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Twenty-Eighth Annual
Report
ADMINISTRATION
A general survey at this time of the agricultural field in Arizona
is especially interesting by reason of rapid developments now being
made, and is also of value to the Experiment Station in adjusting
its work to the economic needs of the State. Abnormal demands
for agricultural products of all kinds have of course resulted in an
unusual inflation of prices and this in tuin has stimulated agricultural development to an extent not heretofore experienced in the
farming history of the State. Not only has the agriculture of older
irrigated districts been greatly intensified and improved, but considerable areas not heretofore improved successfully have received
attention and in many cases have entered upon active development.
In portions, also, of the dry-farming sections of the State, especially
from 4,000 to 7,000 feet elevation, many new homesteads have been
entered and dry-farming efforts have met with measurable success,
more particularly where silos and livestock have been employed.
The irrigating water supply has continued to be unusually
good during the season, especially, as in the case of Salt River
Valley, where ample storage is available. The grazing industries,
however, in common with extensive sections of the West, have experienced a considerable shortage of feed, due to the less than
usual rainfall of the past winter. Spring rains in the northern part
of the State were excellent, and where properly conserved in th&
soil undoubtedly contributed to the production of dry-farmed crops
of corn, milo maize, beans, Sudan grass, potatoes, and other hardy
crops. On the whole, however, especially in the southern sections,
the moisture supply has been inadequate, and results from dryfarming operations less than the previous year. The exigencies of
dry-farming in Arizona clearly indicate the great importance to
arid region farmers of silos by means of which even scanty crops of

394

TWENTY-EIGHTH ANNUM, REPORT

forage can be harvested and preserved in almost undimmished
value, for a period of years if necessary, until the silage is needed
to tide livestock over one of the periods of drought that the farmer
is sure to experience in this country. Not only are silos indispensable in connection with dry-farming operations, but they are also
essential for preserving forage values produced under irrigation. In
the hot, dry climate of Arizona losses in nutritive value of sorghums,
Indian corn and other forages in the dry state is undoubtedly greater
than in the East, where the custom of cutting and preserving these
materials as fodder originated Here, therefore, where these supplies
are at best not adequate to the needs of livestock in time of shortage, it is more than usually important to preserve the nutritive
value of irrigated forages to the utmost by means of silos. It is not
too emphatic to say that silos will soon be recognized as the backbone of the Southwestern livestock industry, both on the range and
on irrigated farms.
Under the influence of increased prices for agricultural commodities, many interesting economic reactions have taken place.
For instance, the high price of cotton has resulted in the conversion
of considerable areas of alfalfa into cotton land. This in turn has
tended to enhance the price of alfalfa hay and along with it that
of other feeds; and this again, by making the profitable feeding of
inferior livestock impossible, has resulted in a strong tendency
towards improvement in the quality of livestock throughout the
State. Many other instances of reaction due to changed agricultural conditions within the State might be enumerated. The general
effect, however, has been strongly in the direction of improved
methods, better livestock, and greater returns for the farmer
everywhere.
Of interest at a time when unusual efforts are being made to
increase agricultural development within the State, are the helpful
financial agencies available for the use of the farmer. The recently
organized Federal Land Bank of Berkeley, California, is one such,
being in charge of Federal farm loan business for this State. Arizona State funds also, derived from the sale of State lands, are
available in long-term farm loans at a moderate interest, and considerable amounts have already been distributed from this source,
With increasing assurance of agricultural permanence and stabilitv,
money from private sources is also more easily available and at
more moderate rates of interest than in the older and more prosperous days of farming developments within the region.
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It is at this time therefore a pleasure to those who are concerned in the agriculture of the State to note general conditions of
prosperity and to feel assured that many of the remaining problems
of reclamation, production and profitable farm management within
the State are, in the light of experience already gained, now easily
possible of solution
ARGICULTURAL EXPERIMENT STATION WORK AND
FACILITIES
The lines of work at present being handled by the Experiment
Station are indicated by the list of projects on following pages,
being in many cases continuations of experimental undertakings of
long standing. Cultural facilities have been much improved during
the last two years, and since the field equipment is now fairly complete it is interesting as a matter of record to describe the different
cultural areas operated for experimental and demonstration purposes by the Station, and to indicate the possibilities of future usefulness that reside in them
THE; TEMPS DATS ORCHARD

The oldest of the properties now cultivated by the University
of Arizona Agricultural Experiment Station (dating from 1899) is
the Tempe Date Orchard (co-operative with the U. S. Department
of Agriculture), which consisted originally of 15 acres of land in
the northeast corner of the N E. J4 of Section 3, Township 1 S.,
Range 4 E., G. & S. R. B. & M. To this area was added subsequently 10 acres immediately west of the original 15 acres, making
a tract of 25 acres in all. This tract, three miles south of Tempe,
Arizona, consists of a heavy subirrigated alkaline Maricopa loam
soil in which the date palm has thus far proved to be the only
remunerative crop that can be grown Tamarisks, oleasters, bermuda grass, asparagus, salt bushes and a few unimportant weeds
also survive in this very salty soil, but without economic return.
It is therefore of interest to note that under such untoward conditions the date palm has succeeded beyond expectation and at this
orchard the commercial possibilities of a number of the best
adapted varieties have been convincingly demonstrated.
At this orchard have been solved problems relating to culture
of the palms, the control of scale insects and the ripening and marketing of the fruit. With the development in addition by the U. S.
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Department of Agriculture of a method of rooting a high percentage
of date palm suckers, the last serious problem relating to date palm
culture has been solved; and the way has been prepared for the
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Fig 2—Elevation 1175 feet

development of an extensive industry. The progress of this industry is at this time slow, partly for the reason that foreign offshoots
are not now available, and partly, again, for the reason that home-
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grown offshoots can be had only in limited numbers. The time
required for date palms to come into bearing also deters many
from investing time and money in them; but there can be no doubt
of the ultimate commanding place which the palm will find in
Southwestern agriculture.
The Tempe Date Orchard, therefore, with its annual crops of
delicious fruit, should for many years to come remain a guiding
landmark, and an inspiration towards the further development of
an interesting and valuable horticultural industry
1HE Y U M V D\TE ORCHARD \ND HORriCUIvTUR-U, STYlION

This area, located in the fertile flood plain of the Colorado
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River, first consisted of 7.2 acres of land, to which subsequently
were added adjacent blocks containing, exclusive of intervening
street ground, 67 acres of land, making a total of 13 9 acres. The
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tract consists of blocks 54, 52 and 43 of the Townsend addition to
Yunia, and is situated in the southwest corner of Section 20, Township 8 S., Range 23 W., G. & S. R. B. & M. This area has been
cultivated, for the most part in horticultural crops, since the beginning of the work in 1905. About 3 5 acres are at this time occupied
by date palms, but between the rows and throughout the remainder
of the tract numerous agricultural and horticultural crops have
been grown during the twelve years that the orchard has been in
operation. The fertile, level soil of this tract has been valuable in
carrying out plant breeding work, especially with wheat, during
the past several years; and much of the progress made in plant
breeding with alfalfa, wheat, corn, beans and sorghums, has been
due to the facilities afforded by this tract. Beginning with it as a
jungle of arrow weed in 1905," it has subsequently become one of
the most public places in the Yuma Valley, past which nearly all
rural travel passes over Warrenite roads to and from the adjacent
city. There can be no doubt of the influence upon crops and agricultural methods exerted by this little farm, and in future, as in
the past, it will doubtless remain useful as an experimental asset
and as a means of illustrating crops and methods to those who
frequently witness the work done there.
THE PRJvSCOTT DRY-FARM

The Prescott dry-farm consists of a diversified area of 100
acres of bench and bottom lands seven miles north of Prescott,
Arizona, on the line of the S. P. P. & P. Railroad, It is defined as
that portion of the S.W. % of Section 31, Township 15 N., Range
1W., G. & S. R. B. & M., lying west of the right of way of the S. F.
P. & P. Railroad. This tract is representative of large areas of
lands lying at approximately 5,000 feet elevation in the northern
part of the State. Concerning these lands, formerly used for grazing purposes only, it was desired to ascertain whether or not they
could be made use of by dry-farming methods of culture. While,
at first the outlook was adverse, persistent experimentation on this
tract has discovered a number of quick-maturing, drought-resistant
crops that mature here. With an average rainfall of 13.4 inches
per annum since the beginning of operations in 1912 and with the
help of dry-farming methods of culture, it has been demonstrated
that quick-growing, drought-resistant crops of milo maize, feterita,
and Indian corn, may be grown and put up for use of livestock
which each spring is sure to need this forage to tide over the short
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range. Also, consumable crops of potatoes, several varieties of
beans, pumpkins, squashes and other vegetables, and certain varieties of fruits, may be grown, all of which may contribute materially
to the food supply of a family. Sudan grass, both for hay and seed,
has succeeded well on the summer rainfall of the Prescott dry-farm.
During the past year experimental work has been limited to
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Fig:, 4 —Elevation 4980 feet.

comparatively few varieties of crop plants, the main effort being
concentrated on a demonstration, the object of which is to show
if possible that a farmer can, with the aid of silos and livestock,
make a comfortable living upon this land. These efforts have this
year been fairly successful, resulting in production valued at about
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$2,000 from 40 cultivated acres. It is believed that for several years
to come perhaps the greatest usefulness of this tract will consist in
a continuation of this home-making demonstration, under conditions formerly thought to be of value only for the grazing of ran°e
animals.
THIS SULPHUR SPRING V \LIvHY DRY-tARM

This area, consisting of 160 acres of land in Sulphur SprinoValley at an altitude of about 4,000 feet, has been operated by the
Experiment Station beginning in 1913 The tract, which is situated

VALLZr DAY- FA&M

JCALZ roc

Fig. 5.—Elevation 4250 feet

near Cochise, Arizona, on the Southern Pacific Railroad, represents,
considerable areas of former grazing lands in the southern valleys
of the State and consists of the Southwest J4, Section 20, Township 24 E., Range 15 S., G. & S. R. B. & M. The rainfall averages
11 inches a year, groundwatcr is available by pumping at 70 feet,

ARIZONA AGRICULTURAL EXPERIMENT STATION

401

find occasional floodwaters from overlying watersheds may be
diverted for irrigation during the summer rainy season. Rainfall
conditions are on the whole less favorable than at the higher altitude of the Prescott dry-farm, and conditions are accordingly more
severe for experimental work. Nevertheless in most years fair
crops of kafir, club head sorghum, milo maize, feterita, and sometimes Indian corn may be grown for silage, and such crops as Sudan
grass and tepary beans for forage and for human consumption.
Vegetable crops and fruit trees must at this altitude be irrigated for
assurance of success.
The solution of the more difficult problem of making a living
from the land at this altitude probably resides in a combination of
dry-farming methods of culture, of supplemental irrigation by
means of pumped water to start or to save a crop, silos and livestock with which to make most effective use of the forages produced, and adjacent grazing ranges with their occasional burdens
of cheap feed. Upon such a combination it is possible to demonstrate that careful farmers can make a living from the land; and
the best usefulness of the Sulphur Spring Valley farm for several
years to come will probably consist in handling it in such a way as
to demonstrate whether or not locations of this character can be
made to support those living upon them.
THE: S\LT RIVER VALLEY I* VRM

This farm, consisting of 162 acres of the Maricopa sandy loam,
soil of Salt River Valley, is described as the north y2 of the south
y2 of Section 20, Township 1 N, Range 5 E., G. & S. R. B. & M.
The tract is situated upon and between the Arizona State Highway
and the Arizona Eastern Railroad, about one mile west of Mesa,
Arizona As to its irrigating water supply it is Class A land; and
groundwater for pumping and domestic purposes is obtainable at
30 feet. Climatic conditions are intermediate between those of the
more distinctive!}^ citrus growing sections of the Valley and the
frostier levels, and can probably be used for the more frost resistant citrus varieties. This property was acquired in 1914 and has
accessible to it at this time telephone service, electricity for light
and power, gas, and sewerage. The shape of the tract, which is one
mile long and one-quarter of a mile wide, together with its location
on the Arizona Eastern Railroad and the State Highway, make of
it a very public piece of property and one therefore capable of conveying a maximum amount of information to the observing public
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dwarf milo maize have been produced; and experimental crops of
cowpeas, darso, field peas, tiax, garbanzos, lettuce, penlla, pink
beans, soy beans, sugar beets, tepary beans, and -vetch have been
grown. In addition, plant breeding work with alfalfa has occupied
several acres of ground.
This farm, by reason of its publicity and the useful character
of the work which is being done upon it, is bound to become an
influential factor in the agriculture of the region. In the immediate
future it is planned to develop crops of pure high-grade seed supplies of wheat, corn, milo maize, oats, barley and other crops, with
a view to the needs of the farmers desiring to improve their crops
thereby, and other beneficial lines of work are in prospect for this
farm.
Of the usefulness and value to the agriculture of the State of
this beautiful property there can be no question, and it is planned
to make it a center of information and influence in the agricultural
affairs of the region.
EMERGENCY WORK
Immediately following the declaration, April 6, 1917, of a state
of war with Germany, an effort was made to align helpfully the
activities of the Agricultural Staff in the matter of increased food
production, for food conservation, and for the more effective operation of agricultural agencies.
At meetings of the Staff April 6, April 10 and April 17, ways
and means of accomplishing this were discussed and plans laid for
the stimulation of various agricultural activities bearing upon the
food supply. Information was arranged for relating to the crops
that could be grown to best advantage during the immediately ensuing summer season, and this information was published both as
an Arizona Council of Defense circular and as Timely Hint No.
126 of the Experiment Station series. The suggestions made included the planting of sorghum grains April to June, inclusive;
pink and tepary beans to follow winter grains; forage sorghums
and Sudan grass for silage and hay; vegetable gardens and, particularly, potatoes in the northern part of the State; Indian corn
both in irrigated and in dry-farming locations to be preserved as
silage for the feeding of livestock the following winter when forage
supplies are ordinarily deficient.
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An increased number of food animals, particularly hogs, sheep
and cattle, was advised, and the building and filling of silos was
urged as a necessary measure in connection with the conservation
of livestock.
Saving of wastes was outlined to include the canning and drying of surplus foods and vegetables; the curing of meats; and by
waging war against insect pests and plant diseases.
It was pointed out that inadequately employed labor could be
made more useful; that idle machinery could be kept more fully at
work; and that such materials as milo maize; feterita and Kafir
corn could be manufactured into cheap meals for human food,
thereby releasing larger quantities of wheat to be exported for war
purposes.
Helpful agencies were also discussed, particularly the land
banks and other means to finance agricultural undertakings; the
railroads in connection with lands along their lines ; and the various
public agencies available for the advice and guidance of farmers.
These suggestions, practically all of which have been followed
up since they were made, have resulted in various propaganda, in
several publications, and in a multitude of verbal or written items
bf advice to those seeking information.
One result of these discussions was the Agricultural Mobilization Conference, April 20 and 21, at the University of Arizona,
which was an inspiring and useful meeting of farmers, livestock
men and those less directly concerned in agriculture. This meeting
was conducted primarily with reference to increased food production.
At various times the Agricultural Staff has co-operated with
the Arizona State Council of Defense in the work of compiling information, of advising increased production and conservation of
wastes, and in various ways collaborating with the important work
of that body in connection with useful propaganda relating to
food supply. While therefore primarily concerned with the discovery and dissemination of new facts in agricultural science, the
Agricultural Staff has in addition during the year contributed
materially to the general economic movement in support of the war.

PERSONNEL
The Agricultural Staff has suffered some changes in the course
of the year, partly for military and partly for ordinary reasons. Dr.
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Wallace Macfarlan'e, Professor of Agronomy, joined the National
army in September; and A. L. Enger, Assistant Engineer, went to
the Engineering corps, U. S. A., in May. The Extension Service,
also, has lost Mr. W. W. Pickrell, County Agent for Pima and
Pinal Counties, and Mr. T. E. Scheerer, County Agent for Yavapai
County.
Other younger members of the Agricultural Staff are likely to
be called upon for service later, should the war continue during the
current year.
Professor John F. Nicholson went to Arkansas in February as
marketing specialist for the Extension Service of that State; and,
Mr. F. IT. Simmons, for over twelve years foreman of the date
orchard at Tempe, left us to engage in agricultural work at Santa
Ana, California. Mr. Simmons is in large part responsible for the
working out in a practical way of the technique of date pollination,
ripening and marketing at the orchard of which he has so long and
faithfully been in charge. It is with more than usual regret that
we record his departure.
Mr. L. L. Bates, of the Prescott dry-farm, returned in January
as foreman of the farm with which he has been identified since the
beginning of operations there in 1911.
PUBLICATIONS
Publications by the Experiment Station Staff for the year, including Annual Reports, Bulletins, Timely Hints for Farmers, and
scientific and popular papers, are as follows:
Bulletin 78, October 20, 1916 Relation of Weather to Crops and Varieties
Adapted to Arizona Conditions.
—By Alfred J. McClatchie, J. Eliot Coit, and the Station Staff
Bulletin 79, December 1. 1916 Cold-Resistance in Spineless Cacti.
—By J. C. Th Uphof
Bulletin 80, December 15, 1916. Certain Effects under Irrigation of Copper
Compounds upon Crops.
—By R. H. Forbes
Twenty-seventh Annual Report, December 31, 1916.
—By the Station Staff

Timely Hints for Farmers:
No. 118. July 15, 1916. Crown Gall
—By J J. Thornber
No. 119. September 15, 1916. New Legumes for Green Manuring.
—By R H. Forbes
No 120. July 15, 1916. The Corn Ear Worm.
—By A. W. Morrill
No 121. December 1, 1916. Tamarisks for Southwestern Planting.
—By J J. Thornber
No. 122. December 15, 1916. Roses for the Arizona Home
—By J J Thornber
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.No. 123. January 1, 1917. Making Soft Cheeses on the Farm.
— By W S. Cunningham
-No. 124. February 15, 1917. Some Uses of Dynamite on the Farm.
—By H. C. Heard
Ko. 125. March 15, 1917. Garget or Mammitis in Cows.
—By R. H. Williams
Xo. 126. May 3, 1917. Recommendations on Ways and Means to Improve the
Food Supply in Arizona.
— By R. H. Forbes

Scientific and Technical Papers :
A State Water Code for Arizona.
Trans. Twenty-third International Irrigation Congress, 1916.
—By G. E. P. Smith
The Proposed State Water Code.
Extension Circular No. 11, No\ ember, 1916.
— By G. E. P. Smith
Chapter on Agriculture in the San Simon Valley.
U. S. ueol. Survey Water Supply Paper 425A, May 7, 1917.
Cotton Pests in the Arid and Semi-Arid Southwest.
Journ. Economic Entomolg), Vol. 10, No. 3, 1917.

Popular Articles :
A Survey of Arizona's Water Supply.
Arizona Magazine VII, May, 1917.
—By G, E. P. Smith
Some Problems of the Tractor Bu>er.
Southwestern Stockman-tanner, October 27, 1917. — B\ G. E. P. Smith
The History of Livestock in Arizona.
Arizona Magazine, September, 1916.
— By R. H. Williams
Sheep Breeding in the Southwest.
American Sheep Breeder, October, 1916.
— By R. H. Williams
Breeding for the West.
Breeders' Gazette, March 1, 1917.
—By R. H. Williams
Capitalizing the Range.
Breeders' Gazette, March 8, 1917.
—By R. H. Williams
Alfalfa Bloat.
Hoard's Dairyman, April 6, 1917.
—By R. II. Williams
Horses for the Dry-Farming Country.
Breeders' Gazette, April 19, 1917.
—By R. H. Williams
A Range Problem.
Arizona Magazine, May, 1917.
—By R. H. Williams
Silage in Arizona.
Rural World, June 16, 1917.
—By R, H. Williams
The Future of the Range.
Agricultural Review, March, 1917.
—By R. H. Forbes

PROJECTS
A restatement at this time is advisable of the projects of work
being carried on by the Experiment Station inasmuch as under
the pressure of war conditions it is necessary to make these projects
as immediately economic in character as is practicable. Most of
the activities of the Station are directly related to the big things of
Southwestern agriculture — to water supply, to climatic conditions,
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to livestock and farm management, to the range industry, to irrigated soils, and to major crops grown within the region.
Of necessity the work of the Station, in order to be effective,
must be concentrated upon a comparatively limited number of
projects at any one time inasmuch as a limited personnel cannot
safely undertake too great a range of subjects for fear of ineffectively dissipating its energies.
By reason of the unusually distinct set of conditions confronting Arizona workers, there is perhaps comparatively little likelihood of duplicating the work of other stations, although there is of
course excellent reasons for a selection of subjects in order to avoid
duplicating the efforts of other agencies operating in the same
field. Following, therefore, is a list of active projects at the present
time;
1. Groundwatcr studies along the lower Santa Crii7 river, including observations on recharge of grounclwatcrs from floods; and fluctuations of tlie
water table under influence of recharge and pumping.
Adams and State funds.
G. E. P. SMITH
2. A study of pumping machinery to determine fundamental facts relating
to the action and efficiency of irrigation pumps from the standpoint of hydraulics
and of mechanics.
Adams and State funds.
G. E. P. SMITH
3 The production by plant breeding methods of a superior variety of alfalfa
free, if possible, from the hairiness and the stenimy character of Peruvian
Methods of determining the water requirements of different varieties of alfalfa;
and the biological analysis of alfalfa into its hereditary units with manipulation
of these units in constructive breeding, is within the scope of this study.
Adams and State funds.
G. F. FREEMAN and
W. E. BRYAN.
4. The hybridization and selection for Arizona conditions of a superior
grain sorghum, combining if possible the following characters,—large upright
head, uniform ripening, upright stalks, dwarf habit, carliness, leanness, drought
resistance and large individual grains.
State funds
G. F. FREEMAN, and
W. E. BRYAN.
5. A physiological and biological study of Southwestern varieties of Indian
corn to determine heat and drought resistant characters; and biological analysis
of these corns with a view to the use of hereditary characters in constructive
plant breeding operations.
Adams and State funds.
0. F. FREEMAN, and
W. E. BRYAN.
6. The biological analysis of the genus phaseohts (common beans) and the
improvement of varieties of beans by selective breeding. This project includes
the improvement of tepary beans, especially well adapted to climatic conditions
of the region.
Adams and State funds
G. F. FREEMAN and
W, E. BRYAN.
7. A study and comparison of durum, poulard and bread wheats with biological analyses, and constructive breeding operations for the purpose of developing a bread wheat which will retain its hardness under Southwestern conditions
Adams and State funds.
G. F. FREEMAN and
W. E. BRYAN.
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8 The production by crossing, selection and inbreeding of Deglet Noor
dates in order to bring them true to seed
State funds.
G F. FREEMAN
9. A study of date varieties established in Arizona, particularly with a view
to the identification of characters most valuable in commercial dates.
State funds
S. B. JOHNSON
10 The storage of fruits and vegetables most effectively under Arizona
conditions.
Hatch and State funds.
S. B. JOHNSON.
11. An intensive half-acre garden study for the purpose of demonstrating
the possibilities of a small garden in food production.
State funds.
S. B. JOHNSON.
12. A study of the grasshopper pest to determine the eating capacity of
grasshoppers in alfalfa fields, and observations on their feeding habits with
reference to tHe use of poison baits.
Hatch fund
A. W. MORRILI,.
13. A study of cotton and truck cut worms, including their life histories and habits and the methods and materials by means of which they may
be controlled.
Adams and State funds.
C. T. VORHIES
14. The design, construction and operation of machines for processing
dates in packing house practice. Pasteurization, incubation and artificial ripening
of various varieties of dates by means of suitably constructed treatment and
heating chambers is included within the limits of this project.
State funds.
A. E. VINSON.
IS Alkali studies, particularly with reference to the rationale of damage
caused by black alkali in the soil and means for the amelioration of the effects
of this salt upon plants.
Adams fund.
A. E. VINSON, and
C. N. CATUN.
16. Composition of groundwaters of Arizona as determined from miscellaneous samples sent in for examination from time to time.
Hatch and State funds.
A. E. VINSON, and
C. N. CATUN
17. Economic flora of Arizona, particularly with reference to its utilisation
tinder range and forestry conditions.
Hatch and State funds.
J. J. THORNBER
18. Miscellaneous plant introductions and selections with a view to the
establishment of new plant varieties adapted to Southwestern climatic conditions.
Hatch and State funds.
- J. J. THORNBUR.
19. A continuation of studies at the Sulphur Spring Valley dry-farm for
the purpose of working out a scheme of farming combining cultural methods,
supplemental irrigation, hardy crops, silos, and livestock, by means of which a
living can be made from the land at altitudes of 4,000 to 5,000 feet.
Hatch and State funds.
R. H. FORBES, and
IT. C. HEARD
20. A continuation of studies at the Prescott dry-farm for the purpose of
working out a scheme combining dry-fanning methods of culture; hardy varieties of Indian corn, and sorghums suitable for silage; consumable crops of
beans, fruits and vegetables; silos, and range livestock, by means of which a
living can be made upon the land.
Hatch and State funds.
R. H. FoRBtb, and
H C. HSARD
21 A study of methods for the eradication of Johnson grass from an irrigated farm.
Hatch and State funds
J, F. NICHOLSON, and
H C HEARD
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22. Tests of varieties of legumes adapted to Southwestern conditions valuable for soil building purposes and for crops produced. These legumes include
Canada field peas, Colorado stock peas, purple vetch, garbanzos, cow peas, soy
beans, and alfalfa.
Hatch and State funds.
H. C. HEARD.
23 The culture and improvement by field selection of varieties of Indian
corn suited to Southwestern conditions both under irrigation and dry-farming.
Hatch and State funds.
H. C. HEARD.
24. The culture and field management of Egyptian cotton at the Experiment
Station farm in Salt River Valley.
Hatch and State funds.
H. C. HEARD.
25. The culture and management of winter grains, including wheat, oats
and barley under irrigation at the Salt River Valley farm, and under dry-farming
conditions at Cochise and Prescott, Arizona Considerable quantities of pure
seed are to be produced for distribution.
Hatch and State funds.
H. C. HEARD.
26

A continuation of studies in the culture and marketing of dates.
Hatch and State funds.
R. H. FORBES,
A. E. VINSON, and
S. B. JOHNSON.
27. Miscellaneous horticultural studies, including date palms, walnuts, figs,
olives, peaches, plums, nectarines, apples, pears, persimmons, pomegranates and
quinces, together with vegetable crops and small fruit at the Yuma date orchard
near Yuma, Arizona.
Hatch and State funds.
R. H. FORBES, and
S. B. JOHNSON.
28. Feeding of dry-farmed silage to* range cattle to demonstrate the effectiveness of this ration for tiding cattle over short range.
Hatch and State funds,
R. H. WILLIAMS.
29. Poultry feeding experiments with reference to economical rations at a
time of high prices.
State funds,
C. R. ADAMSON.
30. Economic combinations of high and low priced feeds for beef cattle,
hogs and dairy cows.
Hatch and State funds.
R. H. WILLIAMS, and
W. S. CUNNINGHAM.
31.

Wintering over breeding ewes on an irrigated farm
Hatch and State funds.
R. H. WILLIAMS, and
W. S. CUNNINGHAM.
32. Meteorological observations.
Hatch and State funds.
C. H. CATLIN.

33. Ozonium root rot disease of cotton and other crops. Occurrence, life
history and methods of control of the disease.
Adams and State funds.
D. C. GEORGE.
34. Gtimmosis of stone fruit trees Occurrence, causes, methods of control
of this disease
Hatch and State funds.
D. C. GEORG&

Co-operating in these investigations are Messrs. C. J. Wood
at the Salt River Valley Farm, D. C. Aepli at the Yuma Horticultural Station, L. L. Bates at the Prescott Dry-Farm, H. R. Spaulding at the Sulphur Spring Valley Dry-Farm, G. F. Williams at the
Tempe Date Orchard, and J. B. McGuffin at the University Farm
near Tucson.
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FINANCIAL
The finances of the Agricultural Experiment Station and of
the Agricultural College as a whole continue to be reasonably adequate for the work in view. The Third State Legislature in March,
1917, made appropriations for the biennium beginning July 1, 1917,
as follows:
College of Agriculture and Experiment Station
T

f

r-tirv

Administration
Imorovements
Greenhouse for agriculture
Extension Service fnot Smith Lever ^
"
"
(with "
" )
University of Arizona farma — Maintenance
"
"
— Improvements..
Dry-Farming Investigations — Maintenance. . . .
" " — Improvements . . .
Plant Introduction and Breeding Investigations
Tcmpe Date Orchard — Maintenance
"
"
— Improvements
Underflow Investigations
Yuma Date Orchard and Horticultural Station
—
Maintenance
*
— Improvements .
Salt River Valley Farm Fund — Maintenance..
Agricultural Printing
Total

1917-18

1918-19

$ 365000 i
7 500 00 i r
5 450 00 1 r

$ 365000 i
7 500 00 i r
5 4^0 nn i r
? 500 00 i r
1 000 00 e
6004 15 e
11,850.00 i.
2,300 00 i.
10,140.00 r.

1 000 00 c
'457459 e
11,85000 i.
2,30000 i.
10,140.00 r.
500.00 r.
300000
233000
60000
740000
260000
67500
10,000.00
4,000.00
$72,569.59

r
r
r
r

300000 r
1 770 00 r
60000 r
240000 r

r
r
r.
r.i.

260000
40000
10,000.00
4,000.00
$75,164.15

r
r
r.
r.i

Those items marked i are intended primarily for instructional
purposes; those marked r are intended for the research work of the
station; while those marked e are for extension purposes.
Available resources for the year ending Tune 30, 1917, are as
follows:
State funds as follows:
Hatch Fund from U. S. Treasury
Adams Fund from U. S. Treasury
Sales fund balances from 1915-16
Sales funds 1916-17 as follows
Salt River Valley Farm
Yuma Date Orchard
Tempe Date Orchard
Prescott Dry Farm
Sulphur Spring Valley Dry Farm
Northern Arizona Dry Farm
Hatch Sales

$15,000.00
$15,000.00
$
$2,997.85
905.46
1,610.46
113.95
302.05
127.50
5,736.59

Less remittance to State Treasury..
$ 518.98
Balance on hand (including $374.77 carried to
other statements)
2,719.77
Balance from 1915-16.

526.31

11,793.86
$12,320.17
3,238.75
$ 5,105.88

9,081.42
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Appropriations:
Dry Farming Fund (Supervision)
"
(Prescott)
Date Palm Orchards
Yuma Horticultural Station
Salt River Valley Farm
Underflow Water Investigation
Sulphur Springs Valley Dry Farm
Northern Arizona Dry Farm
Maintenance
Plant Introduction and Breeding
Printing

3,00000
3,500'.00
3,506.25
700.00
7,000.00
1,250.00
3,000.00
3,200.00
5,825.04
3,000.00
1,500.00

Turned back to State.
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35,481.29
5,060.56

35,526.61
$74,608.03

EXL'IvNDITURCS JJY FUNDS AND SCHI^DUUvS FOR TlJtf Y#AR HNTDING
JUNE 30, 1917
Abstract

State
Appropriations

Salaries
..$10 684 18
8' 157 95
I/abor
Publications
1 476 65
Postage and stationery
233.03
Freight and express
229.71
Heat, light, water
and power
21601
Chemicals and laboratory supplies , . .
100
Seeds, plants, and
sundry supplies. . .
1,436.78
Fertilizers
18610
Feeding stuffs ,
1 064 95
library
T o o l s , machinery,
and appliances
1 721 50
Furniture and 4 Ix~
tures
671 10
Scientific apparatus
and specimens
33679
livestock
1 603 44
Traveling expenses.
2,348.20
3902
Contmsfcnt cxoenses
Buildings and land..
5,120.20
$35,52661

Sales
Fund
$1 P57 14

3'345*61
2671
330.S9
94/16

Hatch
Fund

Adams
Fund

Total

$9 891 38 $10 3?7 59 $31 Q60 ?9
63Q89 1 5 049 69
2 906 24
355
1 50691

50594
43.45

7916
86.01

1496

1 149 02
453.33

23097
25541

5788

31429

79.79
5725
900
8.75

195.13
1094
2863
14.22

2,256/16
267.02
1 41365
39,84

840 48

1 657 19

421917

47.65

133.00

851.75

35473

92052

473.14
2335
388 D2

519.05
330.79

161204
1,60534
3,933.99
7352
7,670.75

$9,081.42 $15,00010

$15,000.00

$74,608,03

544.76
12.73
31107
16.87

1 90
503.60
11 15
1,831.74

AGRONOMY
Experimental work in Agronomy has been carried on at the
Salt River Valley Farm near Mesa, the Prescott Dry Farm near
Prescott, and the Sulphur Spring Valley Dry Farm near Cochise,
Arizona. Demonstration work has been done on the University
Farm near Tucson.
SALT RIVER VALLEY FARM
JOHNSON GRASS ERADICATION

The main project on the Salt River Valley Farm was the experiment in Johnson grass eradication, which was carried on in the
same manner as last year. One hundred and twenty acres of the
farm were divided into six fields containing, 40, 20, 10, 10, 20, and
20 acres, respectively.
In the first field, the south half of the east eighty acres of ihe
farm, the Johnson grass was quite well under control by the beginning of the fiscal year, due to dry plowing in the summer of 1915.
However, a number of seedlings came up from seed which had been
left upon the land by the preceding infestation of Johnson grass
plants. These seedlings were readily destroyed by the use of a
weeder and by plowing in September, 1916, preparatory to seeding
to grains in the following December. Virtually no Johnson grabs
was noted after the removal of the grains early in June of the present year. Plowing in August left the land sufficiently clean that it
was considered advisable to seed to alfalfa, which was done early
in November. The weed can easily be controlled in future by handdigging.
The second field, which had been closely pastured by sheep
since June, 1916, by the fall of that year contained few Johnson
grass plants having rootstock of appreciable vigor. In November, 1916, the land was disked and seeded to barley to supply winter
pasture. The number of sheep having been somewhat reduced, the
growth of barley provided more than sufficient pasturage and about
$640.00 worth of grain was harvested from the twenty acres. The
land was plowed again in September, 1917, and at present virtually
no Johnson grass is to be seen
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The third field, containing 10 acres, was in cotton in 1916 and
by midsummer the old rootstocks were destroyed by cultivation.
Numerous Johnson grass seedlings came up from seed introduced
by the irrigation water of July and August, 1916, and by the time
these plants had appeared the cotton was too large to admit of their
destruction by cultivation without serious injury to the crop. B^fore the freezing weather of fall numerous seedlings had formed
rootstocks. The land was plowed in January of this year and
seeded thickly to Tepary beans for green manuring purposes. Soon
after seeding to Tepary beans the weeds became quite troublesome
and when the green manure was plowed under early in June quite
large and vigorous rootstocks had been formed upon the Johnsoa
grass These rootstocks sent out new plants which necessitated
some work with a weeder prior to planting to corn early in July
of this year. By careful cultivation for the first few weeks after
the corn was planted the Johnson grass was again brought under
complete control.
Considerable work with the weeder and cultivator held the
Johnson grass in check on the fourth field until it was planted to
corn early in July, 1916. Further cultivation destroyed the vigor of
the rootstocks by late summer of that year and since corn admits
of cultivation at a later date than cotton, seedlings introduced by
irrigating water were destroyed soon after their appearance. As a
result the land was very clean when planted to cotton in March,
1917, and has been kept free from Johnson grass without a great
deal more hoeing and cultivating than cotton ordinarily demands.
With the appearance of spring the fifth field, which was fallowed in 1916, disclosed a great number of fairly vigorous Johnson
grass rootstocks. The land was plowed in August, 1916, and seeded
to wheat in December. The luxuriant growth of the grain prevented the Johnson grass making much headway until after the
harvest in June, 1917. Due to shortage of labor and teams it was
impossible to plow this field immediately after the removal of the
grain, and by the end of June the Johnson grass was again appearing in dangerous amounts. Plowing in August served materially
to restrict the growth of the weed, but the field is by no means
clean yet.
The sixth field has been dry fallowed since August, 1915. By
June, 1916, the vigor of the Johnson grass rootstocks had been materially diminished, but a heavy rain early in September and accidental leakage of irrigating water lent new energy to the weed an"d
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its control, until freezing weather in the fall of 1916, required considerable effort. During 1917, however, it has been quite easily
kept in check and its vigor and stand were reduced until it was
fairly in subjection by the end of June, 1917.
Results from various other methods of Johnson grass control
have been sufficiently decisive that it is not deemed advisable to
continue the dry fallowing experiment longer. The best economic

Fier. 1.—Wisconsin No. 6 Pedigreed Barley.

Salt River Valley Farm.

method used on the Salt River Valley Farm has been the cultivation of summer tilled crops, the cost of growing being more
than equaled by the produce. It appears preferable to hold the
weed in check by means of disc and weeder until midsummer, at
which time some crop which can be cultivated late in the season
should be planted. A very effective and quick way to destroy
Johnson gfass is close grazing by sheep. Summer fallow followed
by a crop of winter grains is a fairly effective method, but a heavy
rain or accidental irrigation may undo a great deal of careful work.
Summer plowing when the land is dry is very effective but expensive. Continuous fallow r is both slow and costly, with no returns,
and should be supplanted by other methods.
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GRAINS

It has been considered advisable to discontinue most of the
variety tests of small grains which have been carried on at the
Phoenix Farm for a number of years In attempting to standardize
these crops work for the last fiscal year has been limited to the
Early Baart variety of wheat, Texas Reel and San Saba oats, Wisconsin No. 6, and common six-row barley. Where available, selected seed was planted under commercial conditions in order to
increase the quantity of desirable seed which could be placed upon
the market for the benefit of Arizona farmers.
The wheat yielded from forty-one to fifty bushels per acre and,
with the high prices of the present season, returned very handsome
profits. The oat yields varied from ninety-three to over one hundred bushels per acre, and the barley, which had been lightly pastured, from forty to sixty-five bushels.
A new variety known as Wisconsin No. 6 pedigreed barley was
tried out during the past fiscal year with rather unsatisfactory results. A very large yield of grain was produced from this variety,
"but the breaking off of the heads greatly diminished the amount
harvested.
LEGUMES

About twenty acres of Hairy Peruvian alfalfa and ten acres of
the common strain were grown with results favoring the former.
Ten varieties of cow peas and fourteen varieties of soy beans
were planted in May. These crops, which have been little grown
in Arizona, gave promising results and the indications are that they
will sometime become very valuable plants in the Southwest. While
the available data are meagre, indications are that cow peas may
be quite successfully planted at almost any time after danger of
frost is over until there is barely sufficient growing season left
for their maturity. Soy beans, on the other hand, should be planted
on the latest date in the season which will allow them time for
maturity before frost. With the larger and longer season varieties
this date should be from the middle to the last of June and the
earliest varieties may be planted as late as the first of August.
Since the seed of this crop bids fair to become an important source
of a partial substitute for linseed oil the possibilities of its culture
are a matter of interest.
Among the more promising varieties of cow peas, Red Ripper,
Two Crop Clay, Iron, and Clay may be mentioned. Desirable early
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varieties of soy beans are Black Eyebrow and I to San, and of the
larger and later kinds Mammoth Yellow and Tarheel Black ar~
especially promising.
Two varieties of field peas, White Canadian and Colorado
Stock, were planted in late November, 1916. The plots were mowed

Fig-. 8.—Texas Red Oats.

Salt River Valley Farm.

in the following April and yielded 3300 and 4400 pounds of cured
hay per acre, respectively. The Colorado Stock peas, in addition
to yielding more hay, set a great many more blooms than the Canadian variety. This is consistent with previous observations.
An acre of garbanzos was seeded fairly thickly in November,
1916, and mowed late in the following April. A yield of two and
one-half tons of cured hay per acre was obtained.
NEW CROPS

Rhodes grass, Natal grass and perilla, which are little known
in Arizona, were tried out on the Salt River Valley Farm the current season with negative results in each case. Rhodes grass and
Natal grass are becoming important forage crops in the southeastern parts of the United States. The seed of each failed to come up
satisfactorily on the Salt River Valley Farm, however, and the
growth of the few plants which did appear indicates that these
crops will be unable to compete in Arizona agriculture with the
forage crops now being grown.
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Perilla, a crop native of Japan, is interesting as a possible
source of a linseed oil substitute. The crop suffers very much from
the arid atmosphere of the Salt River Valley and it was impossible
to obtain a satisfactory stand.

Fig1. 9.—Oowpeas. Salt River Valley Farm.
DISEASES

A fungus disease of cotton, and the lesser corn-stalk borer,
both appeared on the Salt River Valley Farm this year. The former
has been noticed before and does not appear to be serious. In
effect it is very similar to the sore-shin noticed in upland cottons
all through the cotton belt of the United States. Of this disease
Professor J. G. Brown of the Department of Biology of the University says:
"Sore-shin probably is caused by other fungi besides Rhisoctonia and Atkinson has even found Fiisarinm present. The cotton
seedlings submitted to me presented a marked constriction at and
below the soil line. In these constricted places a brownish discoloration was often evident. Microscopic examination of the roots in
section disclosed cankers, in places reaching through the bark and
into the cortex, in other spots extending entirely through the
phloem and cambium. Usually infected areas could'be traced by a
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brown discoloration of the cells. Such areas followed the cambium
for a distance laterally, then extended along the medullary rays
into the pith, or if the disease had continued longer, involved the
xylem across two or more bundles. A mycelium was present *r.
the infected areas which-consisted of brown, septate hyphae quite
regularly 4.5 micra to 6 micra m diameter. The hyphae passed
into both cortical cells and those of the bundle. Typical spores of
Fitsarntm were found loose in the cortical portion of the cankers,
but these may have been produced by saprophytic forms of that
fungus."
The lesser corn-stalk borer completely ruined an acre of pink
beans on the farm, and greatly damaged an acre of teparies. The
latter, however, recovered to some extent. The stand of Darso on
one plot was seriously reduced, and about thirty acres of young
milo in a neighbor's field was destroyed.
f
Dr. A. W. Morrill, State Entomologist, in speaking of the
insect and its ravages says:
"This insect has been in the State for a number of years, but
as far as I know last year is the first time when it has proven to
be of any economic importance * * * Thorough cultivation of infested fields in the fall and winter and a general clean-up of tlie
vines and stalks of susceptible plants is about the only step which
pan be recommended. In the East farmers are advised to make
their plantings of corn, sorghum, and other crops subject to infestation as early as possible in the season before the insect has multiplied to a destructive extent. This, however, could hardly apply
to our qo|iditions where susceptible crops^are planted in midsummer. The insect has been <recorded as affecting the,following
plants: Beans, Indian corn, cowpeas, crab grass, Japanese cane,
Johnson grass, milo maize, peanuts, sorghums, sugar cane and
wheat. From the fact that the insect has been known to have
occurred here for a number of years and has not previously been
destructive there seems to be reason to hope that this is an occurrence which will not be repeated again soon."
PRESCOTT DRY-FARM
An additional ten acres were plowed on the Prescott Dry Farm
in the spring of 1917, which brought its total cultivated area up to
approximately sixty acres. The general cropping scheme was formulated with the idea of supplying a maximum amount of ensilage
together with a reasonable quantity of hay and cash crops, The
planting included only those varieties which had proven their
adaptability to that region, with the exception of two new grain
sorghums, Darso and African Kafir, and sweet clover.
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SMAU, GRAINS

A series of small grain plantings was made in the fall of 1916
at different dates from August 15th until the middle of November.
In these plots Crimean wheat, Black winter emmer, fall rye, and
Tennessee winter barley were used. The results from the earlier
plantings of wheat and rye were very promising, while the later
plantings did not do so well. The barley winter killed completely
and yields from the emmer were small. Rye sown on the earlier
dates in rows seven inches apart yielded 3200 pounds of hay per

-r ig\ 10.—VV inter Rye.

Prescott Dry-Farm

acre. In the plot where the rows were twenty-one inches apart,
the yield was slightly less than 2000 pounds. Similar plots which
were allowed to mature grain yielded fourteen, eleven, and nine
bushels per acre, respectively, and in the later plantings the grain
yields were as low as five and one-half bushels per acre. Wheat
yields consistently ran about two bushels per acre more than rye.
In no case was the grain of the highest quality.
SUDAN

GRASS

About eight acres were planted to Sudan grass in May of the
current year. Approximately one-half of this was cut for hay and
the two cuttings yielded about two tons per acre in addition to a
slight amount of pasturage. The remaining half, which was allowed
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to mature, product*! a \eiy satisfactory }ielcl of approximately 550
pounds of recleaned seed per acre.
CORN

Corn was planted on an eight acre field in which a green manuring crop of field peas was plowed under in the fall of 1916.
Papago Sweet, White Hopi, Yellow Pima, Bloody Butcher and
Reid's Yellow Dent were the varieties used. The results varied
very greatly in the different plots. One two acre plot of Papago
Sweet corn which was on particularly fertile ground yielded approximately twenty-four tons of green fodder per acre, the largest
yield obtained on any of our farms this year.
Below is a table indicating results from corn plantings:
TABLE I.—YIELDS OF CORN ON PRSSCOTT DRY FARM, 1917.
Variety
Papago Sweet
t

it

«
<C

1

ti

t

Reid's Yellow Dent
tt

tt

ti

(t

11

it

tt

tt

It

Bloody Butcher
n
ct

tt
tt

White
Uopi
a
a
it

(i

it

tc

Yellow Pima
a
t.
et
tt

it
(t

Hickory King

....

Date
planted
-._
May 15
" 20
" 10
" ID
June 1
1
May 10
" 10
June 1
1
May 10
" 10
June 1
1
May 10
" 10
June 1
1
May 10
" 10
" 10
" 10
May 20

Plantingimplement

Yield per acre
green fodder

Planter

7,299 Ib s.
8,297 '
28,640
40,783
27,232
28,023
5,428
2,960
6,003
7,224
19,220
18,787
9,862
8,949
11,829
6,026
21,930
34,854
4,062
8,045
6,577
7,429
5,382

Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister
Planter

P£AS AND BEANS

Ten acres were planted to field peas and beans. Considerable
damage was done by rabbits and prairie dogs, but in spite of this
both the peas and beans made a very satisfactory growth until the
first of August, at which time they were attacked by a bacterial
blight which ruined the peas and reduced the yield of beans to a
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pouit well below am margin of profit. According to advices from
tue office of the State Entomologist this blight is due to PscitdovwiMS phaseoli and the infection is carried in soil and by means of
diseased seed. It is probable that this trouble is identical with a
similar disease which appeared on the same land about three seasons ago, and if this supposition is correct its seriousness is manifested by the fact that the bacteria remained virulent in the soil for
a period of three years, during which time no host plant specific for
the germs has been grown. The following varieties of beans ivere
used: Tepary, Lady Washington, Bates, Colorado Pinto and Hopi
Lima, and the table given below includes the yields from each
variety. The outlook for a remarkable yield of beans was very
favorable before the blight appeared.
TABLE II.—YIELDS OF BEANS ON PRLvSCOTT DRY FARM, 1917.
Date
planted

Variety

May
"
June
"
May

Tep-iry .

tt
t(
Bales

a
Ladv "Washington
it
(i
Colorado P ito .
4;
«

,

10
10
16
16
9
9
June 16
May 9
9
June 16
" 16
Mav 12
" 12
June 16
" 16

Implement

Yield
per acre

Planter
Lister
Planter
Lister
Planter
Lister
Planter
Planter
Lister
Planter
Lister
Planter
Lister
Planter
Lister

183 Ibs.
55 "
539 "
447 u
220 "
166 "
300 "
390 '
166 '
254 '
221 '
258 '
181 "
253 "
212 "

SORGHUMS

Five sorghums were tried; namely, Dwarf White milo, feterila,
darso, African Kafir, and Club-top sorghum. It was necessary
to purchase seed for the latter on the open market, and unfortunately a hybridized mixture which in the current generation showed
almost every type of sorghum but Club-top was secured. Yields
of these sorghums are shown in Table IIT.
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TABLE IV.—YIELDS OF POTATOES ON PRESCOTT DRY FARM, 1917
Variety
Peerless
Rural New Yorker

Date planted

Yield per acre

A/[ay 1
1
Mav 1

3,623 Ibs.

May
"
AT ay

4,122 "

2,581 "
920 "

2.259 "
Karly Rose
"
"
White Rose
Russet Burbank

|
.1

May

2,720 "
1,817
4,011
1,495
1,309

"
"
"
"

Fig. 11.—Potatoes. Prescott Dry Farm.
SWEET CLOVER
Trial plantings of White sweet clover (Mclilotits alba) were
made late in May and late in July. A fair stand was obtained, but
the growth was quite meagre. It is not improbable that the next
season's growth from these plantings will be very encouraging and
further trials are to be made on different planting dates.
STT/)S A N D K X S I L A C I E

A new pit silo twelve feet in diameter and thirty-five feet deep
was built during the current season. The condition of the ground
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v\ab buch that it was impossible to leave the sicieb smooth. Cement
plaster was applied directly to the rough earth, howe\er, and the
resulting job is almost flawless. This clearly demonstrates the
practicability of plastering pit silos even where extreme!} rough
dirt walls are encountered. Two silos were already on the place,
the first, a pit silo ten feet in diameter and thirty-two feet deep,
and the second, an overground silo ten feet in diameter and twenty
feet high. These three silos, with a capacity of one hundred and
fifty-fbe tons of ensilage, were filled with crops from slightly less
than thirty-five acres of land.

SULPHUR SPRING VALLKY DRY FARM
In the main, two projects have been carried on at the Sulphur
Springs Valley Dry Farm near Cochise; namely, an extensive trial
of dates and rates of planting, and an attempt to standardize a
commercial crop rotation for that region. Results this year have
been very unfavorable, since the ground was very dry from early
spiing until midsummer and crops planted after summer rains
began were only fair.
In the first project four winter crops, Marquis wheat, TeniKssee Winter barley, Texas Red oats and White sweet clover were
planted at varying rates on four dates; early in September, October, November and December. Four summer crops, Mexican June
corn, Club-top sorghum, Dwarf Kyfir and Tepary beans were
planted at varying rates early in March, April, May and June, late
in July, and early in August. Due to the subnormal moisture conditions, the results are somewhat contradictory and not of very
great value.
COMMERCIU, R O T V I I O X PROJECT

Approximately forty acres of the Sulphur Spring Valley Dry
Farm were divided into four fields of nearly equal size. On the
first field Mexican June corn was planted early in April for ensilage, A very poor stand was obtained, the ground being so dry
that it was necessary to plant too deeply. Continued drought limited the growth of the corn very materially. The average yield was
only 2100 pounds of green fodder per acre.
Sudan grass was sown in March in the second field, but very
few seeds came up and the crop was a failure. Tepary beans fol-
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lowed and by virtue of the summer rains a yield of 133 pounds per
acre was obtained.
Sonera wheat planted in December occupied the third field and
the indifferent crop, yielding 290 pounds of grain per acre, was
plowed under for green manuring purposes. Following the wheat,
Tepary beans were planted and 121 pounds of recleanecl beans per
acre were obtained.
On the fourth field both Dwarf Kafir and Club-top sorghum
\ ere planted in March. A fair stand was obtained and replanting
i iade considerable improvement. The drought resistant quality of
Dwarf Kafir was quite manifest and the season's work resulted in
7350 pounds of green fodder per acre. Very little Club-top came up
and that which did emerge was greatly damaged by drought. It
yielded 2600 pounds of green fodder per acre.

UNIVERSITY FARM
Demonstration work rather than experimental work was conducted by the Department of Agronomy on the University Farm,
located four miles north of the campus. The land was used chiefly
in the production of feed for the livestock at present thereon. About
forty acres are under cultivation, twenty-five of which are in alfalfa
and the remainder in annual crops.

Considerable of the alfalfa has been seeded for a number of
years and the stand is no longer satisfactory. Various weeds are
appearing in great numbers and the alfalfa growth is not at its
maximum. The yield of hfcy from this part of the farm was approximately four tons per acre.
GRAINS

Nearly fifteen acres of the land devoted to annual crops were
planted to barley in November, 1916. Seven acres of this, on a
feld which was first put in cultivation in June of last year, was
plowed under for green manuring purposes, the growth being insufficient to justify its harvesting. The remainder yielded approximately one ton of hay per acre,
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All of the fifteen acres devoted to annual crops was seeded to
corn early in July of this year with the exception of a half acre
which was planted to peanuts, one and a half acres on which feterita was sown, and two acres seeded to mile. The }ields of corn
varied from approximately three tons of green fodder per acre to
nearly fifteen. The low yields were obtained upon plots seriously
affected with alkali. Average corn yields of all plots were five and
one-seventh tons of green fodder per acre.
In addition to the green fodder obtained approximately one
ton of seed corn was selected from a plot which yielded about
seventy bushels of mature corn per acre. Feterita yielded a little
more than six tons of green fodder per acre and milo approximately
five tons.
PE \XUTS

Peanuts were not tried out in an extensive way. Red Spanish
and Virginia were the two varieties planted and the results indicated that this crop is well adapted to our soil and climatic conditions.
uous
Circumstances have made it advisable to confine attention to
the more immediately practicable features of agronomic experimental work rather than to the more technical operations which
have a somewhat indirect application to commercial farming. The
work has been hindered by an insufficient departmental force,
Professor John F. Nicholson having left the service of the Experiment Station in February, 1917, and Dr. Wallace Macfarlane, who
began his duties as Agronomist early in September, having been
called into military service after a stay of about two weeks. This
has left the Assistant Agronomist to take care of the entire work
throughout most of the past year.
H. C. HEKRD,
Assistant Agronomist.

BOTANY
The rainfall for the State as a whole \\as quite up to the average for the year ending June 30, 1917. As is usual there was a
deficiency in some grazing districts. The summer rains for the
year 1916 were somewhat above the average and were quite continuous from July to the middle of October. The longest period without perceptible rainfall extended from the middle of October to the,
latter part of December. The winter rains began late in December
and were intermittent and considerably below the average. The
heaviest winter rainfall took place in January, while the period
from February to April was generally dry. This, together with the
prevailing low temperatures, reduced greatly the growth on the
desert and bunch grass lands. The perennial grasses did not begin
growth in the Sulphur Spring Valley, or in the country about the
Santa Rita Mountains, the Empire Ranch or Oracle until early in
April, and there was almost no annual growth. This resulted in a
shortage of spring feed on most of the ranges in southern Arizona.
LOSSES OF STOCK FROM POISON PLANTS
Some of the earlier growing poison plants as larkspurs and
certain of the locos were making vigorous growth on the grazing
ranges as early as February and March. This condition was verv
noticeable on the ranges about Willcox and Cochise in the Sulphur
Spring Valley, Dragoon Summit, the Empire Ranch and also Oracle, Arizona. This was fully a month in advance of any considerable growth of the perennial grasses or annual growth. As is well
known, grazing animals will not eat poison plants, normally, in the
presence of good feed, but during famine periods they eat almost
any sort of plant growth that contains succulence or nutriment.
Accordingly, losses were heavier than usual from starvation and
plant poisoning. Three species of larkspur and at least eight species of loco weeds occur in more or less abundance on the ranges
in southern Arizona, Frequently these are met with only occasionally, but on closely grazed ranges it is possible for hungry
animals to eat enough of these to result fatally. Locoed animals
have been reported from many parts of the State.
On the Navajo Indian Reservation in northern Arizona, sheep,
in particular, were poisoned in considerable numbers from eating
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death camas. Specimens of the plants sent for examination pro\ed
to be a species of Zygadcnus. Some sheep and a fe whorses were
reported poisoned from eating lupines near Prescott. The specimens examined showed an abundance of the seed pods \\hich are
the parts of lupines that are most poisonous. At Snowflake, Shumway and Springerville, Arizona, water hemlock or water parsnip
(Cicuta occidentals) was found growing occasionally in irrigation
ditches. At Greer, a feAv miles above Springerville, Arizona, it was
growing in great abundance in the Little Colorado River. This
species has not been reported heretofore from our State; it is one
of the most deadly of our poison plants. Every effort should be
made to keep irrigation ditches free from it, otherwise losses of
stock are certain to occur in the irrigated valleys.
WEATHER CONDITIONS AS AFFECTING PLANT
GROWTH
The winter of 1916-1917 was unusually cold throughout, though
at no time did the temperatures drop extremely low. The thermometer at the University grounds registered temperatures below
32 degrees F. on 48 nights from November 8, 1916, to April 2, 1917,
inclusive, or an average of one out of every three nights for this
period of nearly five months. December was the coldest month
and December llth the coldest night with a minimum of 15 degrees F. There were 18 nights in December when the temperature
chopped below 32 degrees F. At the University Farm in the Rillito
Valley, four miles north of Tucson, the minimum temperature was
9 degrees F. As was expected, the temperatures there were generally lower and the number of nights greater when the temperature
dropped below 32 degrees F., than at Tucson. A considerable
amount of damage was done to tender exotic trees and shruDs
throughout southern Arizona, though this was much less than that
done during the winter of 1912-1913, when the temperature dropped
to 6 degrees F.
The following ornamental trees and shrubs on the University
grounds and in Tucson were more or less injured. The first sevea
of these were severely frozen back and the remaining ones were
moderately to slightly injured. (1) Australian silk oak (Grevillea
robusta); (2) flame tree (Stercnlia acerifolia) : (3) Brazilian pepper
(Sckinus terebinthifolius) ; (4) Satsuma orange (Citrus sinensis);
(5) Japanese kumquat (Citrus japonica]; (6) Burbank's spineless
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grafted on trifoliate stock. They were four-year-old plants though
small m size and had made slow growth during the past season,
partly through lack of sufficient irrigation. They were killed practically to the ground. It is possible that under more favorable
conditions of growth they would have withstood these freezes.
Spineless cacti, including several species. (Opuntia sps.).
These were three-year-old plants and had made good growth during the past two years. All told, there were 150 of them and they
ranged from three to four and one-half feet high. Opuntia Hens
indica froze to the ground and most of the plants were killed.
Ofnnta sp. Burbank's Special and Opuntia fitsuaulis froze back
to within 12 inches of the ground. Opuntia castillae, nopal de Castillae of the Mexicans, froze back to within 18 to 24 inches of the
ground, leaving only the thick stumps. This plant was uninjured
at the University grounds. It would thus appear that the tender,
rapid-growing spineless cacti cannot be grown with any degree of
safety in our valley lands, since there the cold is more severe than
on the bench or mesa lands.
As compared with the above, the San Saba spineless pear,
(Opuntia Ellisiana} was entirely uninjured with temperatures of 9
degrees F. Its growth, however, is only about two-thirds as rapid
as that of the species mentioned above.
WORK IN THE PLANT INTRODUCTION GARDEN
The plants in the introduction garden at the University Farm
were dug up and reset during the past winter and spring. They
were removed in sections and the soil was well fertilized with barnyard manure, plowed deeply and relevelled. The new rows were
set 8 and 10 feet apart, respectively, and the plants 2, 4 or 8 feet
distant in the rows, according to the needs of the species. All the
spineless cacti, citranges and agaves were discarded because of the
severe injury from low winter temperatures. The species of tamarisks growing in the introduction plats on the University grounds
w ere transferred to the introduction garden at the University Farm
by means of planting cuttings, and the old plants were destroyed.
This was due to the fact that some of the older plants were found
to be infested with a scale insect.
A considerable number of new varieties of plants were set out
in the introduction garden. These included plants of Pistacia vera,
the pistasch nut of commerce, six varieties of grafted French and
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English walnuts, nine varieties of Japanese persimmons, thirteen
varieties of Hanson's hybrid plums, in addition to plants of Chinese
jujube, Persian, Downing and Hick's everbearing mulberries, Carolina evergreen cherries, Virginia persimmons, buffalo berries,
Feijoa sellowana, Finns halepensis, Pittosporuin phillyraeoides, Fhot'lim serrulate, Hctcromelcs arbntifolia, and Carpentena californica.

PLANT DISEASE INQUIRIES
An unsually large number of inquiries were received during
the past year relative to plant diseases. This was due to a desire
on the part of planters to increase crop yields and prevent waste
as far as possible. A root-rot of the white sweet clover was sent
in from the Sulphur Spring Valley for examination. Professor
Brown identified this as a root-rot caused by the fungus, Osomum
omniverum. Though not common in our State, this is a common
root-rot of alfalfa and cotton in Texas.
Potato plants affected with early potato blight were sent in
from near Willcox, Arizona. When the plants were examined the
disease had progressed too far to secure practical results by spraying with Bordeaux mixture.
The well known sore-shin disease of cotton was recognized by
Professor Brown on cotton seedling plants from Mesa, Arizona.
This is a damping off disease of young cotton plants caused by a
fungus, Corticium ragum var. solaw This was formerly known in
its sterile form as a species of Rhisoctonia, and is a widespread disease attacking many crops
The angular leaf spot disease of cotton was found on cotton
plants' growing at Mesa, Arizona. This disease is common in cotton growing countries and is not considered serious.
Tomato wilt, as usual, was bad during July and August. It
was reported from many localities in southern Arizona. The common root-rot of alfalfa and deciduous trees also was serious in the
southern and central parts of the state,
The dry-rot disease of the potato caused some damage at Flagstaff, Arizona. This is a serious disease in many potato growing
communities. It is caused by a species of Fusarium which lives in
the soil for several years, and hence careful crop rotation is essential in combating it. It is recommended that a five-year crop rotation be used in infected fields. The disease attacks both the tubers
and the tops of growing plants; also, it causes dry-rot in potatoes
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that are stored. Immersing seed potato tubers for two hours in a
solution containing one ounce of 40 per cent formalin to every two
gallons of water is of no avail with this disease, since the fungus
occurs inside the tubers.
A serious disease of date fruits, both green and ripe, has developed at the Yuma date orchard. This has been evident for several
years, though it is less troublesome during some seasons than
others. At least 90 per cent of this gear's fruit crop was damaged.
The fiuits become mummified and acquire a bitter taste, thus renc'ering them unfit for use. Professor Brown has been investigating
this disease and will be able very soon to announce the results of
his work. Three species of fungi have been found associated with
this disease. It is not too much to expect that this disease can be
controlled when the life histories of these fungi arc known.
PUBLICATIONS
Timely Hint No. 121, Tamarisks for Southwestern Planting,
treats of a group of Old World plants that are very resistant to
our conditions of heat, drought and alkali. They are also tolerant
to considerable cold. The plants are large shrubs or small trees
and propagate readily from cuttings, requiring little attention when
once established. They blossom profusely during the spring and
early summer and with their foliage and flowers are very ornamental. They are excellent for windbreaks and ornamental planting* in dry-farming communities. Very alkaline spots, often otherwise useless, may be set to these plants and made to produce an
abundance of fuel for the home. Thus far, no soils have been found
too alkaline for the successful growth of these plants. One species,
Tamarir articulata, is evergreen and promises to be a valuable ornamental. Its growth is symmetric'il and tree-like and it gives the
appearance of an Arizona cypress. Already it is being planted
considerably in Southern California. It cannot endure, without
injury, temperatures below 10 or 12 degrees P.
Timely Hint No. 122, Roses for the Arizona Home. This was
written in response to numerous inquiries on the subject of roses
for Arizona conditions. The more hardy roses are discussed briefly
and a list of the varieties that have been found best suited for growing under our conditions of soil and climate is given. l Among these
are tea roses, hybrid teas, hybrid perpetuals, dwarf ramblers, China
or Bengal roses, and ever-blooming, climbing roses. Such topics
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as soil requirements, when and how to plant roses, the care and
pruning roses, and some common rose troubles are discussed.
During the early part of the year considerable time was spent
in the preparation of a comprehensive bulletin on the shade and
ornamental trees of the State. When about one-half complete this
was stopped temporarily on account of work of more immediate
importance, including certain emergency grazing range publications which are now well under way.
SCIENTIFIC
The writer has spent approximately one-fourth of his time
during the past year in work on the herbarium of the University.
This has consisted mainly in examining and identifying plant collections and supervising the mounting of these. Fully 15,000 specimens have thus been mounted and added to the plant collections
during the year. With these additions the herbarium contains
about 70,000 sheets. This particular phase ot the work of the Ilora
of the State has been given special attention for more than three
years and is now nearing completion. Of the large plant collections that have been made during the la§t 16 years, for the most
part by the writer, less than 4,000 specimens remain now to be
worked over and mounted. It is planned to complete this work
during the present year. Every effort has been made to have this
collection as complete as possible so that it will be a valuable
consideration in further economic and scientific work on the Mora.
It is almost needless to state that the University is the logical
place for a collection of this kind.
Perhaps at no time in the future will it be necessary for the
head of this department to give so large a part of his time to this
kind of work. Unfortunately, work of this technical character
cannot be delegated to others with any degree of economy or satisfaction. While this work does not lend itself directly to publication, it is, nevertheless, fundamental and must be done in advance
of any serious comparative study of our flora. Once our plant collections are worked over, mounted up and assembled so as to be
readily accessible, intelligent work looking towards a publication
can be done on any part of our flora or on the flora as a whole.
J. J. TIIORNBER,
Botanist.

HORTICULTURE

During the fiscal year ending July 1, 1917, the time of the
Assistant Horticulturist was taken up as in previous years almost
entirely with teaching work. Correspondence, a little extension
work and a study of lettuce growing and sweet potato storage took
up the balance. The work on lettuce culminated in the publication
of Timely Hint No. 77.
Work with lettuce was conducted at the Mesa Farm. An acre
was planted with the objects in view: variety and strain tests,
fertilizer tests and cultural tests.
The work with varieties included the New York, or Los Angeles variety obtained from ten different seed houses ; Iceberg from
seven different houses and forty-seven different varieties, with the
results shown m Table V.
It can be seen from the table that the seed of the same variety
from different seed houses give practicalh the same results except
in the matter of germination. This emphasizes the desirability of
making germination tests before planting. This was done with all
varieties planted. Each package had the germination per cent
marked on it and allowance made for seed of low germination per
cent. The result was a very uniform planting considering the
wide range of varieties. Samples testing lower than 30 per cent in
a standard seed tester were not planted.
Eight plots 48x71 6 ft. or approximately 1-12 of an acre were laid
out to receive different fertilizer treatment. Plot one received cotton seed meal at the rate of 650 pounds per acre, equivalent in
fertilizing elements to five tons of barnyard manure. Plot 2 received cotton seed meal at the rate of 1300 pounds per acre. Plot
3 at the rate of 2600 pounds per acre. Plot 4, cotton seed meal at
the rate of 650 pounds per acre and manure at the rate of five tons
per acre Plot 5, check, not fertilized. Plot 6, fertilized at the rate
of five tons of manure per acre. Plot 7, at the rate of 10 tons per
acre, and plot 8 at the rate of 20 tons per acre
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Plots 5 to 8 were divided into thirds so that three strips 23.9
feet by 192 feet were planted in three different ways. The first
strip was planted two rows on the ridge. The second strip was
planted with one row on a ridge, and the third was planted level
and flooded. These three ways of planting have all been used to
some extent in Arizona. Of the three methods only the first two
are at all satisfactory. The flooded seed had difficulty in germinating unless the ground was moist on the surface, and the plants did
not make as good a growth after they got started. Planting two
rows on a ridge was satisfactory, but involved more hand work in
cultivation. The single-row system seems to be best adapted to
growing lettuce under field conditions where the price of land does
not warrant the added expense of hand cultivation.
SWEET POTATO STORAGE

The results of the preliminary tests in the storage of sweet
potatoes at the Yuma Date Orchard are interesting. The potatoes
were stored between layers of straw and covered with a thick layer
of the same material. One pile was handled in the usual rough
way and carried from the field in sacks. The other pile was carefully placed in crates; cured in a room kept at a temperature between 85° to 90° for one week, and then piled. The potatoes were
taken out of storage April 18th with the following results: Pile
No. 1 had in it 106 pounds of potatoes, of which about one-half was
marketable. This was 38% of the 278 pounds put in the pile. The
second pile contained 74 pounds of potatoes, of which 75% were
marketable. This was 48% of the original 154 pounds put in the
pile. Mr, Aepli in reporting on the potatoes when they came out
of storage says, "It seems that every potato under two inches *n
diameter shriveled and every one over that size except the bruised
ones kept very well." From this it can be seen that in puttingsweet potatoes out of doors the dry air is sufficient to cure them
and that to prevent excessive drying a layer of dry soil should be
thrown over the pile after the curing had taken place. This work
is to be continued during the year 1918.
S. B. JOHNSON,
Assistant Horticulturist.
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THE DATE ORCHARDS

The date crops of 1915 and 1916 were especially interesting:
because the conditions governing them ranged from the best to
the worst within our experience. The crop of 1915 was not only
very heavy, some 5100 blooms at the Tempe orchard having been
pollinated that year; but the nearly rainless fall season was perfect
for ripening purposes. The yield of all varieties ripening at Tempe
was therefore heavy, and there was almost no loss due to souring
or to the fungus spot disease.
In 1916, however, the crop was light, only 2173 blooms having
been pollinated, and the heavy rain of September 8, with subsequent humid weather, having resulted in very large losses by souring and fermentation of partly ripe dates. The fungus spot disease,
to which the Deglet Noor is especially liable, also caused large
losses this year.
As in previous years, artificial ripening processes were employed both for late varieties and to save the fruit which would
otherwise spoil in wet weather. These processes consist, first, in
some cases, in subjecting the sufficiently mature fruit to an atmosphere of carbon dioxide gas for 18 to 24 hours; and, second, in all
cases, in subjecting the dates to certain degrees of heat for varying
lengths of time. Conditions of humidity under which heating takes
place have also much to do with the quality of the product. Each
variety of dates seems to require a certain combination of conditions to ripen well and must therefore be individually studied.
Deglet Noor, for instance, is first exposed under slight pressure to
carbon dioxide, is then heated on trays in a ripening chamber
i t 45 to 49 degrees C. for 48 to 60 hours. All varieties are now pasteurized before packing in order to destroy eggs, larvae, and insects
that may be present. This is done by heating at 65 degrees 0, for
two to four hours, according to size of dates.
Much experience has been gained also in packing- and marketing the crop, most of which has been sold for immediate use as
fresh fruit. Most varieties were packed in one-pound baskets and
shipped in five or fifteen-basket crates, lined with unbleached muslin to exclude insects. Thus prepared for market the crop has been
shipped successfully all over the United States and to Canada, and
even as far as Denmark. One shipment was sent to San Francisco,
thence to Honolulu, and back to San Francisco, before being delivered to the addressee. Nevertheless, it has been recommended that
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the product be considered fresh fruit, and be consumed soon
after leaving the orchard. In dry, cool weather these dates keep
well, but in warm and humid weather some varieties sour and mold
readily.
Semi-dry dates like the Deglet Noor were packed in tin boxes,
and in that shape will last for months; while the dry or bread dates
will last a long time with comparatively little care.
The prices charged for the product were reasonable—much
less than could have been gotten for a market novelty, the desire
being to avoid inflated estimates of the possible profits from date
culture. Thus, fresh dates of good quality packed in baskets were
delivered at the local express office,—five-pound crates for $1.00
and 15-pound crates for $2.50. Deglet Noors in 14-ounce tin boxes
were sold three boxes for $1.00, A few special lots of dates were
sold at higher prices and inferior grades for less. Following is a
statement of sales for the graded crop of a few leading varieties
for the two years under consideration:
NOOR, 40 TREES

1915
47 boxes tf 2>40c
35
59
33 1 /3
745
30
1,318
20
163
10
96% "

1916

$

18.80
20.65
24835
39540
32.60
965

36 ho-<ces @ 35c
225
331/3
1
30
2
25
20
61%
7
15
16
10

$ 1260
7500
30
50
1230
105
1.60

<t79C AZ

O A^QIL

10335

348%

BENT KEBMvA, ONE TREE
1916

107

$1420
515

146
47
23

$19.35

216

boxes (

162/3

10

$29.20
782
230
$3932

II \ Y \ N Y , 17 TREES

1916

1915

»5

1 002
2785
3

3.875

boxes (ff) 25c
20
162/3
10

$ 2125
20040
46415

°3
573

1.128

30

7
2

$6% 10

1,803

boxes & 25c
20
162/3
15
10

$ 23 25
114.60
188.00
105
20

$327 10
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NAZL EIv BAC V, TWO TREES

1916

1915
20

2>25c
boxes
ti ^ 162/3
ft
20
<(
10

114
139
1

$ 5.00
19.00
27.80
.10
$51.90

274

RHARS, 159 TREES
1916

1915

2,361 boxes @ 20c
9,496
"
162/3
1,435% "
10

$ 47220
1,58235
14355

384 boxes @ 20c
2,481
"
162/3
994% "
10

$589 75

$2,19810 ! 3,859%

13,292%

$ 7680
413.50
99.45

MAKTUM, THREE TREES
1915

25
24
49

1916

Ibs @ 25c
" 20
«

$625
4.80

137
5

$1105

142

Ibs @20c
162y3

$2740
83
$2823

MENAKHER, ONE
1915

44
73
8
7%

1916

Ibs. @ 2Sc
" 20
"
162/3
"
10

132% "

$11.00
1460
135
.75
$2770
ITIMA, FIVE TREES

1915

82
104
37

Ibs @25c
" 20
"
162/3

223

$20.50
20.80
615

1916

30

Ibs. @ 20c

$6.00

4745
KUSTAWI, SIX TREES

1915

25
27

Ibs

>20c
162/3
10

53% "

1916

$500
450
.15

235 Ibs. @ 20c
53 "
162/3
4 " 10

$4700
883
.40

$965

292 "

$56.23

It is of interest here to note the gross commercial results for
the whole crop for three years, the scale of prices for the product
remaining the same for that period of time:
Blooms
pollinated

Crop of 1915
Crop of 1916
Crop of 1917

5,100
2,173
. 3,093

Casli
receipts

$4,734,10
1,56379
4,771 74

Average
returns
per bloom

$ .93
72
1.54
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In 1915, with the palms blooming heavily and with a good
season, good gross and average returns were secured. In 1916,
with scant blooming and bad weather, low gross and average returns were received. In 1917, with a low blooming record but
with perfect wreather and no waste, a high gross and average return was secured.
It is also of interest to inspect the statement of results for the
crops of 1915 and 1916 prepared, packed, and marketed in this
manner, as given in Table VI by Mr. F. H. Simmons, foreman of
the Tempe orchard.
This statement is by no means conclusive as to the relative
•merits of all varieties included therein. Some varieties are rep~>
-sented by only one or a very few trees; and others, while performing poorly at Tempe, are known to do well at lower altitudes.
Yet, with the experience of other years relative economic merits of the different varieties are to some extent indicated. For
instance, Amari gave good results in 1915, its merit being that its
extreme earliness gives it a market at a time when other varieties
are not yet ripe. Early rains in 1916 soured the crop almost entirely.
Bent Kebala is a date of good quality, affording good incom--,
ripening late both years, and thus escaping September rains in 1916.
Deglet Noor gave an almost perfect and very profitable crop
of dates in 1915, Although these dates for Deglet Noor were
distinctly second class as grown at Tempe, yet their flavor and their
good keeping qualities made them desirable and readily marketable.
In 1916 this variety was nearly all spoiled by the fungus spot dis•ease, which is favored by wet weather. A few late Deglet Noors
were ripened artificially and marketed.
' Hayany in 1915 yielded an almost perfect crop of fine dates,
which in our experience, are preferred by a majority of buyers
both on account of the appearance and the quality of the fruit. In
1916 the crop was diminished considerably by souring, and fruit
•started to distant markets was much of it at first reported sour
upon receipt. Later in the season, howover, few complaints were
received.
Itima marketed well in 1915, but was adversely affected by the
wet weather the next year.
Kustawi did not bear much in 1915, but set a large crop tn
1916 which, on account of the lateness of the variety, escaped the
humid weather and ripened well.
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Khardrawi, a late date of excellent quality but bearing lightly,
was not injured by the wet weather.
Maktum, another late date of excellent quality but trees not
bearing heavily, was not injured by September rains.
Menakhcr bore well in 1915, but none of the crop was saved
the following year.
TABLE VI.—SUMMARY OF DATE CROPS BORNE AT THE TEMPE ORCHARD,
1915 AND 1916, BY VARIETIES
1916

1915

No.
of

trees

A"pdcindon
Aschcr3.si
Arnri
Bent Kebala

••

2
5
2
4
1

Bccd PTanmiaiTi
Bread, dates

.•«

1
1
2

AzGrza
A'ooclict

Berhi
Bajjum. Turjrni
Culls
Dcsrlct Noor
Deglet Beida
Doonsra
Dishtari
Gasby
Otisli
Hay any . . *
ITa.la.wi
Jrlarnraia
IT am ray a
Hcllawce
.
Hellali
FTalooa
Hnrshut
Ttima
Iteem Job or
Karooij
Kesba . .
Kustawi
Khalt
Khir....
TChadrawi
Koroch . . .
KabaraC?)
Kaiby

•••
•*

9

.-..

4

Crop
harvested

Cash
rec'd

2
342V2
37
148%
21
6

$ .35
59.40
6.75
26.10
3.90
1.15

107
29
85
71%
104
11

19.35
5..5U
18.05
7.95
18.25
1.95

45
1
1

24
81

81.30
725.45
3.30
6.55

1
1
17
3
4
1

54
7
3875
47
139%
53

9.95
1.25
686.10
8 55
22.95
975

813
. .

5

I
1
6
1
]
4

j

I

??3
9
3
5-51/0
5
2
43
14
36%

No.
of
trees

Cash
lec'd

'
$ ...

5
2

17%
59

11)63

1

34%

6.88

2
1

123
216

7

26
30%
84
154
21

9

4

3.50

1230
3932
4.83

305
16.57
2970

373

39

343%

I

23
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50

9.50
686.10
1680

I
17
3

I
1
1
1

4745

e
I

1 SO
60
965

I

1 00
35
820
2*15
645

.

Crop
harvested

6
I

3
9

2
1

1803

103
123V>

16

13
12 %

34
30

62
5
?9>
13
44
70
22
6

10335

2361
3.20
1.70

125
621
600
12.40

.93
5623

240-

757
12,53
3.86
1.20
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Dry dates in general came through the rainy season successfully.
These observations indicate that the climate of the region, even,
with the assurance afforded by ripening operations indoors, to a
considerable extent controls the harvesting of the date crop, a fact
which, however, is not in itself unusual or discouraging inasmuch
as the date growing regions of the Old World are to some extent
similarly affected by rains during the harvest season, especially oil
the Persian Gulf, where, it is stated, some years an almost complete
loss of the date crop is caused by untimely rains.
At the present time cultural, packing house, and marketing
experiences with date palms at the Tempe date orchard, place
Hayany, an Egyptian variety, distinctly in the lead. This variety
is a very heavy bearer. The fruit is large, easily picked and cheaply
harvested. It ripens well on the tree and in adverse seasons lendsitself readily to artificial ripening operations. The finished product
presents and attractive appearance and the quality is fairly good.
The American public has also expressed in a majority of cases a
distinct preference for this variety.
Rhars also is a heavy bearer and the fruit is liked by many
consumers. It ripens -scatteringly on the tree, however, and is not
easily picked. It sours very readily in wet weather.
Deglet Noor has given satisfactory results at Tempe only during the exceptionally dry and favorable autumn of 1915. It is not
recommended for planting in the Salt River Valley, although undoubtedly a superior variety at lower altitudes having a longer
season and a drier climate.
Other excellent varieties are represented by few trees only,
some of which are still young and presumably not yet in full bearing. Commercial results with them, \vhile interesting, are not
necessarily conclusive. Table VII gives a summary of results with
a selection of the most promising varieties at Tempe, giving, in
addition to data already stated, average results per tree.
COLD STORAGE OF DATES

Some attention has been devoted during the year to the cold
storage of fresh dates in order to prolong the marketing season
for a perishable product, notice having been directed to the subject
by the experience of Messrs. R W. Butler and Son at the Ferry
fruitstands in San Francisco. These gentlemen observed that dates
being sold by them from day to day on the San Francisco market
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TABLE VII.—SUMMARY OF TEMPE DATE ORCHARD SALES, 1915 AND 1916
1915

. Variety

Trees Pounds Values

Rhars
Maktum
Deglet Noor..
Bent Kebala..
Hamraya
Ivu^tawi
••
Sayer
Takadet
Menakher . . .

Average
value
per tree

1916

17
3,875 $686.10
162 13,292 2,198.10
3
49
11.05
45
725.45
1
107
19.35
1
53
9.75
1
53
9.65
3
10
1.85
1
55
10.75
132
1
27.70

Trees Pounds Values
17 1,813
159 3,859
3
142
39
348
1
216
1
123
6
292
3
159
1
134

1915

1916

$327.10 $40.36 $19.24
519.75
13.57
3.27
28.23
3.68
9.41
103.35
16.12
2.65
39.32
19.35 39.32
23.61
56.23
1.61
9.37
30.53
.62 10.18
26.00
10.75. 26.00

TABLE VIII.—RESULTS WITH COLD STORED DATES
Stored
Sept. 20
1916

Examined
Nov. 2 |
1916 I

Jan. 26
1917

Feb. 7
1917

Mar, 11
1917

May 2
1917

Nov. 1.7
1917

Few stale berries
sugared mostly
marketable

Rhars

Perfect
condition . .

Perfect
condition

Perfect Musty
condi- ;aste
)ttt no
tion
mould

Hay any

Few
sour
dates

Mouldy
and
wet

58%
spoiled

All mouldy and
spoiled.

Bent Kebala

In perfect
condition

Slightly mouldy
and stale

Takadet ...

do.

Mouldy but sweet
— -unmarketable

Tenessim . . .

do.

Slightly mouldy
and stale

Saidy

do.

Slightly mouldy
and stale

Hamraya . . .

do.

Mouldy and quite
stale

do.

1 box mouldy, 1
box in good condition.

Not named. .

Iteem Joher
Pnrdy seedling. /.

Good
condition

do.

Sugared — in perfect condition.

do.

Quite stole.

TWENTY-EIGHTH ANNUAL REPORT

450

1-ept well in dry cold storage. Crates of different varieties of dates
packed as for shipment were therefore placed in dry cold storage
in Phoenix at a temperature of 36-38 degrees F. The date of storage was September 20, 1916, and the samples were examined at
various times during a period of fourteen months with results indicated in Table VIII.
All the varieties tested except Hayany kept well until after
holidays, and Iteem Joher, rich in sugar, kept perfectly for fourteen
months. Rhars kept fairly well for this time also. These observations indicate that many varieties of dates may be harvested and
held for sale as fresh fruit, thus avoiding overstocked markets at the
height of the harvest season.
EVAPORATION AND COLD STORAGE

A further experiment with the Hayany crop of 1917 was conducted by evaporating several samples of fresh fruit to 90%, 80%,
70%, and 60% of fresh weight, and then putting them in dry cold
storage at about 34-36 deg. F. These dates were picked October
19 and were examined January 23, 1918, in comparison with unevaporated fruit similarly kept. Table IX. gives the results of this
experiment.
TABLE IX.—RESULTS WITH COLD STORED EVAPORATED DATES
Sample

Picked

Examined

Fresh fruit

Oct 19
1917
"

Jan. 23
1918
a

"u

t(

90% fresh wt

80% "
70% "
60% "

"
"
"

(t

u

it

Condition
Plump, moist, 94% mouldy
Fresh, firm, 7% mouldy, flavor excel
lent
Wrinkled, no mould, prime quality
Semi-dry, no mould, superior quality
Sticky-dry, no mould, very sweet, good
quality

NOTE:—April 20,1918, after six months in cold storage, those dates were substantially in the condition described above. Occasional fruits evaporated to 00%
of the original were specked with mould, but after removing these the rest of ihe
package was edible and marketable. Those evaporated to 80% and 70<% of the
original weight were still in prime condition and of fair flavor. The unprocessed
fruits used as a check were a mass of mould. Trial baskets removed from cold
storage and exposed to warm dry air after one week are m good condition.—A. E. V.

These statements indicate that the fruit would have kept well
at about 85^ of its fresh weight; while at 70-80% it kept perfectly
and was of superior quality after three months of storage.
ROOTING OF DATIiJ PAI^M SUCKERS

A partial review of distributions to individuals of suckers from
th9e date palm orchard indicates that nearly 95 percent of such dis-
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tributions have perished, partly, without doubt, because of the
sappy condition of suckers from the water-soaked Tempe Date
Orchard, and partly perhaps also because of neglect on the part of
some of those receiving them. Results at the Yuma Date Orchard,
where some consignments of these suckers were sent were somewhat better, but yet far from satisfactory. Following these experiments, distributions of date suckers from the Tempe Date Orchard
have been stopped for the present, and suckers are being rooted by
the new method developed by the United States Department of
Agriculture in the Coachella Valley. Three propagating houses
have been constructed at the Salt River Valley Farm and the Yuma
Date Orchard and additional capacity will be provided to take care
of other suckers intended to be grown in Arizona. It is particularly
important at this time thus to safeguard every date palm sucker
of value, inasmuch as the French embargo upon further exportations of suckers from the Old World, as well as European war conditions, which obstruct importations from any part of the Old
World, have thrown us entirely upon our own slender resources
for the propagation of desirable varieties.
PROPAGATION OF BEGIRT NOOR SIBLINGS

Professor Freeman's experiment in fixing Deglet Noor palm
seeds true to seed is being cared for at the Tempe Date Orchard.
It will require some years for the first generation of seedlings to
come to fruition and until then experimental work with the subject
is limited simply to the culture of first generation trees. For details of this experiment see the Twenty-first Annual Report,
page 384.
R. H. FORBES,
Director.

PLANT BREEDING
ALFALFA
In the alfalfa breeding work fixe series of plots are now under
test. One of these is located within the covered garden on the
University grounds, at Tucson, and the other four on the experimental farm near Mesa In the series at Tucson a large number
of individual plants are being tested as mother plants Each individual is cut as soon as it comes into maturity, (eaih blooming
stage), and weighed. By this means it is hoped to find high }ieldmg strains having the power of rapid growth and quick reccneiy
after cutting In the 121 days, from August 20th to December 1st,
a number of plants matured three cuttings, whereas, others matured only one. The majority of the plants matured two cuttings,
the first being made about September 20th and the second about
October 25th to November 10th.
A strain of alfalfa (No. 17) originating from a single plant
selection in 1909 has been maintained and increased on account of
the good yield and high quality of hay produced by it. Apparently,
however, the mother plant was a hybrid, for the offspring was by
no means uniform in type. It was decided therefore to make
pedigree selections within this strain. Seeds from 25 selected mother
plants were therefore secured and sown in plant rows at the Mesa
Farm. The differences in average yield per plant for these rowb
are so interesting that they are given it. Table X. in the order in
which they occurred in the field.
Rows Nos. 444 and 462 may be noted for their high yields,
whereas, rows Nos. 447 and 461 are correspou "ugly low in yield
Yields for the 18 one-fourth-acre plots at the Mesa Farm which
were planted in the fall of 1916 were recorded during the present
crop season. Table XL gives a summary of the results.
In the fall of 1917, 36 pedigree races in rows, each 600 feet
long, were planted on the Salt River Valley Farm. This series constitutes the second elimination test of a large number of plant rows
previously tested on the trial grounds at Tucson. In addition to
these a series of 22 one-eleventh-acre plots were planted on the Salt
River Farm. These plantings constitute a series of increase plots
for testing out on a larger scale the elite pedigree races which have
already withstood a first and second elimination test in rows
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market a so-called smooth Peruvian alfalfa. However, that the
superiority of the true Peruvian variety is now generally recognized by the public is reflected in the fact that purchasers are
willing to pay approximately double the price of ordinary seed to
dealers who can guarantee to furnish seeds of the true Hairy Peruvian alfalfa.
In order to meet the demand for information concerning Hairy
Peruvian alfalfa this department has gathered together the results
of its experiments and experience with this variety in the last eight
years to be published as Timely Hints for Fanners No. 132. Those
desiring copies of this publication may obtain same by addressing
the Arizona Agricultural Experiment Station,
BEANS
Investigational work with beans during the past season has
been confined to genetic studies. Hybrids of the third generation
have now been secured and they furnish material for the biological
analysis of the varieties entering these crosses whereby the genetic
formulae of each are being resolved and tabulated. When the
genetic formulae of agricultural varieties of plants in general can
be written in much the same manner as the chemical formulae of
organic compounds, the basis of a rationale for constructive plant
breeding will have been laid.
Owing to the great demand for information concerning the
culture and varieties of Southwestern beans and teparies, the original editions of the two publications (Bulletin No, 68, Southwestern
Beans and Teparies and Timely Hint No. 92, The Tepary, A New
Southwestern Legume) relating to this subject were quickly exhausted. To meet this demand Timely Hint No. 92 was revised
and reprinted April 20, 1914, and later to fill the need for more
detailed information Bulletin No. 68 was enlarged to include experimental and other data relative to beans and teparies, which
have accrued in the last few years, and republished January 15, 1918.
The tepary bean, first introduced by the Arizona Experiment
Station, nas now become well established in the agricultural and
seed trade. The common stock is now, however, beginning to be
replaced by an improved variety (No. 17) which was produced by
selective breeding by this department. Those desiring seeds of
this new variety may obtain a list of the growers of the same by
addressing this department.
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CORN
The work with corn this year has been confined to that part of
the project relating to the resistance of the pollen, to heat and dry
air. Apparently varieties differ in this respect. Methods for the
artificial germination of corn pollen have been successfully tested
out and a beginning of systematic research is being developed on
the part of the project.
The Papago sweet corn put out by this department (See Bulletin No. 75) has now found its way into the regular seed trade and
is becoming popular in many parts of the Southwest. An unexpected development for this variety is its high promises as an
ensilage corn in the high altitudes of northern Arizona, and in
parts of the middle and eastern states where it has been tested.
DATES
The orchard of seedling Deglet Noor dates planted at the
Tempe Date Garden, April 1-25, 1912, bloomed and bore fruit for
the first time during the present season (1917). At this time 235
trees are alive and in a healthy growing condition. Of the 49 trees
blooming, 22 were females and 27 were males; 21 females bore
fruit. Careful notes were made upon these October 24th, at which
time the fruits on a number of the trees were ripening. It is interesting to note that 10 of the 21 females bore fruit as light in color
as the Deglet Noor female parent, whereas, the other 11 had fruits
which were deep red when matured, and black when ripe. These
facts offer the first step in the genetic analyses of the Deglet Noor
date, for they indicate that the Deglet Noor variety is homozygous
for the light colored fruit, whereas, the Deglet Noor male seedling
used as a parent in this cross, had for a male parent some dark
colored date. They furthermore indicate that the dark color of
certain dates (Hyani, Perdy, etc.) is a unit character. As to quality
of fruit, date of ripening and response to the stimulus of heat in
artificial ripening, these seedlings varied widely. The quality was
for the most part poor, a fact which further emphasizes the futility
of attempting to start commercial elate orchards from seedlingtrees. There were, however, one or two rather promising trees
which indicate the possibility that by the time all of the 235 trees
have proven their characters, an amply sufficient number may be
found well worthy of selection for breeding stock in the further
prosecution of this project outlined in 23rrl Annual Report, p. 384.
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WHEAT

The wheat work during the past year was confined to the
economic phase of testing and selecting promising strains of the
third and fourth generations of the wheat hybrids made in the
summer of 1913, to genetic studies in wheat and to the compilation
of data already secured. Two scientific articles originating from
this data (G, F. Freeman, Linked Quantitative Characters in Wheat
Crosses. Amer Nat. Vol. LI. Nov., 1917, and George F. Freeman,
A mechanical expiation of progressive changes in the proportion
of hard and soft wheat kernels. Journ. Amer. Soc. Agrun. Vol. 10,
No. 1) have been published. Others are in course of preparation.
In the wheat breeding work 500 plots of hybrid wheats were
grown at the Yuma station. These formed the basis of further
selections for planting in the fall of 1917, at which time 600 head
rows, 100 pedigree increase plots and 25 one-tenth-acre plots were
planted at the Yuma station. At the Mesa farm 10 one-fourth-acre
and three one-half-acre plots were planted, for testing on a still
larger scale, a number of promising pedigree races which had been
previously grown in quantity sufficient for making milling and
baking tests. These milling and baking tests were made by the
milling department of the Kansas State Agricultural College and,
include the determination of the following characters of the wheat:
Weight per bushel; percentage of flour, moisture, ash, acidity, protein and phosphorus; and of the flour, the moisture, ash, acidity^
protein, wet gluten, dry gluten, phosphorus; and of the bread the
following: Water, absorption, time of fermentation, maximum
volume of dough, oven rise, weight and volume of loaf and color
and texture of crumb.
The results obtained during the past three years from a comparative study of Arizona wheats, indicate that grain of excellent
milling and baking quality can be raised on irrigated land in this
state and that there are striking differences in the bread-making
qualities of different varieties when grown under identical conditions.
Plate I is introduced as an example of these facts. The loaf in
the center was baked from a blend of hard wheat flours grown in
Kansas. Such blended flours make a larger, lighter loaf than could
be obtained from the flour of any one wheat alone. The loaf at the
elft was from Arizona grown Early Baart wheat produced on the
Agricultural Experiment Station at Yuma in 1915. It will be noted
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that this loaf is almost equal to that arising from the blended flours.
The loaf at the left was produced from White Sonora wheat. This
was also grown at the Yuma station in a plot adjacent to that on
which the wheat giving the loaf at the right was grown. It is here
introduced to show how strikingly the bread-making qualities of
some varieties may differ, although grcmn under identical conditions. Realizing as early as 1899 that the product of the flour mills
of the state could not long compete with flour imported from the
hard wheat districts of the middle west and north, so long as they
used locally grown White Sonora wheat, the Experiment Station
began casting about for a higher grade wheat, which would yield
well in Arizona. To this end a number of foreign wheats were
imported and tested. As a result of these tests the best variety,
Early Baart, was introduced to the farmers in 1902. During the
interim before the Early Baart was widely distributed, the milling:
industry suffered greatly, to such an extent that several of the mills
were compelled to close. Early Baart, however, proved so much
superior to the old White Sonora in quality that the remaining
active mills are now urging that their constituent fanners grow no
other than Early Baart wheat. The supferiorit^pf the Early Baart
in milling and baking qualities is clearly exhibited in plates II and
III. Plate II is from the crop harvested in the spring of 1915 and
Hate III from that harvested in 1916. The wheats giving rise to
these loaves were grown each year on adjacent plots and were
given identical treatment as to culture and irrigation. In both
plates, the loaf baked from Early Baart flour is placed at the center,
with the Sonora loaf at the left. On the right in Plate III is shown
a loaf from Arizona grown Turkey Red whea/. This is the standard hard winter wheat of the middle plains region. Results for
two years (1915 and 1916) indicate that for Arizona conditions at
least the Early Baart is a better milling wheat.
TABLE xn.—YIELDS, MILLING AND BAKING TESTS OF ARIZONA GROWN
WHEATS
Variety

Year
(grown

Yield per

Wt. per
bu. Ib,

Sonora ... . . . *
Early Baart ......
Turkey Red
Alaska or Mummy
Sonora ..........
Early Baart
Turkey Red . .

1915
a

517
43,3

623
615
60.0
57.5
63.5
61,5
62.8

tt
u

1916
it

it

A. bu.

432

343
391
49.5

432

Volume
of loaf

Character
of crumb

1650 cc. Pine— li&ht
a
tt
1690
U
it
1640
Coarse — heavy
1375
1780
Fine—
light
«
£
2035
H
it
1675 '
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The comparative yield tests have not given finally definite results inasmuch as in 1915 the White Sonora gave the best yield,
whereas, in 1916, the best yielder was Early Baart. Table XII
gives a brief summary of the yields and milling and baking tests of
these wheats for 1915 and 1916.
At the right in Plate II is sho\\n a loaf of bread produced from
a plot of Mummy or Alaska wheat The yield and loaf volume of
this variety are shown in Table XII. Several years ago this wheat,
under the name of Alaska wheat, was introduced into Arizona and
the seed sold at a high price by parties who made wonderful claims
for its yielding power and milling quality These tests show that
it is in reality a practically worthless sort under Arizona conditions,
and they moreover emphasize the necessity and economy of having
some competent and reliable authority (such as the State Experiment Station) test all varieties of agricultural crops before the/
are widely sold or planted within the state.
The results of several years tests at this station have shown
the decided superiority of Early Baart as a milling wheat and that
in yield it is at least not inferior to other sorts Under these circumstances the Experiment Station does not hesitate to recommend
this variety where it is planned to grow a milling wheat
Thus a superior wheat, introduced about twelve years ago by
the Experiment Station, has now almost completely replaced all
other varieties as a milling wheat, and has not only gone a long
way toward saving the several hundred thousand dollars invested
in milling machinery but has also held for the farmers a local market for one of their principal farm crops which otherwise was slipping away from them in the gradual death of the milling industry
of the state.
It is not claimed that the Early Baart is a perfect wheat and
that it would be impossible to improve upon it. As a matter of
fact, among the several hundred hybrid wheats produced by this
department there are a number which appear very promising, and
it may be possible that some of them will prove superior to the
Early Baart. Until, however, they have been thoroughly tried by
both yield and milling tests it would be unwise to substitute any
of them for a variety which has already established its value and
reliability in the state.
GEO. F. FREEMAN,
Plant Breeder.
W. E. BRYAN,
Asst. Plant Breeder.

ANIMAL HUSBANDBY

The year just closed has been one of unubiial concern to Arizona stockmen. A cold winter and late spring caused considerable
losses among range animals in the northern and southern counties.
Summer and fall range was unusually good in Coconino, Yavapai
and parts of Mojave counties. The larger part of the range producing districts received little summer, and practically no fall rains,
so that the year closed with ranges in bad condition, and Gila, Final,
Yuma, Maricopa, Cochise and Pima counties were losing many
animals. Over most of the range producing states the fall range
was inferior, and this closed the demand for stockers and thin cows
so that few animals were sold and prices ruled lower than they
were since 1913. This left the ranges much overstocked; feeds
were scarce and high in price, so that losses have been unusually
severe.
Except for the high mortality among shorn sheep and young
lambs during the late spring sheepmen have had an unusually
profitable year; ewes, lambs and wool almost doubled in value.
Range was good in most of the sheep growing centers and no difficulty was encountered in marketing the surplus. The sheep and
goat industries are on a sounder basis than ever before in the state
and increases in the numbers of these animals can be expected if
winter feed or range can be secured for them.
In irrigated districts there has been a distinct tendency to
liquidate dairy cows, hogs and horses owing to the high price of
long staple cotton, forage and grains. Stockmen believe that there
is more money in producing crops for market than marketing them
through the live stock route. They lose sight of the important
consideration that live stock must ultimately be depended upon to
secure a market for most agricultural products, and it is certainly a
mistake at this time to go out of the dairy and hog producing business jn irrigated districts.
, Dry farmers are increasing their live stock holdings as a means
of utilizing crops. Range stockmen are looking more and more to
the production of feeds as an insurance against range shortage, and,
for finishing sheep and cattle for market. They have purchased
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large acreages in both dry farming and irrigated districts and are
using many silos to store the feed.
INVESTIGATIONS
Seven distinct lines have been followed in the investigations in
animal husbandry during the past year. These were ;
1. Sheep Breeding Experiments.
2. Marketing Arizona Wool.
3. Alfalfa Pasture for Hogs.
4. Feeding Dairy Cows.
5. Silage for Range Cattle.
6. Poultry Management.
7. Systems of Live Stock Farming.
SHEEP INVESTIGATIONS

Further reductions have been made in the number of crossbred sheep on the Salt River Valley Farm, and the policy has been
to maintain the best sheep in this flock and compare them with
other breeds. An inventory of the sheep present July 1, 1917, is
given in Table XIII.
TABLE XIII.—INVENTORY OF SHEEP JULY 1, 1917
Rams
1 yr. and over Lambs

Breed
Hampshire
Shropshire
Tunis
Cross-bred

1
i

5

,

2
3

8
19

Ewes
1 yr. and over Lambs
14
7
14
46

,'

6
2
3
27

Eleven Hampshire ewes and five lambs and one Shropshire
ewe and a lamb were added to the flock during the year. They are
a very desirable addition to the equipment of the department.
Wool Production; The sheep were shorn on March 5th and
6th, 1917, yielding a total of 526.8 pounds of wool and averaged 6.35
pounds per head. Table XIV gives the average yield of wool from
the registered sheep and the main crosses.
TU5IJ<: XIV.—AVERAQC W001, CLIP ACCORDING TO BREEDING, 1917

Hampshire
Shropshire
Tunis .,
Hampshire crosses
Shropshire crosses

,

5 12
5.67
6.22
6 60
6.71

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.

ANIMAL HUSBANDRY

The year just closed has been one of unusual concern to Arizona stockmen. A cold winter and late spring1 caused considerable
losses among range animals in the northern and southern counties.
Summer and fall range was unusually good in Coconino, Yavapai
and parts of Mojave counties. The larger part of the range producing districts received little summer, and practically no fall rains,
so that the year closed with ranges in bad condition, and Gila, Final,
Yuma, Maricopa, Cochise and Pima counties were losing many
animals. Over most of the range producing states the fall range
was inferior, and this closed the demand for stockers and thin cows
so that few animals were sold and prices ruled lower than they
were since 1913. This left the ranges much overstocked; feeds
were scarce and high in price, so that losses have been unusually
severe.
Except for the high mortality among shorn sheep and young
lambs during the late spring sheepmen have had an unusually
profitable year; ewes, lambs and wool almost doubled in value.
Range was good in most of the sheep growing centers and no difficulty was encountered in marketing the surplus. The sheep and
goat industries are on a sounder basis than ever before in the state
and increases in the numbers of these animals can be expected if
winter feed or range can be secured for them.
In irrigated districts there has been a distinct tendency to
liquidate dairy cows, hogs and horses owing to the high price of
long staple cotton, forage and grains. Stockmen believe that there
is more money in producing crops for market than marketing them
through the live stock route. They lose sight of the important
consideration that live stock must ultimately be depended upon to
secure a market for most agricultural products, and it is certainly a
mistake at this time to go out of the dairy and hog producing business Jn irrigated districts.
Dry farmers are increasing their live stock holdings as a means
of utilizing crops. Range stockmen are looking more and more to
the production of feeds as an insurance against range shortage, and,
for finishing sheep and cattle for market. They have purchased

ARIZONA AGRICULTURAL EXPERIMENT STATION

463

large acreages in both dry farming and irrigated districts and are
using many silos to store the feed.

INVESTIGATIONS
Seven distinct lines have been followed in the investigations in
animal husbandry during the past year. These were ;
1. Sheep Breeding Experiments.
2. Marketing Arizona Wool.
3. Alfalfa Pasture for Hogs.
4. Feeding Dairy Cows.
5. Silage for Range Cattle.
6. Poultry Management.
7. Systems of Live Stock Farming.
vSHI^P INVESTIGATIONS

Further reductions have been made in the number of crossbred sheep on the Salt River Valley Farm, and the policy has been
to maintain the best sheep in this flock and compare them with
other breeds. An inventory of the sheep present July 1, 1917, is
given in Table XIII.
TABLE XIII.—INVENTORY OF SHEEP JULY 1, 1917
|
Rams
1 1 yr. and over Lambs

Breed
Hampshire
Shropshire . . . .
Tunis
...
Cross-bred

. . .

2
2
1
5

j
!

2

8
19

I

Ewes
1 yr. and over Lambs
6
14
2
7
3
14
27
46
,

Eleven Hampshire ewes and five lambs and one Shropshire
ewe and a lamb were added to the flock during* the year. They are
a very desirable addition to the equipment of the department.
Wool Production: The sheep were shorn on March 5th and
6th, 1917, yielding a total of 526.8 pounds of wool and averaged 6.35
pounds per head. Table XIV gives the average yield of wool from
the registered sheep and the main crosses.
TUJLtf XIV.-—AVERAGE WOOL CLIP ACCORDING TO BREEDING, 1917
Hampshire
.
Shropshire
Tunis
Hampshire crosses
Shropshire crosses

,

...
.

5 12
5.67
6,22
6 60
6.71

Ibs.
Ibs.
Ibs.
Ibs.
Ibs.
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Breeding Records, ipi6-i/: In the fall of 1916 the cross-bred
ewes were bred to the cross-bred bucks Nos. 504 and 549. All purebred ewes were mated with registered rarns of the same breed, A
normal lamb crop was secured and those were inspected carefully
and notes taken on July 1, 1917.
The lambs sired by the cross-bred buck No. 504 and out of
cross-bred ewes were of medium size, blocky, uniform and of good
quality. About half of the lambs had black faces and legs, while
the remainder of them varied in color from dark brown to mottled or
light brown. The wool from these lambs was short but line, soft
and dense, and not more than IQ</0 of them had inferior wool.
About half of the lambs sired by buck No. 540 had light colored
faces and not more than 25r/0 had dark points. Many were almostwhite in color, or light brown, and others mottled. These lambs
were long in the legs, bodies and necks. They had drooping rumps
and were light in the leg of mutton. Fully 60</r> of them were so
inferior that they had to be culled out. The wool varied greatly In
fineness, density and purity.
Summing up the qualities of the two rams as shown in their
offspring, the lambs from ram No. 549 were longer, narrower and,
more rangy than those from ram No. 504. They \vere also less
vigorous and had coarser, less dense wool, containing more kemp.
The lambs from No. 504 were much more uniform than those from
the other ram and there is no doubt that from the standpoint of
power to transmit dark points and good wool he greatly excels the
other ram. Some criticism, however, could be made of the small
size of the lambs coming from this ram, but the uniformity and
desirability of his lambs in other respects warrant his use another
year. Buck 549 was discarded.
M \RKlvTING WOOL

Two lots of wool were marketed to ascertain the difference
between local and outside prices. One lot consisting of 743 pounds
of wool was shipped from the Salt River Valley Farm and the other
lot of 78 pounds from Tucson. These were consigned to commission agents in Boston and Chicago with a request that the wool be
graded carefully and each grade sold on its merits. The highest
prices obtainable at local points were 33 cents for the Salt River
Yralley wool and 21 cents for the Tucson wool.
The commission firm at Boston secured 44 cents for the Tunis
wool, and 62 cents for the cross-bred wool. The Chicago a.ccnt sold
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at 45 cents for the Tunis wool, 50 cents for the cross-bred, and 60
cents for the registered Hampshire and Shropshire wool. Both
agents reported that the Tunis wool was highly undesirable on account of the large amount of brown hairs which it contained. These
brown hairs lo not take stain properly and are not suitable tu make
white yarn. The Boston market accepted the cross-bred wool as
highly desirable, but discounted the Tunis wool 18 cents a pound
below prices for good grades. The Chicago agents reported a discount of 10 cents a pound in the cross-bred and 15 cents a pound in
the Tunis wool below that of Hampshire and Shropshire quality.
The increase in weight of wool between Vrizona and eastern
points was quite pronounced. No rain had fallen in Arizona within
twenty days from the time of shipment, although the precipitation
on that day was .20 inches with a trace the day before. Table XV
shows the relationship of the Arizona weights and after storage in
Boston until November 10, 1917.
XV.—WEIGHTS OF WOOI, AT ARIZONA AND BOSTON, 1917
Name

No. of
sacks

Tunis
Cross-breed
McElvain
Longmore

\

Total

Net Ariz
weight
pounds

Increase n weights
Ibs
</'

2
\

87
358
219
79

5
19
13
00

6

743

37

58
53
59
00

Price
per Ib

Value of
increase

$ 44
62
60
00

$ 220
11 78
780
00
$21 7S

The wool increased 37 pounds on an initial weight of 743
pounds, which is approximately 5% of an increase in weight of the
wool. The value in this increase in the weight of the wool was
$21.78, or 62% of the cost of marketing. This amounted to more
than the freight on the wool from Arizona to Boston. Other figures
secured from private shipments of wool indicate that somewhat
larger increases may be secured.
It is highly interesting to note that there is much less discrimination between good and inferior wool in Arizona than at the
large markets. This suggests that local dealers believe in buying
wool sufficiently low to yield a profiit on almost any grade of wool
which may be purchased. The total expense of marketing 743
pounds of wool was $34,90, which is approximately 4.7 cents a
pound. When the increase in the weight of the wool is taken into
consideration ll/2 cent a pound would be sufficient to send the wool
1o eastern markets. In one shipment of wool it was found that the
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net receipts from the commission agent was 142 </c greater than the
highest local quotation. This suggests that persons producing as
small quantities of wool as 50 pounds would profit by consigning
their wool to a warehouse or commission firm.
PVSTURE FOR HOGb

The modern method of feeding hogs in Arizona is to maintain
them on good alfalfa pasture, and feed liberally on grams. Preliminary tests were conducted to ascertain the effect of feeding young
pigs on alfalfa pasture alone and to learn the results of adding
alfalfa pasture to an otherwise well balanced ration.
Alfalfa Pasture for Young Pigs- Two pigs 97 days old were
placed on a plot of alfalfa pasture and maintained there without
additional feed for eight weeks. During the first four weeks these
pigs lost two and one pounds, respectively, and the next four weeks
they gained eight pounds each. Over the entire eight weeks the
pigs on alfalfa pasture gained only six and seven pounds, respectively, while the litter mates fed on ordinary rations made a gain of
40 pounds each. The results of this test prove that gains are
extremely low with young pigs maintained on alfalfa pasture which
is too coarse and bulky for them. After the pigs become older they
will make slow but steady gains on alfalfa pasture alone.
Balanced Rations and Alfalfa Pasture vs. Balanced Rations in %
Dry Lot- Ten registered Duroc-Jersey pigs were divided into two
lots of five each. Both of these groups were fed rolled barley and
skim milk, but Lot 1 was fed in a dry lot and Lot 2 was given a
small amount of alfalfa pasture. Each lot was given two pounds
of rolled barley and six pounds of skim milk per 100 pounds live
weight. The experiment covered a period of 12 weeks and the
animals were weighed once a week during this time. As the experiment advanced the amount of barley was increased to three
pounds per 100 pounds live weight and the skim milk continued at
the same rate.
The lot consuming alfalfa pasture made more rapid gains, but
consumed 80.5 pounds more rolled barley and 108 pounds more
milk. During the entire experiment the pigs in Lot 2 made more
economical gains from the grain and skim milk consumed. This
difference was especially pronounced at the beginning of the experiment, but towards the close there was little difference between
the two lots in the amount of food required to produce 100 pounds
of gain. No doubt the larger and fatter hogs made less efficient use

ARIZONA AGRICULTURAL EXPERIMENT STATION

467

of the feed as they became more mature. Table XVI gives the
average gain of the pigs according to four-week periods.
T\BLi: XM.—GAINS Otf PIGS ACCORDING TO FOUR WEEK PERIODS

Period
1st 4 weeks
. .
2nd 4 weeks
3rd 4 weeks
. .
Entire three periods

Lot 1
i
Lots
Total gam Average gain Total gram
Average gain
pounds
Per pigpounds
per pig
pounds
pounds
81
125
167

373

1620
2500
3340
2487

105
145
183

433

2100
29.00
3660
28.87

In every case the pigs in Lot I gamed more slowly than those
of similar breeding and individuality which were given the same
food but allowed alfalfa pasture. It was only in the third period
that the pigs in Lot 1 gained as much as one pound per head daily,
but the animals in Lot 2 gained over one pound a day, except during the first four weeks. The animals receiving alfalfa gained 60
pounds more than those not allowed this food.
The animals in Lot 1 were distinctly unfinished in appearance,
and much inferior to those receiving alfalfa pasture as judged from
market and breeding standpoints. They averaged 12 pounds less
in weight and there was a greater difference in attractiveness and in
finish than the weight would indicate.
An average of 485 pounds of pigs were maintained on about
one-eighth acre of alfalfa pasture. This is fully 2,000 pounds of pigs
per acre at the outset and 5,600 at the close of the experiment. An
acre of good alfalfa pasture will carry at least twenty hogs averaging 100, or 10 averaging 200 pounds. From this small plot of
alfalfa and 80.5 pounds more rolled barley and 108 pounds more
skim milk the hogs made 60 pounds more gain in twelve weeks
than those in the dry lot. At 15 cents a pound the increased weight on
the hogs would mean a yield of $9.00 for the pasture and the additional feed for the period. Deducting $2.95 for the value of the
additional rolled barley and skim milk, this would mean $605 for
one-eighth acre of pasture or $48.40 for one acre in three months.
This places a high feeding value on the alfalfa pasture. After the
close of the experiment the animals in the two lots were placed
together and those that had been allowed alfalfa pasture made
more rapid gains and appeared to be more vigorous than those on
the dry lot.
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both the standpoint of milk production and maintaining body
weight with an equal quantity of good silage
SIIAGS FOR RANGE C \TTIyE

The crops of corn and grain sorghums secured at the Cochise
and Prescott Dry Farms were placed in silos and used for studying
the suitability of silage to tide cattle over short range. In Cochise
County the range was unusually short and backward during the
3, ear 1917, and the heavy covering of snow in Yavapai County pioduced short range, causing many animals to die from starvation
Cochise Dry Farm Fifteen cattle were fed silage and dry pasture to ascertain the economy of using dry farm feeds for ranqe
cattle. The animals were a mixed lot, consisting of three Hereford
steers, nine months old, two Hereford heifers, two years old, one
Holstein heifer, two years, one Hereford Bull, two years, and six
cows of mixed breeding, ranging in age from two to ten years.
There were five cows with calves at the beginning of the experiment, and another calf was born before the experiment closed. The
animals averaged 564.3 pounds at the beginning of the test and after
being fed an average of 98 days weighed 646.4 pounds. They consumed about 55 4 pounds of silage per day and gained from 1 t,>
125 pounds per head. The entire lot of 15 (omitting the calves)
gained 1231 pounds, or an average of 82 1 pounds per head.
Prescott Dry Farm: In February, 1917, fourteen grade Herefords were selected to study the effect of feeding silage alone over
a period of six weeks. Among the animals were seven cows ^o
thin that a conservative stockman estimated about four of them
would die before spring if left on the range. The animals were
given all the silage they would consume without waste. The aim
was to feed them well so that they would be in good condition
lather than to learn how little silage would carry them over the
winter. The animals ate about fourteen tons of silage or* one ton
each in six weeks. This would amount to 47.6 pounds consumed
per head daily. All the cattle thrived on the silage and undoubtedly
made good gains. They were strong at the close of the experiment
and withstood shipping a considerable distance to spring range.
During the summer they proved to be good rustlers and gave every
indication of having completely recovered.
The results of the two tests give conclusive proof that silage
is a good feed for cattle when the range is inferior. The succulent
and nutritive qualities of the silage not only keep the animals alive,
but it gives weak, hungry cows a new strength to hunt for food.
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The cows and young stock did unusually well after being turned
out on the range and all except those with calves were much fatter
and more vigorous than similar animals left on the range.
Since there are large areas in dry farming and overflow districts suitable for growing crops for silage these experiments suggest that stockmen should put forth every possible effort to secure
good land and raise crops which may be fed the animals during
short range.
111 the years 1916-17 four breeds of chickens were continued
from the previous year. These were the S. C. \V. Leghorns, S. C.
R. I. Reds, W. Plymouth Rocks, and Black Langshans. They were
used chiefly for class purposes, with an effort being- made in the
spring of 1917 to rear enough new stock to make the plant selfsupporting,
The plan for 1917-18 includes the moving of part of the poultry
plant to a new location just south of the present site in order to
make room for the new observatory.
A pen of ten hens with pullet records averaging 230 eggs will
be added to the present stock of Leghorns. From this pen it is
planned to develop a flock of Leghorns of high egg production,
gradually discarding all hens that have records less than 150 eggs
per year.
"

INSTRUCTION AND TJXECUTIVIC WORK

Much time has been devoted to the general work of the department such as supervision of the live stock, planning new equipment,
purchasing new animals, judging live stock at fairs, addressing
meetings, correspondence, and personal conferences with stockmen.
The number of students taking work in animal husbandry has
increased over past years. Fifty articles have been published in
technical journals and local periodicals regarding live stock.
The department has had supervision of the official testing of
the registered cows of various pure bred associations. A number of
very creditable seven day official records have been secured with
Holstein Friesian cows owned by prominent breeders in the State.
Several Jersey as well as Holstein cows have been under semiofficial tests for a year, but not many have completed their records.
The cow, Josephine Arizona Maid 164449, gave 13,414.9 pounds of
milk, 4067 pounds of butter fat and 508.38 pounds of butter in 365
days. This cow is owned by the University and she is the first one
tested in the State to be accepted by any pure bred association for
the year-long* test.
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The Holstein Friesian herd has been increased very materially
by the purchase of a herd sire, live cows, five heifers and two
calves. These animals replaced some of the grade cows which
have been retained during the past five years. Table XVIII gives
the yield of cows in the herd during the past year.

Breed

Josephine Arizona Maid Holstein Friesian 76
Miss Columbia Girl . , .
Jersey
0
Childeberte
87
Princess of Chewawbcek
100
Gipsy Draconis
34
Grade I lolslcin
Blanco
36
Mollie
42
Exception II
\\ r shire
65
49
Pedro
jersey
Grade Holstein
''Sheppardess
105
51
* \ettie
ei
6S
^Missouri
Average for herd .
597

5

i*
PS
444
299
272
363
287

Yield m Ibs.
Milk

14,4474
3,3423
4,885.1
6,721 2
5 797 7
374 7 742 7
312
9,350.3
6,921.0
311
7,2429
275
409 13,3719
97706
277
233 6,554.5
321 3 8,012 3

Butterfat

Aver. c/o
butterfat

Name of cow

Days dry
before
calving

1ABLE XVIII.—YIELDS 01? DAIRY C0\\ S AT THE UNIVERSITY FARM, 1916-17

432.2
2.99
231.8 6.93
291 0 - 6.63
5.34
358.9
231 2 485
274 8
355
3.67
3440
3.78
261 9
5.28
3824
319
4393
419
4102
416
273 8
414
331 8

*Sold befoi e finishing their milking period.

The Duroc-Jersey herd of hogs has been increased by the
addition of two sows and a boar. It has been the policy of the department to keep nothing but registered animals of superior quality. To this end, all of the grade cows have been discarded. Owing
to the limited amount of land available for raising crops it is
thought best to select a few of the more important breeds and confine our efforts to them rather than to maintain a large number of
breeds. Holstein Friesian, Jersey and Hereford cattle; Rambouilkt, Hampshire and Shropshire sheep, and Duroc-Jersey and
Poland-China pigs should be the first breeds to be developed. It
is hoped that during the next year a good foundation flock of
Rambouillet sheep and herd of Poland-China pigs may be secured. Another urgent necessity is the purchase of two Jersey
females. With the present increase in the Holstein cattle and
Duroc-Jersey hogs more uniform animals are available for investigation and instruction.
K. II. WILLIAMS,
Animal Husbandman.
W. S. CUNNINGHAM,
Assistant Animal Husbandman.

ENTOMOLOGY
Dining the past season the writer has considered that grasshopper control was the most important single problem \\hich could
be taken tip as a matter of demonstiation and direct aid in the conservation uf important crops. The matter of grasshopper control
has been disposed of for the most part as an experimental project
by numerous investigations which have been conducted in various
parts of the country during the past few years. However, there is
a diversity in the details of the recommendations which have been
published which show that we still lack important information in
certain respects concerning the subject. In connection with demonstration work against grasshoppers in the Salt River Valley during
the past season problems were presented which lead to a series of
observations and tests which are of considerable local importance.
The differential grasshopper (Melanoplns differentials), the most
destructive species in Arizona, is the one which was the subject of
the investigation.
The founula for poisoned bait which is now most generally
recommended by entomologists consists in a mixture of 25 pounds
of bran, 2 quarts of molasses, 1 pound of Paris green, 3 to 6 finely
chopped lemons or oranges and water to make a crumbly mash,
The more important experiments conducted by the writer concern
the matter of modifications of this formula with the view to reducing its cost and possibly increasing its effectiveness. Miscellaneous
observations were made in connection with these experiments.
In many sections of southern Arizona cull canteloupes can be
obtained by farmers without expense and the experiments referred
to above have shown that cantaloupe can be substituted for the
lemons in the usual grasshopper bait formula. One pound of finely
ground canteloupe may be substituted for six lemons. The experiments have further shown that with the differential grasshopper in
the adult stage the molasses may be omitted without interfering
with the results, also that in the place of 25 pounds of bran a half
and half mixture of bran and sawdust may be substituted. These
changes in the grasshopper bait formula represent a substantial
decrease in the cost of grasshopper bait. A long series of experiments was first conducted on a small scale and the baits made \\ ith
the substitutions noted were afterward tried out on tracts of land
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\ a r \ m g from five to fifteen acres. Additional field tests will be
necessary before the new formulae can be recommended for use
against other species of grasshoppers in Arizona or against the
immature stages of the differential grasshopper.
Miscellaneous observations made in connection with these experiments with poisoned baits concern the time of day when the
grasshoppers feed most actively, the distance grasshoppers travel
after eating a fatal dose of the bait and the amount of alfalfa which
adult differential grasshoppers consume per day The observations
in regard to the time of day when the grasshoppers eat most acti\ ely were not conclusive, but from the records it appears that
there is no advantage in spreading the bait late in the afternoon or
\ ery early in the morning, as has been generally supposed Out
of 3382 observations made between 3 and 6:45 P. M. it was found
that 40.4 percent of the feeding records were between 3 and 3 :45,
303 percent between 4 and 4:45, 176 percent between 5 and 5:45
and 9.5 percent between 6 and 6:45. These observations will be
continued in order that the question in regard to the time of day
when the bait can best be scattered may be definitely determined.
In order to appreciate fully the effects of poisoned baits it is necessary to know how far the grasshoppers may travel after eating a
fatal dose of the poison. The observations made show that poisoned
grasshoppers very rarely traveled as far as 70 yards and that under
ordinary conditions few traveled further than 25 yards from the
place where a fatal dose of the poison is eaten.
The observations made in regard to the amount of alfalfa
which grasshoppers may consume have been found to be very
effective in demonstration work. The figures obtained refer to
the differential grasshopper. It was found that one adult grasshopper per square yard may destroy the equivalent of three pounds
of alfalfa hay per acre per day. In a forty-acre field a moderate
infestation averaging 162-3 grasshoppers per square yard may
destroy the equivalent of one ton of alfalfa hay per day. Grasshopper infestations have frequently been noted averaging between
25 and 50 grasshoppers per square yard. It is obvious to a grower
to whom these calculations are presented that the expense of poisoning with one of the poisoned baits is exceedingly small in proportion to the damage clone by the insects.
A. W. MORRILI/,
Consulting Entomologist.

CHEMISTRY
During the year the chemists have accomplished the usual
amount of analytical work, mostly of soils and irrigating water, for
the farmers of the State Research work has been restricted to the
study of alkali, both in the field and m the laborator} by means of
the auxograph. In this connection a large number of graphs have
been made showing the influence of alkali and of soil solutions on
the swelling of colloids. During the summer months we wrere forced
to discontinue this line of work because of the disturbing eftect of
high temperatures. The annual analyses of the Salton Sea Water,
made m co-operation with the Carnegie Desert Laboratory, and
incorporated in the annual report of this department for several
years past, have been discontinued, because it was believed that the
chief facts to be learned from the work had been discovered Onl)
occasional analyses of the water will be made as the sea continues
to dry up. Much work was done on perfecting apparatus for
pasteurizing and ripening dates, requiring the services of the assistant chemist at the Tempe Date Orchard for several weeks Instruction and laboratory practice in soils have been given in the
College of Agriculture, and much time has been devoted by the
chemist to matters of curriculum and registration of agricultural
students.
THE TEMPE DRAINAGE DITCH
In the Twenty-seventh Annual Report a series of six monthly,
analyses of the water from the new Tempe Drainage Ditch was
tabulated. Eleven additional analyses are now available and uc
presented in the following table, together with those previously
reported
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TABU: XIX—MON1HLY VARIAIION IN COMPOSI1IOM OF W M F R FROM

Date

1916
June 25
July 13
Sept 10
Oct 10
Nov 1C)
Dec 8
1917
Jan
7
Feb 10
Mar 9
Apr 10
Ma> 10
June 10
July 19
Sept 15
Oct 14
No\ 10
Dec 10

Hardness
Total Chlo(permabolide asrides
nent)
NaCl CaSO

16652
13590
5994
4180
3164
3126
3224
3120
2410
3080
2986
3092
3510
4236
2252
3036
2924

Str—Stiong 1

Hardness
(temporary
raCHrCh)2

THE T£MP£ DRAINAGE DITCH, p vRfs PKR 100,000—(BY c. N c \ILIN)
Alkalinity
Na3CO,»

S04

CaO

MgO

1725S
6476

9764

142

652
252

3049
3378

126
146

1757
1575

1170

994
432
303
220
228

1074

272
130
76
54

672
664
603
640

227
216
163
222
217
209
228
298
145
205
168

65
32

555
640
585
668
627
652
660
615
656

76
76
108
65
326
Neutral

49

Mod—Moderate

1312
1221

.

Str
"
34

Mod Str Mod Sti

<
«

"

Slight

«
«
Mod
Str
Mod

1

'•
Mod Str

1187

Str
Mod

Mod Str

Mod

*

«

«

«

i

Mod
Mod Str

"
Mod

Slight

Mod Str—ModeiaUlj strong

The ditch was completed early in 1917, thus the water for some
months has not been affected in composition by the drainage of
new areas All samples have been taken from near the outlet end
of the ditch The season has been very dry and, consequent!}7, the
composition has been changed but little by the runoft of meteouc
water diluting the seepage, nevertheless, great fluctuations in composition are noticeable March 9 the water, which had hitherto
been hard, was alkaline, containing 3 4 parts per 100,000 of black
alkali; but the following month, April 10, it was again found to be
as hard as it had been the previous November. The analysis made
in February seems to indicate that the permanent hardness of the
water was decreasing at that time. During the summer months
the hardness remained fairly constant, but increased three or fourfold in September, then became neutral in October and again
strongly black alkaline in December, which is the last analysis
available.
The total solids dissolved in the water and the chlorides show
similar fluctuations September 15 both total solids and chloride
reached a maximum, but dropped abruptly to about one-half that
amount in October. This period of high solids and chlorides was
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accompanied by very high permanent haidness In November and
December the temporary hardness ("lime") increased to double the
a\erage for the other months of the year, which had been nearly
uniform
Fluctuations during 1916, when the total solids were decreasing rapidly, were explained, apparently, by the opening of new
drainage areas as the work on the ditch progressed The present
fluctuations are less easily explained but aie probably due to
changes in the amount of seepage from various areas according to
the amount of irrigation, and also to overflow reaching the ditch
which would tend to dilute the usual seepage flow At no time has
the drainage water been entirely satisfactory for irrigating purposes
on account of its high salt content At times when the salt is excessive, as was the case in September, the water should not be
applied to agricultural lands The high black alkalinity in December would be dangerous if long continued, but the usual gjpsum
content of the water would serve to neutralize the occasional black
alkaline flows It is possible that a correlation between the dis
tncts receiving heavy irrigation and the charactei of the drainage
ditch water could be worked out for the purpose of avoiding the use
of excessively saline seepage water on the Indian Reservation lands
below, that are being irrigated with this water A simple volumetric test for chlorides is available and should be applied at frequent intervals by some person in the immediate vicinity Waters
above the average in salinity should be allowed to waste
NATIVE FERTILIZER MATERIALS
The prevailing high prices of fertilizer materials, especially of
nitrogen and potassium, has stimulated the search for these substances m the State The deposits of bat guano have been drawn
upon quite heavily for exportation The discovery of nitrate of
soda or Chili saltpetre in some of the rocks of the State has awakened much interest The chemist visited one of these deposits
neai San Simon and secured samples for analysis The rock, whicn
is a rhyohtic tufa, is often covered with incrustations one-half inch
thick, more or less, of nearly pure nitre where overhanging ledges
piotect it fiom the weather The rock itself shows a few tenths
percent of nitrate of soda, but occasionally very thin seams of the
nearly pure salt occur A tunnel driven ten feet into the ledge did
not develop richer material Recently a sample of similarly incrusted rock has been sent in from another part of the State, but
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itb origin hdb not been learned A soil fiom the Casa Grande dibliict sent m to be tested for alkali showed nearly ten percent of
nitrate of soda The sample was probably a surface mcrustatioi
<ind did not reprebent the soil to any appreciable depth This mateiial could be Ubed to advantage as a fertihzei on lands in the neigh
borhood that are poorl) supplied with nitrogen
Several samples of saline materials and water from a barren
oil well ha\e been submitted to be tested for potash In every case
qualitative tests showed so little potassium that quantitative deterinmiationb v^eie not made Mesquite and brush dbhes, and ashes
irom incinerator^ at the niihtai} camps ha\e caused some public
interest as possible souices of fertilizer While these matenals will
seldom beai transportation chaiges to the feitih/er works, the> often can be used localK with profit Caution should be exercised,
however, not to apph wood ashes to soils that tend to be black
alkaline
UNUSUAL FEEDING STUFFS
In co-operation with other depaitments seveial analyses of
unusual feeding stuffs have been made The results are shown in
the following table
XX —COMPOSITION OF UNUSUAL, ARIZONA FEEDING StUffFS
Feeding stuff

Water

Ash

Yucca No 1
Yucca No 2
Sword beans
/Ufalfa hay No 1
" No 2
\lfalfa striw, Mesa
" Yurna
Tepary bean hay No 1
" " No 2
Sorghum refuse
Milo heads ground
No 1
Milo heads ground
No 2
Milo heads chopped
No 1
Milo heads chopped
No 2
Bran, Phoenix Mills
" Minnesota Red
" Tucson Mills
Cotton stalk hurds
ShalUi whole &ram

721
635
914
673
453
346
479

155
334
405
842
842
826
501

1022

^80
938

1329
1370
457

Crude
protein

Crude
fiber

Esther
extract
(fat)

Carbohydrates

209
112

1621
1489

450
715
934
2952
2986

1933
2455
4559

895
644

4948

262

3298

043
034
438
261
233
187
113
294
304
139

899

764

330

6921

2705

1995
2154

4146
1771
1761

3651

3997
3600

3315

3589

3431

4906

619

467

855

413

1146

677

311

6598

823

407

1163

683

296

6628

866
794

476
498

909

760
682

302
463

6687
5898

1665
1519
1850
996

1032

4/8
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Yucca (Yucca elata) No. 1 was young growth from which the
leaves had been removed, leaving only the leaf bases ; No. 2 was
somewhat older material. Sample No. 1 contained .19 percent of
saponin in the fresh material, and Nd. 2 contained .21 percent.
determined by precipitation with baryta water. No injurious effects were observed when this material was fed ad libitum.
Sword beans (Canavalia cnsifonnis) were grown and used for
feed in Salt River Valley. They are said to yield well. Care should
be used in feeding these beans, since they are sometimes poisonous.
The alfalfa straws are produced in threshing ripe alfalfa for
seed. They are much higher in fiber and lower in protein than the
alfalfa hays which are given for comparison. Alfalfa hay No. 1
was grown in Salt River Valley ; alfalfa hay No. 2 was grown it
Yuma.
Sorghum refuse was the residue after the cane had been
crushed for syrup.
Cotton stalks hurds were produced by crushing the stalks to
remove fiber for commercial purposes. The rather high protein is
due to the removal of the fiber and to the seed that remained hi
unopened bolls.
MISCELLANEOUS ANALYSES
On two occasions, when large numbers of livestock have died
without apparent cause, the chemists have examined material for
poisonous substances. A number of hogs, near Yuma, died in a
field of Sudan grass, giving cause to suspicion poisoning by hydrocyanic (prussic) acid, as is known to happen sometimes with
drought-stricken sorghums. The animal materials were badly decomposed when received, but samples of the grass were sent to the
laboratory with the roots balled in damp soil when taken up. No
trace of hydrocyanic acid could be discovered in this grass. Kvidence seemed to indicate that the hogs had died of heat and that
the Sudan grass was not at fault.
In a second case a large number of sheep had died on the range
in northern Arizona. Careful examination of the stomach contents
by the Station botanist, Professor J. J. Thornber, failed to reveal
remains of lupines or other poisonous plants, although saltbush
leaves and other vegetation could be identified. Chemical analysis
showed the absence of hydrocyanide acid, arsenic and heavy metals, and strychnine.
Several poultry and stock tonics that were being sold to
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farmers and stockmen have been brought in for examination by the
Extension Service. One of the most interesting of these was a
remedy for sheep reputed to be efficacious in curing even such ailments as scab. It was composed of salt, sulphur, carbon and
tobacco.
DATE PASTEURIZING AND RIPENING APPARATUS'
For several years we have pasteurized the entire output of the
Tempe Date Orchard with a small pasteurizer heated by a gasoline
brooder heater. The apparatus was constructed originally for
experimental purposes that made possible the marketing of soft
dates under adverse weather conditions. It was too small, however, to handle the large crop of the orchard on a commercial basis,
so in 1916 a new and larger pasteurizer was decided on. The process being new and no experimental data existing as to the selection of material for such appliances cement was selected. An eightchamber pasteurizer, each chamber having a capacity of about "50
pounds of fruit, was constructed. The walls were approximately
four inches in thickness with an inch and a half core of "button
lath" made of paper and plaster of paris for heat insulation. It was
found impossible to bring the temperature much above 55 deg. C.
with boiling water and all the radiating surface that could be arranged in the chambers. Cement proved not only difficult to heat,
but the side walls and top of the chamber condensed moisture to
such an extent that one of the main purposes of the process, namely,
to reduce the moisture content of the fruit, was defeated. Later
steam coils were placed in a few of the chambers and the apparatus
was found well adapted for ripening by heat, which requires a
rather high humidity to prevent the fruit from shriveling. Cement
can be molded into convenient form for date pasteurizers, but in
our experience it has proved much inferior to wood with metal
lining.
The past summer we have constructed a new pasteurizer of
wood, which has proved entirely satisfactory. The sides and top
are of tongue and groove flooring, double thickness with two-ply
of building paper between. It is lined throughout with thin galvanized iron, and drip pans are placed at the bottom of each chamber to catch any honey that runs from the dates. There are five
chambers, each taking eleven of our standard trays, 20x30 inches
and 2 inches deep, holding conveniently 10 or 15 pounds of dates.
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This capacity is sufficient to handle the entire day's picking in one
or two heats. The bottom coil of steam pipe has eight laps with
three trays above it; the other coils have six laps with two trajs
between each coil. With 10 to 15 pounds steam pressure, 2 T /j to 4
hours is sufficient to pasteurize the dates well, the time and pressure
depending on the size of the dates and their moisture content
Very moist dates require open ventilators to carry off the excessive
moisture, and consequently higher steam pressure to maintain the
chamber at pasteurizing temperature, 65 to 70 deg, C. The pasteurizer serves very well as a drier for culls, and dates that were
too sour for use when dried at ordinary temperature, made fanh
good dry packing dates when dried rapidly in the pasteurizer.
The heating system is closed and the boiler placed in a pit
below the level of the pasteurizer for drainage. The supply and
return pipes are separate, each coil being connected independent!)
so that as many coils as desired may be turned on. The steam is
supplied by a three-horse-power dairyman's boiler fitted with in
oil burner, using distillate. With the closed system only a few
quarts of water need be pumped into the boiler at the beginning of
operations each day to replace what is lost through the air vahes
After the burner has been adjusted to maintain the desired pressure
the apparatus requires little more attention than the steam heating
system in a residence. The boiler is about as small as can be used
conveniently, but by adjusting the burner properly the desired
pressure may be held quite economically; and one is relieved of
the fear that the water will get too low. This size boiler would
easily supply twice the present pasteurizer capacity, and with constant supervision would do much more
A carbon dioxide ripener of greater capacity than the one in
use heretofore has also been added to the equipment. This was
made by cutting a large opening in the head of a new galvanized
iron oil barrel so as to leave a flange of l j < inches and bolting
and soldering the iron ring from the head of a No. 3 Verne churn
to this flange. About six feet of heavy rubber garden hose with
convenient couplings and fittings serve to connect the three-quarter
inch opening in the bottom of the oil barrel with the gas cylinder.
The barrel may be mounted on trunnions to facilitate removing the,,
dates after the carbon dioxide treatment.
\. g, VINSOX,

Biochemist
C X. CATUN,
. Issistant Chem i s~f.

IRRIGATION INVESTIGATIONS
THE LOWER SANTA CRUZ VALLEY
The investigations started previously in the Casa Grande
Valley have been continued during the past year. The surface
waters have been measured at Tucson and Sasco, and in part at
points farther west, but the measurements of seepage losses have
not confirmed those of the previous year as could have been expected Water table fluctuations, including the special observations
in the vicinity of active pumping plants, have been confirmatory of
those previously reported.

plgr> 12 —Section aci oss Santa Cruz Valley at the point of the Tucson Mountains,
seventeen miles northwest of Tucson

The drilling of an almost dry well at Rillito has led to special
study of that locality. The well, that of Dr. Mark B. Smith, is
just on the edge of the Recent valley fill and consequently it was
drilled wholly in Pleistocene deposits. These deposits, like those
of the Rillito Valley,* have been so altered by cementation and by
decomposition of feldspathic grains that they are quite impervious
The important economic effect of this change is that the area of
good water-bearing strata from Rillito southward is confined to the
immediate river valley, and only rarely can it be expected that good
wells will be found outside of this area. The nearby wells of Guild
Bros, and Henry Proctor are among the best in Arizona. A crosssection of this part of the valley is shown in Fig. 12, and the logs
*Anz Agr. Exp Sta Bui No M/pp 156-3CO
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of the four wells are projected on the section. Downstream from
this locality a short distance is the Rillito groundwater-fall, where
the water table sinks abruptly from the shallow depth of 18 feet to
a depth of 120 feet, in a distance of less than one mile.
Settlement in the Lower Santa Cruz, or Casa Grande, Valley,
has proceeded rapidly, and much groundwater development hasv
Isiken place. It is to be hoped that the Gila River floodwaters will
soon be stored and made available, for the groundwater supply
alone cannot be expected to water the entire area of land already
patented or entered upon.

THE LOWER GILA VALLEY
Mention was made in the last annual report of the discovery of
good water-bearing gravels in the Antelope Valley, which is the
section of the Gila Valley from Mohawk to Dome. The good
gravels underlie a thick bed of silt and fine sand, in which many
costly attempts to develop irrigation supplies have proven failures.
The logical inference of the deeper drilling was that the Recent
valley fill was similarly constituted throughout the whole extent
of the Lower Gila Valley. This hypothesis has been confirmed by
recent drilling in the valley east of Yurna, though in this location
the overlying beds of silt are found to be considerably thicker than
near Wellton.
The aggregate potential groundwater supply thus revealed is
very extensive and will permit of important development. It is
likely, however, that the good gravel stratum is confined to the
bottomlands and is not continuous beneath the mesa lands to the
north and to the south of the valley.
Two precautions should be pointed out at the beginning of
development of these groundwaters. First, the Gila Valley, in both
soil and water, contains much alkali. The amount present is variable, and in some places is beyond the limit of toleration of ordinary,
plants. Consequently, the first well drilled in a new locality should
be considered a test well, and an analysis of the water should be
obtained before further expenditures are made. In some places
where surface water in the river may be had by means of canals or
by pumping for a considerable part of the year, groundwater with
75, possibly with as high as 100, parts of salt per 100,000 may be
used during the months when the river is dry.
The other precaution was referred to in the last report. A defi-
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nite policy of building farmsteads on the margins of the bottomland should be adopted and all newcomers should be warned
against building residences on ground subject to injury bv river
floods. It is possible that better river control by reservoirs on the
Gila and its tributaries will reduce the menace in the future and
levee protection will be possible to 'i limited extent.
WELL DRILLING A N D DEVELOPMENT
Considerable time has been spent during the past year accumulating data on the drilling and perforating of wells and more particularly on the development of the wells after perforating. This
has been done with a view to early publication.
EVAPORATION AND DUTY OF WATER
For several years this department has desired to undertake
special investigations to study the relationship between the evaporation-rate and the duty of water. Although evaporation records
are common and have been kept at various times in many places,
yet the mass of data thus accumulated is almost worthless for comparative purposes, because of the absence of standardization in
equipment and method, and because as a rule no contemporary
observations have been made of other climatic factors. Clearly, it
was the province of the United States Weather Bureau to control
such standardization, and in 1915, as soon as the Bureau had made,
tentative plans for a standard evaporation pan, this office had several of them built. Later, when Congress made appropriation for
twenty-five Class A evaporation stations, three of them were obtained for Arizona under cooperative arrangement. This station
selected the sites and furnished the pans and standard enclosures.
The Weather Bureau furnished hook gages, rain gages, and maximum and minimum thermometers. The observers are paid by this
station.
The purpose being to test the hypothesis that water requirements of plants are proportional to the evaporation-rates, three
locations were chosen widely separated in climatic conditions. They
are Yuma, the Salt River Valley, and near Willcox. The altitudes
above sea level are 127 feet, 1225 feet, and 4200 feet, respectively.
Approximately similar soil conditions were found in the three
places, and in each place the evaporation pan and other instruments
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were installed in the center of an alfalfa field. The duty of water
for alfalfa is to be obtained.
Fuller descriptions will be given in a separate publication, but
the general results of the first year's obsenations are given herein
in Fig. 13. The temperature, the wind movement in miles per hour,
and .the evaporation in inches of water, in ten-day periods, are
shown by graphs.
A close agreement between the temperature and the evaporation graphs is very apparent for all three locations, but a careful
examination reveals that the agreement is modified by the wind
movement. Thus, the decreasing wind movement near Willcox in.
May and June prevented so rapid an increase of evaporation as in
March and April. The apparently erratic curve for Yuma in the
summer months is due to the raising of a seed crop. At Yuma and
at Willcox, in August, the wind movement was nearly equal and
the difference in evaporation-rate appears to be due to difference
in temperature.
Reduced to lowest terms, the evaporation-rate depends upon
temperature and the vapor pressure directly at the water surface.
The first of these two factors is expressed here by the daily maximum temperature instead of by the daily mean temperature, which
is commonly used. The second factor depends upon the relative
humidity in the vicinity, and the air pressure, in addition to the
wind movement. Air pressure varies mainly with altitude, and the
extent and direction of this variation has been much debated, The
high evaporation-rate near Willcox is attributable in the main to
the rapid wind movement, but may be due in part to the fact that
the evaporation station near Willcox is in an isolated alfalfa field
surrounded by semi-desert conditions, while at Yuma and Mesa the
alfalfa fields are but parts of great irrigated valleys. Willcox lies
on the western edge of a region which some investigators have asserted to have the highest evaporation-rate for the United States.
The importance of these investigations to agriculture is appreciated when one recalls that the loss of water by transpiration
from a well-developed field of alfalfa is greater than the evaporation
loss from an open water surface. The average annual loss from a
well-irrigated alfalfa field cannot differ very greatly from that of a
standard evaporation pan placed within the field. Farmers in the
Sulphur Spring Valley have added incentive to plant windbreaks,
to cultivate after irrigating, and to raise crops having low water
requirements.

486

TWENTY-EIGHTH ANNUAL REPORT
MACHINE-MADE CEMENT PIPE

On account of the great importance of water economy in Arizona this Station has taken a lively interest in the manufacture of
cement pipe and its use for irrigation pipe lines. In 1907 the Station published a bulletin on the subject and has constantly advocated the use of cement pipe for irrigating streams of moderate
size requiring pipe up to 24 or possibly 30 inches in diameter. For
farms that are under pump irrigation, pipe sizes from 8 to 20 inches
in diameter are required commonly.
During the last few years pipe machines have been developed
for making cement drain tile in the Middle West, and during the
past year these machines have been modified so as to make irrigation pipe. The opportunity presented itself to this department to
bring one of these machines to Pima County and to study machinemade pipe and pipe-making. The results of these studies have
been prepared as a bulletin and will be published in the near future.
The general conclusions of the study are that pipe-making by
machinery is entirely practical, that the pipe is much superior in
quality to hand-made cement pipe and that the cost is less. The
field for a new industry is open and inviting and pipe factories
should be built and equipped at a half dozen places in central and
southern Arizona, The ultimate result will be greater water economy, and an extension of the irrigated area.
For the larger laterals and main canals cement lining is the
best method of improvement. Careful estimates show that by lining the canals of the Salt River Valley enough water will be saved
to permit an increase of 25 percent in the project area.
EXPERIMENT STATION PUMPING PLANTS
During the expansion of the Experiment Station work it has
been necessary to develop many pumping plants, both for outlying
stations and for the campus and the University Farm, A summary
of these plants with general comparative data is of interest and is
shown in Table XXI.
In a semi-arid region such as Arizona water supplies are of
primary importance. The Yuma and Prescott plants are for domestic supply only, but the others are designed for both domestic
supply and irrigation. The conditions are very variable, however,
and the fact that the design of pumping plants requires speciali/ed
training is well illustrated by the list. It is to be noted that no two
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tory, for which electric current from the central power plant of the
University is available. The engines are all of the four-cycle type,
and it may be added that the Experiment Station strongly recommends that type in preference to two-cycle hot-ball engines51.
This department has designed also a new water supply system
for the University campus during the past year. The new system
is unique and its main features should go on record at this time.
The pump room is situated in a basement 74 feet by 24 feet. At
one end is a reinforced concrete sump of 48,000 gallons capacity,
into which the discharge from the well is delivered. The pressure
pumps are in duplicate, of 100 gallons per minute capacity, and
start automatically when the water pressure drops to 26 and 23
pounds per square inch. When the pressure reaches 33 pounds,
the pumps stop automatically. The discharge line is connected
with a 5,000-gallon pneumatic pressure tank which is kept about
two-thirds full of compressed air. Floor space is reserved for
another pressure tank to be added later, and the remaining space
is for fire service pumps. The new system is giving good service,
with better pressure than was had formerly with the elevated tank.
EXTENSION WORK
For two months during the height of the pumping season in
1917, this department kept one of its assistants in the field assisting
farmers with refractory engines and pumps, and helping them to
secure better fuel economy. The Casa Grande Valley and the
McAllister and Whitewater districts were covered in this way.
The irrigation engineer devoted two weeks in June, 1917, to lecturing in Navajo and Apache counties. Ten lectures were delivered.
During this trip and throughout the year assistance has been given
to farmers and canal companies on irrigation and other farm engineering subjects,
GRADING LAND FOR IRRIGATION
Considerable study has been given to the subject of preparing
land for irrigation, particularly land on relatively heavy slopes as
from 25 to 100 feet per mile. The principal agricultural valley
lands in Arizona lie at slopes of 8 to 15 feet per mile, and these
lands can be irrigated very efficiently. On lands that take water
* Vide BuL 74, Anz Agr Bxp. Sta , pp. 429-433.
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readily the water can be run parallel to the steeper side of the field,
v/hile on the heavy clay soils the flatter grades are used.
With the extension of agriculture to lands farther from the
rivers, steeper slopes are encountered, and during the past year
much new land with slopes of over 25 feet per mile has been developed. The question has arisen as to the desirable slope in which to
lay out the borders or rows. In one locality 8 feet per mile has
been adopted arbitrarily, although it has entailed much greater expense for grading than would a steeper grade for the direction of
irrigation. Moreover, the flatter grade introduces a heavy side-fall,
or crops-slope, which may become very troublesome during irrigation.
The question involves the possibility of irrigating in furrows or
lands with steep gradient. Can the field be wetted uniformly? The
efficiency of irrigation depends upon the uniformity of distribution
even more than upon the average depth applied. If a large unit
head of water is turned into each land or furrow, the soil may be
washed or eroded, or, on clayey soil, the water may reach the lower
end and be turned off before much has been absorbed. If the head
is too small, then on sandy soil it will be absorbed in the upper
part of the field and the lower part of the field will receive a relatively light irrigation. But the head can be varied between quite
wide limits, and it should be the dependent variable. On each field
it is necessary to ascertain by trial the optimum quantity for ihe
unit head.
The length of the furrow, likewise, can be varied if taken in
time. One rancher in the Salt River Valley during the past summer ran water in furrows 330 feet long and his neighbor ran the
same stream, when it came his turn in the rotation, in furrows onehalf mile long. Many cases have been noted where water has been
wasted downward by deep percolation below the reach of plant
roots in the upper part of fields, and the cause assigned has been
that the lands were too long. But in most cases the waste of water
could be prevented by turning the direction of irrigation so as tot
get more slope or, the more practical way, by increasing the unit
head of water. On the other hand, sometimes the rancher finds
that the lower part of his field is getting the larger proportion of
the water. Usually he wishes to regrade his field so as to have less
fall in the lands, but his more rational solution is to reduce the unit
head.
The character of the soil, the crop, the slope, the length of run
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and the unit head are interdependent upon each other. Any one
may be taken as a function of the others, and the efficiency of n legation is a compound function of them all. In many cases of la} ing
out new projects, the head of water has been assumed as one of the
independent variables, and the slope for the furrows has been made
to conform thereto, but probably the better -way would be to um
the water down the natural slope and thus save in the cost of grading and obviate the troubles accompanying a heavy cross-slope, and
then regulate the length of furrows and the unit head to obtain a
uniform distribution of the water.
The importance of problems in the application of water is indicated by the fact that great diversity of practice exists through the
State. The Yuma and Salt River valleys use the border method
largely, the Upper Gila Valley uses the border method, but often
without the borders, the Little Colorado region practices the corrugation system as in the Northwest, while in Yavapai County the
Colorado method of flooding from field laterals prevails In all of
these sections the water is run down the natural slope, except in
the Yuma Valley, where it has become the custom to grade the
lands level. A discussion of land grading for irrigation has been
contributed to the technical press.*
WATER RESOURCES
At the time of the entrance of the United States into the world
war, a survey was made of the condition of irrigation watei supplies in Arizona**. On the whole conditions were found to be
favorable. Two years of exceptionally heavy rainfall had filled the
Roosevelt reservoir and had caused increased flows in all the
streams of the State. It was obvious that the limiting factor in the
increase of agricultural production in this State would not be the
water supply, but rather the amount of labor available. Indeed, it
was possible the past summer to grant temporary water to 15,300
additional acres in the Salt River Valley.
Since the time of that survey, the abnormally low rainfall in
the important watersheds of eastern Arizona has made our water
supplies a matter of grave concern. Already the Upper Gila Valley
and northeastern Arizona have felt the water shortage and the
Roosevelt stored supply has been reduced 35 per cent. Attention is
again called to the need of storage on the Gila River. To the great
'Western Engineering IX, 1, Jan , 1918
**Anzona Magazine VII, 7, May, 1917
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misfortune of Arizona, there has been enough water wasted through
the San Carlos reservoir site during the past three years to have
filled the proposed reservoir five times. The most feasible reservoir
site on the Gila River is at San Carlos, and the efforts of the entire
State should be concentrated on obtaining that reservoir at the
earliest possible moment
Groundwater supplies also are dependent upon the rainfall, but
the effect of seasons of high and low rainfall is not so quickly felt as
in the case of surface supplies
inr: pRorosrn STVTI; WVTER CODE
Special effort has been made, whenever possible, during the
year to present the merits and the urgency of the modern water
code, with its ideal system for adjudicating existing water rights
without litigation, for initiating newr rights, and for State control
and distribution of water supplies. A paper outlining the proposed
code and relating the success of the modern system in the other
irrigated states of the West has been published as Extension Circular No 11. Five meetings have been addressed on the subject,
and resolutions were adopted by the Second Arizona Irrigation
Conference and the National Irrigation Congress iirging Arizona to
fall in line with the other states.
G. E P. SMITH,
Irrigation Engineer.
A. L. ENGER,
Assistant Engineer.

AGRICULTURAL EDUCATION
The University of Arizona College of Agriculture is especially
concerned at this time in meeting the emergency educational requirements that it may be made to serve. The opportunities that
now await the trained agriculturist particularly relate (1) to active
farming operations in which any one with a fair degree of skill and
business ability has now unusually good chances to prosper. Such
staples as alfalfa, with dependent livestock industries; cotton, and
others of the fifty commercial crops that may be grown in this
region, offer varied opportunities for the exercise of skill and advanced knowledge on the part of the investing proprietor. Land
values are yet comparatively moderate in this region and young
men with agricultural training and some practical experience on
the farm are recommended to take up farming as a permanent occupation. (2) Many opportunities in agricultural industries, those
directly connected with farming operations, afford a second class of
opportunities for which scientific agricultural training is indispensable. Creameries, canned-milk factories, dairies, alfalfa meal mills,
canneries, small packing houses, pickling* establishments, cotton
gins, oil presses, fruit-drying establishments, pedigreed seeds, pure
bred livestock, and fancy specialties of all kinds are instances of the
industries that, properly conducted, may become foundations for
profitable businesses. (3) Professional agriculture affords still another class of opportunities to the agricultural college graduate. At
this time there is an unusually strong demand at excellent salaries
for trained men to serve in technical Government positions, as
county agents in the Extension Service, as reclamation and forest
service employes, and as teachers of agriculture in schools and
colleges.
In the wide field of Southwestern agriculture we therefore
have opportunities suited to every temperament, to different degrees of training, and to varying personal situations; and particular
effort is being made at this time to bring those young men and
women not otherwise called upon for service in time of war to cnt-r
some one of the several educational courses in agriculture offered
for their consideration.
The College of Agriculture has attempted to so arrange the curriculum that students who have taken a large part of their instruc-
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tion in other colleges may complete their agricultural education at
the University of Arizona without loss of time or credits in making
the change, and thus avail themselves of the opportunity to obtain
a working knowledge of the various types of farming practiced
under semi-arid conditions. For this reason, and also because of
the strong migration of ne\\ families into the Southwest, the larger
part of our agricultural student body enters with advanced credits,
some coming each year for their senior year's work. This condition
has been met by group requirements with a minimum of specific
requirements in the four years' course rather than a rigid sequence
of subjects which would be practicable only for those entering as
freshmen. Consistent with the requirements of four-year courses in
other Agricultural Colleges, about one-half of the total units necessary for graduation are in the pure sciences on which agriculture
rests, in English and other modern languages, mathematics, drawing, economics, and military tactics. A smaller number of units,
totaling 25, is required in a few specific agricultural subjects which
are considered essential in the successful pursuit of any line of
agricultural work. To insure that the student specializes sufficiently
to take a position in some particular field, a major of 16 additional
units in one of seven groups is required. The groups are agronomy,
horticulture, animal husbandry, agricultural chemistry, biology,
rural engineering, and economics. An additional 14 units chosen
from the major group or from other agricultural subjects are required to round out the student's purely agricultural training. The
balance of the 124 required units, amounting to six units, are free
•electives. This elastic requirement permits the arrangement within
its limits of courses to meet the needs of the individual who wishes
to prepare for professional work, or to engage in farming, or who
conies from other colleges with his course nearing completion.
A special four years' vocational teacher's course in Agriculture
is also offered for those who wish to qualify for service under the
Smith-Hughes Act. The essential difference between the vocational teacher's course and the regular course is the substitution
of sufficient work in psychology and education to meet the State
requirements for a first-class teacher's certificate, and of certain
desirable courses in agricultural education.
The four-year courses are open to high school graduates and to
persons 21 years of age who have not completed the usual entrance
requirements, such persons being permitted later to substitute college credits for deficiencies in preparation. To meet the urgent
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need of a group of persons under 21 years of age, who are also
deficient in preparation necessary to carry much of the work of thi
four years' course a two years' course is available The work of
the short course is selected to be as practical as possible, but the
student is held to the same standard of work regarding time and
scholarship as is required in the four-year courses. Credits obtained by short-course students are applicable to the regular course.
Beginning January 21, 1918, the College of Agriculture will
offer a special short course of four weeks adapted to the needs of
persons who cannot take a full semester's work There will be no
entrance requirement for this course. The course will be so arranged that a wrider range of purely agricultural subjects may be
taken simultaneously than is possible in regular University classes.
No University credit can be given for these courses, but certain
subjects started in the four weeks' short course may be continued
in the Correspondence School and given credit.
EQUIPMENT
The educational equipment has been maintained and improved,
recognizing the fact that equipment should not be allowed to run
down against the time when normal conditions return The new
Agriculture Building has received furnishings, apparatus and supplies during the year, materially improving facilites for both experimentation and instruction The gardens and outside physical
properties have likewise been maintained in proper foitn.
UNIVERSITY OF VRIZONA AGRICUI/TURAI, COLLEGE FARM

The University of Arizona Agricultural College farm, consisting of 80 acres of bottomland three and ont-half miles from the
•campus, is being further reclaimed and affords illustrations relating
to the leveling of land; the reclamation of black alkali by means of
gypsum, barnyard manure and other treatments; the growing of
various forage crops; the manufacture of silage; the pumping ind
economical distribution of water; and the maintenance of various
types of livestock, including work stock, dairy cows, beef cattle,
hogs, sheep and poultry.
Resulting from tl)e necessity of maintaining a considerable
equipment of livestock upon the farm for the use of classes in
animal husbandry, the affairs of the College of Agriculture farm
are now conducted with a view to the maintenance of a considerable
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animal population thereupon. We have upon the place at this time
five horses and mules, twenty-nine dairy animals, eight beef cattle,
thirty-seven sheep, eighteen hogs, and eight ostriches; all of them
illustrating various types of animals and affording good opportunity
for the study of livestock by student classes.
A second silo has been constructed at the University Farm this
year, adjoining the first and so situated that it may be included
within the gable of the new milking barn which is contemplated at
this point.
A development plan has also been laid out for the farm, including particularly buildings and pens for the accommodation of
the livestock. Additional land should be leveled as soon as finances
permit and additional areas made productive in order to accommodate as far as possible the increasing amount of livestock on the
farm.
Educationally considered, the leading features of the [arm as it
is developed, relate to the reclamation of rough alkali ground; 10
the development, pumping and distribution of groundwater supplies ; to the production of standard forage crops; to the study of
various plant introductions and ornamentals; and to the studv of
various types of livestock,
ATTENDANCE
Attendance upon the College of Agriculture for the year, as
expected under war conditions, has fallen away seriously in spite
of a somewhat extensive campaign the previous spring with circular
information for the purpose of maintaining the student personnel.
In this respect our experience has been similar to that of Colleges
of Agriculture throughout the United States. In no single instance,
so far as the writers have been able to ascertain, has such attendance been equal to that of last year. Colleges located in certain
sections of the country, however, seem to have suffered more than
others. Generally speaking, the Rocky Mountain region has suffered most. The Middle Western colleges have suffered less (with
the exception of Wisconsin—about half the attendance last year);
and apparently the Pacific Coast institutions have suffered lea^t of
all, up to this time.
In such an exigency, plainly the maintenance of attendance;
must be accomplished by drawing upon those classes which are not
directly called upon in connection with the war. Courses that
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women can take, including poultry, horticulture and general farm
management, should be emphasized; also short courses for the
benefit of that class of young men between common or high school
age and 21 years. In many cases bright students, even though not
qualified to enter the full four-years 5 course of study, may derive
great benefit from short-course work, ranging in this institution
from four weeks to two years.
VN VlyVbIS OF ATTEND V N C E

In the Twenty-seventh Annual Report the attendance for the
first semester only of the college year 1916-1917 was given. The
complete registration for that year was: Number of students in
two and four years 7 courses and specials 56; other students electing
agriculture 2; total 58. For the first semester of 1917-1918 there
are enrolled: Students in two and four years' courses and specials
27; other students electing agriculture 4; total 31.
An analyses of the causes thus affecting the student body resulted as follows:
Graduated (3 in military service)
7
Returned
14
Failed or withdrew during semester (several now
in military service)
12
Entered military service
12
Changed course
1
Special students completing work
2
Non-resident students left State
2
Permanent agricultural employment
4
Other permanent employment
2
Total
56
As elsewhere throughout the country, the military situation,
appears as the main cause of losses from the student body. In
addition, the same cause in large part accounts for a decrease in the,
number of new students enrolled.
FINANCIAL
Following is a statement of expenditures made on behalf of
educational work during the current year:
R. H, FORBES,
Dean, College of Agriculture.
A. E. VINSON,
Professor of Agricultural Chemistry.

