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Twentieth Annual Report.

ADMINISTRATIVE.

Throughout the Territory during the past year there has
been evidence of a quickening interest in matters relating to
agriculture. Land values in irrigated districts have steadily in-
creased, because of the assurance of water under Reclamation
Service projects, by reason of continued high prices for produce,
and because of the steady stream of immigrant investors who
recognize in this Southwestern country a desirable place to make
their homes. In the eastern parts of the Territory also, partic-
ularly the Sulphur Springs Valley, several hundred dry-farming
homesteads have been entered and a somewhat extensive effort
is being made to convert "cow country" into cultivated farms.
The grazing industries, especially sheep, are now conducted
largely within the shelter of the forest reserves, which afford a
measure of protection and security impossible under the old
free range regime. The pumping of groundwaters for irrigation,
as is attested in each valley by the busy chug of gasoline engines,
has already assumed an importance which, with cheaper fuel
and added experience, will some day be limited only by the avail-
able supply.

With much of this activity the Experiment Station is con-
nected in an experimental way, and with still more of it in an
advisory capacity. The extreme diversity of our agriculture,
which includes both subtropical and temperate region crops,
results in a wide range of demands upon the Experiment Station,
including requests for experimental work for which time and
funds are not available. Until additional endowment is secured,
therefore, it is necessary to select a few subjects for experimenta-
tion related to our more important economic crops, and con-
centrate attention upon them. The more important of these
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at this time are groundwater supplies and their development;
grazing ranges and their utilization; sheep breeding with par-
ticular reference to Southwestern conditions; horticultural
specialties including the olive and the date palm; chemical
studies of dates and of arid-region soils and waters; fusarium
diseases affecting crop plants; and experiments in dry-farming.
These general subjects, each with many included details, cover
much of our field; yet many specialties remain which, however
attractive, can not with our present endowment be experiment-
ally taken up in the manner desired by their patrons.

The Station has received gratifying financial support in the
course of the year from both private and public sources* The
El Paso and Southwestern railroad, through President James
Douglas, placed $2,000 at disposal, to be applied to dry-farm-
ing experiments in Sulphur Springs Valley, which were begun in
the spring of 1909 on the homestead of Mr. Ed. Bower (S.W. 1-4
of Sec. 4; Tp. 22 S; R. 26 E., G. & S.R. B. & M.), eighteen miles
northwest of Douglas. The Twenty-fifth Territorial Legislature,
also, appropriated $13,100 for the biennium beginning July 1,
1909, to be applied as follows:
For maintenance and cultivation of the date-palm orchards

near Tempe and Yuma $4500.00
For dry-farming experiments at two locations, in northeastern

and southeastern Arizona 3000.00
For printing and binding Experiment Station publications . . 3100.00
For Farmers' Institutes and short courses of instruction 2500.00

Total.. $13100.00
These appropriations are adequate, with economy, to the

purposes for which they are designed.
PERSONNEL.

The Station regrets to record the loss of Dr. J. Eliot Coit,
horticulturist, who, August 1, 1909, closed a short but fruitful
connection of two years to assume similar duties with the Cali-
fornia Experiment Station at Whittier. Professor George F.
Freeman, plant breeder, specializing upon alfalfa, came from
the Kansas Agricultural College, beginning his connection
September 1, 1909. Mr. Wilbur O. Hayes, secretary, resigning
in April, was succeeded, August 15, by Mr. E. Dana Trout, of
Manhattan, Kansas.
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Following the passage, by the Twenty-fifth Territorial
Legislature, of the new Horticultural Commission law, and the
appointment of the Commission, Dr. A. W. Morrill, formerly
engaged with the U. S. Department of Agriculture in the study
of citrus pests in Florida, was appointed (Sept. 1, 1909) ento-
mologist of the Commission, being at the same time ap-
pointed entomologist of the Experiment Station, whose director
is a member of the Commission. By this cooperation between
the Horticultural Commission and the Experiment Station,
unnecessary duplication of expenses is avoided, and entomo-
logical work within the Territory is unified in a desirable manner.

EDUCATIONAL.
Institutes were continued during the winter under Pro-

fessor R. W. Clothier's efficient management. As usual, most
of this work was done in Graham county, where it has always
been most popular. Thirty-one meetings were held in this
district, Professors Clothier, McCallum, Thornber and Coit ad-
dressing their audiences on soils, plant diseases, dairying, fruit
growing, spraying, floriculture, and farmers' organizations.
Professor Clothier also lectured on dry-farming at Snowflake
and Taylor, in the north. Upon these thirty-three institutes
there was an attendance of 1,862 persons.

Upon request of certain gentlemen who are preparing to
teach agriculture in the Territorial high schools, a carefully
classified list of Timely Hints was arranged by the writer for
their use. A popularly written Series of chapters on soils, irri-
gating waters, alkali, cultivation, seeds, garden crops, field crops,
orchard and forestry crops, ornamental plantings, weeds, insect
pests, plant diseases, animal products, dairying, sheep, poultry,
and bees, was thus made available, and with moderate effort
could be perfected into a text-book excellently suited to the spec-
ial needs of the region.

The Station has contributed in material ways to the develop-
ment of the recently acquired University Farm, on the Rillito,
which, to some extent, is consequent upon interest in agri-
cultural subjects stimulated through institutes and Station
publications. The 12-horsepower Standard F. M. & Co. gasoline
engine and 5-inch centrifugal pump, formerly installed at the









AGRICULTURE.

The work in agriculture has been a continuation of that
outlined in the Nineteenth Annual Report. The demand for
knowledge concerning the possibilities of dry-farming in Arizona
resulted in the establishment of two experimental dry-famis for
the purpose of investigating this subject; one in the Sulphur
Springs Valley eighteen miles northwest of Douglas, and the
other in the northeastern part of the Territory at Snowilake.
Crops have been grown at only one of these locations, viz., the
one in the Sulphur Springs Valley. At this place six acres were
planted during the season of 1909, while twenty acres were fal-
lowed. The land cultivated had grown two successive previous
crops before the season of 1909. The cultures tested were corn,
sorghum, xnilo maize and beans. The yields ranged from only
a few hundred pounds of forage per acre with some of the latei
varieties of corn and with kaffir, up to over two tons per
acre of milo maize and over a ton and a half of sorghum.

The grain yields ranged from nothing in the later varieties
of com up to nearly ten bushels per acre with some of the earlier
varieties which have already been adapted to the Arizona climate.
Beans gave promising results, the highest yield being 496 pounds
per acre with a very poor stand. The most promising results
of the season were obtained by means of supplemental irrigation.
A plat that had been given a single irrigation in September, 1908,
was planted to corn in the middle of June, 1909. Enough water
was run down the furrow to bring up the corn and wet the soil
two feet deep in the bottom of the furrows. The plat yielded
15.4 bushels of grain per acre. We believe that by selecting
earlier varieties much better results can be obtained and the
theory will be tested much more extensively next year. One of
the difficulties to be overcome is the short growing season be-
tween the beginning of the summer rainy season and the occur-
rence of the first frost. Quite promising grain yields of milo
maize and sorghum were cut short by frost Could the crops







HORTICULTURE.

OLIVE OIL WORK.
As the culture of the olive both for oil and pickles is coming

to be of increasing importance in Arizona, and as the small
experimental orchards at the Station Farm and at Tucson, which
contain a number of different varieties, have now come into full
bearing, it was decided to begin investigations on olive oil manu-
facture. The principal objects of these experiments were to
determine the quantity and quality of oil made from the different
varieties grown at the Station Farm as well as the same varieties
grown in the citrus belt of Salt River Valley and at a higher
elevation at Tucson; the effect of the degree of ripeness on the
quantity and quality of oil; the character of different pressings
when fresh from the press as well as their respective keeping
qualities; and a determination of the congealing points of oils
made from the different varieties.

In order to facilitate the carrying on of this work, a small
olive laboratory was temporarily fitted up at the Station Farm.
A small hydraulic press of the Buchner model, secured from
Germany, proved very efficient and satisfactory. A pressure
of 640 pounds per square inch was secured with this press. The
work of pressing was carried on from the middle of December
till the last of January. As the capacity of the press was about
fifteen pounds of pulp, the 1000 to 1500 cc. of oil secured from
each pressing proved sufficient for the purposes of study.

Stated in a few words the results of this work show that the
olive tree is peculiarly adapted to the climatic and soil conditions
of southwestern Arizona; that it bears an abundance of large
olives with high oil content, that may be manufactured into the
very finest grades of oil; that the acrid taste sometimes noticeable
in Arizona oils is not always the fault of the olives; and that by
increasing the pressure to 640 pounds per square inch a larger
quantity of oil may be secured which,if proper methods are used,
need not seriously deteriorate the quality of the whole.
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Agriculture and 160 by the Arizona Experiment Station, 28
being, for various reasons, destroyed.

A fair crop of Rhars and Deglet Noor dates was pollinated
at the Tempe and Yuma date orchards and at the Station Farm,
about seventy imported varieties in all bearing fruit this season.
Gradually the varietal characteristics essential for success in
this region are becoming evident. The early ripening Rhars
was as usual adversely affected by the rains of August, which
caused loss of most of the crop by souring, even on the trees.
Deglet Noor, still immature at this time, passes through the
rainy season successfully and as the trees grow older this variety
gives increasing assurance of ripening in Salt River Valley.
A considerable quantity of good edible fruit was harvested this
year. Medium season dates, ripening during the dry fall per-
iod, seem most likely to succeed under our conditions.

Since the propagation of varieties by suckers is necessarily
such a slow process, it is eminently desirable to increase the
number of meritorious varieties as rapidly as possible. The
planting and distribution of pedigreed date seeds, therefore,
has been continued, inasmuch as seedlings originating in the
region are likely to afford new varieties of the highest value.
These seeds have been obtained by fertilizing Deglet Noor fe-
males with pollen of male seedlings grown from an early variety of
imported dates, the female seedlings of which are early
maturing, thus gaining a probable combination of quality
and earliness in a portion of the resulting seedlings. Large num-
bers of these seedlings are now becoming established in the Ter-
ritory and in course of time will probably add to our list of
valuable date varieties.

ORCHARD WORK.
The number of varieties in the orchards at the Station

Farm has been considerably augmented during the year. Look-
ing forward to future publications, a large number of varieties
of figs and pomegranates has been collected and planted. An
additional number of rare varieties of early table grapes has also
been set out. A particularly valuable collection of grape
cuttings was donated for this purpose by the California Station,
for which we are highly appreciative.
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The orchards as a whole are in a very thrifty condition,
having borne a very heavy crop of fine fruit during the year.
The new vineyard planted in 1908 has done particularly well,
some individual vines ripening as much as eight large clusters
of fine fruit sixteen months after being planted.

ORNAMENTALS FOR SCREENS.
In the spring of 1908 an experiment was begun, the object

being to determine what ornamental plants suited to Salt
River Valley would furnish a living screen for outbuildings in
the shortest time. Around one building was planted strawberry
tree (Euonymus japonica), California privet (Ligustrum ovali-
jolium), sweet myrtle, castor beans, oleander, Monterey cypress,
bottle tree (Sterculia diversifolia), canary palms, Eucalyptus
rudis, giant bamboo (Phyllostachys quilioi), and the giant reed
(Arundo donax). While all of these plants have made more or

Jess growth and fifteen months after planting the houses are
hidden from view, the effect is nearly all produced by two species
—castor beans and giant reed. While the eucalypts, pepper
trees, and other plants will eventually displace these two,
they are nevertheless, extremely valuable for quick effects. One
year's growth of giant reed and castor bean will effectually inter-
cept the view of cow lots, pig sty, etc., from the dining-room
windows of any ranch-house.

On another building five kinds of vines were tried—native
wild grape, Bougainvilka, silk vine (Periploca graeca,) Virginia
creeper, and Hall's honeysuckle. All of these have made some
growth and the building is screened, but although the grape has
grown well, the chief effects are due to the silk vine which
threatens to appropriate the entire building. For quick effects
the silk vine is the best deciduous vine yet tested. The Bou-
gainvillea, with slight protection, came through the winter and
bloomed well but is making very little growth.

INSPECTION OF NURSERY STOCK.
At the time the Arizona Horticultural Commission law

was passed by the Twenty-fifth Legislature, nursery stock
was arriving in large quantities daily. Pending the organ-
ization of the Horticultural Commission and the appoint-
ment of permanent inspectors, the Horticulturist of the
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Station was prevailed upon to lend his services to the Com-
mission in the capacity of temporary inspector. This
work consumed much time as it necessitated almost daily
trips to the freight depots and express office from March 20 to
June 1. During this time a great deal of nursery stock; was
handled, details of which work maybe found in the First Annual
Report of the Horticultural Commission.

REVISION OF BULLETIN 48.
Feeling that the value of the extensive records of the horti-

cultural department in connection with the performance of
different varieties of fruits and vegetables tested at the Station
Farm would be greatly enhanced by a careful correlation with the
actual experiences of growers throughout the Territory, a circu-
lar letter was sent out asking for information in regard to va-
rieties.

After this material was in hand, it was decided to revise
parts 1 and 3 of bulletin 48 by Prof. A. J. McClatchie. The
subject matter was accordingly rearranged and revised, changing
some statements so as to make them accord more fully with an
additional five years of experience, and interpolating a large
amount of additional information especially in regard to fruits
and vegetables. The writings of Prof. McClatchie concerning
crops not of a horticultural nature were adopted almost without
change of statement although the material is rearranged. As
a result of this work a new bulletin will soon appear which
will be in substance, if not in name, a "Settler's Crop Manual
for Arizona/'

J. ELIOT COIT,
Horticulturist.



ANIMAL HUSBANDRY.

SHEEP BREEDING.
The experimental breeding of sheep better adapted to the

conditions prevailing in the warm Southern valleys and on the
range has been continued during the year. Unfortunately for
the rapid production of the desired type, we lost by death, due
to bot fly (Aestms ovis), a fine imported Oxford ram at the be-
ginning of the breeding season. Our Shropshire ram also became
footsore at this time and consequently the Tunis ram was the
only one in service until late in the season, when a few Tunis-
Native ewes were bred to the Shropshire. The breeding flock
now contains 73 three-year-old Native ewes, 33 Tunis-Native
ewes, 3 pure bred Tunis ewes, 1 pure bred Shropshire ewe, 22
Tunis-Native ewe lambs, 1 pure bred Oxford ram, 1 pure bred
Shropshire ram and 2 pure bred Tunis rams.

Ouf good opinion of the Tunis-Native cross still continues.
The fact that the pure bred Tunis as well as the Tunis-Native
has not been troubled to any very great extent by the
bot fly, coupled with their many other excellent qualities,
which are mentioned in the 18th and 19th Annual Reports,
leads us to believe that the cross of the Tunis on the Native is
very valuable to the valley sheep growers.

OUTLINE FOR SHEEP BREEDING.
The two main objects of our she'ep breeding work are to

produce suitable types of sheep for both the range and the irri-
gated valleys. Four things are essential to profitable types of
range sheep: The ability to grow a profitable wool clip; to pro-
duce good mutton lambs; to stand herding together in large num-
bers; and to possess a good constitution.

Five things are essential to profitable types of valley sheep:
The ability to grow a profitable wool clip; to produce good mut-
ton lambs; to breed with regularity at any season of the year;
to withstand the extreme heat of summer; and to be active and
alert so as to better withstand adverse conditions of climate and
health.
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known causes of farm animals in Salt River Valley, which were
attributed to poisoning by oleander, came to the author's notice
from time to time, so that experiments were planned to deter-
mine not only the amount by weight of oleander leaves, roots,
flowers or twigs necessary to cause death but also to determine
some systematic diagnosis of the action of the poison. Several
species of farm animals most likely to obtain oleander were used
in this study and the separate results in each case are contained
in the bulletin.

The amount of oleander necessary to cause death in horses
ranges from fifteen to twenty grams of green leaves and from
fifteen to thirty grams of dry leaves, depending on the condition
of the animal at the time the poison is obtained. A full stomach
will necessitate more poison. In the case of cows it is safe to
•say that from ten to twenty grams of green leaves and fifteen to
twenty-five grams of dry leaves are sufficient to cause death.
For sheep the fatal dose of either dry or green leaves is from one to
five grams. There is little danger of poisoning by the bark,
roots or flowers since live stock would hardly obtain sufficient
poison in that way.

The general symptoms of oleander poisoning are increased
temperature and pulse, coldness of extremities, warm body tem-
perature, dilation of the pupils of the eyes and discoloration of
mouth and nostrils, followed by sore mouth. The body becomes
wet with sweat, due to the exertion caused by the powerful
heart stimulation. The animal generally refuses to eat or drink
during the twenty-four hours before death. This is usually due
to soreness of the mouth and throat, making it difficult to
masticate and swallow food. The bowels act often and feces
are usually greenish in color. The action of the kidneys is in-
creased slightly and color of urine is normal.

Timely Hint No. 80, Pin Money from Hens, was published
May 20, 1909. The article is a statement for the most part of
actual experience with a few hens which were purchased for fam-
ily use. The results of the venture were so interesting that the
article was prepared and published.
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MISCELLANEOUS.
A number of animals were fitted at the Station Farm for

exhibition at the Fourth Territorial Fair. The following prizes
were secured.

Best farm team, first prize.
Two-year-old Shropshire ram, second prize.
Shropshire ram lamb, second prize.
Two-year-old Tunis ram, first prize.
Two-year-old Tunis ewe, first prize.
One-year-old Tunis ewe, first prize.
Under one year old Tunis ewe, first prize.
Two-year-old Rambouillet ram, first prize.
One-year-old Rambouillet ram, first prize.
Two-year-old Rambouillet ewe, first prize.
Fat lamb, second prize.

F. W. "WILSON,

Animal Husbandman.



BOTANY.

During the past year much of the writer's time has been
given to the preparation of a general publication on the grazing
conditions in Arizona, looking toward their future administra-
tion. It applies, in particular, to the southern half of the Ter-
ritory, and is based on a large amount of observation and ex-
perimental work on the ranges under varied conditions, com-
bined with an intimate knowledge of the native forage plants of
the region, gathered through a careful study extending over a
period of eight years. While much that is to be desired is left
undone, this study should, nevertheless, prove to be of
far-reaching value to intelligent southwestern stock-ranching
interests.

RANGE CONDITIONS.
The year ending with June 30, 1909, was better than the

average for range interests, and compared in this respect quite
favorably with the previous year. Partly through a rainfall
somewhat heavier than usual in most localities, stock ranges
have generally continued to improve throughout the Territory.
Perennial grasses have become thicker over their respective
areas, i, e., the higher plateaus, foothills and mesa-like slopes
surrounding mountains, while at lower altitudes the summer
annual species have made fair to excellent growths. The
winter annual growth alone, fell below the average. On over-
grazed ranges, such pasture or range weeds as rayless golden
rod (Bigelowia Hartwegi), yellow weed (Aplopappus gracilis),
and purple or tansy aster (Aster ianacetifolius), have made not-
able gains, which matter is to be expected under favorable grow-
ing conditions, especially in the more or less absence of other
plant growth.

On the small range enclosure the rainfall for the year was
13.11 inches, or more than two inches above the average for the
locality. Of this amount 8.39 inches or 64 percent fell during
the summer growing period, and 4.50 inches or 34.3 percent
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within the winter and spring season. Except on the shallower
soils which are usually covered with creosote bushes or grease-
wood {Lanca tndentaia), the summer annual growth was com-
parathelv heavy, the most abundant species being the several
six-weeks grasses, and the showy Mexican poppy {KalUtroemia
qrandtflora). The shortage of the winter annual forage already
alluded to was clue largely to the unseasonableness of the winter
lams, cf which less than one inch fell over most of the lower range
country during February to April, when the bulk of the growth
of these plants is made. This same condition has obtained to a
greater or lesser extent for the last four winter and spring seasons,
and hence is a matter which must be given consideration by
stockmen. Accordingly, except in localities where browse was
abundant, there was a shortage of feed on the lower ranges in
May, June, and July. The setting in of the summer rains of
1909 two weeks earlier than usual, fortunately relieved this
situation before it became serious.

The winter annual growth over the large stretch of mesa
country between Mesa and Red Rock, Arizona, was short but
\cry thick on the ground, there being fair grazing as late as the
middle of Mav. With reasonable rainfall this is one of the best
Indian wheat ranges in southern Arizona, the winter tempera-
tuies temg less severe than at altitudes somewhat higher, with
the result that rapid growth among these plants begins ear-
lier m the season. With the usual shortage of feed toward the
end of May, or at the close of the spring grazing period, it is
customary in parts of this country to pasture a portion of the
stock on alfalfa meadows in Salt River Valley, until the
summer rains begin. It needs hardly to be said that the utili-
zation in like manner of the extensive mesa ranges surrounding
Tucson would be both possible and profitable, if there were a
sufficient acreage of alfalfa in the vicinity on which stock could
be grazed during the dry fore-summers, and also fattened for
the local market.

On the upper half of the large range enclosure there was a
heavy increase in the perennial grasses during the year. Among
these may be mentioned especially the triple-awn grasses (Aris-
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tida sps.), spruce-top grama (Bouteloua bromoides), crowfoot or
mesa grama (Bouteloua Rothrocku), black grama (Muhlenbergia
Porteri),and cotton-top gross(Pamcum lacnanthum). Crowfoot or
mesa grama appeared to be as heavy as it ordinarily becomes un-
der favorable growing conditions, an observation confirmed by
stockmen in the vicinity. Black grama, also, has increased notably,
appearing in a large number of the shrubs, many of which are
filled with its growth. Thus with five years protection against
grazing animals, much of this part of the large range enclosure,
which is the most favorable, has been brought back to a reason-
able forage-producing capacity. Also this growth is increasing
from year to year, and during the present fall season considerable
hay was cut on the land, the yield ranging as high as one ton per
acre. This is in keeping with observations in other parts of the
Territory where conditions are similar, namely, that at least
five years of protection by fencing or other means are necessary
to bring the better class of depleted ranges back to a fairly pro-
ductive state.

The growth of the summer annual plants appears to have
lessened over the perennial grass areas within this enclosure
with the rapid thickening-up of these more enduring species.
The winter annual growth was no more abundant over the large
range enclosure as a whole, than over the small range enclosure
situated at an altitude of 1500 feet lower. The annual growth,
both of the winter and summer seasons, has shown considerable
increase over the lower parts of the large range enclosure during
the last two years, though, as yet, there has been no noticeable
improvement on these parts as concerns the perennial grasses.
This increase in the summer annual species was especially notice-
able during the season of 1909.

FURTHER PLANTING OF PROMISING FORAGE
DUCING CACTI.

The planting of cuttings of promising, economic cacti has
been continued another year, 100 plants each^of Opuntia fulgida,
O. spinosior, O. arbuscula, O. discata, O* linguaeformis, and
Opuntia sp., the latter a robust, spineless, Mexican variety com-
monly seen in Tucson gardens, having been set out in plats,
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both within the small and the large range reserves. Opunha
phaeacantha and 0. mamtllata, which were represented in grow-
ing tests of previous years, have been discarded, the former be-
cause of its slow, unsatisfactory growth, and the latter on ac-
count of being destroyed by rabbits to a much greater extent
than the nearly related, but more spiny Opunha fulgida. The
planting was done after the general plan described last year,
except that the second furrow was plowed from the bottom of
the first one, after which the cuttings were laid and covered to
desirable depths with a hoe. Since considerable hand work is
necessary under any conditions, the latter method is about as
rapid as the former, and in addition, has the advantage of setting
the cuttings deeper when it is desirable. Unfortunately, the
damage from jack rabbits and other rodents was greater than
for the previous year, there being on the small range reserve
at least 20 percent of the cuttings of the more spiny forms com-
pletely destroyed, and as many more set back in their growth.
The damage on the large range enclosure was easily double the
above figures. The cuttings of the spineless Mexican variety,
and of Opuntia linguaeformis were entirely destroyed in both
instances. The only variety that escaped with little damage from
these rodents is Opunha arbuscula, the cuttings of which are un-
fortunately more difficult to root than the others, and also of
slower growth afterwards.

CONTINUED WORK WITH DROUGHT RESISTANT

GRASSES.
The experiments with silver top or feather blue stem (Andro-

pogon Torreyanus), which were begun several years ago on the
small range enclosure on areas flooded from time to time by storm
water dams have been continued and varied. During the past
summer an acre-plat of this grass was sown on the small range
enclosure on rather deep soil receiving occasional flood water in
addition to the annual rainfall, and a somewhat smaller area was
planted on the large range reserve near the north gate, where
conditions appear to be least favorable foi? the growth of peren-
nial grasses. Good stands were secured in both instances, the
one on the small range enclosure showing up especially well in
the fall. The soil was cultivated before and after sowing at
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right argles to the slope, thus leaving the surface intentionally
ridged to retain the heavy summer rainfall. Several lots of this
seed were also distributed to interested persons in various parts
of the Territory, for growing under a wider range of conditions.

Besides the above a number of other promising forage plants
were sown on the small range enclosure, but in every instance
without any successful results. Among these may be mentioned,
in particular, sweet grass (Chloris virgata), and Rhodes grass
(Chlor%s Gayana) from Transvaal, South Africa, and the native
line-top salt grass or alkali sacaton (Sporobolus mrotdes), the two
latter of which are promising hay plants with irrigation. Be-
sides these several species of the saccharine and non-saccharine
sorghums, which had been tried previously, were sown on the
small range enclosure but without success.

The writer firmly believes that silver top or feather blue
stem which is an extraordinarily drought resistant species can
be grown successfully as a hay plant without irrigation on the
better class of lower mesa lands, once it is established during a
favorable summer season, and that with a summer rainfall of
five or six inches it will yield not far from a ton of hay per acre.
Its growth is greatly reduced or even nil during dry seasons or
years, though as yet the plants have never suffered any injury
from such prolonged drouths. It has failed, however, to grow
on the higher and shallower mesa soils which receive at most the
annual rainfall without hooding. The half-acre plats on the
small range enclosure on which it has been growing for some
years, yielded heavier than usual the past summer season; this
is the fourth heavy crop of this grass in succession on these areas.
In addition to this the plants are spreading by seed from these
patches and appearing as scattered bunches on other parts of
the enclosure. In the grass garden on the University grounds
with moderate irrigation, two heavy cuttings are made annually,
which suggests its use also as a meadow plant on irrigated lands.

CONSERVING MOISTURE IN MESA SOILS.
Several plats on the small range enclosure have been cleared

of woody growth, principally creosote bushes or greasewood,
and some of them were cultivated once during the summer sea-
son. This work has been taken up to enable more careful obser-
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vations to be made on the effects of the growth of the annual
forage plants,of removing the woody species,and also of cultivat-
ing the soil. For some years it has been observed that the native
annual growth on cultivated plats on the small range enclosure,es-
pecially when the plats were cleared,was both heavier and remain
ed green longer, than it did on adjacent, untouched lands. An
interesting observation on a larger scale was made last spring at
Red Rock, Arizona, where an area of about forty acres had
been cultivated thoroughly for a year or more according to dry-
farming methods, after which the native species had been al-
lowed to grow undisturbed. While the season was far from
favorable, the winter annual growth was two to three times as
heavy over this cultivated mesa land as it was on the adjacent
uncultivated areas, and besides it remained green for about three
weeks longer. This subject which was noted last is extremely im-
portant under our conditions, where the loss of even a small
amount of water from such soils as the above through useless
plant growth, and unnecessary runoff and evaporation is often
sufficient to make impossible an otherwise successful growth
of the native forage species.

TREES FOR GROWING AT HIGHER ALTITUDES.
Unfortunately, little attention has been given as yet to

tree planting at the higher altitudes in our Territory. This is
due to limited knowledge concerning successful varieties to plant,
poor success met with in transplanting the native species, par-
ticularly the coniferous evergreens, and also in many instances to
the presence of a considerable number of native trees at these
higher elevations. Timely Hint No. 79, which treats of this
subject, was issued last March. Among deciduous varieties
recommended for planting at altitudes above 4500 feet are the
following: box elder (Acer Negundo); green ash (Praxinus
pennsylvanica var.} lanceolata); Arizona sycamore (Platanus
Wnghtii); Arizona walnut (Juglans major); honey locust (Gle-
ditsia iriacanthos); black or yellow locust (Robinia Pseudo
Acacia); New Mexican locust (Robinia neo-mexicana); black
cottonwood (Populus dcutmnata); Carolina poplar (Populus
deltoides); whife or silver poplar (Populus alba); Bolley}s poplar
(Populus alba var., Bolley ana); Lombardy poplar (Populus nigra
var.y italica); and Russian oleaster (Elaeagnus angustifolia).
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The varieties of evergreens suggested for planting are, with
one exception, natives of the Territory. They are as follows:
one-seeded juniper (Juniperus monosperma); alligator-bark juni-
per (Juniperus pachyphlaea)) Arizona cypress (Cupressus an-
zonica); the native pinons or nut pines (Pinus cembroides and
P. edulis); yellow pine {Pinus ponderosa); Arizona yellow pine
(Pinus arizomca); white or silver fir (Abies concolor); Douglas
spruce (Pseudotsuga mucronata)) and Colorado blue spruce
(Picea Parry ana). The first fi^e are slow growing, drought
resistant species which occur under natural conditions up to
altitudes of 6,000 feet or so, while the remainder grow in any
quantity above altitudes of 7,000 feet. Practical suggestions
were made concerning the transplanting of the native evergreen
trees from the surrounding forests, which matter is usually
attended here and elsewhere with large losses, due generally to
improper handling. It was recommended that only specimens
one to three feet high be transplanted, and that the main roots
be cut the previous season to induce a vigorous growth of root-
lets, such as is secured in nurseries by frequent transplanting.

WORK WITH OUR CULTIVATED PLANTS.
A study of the cultivated trees, shrubs, and other plants

of the Territory, exclusive of fruits and vegetables, has been
carried on for some years, and is now approaching a condition
of practical completion as concerns our present knowledge.
This has resulted in the accumulation of considerable valuable
information, much of which is not generally known to planters,
concerning the behavior of many of these species under our wide
range of growing conditions, together with the best varieties for
general planting. Some of this material has appeared from time
to time in the form of Timely Hints, and the remainder is being
arranged for publication in the near future. Along with other
things this economic study of our cultivated plants has brought
to notice a number of species which have generally been regarded
as of secondary worth, but which are likely to prove valuable
plants for growing under our conditions. Among these may be
mentioned in particular several varieties of tamarisks from
southern Europe and Asia, and two or more species of beefwoods
from Australia. With this work, careful notes have been kept
of a large number of more recently planted exotics on the Uni-
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versity grounds, and in other parts of the Territory. The
writer plans at this time to extend the study to include many
more of our native species.

MISCELLANEOUS.
In addition to the usual Station duties, the writer com-

pleted during the year a study of the plants growing on the Desert
Botanical Laboratory domain adjoining Tucson. By request,
this material was arranged for publication, and appeared under
the title/'Vegetation Forms of the Desert Laboratory Domain"
in Publication 113 of the Carnegie Institution of Washington.
It will be interesting to note that the small areas studied, in-
cluding a part of Tumamoc Hill which is one of the outlying hills
of the Tucson Mountains, the fenced portion of the mesa-like
slopes lying to the west, and the small area of the Santa Cruz
River flood plains between the foot of the mountain and the bed
of the river, contained, all told, 449 species of plants. These
were classified in habitat groups, and also in vegetation forms,
the latter as follows: trees, 15; shrubs, 39; woody twiners, 5;
dwarf shrubs, 17; perennial herbs, 198; biennial herbs, 3; long-
lived annuals, 57, winter annuals, 122; summer annuals, 44; and
algae, 7. Of this number 52 were introduced species.

An article was also published in the January issue of The
Plant World for 1909, entitled,"Relation of Plant Growth and
Vegetation Forms to Climatic Conditions." This was a summary
of some ecologic studies in the native and introduced floras of
the Territory,

Besides the above scientific papers, four other articles of a
practical nature appeared during the year in local papers, being
quite generally copied by Southwestern papers. These were as
follows: * (1) Successful Winter and Spring Flowers for Southern
Arizona Conditions; (2) Civic Ornamentation; (3) Successfully
Grown Trees, for Homes, Gardens, and Streets; and (4) Care
and Watering of Trees During the Summer Season.
It is almost needless to state that there has been a growing in-
terest in our Territory in this class of work within recent years,
which naturally comes with more stable and settled conditions.

J. J. THORNBER,

Botanist
^Arizona Star, Sept. 13, 1908; Oct 9, 1908; Jan. 19, 1909; May 16, 1909.



PLANT PHYSIOLOGY AND PATHOLOGY.

The work m plant physiology and pathology during the past
year has been largely a continuation of the investigations out-
lined in previous reports. In general they fall under two heads,
pathological and physiological.

PATHOLOGICAL.
The main work here has been devoted to the plant

disease due ta different forms of Fusarium. Studies on the
methods of infection, the life history, and the separation of the
different forms have been continued and are essentially com-
pleted. Investigations on the nature of immunity have also
been continued. All these it is hoped to publish in detail during
the coming year.

Some of the diseases that have caused damage during the
year may be mentioned. On alfalfa two diseases, both of them
new to Arizona, have been observed. One is the alfalfa crown
gall {Urophlyctis alfalfae) which forms large gall-like growths at
the crown of the root and seriously checks the growth of the
plant. The other, reported first by Professor Freeman, is due
to a species of Phoma, probably herbarum, which attacks the
stems, usually just above the ground. The diseased areas are
indicated by light colored spots which often take the form of
rings of diseased tisssue about the stem. This either kills or ser-
iously weakens the stem. It seems to be most destructive upon
seedlings.

Upon tomatoes the late blight (Phytophthora infestans) ap-
peared, but too late to do serious injury. Its occurrence in
Arizona has not been observed before. The early blight,
(Alternaria solam) was quite serious in some localities.

A local but serious sugar beet trouble was due probably to
Rhizoctonia although this was associated with a Fusarium^ and
which was the primary cause could not be determined with cer-
tainty from the specimens obtained.

Several damping off fungi have been troublesome in seed-
beds. Those especially noted were Rhizoctonia, Fusarium7
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Rhizopus, and Botrytis. These are almost always the result of
too thick a stand of seedlings and too much moisture.

PHYSIOLOGICAL.
Here also the work has been largely a continuation

of investigations already under way. The results of pre-
vious studies on tuberization m potatoes indicated the ne-
cessity of a more adequate knowledge of many of the factors con-
cerned with tuber formation, and among others, especially the
influence of conditions previously operating upon the seed
tubers. To obtain the needed information a thorough investi-
gation of the biology of the whole plant was undertaken. The
results of these investigations are now practically completed and
the details will be published as soon as possible, so that only brief
reference to some of them need be made at this time.

The end desired is a means to shorten the time required
for the complete development of the tubers. The method of
green sprouting goes a long way toward accomplishing this.
On plants from such seed the new tubers start to form at once
and their growth is much more rapid, coming to maturity from
ten days to two weeks sooner than those from unsprouted seed.

Another method that has given promising results consists
of previously treating the seed with certain substances, by
which a striking stimulation of the rate of tuber development
has been obtained. This will be referred to later.

A phase that may be noticed here is the artificial stimulation
of the tubers from a dormant into an active condition. The
mature tuber, as is well known, normally undergoes a period of
"rest" which though varying with conditions and varieties usu-
ally lasts two or three months. Until this dormant stage is
over and it is ready to sprout it can not be used for seed. In
many localities it is frequently desirable to plant one crop im-
mediately or soon after the other is harvested, or at a time when
for other reasons the seed is unable to sprout, and any practicable
method of forcing tubers to sprout when desired would be of great
advantage. Experiments running through two years indicate
clearly that it is quite possible to bring dormant tubers into
activity at any time by treatment with certain substances which
exert a stimulating action on the buds. Some of these are
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anaesthetics, but mostly not. Among the most effective are
ethyl bromide, carbon tetrachloride, ammonia, gasoline,
ethylene chloride, bromine, etc. The best success thus far has
been with ethyl bromide. All of these substances are poison-
ous, and if used beyond certain concentration will kill the buds.
In five liter glass jars, air tight, the following amounts were
found quite successful: Ammonia 1-5 to 1-2 cc, eth\l
bromide 1-2 cc, gasoline 1-2 to 1 cc, carbon tetrachloride 1-5 to
1-2 cc, all with an exposure of twenty-four hours. Sometimes
a weaker concentration with a longer exposure is more effective.

Many other substances have been found to stimulate the
buds, but the range between the point of stimulation and death
is so narrow as to render their use impracticable. Some sub-
stances have also been found which stimulate the buds quite
vigorously but at the same time kill the tissues of the tuber.

This stimulation is confined entirely to the dormant buds,
starting them into activity, and does not imply any further in-
fluence upon the later growth of the plant, either as regards
foliage or tubers. A stimulation of another kind was referred
co and will be mentioned briefly. As has often been stated
during the very hot weather the plant tends strongly to run to
top, and the tuber-forming functions are suppressed. As it was
found that checking this excessive foliage growth allowed the
tubers to form more normally it was thought that the applica-
tion of some of the substances known to have a depressing effect
upon growth might bring about the same result. This was found
to be possible under laboratory conditions, with single plants,
but thus far impracticable outside. But the opposite method,
i. e., of directly stimulating the tubers was found to work quite
successfully, and so far as can be seen now may be applicable
upon a large scale. Very many chemical substances are known
to stimulate growth when applied in the right amounts, but as
they are mostly poisons their application as stimulants can only
be used under very limited conditions. Such substances, also,
are likely to stimulate any part of the plant, and for the purpose
under consideration a general stimulant would be harmful as it
would increase the already excessive growth of top. This limi-
tation to substances that act upon the tuber-forming structures
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alone makes the problem much more difficult. Of the large num-
ber of compounds tried several showed a beneficial effect, and
two, namely, manganese chloride and ethyl ether gave re-
markable results. Seed tubers treated with these, while showing
no difference in the growth of foliage, exhibited a most pro-
nounced acceleration in the formation of tubers. These, with
others, are being tried out on a larger scale and also more suit-
able methods of applying them are being developed.

The treatment of other plants, especially tomatoes, with the
view of increasing their fruitfulness during the hotter weather,
has not, as yet, met with success. It may be mentioned, how-
ever, that the spraying of tomato plants with iron sulphate to
injure the foliage at a time when the plants were running to rank
vegetative growth was found to materially increase the fruitful-
ness.

W. B. MCCALUTM,

Associate Botanist,



CHEMISTRY.

Some of the more important lines of work which have been
followed persistently through several seasons in the chemical
laboratories have been brought to a successful issue. The fruits
of certain varieties of date palms have been successfully ripened
artificially, and the biochemical principles underlying the
methods have been indicated. The limitations of the possibility
of artificially ripening the more refractory varieties have also
been more or less sharply ascertained. In the pursuit of these
investigations several very interesting and important observa-
tions that are as yet largely of purely scientific interest have
been made and await publication. Many other problems of con-
siderable biochemical importance have come up from time to
time and in many cases the possible method of solution has sug-
gested itself from previous work Among many others, such
questions as the dependence of the natural deposition of tannin
in fruits at the time of ripening upon enzymic action, the natural
cause of ripening in which the first stage appears to be the re-
lease of previously insoluble intracellular enzymes, and the rea-
son why the ripening process is set up in some varieties of dates
when a very much lower percentage of dry matter is present
than in others, all demand ultimate solution. In exploring
these almost virgin and absorbing fields of plant chemistry and in
following up the many new leads which in turn will spring from
them, facts of the deepest physiological significance will be
brought to light.

The rapid opening up of new lands has brought with it ever
increasing demands upon the laboratory for information re-
garding the character of irrigating and domestic waters and
soils. The assistant chemist has found it possible, nevertheless,
to do a large amount of analytical work in connection with the
distribution of copper in plants, besides a lesser amount in co-
operation with the Carnegie Desert Laboratory, including analy-
ses of the juices of various cacti and plants that may be made
parasitic upon them, together with the annual complete analysis
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of the Salton Sea water. A very accurate determination of the
solubility of copper sulphide in water and in dilute acids in the
absence of oxygen has been undertaken and some progress made.
A large number of miscellaneous analyses, including sewage
waters, insecticides, fertilizing materials, soils, sugar beets, and
olives have been made from time to time.

Before the appointment of an official dairy inspector and
bacteriologist for the city of Tucson this department analyzed
a few samples of milk taken by a city officer. Two of these
proved of sufficient interest to warrant special mention. The
analyses were as follows:

Sample

A
B

Sp. gx. at
60»F

1.0338
1.0275

Percent
butter fat

2.4
3.3

Percent
total solids

11.34
10.84

Percent solids
not fat

8.94
7.54

Sp. gx. of
solids

1.405
1.328

Sample A was reported skimmed and sample B watered
milk. During the trial it developed that both parties had fur-
nished the same quality of milk for many years and that their
customers had been satisfied. They established the fact to the *
satisfaction of both the prosecution and the court that these
samples were unadulterated, but that their anomalous char-
acter was due in part to the cattle and in part to native dairy
practice. The cows were of a more or less degenerated range
type, accustomed to a precarious food supply for probably many
generations and never given any alfalfa, grain or concentrates.
In practice the calves are retained in corrals to insure the return
of the cows at milking time. Upon their return they are partially
milked and then turned over to the calves with the net result
that only the fore-milk of a poorly nourished more or less de-
generate type of ill-bred cattle was furnished to the consumer.
We are informed that several dairies producing range cattle
milk of that type have been unable profitably to bring its quality
up to the very reasonable requirements of the local law (butter
fat 3.25 percent; total solids 12 percent; bacterial count not
over 100,000 per cubic centimeter) and have consequently
passed out of business.
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lent to the amount by which the carbonates fall short of the
average increase in concentration, it would seem as though a
small amount of calcium sulphate has also been precipitated.
This may have resulted, however, from a change in relative
concentration due to seepage water from the Colorado River,
and to local storm waters. On the other hand there has taken
place a marked increase in the quantity of iron and aluminum
present, amounting to about seventy-five percent for each.

The determination of nitrites in the water for the present
year was made immediately after it had been received at the
laboratory. In a short time, however, they had entirely disap-
peared. As the samples collected the two previous years" were
allowed to stand for a time before being analyzed it is possible
that nitrites may have been originally present in these samples
also, in small amounts.

The increase in nitrates for 1908 over 1907 amounted to
only 11 percent, instead of the average increase of 20 percent,
which shows that they had undergone a partial change in com-
position; while during the past year they have completely disap-
peared. The cause of this disappearance of the nitrates is not
apparent at present.

The large value found for silica in the first analysis may
have been due to the action of the water on the glass of the car-
boy in which the sample was collected.

BIOCHEMICAL.
ARTIFICIAL DATE RIPENING.

The effect of over one hundred different substances in stim-
ulating the premature ripening of dates has been studied and
much valuable information gained. Experiments along this
line had been attempted in previous years, but due to the use of
the difficultly ripening Deglet Noor, failed to show results.
This year an excellently ripening seedling variety was used,
which by its sensitive response enabled us to formulate very
clearly the general principles of artificial ripening, and apply
them to those varieties which* ripen less readily. The seedling
date used was light yellow in color and showed the first tendency
toward ripening by the appearance of a marked translucency,
darkening to a deep chocolate brown. Reagents of the most di-
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verse chemical structure brought about this change and in a
general way were efficient in the order of their volatility. The
chemical processes involved in ripening are evidently possible
in the mature, unripe fruit but prevented by the remarkable
organization of the living protoplasm. Upon the death of the
protoplasm all the possible chemical reactions take place and
the fruit is then ripe. The same effects were produced, although
more slowly, by the action of hot water between the tempera-
tures which kill protoplasm and those which render enzymes
inactive. Dates heated to 75° C. or above dried up very much
like untreated ones and remained permanently astringent and
very sweet. The sweetness was due to the destruction of in-
vertase.

The first noticeable effect of chemical treatment is to re-
lease the intracellular invertase and with it presumably other
catalytic substances involved in the ripening process. It is in
this way that the chemical organization, rigidly maintained dur-
ing life, is broken down. It is possible, however, to kill the
protoplasm without rendering the invertase soluble. In ac-
cordance, therefore, with these observations, we may formulate
the following theory of artificial stimulation of ripening: Any
agency which will stimulate or kill the protoplasm in such a
way as to cause the release or free mobility of intracellular
catalytic substances without rendering them inactive will
bring about premature ripening.

Several of the best and cheapest substances for use in arti-
ficial ripening are excluded commercially on account of their
disagreeable flavor, notably ordinary gasoline. Among the sub-
stances which may be used practically are the vapors of any of
the volatile fatty acids, especially acetic acid, or ethyl bromide,
ethyl chloride, ethylene chloride, nitrous ether, or solutions of
benzoic, salicylic or lactic acids.

Several important commercial advantages are expected
to result from the use of these methods. Many varieties of dates
may be shipped green and ripened at their destination. In
this condition they are very hard and bear transportation far
better than ripe fresh dates. Samples treated here and shipped
immediately were received in good order in Chicago and Washing-
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ton. Dates that sour in damp seasons and prove a total loss
may be chemically ripened in suitable packing houses. Arti-
ficially ripened dates furthermore do not sour as readily as the
natural product, and the unripe stock may be removed from the
orchard before it becomes infested with various insects.

Deglet Noor dates do not yield readily to these agents
but if the fruits are well advanced they may be made market-
able by treatment with a very small amount of nitrous ether.
This is done by exposing them to the vapor of about two volumes
of twenty percent solution of nitrous ether in alcohol to five
thousand volumes of space treated. The ether combines with
a portion of the tannin, rendering it insoluble, and at the same
time stimulates the other ripening processes. Under ordinary
conditions Deglet Noors ripen but slowly, even after treatment,
so that three of four weeks are necessary to develop its full
effect. This is probably due to the scarcity of enzymes in
Deglet Noor which came very nearly being a dry date We
have been unable to effect any change whatever in typical dry
dates by chemical stimulation.

During the period between the time when a date matures in
size and when actual ripening begins it is very difficult to get
any definite idea of the degree of its maturity. This period is
that during which sugar is being stored and consequently the
amount of sugar, or more conveniently of dry matter, is the only
absolute index we have of the progress of development It has
been found that the specific gravity of the fruit, especially after
removal of the seed, increases approximately with the increase
in dry matter. Thus with the help of a few sugar solutions of
known strength the average maturity of a bunch can be quickly
and accurately determined. A dozen dates are taken at random
and placed in the weakest solution. Those sinking are removed
and placed in a stronger solution where those of medium maturity
will float and the more mature ones again sink. With some ex-
perience one will be able to determine accurately when a bunch
of a given variety is mature enough to be profitably ripened
artificially, by the percentage of dates sinking in a sugar solu-
tion of definite strength. The application of the method shows
very forcibly the irregular development of different individuals
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on the same spray and emphasizes very distinctly the need
of more evenly maturing varieties. We have observed fruits
on the same bunch which appeared much alike in size and color
to vary in specific gravity from about 1.000 to 1.275. Of the
thirteen fruits in this sample, however, eight fell above 1.100,
showing an advanced average degree of maturity. The indi-
vidual of specific gravity 1.275 was practically ripe.

FIXING AND STAINING TANNIN.
While using ethyl and amyl nitrite in studying their in-

fluence on ripening, the fruits were observed to be stained dark
brown very rapidly. This was found to be due to the combina-
tion of the nitrite with the content of the tannin cells. The
method proves very convenient in locating tannin or its deriva-
tives in various plant tissues and has the advantage of penetrat-
ing rapidly. The tannin cells of a large Japanese persimmon may
be fixed and stained in a few hours by exposing it over nitrous
ether. Amyl nitrite is equally efficient but very disagreeable
and more or less dangerous to work with. Inhaling a small
quantity produces a violent headache. Ethyl nitrite in twenty
percent alcoholic solution was found best for general use and is
readily made by diluting the commercial concentrated nitrous
ether. The method promises to have a wide field of application
in laboratory work.

PUBLICATIONS.
The publications of the department for the year have been

limited to a preliminary notice on "The Influence of Chemicals
in Stimulating the Ripening of Fruits." Science 30: 604-605,
1909. Three papers have been prepared to be read at the
Boston Meeting of the American Chemical Society on "The
Chemical Organization of a Typical Fruit/' "Staining and Fix-
ing Tannin in Plant Tissues,'J and "Stimulation of Premature
Ripening by Chemical Means." These papers have been ac-
cepted for publication in scientific journals and will appear early
in the ensuing year.

A. E. VINSON,
Biochemist.

W. H. Ross,
Assistant Chemist.



IRRIGATION INVESTIGATIONS.

THE RILLITO VALLEY
Investigations relating to the groundwater of the Rillito

Valley have been prosecuted since July, 1906. During the past
year records of the water table fluctuations have been continued.
Studies of the water table have demonstrated that the source
of the ground water in this valley is almost wholly in the stream
flows which issue from the mountain canyons. Consequently
the importance of gaging these streams, and of measuring the
seepage loss into the river bed becomes very apparent, since such
data can be used as a basis for estimating the groundwater
supply directly.

Two gaging stations were established on the Rillito in Octo-
ber, 1908, one at the Oracle road bridge and the other at the
railway bridge near Jaynes. Many gagings also have been
made at Fort Lowell by wading. It is the custom to gage at
the upstream station first, then at the lower station, allowing for
the time required for the water to traverse the distance. The
difference between the two discharge measurements gives the
loss by seepage. It is found that the clear water discharged from
the canyons sinks with amazing rapidity. Flows of 200 second-
feet or less at Fort Lowell do not reach the Santa Cruz River
eleven miles below, and the seepage loss from big floods must be
at a much greater rate. The muddy waters from the Pantano
tributary sink at a lesser rate, depending on the degree of miiddi-
ness, the size of the flood, and its duration. The run-off records
and seepage measurements will be contineud for some years so
as to include drouth years and years of average and unusual
rainfall.

As to the groundwater supply available for pumping, a
critical study of all the evidence bearing upon the problem—
tests of the velocity of underflow, logs of wells, fluctuations of the
water table, seepage measurements, tests of wells now pumped,
and other data—all point to the conclusion that there Is an ex-
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cellent groundwater reservoir or basin between Fort Lowell and
the Santa Cruz River and small basins east of Fort Lowell. A
critical study of pumping indicates that the individual pumping
plant is expensive to operate and is inadequate to properly fur-
nish the water supply for the development of the valley, but that
cooperative pumping with cheap fuel, efficient machinery, large
units, skilled labor, deep wells and proper disposition of the
wells along the valley will permit of a real agricultural district
in which general farming can be carried on profitably. Co-
operative pumping has one drawback—the difficulty of organ-
izing an entire valley into a strong association, whereby individ-
ual initiative and independence are in a measure lost.

THE RILLITO IRRIGATION PROJECT.
A cooperative pumping project to irrigate the district lying

between Fort Lowell and the junction of the Rillito with the
Santa Cruz has been designed in detail. The plans, however,
must be regarded as tentative because they are based on an
estimated water supply, and when a line of deep wells through-
out the valley are drilled and are thoroughly tested by pumping,
the design must be revised.

Briefly, the project contemplates concrete caisson wells with
15-inch drilled feeders, situated at intervals of one-half mile
along the bottomland; a central power plant situated adjacent
to the Southern Pacific R. R.; engines and auxiliaries of the
most modern and approved design; crude oil fuel; an electric
transmission line; and substation pumps direct-connected to
induction motors. The ditches leading away from the pumping
plants, or at least some of them, are to have headings in the river
so that floodwater can be used as auxiliary to the pumped supply.

A paper summarizing the groundwater possibilities in the
vicinity of Tucson and describing the proposed project was read
before a meeting of the Chamber of Commerce and the ranchers
on Jan. 20, 1909. As a result a committee of six business men
and landowners studied the problem diligently for several weeks,
and on)March 30, reported favorably. At a meeting of landown-
ers on July 3 the comniittee was increased to fourteen members.
An attorney has since been employed, and articles of incorpora-
tion have been framed and filed.
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A bulletin of this Station dealing with the entire subject
exhaustively is being prepared for publication.

" INDIVIDUAL PUMPING PLANTS.
Small pumping plants, usually composed of a centrifugal

pump and a gasoline engine, continue to be adopted widely.
Although expensive to operate, yet oftentimes they afford the
only possible way in which water can be obtained for irrigation.
When intelligently operated, and used either on very low lifts
or for high priced crops, they should prove successful. Many
inquiries relating to the design of such plants come to the Ex-
periment Station. The general tenor of the advice sent out is
about as follows:

1. The well is of greatest importance, the pump next, and
the engine least. Do not neglect the well. Develop an ample
supply of water so that the pump can be run at its full capacity
without lowering the water level excessively.

2. Do not install a cheap, inefficient pump, or a pump that
is too large for the work. Better to overspeed than to under-
speed. Use suction and discharge pipes of fifty percent greater
diameter than the pump openings.

3. Buy a standard gasoline engine which has a good repu-
tation for reliability of operation and low repair bills. A gaso-
line engine should work nearly up to its rated capacity.

The assistance of the Station was requested in the design
and construction of a pumping plant for the recently acquired
University Farm of eighty acres. A concrete caisson was recom-
mended, specifications for the well were prepared, and it was
inspected while being built under contract. The well is eight
feet in diameter and twenty-five feet deep. The water level was
eleven feet below the surface at the time of completion and the
discharge or yield of the well was 1.3 second-feet. A pump and
engine borrowed from this Station, are in use at the present
time, but it is the intention to purchase and install a
specially-designed pump of high efficiency as soon as possible.

FROST TEMPERATURES.

On account of the efforts now being made to develop the
agricultural land north and northeast of Tucson, it seemed ad-
visable to determine to what extent the minimum thermometer






