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Twenty-first Annual Report
ADMINISTRATIVE
A^rictilturalh , the year has been one of varying degrees of prospel it\ in diffeient sections of the Territory. The actual use of stored
water from the parlU constructed Roosevelt Reservoir began in February, 1910, a date which definitely marks the beginning of a new
e] och in Southwestern development and civilization During the
crop season of 1910 the reservoir, supplementing an otherwise unsatisfactory supply, has been worth, probably, one and one-half millions
of dollais to Salt Rner Valley, not to mention the moral value of
assured and certain leturns to the farmers working under its protection Stimulated, no doubt, by this magnificent instance of water
storage, inci cased attention by both public and private agencies is
bein^ devoted to other projects for water development within the
region. The clay bids fair to come when, through the agency of man,
the present-day runoff of Arizona will be almost wholly retained for
beneficial use within her own borders.
In contrast with the prosperity generally enjoyed by irrigators,
range conditions have been severe throughout the Territory. The
long drouth, unprovided against by any system of conservation of
open rari^e resources corresponding to the storage of reservoir water
for the benefit of irrigators, has necessarily caused severe losses to
our stockmen; and the shipment of large numbers of famished cattle
to points outside the Territory. Only in the fenced pastures, experimental and private, and on the supervised ranges within the forest
reserves, have grazing conditions remained at all tolerable. This
contrast of conditions between the two chief branches of agricultural
industry in Arizona, calls forcible attention to the fact that water
storage is but one of the meanings of conservation as applied to Southwestern agriculture. Range storage—the saving up of dry feed,
of seed for reproduction, of favorable surface conditions—is another
interpretation of the term, even yet of major economic significance
in our agricultural production. Within this meaning a barb-wire
fence, properly placed and wisely managed, is equivalent to a storage
dam, and a regulated range becomes the analogue of a reservoir.
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Each saves in its own way the irregular bounties of Nature and wisely
gives them out as they are needed for the benefit of mankind.
The work of the Experiment Station during the year has been
characterized by the completion for publication of several major
lines of research after varying terms of years in their consideration.
The underflow studies along the Rillito, after four years' work, were
published as Bulletin 64, by G. E. P. Smith. This careful survey of
the underground water resources of a typical arid valley is of critical
value at a time when surface water supplies in the arid West have been
fairly well ascertained and in large part anticipated by projects for
utilization. The "waters under the earth/' a resource of unknown
magnitude, yet remain to be ascertained, developed and industrially
applied. The technique employed in underground water study is
therefore fully discussed in Bulletin 64 and the application of methods
to a typical underflow stream described.
The completion for publication of a bulletin, No. 65, of equal
scope on the Grazing Ranges, by J. J. Thornber, closes a study of this
subject by the Arizona Station of some ten years' duration. The
finished work at this time bids fair to be especially useful inasmuch
as conditions seem finally favorable to the enactment of national
legislation to secure the conservation of our public range resources,
and their regulated utilization by stockmen. Though great damage
has resulted in the past through lack of such legislation, there yet
remains latent benefit of immense value to be realized from such
enactment.
The scientific studies in date ripening, likewise, after five years'
work by Dr. Vinson, and the recent economic contributions by Mr.
Freeman to the same subject, have brought this interesting line of
research to definite and successful fruition. The substance of this
work, economically, is that while all varieties of date palms thrive
in the Southwest, the fruit of certain valuable sorts is interfered with by
untimely rains; and our summers are not long and hot enough to bring
the later varieties, especially Deglet Noor, to maturity. Our
artificial ripening processes take up the work where in Nature it is
liable to accident or is left incomplete, and by chemical or physical
agencies, finish the ripening of the fruit. This year's work has resulted in an attractive and valuable product which has been successfully tested commercially on Arizona and California markets. This
subject is in process of publication as Bulletin 66 of the Arizona
Station.
"Irrigation in Arizona" is the title of a detailed study by R. XL
Forbes of the status and probable future of agriculture, mostly by
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irrigation, In Arizona, At a time when the Territory is passing from
an old industrial order to a new, it is desirable, for present information
and future reference, to take account of agricultural areas, water
supplies, irrigation laws and customs, cultural methods, crops, and
other existing resources; together with an estimate of the agricultural
future as indicated by reasonable expectation of development. The
writer has endeavored thus to establish an agricultural bench mark
for the Territory, which is now in process of publication as a bulletin
of the U. S. Department of Agriculture, and also to appear as
Bulletin 63 of this Station. Other lines of work in advanced progress
relate to the forage value of certain cacti, dry-farming investigations
in northeastern and southeastern Arizona, Tunis sheep breeding, and
alfalfa breeding for Southwestern conditions.
From year to year the material equipment and personnel of the
Station has kept pace with the gradually increasing Adams Fund,
until with the present maturity of the fund at $15,000 annually we
find ourselves in possession of an organization which is in wide correspondence with our Territorial agriculture. The total expenditures for
the year covered by this report were $36,458.07, coming, $28,000 from
the Federal Treasury, and $8,458.07 from Territorial and miscellaneous
sources. The recognition and support received from our public is
encouraging and stimulating to those engaged in this branch of public
service. During the year the Station has cooperated with the Arizona
Horticultural Commission, contributing of its means and of the time
of its staff to that organization, which is now well established in usefulness.
EDUCATIONAL
Farmers' Institutes and short courses of instruction, under
Professor Clothier's direction, have continued in popularity and usefulness; and have been held wherever the demand has arisen. These
meetings, though ranging from an audience of half a dozen homesteaders under a railroad water tank at Wellton, to an assembly of three
hundred well-to-do fa rmers in the Mormon Tabernacle at Thatcher, have
been uniformly useful not only to our auditors but also to our lecturers,
who are thus kept in touch with agricultural progress throughout the
Territory* Following is Professor Clothier's resume for the year:
FARMERS' INSTITUTES AND SHORT COURSES
" Thirty-two localities were visited in which forty-three Institutes
were held, with a total of seventy-five sessions. Short Courses in
agriculture lasting from three to four weeks were held at Tempe,
Mesa, and Thatcher, with day sessions at Tempe and both day and
night sessions at Mesa and Thatcher. The subjects presented in these
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short courses were dairying, citrus fruits, and orchard management.
The principal subjects discussed at the Institutes were plant breeding,
varieties of alfalfa, potato culture, citrus insect pests, dairying, care
of milk, rural sanitation, sugar beets, irrigation sediments, selecting
dairy cows, dry-farming, pruning, gardening, home improvement,
our agricultural future, soil management, ornamental planting,
and a few other subjects of local interest.
"The following tabulation shows the number of sessions at all
meetings and the attendance:
MEETING

SESSIONS

A'l TEND <\NC!3

Farmers3 Institutes
..................................
75 ... .......
Night Short Courses, attended largely hy farm GTS and
thar wives
..................................
28 ...
.......
Day Short Courses, attended by high school students. . . .49 ..........
Grand total

3647
1 100
4500

......

"There were one hundred and sc\cnty-five lectures delivered
during the season, apportioned among the various lecturers as follows:
Director R. H. Forbes
...........
7
Piesident 1C C. Bahcock
........
1
Professor R. \V. Clothier ....... 103
Professor J. J. Thoinber ......... 16

Professor Geo, F. Pieeman, . . . . . 33
Dr. W. B. MeColtum ..... . . . . . 8
Dr. A. W. Mori ill
.............
5
Instructor W. 1,. Fouler ........ 2

R. W. CLOTHIKK,
Superintendent of Farmer \* hnhtnh s/ J
PERSONAL
With the exception of Dr. W. B. McCallum, who went to Mexico
with the Mexican-Continental Rubber Company, there have been
no withdrawals from the Station Staff during the year. T\\o new*
members have been appointed —Mr. Alexander M. McOmie, of Utah,
assistant agriculturist; and Mr. Charles H. Clark, of North Dakota,
assistant plant breeder. These appointments will strengthen the
investigations to which they are related, and are of a character intended to safeguard the lines of work concerned in the event of those
major losses from the Staff which sometimes occur in spite of efforts
and policy to the contrary.
Acknowledgement is due for the efficient service rendered the
Station by the experienced workmen in charge of various experimental
undertakings in different parts of the Territory. To the common
sense and agricultural skill of such men as Messrs. 1$. L. Crane, at the
Yuma Date Orchard; F, H. Simmons, of the Tempo Date Orchard;
the Acuff brothers at the Experiment Station Farm, Phoenix; W, J.
Flake, at the Northeastern Dry-farm, near Snowflake; Kd. Bower, at
the Southeastern Dry -farm, near McNeil; W. B. McCleary, of the
Range Reserve, Helvetia; and Santos Higuera, of the Station
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greenhouses at Tucson; is due the successful outcome of experimental work not possible without their aid and cooperation.
PUBLICATIONS
The following publications have been issued during the year;
hut the literary production is much greater than indicated by the subjoined list, which does not include papers still in the printer's hands:
Bulletin 61, Oct. 20, 1909. Relation of Weather to Crops and Varieties Adapted
to Arizona Conditions.
—By Alfred J. McClatchie and J. Eliot Coit
Bulletin 62, Dec. 24, 1909. Olive Culture and Oil Manufacture in the Arid
Southwest.
—By J. Eliot Coit.
Twentieth Annual Report, Dec. 31, 1909.
—By the Station Staff.
Bulletin 64, May 12, 1910. Groundwater Supply and Irrigation in the Rillito
Valley.
—By G. E. P. Smith.

Timely Hints for Farmers:
No. 81, "Dec. 15, 1900. Pruning of Ornamental Plants. —By J. J. Thornber.
No. 82, Dec. 30, 1909. Tomato Culture. —By R.H.Forbes and E.I/.Crane.
No. 83, Tan. 26, 1910. Drought-Resistant Plants for the Arid Southwest.
—By J. J. Thornber.
No. 84, June 29, 1910. Sorghum as a Forage and Grain Ration for Sheep.
—By F. W. Wilson.
Papers published in scientific and technical journals:
The Influence of Chemicals in Stimulating the Ripening of Fruits.—By A. E.
Vinson, Science, N. S., Vol. XXX, No. 774, pp. 604-605, October 29, 1909
The Stimulation of Premature Ripening by Chemical Means.—By A. E. Vinson,
The Journal of the American Chemical Society, Vol. XXXII, No. 2,
February, 1910.
The Chemical Organisation of a Typical Fruit.—By A. E. Vinson, Plant World,
Vol. XIII, No. 1, January, 1910.
Fixing and Staining Tannin in Plant Tissues with Nitrous Ethers.—By A. E.
Vinson, Botanical Gazette, 49: 222-224, No. 3, March, 1910.

Beginning with Volume V the bulletin text page has been increased about twenty-two percent in capacity, although the outside
dimensions remain about the same—6 x 9 inches. The larger size
of the text page gives more room for cuts and materially reduces the
cost of printing. A more modern style of typography has been
adopted in the omission of terminal punctuation from title pages,
and from chapter, paragraph and table headings—an improvement which adds much to the appearance of our printed page.
"Timely Hints for Farmers" remain a most useful and popular
feature of our publications; but the main literary effort of the
Staff is put into the more technical station bulletins.
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FINANCIAL
Following is the usual detailed and self-explanatory statement
by schedules, funds, departments and projects for the year. The?
resources from which these expenditures, totalling £36,458.07, were
derived, appear in the subjoined table:
Hatch Fund
Adams Fund
Farm sales, Station Farm
Sales, Tempe Date Orchard
Produce, Yunia Bate Orchard
Misc. sales, rentals, fees, etc
Southern Pacific Fund
El Paso & Southwestern Fund
Institute work, Laws of 1909
Dry-farming, Laws of 1909
Date Orchards, Laws of 1909...
Publications, Laws of 1909
Overdraft to 1910-1911
Less overdraft at beginning of year

$15,000. Of)
13,000 Of)
#817.93
14-S. 75
5 16. If)
... 181. 64

$193.32
88.49

Total

1,667. 72
?c>2. 3(>
870.9i
09 1.81
933. 0 }
2,181 I S
1,40.26
10 t. S *
$36,458.07

R. II. FORDKS,

Director,
K, D. TROUT,
Secret m y

Investigations in dn-farming ha\e been continued on the expeiimenial dry-farm at McNeal, in Sulphur Springs Valley, and we
now have the results of two seasons' work in this locality, some of
which are quite promising and others less so. Crops were also grown
this season on the experimental dry-farm at Snowflake, but the season
was so unfavoiable that no results worth mentioning were obtained.
In Sulphur Springs Valley experiments were carried on: (1) To
determine the effect of a small amount of supplemental irrigation
given befoie the crops were planted upon the subsequent yield of
the crop, as compared with plots not so irrigated; (2) To determine
the relative merits of two types of soil; (3) to determine the value of
summer fallowing compared with continuous cropping; (4) To determine the relative merits of different varieties of crops. The season
was, on the whole, unfavorable. There was no winter rain sufficient
to penetrate the clust mulch. The summer rains were delayed until
July 22, and then came with a violent storm, which was followed by
a similar storm on August 1. These storms so packed the earth over
the seeds that many of them failed to come, rendering a large number
of our plots worthless for experimental purposes and seriously injuring
many others. This was particularly true of beans, no two plots out
of a dozen producing sufficient stand for comparable results. The
month of August furnished over eight inches of rain, but this continued
to come in violent storms which caked the ground in the furrows and
around the plants, causing considerable cracking of the soil and, presumably, much loss of moisture. The surface cultivator, which was
successful last year, was insufficient to thoroughly pulverize or cover
this crust in the rows. A bounteous crop of weeds sprang up and grew
rapidly, especially in the rows where they could not be reached by
the cultivator, and as labor is scarce at this season of the year in Sulphur Springs Valley it was impossible to secure enough help to cut
all the weeds. On the whole we may consider the method of furrow
planting used successfully last year to have been a complete failure
this year, especially when combined with shallow surface cultivation.
This indicates that more work must be done on methods of planting
and cultivation.
This year, as last year, the crops averaged better on the lighter
type of soil though in one or two specific instances larger yields were
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obtained on the heavier soil. In general a better stand was obtained
on the heavier soil, owing to more shallow planting. Some of the
more promising results obtained are shown in the following tables:
PILOTS RECEIVING NO IRRIGATION
Corrected
Damage
if unby birds yield,
damaged

Soil

Stand

Yield
per acre

Sorghum

Heavy soil fallowed
last year,
not previously cropped.

Good

3. 18 tons

None

Sorghum

lighter soil, fallowed
last year, cropped two
preceding years.

Good

2.56 tons

None

Sorghum

Lighter soil, cropped Medium 1.26 tons
three preceding years.

None

Kaffir corn

Heavy soil, fallowed Medium 2.00 tons
last year,
not previously cropped.

Squaw corn

Lighter soil, fallowed Medium
last year, cropped two
preceding years.

8.9 bu.

15%

10,4 bu.

Soft Mexican
corn

Lighter soil, fallowed
last year, cropped two
preceding years.

Good

7.3 bu.

20%

9.1 bu.

White Flint
corn

Lighter soil, cropped
thiee preceding years.

Half
stand

6.1 bu.

1S%

7.2 bu.

Brown Tepary
beans

Heavy soil, fallowed Medium 317 Ibs.
last year, not previously cropped.

None

Brown Tepary
beans

Lighter soil, fallowed
last year, cropped two
preceding years.

None

Crop

Less
than
half
stand

232 Ibs.
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PLOTS IRRIGATED BEFORE PLANTING; LIGHT SOIL.
Crop

Distance
from tank

Stand

Yield per Damage Corrected
acre
if unby birds yield
damaged

Red Dent corn] 400 feet

Good, but one-third not
up till rains of July 22

5.7 bu.

None

Red Dent corn

170 feet

Good, but harvested too
early

11.0 bu.

None

Brown Tepary
beans

230 feet

Good

732 Ibs.

None

Sorghum

360 feet

Poor

Forage
2.1 tons
Seed
400 Ibs.

None

Milo Maize

120 feet

Good

White Flint
corn

525 feet Medium, one-third not
up till after rains of
July 22

Forage
1.75 tons
Grain
1404 Ibs.
or 25 bu.

10.0 bu.

50%

Grain
2808 Ibs,
or 50 bu,

40%

16.0 bu.

As might be expected, the yields from the plots receiving supplemental irrigation surpassed those not irrigated. This advantage,
however, was not due so much to the increased amount of water as
it was to the fact that the application of a small amount of water at
the right time gave these crops nearly seven weeks earlier start, and
by the time the summer rains came they had developed large root
systems and were able to use all the rainfall as fast as it came. They
were also large enough to shade the ground and prevent the enormous
growth of weeds that occurred on the other plots. The ground used
in these tests was a strip 570 feet long by 192 feet wide, containing
approximately two and one-half acres, which was cropped last year.
The soil was of a light sandy type. It was irrigated by running the
water down furrows three and one-half feet apart, extending the long
way of the field. The water was pumped by a windmill and stored
in an "adobe" tank until sufficient was obtained to irrigate several
furrows, when it was applied to the soil. The wind run was so light
during the winter that it required from December 1 to May 17 to
irrigate all the field once in this manner. It was estimated that enough
water was applied in the furrows to have covered the field about two
inches deep if it had been applied by flooding, or in other words about
two acre-inches of water was applied to this field from December
1 to May 17* Between May 17 and June 7, when planting was
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begun, another Irrigation of two acre-inches of water was applied to
about two-thirds of the area, again running the furrows lengthwise ol
the field, but splitting the ridges between the first set of furro\vs. After
each application of water the furrows were closed and harrowed at
intervals thereafter to prevent loss of moisture through crusting.
Notwithstanding this precaution, however, considerable moisture
was lost, as shown by the fact that crops planted on that part of the
field not irrigated the second time failed to come up on half of the
field farthest away from the water tank. The plots were laid off at
right angles to the furrows of irrigation and a repetition of the same
crop at different distances from the water tank shows that by this
method of applying water the land nearest the source of water supply
receives more water than that farther away.
The attempt to store water from last season's rainfall by fallou ing
was not a great success. The fallowed plots reached the season of
summer rainfall with about the same amount of water they had
at the beginning of the rainy season last year. This unfiuomble result may be explained as follows: First, the rainfall of last season
penetrated only to a depth of about twro and one-half feet. Second,
a crust persists in forming beneath our dust mulch, notwithstanding
the fact that we keep the soil loose and dry to a depth of five inches.
The temperature of this dry soil rises very high during the months
of April, May, June, and a part of July, in the clay, and falls considerably at night. This must cause a constant movement of air into
and out of the soil and. the outgoing air takes the moisture it lias
extracted from the soil along with it. Temperature records taken
June 10 showed variations as follows: At two and three-fourtlis
inches deep, 72 degrees at 7:00 A. M., and 113 degrees at 5:30 j>. w.
At five inches deep, the surface of the crust, 77 degrees at 7:00 A. M.,
and 100 degrees at 5:30 P. M. At one inch in depth the temperature
of the soil at 11:30 A. M. was 125 degrees, and at 5:30 p. M. 120 degrees.
While the results of the season's work are disappointing in some
cases, with regard to yields, they are very encouraging with regard to
the amount of information obtained, and we believe they have served
to definitely outline the problems that confront us and to indicate the
line of investigation to be followed in the future. The growing season
this year was entirely too short to mature the most of our crops and
rainfall records indicate that this will often be the case. The results
obtained with supplemental irrigation become very significant when
viewed in this light, A more detailed discussion of the work of the
past two years IK ill be given in a forthcoming publication.
R. W, CumiiBR,
Agriculturist.

BOTANY
CONDITIONS ON THE RANGES
Though the summer rainfall of 1909 was generally favorable to
the grazing industry, there was a pronounced shortage of feed on
over-grazed ranges toward the close of the year ending with June, 1910.
This was due both to low winter temperatures and to scanty and
untimely rainfall throughout the winter season 1909-1910, as a
result of which there was no late winter or spring growth. This condition was true for southern Arizona as a whole. Added to the above,
the rains for the summer of 1910 were later than usual and considerably below the average, so that altogether the year has been anything
but favorable for the stock raising industry. This simply adds another
instance of the complete change, under our climatic conditions, from
a condition of plenty to one of want and starvation, taking place within
the course of a few months on our grazing ranges.
THE SMAUy RANGE RESERVE

On this area, which represents lower mesa conditions, improvement has been practically at a standstill since December, 1909. The
precipitation for the year ending with June 30, 1910, was exactly 10
inches, of which 74.4 percent fell during the summer growing period,
and but 22.9 percent within the winter and spring season. The above
rainfall was two inches less than the average annual for this tract for
the last nine years, though twice during this period the annual rainfall here has fallen below that of the past year, viz., for the twelve
months ending June 30, 1902, when the total was but 6.01 inches,
and for the year ending with June 30, 1904, when 7.64 inches fell.
The average rainfall on this area for the three years ending with June
30, 1904, was 8.51 inches, while that for the following five years was
14.49 inches, or nearly double the former amount It seems, therefore, that a period of heavier precipitation than the average has been
passed through, and that now for a few years a lighter rainfall may
be expected.
The summer rains for 1909 set in heavily in July with a precipitation of 3.85 inches and ended the first week in September with L10
inches for that month. During this period there was sufficient soil
moisture present to keep the annual species growing quite continuously
and hence a heavy growth of these plants obtained over much of the
better class of lower mesa country. In swales the yields of these
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plants often ranged between 500 and 1,200 pounds of dried forage
to the acre; while less favorable areas having limited soil and covered
with a growth of creosote bushes yielded commonly but one-fourth
to one-third as much. Crowfoot or mesa grama (Boutcloiia Rothrockii) was even more plentiful than during the summers 1903 and
1904. Between Oracle and the Tortolito Mountains this grass grew
in such abundance as to be cut occasionally for hav.
As already noted, the winter rains were very unfavorable for
plant growth. They were neither heavy nor general, and, in addition,
they came to an end by the middle of January. During the season of
rapid growth for winter annuals—February to April inclusivethere was not a drop of rainfall on the mesas. Besides this, the winter
temperatures continued too low for good growth for nearly a month
after the last rain had fallen. Accordingly, the winter annual growth,
which was held back for a time by low temperatures, came to an abrupt
end when but two inches high on account of insufficient moisture in
the soil. As late as the middle of February there were fair stands
of Indian wheat and similar annuals over much of the lower mesa
country, which with moderate rains in February and March would have
made good grazing.
Silver top or feather blue stem (Andropogon saaharoult \) has
continued to do well and thus far has not suffered, to all appearances,
from the present drouth. Its yield during the past summer, /, e.f
1910, was nearly as heavy as usual, and a considerable amount of
seed was collected. An acre plat sown late in July, 1909, on the small
range reserve came tlirough the drouthy winter, spring and foresummer with a poor stand on account of the seedling plants not being
sufficiently well established before the long dry spell set in. This
simply confirms earlier observations, viz., that these plants must be
well rooted before they are able to resist prolonged drouth. All
other grasses sown at this time, including sweet grass (Chloric mrgata)>
Rhodes grass (Chloris Gayana), and fine top salt grass (Sporobolu?
a^ro^des), died out completely.
THE LARGE RANGE ENCLOSURE

Practically the same conditions obtained here as have just been
notect for the small range reserve. There was an excellent growth of
the perennial grasses above the altitude of 3,500 feet during the
summer of 1909. This was noticeably heavier than it had been before,
and in many instances grew as thick on the ground as it would get
under ordinarily favorable conditions. This was especially so in the
case of such grasses as crowfoot or mesa grama (Bouteloua Rothrotkii)
and spruce-top grama (Bouteloua bromoides). In the lower part of
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the pasture the summer annual growth, in particular, has been increasing slowly during the past three seasons, though for the summer
of 1910 it was somewhat reduced. Large areas still remain, however,
with but little else than the usual shrubby growth.
Settlers residing in the vicinity of this large fenced area have
been granted permission by the U. S. Department of Agriculture and
the Arizona Experiment Station to cut hay for their own use during
the past two summer seasons. The areas selected for haying ranged
from a few to eighty acres in extent, and were level and relativelv
free from shrubby growth. At the time the grass was cut, Mr.
Jobson, of the Department, was present to superintend assigning and
measuring of the areas to be cut over, together with their respective
yields. In connection with the estimates given below it is interesting
to recall that previous to the time this area was fenced it was never
possible to cut hay from more than small patches of the best of this
land, even during the more favorable years. The heaviest yield during the year 1909 was at the rate of 2,195 pounds of hay to the acre,
though this included considerable dead grass of previous seasons'
growth, besides some weeds
Of the various lots of hay cut during the past summer, the following yields may be noted:
1. Jesus Felix: 40 acres one mile west of Box Canyon and threequarters of a mile north of Helvetia road. Yield, 504 pounds of hay
to the acre. The principal grasses were crowfoot or mesa grama and
Aristida amcricana.
2. Felix Ruelas: 40 acres north of Helvetia road and half way
between Box Canyon and Pyramid Hill. Average yield, 595 pounds
of hay to the acre. The principal grasses were Texas poverty grass
(Anstida diver gens} and Aristida americana.
3. Charles Proctor and Charles Bayless: 80 acres one and onefourth miles west of Box Canyon and one mile south of Helvetia road.
Yield, 1,475 pounds of hay to the acre, some of which was dead grass.
The principal species were crowfoot or mesa grama and Aristida
americana.
The following areas also were cut for demonstration purposes:
4. Two acres one mile west of Box Canyon and one mile south
of Helvetia road. Yield, 572 pounds to the acre. This land had been
burned over the previous spring. Spruce-top grama was the principal
grass.
5. Two acres two miles west of Box Canyon, lying against the
fence on the south side of the enclosure. Yield, 1,036 pounds to the
acre. This land was cut over the previous year by the Empire Land
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& Cattle Company. The principal species were Texas poverty grass,
spruce-top grama, and Afistida amencana.
In addition to the above, a drove of 1,200 sheep of the Bayless
& Berkalew Company, Tucson, were grazed in this pasture during
the period December to May, inclusive, when it became necessary to
remove them on account of shortage of water. Recently a second
band of sheep belonging to the same firm has been placed in this enclosure where it is believed they will be able to graze for a longer period
by conserving the water supply at the old stone dam in Box Canyon.
COMPLETION OF BULLETIN ON THE GRAZING RANGES

A general bulletin on the grazing lands of Arizona, entitled
"Range Conditions in Arizona/' was completed last June, though on
account of unavoidable delays it is still in the printer's hands. It is
quite comprehensive in character, being divided into six sections, as
follows:
Chapter I. Climatic conditions,
Chapter II. Forage Plants of Arizona and their Relation to
Rainfall.
Chapter III. Protected Enclosures versus Open Ranges.
Chapter IV. vStorm Water Embankments or Dams,
Chapter V. Cultural Operations on the Small Range Reserve.
Chapter VI. The Past, Present, and Future of our Grazing
Ranges.
This work has been under consideration by the botanical department for ten years, nevertheless, a large amount still remains to be
done. Much of practical and scientific value has been found out,
which appears in the publication The conclusions arrived at are, in
the main, in accord with the measures advocated by the American
National Live Stock Association and affiliated bodies, and also with
the opinions of practical stockmen of long years' experience. Briefly,
they are as follows: (1) Free and unrestricted grazing is largely
responsible for the present deplorable overgrazed and denuded condition of the ranges; (2) The only practical solution of this problem
is to control grazing on the public lands by means of reasonably long
tenure leases, with a nominal charge, with privilege of fencing in all
instances. It is contended that fencing will go far toward restoring
to their former productive capacity large overgrazed areas, particularly perennial or bunch grass lands, and thus place the grazing industry on a more secure basis and build it up; (3) It is recommended
that laws be enacted allowing bona fide settlers to file on homesteads
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for grazing purposes, with the privilege of leasing sufficient more
grazing land in the immediate vicinity to enable an average family
to make a comfortable living, such as may be had on a quarter-section
of land in the agricultural parts of Kansas or the Dakotas; (4) Following the recommendations of the American National Live Stock
Association in the grazing bill drawn up by this body, and now before
Congress for action, it is suggested that the Government have general
supervision of this work, though the details be left as far as possible
with the various States and Territories.
Range study, in superficial extent, is the most general and widespread problem we have, and one of the most important ones before
the people of Arizona today. Its study should, therefore, be continued and extended to include grazing lands in remoter parts of the
Territory and also at the higher altitudes. The successful demonstration of even nominal returns makes possible the utilization in a
practical way of large areas in the Southwest which otherwise must
continue to remain barren and unproductive.
In addition to the above publication, there have appeared from
the writer during the past year the following lesser ones: (1) Pruning
of Ornamental Plants; Timely Hints for Farmers, No. 81, Dec. 1909.
(2) Drought-Resistant Plants for the Arid Southwest; Timely Hints
for Farmers, No. 83, Jan., 1910. (3) The Horticultural Outlook in
Arizona; the Tucson Citizen, Souvenir Edition, May, 5, 1910. (4)
What to Plant in the Winter Flower Garden; Ariz. Daily Star. Sept.
19, 1909.
(5) Desirable and Undesirable Trees for Planting in
Southern Arizona; Ariz. Daily Star, Feb. 10, 1910.
PLANT INTRODUCTION AND ACCLIMATIZATION
This work has always been popular in Experiment Station circles,
though never carried on systematically. For some years the writer
has given a limited amount of time to the study of native and introduced plants under cultivation in the Southwest, and to the introduction of new and promising varieties, with the result that there is now
at hand a working knowledge of the cultivated plants of our region.
Besides tiis, a considerable number of new forms have been added to
our list of hardy desirable plants. It becomes possible now to give
more attention to plant introduction which, with the present equipment, can be carried on at small expense. In connection with the
study of comparative resistance in plants, small areas are available
at the date-palm orchard at Tempe for such varieties as thrive in alkaline soils; at Yuma for species requiring extra-tropic conditions; on
the small range enclosure and the Experiment Station dry-farms for
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extremely drouth-resistant plants; and on the University grounds at
Tucson for hardy, miscellaneous shrubs and trees. This work is
concerned particularly with the introduction and acclimatization of
new and hardy varieties of fruit and wood-producing trees, forages,
and browse plants, besides plants for special conditions, as alkaline
or seepage areas, in fact anything that may be of benefit to the Southwestern planter and farmer. It should be understood that the study
of ornamentals, which has come to be of greater importance over the
country within recent years, is only a small feature of the work.
More attention is being given to the native species which as yet have*
received little economic notice. During the past year over 300 varieties of plants have been under observation. Many of these were
had by seed and plant exchanges, though a considerable number were
donated through the generosity of the Southern California Accli
matizing Association, Santa Barbara, Cal.
STUDIES IN THE NATIVE FLORA
As in the past, the writer continues to examine and determine
without cost, specimens of seeds, weeds, grasses, trees, and other
miscellaneous plants sent in from correspondents over the Territory.
Such material may be sent directly to the botanist of the Experiment Station for identification.
During the past year, in addition to the collections made by the
writer, more than 700 specimens have been received and identified
from numerous correspondents, a task requiring nearly three weeks"
time. Of these, about one-half, containing 50 species new to our
collections, were sent in by Mr. Leslie N. Goodding, of the Bisbee High
School, Another collection of more than usual importance was received from M. French Oilman, Sacaton, Arizona. As fast as these
specimens are identified they are mounted on heavy paper and filed
away in the herbarium where they may be had for future reference,

J, J. THORNBER,
Botanist.

PLANT
While in establishing Plant Breeding as a major line of work at
this Station it is proposed, ultimately, to take up the breeding of the
various field crops, fruits, or vegetables as occasion may arise; present
needs demand that our principal attention be given to the improvement of alfalfa. This is so for the following reasons:
1, Alfalfa is the most important single crop in Arizona, making
at the present time more than half of the total farm acreage of the
Territory.
2 The alfalfa now growing in the Territory contains many
visibly variant strains, some of which mast undoubtedly be better
than others,
3. The cultural, soil, and climatic peculiarities of Arizona
demand that a strain of alfalfa be found or produced which shall be
especially adapted to withstand our extreme conditions.
The following projects in alfalfa breeding were therefore outlined:
1. Test of regional varieties,
2. Breeding for improvement by simple selection from (a) Ordinary Arizona alfalfa, and from (6) Regional varieties.
Under these headings it was proposed to investigate: (1) The
relative value in Arizona of varieties of alfalfa imported from various
foreign countries; (2) The extent to which such visible economic
characters as leafitiess, habit, vigor of growth, and seeding ability
are hereditary, and their use as indices for selection in the establishing
of new and improved varieties; (3) The relation of transpiration to
drouth resistance; (4) Effect of in-breeding on vigor of growth;
(5) The extent of cross-pollination of aflalfa grown in the open.
In addition to the work above outlined for alfalfa, investigations
concerning the varieties and relative value of the native beans found
among the Indians of the Southwest have been instituted, plans for
systematic work in date breeding have been drawn up and over half
of the crop of Deglet Noor dates from the Tempe Orchard has been
artificially ripened and marketed,. Consequent upon the resignation
of Dr.- McCallum, the identification of plant diseases, with related
correspondence, has fallen to the lot of the writer.
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ALFALFA VARIETIES

For the purpose of this investigation there was fortunately available,
and conveniently situated on the Experiment Station Farm at Phoenix,
forty-four one-twentieth acre plots representing twenty-six distinct
strains of alfalfa from practically every alfalfa-growing region in the
world. Grouping the strains into regional varieties, there were nine
plots representing seven distinct strains from Mexico and South
America, five plots with five strains from different parts of the United
States, eleven plots representing ten different strains from Turkestan
and other parts of Asia, thirteen plots with four separate strains from
Arabia, Algeria, and Tunis, and one plot of unknown origin. In
addition to such general notes as appearance, habit, vigor, stand, etc.,
the following quantitative data have been taken: Date of cutting
with yield, date of irrigation with quantity of water applied, average
height, percentage of leaves, percent of moisture in the green and
air dry hay, and percent of nitrogen in both stems and leaves for each
cutting. Although the vast amount of data thus furnished has not
yet been completely summarized and digested, preliminary results
seem to indicate that many interesting and valuable facts will be
learned.
Perhaps one of the most striking of the season's observations of
these plots is the wide variation in the character of the plots from the
same general region. High and low yielding strains have come from
every region from which seeds have been drawn. liven the type
varies strongly. Among the Asiatic strains one type occurs which
strongly resembles the typical Peruvian alfalfa; the plots from Europe
show a strain of typical Sand Lucerne aside from the ordinary alfalfa
that might be expected from that region; and among the South American alfalfas there are two distinct types. While those from the Mediterranean littoral are perhaps more uniform than the others, even here
one strain occurs which can not easily be distinguished from the
ordinary American type, Even within the same plot many different
strains and types occur, Among the stout, stemmy, narrow-leaved
and strongly hairy plants on the plots of the Peruvian type, individuals may be found running all the way from the ordinary small-leaved
smooth American alfalfa, to the large, succulent, broad-leaved alfalfas
of the Mediterranean region.
These facts, perhaps more than anything else, emphasize the
necessity for carefully testing each importation of foreign strains
and the purification of them by selection to type before they are
broadly recommended or distributed for general planting. The fact
that a sample of alfalfa seed is imported from Turkestan or some

379

ARIZONA AGRICULTURAL EXPERIMENT STATION

similar part of Asia does not necessarily mean that it is good. It may
be excellent and it may be comparatively worthless. One unquesDATA ON VARIETY TESTS FOR THE SFASON 1910
of
Region from which seed Number Number
Percent
originally came
of plots distinct
of stand
strains
Asiatic varieties,
mostly Turkestan.
United States

Yield per A Percent oi Yields per A.
in Ibs green plots show- of maximum
hay, whole ing seven and minimum
season.
cuttings yielding plots

11

10

88.33

48783

00

5

5

86.69

49034

20

616391bs,
40570 "
54234 "

43131

"

Mexico and
South America

9

7

87.72

45258

11

53952 "
30470 »

Kurope

5

4

86 83

50463

00

596?3 "
42463 "

Arabia, Algeria and
the Mediterranean
littoral

13

4

65.35

37265

62

57824 "
1'5228 "

tionable value of these regional strains, on the other hand, is their
use as foundation stock for breeding of pure and improved varieties
especially adapted to this climate and soil. While all the strains so
far examined are mixtures, the high yielding power of certain importations is undoubtedly due to the predominating presence of one or more
races of superior quality. It is of importance, therefore, to make
comparative tests and study of these alfalfas in order to locate and
isolate the excellent pure races.
At the beginning of the work these plots were all from four to
six years old. Since the stand was originally good on all plots, and
the ground is fairly uniform and level, the present condition in this
respect represents, with some degree of accuracy, the lasting power
of the different strains. It is interesting, therefore, to note the fact
that the average stand of all the regional varieties are practically the
same, running from 86.7 to 88.3 percent of a perfect stand, with the exception of the alfalfas from the Mediterranean region. Practically all
of these have lost stand badly, so that the average of the thirteen
plots is only 65.3 percent. The effect of the poor stand on the yield
is very marked, reducing the average of these plots to 37,265 Ibs. of
green stuff per acre as against 45,258 Ibs. per acre for the lowest
average of the other regional varieties. Had these alfalfas been able
to hold stand, their position in the list of comparative yields might
have been other than at the bottom, for in spite of the handicap of
vigorous weeds, which took the place of the missing alfalfa plants,
more than half of these plots produced seven cuttings- Not more
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than one-fifth of the plots of any of the other regional varieties showed
this number. These succulent and vigorous alfalfas start earlier in
the spring, bringing the plants into readiness for the first cutting,
on an average, five days earlier than for any of the other regional
collections. Their ability to recover quickly after each cutting and
to grow vigorously in the fall after the nights begin to get cool would
make these strains great yielders if the stand could be maintained.
The cause for loss of stand has not yet been ascertained, but it is possible that it may be due to their inability to withstand drouth in times
of scarcity of water or to their tendency to remain succulent during
the winter, thereby inducing winter-killing even in this mild climate.
ALFALFA BREEDING
The work in the selective breeding of alfalfa was begun in early
September, 1909. For this purpose about two acres of alfalfa, at
that time six years old and known to be of local origin, was rented of
Mr. A. L. Andrews, whose farm lies adjoining that of the Experiment
Station, and in addition about one-third of an acre was set apart on the
Station Farm. This plot originated from seed bought on the market
at Phoenix, that in all probability was grown in Salt River Valley,
as the general market of Phoenix exports rather than imports alfalfa
seed. From these plots 129 separate plants were selected to be used
as mother plants. Selections were made with two purposes in view;
First, to secure plants of striking and excellent qualities; and second,
to analyze the composition of the field by securing representatives
of all the different distinct types found growing in admixture therein.
The individually selected plants were then enclosed in cages made of
window wire screening to prevent access to the flowers of bees and
other insects whose passing from one plant to another would bring
about the impurity of the resulting seed crop. Since, however,
alfalfa flowers will set very few seed without the aid of insects or
other means of pollination, this had to be done artificially by hand.
Artificial, close-pollination may be easily and rapidly accomplished
by lightly compressing the flower clusters between the fingers, whereby
the stamens and pistils are released from the folds of the keel and the
pollen is allowed to reach the stigma. In this way pure, close-pollinated seeds were secured from fifty of the selected plants. In order
to gain time the seed thus obtained were planted in the greenhouse
in flats. When three inches high they were transferred to three-inch
pots and then again later to five-inch pots. By this means when the
spring growing season arrived the plants were already provided with •
a strong root system and when set in the testing garden were at once
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ready to begin the production of vigorous 'crops. In this way two
light and four heavy crops of hay were obtained from forty-three
pure races. On these the following data were taken: Dates of
cuttings; average yield of hay per plant, both green and air dry;
average number of stems per plant; average height; percent of leaves;
dates of flowering; shape and size of leaves; habit and uniformity
of type. The separation of stems and leaves of only two cuttings
have been completed but these indicate that there is a wide and constant variation in the different races in this respect. This fact is
well illustrated in the following table of selected instances.
DATA ON SELECTED PURE STRAINS FOR THE SEASON 1910
Serial number

12
14
16
17
57.
87
88
96
98
102 .
103
105
112
121
122
123.

Percent of Average green
Number of
leaves; two wt, per plant;
plants in race cuttings four cuttings

51
25
47
43
21
27
31
22
30
21
40
50
43
45
107
57

,

Average

61
68
60
68
63
61
61
64
59
64
65
61
56
63
62
55

250
204
266
199
195
205
284
192
259
223
317
349
307
259
267

58

251 "

234 grams

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

The uniformity of type within a pure race was in general strongly
marked, but a few cases occurred in which there were wide variations
in the type of plants coming from the close-fertilized seed of a single
individual. This would indicate that in some instances the mother
plant selected was itself a hybrid with respect to certain characters.
The plants coming from the seed of such a parent, being in the second
generation from this cross, would, therefore, naturally be expected to
show variability in respect to the characters crossed in the grand parents. Further selection would be necessary to fix a type in such a
case.
In those pure races, in which the type was uniform, comparison
with the selected mother plants showed that such economic characters
as leafiness, habit, and vigor are strongly hereditary. Such pure
races growing side by side show a striking contrast. Thus, numbers
16 and 17, whose Another plants were growing within three feet of
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each other in the field from which they were selected, were found
widely different in habit and appearance as well as in economic value.
The offspring from No. 16 were uniformly slender, and scanty of
leaves. The latter were also small in size and narrow. The plants
growing from No. 17 were large and vigorous, strongly branching and
dense, with large, broad, succulent leaves. Note in the table that
No. 17 produced 8 percent more leaves and 30 percent more hay
than did No. 16. The range of variation in leafiness was from about 50
to 70 percent whereas that for yield showed some pure races to be able
to produce on an average nearly twice as much as others. Based on
their performance through six cuttings, selection has been made of
four of the races which seemed to show the greatest promise of economic value. These four races are to be increased as rapidlv as possible in order to get field plots for further testing and the production
of seed. For this purpose the two small greenhouses are being used
to save time in the breeding operations, by growing in them, from
these races, a crop of seeds during the winter in readiness for early
field planting the coming spring.
The races left in the testing garden are soon to be discarded and
the ground cleared for testing, during the coming summer, some
thirty-five pure races now growing in pots in the greenhouses. In
this "way the available greenhouses and testing gardens at the Univeisity are to be run to their fullest capacity as a laboratory for the first
elimination of the plainly less desirable strains Those of promising
character, on the other hand, are to be increased to the dimensions
of field plots in order that the final decision as to relative value
might be based on tests made under agricultural conditions. About
fifty lots of close-fertilized seeds of individually selected, promising,
mother plants still await testing in the same manner as soon as pots
and greenhouse space become available. For the purpose of continued
study and comparison with their offspring, the mother plants from
which sprang each of the above mentioned pure races, have been
transplanted from their original places in the fields at Phoenix to a
plot of ground in close proximity to the testing garden.
In order to prepare for the work in the selective breeding from
regional varieties, about 150 plants have been selected from those
now growing in the regional variety plots on the Experiment Station
Faim. These were selected to represent, by choice plants, the
range of variation within each plot. These plants have been transferred to Tucson and are now growing on a plot of ground especially
set apart for the purpose. Comparative study of these are now being
made with a view to their use as mother plants in the future. Pre-
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liminary experiments with Medicago falcata, rnthenica and arborea
offer little promise of their economic value in this climate, but it may
be possible to use these species to advantage in future cross-pollination
experiments. A few plants of each are therefore preserved for this
purpose.
BEANS
Beans have been grown by the Indians of the Southwest since
prehistoric times. Centuries of adaptation have therefore produced
varieties eminently suited to withstand the extremes of heat and
drouth to which the climate and the indifferent agriculture of a
primitive people often exposed them. Three classes are now grown
by the Pinia and Papago Indians: (1) Beans proper; (2) Teparies;
and (3) small Lima beans, for the most part probably of the Sieva
type. Indian tradition states that beans were secured originally
from the white man but that they have grown teparies a "long time."
Weight is lent to this statement by the greater resistance of the
teparies to extremes of climate than is possessed by the beans. When
the irrigating water or the rains fail, teparies will frequently make a
good crop when beans are a total failure. The need for leguminous
food plants to restore nitrogen to soils irrigated with pumped water, and
the necessity of finding drouth-resistant crops suitable for use where
"dry-farming" is being attempted has directed the attention of this
Experiment Station to these beans for several years. Tests, both at
Yunia under irrigation, and at McNeal under dry-farm conditions,
have already demonstrated their value as a crop in this region.
During these agricultural tests, made for the most part from
seeds secured originally from the Indians, it was noticed that many
apparently different sorts occurred. In order, therefore, to study the
different varieties in their native condition and to secure samples for
testing their relative values, the writer, in company with Director
Forbes, spent two weeks during late July and early August, 1910,
among the Papago Indians in their villages situated in the valley
between the Baboquivari and Quijotoa mountains, some 50 to 100
miles southwest of Tucson. Here, in a region with about 9 inches
of rainfall annually, these beans were being grown successfully with no
irrigation save that of a little flood water which came down the mountain washes.
During the course of this trip thirty-two samples of beans were
secured. In addition to these, ten samples were secured by Mr,
Calvillo from the Papago Indians near Santa Rosa, seven samples
were furnished by Prof. J. J. Thornber from beans secured from the
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Pimas near Sacaton, some twenty-five carefully selected samples were
contributed by Mr. Manager, of Indian Oasis, which he picked from
beans secured from the Papagos, and, finally, as a result of a three
days' trip among the Pimas at Sacaton, sixteen additional samples
were secured. This mass of material, excepting that secured at Sacaton, which has not yet been separated, when carefully sorted, yielded
sixty-eight apparently distinct sorts. These were planted on the
testing grounds at the University and produced strains of the most
widely diverse types and economic values. Since the results of this
work are to be published in a separate paper in the near future, further
discussion will, for the present, be postponed.
DATES
The fact that none of the better classes of dates will naturally
ripen in this climate has been a matter for serious consideration and
investigation by this Station for a number of years. The problem
has been attacked from two standpoints: (1) The possibility of
artificially ripening the better kinds already grown here; and (2) the
distribution and planting of seeds of the more promising sorts in the
hope of obtaining excellent seedling varieties.
A comparative study of the seedlings now bearing in the orchards
at Phoenix and Ternpe show a wide range of variation in the size,
quality, and ripening season among the offspring of a single palm.
While, perhaps, the majority of seedlings are poor in quality, some very
promising individuals have been secured by this means. In order
therefore to systematize the work in date breeding and to secure,
if possible, the effects of cumulative selection in succeeding generations,
the following outline for future guidance has been drawn up:
First generation: From plants of similar origin select four best females and
ten best males. Pollinate each of the females with each of the males, secure
seeds and seedUngs, plant in orchard ten healthy seedlings of each, making 400
plants in all, forty sets of ten plants each.
Second generation: From the four best and most uniform sets select the best
female of each, root out all of the remaining females and save all the males
in each of these four sets, root out all of both sexes of all other sets. Pollinate.
each of the females with each of the males in its own set. Secure ten seedlings
from each combination. If the average be five males to each set, then 200
plants will be set out. There will thus be four races, each with five sets of ten
plants each, or fifty plants to the race, making 200 in all.
Third generation: From each of the four races select the best female, and all
of its brother males, root out all other plants. If half the plants are males,
there ought thus to be saved only four females and twenty males out of the
200. _ Again pollinate each female with each of the males of its own set and
continue the selection as above outlined.
Keep careful record of the range of variation in each generation. This will
give information concerning the degree of heredity of the various characters and
aid in the subsequent selection. From time to time spare seeds or seedlings may
be given away or sold, but record should be kept of the location in order that by
subsequent visits additional data may be secured concerning heredity. Some
of these, moreover, may prove to be valuable and justify their propagation by
means of suckers.
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The above outlined plan contemplates the closest possible inbreeding, having in view the reduction of as many characters as possible to the honiozygous condition. It carries with it an attempt not
only to produce improved strains but also a biological analysis of the
variety used and the possibility of securing types which breed true
to seed. That the vitality of the race may be impared by inbreeding
is not feared, since four distinct strains are contemplated. If, therefore, the vitality of any strain be reduced as it approaches the homozygous condition, the same may be immediately restored by crossing
it with one of the other pure strains. This crossing would not be
open to the objection that would be urged against crossing it with a
heterozygous or common variety for here all the characters entering
into the cross would be known, the offspring would be homogeneous in
type and the variety thus secured would have all of the advantages
of the years of selection for good qualities to which the parent strains
were subjected. An example of the restoration of vigor by crossing
two liomozygous strains is shown by Shull in his pure line method of
corn breeding. (Ann. Rept. Amer. Breeders Assn., Vol. V, 1908, p. 51)
However, that inbreeding will reduce the vigor of the species in question is not known to occur. It is well known that whereas the
inbreeding of corn strongly reduces its vigor, other plants like
wheat are not at all thus injured; in fact inbreeding is normal and
there are some plants like tobacco which, though normally crossfertilized, are actually made more vigorous by close inbreeding.

DATE RIPENING
In the absence of Dr. Vinson during the crop season of 1910,
experiments were made which resulted in the development of a
rapid and successful method for ripening Deglet Noor dates.
Although it was late in the season before the method was sufficiently
perfected to put out a commercial product, more than half
of a crop of nearly 1,000 pounds has been ripened. Aside
from an estimated 75 pounds given away and used for
exhibition purposes, 337 pounds have been sold for $111.90, averaging 33 1-3 cents per pound.
These dates are put up in two
grades. The very best are packed in fancy boxes which weigh, when
packed, about 14 ounces, and are put on the market as a confection. The second grade dates are compressed into blocks and sold
in bulk. The readiness with which these dates have been accepted
by the trade indicates that the commercial growing and ripening of
high class dates in Arizona can now be undertaken with confidence.
The method will appear in detail in a forthcoming publication.
G. P. FREEMAN,
Plant Breeder.

ANIMAL
SHEEP BREEDING
Excellent progress has been made during the year in the sheep
breeding work as outlined in the Twentieth Annual Report. Losses
due to the sheep bot fly (Aestrus oms} during the year have been much
less than during previous years. The lack of rainfall during the summer months assisted in keeping large numbers of the flies from completing their life cycle. An Oxford ram and several Native ewes died
late in July. The post-mortem examinations showed the grubs to
be present in small numbers in each case. The practice of allowing
the flock to bunch up during the day in shady quarters and turning"
the flock on pasture during the evening and early morning has aided
in keeping the flies in check. This is explained by the fact that the
animals will bunch up while in the shade and by stamping in the dust,
keep the fly at a distance. Our flock contains a large percent of the
Native and the various crosses of Tunis on the Native, These sheep
are much more active than the heavier mutton types of sheep, consequently the losses due to bot fly are much less. The breeding
flock now contains sixty-five Native ewes, sixty ^ N%* ewes, four pure
bred Tunis ewes, six pure bred Dorset ewes, six ^ ewes, ten ^ ^
ewes, twro |~^ ewes, two 9^L ewes, two pure bred Shropshire ewes,
two pure bred Tunis rams, two pure bred Dorset rams, and one pure
bred Shropshire ram.
The Dorset flock was added to the breeding flock for comparison
with different types produced by cross-breeding as shown by the outline given in the Twentieth Annual Report of this Station. During
the month of May, 1910, twenty-five |*~ rams were shipped to C. C.
Hutchinson, Seligman, Arizona. These rams are to be mated with
Native ewes, which are ranged over northern Yavapai County. A
like number of »^ rams, which were bred by Mr. Hutcbinson, will
be mated with the same type of ewes. A comparative study of lambs
produced from these two different matings will be made when the
lambs are shipped to Eastern markets during June and July, 1911.
As in the past, rigid selection of a uniform type of individuals having
desirable characters of the several crosses has been carried on in the
first generation. Limited pasture requires that inferior and off-type
* See page 572, Twentieth Annual Report of this Station for explanation of the symbols used.
T denotes Tun is; N. Native; H, Hampshire, S, Shropshire; O, Oxford.
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individuals be dropped from the flock at an early date to make room
for the desirable animals that are retained for breeding purposes.
SHEEP RECORDS

Detailed records of the work in sheep breeding are kept by means
of six sets of forms which cover and systematize all facts relating to
breeding; weight at different ages; size; strength, length, stretch and
diameter of wool; and the personality of each animal. Individual
photographs of each sheep are filed for record. Brass tags numbering
from 1 to 300, and neck straps are used for each animal. The sheep
are designated by these numbers. Corresponding numbers on small
ear tags are used to aid in identification. The main record is filed in
loose leaf ledger bindings on 10 3-4 x 13 3-4 inch sheets which can be
inserted or removed at any time. The record is suitable for use of
all the classes of sheep used in the experiment. The space for data
as given in the blank form is a complete record of the animal from
date of birth or purchase until final disposition is made. Card index
records are used in connection with the loose ledger sheets. These records are those most frequently used for reference. They are later
transferred into the complete recoid. The wool record shows the
strength, strain, length, date samples are taken, number of pounds
of wool, date clipped, and the diameter. The weighing record shows
<the individual weights at. birth, six months, and one year. It also
shows the weights covering the same periods for the offspring. The
service record gives the date of service, ram in service, and the date
the ewe is due to yean. The shepherds record for service is transferred to the above individual record each day during the breeding
season. A "tickler" for weighing dates for individuals is also used.
CONDENSED RECORD OF LAMBS SIRED BY A TUNIS RAM AND OUT OF
NATIVE EWES

As an -example of the use to which such a system of records may
be put, the following summary staternent is submitted relating to
the |f lambs sired by the Tunis ram, Gay Lad No. 647. The
records give the number of each lamb, sex, date of birth, marks on
the head and face, color, dam, weight at birth, weight at six months,
weight at one year, and the general type compared with sire or darn,
Out of the 142 lambs dropped there were 72 wether lambs and 70 ewe
lambs; 123 had a white star in the forehead, 1 had a black star, 15 had a
white face,and 3 were unmarked; 134 were brown,5 werepintos,2 were
black,and 1 was white; 139 followed type of sire and 3 followed type of
dam. The dominant character of the sire is shown in the markings of
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windlass, the cord following the thread as the screw travels through
the tapped housings, this arrangement giving no lateral motion to
the cord.
"In operating, the fiber is placed in the clamps with the disk, D,
at zero on both scales, as shown in the figure. As the screw, W, is
turned, winding up the cord, C, the load on the fiber is indicated on
the scale, L, by the disk, while the elongation is shown on the scale, E.
In case the fiber breaks with only one reading being noted, the other
may be taken by pulling down the clamp by hand till the disk is opposite the known reading and then observing the other scale. In the
meantime, of course, the frame, F, must not be moved. The greatest
trouble experienced in operation has been with the clamps, wrhich, if
too stiff, would crush the fiber, and if too weak would allow it to slip.
It has also been found that the recoil, when the piece broke, caused the
moving parts to oscillate too violently, and so a small coiled spring
was placed on the lower end of the rod, R, to lessen the shock."
PUBLICATIONS
Timely Hint No. 84, Sorghum as a Forage and Grain Ration for
Sheep, was issued June 29, 1910. The common practice of grazing
sorghum in the field when mature is stated to give the best results,
being cheaper and little wasteful. In Salt River Valley sorghum is
commonly pastured with animals that are being fitted for the market,
until the best of the feed is pastured off, the remainder being utilized
as a maintenance ration for other animals.
Under conditions where alfalfa can not be grown to advantage,
as on saline soils, when water for irrigation is scant, or following a crop
of grain, sorghum may be grown as a forage plant to supplement the
usual alfalfa ration. Alfalfa alone produces the greater gain in weight
per unit of feed. Sorghum in combination with alfalfa makes the most
economical ration, and the gains made are nearly equal to those with
alfalfa. Sorghum alone, both hay and grain, is inferior to alfalfa and
at best makes little more than a maintenance ration.
MISCELLANEOUS
A number of animals were fitted for the Fifth Territorial Fair.
Sixteen first and seven second premiums were received on sheep; one
first and two second premiums were secured on horses. Work in
horticulture and alfalfa breeding has been supervised for other members of the Station Staff and advisory relations maintained with many
visitors to the Station Farm from time to time.
F. W. WILSON,
A nimal Husbandman.

ENTOMOLOGY
The Entomologist of the Station entered upon his duties on
September 1, 1909, acting also as the Entomologist of the Arizona
Horticultural Commission. Headquarters have been maintained at
Phoenix. While the work for the Experiment Station has been
secondary to that of the Horticultural Commission, particularly during the season covered by this report, a general knowledge of entomological conditions has been acquired. The experience of the year
has indicated the necessity for investigating certain insect pests as
opportunity is afforded in future. The frequent demands for advice
as to the best methods of controlling various pests show that destructive insects are fast assuming in Arizona the important status that they
have long maintained in the neighboring State of California. Insects
native to Arizona —certain grasshoppers, ants, leafhoppers, plant
bugs, and thrips —have shown themselves capable of inflicting serious
injury to fruit, vegetable and other crops, and with the extension of the
acreage of the orchards and various crops, native insects which have
been of little or no importance economically will doubtless continue
to come into prominence.
APHIS
(Schizoneura lanigera Haus)
This well known insect is established in Graham and Yavapai
county apple orchards, having been introduced several years agd.
From the observations so far made it is believed that in Yavapai
County the results of recent experimental work by the Colorado Experiment Station will serve as a satisfactory means for control of this
insect. In Graham County, however, soil conditions, largely due
to the irrigation situation,favor the Woolly aphis and make its control
unusually difficult. Experimental work was begun at Thatcher, in
Graham County, in June, 1909, and is being continued during the present fiscal year. The principal features of this investigation are experiments to determine the usefulness of carbon bisulphide and hydrocyanic acid gas as fumigants for the roots of infested trees; also to
determine the best methods of preventing reinfestation of the roots.
The insects infesting the trunk and branches doubtless can be controlled by winter spraying as practiced elsewhere.
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THE HARVESTER ANT
(Pogonomyrmex sp )
The large red Harvester ant is one of the most destructive insect
pests in Arizona. The areas made bare in alfalfa fields by this insect
in some sections, amount to five or ten percent of the total acreage.
Throughout Salt River Valley, where the insect has been under
observation, a general average of two percent damage is probably a
fair estimate. In addition to the injury to alfalfa the Harvester ants
occasionally defoliate young citrus trees and gnaw the bark, causing
the destruction of the trees attacked unless the insects are promptly
repressed. Experiments to determine the best methods of control
were begun in May, 1910, at the Station Farm, Phoenix. Carbon
bisulphide proved to be too expensive for general use against thes£
insects in alfalfa fields. Potassium cyanide dissolved in water and
used in reasonable amounts, such as one ounce in one gallon of water,
is the cheapest and best method tested for temporarily exterminating
all visible signs of life in the nest, but this treatment can not be relied
upon to completely eradicate all of the insects. London purple of
proper grade is the cheapest and most satisfactory insecticide of the
many tested. This is applied at intervals in powder form at the rate
of about one tablespoonful scattered around the opening to each
'nest. It is slow acting and on this account is practically useless if
immediate results are desired. When a young citrus tree is attacked
a quick-acting insecticide such as potassium cyanide might save the
tree while London purple would allow the insects to continue their
destructive work for a day or more with possibly fatal effects upon the
tree. London purpl6 varies greatly in its efficacy against the agricultural ant. Some samples appear worthless and there are various
intermediary grades up to the most effective. It is expected that
bhemical1 analyses of samples of the various brands of London purple
tested in the field will make it possible to advise local druggists to
insist upon certain standards in purchasing this insecticide.
CITRUS THRIPS
(Eutkrips citri, Moulton)
General observations have been made in regard to the status of
this species in Arizona. In December, 1909, the examination of a
hundred Navel oranges selected at random from the field boxes from
each of ten representative groves, grading the fruit entirely on the
basis of injury by the thrips,showed an average of twenty-five percent
scarred to such an extent that it should properly be included as second
grade. This injury ranged in different groves from three to fifty-
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seven percent. No exact records were made as to the extent of the
thrips injury to the crop of 1910, but from general observations it
may be said to have been approximately the same as that of the
previous year.
SCALE INSECTS
A study of the effect of climate in Arizona on scale insects has
been projected. Certain species of this group seem to be able to thrive
under the hottest and driest climatic conditions, while in one or two
instances related species do not thrive and seeni incapable of becoming
pests under similar conditions. The soft brown scale (Coccus hespcndium Linn.) and the pruinose scale (Eulecanium prmnomm Coq.)
offer exceptionally good opportunities for the study above mentioned,
both being well established in Salt River Valley on shade trees and
ornamentals. Notes concerning the status of the first named species
have been published in Circulars 2 and 12 of the Arizona Horticultuial
Commission. As a contrast to the above mentioned species, the San
Jose scale (Aspidiotus pernicioms Comst) has long been known to
be satisfactorilv held in check in Salt River Valley, presumably
by climatic conditions. The Black scale (Saissetia oleae Bern), judging
from the results of the inspection of ornamental plants imported from
California, has, doubtless, been frequently brought to the Salt River
Valley of Arizona, but is not known to have become established here.
There is only one definite record on this point, however. A large
number of ornamental plants (Myrtle) reported by Dr. J. Eliot Coit
as infested with this species at the time of their importation in the
spring of 1909, before the Arizona Horticultural Law became effective,
were examined in the fall of the same year and found apparently free
from either living or dead scale.
A. W. MORRILL,
Entomologist.

CHEMISTRY
The work of the past year in Chemistry has been particularly
successful in that several subjects which have engrossed the major
part of our attention have been brought to a substantial close. Many
problems of minor importance, agriculturally at least, connected with
these subjects remain to be solved and may be taken up from time to
time as opportunity and material permit The results of the various
investigations on the chemistry of the date-palm fruit, its rationale
of ripening and artificial methods of stimulating the same have been
brought together and prepared for final publication in bulletin form.
The studies of the nutritive value of the cactus for sheep, which were
interrupted in June, 1909, by the advent of hot weather, were completed during the past year. The results of this investigation have
also been prepared for publication.
The assistant chemist has completed a series of determinations
of the solubility of copper sulphide in pure water and in dilute acids.
When placed in water which is exposed to the air, copper sulphide
changes into the sulphate and thus passes into solution, but in oxygen
free water this does not take place. In order, therefore, to make a
determination of the solubility of this compound It was necessary
to maintain a rigid exclusion of oxygen, which proved a matter of
much more difficulty than was anticipated. When this was finally
accomplished the solubility of the sulphide was found to be surprisingly
low, amounting to only 0.000107 grams in 1,000 cc. at a temperature
of 20-25° C. All determinations of copper have been made by
the electrolytic method. In this connection a switchboard system
was devised which proved to be especially convenient and satisfactory
for use in rapid electrolytic work. A description of the apparatus is
given in the Mining and Scientific Press, Vol. 101, No. 20, p. 642.
This work forms a part of the general study of the toxicity of copper
compounds to agricultural crops, which has been under investigation
in this laboratory.
The usaal complete annual analysis of the water of the Salton Sea
has been made, and the composition and freezing point of the juice
of various cacti have been detefmi&ed in cooperation with the Desert
Botanical Laboratory of the Carnegie Institution. An unusually
large number of waters for irrigating purposes, and of soils, has been
analyzed for the general public. In some instances the department
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has been instrumental by means of these analyses in saving settlers
serious loss in attempting to put unprofitable lands under cultivation.
The cities of Globe and Bisbee have also been assisted gratuitously
in their efforts to find adequate and safe sources of water supply for
municipal purposes. A large number of analyses has been made
for other departments, especially nitrogen determinations in connection with the work in alfalfa breeding. For this purpose we have
doubled our capacity by the purchase of additional apparatus. A
number of determinations were also made of several inorganic plant
constituents, in cooperation with the Association of Official agricul-.
tuial Chemists, in order to ascertain the reliability of certain methods
of analysis.
ANALYTICAL CHEMISTRY
A summary of the results obtained in the fourth complete analyses
of the Salton Sea water, together with the results of three previous
analyses, is given in the following table:
FOUR COMPLETE ANALYSES OF THE SALTON SEA WATER

June 3,
1907

Total solids (dried at 110° C.) plus
water of occlusion and hydration . . . .
Water of occlusion and hydration
Sodium, NaV
Potassium, K
Calcium, Ca
Magnesium, "Mg
Aluminum, Al
Iron, Ke
Manganese, Mn
Zinc, Zn
Lead, Pb
CoDt>er, Cu
Lithium, Li
Chlorine, Cl. .
Sulphuric, SO*
Carbonic, C0$
Silicic, Si O4
Phosphoric, PO*.
:
Nitric, NOs
Nitrous, NOg
Oxygen consumed
Boric acid
Total constituents

364.80
111,05
2.30
9.95
6.43 '
.030
.005
none
none
none
trace
169.75
47.60
6.58
1.41 '
.009
.18
none
.093
355.39

Parts in 100,000
June 8,
May 25,
1908
1909

519.40
17.50
134,26 160.33
2.78
3.24
11.87
12.70
7.63
8.96
.035
.062
006
.010
none
none
none
none
none
none
trace
.013
.017
204.05 240.90
65 87
56 74
7.66
7.34
1.59
1.43
01
on
.20
none
trace
0006
.059
Q68
trace
trace
426.74 501.10
437.20

May 22,
1910

603 80
22.v56
189.28
3.53
13.67
9.84
0.040

008
none
none
none
trace
.021
280 93
76 36
6 38
1 55
013
none
none
045
trace
581.67

The carbonate was determined in the residue obtained on evaporating the water and therefore-represeirfs only the amount of carbonate
which would be present in the water if all were present in the form of
the normal carbonate.
The average increase* of the constituents ov<er last year amounts
to 16.0 percent. The corresponding increase found last year over the
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year before amounted to 17.4 percent and for the year preceding this,
20.0 percent. When correction is made for the fact that the samples
were not taken on the same date each year and that evaporation is
greater in June than at any other time, it will be seen that the percentage
increase of the constituents for the last year period is in the neighborhood of 17 percent, and for the year period preceding this, approximately
16 percent. The increase for the first year period, however, amounts to
nearly 21 percent.
The high result found for the increase of the constitutents during
the first year period may be explained on the assumption that the
water had not yet reached a state of equilibrium with respect to the
salts in the bottom of the lake, or that evaporation was greater that
period than during any year since then. The analyses of the last two
years would seem to indicate that a state of equilibrium had been
reached and that the factors of evaporation, seepage waters, etc.,
which tend to change the concentration of the constituents have now
an approximately uniform effect from year to year,. It may be shown
by calculation that the retardation of evaporation due to lowering
of the vapor tension by increase of concentration has so far but little
effect.
Calcium falls short of the average increase of the constituents
found for the present year by 1.06 parts in 100,000; magnesium
by 0.55 parts; and the carbonates by 2.13 parts.
As the
amount of calcium and magnesium carbonates which is held
in solution is mainly a function of the amount of carbon dioxide in
the water, it follows that the calcium and magnesium carbonates are
not likely to increase uniformly from year to year like the other
constituents. That they really do not is shown by the fact that the
amounts by which calcium and magnesium fall below the average
increase in concentration is approximately equivalent to the amount
by which the carbonate falls short of the same increase. It was mentioned last year that it would appear from the analysis as though a
precipitation of calcium carbonate had taken place. The amount of
carbonate in the water last year was but little less than that found to
be present the preceding year, so that any precipitation which might
have occurred could not have been great. The amount of carbonate present this year is still less than last year so that it would appear
as though a slight precipitation of carbonates were still taking place.
The sample of water analyzed was collected in a large demijohn.
As it was thought perhaps a precipitation of calcium and magnesium
might have taken place after the sample was collected, the residue
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which settled out in the bottom of the demijohn was accordingly
filtered off and analyzed. The constituents are expressed in parts per
100,000 of the water in the demijohn:
CONSTITUENT

PARTS PER 100,000

Total residue
Silicic, Si04
Calcium, Ca
Magnesium, Mg
Aluminum, Al
Iron, Fe
Carbonic, CO3

0.91
0.51
0.04
0.02
0.07
0.07
0.07

These figures show that the irregular results obtained for aluminium and iron from year to year are no doubt explained by a part of these
elements having been precipitated from the water after being collected.
The amount of calcium and magnesium carbonates, however, lost in
this manner, in this year's sample at least, is insignificant. Instead of
being formed by precipitation from the water the greater part of this
residue is undoubtedly due to silt which settled out from suspension.
BIOCHEMICAL
NUTRITIVE VALUE OF CHOU,A FRUIT

In considering the value of cactus as range forage it became desirable to know what reliance could be placed on it as a ration to carry
sheep and other stock over periods of extreme drouth in such condition that profitable gains could be made on the return of good grazing. The fruit of the cholla, which accumulates year after year and
remains on the stalk,seemed particularly well adapted for this purpose.
It was, moreover, the only form of cactus that sheep could be induced
to eat, although cattle take the singed pads of prickly pear without
trouble.
From the digestive coefficients for cholla fruit which were determined during this investigation, and from the experiments of other
investigators on the necessary amount of nitrogen to keep sheep in
fair condition without loss or gain of weight, other than growth of
wool, it was found that not less than forty-five pounds of cholla fruit
would be required daily for a sheep of 120 pounds shorn live weight.
This amount of cactus would contain over 1.3 pounds of mineral
matter of which 0.5 pounds would be absorbed and require elimination
by the kidneys. It would contain about nine pounds of dry matter
and produce ten pounds of feces daily if these remained normal. On
one-fourth this amount of cholla fruit, supplemented by a little alfalfa,
the feces, however, no longer remain normal, and any marked increase
in cholla consumption would have led to scouring. The feeding of
cholla fruit alone as a maintenance ration is not possible.
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A nitrogen metabolism experiment with cholla fruit supplemented
by alfalfa and water-grass hay showed that a sheep receiving two
ounces of alfalfa daily and cholla fruit would not be able to
maintain indefinitely its nitrogen equilibrium and, consequently, its
life. Under these conditions nearly one-fourth of the total nitrogen
consumed was contained in the two ounces of alfalfa. When about
one-half pound of alfalfa and a like amount of water-grass hay were
given with cholla fruit ad libitum, of which about four pounds were
eaten, the nitrogen balance was in favor of the animal and life could
have been supported indefinitely. From the results of the experiment it seems safe to predict that one-half to three-quarter pounds
of alfalfa and six or more pounds of cholla fruit would maintain a
sheep indefinitely in a lean but healthy condition. No injurious effects
were observed to follow cholla feeding. Somewhat more favorable
results may be anticipated with cattle by increasing the ration in
, proportion to relative live weight, and other forms of cacti can be
utilized. In the course of this work it also became necessary to determine the digestibility of water-grass hay, chiefly Chloris elegans.
PUBLICATIONS
The publications from this department during the year consisted
of a preliminary notice on The Influence of Chemicals in Stimulating
the Ripening of Fruits, Science, 30, 604, and the following articles:
The Chemical Organization of a Typical Fruit, Plant World 13, No. 1;
The Stimulation of Premature Ripening by Chemical Means, Jour.
Arner. Chern. Soc. 32, 208; and Fixing and Staining Tannin in Plant
Tissues with Nitrous Ether, Bot. Gas. 49, 222.
A. E. VINSON,
Biochemist.
W. H. Ross,
Assistant Chemist.

During the past year much time has been spent in the compilation of results obtained in the Rillito Valley investigation. This
investigation has constituted the major part of the work in irrigation
since July, 1906, and Bulletin 64, entitled "Groundwater Supply and
Irrigation in the Rillito Valley" was published in May, 1910. An
exhaustive study was made of the typical arid Rillito Valley, and
Bulletin 64 details the methods pursued and sets forth the conclusions
reached. The subject matter includes rainfall and runoff, storage
projects, underflow tests with reference to quantity and velocity, the
shape of the water table and the significance of its fluctuations, the
groundwater supply available for pumping plants and gravity ditches,,
individual and cooperative pumping plants, and various allied subjects. There are sixty-three illustrations, which include maps, photographs and drawings. Although, as the title indicates, a single valley
was studied, it is known that this district is distinctly representative
of a certain common type of arid valley, and that therefore the subject is one of general, rather than merely local, interest.
Certain phases of the Rillito Valley investigation are being continued for the purpose of determining the permanency of the available
water supply. Further records are being kept concerning rainfall
and runoff, surface stream flow and seepage, fluctuations of the water
table, and the effect of continuous pumping. Agricultural and irrigating possibilities being as yet only partially developed in the valley,
the records mentioned above, if rnacle during a considerable number of
years, will be valuable not only for use in estimating the water supply
but also in the study of the effect thereon of development and use of
irrigating waters. The past year has been one of exceptionally low
water. In general the groundwater table h as been greatly depressed, and
the total discharge of all surface streams has been abnormally small;
mountain canyons which ordinarily flow continuously during the
rainy season of July and August have remained almost totally dry
during those months. Gravity ditches depending upon surface or
sub-surface flow have reached a minimum. It has been necessary to
deepen or otherwise develop many existing wells, and pumping plants
have been operated at low and inefficient capacities. This period of
low water supply, although not common, is one which presents an
important problem to the irrigator, A pumping plant which i"s in-

ARIZONA AGRICULTURAL EXPERIMENT STATION

399

stalled in an ordinary season should not tax the well to its utmost
capacity. Ample provision should be made for further developing
the water supply during drouthy seasons. This may be best accomplished by so constructing the well pit that additional "feeders" can
be extended into the water-bearing formations. Either drilled holes
or tunnels may be used as feeders, according to whether the waterbearing stratum is deep or shallow. Drilled holes tapping several
strata of sand or gravel are preferable to lateral feeders in a single
stratum.
STREAM GAGING
Gage-height readings have been continued on the Santa Cruz
River at the West Congress Street bridge, and on the Rillito at the
Oracle road bridge. In each case the readings were taken by cooperative observers who live near the gaging station. Such an arrangement is imperative, as the flow of both streams consists almost
entirely of erratic floods. As many gagings of the flow were taken as
were necessary to determine the total flow for the year. Also a few
gagings were made upon washes issuing from the canyons of the Catalina Mountains, with a view of studying the uniformity of runoff in
relation to area, altitude, etc. The precipitation, however, upon the
different drainage basins was so irregular and local in character that
no comparable results were obtained.
DISCHARGE MEASUREMENTS ON THE RILLITO AND SANTA CRUZ RIVERS
Date,
1910

Area of

Mean

sq. ft.

second

Width, cross- velocity, Dissection, feet per charge,
feet

Rillito River and tri
16
Jan. 4 40
Jan. 12 119 100
25
Jan. 12
56
44.4
Jan, 13 93
43.9
Jan .13 93
36
74
Jan. 13
Jan. 14
61
53
21
Jan. 14 29
4.7
Jan. 14
9

Jan. 14

28

12.4

41
July 22
63
July 22
30
16
68
July 23
68
49
July 23
57
16
30
July 23
Santa Cruz River.
58
36
Aug.30

butay
2.3
3.0
2.6
2.64
2.56
2.3
0.8
0.9
1.6
2.3

4*9
3.4
5.2

Location

sec. ft.

^es.

130
35
332
166
85

Sabino wash at junction with Rillito.
At mouth of Pantano.
At Oracle road bridge.
At Brimmer's ranch.
At Brimmer's ranch.
At mouth of Pantano.
Sabino at junction with Bear wash.
Bear wash at junction with Sabino.
Agua Caliente wash one-half mile above
Agua Caliente ranch.
Tanque Verde wash one-half mile above
Martinez* ranch.
At Oracle road bridge.
At junction with Santa Cruz.
At Oracle road bridge.
At Oracle road bridge.
At So. Pac. R, R. bridge.

301

At Congress Street bridge.

37
296
66
117
113

81
41
18
7,5
29

%

The discharge of the two streams is given below. For the purpose of comparison the figures are also given for previous years. A
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gaging station was established on the vSanta Cruz River in October,
1905, and on the Rillito in October, 1908.
YEARLY DISCHARGE OF THE SANTA CRUZ AND R1LUTO RIVERS
Santa Cruz
river at Con- Rillito river
gress street at Oracle
bridge
road bridge

Year

A ere- feet
14670

1906
1907

1908 . .
1909
1910

Acre-feet

29780
15130
15820
5710

.

22250
4610

Measurements have also been made occasionally upon the nine
ditches which develop the Rillito underflow near Fort Lowell. Whenever possible a Cippoletti weir was used. The irregularities in the
values in the table may generally be accounted for by the development
of additional water at the respective head-works, or by the cleaning
of the ditches of moss, weeds and debris.
DISCHARGE MEASUREMENTS ON THE UNDERFLOW DITCHES AT FORT
, IN MINERS' INCHES
Date,
1910]

Mar. 28-30
Apr. 2
Apr. 27. ..
May 10
July 1-10..
Sept. 29. . . i

Doe

Diaz

68

20

Univer- Westsity
brook
48

80
52
50
28

8

4

63
40

23
16
18
16
3
12

Kennedy
00

00

00

Corbet t

Binj?ham

23
21
29
28
21
28

23
81
52
34
40
24

Cole

Davidson

28
20

72

8
1

52

51

HYDROGRAPHIC WORK IN SULPHUR SPRINGvS VAUJiY
In the late summer of 1910, in cooperation with the IL S. Geological Survey, represented by Mr. 0. E. Mein/er, an investigation
of the water supply of Sulphur Springs Valley was undertaken. For
the Experiment Station, Mr. Kelton has begun the collection of data
on the efficiency of pumping plants and their cost, and the cost of
water developed by their use. A few pumping plant tests have been
made, but owing to the late date at which the work was started, it
was necessary to postpone this part of the work until the next irrigating season begins.
A large part of the valley has been covered with lines of precise
levels which will be used in mapping the water table, and in verifying
or correcting the topographical work performed in the flatter portions
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of the valley by means of a barometer and plane table. In this connection, water levels were measured on many representative wells,
leaving bench marks for future measurements, as water level fluctuations will have much significance in estimating underflow movements
and the amount and extent of storage. Many logs of wells have been
obtained in as accurate and concise a manner as possible. In general,
the valley fill consists of alternate layers of clay, and sand and gravel.
The water-bearing strata vary greatly in material and thickness.
The so-called "first water" is readily exhausted, rarely furnishing a
sufficient amount for the continuous operation of a windmill or handpump. In some localities the "second water" will supply a small
irrigating plant, but it is always advisable to tap the third stratum,
which is the best yielder of the three.
Prior to 1908, Sulphur Springs Valley was devoted almost exclusively to cattle raising, but since that time many claims have been
lo.cated under the Homestead and Desert acts. The new-comers
have little, if any, knowledge of irrigating methods, and much less of
pumping. Many pumping plants have been installed but as a rule in
very small units and in a manner which will tend to inefficient and
expensive operation. Irrigation is being attempted in some instances
with heads of water varying from 20 to 100 gallons per minute. Suction and discharge pipes on centrifugal pumps are invariably too
small, and the erroneous impression prevails that the water should
issue from the discharge pipe with great force and velocity. There
is a strong temptation also to try out various new pumping machines
which are being continually brought before the public by ambitious
inventors with claims of low fuel consumption, large capacity, cheap
first cost, and other qualifications which appear strongly to the prospective irrigator. It is unfortunate, but true, that any agricultural
region which is yet in its infancy and gives fair promise of becoming a
pumping district is considered as an experimental field by the inventor
or promoter of new pumping devices. It should be borne in mind,
however, that pumping for irrigation is not a new idea. It is being
extensively and successfully practiced in many places and standard
pumps and engines have been designed and perfected by men qualified
both in theory and by experience. Under the most favorable conditions pumping is costly and presents small enough chances for profit.
The best of pumping plants is liable to get out of order and will require
repairs or changes. Standard machinery should therefore be selected
and competent and skilled men should be secured to install it.
The extent to which the groundwater of the valley may be drawn
upon and utilized for irrigation is as yet but a matter of conjecture.
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Cooperative organization must eventually be effected. A thorough
and careful study of the amount and availability of the water resources
must be made, covering a number of years. A beginning has been
made along this line and it is our intention to prosecute the work with
all possible diligence.
G. E. P. SMITH,
Irrigation Engineer.
(Absent on leave for the year beginning May 1, 1910)
F C KEIvTON,
A<;s^rtant Engineer.

