTURE

The major part of the Assistant Horticulturist's time has been
occupied in teaching. Extension work occupied twenty-two days' time.
Experimental work with lettuce, beans, sweet potatoes, and egg plants
occupied the remainder.

The cantaloupe growers of Salt River Valley, in casting about
for a crop to occupy their time and land during the winter months, first
began to take serious interest in lettuce during the winter of 1914-15.
The efforts of most of the growers this season were discouraging from
a financial standpoint. The two most serious difficulties were in the
matter of season and marketing. The writer, therefore, took up the
task of aiding in the solution of these problems. The questions which
arose were:

1. What methods of packing, loading, and refrigeration will in-
sure the safe arrival of lettuce on the market?

2. What is the best variety for Salt River Valley?
3. What cultural methods would result in earlier maturity of the

crop?
The Glendale growers, who are most vitally interested, solved or

partially solved most of the shipping problems themselves during the
season of 1915-16. They found that lettuce reached Eastern markets
in excellent condition if the following precautions were observed :

1. Pack crates with a 3-inch bulge before the lid is put on.
2. Precool the packed lettuce in the cold storage room of the local

creamery for 48 to 60 hours (or until a car is made up).
3. Load cars before daybreak.
4. Load the car only two-thirds deep.
5. Leave ventilating space between rows of crates in the car.
At the writer's suggestion Mr. S. B. Tatum, of Glendale, shipped

a sample of lettuce to A. Stein f eld & Company, Tucson. The manager
of the grocery department of this store suggested that the shipper line
the crates with paper to prevent contamination in transit. Mr. Tatum
acted upon this suggestion by lining the crates in a part of a car
consigned to a commission merchant in Kansas City. Word came back
from this merchant, "Line all crates hereafter. Lined crates bring 25
cents a crate more than unlined."

Work to decide the relative merits of different varieties was begun
r.t the Yuma Date Orchard in the fall of 1915. The following varieties
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were grown: New York or Los Angeles, Large Hanson, Denver Mar-
ket, Iceberg, May King, Early Curled Simpson, Grand Rapids, White
Paris Cos, Salamander, California Cream Butter, Big Boston, and
White Summer Cabbage. Work at the Phoenix Farm the same year
was designed to determine the value of manure in accelerating the
maturity of the crop.

Following the first year's work an acre of ground at the Mesa
Farm is now in variety and cultural experiments to determine (1) If
any variety of the crisp type of lettuce is superior to the New York
for market purposes; (2) If there are marked differences in different
strains of New York; (3) What quantity of manure is desirable for
the crop; (4) Can cotton seed meal be substituted for barnyard manure
as a fertilizer; (5) Which method of culture is to be preferred—one
single row on each ridge, double rows to the ridge, or flooding the crop.
This work up to this time offers the following conclusions :

1. The crisp type of lettuce represented by New York, Iceberg,
and many other varieties are to be preferred for Arizona conditions to
the butter head type represented by Big Boston, Tennis Ball, and many
other varieties.

2. Drilling the seed makes thinning easier than dropping the seed
in hills.

3. Thinning can be done better and cheaper \\hen the plants are
very small.

4. Crowding in the row or delay in thinning delays maturity.
5. A heavy soil lacking enough organic matter to make it crum-

ble can delay the maturity of the crop several weeks.
6. Applying rotted manure in large quantities (10 to 20 tons per

acre), or plowing under a cover crop is necessary for a profitable crop
in most ^oils.

7. It takes about 90 days of good growing weather to mature
the crisp type of lettuce.

8. Poor seed, poor soil, cold weather, delayed thinning, and poor
cultivation will increase this time.

ARIZONA CUMATB AND BEAN ANTHRACNOSR

In the spring of 1916, Mr. A. N. Brown, editor of the Fruit Belt,
Grand Rapids, Michigan, wrote that he had heard that anthracnose did
not affect beans in this State. If this was true he thought Michigan
growers would profit by using seed grown in Arizona. The writer was
detailed to study the question.

Through the kindness of the W. A. Burpee Seed Company, of
Philadelphia, samples of 36 varieties of beans were donated to the
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Station, and were planted on the Sulphur Spring Valley dry farm near
Cochise. Later Mr. Brown sent some diseased bean seed. The diseased
seeds were planted in the middle of the variety block so that if the
disease could develop in this climate it would have a good chance.

Professor J. G. Brown of the University made examinations of
suspected material during the growing season and reported that he
found an organism which looked like the anthracnose (Colletotrichum
Lmdemuthianum), but no spores could be developed. After the crop
was harvested Professor Brown was unable to obtain any cultures from
the beans produced from the infected seed.

Of the varieties grown at Cochise all but the very late ones
matured a fair crop of seed, showing that bean seed can be grown here
if there is any superior quality in seed so grown.

STORAGE OF SWEET POTATOES

Since the sweet potato is an important garden crop in Arizona,
the writer concluded that a study of methods of storage suited to Ari-
zona conditions would be beneficial to the truck farmer. In one trial
the potatoes were picked in the ordinary way, carried in sacks to the
barn, and were spread in thin layers between straw. In the other trial
only sound potatoes were chosen for storage These were placed in
crates in a room heated with an oil heater, and then piled between layers
of straw as were the first lot. A report on the percent which keeps will
be made in the spring.

KEEPING EGGPLANT

Although the eggplant is a vegetable of minor importance, the
presence of summer vegetables on our tables in the winter season is
generally welcome. The deterioration of the eggplant is due largely to
evaporation from the skin. Noting this fact the writer October 25
dipped eight eggplants in melted paraffin, and hung them up by the
stem. Three of the eight eggplants decayed from a brown rot. The
other five were in good condition December 16 when one of the them
was cooked in the ordinary way, the quality being as good as one direct
"from the vine. The other fotlr are at this late, January 25, apparently
in excellent condition. It may be that the rotting of the fruits can be
prevented by disinfecting the surface before coating with paraffin. No
rot developed which had not started within the first two weeks.' The
method appears to be a practicable one for home use.

S. B. JOHNSON,
Assistant Horticulturist.



PLANT BEEEDING

Owing to the fact that a considerable part of the time of the
bead of the department was devoted to the additional duties which
devolved upon him as acting Dean and Director of the College of
Agriculture and Agricultural Experiment Station, and as a result of
interruptions occasioned by other changes in the Staff, it was considered
advisable to confine the work of the department for the year to the
breeding of wheat, alfalfa, and the grain sorghums. The work with
beans and sweet corn, and the transpiration studies with alfalfa were
postponed.

WHEAT

The total acreage of experimental wheat plots at Yuma was 4.08
acres. The total yield of grain on this area was 7563.5 pounds of
cleaned grain. The average yield per acre was 30.9 bushels. The alkali
spots of the Dyer block reduced the yield to some extent, but in no
place was the alkalinity strong enough to entirely prevent the plants
from maturing seeds, except in two or three small places of negligible
area. The growth on at least one-eighth acre \\ab somewhat dwarfed
on account of alkali. Some of the plots lodged badly while the plants
were in bloom, and a high percentage of heads on these plots was
completely sterile. Cold weather and a light frost came while some
of the earlier strains were in bloom, and prevented them from setting
a full crop of seed.

Owing to these abnormal conditions of weather during the growth
of the crop, the yields of the different varieties in 1916 were very
different from yields obtained in 1915. The highest yielding variety
of 1916 was the Early Baart, making an average of 49.46 bushels per
acre, while one plot of this variety yielded at the rate of 56.98 bushels
per acre. This strain has been developed from a head selection made
from a large field plot, and is proving to be very productive in the
large test plots. The average yields for all the large test plots are
given in Table IX.

IX. WHEAT VARIETIES AT YUMA, 1916

Name of variety
Yield
per
acre

"bushels

Early Baart , . . . ,
Sonora 1 3908
White Algerian , 2900
Red Algerian < 26.16
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In addition to the large test plots, 65 pedigreed races were planted
in increase plots. Each of these races was selected from the best head
rows of the previous season's crop. The object of this experiment was
to increase the seed from these excellent races, and to further test their
yielding capacity when planted under practical field conditions. Al-
though some of these races suffered severely from a late frost, and
therefore made low yields, others outyielded the original races from
which they were selected. A selection of Turkey Red wheat produced
51 bushels per acre, while the original stock from which this selection
was made produced only 43.2 bushels in 1915. A similar gain in yield
was obtained from nine other selections. The abnormal conditions of
the spring weather, such as cold weather and late frosts, make it nec-
essary to repeat this series next year.

The wheat hybridization project has been continued this year, and
data on the third generation has just been completed. Reciprocal
crosses of the following varieties have been studied: Early Baart x
Macaroni, Sonora x Macaroni, Algerian Red x Macaroni.

The object of this project is to combine the hardiness, disease re-
sistance, and high yielding qualities of the macaroni with the high mill-
ing quality of the bread wheats. A very exhaustive study of heredity
in wheat has also been made. About twenty-five thousand hybrid wheat
plants were grown at Yuma and harvested in the spring of 1916. Care-
ful individual plant records were made of the following characters:
Date of first head, height of plant, date of maturity, strength of straw,
and rust resistance. The heads of each plant were harvested in a sepa-
rate bag and the whole lot was shipped to Tucson where laboratory
notes were taken on the following head characters: Number of heads,
the dimensions of the largest head of each plant, length of awns, and
color of chaff. A very extended study of sterility has been planned
and carried forward during the past two years. This is one of the
most difficult problems with which the plant breeder has to deal in
producing high yielding strains.

ALFALFA

The alfalfa plots on Land 11 at Yuma were continued through the
year 1916. Table X gives the total yields per acre from these plots.

Table X shows that the Peruvian alfalfa leads in yield, as it has
done during the two previous years. It should be said that Plot 39b
of the Peruvian is not thoroughly level. About one-third of this plot
is too high to receive the same quantity of water as the other plots.
This accounts for the low yield on this plot. A seed crop was also
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taken from these plots. From the seed crop taken in 1915, these trial
plots were transferred to the Mesa Farm, and the high yielding strains
were planted in one-fourth acre plots.

x. YIELDS OF ALFALFA AT YUMA, 1916

No.
of

plot

QOa

1 1

22
24
3Qh

27
35
41
39c

Name of alfalfa

Algerian (Oued Rirh)

Hairy Peruvian

Total yield
pounds

per acre

17777
16777
IS 384
15751
19191
13352
1?15l
13943
14476
16657

Seeds were taken from all the pure lines of alfalfa growing at the
Evergreen Nursery, anl these plots have been discontinued. Twenty-
six plant selections were made from these plots and the seeds from
these plants were planted in rows at the Mesa Farm last fall.

GRAIN SORGHUMS

As a preliminary test for securing good foundation stock for
breeding work with the grain sorghums, sixty head selections of milo,
feterita and kafir were planted at the Yuma Date Orchard in July.
Approximately one hundred plants were grown from each selection,
and the following notes were taken: Date planted, date up, date
thinned to one plant in hill, date first head, elate full head, date ripe,
number of heads per plant, weight of heads from each selection cut
not over one and one-half inches below base. These data will be used
as a basis for further selection in breeding for higher yielding- strains
and more desirable types. A total area of one and one-eleventh acres
was planted to these selections, and a total yield of 5758 pounds of head
grain was obtained.

GEO. F FREEMAN,
Plant Breeder.

\Y. E. BRVAN,
Assistant Plant Breeder.



ANIMAL HUSBANDRY

Investigations in animal husbandry have been conducted along five
different lines: (1) Sheep breeding experiments; (2) feeding Tepary
beans to hogs; (3) supplmenting alfalfa hay for milk production; (4)
Obtrich investigations; and (5) study of the various systems of live-
stock farming in Arizona.

SHEEP INVESTIGATIONS

The flock of sheep located in Salt River Valley has undergone
considerable improvement this past year. All animals that were of
inferior type or unsatisfactory in mutton, wool, or other qualities were
discarded. The present flock has been materially decreased in numbers.

Wool study: The weights of wool of the various crosses of sheep
have been studied during the past year. Instead of averaging the entire
number of clips of wool of the different crosses as has been done in
previous reports, the different clips of wool were compared with each
other and with those of other crosses. This was necessary, for the
Tunis-Native and the Hampshire-Tunis-Native crosses have many more
old sheep than any other. It has been observed that the first clip is
usually very light while the second and third clips are much heavier.
Some of the crosses give their heaviest fleece at two years of age, while
others give their heaviest clip at three yars. Still others have seemingly
increased in weight of wool as they grew older. The sheep of some of
the crosses have had three clips; and in comparing their wool only the
first three clips were taken into consideration. Table XI shows the
weights of wool according to clips of the various crosses for a period
of six years.

The first clip averages the lightest of all, while the weight of
wool gradually increases until the fourth and fifth clips which are
slightly lower, but the sixth clip shows a marked increase over the
others. It should be noted that before the sixth clip was taken most
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TABLE XI. WEIGHT OF WOOL BY CLIPS AND CROSSES

Cross

T

1
T N

2 2
T H N

2 4 4
T S N

2 4 4
T T N

2 4 4
S

1
S N

2 2
S T N

2 4 4
S HT N

2 4 8 8
H N

2 2
H T N

2 4 4
H T S N

2 4 8 8
H S T N

2 4 8 8

1st clip

N
o.

 o
f

fl
ee

ce
s

20

72

17

26

10

5

26

104

7

12

9

13

25

%+*
%*

tb

6.2

5.11

4.63

5.00

4,76

581

3.48

5.99

4.13

3.67

536

550

5.05

5,34

2nd clip

n
o

c «
*«§

12

n
11
15

10

6

23

56

8

12

10

5

8

&TJJ
P>1>
<<£

Tb

5.91

784

663

659

6.90

6.54

9,58

6.35

5.61

7.29

7.69

5.93

6.59

6.82

3rd clip

fe|

g$
x^qR

12

65

7

5

8

6

15

31

4

11

8

2

3

&/a_

&

Tb

7.87

7.49

480

6.20

6.91

731

7.77

6.95

529

5.49

5.80

6.00

7.33

4th clip

eg,

582qq

7

65

3

2

5

4

13

12

10

8

6.89 | ..

&*;

T̂t>

5.75

7.87

600

512

6.53

6.25

7.86

623

6.45

7.53

5th clip

15 °O 0)
oII

7

56

1

1

7

1

5

7
i

6.80 ..

£««JP

tb

6.95

7.39

7.50

6.00

4.00

7.24

8.75

5.70

5,50

6.55

6th clip !

«w a}
0 Q
. uo <^£ a?

««

4

38

4

5

_

&C.J

1̂t»

6.33

8.40

4.50

4.55

6.93

Avg.
first

3 clips

Tb

6.57

6.80

529

577

6.14

6.60

6.78

625

5.00

5.48

6.33

5.66

5.58

of the inferior sheep were eliminated from the flock so that only the
better ones remained. In comparing the average of the first three
clips the Shropshire-Native cross averages the heaviest; the Tunis-
Native comes second, the pure Shropshire sheep third, the pure Tunis
fourth, and the Hampshire-Tunis-Native fifth. The three year average
should be fairly reliable, because a large number of sheep were taken
into consideration in each case. It is found that where there is a con-
siderable proportion of Hampshire blood, the fleece runs light. The
Tunis and Shropshire breeds cause a relatively higher weight of clip.

Tn order to get a fair comparison of the various clips of wool, those
sheep having six clips were taken separately and the weights of their
fleeces averaged. Only four crosses have had six clips including the
pure bred Tunis, the Tunis-Native, Hampshire-Native, and Hampshire-
Tunis-Native. Table XII gives the average weights in detail
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TABLE XII. WEIGHT OF CLIPS OF WOOL INCLUDING ONLY SHEEP HAVING

SIX CLIPS

T N

2 2
H N

2 2
H T N

2 4 4

Average

No. of
sheep

i

24

3

3

1st clip

pounds

450

583

1.92

192

503

2nd clip

pounds

S60

673

692

692

683

3rd clip

pounds
A £C\

9.35

3.92

3.92

8.18

4th clip

pounds

4 35

6.92

4.50

4.50

6.46

5th clip

pounds

5 ID

7.52

5.17

5.17

6.97

Gth clip

pounds

C -3C

6.72

3.55

3.55

6,10

The pure-bred Tunis sheared heaviest in their second clipping. The
third and fourth clips were lighter, while their sixth clip was nearly
*s heavy as the second. The Tunis-Native cross sheared much heavier in
the third year, but next highest in their fifth. This cross does not com-
pare well with the other crosses in this regard. The Hampshire-Native
and Hampshire-Tunis-Native crosses both gave a heavier clip at two
3, ears of age than at any other time. It is found in averaging the clips
of these various crosses that the third clip is heaviest, the fifth clip next,
\\ hile the second clip takes third place.

Twin inheritance study: It is highly important that a high de-
gree of fecundity exists in a breed of sheep. It is readily seen that a
flock throwing a large percentage of twins will increase in numbers
much more rapidly than where single lambs are the rule. If there is
any means by which the percentage of twin lambs can be increased it
would be of value to sheep growers.

A study has been made of the Experiment Station ewes, to find
whether any of the crosses being used were more productive of twins
than others, and to find whether ewes that are twins are more likely
to throw twin lambs than single ewes are. This study has not been
finished, but the data in Table XIII is submitted to show the results of
the investigation so far.

The Shropshire and Hampshire crosses as well as the pure-bred
Shropshires seem productive of many twins. The Tunis breed and its
crosses favor single lambs.

Both the single and twin ewes produced more single than twin
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XIV. GAINS ACCORDING TO BREEDING

Breed in§f

Tunis
HT N
T H N
Cross-bred. ..
H S T N . .
H T H N . .
H T T N
TR

Average . .

Feb.

Ib

1563
1490
1780
1550
1475
1550
1550

1565

Mar,

lt>

1563
1551
1633
1400
1594
1683
13 50

1539

Apr.i

Tb
1325
1260
1538
1323
1390
1667
1200
1467

13.96

May

ib

983
1264
1309
1400
1126
12.83
500

15.00

11.57

June

Ib

700
11 71
11 16
1027
9.38

1125
1300
11.33

10.57

July

Ib

— 02C
1 ig
1 50

—567
—181
—050
—2.00

250

—0.79

Aug

Ib

200
11 50
434
6.20
4.84
3.75
3.00
650

436

Sept,

ib

670
646
734
893
562
575
300

1800

7.73

Oct

Ib

720
281
767

—121
3.00
150
400
200

261

Nov.

Ib

040
1 7"i
1 W

—236
142
375

—500
600

0.83

The greatest gains were made in February. Each following month
the amount of gains gradually decreased until June, when the average
for the flock was 10.57 pounds increase per month. The next month
was especially warm and trying so that many of the lambs actually lost
in weight. There were a few individuals that lost in either June or
August, but not nearly as many as during July. Some slight differences
are apparent between the rate of gains of the different crosses, but
the average of each cross did not vary from the average of the flock.
It was apparent that the lambs born in May lost relatively less than
those born in other months, but these lambs seem to be retarded in
their development and did not weigh as much in the fall as the early
dropped lambs.

There were 57 lambs in the flock December 1, 1916. These lambs
were divided into three groups according to weight. Table XV classi-
fies them according to breeding and weight.
TABLE xv. CLASSIFICATION otf LAMBS BY BREEDING AND WEIGHT,

1, 1916

Breeding

T
H T N . . .
T H N . . .
Cross
H S T N .
H T H N ,
H T T N .
TR

Under 70 Ib.

No.

3
3
4
5
3
2
0
0

Avg. wt.

pounds

53.7
67.0
60.3
63.2
55.6
63.0

0
0

Between
70 and 89 Ib.

No.

2
8
1
8
6
1
0
0

Avg. wt,

pounds

785
818
80.0
793
80.0
850
85.0

0

Over 90 Ib.

No.

0
5
1
1
3
1
0
1

Avg. wt.

pounds

0
102
94

107
96

115
0
0

Total

No

5
16
6

14
12
4
1
1

Avg. wt.

pounds

63.6
842
69.2
75.5
77.9
81.5
85.0

1000

Sexes

No.
ewes

3
9
2
5
7
2
0
0

No.
rams

2
7
4
9
5
2
1
1

Table XV shows that the Tunis lambs weighed less than any other
breeding, averaging 63.6 pounds. The Hampshire-Tunis-Native lambs
averaged 84.2 pounds, being the highest average where there were large
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numbers in the lot. It so happens that there was only one lamb in two
of the crosses and these were heavy. There was relatively a greater
proportion of light than heavy lambs, and the heaviest lamb weighed
115 pounds. This was the Hampshire-Shropshire-Tunis-Native and
lambs from this group rank second in general weight. There were
some very light lambs among all of the crosses where large numbers
were available. It is significant that the cross-bred lambs were lighter
than the average in the flock and these did not seem to make more
rapid gains than those from any other cross. The heaviest lamb in this
group weighed 107 pounds, but there was a larger number of lambs
in the group under 70 pounds from the cross-bred bucks than from
any other, and the proportion of light lambs to heavy lambs was also
greater than in any other breed, except in the pure-bred Tunis.

FEEDING TEPARY BEANS TO HOGS

Little information is available regarding the feeding qualities of
Tepary beans, although they are sometimes fed to livestock in the
Southwest. On this account a feeding experiment was planned to serve
as a preliminary study of the feeding qualities of Tepary beans. Beans
were fed to hogs of different sizes to ascertain as many details as
possible regarding how best to feed them as well as the feeding quali-
ties. Two distinct trials were made: The first was to feed a young pig
on ground Tepary beans alone, anl the second to feed rolled barley in
comparison with a mixture of rolled barley and Tepary beans made up
in equal parts by weight. In estimating the cost of gains, rolled barley
was valued at 1J4 cents per pound and Tepary beans at 3 cents per
pound.

Feeding a young pig on cracked Tepary beans alone: A Duroc-
Jersey pig ten weeks old was placed in a pen 12 by 20 feet and given all
the water and cracked Tepary beans it would consume. The pig weighed
30 pounds at the beginning of the period, but it rapidly lost in weight.
The animal refused to eat the cracked Tepary beans and weighed 21J4
pounds or a loss of 8% pounds at the end of 35 days. It was apparent
the pig would die and the experiment was discontinued.

No doubt the unpalatable nature of the food rather than its nutri-
tive qualities was the cause for the small consumption, for pigs fed
cooked Tepary beans consumed them in reasonable quantities. After
the pig was placed in an alfalfa lot, and given rolled barley and
skimmed milk, it soon made rapid gains and developed into a healthy
animal, but slightly smaller than its litter mates.

Feeding rolled barley vs, Tepary beans and rolled barley to grown
stiotes: Four Poland-China shotes from the same litter were divided
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into two lots averaging 147 pounds. These animals were uniform and
received similar treatment from birth. Over a period of 64% days the
pigs wrere fed in a dry lot. Lot 1 received rolled barley and water,
while Lot 2 received rolled barley, Tepary beans and water, the grain
being mixed in equal proportions by weight. Rolled barley is not con-
sidered an especially palatable food for hogs, and it is unbalanced, being
deficient in protein. On the other hand the beans are rich in protein,
and according to its composition should be well suited for balancing the
rolled barley. It is thus shown that Lot 1 was fed a more or less
unbalanced ration while Lot 2 was fed a better balanced ration.

The pigs were fed twice a day throughout the experiment. The
amount given Lot 1 was regulated according to the consumption of the
feed by the pigs receiving the mixture in Lot 2. Each lot was started
by giving it five pounds of the feed daily or approximately 1,66 pounds
per hundred pounds live weight. At the outset of the experiment
the pigs in Lot 2 did not take kindly to the Tepary bean mixture, and
did not make satisfactory gains. They carefully picked out the rolled
barley from the feed, and did not consume much of it. The next en-
deavor to induce the pigs to consume the Tepary bean mixture was
by grinding the rolled barley and the cracked beans finely and mixing
them thoroughly. This did not have the desired effect as the pigs
refused to eat the mixture and 12% pounds were weighed back. The
feed was made into a wet mash, but this did not increase its palatability.
The pigs in Lot 2 were apparently hungry and losing weight; they
became restless and rooted more in the ground than those in the
other lot. Fifteen days after beginning the experiment the beans were
cooked and mixed with rolled barley and the pigs ate them greedily.
After this the beans were eaten with relish, and it did not make much
difference whether they were ground or whole if cooked. It was found
that by soaking the beans overnight and cooking them about 30 minutes
they were improved in palatability.

Lotl Lot 2
No. of days in test 64% 64%
Total feed consumed 365 pounds 351 5 pounds
Feed consumed daily per animal 2 81 pounds 2 80 pounds
Total cost of feed $ 5 48 $ 7.91
Total gains 64 pounds 42 pounds
Average daily gain 99 pounds 65 pounds
Food required per 100 Ib of gain . 570 pounds 837 pounds
Cost to produce 100 Ib. of gain $ 856 $1883

The pigs in the two lots were given the same amount of feed,
namely, 365 pounds, but l2J/2 pounds were weighed back from Lot 2,
before the beans were cooked. After this time the pigs consumed the
same amount of feed which was gradually increased until each lot con-
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sumed 8 pounds of feed at the end of the experiment. The following is
a summary of the results of this test:

The hogs consumed about the same amount of food daily, but the
cost of the feed was much higher in Lot 2 than in Lot 1, owing to the
high market value of the Tepary beans. When rolled barley was feel,
570 pounds were required to produce 100 pounds of gain, while 837
pounds of the mixture of Tepary beans and rolled barley were re-
quired to produce this amount of gain. No doubt the inferior start
which Lot 2 had in the beginning of the experiment militated against
either large or economical gains. However, it is significant to note
that the gains were greater from the lot receiving rolled barley than
from the same amount of the mixed food. It is further interesting to
note that the hogs receiving the mixed food or balanced ration only
gained 42 pounds, while the others gained 64 pounds. This is an in-
crease of SO percent in the gains from the same amount of food. The
cost of producing 100 pounds of gain was $8.56 for Lot 1 and $18.83
for Lot 2. Certainly one can not hope to make economical gains from
feeding Tepary beans valued at 3 cents per pound to hogs.

tFl^KCT 01? ROLLED BARLEY ON AL#ALFA~BE£T PULP RATION FOR MILK

PRODUCTION

For the past few years the University has been feeding dried beet
pulp and alfalfa hay to the dairy herd. Believing that it would be
more economical to replace a part of the beet pulp with some grain, a
test was run during the spring of 1916 to determine whether it would
pay to feed equal parts of rolled barley and beet pulp rather than beet
pulp alone as the concentrate part of the ration. Beet pulp is cheaper
in price than rolled barley, it costing only $1.35 per cwt., while the
latter retails at $1.70 per cwt. It has given splendid results as a feed
for dairy cattle, and it is usually cheap in price compared with other
feeds.

Beet pulp and rolled barley are about the same in percentage of
digestible nutrients, the barley being a little higher in digestible crude
protein and fat, but lower in carbohydrates. Since alfalfa is low in
carbohydrates but relatively high in protein, it furnishes the greater
part of the protein required in the ration. Where figured at $14.00 per
ton, alfalfa hay furnishes nutrients most cheaply, the beet pulp ra iking
next and the barley last.

To get a fair test on the rations, ten of the cows were divided into
two lots, balancing the lots as nearly as possible according to breed,
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period of lactation, and amount of milk given. Owing to the limited
number of cows, it was impossible to balance the lots perfectly, but
they were even enough to compare favorably. One lot was fed molasses-
dried-beet pulp as the sole concentrate, while the other lot was fed a
mixture of equal parts of rolled barley and molasses-dried-beet pulp,
both lots being fed at the rate of about one pound of the concentrate to
four pounds of milk produced. The alfalfa was fed to both lots alike,
and they were given what they would clean up well. The rations were
alternated, so that the lot receiving rolled barley during one period did
not receive it during the following period. The actual test covered a
period of 68 days.

In Table XVI the data are arranged according to feeds fed, so that
the results of each ration can be readily compared.
TABLE XVI. ALffALffA, BEET PULP, ROLLED BARLEY VS. ALFALFA, BEET

PULP FOR MILK PRODUCTION

Lot fed alfalfa, beet pulp
and rolled barley

Lot fed alfalfa and beet
T)ulo

Difference caused by bar-
lev

Milk
pro-
duced.

pounds

7316,2

69934

3228

Cost of
ration

dollars

91.75

87.00

4.75

Feed
cost Per
100 Ib.
milk

dollars

1.25

1.24

.01

Feed
cost
per
gal.
inilk
cents

10.7

107

.0

Value
of milk

at 25
cts. per

gal.

dollars

212.68

20329

9.39

Profit
over

cost of
feed

dollars

120.93

11629

4.64

A greater amount of milk was produced when barley was substi-
tuted for half the beet pulp. Barley being higher in price than sugar
beet pulp, increased the cost of the ration, but enough more milk was
produced when it was fed to make the feed cost per 100 pounds or per
gallon of milk about the same as where beet pulp was the only con-
centrate fed.

Valuing the milk at 25 cents per gallon, that produced by the lot
fed barley was worth $212.68 as compared with $203.29 when no barley
was fed. Barley caused an increase of $4.75 in the cost of the ration,
but it caused an increase of $9.39 in the value of milk produced, making
$4.64 more profit over cost of feed than where beet pulp was the only
concentrate fed.

The cows relished the feed more where barley was mixed with
the beet pulp, and they cleaned it up better. Some of the cows would
refuse to eat the beet pulp alone after becoming accustomed to having
rolled barley mixed with it. The cows held up a little better in weight
during the time that barley was substituted for part of the beet pulp.
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OSTRICH INVESTIG \TIONS

During the past year ostriches have been fed an average of three
pounds of alfalfa hay, one pound dried beet pulp, and one pound of
grain daily. The grain ration has consisted chiefly of whole wheat,
but rnilo maize and barley have also been fed. At the present time
there are fourteen old ostriches, two yearlings, and six spring chicks.
The heavy snow storm of the winter caused all but two of the strongest
yearlings to die. It thus seems that young ostriches can not endure
much cold. This snow storm did not seem to injure the older birds. A
careful record was kept of the eggs as they were laid. Table XVII
gives the egg record for each hen arranged according to breed for the
>ears 1915-1916.

TABLE XVII. EGG RECORD #OR EACH HEN ARRANGED ACCORDING TO

BREEDING FOR THE YEARS 1915 AND 1916

South African
South African
South African
South African

Average . . .

Nubian
Nubian

Average . . .

Crossbred . . .
Crossbred . . .
Crossbred . . .

Average ..

Average for
flock

Hen

1410
2071
2105
2136

No No.
2170

2305
2180
2292

Eggs ]

1915

^o
+• o
11
34
7

20

12
41
265

21
41
5

3733

2222

aid

1916

OA
+j\J

25
34
26
28.75

16
35
25.5

31
33
34
32.67

2933

Average wei

1915

grams

1279.6
1489.3
1496.5
1510.7
1440.3

1473.0
1704.9
158895

14857
16127
1761.6
1620.0

153691

ght of eggs

1916

ft rams

1406.75
1483.50
1566.80
1571.40
1507.11

1585.0
1608.9
1596.95

1542.4
1600.8
1801.0
1648.0

1579.43

Total
weight of
fresh eggs

1916

grams

42,202
37,088
53,274
40,858
43,355.6

25,360
56313
40,836.5

47,816
52,827
61,234
53,959

46,3303

Number of eggs laid by each hen: The different hens laid from
16 to 35 eggs each. With the exception of the old hen, no number,
the range was 25 to 35 eggs for the individual hens. The average
number of eggs laid was 7.11 greater than the previous year, and there
was much less variation in the number laid by the hens. The average
number of eggs laid by the flock was 29.33. The three cross-bred hens
laid an average of 32.67 eggs per bird, while the South African gave
the next highest average, 28.75, and the Nubian 25.5 eggs per bird. It
so happened that the hen that laid the fewest eggs was a Nubian, and
also the one that laid the greatest number of eggs was from this breed.
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Since there was a greater range in the birds of the same breed than
between the average of the different breeds, no definite conclusion is
justified with regard to the breed of the birds as affecting the number
of eggs that they lay.

Average weight of eggs laid: There is remarkable similarity be-
tween the general appearance and weight of eggs laid by the same
hen over the two years. The ranking of the birds was very similar to
that of the previous year. Three of the birds laid eggs with a lighter
average weight while six of them gave eggs that averaged from 27.15
grams to 112 grams heavier than that of 1915. Table XVIII indicates
the increase or decrease in the average weight of eggs laid by the
different hens in 1916 as compared with 1915.
TABLE XVIII. COMPARISON OF THE AVERAGE WEIGHT OF EGGS LAID BY

EACH HEN FOR TWO YEARS

Breed

South African
South African
South African
South African
South African
Nubian
.Nubian
Nubian
Cross-bred
Cross-bred
Cross-bred
Cross-bred

Average of flock

Hen

1410
2071
2105
2136

Average
No No.

2170
Average

2305
2180
2292

Average

Increase 1916

grams

12715

7030
6070
6309

11200

8.00
56.70

39.40
2807

42.52

Decrease 1916

grams

580

9600

1190

....

The above table indicates that there were slight variations between
the average weight of eggs laid by the different hens over the two
years, but there is a remarkable similarity between the two years. The
average of the entire flock was 42.52 grams heavier in 1916 than in
1915. This is a very small increase for it is less than two ounces dif-
ference between eggs that weigh approximately 3$4 pounds. In oth-^r
words the average weight of all the eggs laid in 1916 was 2.8 percent
heavier than that of the previous year. As some of these birds were
immature, it is thought that the increase in the average size of the egg
was due to natural development rather than to the feed they consumed.

Again, hen No. 1410 laid the smallest average weight of eggs and
No. 2292, the heaviest. The same relative position was occupied also
by the hens that laid the second, third, and fourth heaviest average
weight of eggs each year. Hen No No. laid eggs that were large
the early part of 1915, but she received an injury about the middle of
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the laying season, after which the eggs laid by her were much smaller.
In 1916 the eggs from this hen were more comparable in size and ap-
pearance with those that were laid the year before the injury. This
partly accounts for the greater increase in the average weight of eggs
laid by this hen in 1916 over that laid by any other hen. Table XIX
gives the ranking of the birds according to the average weight of eggs
bid by each hen during the t\\o years.

xix. HENS ARRANGED ACCORDING TO AVERXGE WEIGHT OF CGGS
TOR TW o \ £ \RS

Ranking
1915

1
2
3
4
5
6
7
8
9

Hen

1410
No No
2305
2071
2105
2136
2180
2170
2292

Average weight
of egg, 1915

grams

12796
14730
1485 7
14893
14965
15107
16127
17049
17616

Ranking
1916

1
2
3
4
5
6
7
8
9

Hen

1410
2071
2305
2105
2136

No No
2180
2170
2292

Average weight
of egg, 1916

grams

1406 75
14835
15424
15668
15714
15850
16008
16089
18010

The weight of eggs laid by each hen, 1916- There was a great
range in the total weight of ggs laid by each hen. Thus hen No No.
gave 25,360 grams of eggs, while hen 2292 laid 61,234 grams. This is
a difference of 142 percent between the eggs laid by the hen that gave
the lightest weight of eggs and the one that laid the greatest weight.
Between these extremes the hens range close to the average, which was
46,330.3 grams or 102.3 pounds. Table XX ranks the different hens
according to the total weight of eggs laid.

: xx. HENS ARRANGED ACCORDING TO TOTAL WEIGHT OF EGGS, 1916

Ranking

1
2
3
4
5
6
7
8
9

Average of flock

Hen

No No
2071
2136
1410
2305
2180
2105
2170
2292

Total weight of eggs, 1916

grams

25360
37088
40858
42202
47816
52827
53274
56313
61234
463303 (1023 pounds)

Effect of breed: Again, it was noted that the South African eggs
are distinctly smaller than the Nubian or cross-bred eggs. They are
more deeply pitted on the surface and have not the gloss shown in
the Nubian or cross-bred eggs. With the exception of one bird, 2305,
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which laid an egg that was lighter than the other cross-breds, there is a
striking uniformity in the weight of the eggs laid by the birds of dif-
ferent breeding. Thus the South African hens averaged 1507.11 grams,
while the Nubian averaged 1596.95 grams, and the cross-bred 16480
grams. There was not one of the South African hens m 1916 that laid
eggs as large as any of the Nubians or cross-breds with the exception
of 2305, as previously mentioned. The South African yielded eggs
that averaged 89.85 grams less than the Nubian and 140.89 grams less
than the cross-brecls. These figures are similar in many respects to
those secured the previous year.

INSTRUCTION AND EXECUTIVE WORK
Along with investigations summarized above time was given to

teaching students and conferring with practical farmers who came for
personal advice. The correspondence has been unusually heavy and
considerable executive work has been required in the department. A
reinforced concrete silo has been installed at the University Farm, and
also a silo filling outfit. Other facilities for taking care of the livestock
at the farm have been secured.

There has been little change in the number and kind of animals
maintained on the University Farm. During the past year 11 cows
completed lactation period averaging for the herd 55 days dry before
calving, 332 days in milk, and yields of 8231 pounds of milk, and 327
pounds of butter fat. The registered Hereford cows all dropped calves
within the year, and most of these have been sold at ruling prices.
During the year the University purchased four registered Hampshire
ewes, and these are also retained for class room work, along with
the Shropshire and Tunis breeds.

Four breeds of chickens, namely: Single Comb White Leghorns,
Single Comb Rhode Island Reds, White Plymouth Rocks, and Black
Langshans are being maintained in the poultry plant. These are used
chiefly for class room purposes.

A special effort is being made to develop uniform flocks and herds
suitable for experimental purposes in the future. The livestock main-
tained is entirely inadequate for these purposes, but it is hoped that the
numbers may be increased, and the quality improved so that the
animals will be especially suitable for investigation and class room
purposes.

R. H. WUXIAMS,
Animal Husbandman.

W. S. CUNNINGHAM,
Assistant Animal Husbandman.



ENTOMOLOGY

An extensive series of experiments in the control of the alfalfa
seed chalcis fly was planned in the spring of 1915, and arrangements
were made with eleven alfalfa seed growers near Buckeye and Chandler
for testing out the trap border control method mentioned in the last
report. The heavy rainfall in the late winter resulted in such variability
in the growth of alfalfa that in several instances the growers abandoned
their plans for producing a seed crop in the fields in which the tests
were arranged for, and in other cases the growers failed to follow the
plan agreed upon owing to a misunderstanding of their directions to
workmen. In all other cases the period of eight or ten days allowed
between the cutting of the borders and the main part of the field re-
sulted in too slight differences in the setting of seed pods. The outcome
was disappointing in view of the time and efforts made to arrange for
the cooperative experiments on a large scale. It is believed that in
further work along this line fourteen to fifteen days should be allowed
for the differences between the trap borders and strips and the main
part of the field. Continuous oversight of such experiments, which it
has not been possible to give so far, will be necessary before they can
be conducted satisfactorily.

Work against the harvester ants in the ten-acre field near Phoenix
has continued. Conditions in the field were more unfavorable than
would occur in. the average field. Owing to lack of care during 1915 a
heavy crop of foxtail grew in the field in the spring of 1916. This was
cut, and on May 12, when the season's work against the ants began, it
was lying on the field so as to make it difficult to find the nests. During
the season a total of 74 nests were found and treated, including many
weak colonies which appeared to consist of only a few individuals in
each case. The nature of the nests is indicated by the fact that an
average of only 1.3 ounces of London Purple were needed for each
nest during the season, whereas two seasons ago in the same field the
poison required for the 168 nests averaged 2.7 ounces each. The labor
and expense for the treatment has been increased disproportionately to
the possible injury from the ants owing to the splitting up of the
larger nests. Eliminating labor which should be charged to the ex-
perimental end of the work and putting all expenses on a basis of
practical farm work the cost for the year 1916 averaged about 64 cents
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an acre as compared with 40 cents in 1915 and $1.19 in 1914. This
experiment will be continued for two more seasons, making five in all.

An outbreak of one of the false chinch bugs (Nysius minutus
UhlJ K in the spring of 1916 in the Salt River Valley called for some
attention from the experimental standpoint. The most important crops
attacked were Irish potatoes and flax. The principal source of the
insects seems to have been the common pig weed, Chenopodium album
On weeds the insects may be destroyed by means of blast torches or
strong sprays of kerosene emulsion. On vegetable crops nicotine sul-
fate—whale oil soap solution was recommended. Experimental work
with these insects was limited to attempts to control them on experi-
mental plots of flax at the Experiment Station Farm near Phoenix.

On May 15 the flax plants were literally swarming with the bugs,
mostly in the adult stages. The seed was the special object of attack,
the entire seed crop being seriously threatened. The flax was growing in
rows and collecting the insects by mechanical means was obviously the
most practical method of protecting the crop. 'A special galvanized
iron collector was devised to be used with a film of kerosene on water
in the collecting pan as in ordinary hopperdozers, and this proved satis-
factory for work on small plots. For collecting these insects on large
acreages of flax the same principle has been incorporated in plans
drawn up for a simple device on wheels which can be pushed at a
walking pace along the row. Flax seed seems to be a promising crop
for southern Arizona and these bugs will have to be contended with
from time to time if this industry is developed. Their control by me-
chanical means in flax fields appears to be an easy matter. The col-
lecting device will be perfected and given a practical demonstration
when the false chinch bugs appear again in injurious numbers.

A. W. MORRIIX,
Consulting Entomologist.

^Determined by the late O. Heidemann of the U. S. Bureau of Entomology.
Closely related if not a subspecies of the common false chinch bug, Nysius ericae
Schill (AT. angustatus Uhl.)



CHEMISTRY

The chemical laboratories of the Agricultural Experiment Station
have been moved during the year into their new and permanent quar-
ters in the Agriculture Building. The allotment for the equipment of
these laboratories has been used for the substantial and permanent
installation of only the most essential furniture, rather than in attempt-
ing to complete the laboratories. Sufficient equipment is now in place
to continue the research and other activities of the laboratory. Further
improvement, however, is needed to meet the increasing demands upon
the department. The usual service has been rendered the public in the
analysis of irrigating water and the examinations of soils for alkali. A
few soil analyses have been made in urgent cases. The research work
of the department has been varied and several important projects are
being developed. The study of alkali has continued and accurate maps
have been drawn showing the stand of successive crops on a piece of
black alkaline land at the University Farm. This tract has been divided
into strips by the borders usual on irrigated land, and the various strips
have received treatment per acre as follows:

Land 30, 10 tons barnyard manure; Land 31, 20 tons barnyard manure;
Land 32, 20 tons barnyard manure and 10 tons gypsum; Land 33, 10 tons gypsum;
Land 34, no treatment; Land 35, 400 pounds acid phosphate and 20 tons barnyard
manure; Land 36, 500 pounds acid phosphate; Land 37, 400 pounds quicklime; and
Land 38 (new border), 500 pounds nitrate of soda in three applications, only one
of which was made.

Parallel with the field operations laboratory investigations are being
made. The alkali studies have now been organized as an Adams Fund
project. The annual analysis of the Salton Sea water in cooperation
with the Carnegie Desert Laboratory has been made. Following sug-
gestions afforded by the study of the concentration of the Salton water,
we have made partial investigations of certain possibilities regarding
the mode of formation of caliche which seem to warrant further work.
Monthly samples from the Tempe drainage ditch are being analyzed
for the systematic study of the changes in the composition of the drain-
age water from a typical drained reclamation area. It is desired to
extend this investigation to the amelioration of alkali in the soil at a few
selected localities in the district. The effect of non-essential elements,
especially boron and iodine, in stimulating- plant growth has been
carried on in the department by a graduate student.
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S\LTON SEA WATER

The tenth annual sample of the water of Salton Sea was taken
June 10, 1916, over deep \\ater off Salton. The results of the analysis
are given In Table XXL

TABLE XXI. COMPOSI1ION Of SALTON SEA WATER, JUNE 10, 1916

Total solids ( a i l l O ° C )
Water of oclusion and h>diation

Magnesium
Aluminum ,

Carbonic, CO> (total)
Bicarbonic, HCOs (volumetric)
Silicic SiO*
Phosphoric, PO4
Boric acid
Oxygen consumed
Nitric
Nitrous * . » . .

Parts per 100,000

16472
475

5289
571

2985
2717

034
060

11 40
1610
121

doubtful trace
trace

.170
none
trace

From June 8, 1915, till June 10, 1916, the total solids in the Salton
water have increased from 1377.4 parts per 100,000 to 1647.2 parts per
100,000, which is equivalent to a concentration of 19.6 percent. This is
the greatest annual concentration noted with one exception, the con-
centration from June 8, 1909, till May 22, 1910, having been 21 percent.
Aside from the concentration of the solids collectively, there is little
requiring discussion at this place. Mention, however, should be made
of phosphoric acid. In the early annual analyses of the series weigh-
able amounts of yellow precipitate were obtained. For several years
the phosphoric acid test remained positive by scratching the sides of
the beaker with a stirring rod, but at this time no unmistakable reaction
can be obtained from three liters of water. Phosphoric acid, therefore,
has been reported as a doubtful trace.

Early in this series of analyses of the Salton water it became
evident that calcium and carbonic acid were being lost. How this loss
took place was not evident. 'Algae and bacteria were known to deposit
lime, and J. C. Jones showed the ancient deposits of travertime about
the Salton Sea to have been formed in this way. Later the writer
called attention to the fact that potassium, although present in the water
in very small amounts, was following the same course as the calcium.
Undoubtedly phosphoric acid and possibly nitrogen must be added to
the same list.
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This observation on the behavior of phosphoric acid has important
bearing on the theory of soil fertility. Probably aside from physical
and chemical processes, plant foods are fixed from the soil water and
conserved by lower organisms in deposits other than their own tem-
porary remains.

CALICHE

Large areas of mesa soil in the Southwest are underlaid at various
depths by deposits of lime-cemented soil, sand, and gravel commonly
called caliche, but recently named desert limestone by geologists. While
these areas, because of the caliche, are less valuable for agricultural
purposes, the analyses published in the Twenty-fourth Annual Report
of this Station, page 567, show caliche itself to be supplied with plant
food as richly at least as the soils with which it occurs. Because of its
dense, hard character caliche takes water badly and plant roots cannot
penetrate it. Nevertheless, where covered with a fair amount of soil,
these desert limestone areas may become important in the production of
special crops such as cactus, agave, guayule, and desert olives. It has
generally been held that caliche resulted from some form of evapora-
tion. The usually accepted theories are given in detail in Guild's
Mineralogy of Arizona, page 48. Reasoning from observations made
in connection with the study of the Salton Sea the writer was led to
suspect the organic origin of these limestone deposits. Consequently,
field and laboratory studies have been begun. In the field the lower
courses of caliche are dense, while toward the top of the deposit
calcareous caps with occasional interlying layers of uncemented soil
are more frequent. Occasionally, however, caps are found beneath
strata of dense caliche a foot or more in thickness. The strongest evi-
dence of organic origin of caliche is found m these caps. The to-
pography of the capped surface is very irregular and successive over-
lying caps often approach within two or three inches at one place,
while ten feet away they may be separated by a foot or eighteen inches
of cemented gravel. The caps in passing over boulders take the curva-
ture of the boulder, and even may be found overhanging. Instances
occur of erosion of the massive caliche and a subsequent deposition of a
cap over the nearly perpendicular eroded surface. It would be difficult
to explain these features by evaporation or simple sedimentation. Gen-
erally the caps occur on massive beds of cemented gravel, but frequently
seams of gravelly loam an inch and even more in thickness may be
found overlying one cap with a second thin cap overlying the loam.
The lower face of the cap in contact with the loam is an exact cast of
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the top of the loam layer and non-adherent to it, but its upper surface
is quite regular and smooth. Pebbles embedded in the cap are frequent,
and the laminae formed after the pebbles became embedded take the
contour of the pebbles. When a broken cap is examined in a proper
light, it is seen to be laminated and the laminae show various shades
of color, from nearly white to chocolate according to the foreign
material that became trapped in the lime deposit as it was forming.
Thus the caps could have been formed only at the surface and not by
any sort of subsurface evaporation. Caliche-like incrustations of con-
siderable thickness occur over basalt rocks on the slopes of buttes adja-
cent to Tucson. Fossils are absent in caliche with the exception of
diatoms, which the writer has found only in one specimen. From its
mode of occurrence caliche appears to have been formed by lime-
secreting organisms either in water or on surfaces that were frequently
\\etted with limy waters. During intervals of comparative quiet when
little debris was being introduced and there was little interruption to
the growth of these organisms the smooth caps may have been laid
down.

A few observations that may be corroborated by anyone during the
ammer months render this theory more plausible. Leaky hydrants

supplied with the hard Tucson city water rapidly become covered
with lime-secreting algae and deposits of appreciable thickness are
formed. These deposits cannot be due to evaporation. On the con-
trary flowing hydrants on the University grounds, supplied with a less
hard, slightly black alkaline water, form only light lime deposits. On
hot summer days with intense insolation caliche roads under lawn
sprinklers become green with algae (probably lime-secreting species) in
two or three hours. If these processes were continuous and extraneous
matter introduced, undoubtedly caliche-like deposits would be formed.

The chemical evidence of the organic formation of caliche has
been less completely worked out. It appears, however, that the per-
centage of readily soluble potassium and the potassium-sodium ratio
is quite high in caliche. A few comparative determinations of phos-
phoric acid on caliche and on the interlying and overlying loams show
the phosphorous content of caliche much higher than that of the
associated soils. If caliche were merely lime-cemented soil we would
expect the opposite relation to exist, phosphates being moved but slowly
by ground waters. Further analytical work will probably corroborate
these observations, and show the similarity of caliche to travertines of
known organic origin.
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PLANT STIMULATION WITH NON-ESSENTIAL ELEMENTS
The results obtained by Japanese and French investigators in the

stimulation of plant growth by various non-essential elements were
reviewed by Mr. P. W. Moore, a graduate student and fellow in the
department. The original articles were all carefully studied and a
critique in manuscript form made available. Experimental work was
confined to boric acid and potassium iodide. Unquestionable stimula-
tion, especially of the root system, in both water and soil cultures was
obtained, and stimulation with boric acid appeared to give considerable
promise of practical use in the culture of root crops, especially radishes.
Mr. Moore's own conclusions are as follows:

"Both bone acid and potassium iodide are of undoubted value, at least in
the culture of radishes. The optimum concentration for both appeared to be in
the neighborhood of 750 grams (about ll/2 pounds) per acre. For potassium
iodide this is about ten times the dose recommended by the Japanese investigators.
It corresponds fairly well with the dose of boric acid recommended by Agulhon
for radishes. The bottoms are increased more than the tops. There seems to
be no advantage in using both stimulants at once. If boron and iodine each
perform some special function in the plant, then both of them together should
be more beneficial than either by itself. Accordingly it is difficult to explain in
this way the effect of stimulants, at least in the case of boron and iodine."

CHANGES IN CHEMICAL, CHARACTER OF THE TEMPE DRAINAGE DITCH

WATER

The opening of a ditch draining the alkaline area south of Tempe
during the last summer offered unusual opportunity to study quanti-
tatively the effect of draininge reclamation on the composition of the
water and soil of the drained area. Consequently soon after water
began to flow in the new ditch monthly samples were collected and
analyzed. The results of the analyses are shown in Table XXII.

The very briny flow shown by the first analyses improved rapidly
in composition as the ditch progressed and the flow increased. In
September an unusually heavy rainfall raised the water table in the
district and undoubtedly increased the flow, although there was no
previous flow with which to compare, since the ditch is under construc-
tion and new areas are being added daily. The character of the drain-
age water has improved each month until in December the dissolved
salts (or alkali) amounted to less than one-fifth that in the original
flow. This is due to the improved character of the drainage encountered
at or near the head of the ditch rather than to actual sweetening of the
drainage at any one point, although such sweetening is undoubtedly
occurring. After the completion of the ditch, improvement in the
quality of the flow will be attributable to draining off the stagnant
alkaline water and its replacement with purer drainage water. The re-
markable change in composition with the probability of further im-
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provement promises well for the use of the drainage water for irrigat-
ing lands on the Indian reservation below. It would be inadvisable,
however, to apply the drainage water too soon on valuable lands, since
rapid and marked improvement may reasonably be expectel.

TABLE XXII. COMPOSITION 0# WATER FROM TEMPE DRAINAGE DITCH,

PARTS PER 100,000 (BY c. N. CATLIN)

Date,
1916

June 25 '
July 13
Sept. 10
Oct. 10
Dec. 8
Nov. 10

Total
solids

1665.2
1359.0
599.4
418.0
3126
346.4

Chlories
as NaCl

1170.0
993.51
432.0
3030
228.0
220.0

Hardness
(perma-
nent)
CaSOA

10744
27.2
13.0
54
76

Hardness
(tempo-

CaCHCO,),

672
66.4
640
603

AlKa-
hmty

Na^COs
SO,

172.58
64.76

3049
33.78

CaO

97.64
14.2

14.6
12,6

MgO

65.2
25.2

15.75
17.57

MISCELLANEOUS

The assertion has often been made that sorghum grown in arid
regions produced syrup of poor quality due to excessive mineral salts.
Recently a sample of sorghum syrup of apparently good quality pre-
pared from cane grown near Yuma was examined in this laboratory.
In the accompanying table a comparison is made of the Yurna product
with analyses reported in Wolff's Aschcnanalysen and Wiley's Foods
and Their Adulteration. The Arizona syrup contains less than half
as much mineral matter as Wiley's example, although it appears to be
about the same concentration. It contains only a little more mineral
matter than the average for raw sorghum sugar according to Wolff,
and very much less than the molasses from raw sugar. We presume
the samples reported by Wolff and by Wiley were produced in humid
climates. One striking feature of the ash of the Arizona syrup com-
pared with Wolff's sample is its relatively high sulphate content and
relatively low chloride content as shown in Table XXIII.

TABLE XXIII. ASH CONSTITUENTS Otf SORGHUM SYRUP AND SUGAR

Solids
Ash
SO* in ash
Cl in ash...

Wolff's Aschenanalysen

•DO o,™ Molasses fromRaw sugar raw sugar

percent

1.67
8.84
5.85

percent

5.16
4.30
5.74

Wiley's Foods

Sorghum syrup

percent

76.0
4.0

Ariz. Station

Sorghum syrup

percent

74.0
1.83

15.26
3.31

An Interesting instance of water of opposite character and nicely
adjusted supply from the same well comes to us from near Toltec In
the Casa Grande Valley. The owner has installed a small pump with
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shallow suction to fill an elevated tank for domestic use. The surface
flow, which is agreeably black alkaline and soft, accumulates in the top
of the well when the larger, deeper-set irrigating pump is at rest, but
its volume is not sufficient to affect in any marked way the more
abundant flow of most excellent hard irrigating water met at oreater
depths. The composition of the two waters is given in Table XXIV.

TABLE XXIV. COMPOSITION OF DIFFERENT WATERS FROM THE SAME
WELL; P\RTS PER 100,000

Solids at 110° C
Chlorides as NaCL...
Permanent hardness as

CaSO*
Temporary hardness as

Ca(HCa)2
Black alkali as Na^CCX

Upper scanty flow
domestic water

300
1.8

206
3.4

Lo\\er abundant flow
irrigating water

•2Q A

3.0

4.3

71 Z

A. E VINSON,
Biochemist.

C. X. CATLIN,
Asst. Chemist.



IRRIGATION INVESTIGATIONS

CASA GRANDJS VALLEY

The groundwater investigations outlined in the last Annual Report
have been prosecuted. A mass of data on the groundwater table has
been accumulated, but since movements of groundwater may be very
slow, it is possible even now to draw only tentative conclusions. The
gauging stations at Tucson have been maintained, and new stations
established on the bridges and culverts on the Arizona Southern Rail-
way between Red Rock and Sasco, and on the Southern Pacific Railway
between Picacho and Maricopa. The floods of the year were very fortu-
nate from an investigator's standpoint, inasmuch as they were unusually
large, yet not destructive to the bridges on which the gauging stations
depend. Special efforts were made to obtain the highest possible ac-
curacy in the measurements at Sasco in order to obtain the true dis-
charge at that point, where the Santa Cruz debouches into the Casa
Grande Valley. Condensed records of the stream flows are given in
Table XXV.

xxv. RUNOFF RECORDS FOR SANTA CRUZ AND RILLITO RIVERS IN
1915 AND 1916

Month

Jan.
Feb.
Mar
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Total

1915

N
& p!

6§
c^

SQci

acre ft.

10400
'11200

3070
4
0
0

60
0
0
0
0
0

24730

CO

3 ̂

§1r3 O

acre ft.

21500
25700
10200
1220

0
0
5
0
0
0
0
0

58600

1916

N
g ri

03 "£

acre ft.

24700
600

0
0
0
0

2720
8210
1340

140
0
0

37700

cj
fi

ll
acre ft.

37400
2220
3630

58
0
0

920
7840
690
28
0
0

52800

N

| |

laS
02 cfrj

acre ft.

20690
0
0
0
0
0

720
4040
130

0
0
0

25580

So. Pacific Ry. culverts
QJ

+J fj

0^

•p+ oJ
PkO

acre ft.

4300
0
0
0
0
0
0

220
ISOOt

0
0
0

6020

#
N
O
C

1

acre ft.

500
130

0
0
0
0
0
0

4600
0
0
0

5230

d
fto

1
acre ft.

1800
310

0
0
0
0
0

170
560

0
0
0

2840

*Flow at Nunez is to westward. This flow returns north at Lirim.
1 September flood was caused by local rainfall.
Note: For previous records of Santa Cruz and Rillito at Tucson see Bull. 64,

Ariz. Agr, Exp. Sta., 1910, and subsequent annual reports.
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It will be seen from the table that practically all of the Santa Cruz
run-off was absorbed into the ground and the residual flow that reached
the Gila River was a small percentage of the total. The sum of the
Santa Cruz and Rillito discharges near Tucson in 1916 was 90,500 acre-
feet. Of this amount 64,900 acre-feet sank into the river bed between
the Tucson gauging stations and Sasco, a distance of 32 miles, while the
remaining 25,600 acre-feet passed Sasco. Just west of Sasco the stream
divides, part flowing northwest to Eloy and part west to an abandoned
reservoir and thence northwesterly to Maricopa. Of the former portion
the amount that reached Eloy was 4500 acre-feet. This amount is again
subdivided and probably less than one-third of it reaches the Gila. Of
the second portion only 2200 acre-feet reached Maricopa.

The water table in the Casa Grande Valley, as studied by means of
wells, does not show so marked reactions to the periods of flood flow as
might be anticipated, and it is believed that to a considerable extent the
water seeps downward to depths of less than 40 feet and is returned to
the atmosphere through transpiration. Borings with a soil augur in
land recently overflowed indicatel a penetration of six feet or less.

Slight effects on the water table are produced by seepage from the
Florence canal, while the irrigation of about 800 acres west of Casa
Grande appears to contribute considerably to the groundwater, thus
indicating an important result that may be expected if the San Carlos
dam is built and irrigation becomes general.

The effect of pumping has been studied at those \\ells which are
most used In general it may be said that interference can be noted for
distances up to one mile. Interference between wells is bound to be a
difficult problem in the future when the draught upon the groundwater
supply is increased.

THE ANTELOPE VAWyEY

A reconnoissance inspection of the Antelope Valley was made Feb-
ruary, 1916, Contrary to previous belief, this valley has great possi-
bilities of agriculture under irrigation. This is due mainly to the dis-
covery of excellent water-bearing gravels underlying the fine sands in
which previous attempts have been made to obtain water for irrigation.

The most difficult problem confronting the valley is that of pro-
tecting the valley lands from destruction by the srreat floods which occur
at infrequent intervals. At the outset there should be adopted a definite
policy of building homes on safe ground along the margins of the valley,
from which as a base the agricultural land can be workel without danger
of a calamity. This is the European system, and is not only adapted
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to, but necessary in the Antelope Valley and in some other localities in
Arizona that are exposed to occasional heavy floods.

TRANSPIRATION STUDIES

In order to study the relationship between duty of water and
transpiration, evaporation, and altitude, three sites have been chosen,
one each near Yuma, Mesa, and Willcox. Special studies will be made
to test the hypothesis that the duty of water is measurable by the evapo-
ration rate. In cooperation with the U. S. Weather Bureau, an evapora-
tion station, equipped with an anemometer, a rain gauge, thermometers,
and a pan of the new standard lesign, has been established at each
station.

Special studies have been made, also, of transpiration from trees in
the San Pedro Valley.

STATION PUMPING PLANTS

A new pumping plant was installed at the Sulphur Spring Valley
Dry Farm during the past year. It was desired to obtain a flow of 100
gallons of water a minute for supplementary irrigation. The well is an
8-inch hole, 130 feet deep, bored with an auger and cased with light
weight galvanized perforated metal. The depth to the water table is
75 feet. The capacity of the plant for domestic supply was 7.3 gallons
a minute. The corresponding drawdown was obtained and found to be
20 inches. On the hypothesis that the discharge is proportional to the
drawdown, even over a wide range, it was believed that the well would
yield 100 gallons a minute with a drawdown not exceeding the suction
limit for that moderately high altitude. The fact that the principle was
confirmed by the test after the new plant was installed is of interest and
importance.

The limiting conditions, namely, the small bore of the well, the
high lift, and the low capacity, led to the selection of the Lytiitweiler, a
high-grade double-acting reciprocating pump. The double-action is
obtained with heart-shaped cams in such manner that the power required
is constant, and the efficiency is very high. Most double-action pumps
are misrepresented in this particular, and are no more efficient than
single-action pumps. When the small domestic-supply pump was re-
moved it was found that the well was not straight. Consequently the
pump rods of the Lttitweiler rub on each other, increasing the load.
Although a small engine (6-horsepower) was provided in the design, it
is able to pull the load satisfactorily, but the well should be straightened
or a new one drilled at an early date.
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An earth reservoir, 60 feet inside diameter, has been built close to
the well, and the water can be discharged either into it or into an ele-
vated 3000-gallon tank, which is of suitable height for house service and
fire protection. The discharge from the reservoir is through a steel
slide gate and over a weir, and the stream used ordinarily will be about
400 gallons a minute.

A new plant has been designed for the Salt River Valley Farm, also,
and the well has been completed. The original design was for a drilled
well, but the prices quoted, even for an 8-inch well, were so unreason-
able, and the log of the Tempe Canal Company's wells a mile away was
so favorable, that a well of the reinforced concrete caisson type was de-
cided on. Anticipating loose gravel, as in the canal company's wells, the
caisson was built heavy and strong, and is an excellent example of per-
manent construction. The well was sunk to a depth of 15 feet below the
water level and 40 feet below the ground surface. The log is as follows:

Soil 2 feel
Caliche 10 feet
Sand and gravel 16 feet
Cemented gravel 6 feet
Sand and gravel 6 feet
Cemented gravel

Comparison of this log with those of the canal company wells and
wells to the southward shows that the Experiment Station Farm near
Mesa is situated on an old Pleistocene ridge or bajada while the others
are in Recent valley fill, at least to depth sufficient to give a good irri-
gation supply. The new well yields 110 gallons a minute, ample for
domestic purposes and gardens, but not for general field irrigation. The
use of groundwater for irrigation in the Salt River Valley should be
encouraged to permit of an extension of the irrigated area, and all in-
formation regarding the location of groundwater supplies is of value
and should be assembled.

An experience of interest to pump irrigators wTas had at the Uni-
versity Farm at Tucson. The discharge from the horizontal centrifugal
pump dropped to 590 gallons a minute. It was observed that consid-
erable air was coming out with the water and the air was found to
be leaking in through the gland packing in spite of a water seal. On
resetting the packing and tightening the gland the discharge increased
to 650 gallons and by replacing the worn packing with fresh, the dis-
charge increased to 720 gallons, the normal amount, with no change in
the engine or pump speed. It is notable that the capacity of the pump
could be reduced 18 percent by a moderate air leak. At anotfier time
the capacity was reduced about a fourth by a small stick which became



ARIZONA AGRICULTURAL EXPERIMENT STATION 307

lodged in the impellor passages, throwing the pump out of balance and
causing vibration and noise. Reduced capacity of a pump has many
baneful results including lower plant efficiency, increased percentage of
seepage loss in ditches, longer periods of pumping and increased cost.
The gland and the joints in the suction pipe should be watched.

TEST OF PUMPING PLANT

A new pumping plant was tested on the ranch of the Agricultural
Products Corporation in Pima County. The plant consists of a 15-inch,
52-foot type C. H. C. Layne & Bowler vertical turbine pump and a 35-
horsepower Commercial oil engine. The pump has six stages, one more
than usual for the same conditions, thus permitting of a slow speed
\\ hen irrigating and a speeding up when pumping for the high service
or in case the water table should fall during drought years. The pump
was purchased with high fuel economy guarantee and the guarantees
were not reached in the first tests. An expert from the engine factory
visited the plant and made a number of changes after which the guaran-
tees were made good, and the plant is now very efficient. Some of the
changes were lengthening of the connecting rod one-half inch to in-
crease the compression pressure, change in shape of end of fuel nozzle
to give better atomization, lengthening inlet valve spring to reseat valve
more quickly, advancing the ignition to about 35°, and restricting the
cooling water circulation. The first named was the one most effective
and shows that purchasers should insist on the optimum degree of com-
pression even though locality where the engine is to be located is at a
high altitude. The plant tests are given in Table XXVI.

TABLE XXVI. TESTS OF PUMPING PLANT AT CONTINENTAL, ARIZONA

Date

Nov. 9
Nov. 20
Nov. 25

"Engine speed

R. P. M.

246
236
238

Discharge

gal. per min.

1140
1030
1070

Static lift

gal. per hour

59
53
58

Fuel
consumption

feet

4.16
3.26
3.04

In order to ascertain whether it was the pump or the engine that did
iiot meet the specifications, a prony brake was put on the engine, and
brake tests were made for capacity and fuel economy. With No. 1 en-
gine distillate, the engine would carry a load of only 32 horsepower, but
with tops of 42° B. it carried 35 horsepower. The brake tests were made
on November 24 before the connecting rod was lengthened.
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TABLE XXVII. PRONY BRAKE TESTS OF COMMERCIAL ENGINE AT CONTI-

NENTAL, ARIZONA

No.

1
2
3

Load

pounds

1485
1485
148.5

Speed

R P. M.

233.0
223.2
2320

Output

H P.

332
318
331

Fuel consumption

gal per hr.

377
3.75
3.83

Fuel economy

H. P hrs. per gal.

880
848
863

The important conclusions to be drawn from these tests are:
1. Both the capacity and the fuel economy of oil engines decrease

\\ ith altitude.
2. The engines built in California should be rated more liberally ;

they should have some reserve power at an altitude of 2800 feet.
3. The clearance space should be reduced as the altitude increases.
4. Tops fuel oil of 40° to 44° B. gravity can be burned perfectly

in well-designed 4-cycle engines and will give more power per gallon
than engine distillate (SO°B.)

GUARANTEES FOR PUMPING MACHINERY

A common difficulty in the purchase of an engine and pump is in
securing a satisfactory guarantee. Guarantees in the past have been
of such a character that it was impossible for the purchaser to ascertain
whether or not the plant fulfilled the guarantees. Many selling agents,
usually transients in the State, have taken advantage of this fact by
making guarantees which could not be fulfilled. Tests could not be
made and the impositions have not been discovered. This office has
prepared a standard form of guarantee and has requested dealers in
pumping machinery in Arizona to adopt it. With a very few exceptions
they have consented.

CONCRETE WATER AND OIL TANKS

Several times in the past farmers have requested assistance in de-
signing concrete tanks for holding water or engine fuel oil. Some of
the tanks thus built have proven very successful and when once in use
and made water-tight, they are far more durable than the more common
galvanized iron tanks. The two problems involved are those of rein-
forcement and water-tightness. The first is capable of exact computa-
tion and the second requires only expertness in the proportioning and
mixing of the concrete, a task which should not be undertaken alone by
the ordinary farmer, though he might succeed with other forms of
concrete construction.
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Recently a 50,000-gallon tank was designed in this office. The walls
are 6 inches thick of 1:2:4 gravel concrete, washed inside and out with
two coats of neat cement. When put in service, the tank was filled one-
third full of water and allowed to stand 24 hours; it was then filled
two-thirds full and allowed another day's rest; then it was filled full.
Much of the lower half of the surface sweated considerably after the
second and third fillings, the upper half scarcely at all, and after fifteen
c1a> s all sweating ceased. Hydrated lime was used in all but one ring of
the concrete. The effect on the water tightness was sufficient to justify
recommending it.

If the tank is to be used for tops fuel oil, it should first be made to
hold water for at least two weeks until it is thoroughly watertight. The
water appears to have an action causing colloids in the concrete. It is
not to be recommended that concrete tanks be built for storing gasoline
or engine distillate.

ADDITIONAL FIELD AT UNIVERSITY FARM

Early in 1916 this Department was asked to make plans for the
grading of a new field and for an extension of the cement pipe line at
the University Farm. A contour survey was first made and platted and
the grading was designed with a view to equalizing the cuts and fills
and to make the haul a minimum. While this method has not been con-
sidered necessary by farmers, it is advisable whenever a competent sur-
veyor is available. The lands were graded to several slopes so that a
study can be made of the relation between the slope and head of water
and the "efficiency of irrigation," that is, the uniformity of distribution.

Six hundred and thirty feet of 12-inch pipe and 570 feet of 16-inch
pipe were used in the extension of the pipe line. In the old pipe line
the water was discharged through notches in the sides of rectangular
concrete boxes. One of these boxes was placed at the middle of the
head end of each land making the boxes 36 feet apart. In part of the
new pipe line similar boxes were used, and in the remainder of the line
cement pipe risers* and California alfalfa valves were used. These
risers are made by cementing a joint of pipe into the top of the pipe
line, so as to make a tee, and the valve frames are cemented into the tops
of the risers.

Because of the flat slope in which this pipe line was laid it was im-
portant to know in advance just what the loss of head would be. Tests
were made on the old pipe line and it was found that in straight sections
without outlets the loss of head was the same as is given in friction

*See Bui 236, Office Of Exp Sta, IT S 0 A
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tables for cement pipet; but in the sections with the rectangular con-
crete boxes placed 36 feet apart the loss of head was increased 66 per-
cent. Later tests made on the new pipe line with circular pipe risers in
place of the boxes showed that the loss of head was increased 35
percent over the smooth, straight pipe with no outlets.

Improvements were made in the irrigation practice at the Univer-
sity Farm. Lands which were laid out too long originally were cut in
two and a new pipe line was laid to serve the lower ends.

IRRIGATION CONFERENCE

An irrigation conference was held at the University January 14-15,
1916. Invitations were sent to irrigation engineers, managers, zanjeros,
and farmers, and a good attendance was secured. Six meetings were
held and the program included papers by delegates from the Pecos, Rio
Grande, Salt River, Yuma, and Imperial valleys, and the Supervisor
of Irrigation of the U. S. Reclamation Service. Many problems that
are common to all irrigated districts were discussed and much helpful
information was disseminated.

SllyO AT UNIVERSITY FARM

The Department also supervised the construction of a concrete silo
at the University Farm. The inside diameter of the silo is 12 feet and
the height inside is 34 feet, of which 29 feet are above ground. The
walls are 6 inches thick, reinforced with hog wire fencing and a few
half-inch round rods. The general design was the same as that recom-
mended by the office of Public Roads and Rural Engineering, U. S.
Department of Agriculture. The base was spread and was made un-
ucually heavy on account of the low bearing power of the soil upon
which the silo is founded. A concrete chute was built over the doors
and ladder from eight feet above the ground to the top. The chute
has walls three inches thick, reinforced with hog wire and steel rods,
and was cast at the same time as the main walls of the silo. The con-
struction of the silo was delayed a little by the extra time needed to set
the somewhat complicated forms for the chute, but it is believed that
the added convenience of the chute will more than justify the cost.

G. E. P. SMITH,
Irrigation Engineer.

A. L- ENGER,
Assistant Engineer.

tBulletin 55, Arizona Agricultural Experiment Station, Cement Pipe for Small
Irrigating Systems and Other Purposes.



THE WEATHEE

Since the year 1908, the Weather has not been given separate con-
sideration in the Annual Report. Although general climatic conditions
necessarily remain the same, it seems well to mention again, as a pre-
face to the 1916 report, those factors which determine the climate of
Arizona—climate meaning the conditions of its atmosphere as regards
heat or cold and moisture or dryness, manifested in a succession of
weather changes throughout the year.

Arizona lies between the 31st and 37th parallels north latitude.
This geographical location gives, at lower altitudes within the State, a
semi-tropical temperature, characterized by hot summers and short
temperate winters. As there is no large body of water contiguous to
any part of its area, and none of the moisture-laden breezes from the
Pacific reach Arizona because of intervening mountains, the region, as
a whole, has what is termed an inland, arid climate. The air is very
dry and the precipitation slight. Southern Arizona is the only section
of the United States having more than 80 percent of the possible amount
of sunshine. Temperature, as a rule, decreases 3 degrees F. for every
1000 feet of elevation above the sea level, and precipitation increases 5.8
inches for every 1000 feet. Arizona, therefore, with its altitudes vary-
ing from less than 90 feet in the Colorado Valley to nearly 13,000 feet
on the highest mountain tops, shows great differences in temperature
and precipitation in various localities.

The Weather Bureau of the U. S. Department of Agriculture re-
cords the climatological data for 144 different places in Arizona.
Obviously so complete a report is not possible in this brief discussion.
Kingman, Flagstaff, and the Prescott Dry Farm in the northern half;
the Yttma Date Orchard, Phoenix Weather Bureau, the State University
at Tucson, and the Cochisc Dry Farm in the southern half of the State,
have been chosen as representative points because of their locations and
differing altitudes, and because of the connection of the five latter with,
or proximity to agricultural work carried on by the Experiment Station.

The following tables have been compiled from data published by
the U, S. Weather Bureau. Table XXVIII records climatological data
for the past eight years and in a measure brings up to date the discussion
in the Nineteenth Annual Report, It serves as the basis for some
generalizations concerning the climate of the State, and also for noting:
the departures from normal, if any, for the year 1916.
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Table XXVIII—Continued

<H><*
£o
§*
A >n m

§

ao
t/5
CJ

**
r*>lft
tjN

£S

>5
S^
5H

<u
3

C/3

s
J-4
rt4JOH£

i>
Q3

ft£

JSEU R

O
U

Highest
Date

bowest
Date

bast killing
frost in
spring

First killing
frost in
autumn

Total pre
upit ition

Highest
Date

.Lowest
Date

Last killing
frost in
spring

First killing
trost in
autumn

Total pre-
cipitation

Highest
Date

Lowest
Date

Last killing"
frost in
bpring

.first killing
trost m
autumn

Total pre-
cipitation

1909 |

110° F
July 13

25°
Dec 5

leb 24

Nov 16

617

108° r
July 14

17°
Dec 5

Apr 7

Nov 10

1021

106° F
July 13

#

*

Oct 7

*

1910 |

114°

23°
Jan 6

Feb 18

Dec 23

432

111°
May 29

15°
Jin 6

Vlai 27

Dec 21

980

104°
May 29

5*
Jan 6

Apr 17

\TQV 30

1290

1911

109°
Julv31

22°
Dtc 26

leb 13

Nov 26

1412

107°
June 6

16°
Jan 4

leb 20

Nov 12

1125

102°
Attg 18

-4°
Dec 25

*

Ott 22

*

1912

111°
June 5

26°
Jan 3

Jan 29

Dec 19

687

108°
June 5

18°
Dec 6

Mar 12

Oct 29

984

114°
Ma> 30

*

K

Oct 22

*

1913

110°
July 5

16°
Jan 7

Mar 1

Dec 5

*39

109°
JulyS

6°
Jan 7

Mar 27

Dec 5

932

108°
JulyS

0°
Jan 7

*

Oct 27

903

1914 |

110°
J me 27

28°
Dec 15

Feb 7

Dec 8

898

107°
June 28

22°
Dec 15

Feb 28

Dec 7

199

102°
June 27

20°
Jan 21

May 2

Nov 27

1801

1915

111°
Aug 10

27°
Jan 18

Mar 3

Nov 13

941

110°
Aug 19

19°
Dec 28

Mar 7

Nov 11

1262

102°
Jxme22

14°
Dec 28

Mar 22

Nov 11

1349

1916

111°
June 15

24°
Dec 9

Feb 2

Nov 13

676

137°
June 15

15°
Dec 11

Mar 25

Nov. 8

1315

102°
July 4

6°
Dec 11

Apr 15

Nov 8

1469

"Not gntn j I ' M S c u t t <i lU 19(M to ULi me

The terms killing fi ost and fi te/mg temperature" as far as dam-
dge to vegetation is concerned, are not strictly interchangeable How-
ever, in an at id section, a killing frost seldom occuis until the tempera-
ture of tht an has fallen somewhat below fi eezmg point, and, moreover,
the range in daily tunpuature being i datively great, the duration of
freezing temperatures is shorter Thus frost temperatures may often
be experienced vv ith little harm to vegetation The grow ing season in
the northern part of the State at the higher altitudes is veiy short, and
hard free/es are common late in spring and early autumn Destructive
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frosts in central and southern Arizona are very uncommon, and when
they do occur it is during December and January.

Referring to Weather Bureau reports for all points within the
State, the mean annual temperatures for 1911, 1912, and 1913 were
the lowest for many years. The minimum temperatures for 1911 and
1912 were not unusual, but the January freeze of 1913 was the most
severe within the history of the State. On January 6, 7, and 8 the
lowest temperatures ever known were recorded in nearly all sections.
The maximum temperature is usually reached during June or July.
May, 1910, was abnormally warm, breaking all previous records for
May, and the temperatures of May 29 or 30 are, in most instances, the
maximum temperatures reached during a period of many years. How-
ever, considering the high day-time temperatures of Arizona from a
human standpoint, it must be remembered that the thermometer is not
a reliable indicator of physical comfort. Heat is rapidly dissipated from
the body by reason of excessive evaporation due to the extreme dryness
of the atmosphere. This dryness, with almost constant breezes, renders
the temperatures, that in more humid sections would be intolerable,
easily endurable. The daily range in temperature is great, being from
30 to 60 degrees, and the resulting cooler nights during the hot season
are most enjoyable.

There are two rainy seasons, the more distinct one beginning each
year early in July and ending about the middle of September. The rains
during this season are usually local and of short duration, but torrential
in character. The other rainy season is not so well defined, and pre-
cipitation may occur in the early winter, or as is more usually the case,
in February and March. Much of the precipitation at higher altitudes
in the winter months is in the form of snow. So much depends on the
timeliness of the rainfall that the total precipitation for the year is not a
certain indication of its effectiveness. Although the average rainfall
for the State for 1913 was but slightly below the normal, the year was
exceptionally unfavorable for all interests dependent upon adequate and
timely precipitation. Bulletins 64, 65, and 70 of the Arizona Agricul-
tural Experiment Station contain excellent discussions of the character
and extent of the rainfall of Arizona with its bearing on irrigation,
grazing and agriculture.

Tables XXIX and XXX show some monthly and annual data for
the year 1916.

The temperatures for the year for the State as a whole may be
considered as about normal. A frost March 25 and 26 badly damaged







EDUCATIONAL

AGRICULTURAL INSTRUCTION IN THE UNIVERSITY

The healthy growth of the College of Agriculture is indicated by
the graduation of eight students in June, 1916, with the degree Bachelor
of Science in Agriculture, and one Bachelor of Science doing major
^ork in agriculture. The present senior class numbers eight, most of
whom will probably be graduated in June, 1917. The enrollment in
the College of Agriculture since its organization in 1908 is as follows:

Students

1908-1909 2-year course and others 9
1909-1910 2-year course and others 15
1910-1911 2-year course and others 26
1911-1912 2 and 4-year courses and others 38

1912-1913
1913-1914
1914-1915
1Q15-1916 . . .. < .
1916-1917 (1st semester only)

2 and 4-yr
courses and

specials

26 . .
29
41
5Q**
51**

Other
students
electing

agriculture

27
9

. . 7*
3*
1

Total
receiving

instruction
in agri-
culture

53
38
48

. . 62

. . 52

'"Including1 on>e student in the College of Arts and Sciences majoring1 in agriculture.
**Including two graduate students.

During the first years that instruction in agriculture was given the
organization was that of a department rather than a college. Conse-
quently all students taking agriculture were enrolled in the Agricultural
course. These included preparatory students and students in the
general Arts and Science courses. The number of these has diminished
from year to year due to the withdrawal of preparatory work and to
changes in the curriculum of the College of Arts and Sciences by which
applied sciences, including agriculture, were segregated and no longer
accepted as meeting the requirement in pure science. These losses in
numbers have been equalized by new enrollments in the College of
Agriculture.

The organization of the College of Agriculture has been strength-
ened materially by cataloging the work of the college, formerly all
classified as agriculture, in five distinct departments, Agricultural
Chemistry, Agronomy, Animal Husbandry, Horticulture, and Plant
Breeding. By the fortunate combination of the Agricultural College
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with the Experiment Station the services of men engaged in research
under our peculiar conditions can be secured as major professors. Like-
wise opportunity is afforded the student in many instances to familiarize
himself with investigations being carried out by the members of the
Experiment Station Staff. The curriculum has also been strengthened
by adding new courses. Through the cooperation of the Department of
Zoology in the College of Arts and Sciences a course in Entomology
is being given for the first time. This enables the College of Agricul-
ture to train men for horticultural inspection work as well as to round
out the general instruction given in horticulture and agronomy. Further
cooperation with the other colleges of the University is contemplated.

The Agricultural student body has shown excellent spirit during
the year. They have entered heartily into the affairs of the general
student body and have contributed much to social and athletic life on
the campus. The Agricultural Club has held regular meetings with
interesting and instructive programs carried out for the most part by
the students. The Staff of the Experiment Station has also held a
monthly Agricultural Science Seminar which, while not primarly for
the student body, has been open to them and some have improved the
opportunity to attend and take part in the discussions.

AGRICULTURAL INSTRUCTION IN THE STATE

In accordance with Paragraphs 2791-2797, Laws of 1913, granting
state aid to high schools and normals for instruction in agriculture and
industrial arts, twenty-one schools have qualified. Of these nine are
offering courses in agriculture ranging from a single year's work in
general agriculture to more or less specialized four-year courses. The
other twelve institutions receiving state aid are devoting it to industrial
courses, including home economics but exclusive of agriculture. While
the statistics at our disposal are too incomplete for publication we feel
that the teaching of agriculture in secondary schools deserves more at-
tention than is being given. One or two elective units of the high school
curriculum can be given to such instruction, even in the mining districts,
with advantage to the individual and to the State, especially to pupils
who do not contemplate taking a college course in agriculture. Those
contemplating a college course, however, should be advised to take the
regular college preparatory course with just enough agriculture as free
elective to arouse and hold their interest in the subject
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FARMER'S SHORT COURSE

The fourteenth annual Farmer's Short Course was held for two
weeks in January, 1916, with a total enrollment of 163, including 35
women in home economics. This was the first short course organized
with sections for different interests meeting simultaneously. With the
increasing attendance this division becomes more and more practicable,
and the farmers in attendance can be given a wider range of instruction
trom which to select what suits best their own needs. At the fifth annual
Farmer's Short Course, lasting for one week only in January, 1917,
three sections were given for farmers and one for the women in home
economics. The attendance in 1917 reached 250 with 144 women in
home economics. The growing attendance at the short courses justifies
the invitation of specialists from beyond our own borders to come and
give our farmers the newest and best each year in carefully chosen fields.
The information and enthusiasm carried home by those attending are
having a marked influence in bettering agricultural conditions in the
State. The growth of these courses during five years has been :

Registered Attendance
1913 ........................... 4 ................. 80
1914 ........................................... 103
1915 ........................................... 143
1916 ......................................... 163 including 35 in Home

Economics
1917 .......................................... 250 including 144 in Home

Economics

R. H.
Dean.

A. E. VlNSON,

Professor Agr, Che in.




