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REPORT OF THE ACTING DIRECTOR.
To the President:
I have the honor to submit herewith the Ninth Annual Report of the Arizona Agricultural Experiment Station. This report covers the operations of the station for the year ending
June 30th, 1898
The lines of work previously established have been pursued during the year. The many changes, however, in the station workers at times seriously interfered with the work and in
some instances, more particularly in relation to field experiments, the results obtained were valueless and subject to severe
criticism on the part of the public.
CHANGES IN THE STATION STAFF DXJKING THE YEAR.

In September the resignation of N. H, Claflin as foreman
of the Phoenix sub-station was accepted, and Ben Eager appointed. The change in foreman caused a change in the labor
employed.
The same month the resignation of Edward M. Boggs as
irrigation engineer and meteorologist was accepted, and Nathan
H. Barnes was appointed.
In November the resignation of Wm. Stowe Devol. as
director, agriculturist and horticulturist, was accepted, and J.
W. Tourney was appointed acting director, and the department of agriculture and horticulture was declared vacant for
the time being.
In February the department of agriculture and horticulture
was filled by the appointment of A J. McClatchie, with residence in Salt River Valley, in charge of co-operative work.
In June the resignation of Nathan H. Barnes wa$ accepted, and S. M. Woodward was appointed meteorologist.
The same month Ct S. Parsons was appointed director and
irrigation engineer with duties to began July 1st.
It is to be regretted that the records of the station show so
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many changes, as it is impossible to do experimental work of
either scientific or practical value without a reasonable degree
of continuity. This is especially true of field work, from the
fact that much of the work prosecuted in the laboratory is directly or indirectly dependent upon the accuracy and care exercissd in field experiments.
CULTURAL WORK.

Aside from the co-operative work and tli3 fislcl work on
canaigre, the cultural work for the year is scarcely worthy of
consideration. The seven acres of land rented at Tucson twoyears ago for field experiments with canaigre, on account of insufficient water supply, was found to be valueless for experiments with other crops. So also, the university grounds are
entirely unsuitecl for field experiments. The only land controlled by the station during the year that could be used for
general cultural work was the sub-station at Phoenix.
The unfortunate change of foreman at the Phoenix sub-station in the early part of the year, and its subsequent control by
an incompetent person, rendered the work at that place of little
or no value. The distance of this sub-station from Tucson made
it impracticable to exercise much control in its management
from the university.
IMPORTED SEEDS.

Tt Is particularly unfortunate that the cultural work was not
in better hands during the year, as the national government had
been to great expense in introducing seeds of many varieties of
melons, vegetables and other plants from arid and semi-arid
portions of tho old world. Many of these seeds were entrusted
to this station for testing. If they had been properly grown
and a record kept of the different varieties it is likely that some
of them would have been found valuable to the agricultural and
horticultural interests of the territory.
As so much of vital interest to the station depends upon
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cultural work, the experience of the year seems to justify the
possession, by the station, of a few acrjs of good land with permanent water supply in the vicinity of Tucson, where plants
new to this region may be grown under the supervision of those
most interested in them and most competent to study them and
judge of their value.
CO-OPERATIVE \\ORIv.

The co-operative field work for the year is in marked cor*
trast to the field work on the station farm, as may be readily
seen from the reports of Messrs. Forbes and McOlatchie on the
sugar beet. Soon after assuming control of the station the acting director and chemist initiated the co-operative work that
has been actively carried out by Mr. McClatchie during the latter half of the year. The interest of several of the most extentensive and influential farmers of Salt Eiver Valley was enlisted in the work early in January, and on Mr. McClatchie's arrival the co-operative work was placed in his hand?. The results
of this work already obtained, are such that I feel justified in
making the statement that it is the most satisfactory series of
field experiments ever carried out by this station.
CONGRESSIONAL SEEDS,

Through arrangements made between Hon. M. A. Smith,
delegate to congress from Arizona, and the acting director, the
quota of congressional seeds for Arizona for the year was
distributed by the Experiment Station. The unsatisfactory
distribution of congressional seed in previous years, and the resulting waste of a large proportion of the same, seemed to call
for a change in the method of distribution.
Notices for publication were sent to all papers in the territory, stating that seeds furnished by the government would
be distributed by the Experiment Station to all persons agreeing to plant the same and report upon them at the end of the
season. A number of packages, when possible the seeds de~

1E6

NINTH ANNUAL EEPORT.

sired, were sent to each applicant together with a letter of instructions in relation to them. In response to the published
notices more than four hundred applications for seeds were received, many of these applications coming from regions long
distances from places where seeds could be obtained. Seeds
were also sent to all the farmers of Arizona, whose names were
on our mai ing list. In all about ten thousand packages of
seeds were distributed. It was the intention of the acting
director in October to address a circular letter to each person
to whom seeds were sent asking for specific information in relation to the plants grown.
This seed distribution has been well received by the public
and without question has been of much value to the territory.
1st. It has brought the station closer to the farming public.
2nd. It has been a means by which our mailing list for
the territory has been more than doubled; this increase being
entirely among the farmers living in regions where seeds cannot be easily obtained.
4th It is a means by which a vast amount of information
in regard to success with different varieties of vegetables and
other plants in various parts of the territory can be brought together. This information is especially desirable in a new region.
It is recommended that the method, as here initiated for
the distribution of congressional seeds, be continued in the future.
BULLETINS ISSUED DURING- THE YEAR.

No. 26. Sugar Beet Experiments, 15 pages.
No. 27. Arizona Weather and Climate, 50 pages.
No. 28. Salt River Valley Soils, 34 pages.
No, 29. The Date Palm, 51 pages.
It is to be observed that the total number of pages of bulletin matter printed and distributed is one hundred and fifty,
and this exclusive of the annual report,
In this connection I beg to state that the present edition
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is limited to three thousand copies, a number too small to meet
the demand with our increased mailing list.
The following bulletins are still in stock and can be furnished on demand:
1. Arizona Experiment Station, 4 pages,
5. Canaigre, 5 pages
6. Soils and Waters, 8 pages
7. Canaigre, 40 pages.
10. Experimental Work at Willcox, 16 pages
12. Preliminary Report of Observations on the Crown
Knot, 11 pages
13. The Mesquite Tree, Its Products and Uses, 13 pages,
15 List of Varieties of Fruits, 19 pages.
17. Agricultural Convention, Part I, 30 pages.
18. Agricultural Convention, Part II, 24 pages.
22 Something About Weeds, 32 pages.
24. Seventh Annual Report, 10 pages.
25. Eighth Annual Report, 9 pages.
26. Sugar Beet Experiments, 15 pages.
27. Arizona Weather and Climate, 50 pages.
28. Salt River Valley Soils, 34 pages.
29. The Date Palm, 51 pages.
THE MORE IMPORTANT ADDITIONS TO THE STATION EQUIPMENT
DURING THE YEAR.

The following are the more important of the permanent improvements to the station equipment during the nine months
representing the term of the acting director.
ADDITIONS TO GREEN-HOUSE.

Four years ago a green-house, 80 x 25 feet, was constructed on the University grounds for the use of the station. Heretofore this structure has been of little value on accout of inability to exclude the frost during the winter. In order to properly heat the building, a brick structure, 25 x 14 feet, was
erected as an addition to the south end. A small basement was
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constructed underneath in which to place a Hitching & Co.
corrugated fire-box boiler. In addition to the boiler, one thousand feet of two inch iron pipe and an overflow tank were purchased The heating apparatus was on the ground but not in
position at the close of the year The room above the basement
is to be used as a potting, tool, and general work-room.
SEED-ROOM.

The large number of seeds distributed by the station made
it necessary to construct a seed-room in the station barn. This
room was made throughout of first-class planed and grooved
lumber, and made as nearly as possible proof against mice and
insects, It is fitted with shelving necessary in classifying
seeds.
STATION LIBRARY,

A complete set of all the bulletins published by the different stations in the United States, with the exception of a few
early numbers missing from our files and which could not be
obtained, were bound in good substantial binding. The publications of the Department of Agriculture in pamphlet form were
bound, and so far as we were able to secure missing numbers,
either by purchase or from the department, they were secured
before binding.
Among the purchases was a complete set of the report of
the Department of Agriculture, comprising fifty bound volumes,
A sufficient number of substantial bulletin cases was purchased for filing current bulletins. These cases were found necessary in order to properly care for the bulletins as daily received.
A library bureau card index file of six drawers was purchased to file the card index to station literature provided by
the national government.
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The station library is now fairly complete and in good
working order
FARMING IMPLEMENTS,

Among the more important farming implements purchased
during the year were the following: Wagon, two-horse beet
drill, two-horse cultivator, sub-soil plow, plow, and a complete
blacksmithing outfit, One team was also purchased.
THE DEPARTMENTS OF THE EXPERIMENT STATION.

Not only have many changes been made in the personnel of
the departments of the station during the year, but a number of
changes have also been made in the departments themselves.
The Department of Irrigation Engineering and Meteorology has been divided, the work in irrigation engineering has
been given to the director, and meteorology has been made a separate department.
The work in the Department of Botany was greatly interrupted from the fact that nine months of the year was largely
given by the botanist to the office of acting director.
The only department of the station that has had uninterrupted work for the entire year is the Chemical Department,
Following the report of the acting director will be found
the report of the botanist, chemist, and agriculturist and horticulturist, No report is presented from the Department of Irrigation Engineering, as practically no station work was done in
that department during the year.
J. "W. TOUMEY,
Acting Director,
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REPORT OF THE BOTANIST,
The work of the Department of Botany was Interrupted, by
the botanist acting as director for nine months of the year.
The work of the botanist was also interrupted by investigation
of the date palm and a few other subjects upon which work was
begun during the vacancy In the Department of Agriculture
and Horticulture. For the reasons as here given the work
noted below is noi all of a botanical character,
THE DATE PALM,

The res alts of a rather extended study of the date pahn in
Southern Arizona and the palms imported by the government
several years ago and distributed to various points In the southwest, are fully set forth in Bulletin 29, recently issued by the
station. This bulletin discusses the date under the following
heads:
1. Palms in general.
2. Early history of the date palm,
3. History of the date palm in Arizona,
4. Some seedling date palms in Arizona.
5. Imported date palms.
6. Imported palms at the Phoenix sub-station*
7. Imported palms sent to other places.
8. Climate for the date.
9. In relation to soil and irrigation*
10. Methods of propagation and growth of the date palm.
11. Descriptive of the se:&e$ of the date palm.
12. The fruit of the date palm.
13. The commercial demand for dates.
14. Insects and other enemies of the date.
35. Conclusions.
16. Supplemental
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This study of the date is fairly conclusive that certain portions of Southern Arizona are particularly adapted for its growth
and for the profitable production of the date fruit. The work
of this bulletin is to be supplemented during the fall by a careful study and comparison of the fruiting tree& in Southern
Arizona*
AKFALFA BOOT-ROT.

Three years ago my attention was drawn to an alfalfa field
on the University grounds where the alfalfa was dying in spots
in various portions- of the field At that time the field had been
in alfalfa about two years- The disea&e made its appearance in
May, by two or three plants dying at one place, and a short
distance away, two or three oib ers in the same condition, and so
on throughout the field At the time these points of contagion
could be recognized for some distance, as the leaves of the alfalfa lost their chlorophyll and became almost white*
From the point of contagion the disea^ extended in a
circle, the first plants to show the disease answering to the
centre of the circle. In November, the larger of these circles
were some ten feet in diameter, many not having; a single living:
plant of alfalfa within them.
The following year the disease became so bad that the field
was plowed, In moving the stock of a small nursery the next
spring it was reset in the infested field, while another portion of
the field was planted in tobacco. In September, about seven
months after the nursery stock was planted, a large portion of
it, without regard to variety, began to die The disease inad©
such progress that it soon became necessary to destroy the stock.
The tobacco was uninjured.
Each season for the pa&t three years many fields of alfalfa
have been similarly affected throughout Southern Arizona,
Moreover, the disease has not been confined to alfalfa, but in
certain localities has caused much injury to apples, peaches,
apricots, almonds, many small fruits and a great variety of ornamental trees and
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has been recommended that a trench be dug around all circles
of contagion, digging the trench at least a foot beyond the circumference of the circle representing the outermost of the dead
plants, as the fungus extends beyond the dead area for some
distance.
The recent serious injury from this diseare calls for a more
extended investigation of the nature of the fungus. This investigation is now in progress. The magnitude of the interests
involved in the cultivation of alfalfa in Arizona are such that a
knowledge of the nature of the disease is of vast importance to
the welfare of the territory. This fact is sufficiently demonstrated by recent letters from the Salt River Valley calling attention to the seriousness of the disease in that locality.
SUN-BURN.

Several tiroes during the past two years my attention has
been drawn to quite a variety of fruit trees dying from no apparent cause, the injury occurring soon after the trees come
into full foliage. In April, 1896 and 1897, apricot and prune
trees, at the station farm at Phoenix, were seriously affected.
The injury begins by the leaves turning brown and curling up
at the edges as in Fig. III. As the injury progresses the leaves
become dry and finally fall away, sometimes leaving the trees
as barren of foliage as in mid-winter. All degrees of injury
occur. It is only occasionally, however, that trees are killed
outright, but more or less injury occurs each spring to a great
variety of trees in Southern Arizona, The peculiar curling
tendency of the leaves is quite characteristic of sun-burn and
in itself is sufficient to enable one to recognize it
Sun-burn is caused by the leaves not being able to get sufficient water to meet the demands of rapid transpiration. The
disease is more apt to occur in the spring months when the
foliage is tender, especially during a period of hot, dry winds.
Many trees are unable to adapt themselves to rapid changes in
humidity and temperature and are either killed outright or greatly injured and weakened The amount of water at the roots of
the tree has little to clo in causing this disease. The trouble is
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is so apparent in many of our orchards, has a tendency to weaken
the trees and make them liable to sun-burn. Again, many of our
soils are so fine they readily become compact and do not permit
the free access of air. Such soils are so poorly aerated that the
roots of plants growing in them often become asphyxiated by
excessive irrigation or during the rainy season.
Many questions have to be takon into consideration in determining the cause of sun-burn in any particular case. In
general it may be said that orchards planted on suitable soil
and kept in a proper state of cultivation and irrigation are not
so liable to this disease.
CAKE OF FRUIT TEEES.

Attention is briefly called to the care of fruit trees from
the fact that nearly all the diseases of fruit trees in Arizona,
such as sun-burn, sour sap, and gum disease, may be direcfcly or
indirectly attributed to some deficiency in climatic conditions or
in methods of culture and irrigation.
Soil and water are important factors in the growing of fruit
trees as well as in the growing of any other crop, but these alone
are not sufficient. We have not yefc worked out in our few
years of experience how to best handle our water supply in
order to make the most of it. We do not fully understand the
best methods of cultivation to pursue in order to gain the greatest profit from the varying soils which make up our agricultural
lands. It is a well known fact that we have scarcely a farm of
any magnitude but shows a wonderful variation in the makeup
of the soil, frequently in different portions of the same field.
In cbnsidering the subject of proper care to be given to
fruit trees so many things have to be taken into consideration,
so many conditions that affect growth have to be carefully worked out it is little wonder that many of our orchards, which, by
this time should be making some returns for the outlay, are as
yet neither profitable nor productive. Our trees must be
studied from many different standpoints to know how bast to
manage them, not only that growth of wood be obtained but
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from a business standpoint a profitable amount of marketable
fruit be harvested.
As a rule the fruit growers of Arizona recognize the value
of cultivation. They have found out by observation and experience that orchards under a high state of cultivation are
more productive of both wood and fruit than thoss neglected.
Many thoroughly scientific reasons may be given to account for
this condition, of which the most pregnant are:
It liberates plant food from the soil;
allows air to permeate the soil and reach the roots;
breaks up the soil and renders it more accessible to the
young roots;
makes the soil more pervious to water;
makes the soil more retentive of moisture by preventing
evaporation.
In general, high cultivation is as essantial to the orchard as
it is to the corn Sold and under right managam^nt will ba a<3
productive of good. Although in the orchard so much depends
upcn cultivation, injudicious tillage may cause much harm.
It is here that each fruit-grower must use his own judgment.
He must study his land so that oach year will add to his knowledge of its capabilities under constantly varying conditions.
Our soils are so variable that what will apply to one orchard
may be entirely unsuited to another. No ono is supposed to
know as much about a farm or rather should know as much as
the man who has lived upon it for a half score or more years
and watched the succession of crops year after year, For these
reasons no iron clad rule can be given as to when to cultivate.
Although it is useless to formulate a system of practice in
the cultivation of orchards, there are certain underlying principles which should be taken into careful consideration by every
fruit grower. We cultivate that the plant may be given a more
abundant food supply and surrounded by better conditions for
growth.
As the soil is, to a measure, the source of the food supply
of plants, the selection of a suitable soil for the fruit that we
are to plant should not be overlooked.
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The soils of Arizona are usually deficient in nitrogen, a
valuable plant food usually found in insufficient quantity in arid region lands. The question with us is how to supply
this deficiency the most economically. After our orchard has
been planted we must resort to either of two courses, viz , apply
commercial fertilizers rich in nitrogen or supply the deficiency by green manuring, i e., growing some crop that may be
plowed under and, on decomposing, give up valuable plant
foods to the soil,
There is no doubt but immediate fertility can be best obtained by the application of commercial fertilizars, but commercial fertilizers are expensive in this territory and but in few
cases, from the standpoint of profit, are we justified in using
them.
We had best look to increasing the deficient elements in
our soil by the slower but much more economical process of
green manuring, as this will not only add to the plant food elements of the soil, but will increase the humus and fibre, important considerations in relation to our soils.
The climatic conditions of Arizona are woll suited to green
manuring in order to improve the fertility of oar orchard lands.
The spring and summer should be given to high cultivation,
which is the best resource for the conservation of moisture and
for liberating or rendering available th.e plant food already in
the soil. The only successful methol of overcoming the lack
of water for the two months preceding the July and August
rains is constant and thorough cultivation.
After the summer rains begin cultivation should cease and
our orchards sown to some crop that will produce a good fall
and early spring growth to ba turned under when cultivation
begins the following season,
CROPS K)R GREEN MANURING.

In the humid region the clovers and a few other leguminous
crops are almost in universal use for improving worn out soils
and soils deficient in nitrogen, The superior value of legu-
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minous plants for this purpose lies in their ability to utilize the
free nitrogen of the air and make it available for plant use.
In a series of experiments carried on at this station the following leguminous plants were grown under as similar conditions of soil and moisture as could be obtained. The accompanying notes were taken at the time the plants were grown.
Sour clover (Melilottts Indica).—This annual occurs throughout southern Arizona as a weed in grain fields and on waste ground
In the experimental plat at the Tucson Station the stand was
excellent and the growth rapid. It is well adapted for sowing
after the summer rains, growing the crop during the fall and
winter and plowing under in the spring A number of fruit
growers in the Salt River Valley make an annual practice of
growing this clover in their orchards as a green-manuring crop
during the winter, In every instance this practice has met with
marked success, and in all cases is to be preferred to the sowing
of grain for the purpose of green manuring as practiced by some.
Crimson clover (Trifolium incarnatum)—This plant
made little growth during the summer months, but grew rapidly in the fall and early winter and gave much promise as a late
crop.
Alsike clover (Trifollum hybrid him) of slow growth during the summer, improved somewhat in the fall months but apparently of little value as a green manuring crop.
Burr clover (Medicogo macnlata).—This clover grew well
during the summer months and made a good stand but is not of
sufficient size to be of much value in green-manuring.
Bokara clover" (Melilotus alba).—A strong and rapidly
growing plant; made a continuous growth during the entire
summer and fall. One of the best of all plants in this list to
j tlie summer; as to vigor of growth ranks with alfalfa.
(Onobrychis sativa) —Made a slow grow and
burned out badly during the summer. Apparently of little
value.
Japan clover (Lespedeza striata),—Came up very unevenly, made a poor growth during the summer. In October but a
few of the plants were alive,
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Cow pea (Doliclios Chinensis}.—Between two and three
acres of this plant were grown at the station a few years ago,
mostly on very poor mesa soil The crop was only fairly successful but where grown on adobe soil, a heavy crop of foliage
and seeds were obtained.
In considering a plant to be used in green-manuring the
two important points to be taken into consideration are: 1st,
the quantity of root and stem that the given plant will produce
from the time of sowing until it is turned under in the spring.
2nd, the probability of the plant making a good stand with
reasonable attention paid to preparation of soil and application
of water.
The plants here discussed which came the nearest to meeting these requirements are:
Sour clover, crimson clover, bokara clover and the cow
pea (the latter, however, is not suited for winter growing). To
this list we should add alfalfa (Medicago sativa), the most
valuable forage plant that we have and under most conditions
the best suited for purposes of green-manuring.
IN CONCLUSION.

The results of the work in this department for the past
year have in a sense been incomplete. It was hoped that a
complete series of experiments and a thorough investigation
could be given the crown knot and the root-rot of alfalfa and of
other plants. Work to this end was in progress on both of the
diseases, but in October had to be abandoned on account of the
duties of the director's office and teaching in the collegiate department of the university, With no assistance it was impossible to carry out any extended lirie of work when it was necessary to give so much attention to work outside the department.
J, W. TOUMEY,
Botanist,
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REPORT OF THE CHEMIST.
To the Acting Director:
The chemist and assistant chemist liave baen occupied during the past year with three main subjects of investigation,
namely, sugar beets, soils, and canaigro. Considerable miscellaneous work, also, has been done from time to time, for the ac*
commodation of various residents of tho territory, upon water,
milk, sugar cane and fertilizers.
SUGAR BEETS.

The results of the first summer's experiments with sugar
beets, made in 1897, are set forth in Bulletin 26, and, as there
stated, were apparently adverse, though close study of the relation between conditions of growth and the quality of beets
obtained suggested a more hop3f ul plan of work for the ensuing
year.
The rn&ny failures recorded in Bulletin 26 are due to the
fact that the usual co-operative plan was followed, by which
seed and instructions were supplied from the station, and the
beets were grown by different farmers in the territory. This
plan, often successful elsewhere, failed here, because of the unusual agricultural conditions prevailing in a hot, arid, and irrigated region.
Careful study of the 121 analyses recorded in the table revealed the following facts;
1. That the Klein Wanzlebener variety yielded better re*
suits than the Vilmorin;

4?9 sample,s} JGeiti Watizl^bener^
18
'*
Yilmorins

...» ....»

Average
weight
of Beets

Sugar

oz.
18.2
169

per ct
9.69
$.65

in

Purity.

Beets.

per ct.
65 5
57.2
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other places must here give way to those methods which experimental inquiry shall show adapted to our unusual conditions.

SOIL INVESTIGATION.

In response to the demand for information concerning the
soils of Arizona, especially in the southern part, the chemist,
about two years since, undertook the collection and study of
soils, more particularly from the Salt Eiver Valley. The results from twenty samples are stated at length in Bulletin 28
and further work has been done since the issue of that report.
The information usually require! by residents or prospective settlers is whether this or that particular crop will flourish in a certain soil. The answer to this question involves the
widest botanical, climatic, and chemical knowledge of the locality in question, so that it is not surprising that a chemical
analysis, which touches but one of the several sides of the question, should fail to satisfy the inquiry. However, in a limited
area of the same general charactar as regards climate and botanical life, a careful chemical and physical examination of the
various types of soil, taken together with a knowledge of the
vegetation natural to these soils, and the crops succeeding or
failing upon them, will furnish data for a fairly accurate statement as to whether a certain crop will thrive or not in an untried locality.
In a partly settled region, therefore, soil examination is of
unmistakable value as a guide in the further choice of lands for
special purposes, Of special importance in an arid region are
those figures relating to the deportmsnt of soils with water. In
our experience, those figures which express the relative amounts
of water which leach through different soils, and which state
the rapidity with which capillary water rises through them, are
of as much practical significance as even a complete chemical
examination.
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The following is a restatement of the chief items of information gained by our study:
1. Considering the more important plant foods in order,
lime was found to average no less than 2.372 per cent for the
twenty samples from the valley, being mostly in the form of
carbonate, which is so essential for the fiocculation of soils and
their consequent improvement in tilth.
This abundance of lime is characteristic of arid region- and
is one reason for the fertility of these soils under irrigation,
since this substance not only improves physical condition, but
preserves humus, and renders phosphoric acid and potash more
available to vegetation.
2. Potash is abundant everywhere, averaging no less than
.821 per cent by the standard method of analysis- This is more
than twice what is generally considered essential to fertility.
8. Phosphoric acid makes a fairly satisfactory showing, the
average of .13 per cent for the valley being somewhat in excess
of the amount usually accepted as necessary for a fertile soil.
4. Zeolites, in considerable amount are indicated by the
fact that soluble silica averages more than twice as much as the
alumina (13,781 per cent to 6.433 per cent). According to Dr.
Hilgard, the value of zeolites consists in the fact that they are
repositories of plant foods, and by slow decomposition gradually yield their elements of fertility to growing crops. The existence of zeolites therefore augurs well for the wearing qualities of soils containing them,
5. Alkaline salts are not, as a rule, present in unmanageable
amounts, though in connection with heavy soils they occasionally make a good deal of trouble. The prevailing character of
the alkali throughout the valley is "white", consisting chiefly
of the mild chloride and sulphate of sodium, and containing a
small proportion of the more injurious carbonate of sodium, or
"black" alkali.
Humus and nitrogen are probably seriously lacking in
most of the soils of the Salt River Valley, being less than is usual
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in the arid regions of the United States, as shown by the following comparisons with data published by Dr. Hilgard:

California
Washington
Montana,
..
Arizona
,
18 arid soils (humic nitrogen onlv)

. ..198 soils
.... 76
.... 39 a"
20
.

Humus.

Nitrogen.

per cent.
1.04
1,155
3.321

per cent.

.65

.045
.101

To the deficiency of nitrogen in some cases, it is probable
that certain failures may be attributed, among others the leaf
curl disease observed among the peaches and apricots on the
Phoenix sub-station, and which is believed to be due to lack of
nitrogen.
To tie lack of humus, or vegetable mould, is due in part the
dense, compact character of our desert soils, The addition of
this material therefore, and the consequent improvement in
tilth and water-holding power, is a most important feature in
the agriculture of this region,
The most practical means of supplying both humus and
nitrogen consistent with economy, known at the present time,
is through the cultivation of alfalfa upon the virgin desert
lands. This hardy plant, originally from arid Asia, thrives admirably in our own arid region, penetrates and loosens the soil
with its strong roots, contributes humus through their decay,
and, in common with other leguminous plants, is instrumental
in taking nitrogen from the air and fixing it in available form
in the soil.
It is common knowledge with every agriculturist of this region, that trees, wheat and most crops do better on land that
has been opened up with alfalfa. Further study of this and
other leguminous green-manuring crops is therefore a matter of
great importance to the agricultural interests of the territory
at this time.
The investigation of canaigre, with which the station has
been identified in the past, has been actively carried on during
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the year. Much time has been spent by the chemist in perfesting methods for determining tanning materials, starch, and sugars
in this substance, which presents peculiar difficulties to the
analyst. Valuable sets of samples have been collected for the
purpose of a fuller study of the chemical life history of this
plant than has yet been attempted, and it is proposed to continue this line of investigation.
During the year, the chemist has also baen virtually in
charge of a ten acre experimental tract, planted to canaigre with
the intention of observing the effect of different sorts of seed
roots, modes of planting, kinds of soil, and times of harvesting,
upon the yield. As is usual with agricultural experiments, a
single years' operations are suggestive rather than conclusive,
but it may be stated that the data afforded thus far from the
field are eminently suggestive.
The plots were nineteen in number, ranging from .10 acre
to 79 acre in size. The field itself, situated one mile from the
laboratory buildings in the Santa Cruz bottoms, is composed
of a great variety of soils ranging from barren gravels to a somewhat heavy loam, so that an unusually good opportunity was
afforded for observing the effect of various soils upon yield.
The points which it was sought to determine were:
1. Whether large seed roots or small are most productive.
2. Whether old seed roots or young give larger yield.
3. As to the depth of planting.
4 As to the relative merits of annual versus biennial
harvests.
5. The effect of different kinds of soil and fertilization
upon yield.
The results obtained in answer to these questions are some
of them consistent with each other, while some are contradictory. On account, therefore, of their tentative nature, they are
at present reserved until further experiment shall determine the
points still in question. It may be stated, however, that in
those parts of the field where a reasonably fertile soil existed,
the following data were obtained.
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In planting the above plots, the ground was ploughed
deeply, and thoroughly harrowed. The rows were laid out 2£
feet apart with a marker made by nailing five runners into a
frame to which a wagon tongue was attached. Into the shallow
furrows made by these runners the roots were dropped by hand
10 inches apart, then covered light and left under about seven
inches of soil with a small plow The irrigating farrows were
afterward shaped with a shovel plow Four irrigations were
given during the year on Oct. 16, '97; Nov. 17, '97; Dec. 17, '97;
Feb 24, '98. Rain about equal to an irrigation fell in January,
'98. The plots were cultivated after each irrigation and kept
free from weeds The growing season extended from about
Oct. 1, "97, when the first leaves appeared; to about April 15th,
'98. when most of the plants had died back to the ground.
The above yields running from 2} to 3J tons per acre for
annual crops, and up to nearly 6 tons for a biennial crop, fall
far below the figure which it is commonly asserted can be attained. The conditions under which the experimental field
was worked were in some respects unfavorable. Irrigation water
was not always obtainable when needed, and it is questionable
whether the soils of this field are of the true canaigre typ3.
In order to answer this latter question, examinations of
soils from the Anglo-American Oanaigre Go's, ranch near
Tempe are now being made with a view to ascertaining the type
of soil most favorable to this plant. It may be stated that the
normal yield under favorable conditions is as yet undetermined
by our experiments.
Perhaps the most interesting plot in the field was that devoted to different lots of seed roots secured from various localities. Roots from central and southern Arizona, New Mexico,
Texas and California were grown side by side, their botanical
peculiarities noted, and the interesting fact observed that their
differences, such as color and shape of the roots, and color and
form of foliage, are persistent under precisely similiar conditions
of growth. Samples from this variety plot are to be examined
chemically, and it is intended that this shall be the beginning
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3 samples of canaigre extract for tannins, sugar, starch,
and moisture.
1 sample of chestnut extract for tannins, sugar and moisture,
1 sample of gambler for tannins, non-tannins and moisture,
WATERS.

Occasional requests for water analyses have demanded some
time. A determination of total solids and qualitative examination for the common impurities have usually been sufficient
to supply the information desired. The following indicates
the character of the work done:
Total sohds
parts in
Reaction
100,000

Sample*
M. T. Buttcrfield,
Santa Rita Mts

53

Dr. i. Miller, Piescolt.

79

Fowler Bros , Phoenix.

399

E, R. Monk, Warm
S p r i n g . (80°) in
Santa Rita Mts.

38

From Carrillo's Garden
Tucson.

77

J. H, Martin, Tucson.
Natatorium well.

147
i

Qualitative.

Abundant sulphates, considerable chloiides, and
bicarbonate of lime.
Abundant chlorides, and
bicarbonate of lime.
Considerable sulphates,
and magnesia.
Chiefly common salt,
abundant sulphates,
and magnesia, and conalkaline
siderable bicarbonate
of lime.
Abundant s u l p h a t e s ,
small amounts of chloacid
rides, magnesia, and
bicarbonate of lime.
Abundant sulphates, considerable chloiides, and
alkaline
bicarbonate of lime.
Abundant s u l p h a t e s ,
chlorides, and lime.
sliglitly
alkaline Considerable m a g nesia .
neutral

MILK.

Samples of milk collected from different milk dealers in
Tucson by Mr. Herbert Brown were examined for butter-fat,
with the following results:
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Sample A, 4,95 per cent butter-fat.
B. 5.45 •< "
C. 3 75 " " " "
D. 2.9 " "
E. 3.55 " "
Good average milk contains about 4 per cent of butter-fat.
The amount of fat should not fall below 3 per cent and will not
often exceed 5 per cent. Samples A. and B are therefore excellent, 0. and E. are fair and D. is poor.
In October, 1897, the chemist also, for one day, acted as
umpire in the analysis of milk samples for the Marioopa Creamery, Phoenix, at the request of Mr. Kays, the manager.
FERTILIZER ANALYSIS.

Sample of superphosphate from Agricultural Chemical
Works, Los Angeles, California.
Moisture
12.84 per cent.
Water soluble phosphoric acid
3.49 " "
Citrate "
"
"
845 <• "
'' insoluble "
"
traces
Total phosphoric acid

11.94

ASSOCIATION SAMPLES.

One sample each of Hemlock liquor and chestnut wood extract were analyzed in co-operation with the association of agricultural chemists, the object of this work being to aid in establishing accurate standard methods of analysis for the various
classes of substances encountered in agricultural chemical
work.
IN CONCLUSION.

It may be stated that the work of the chemical department
for the past year has been more satisfactory than at any time
during the present chemist's connection with the station.
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Two bulletins have been issued, one on Sugar Beet Experiments, the other on Salt River Valley Soils, while new lines of
investigation have also been laid out and entered upon in connection with canaigre, and sugar beets Several technical reports have also been made from time to time upon association
samples, sugar-beets, soils, and other subjects, to official and
private parties requesting information Much time has also
been devoted to the answer of correspondence coming to this
department.
These results are largely due to the fact that persistent
effort has been made to withdraw from unnecessary connection
with the educational affairs of the collegiate department. This
is essential in order that opportunity may be secured for the
time consuming operations of chemical work. Acknowledgement is due the assistant chemist for his painstaking efforts,
chiefly in connection with the routine of soil and canaigre
analyses. The investigation of new lines of work has been
more particularly carried on by the chemist, who also has had
charge of the teaching work of the collegiate department,

ROBT, H. FORBES,
Chemist.
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REPORT OF THE AGRICULTURIST AND HORTICULTURIST.
To the Acting Director:
The following is a report covering the work of the Agricultural and Horticultural Department during the five months
I have been connected with the Experiment Station:
EXPERIMENTS WITH SUG-AK BEETS.

The principal part of my time has been devoted to experimental work having for its purpose the determination of the
extent to which the territory is adapted to the growth of the
sugar beet upon a commercial scale The work has been in a
sense a continuation o£ that begun by the station last year.
The determination of the adaptibility of a state or territory
for the raising of sugar beets, through co-operative work done
by fanners to whom seed is distributed promiscuously, is found
to be quite possible in cool humid regions. In such regions
there is but one growing season, and consequently a comparatively short time during which seed will be sown, and there is
not a long period of ercessive heat to be avoided. There is
usually sufficient rainfall to germinate the seed and mature the
crop; hence, by following the methods used in the growing
of ordinary garden beets, results more or less satisfactory are
obtained in most cool humid states or territories.
In the warm arid regions the conditions are quite different.
In the first place, there is such a large part of the year when
seeds may be planted, there is much more probability of their
being planted at the wrong timo. The preparation of the soil
properly so as to insure germination of the seed and a healthy
growth of the growing plants is much more difficult in an arid
region, especially a warm one, than elsewhere Besides this,
in order to produce a crop, the beets must be sufficiently irrigated; yet, excessive irrigation will impair their quality. Hence,
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success will not be attained in such a region, unless the soil be
so prepared as to secure a good stand of growing beets, unless
the seed be sown at the proper season, and unless in addition
to that thorough cultivation imperative under all conditions,
the beets be irrigated properly and not excessively.
In view of the above facts the results of last year's co-operative experiments, seemingly so discouraging, were not to be
taken as conclusive. As a consequence of the experience of
last year, and in accordance with suggestions made by Professor
R. H. Forbes, chemist of the station, in Bulletin No. 26, the
work has been conducted in a different manner this year Interested ranchers of the Salt River Valley with whom arrangements were made by Acting Director Tourney, furnished plats
of land that were prepared, seeded, irrigated, hoed, and cultivated under my supervision. The plats varied in size from oneeighth to three-fourths of an acre, being situated upon the following ranches; Indian School Farm (through the co-operation of Supt. S M. McOowan and Farmer A. GK Matthews),
Anglo American Company's canaigre ranch (through the cooperation of Professor F. A. Gulley and Foreman W. N. Priced
Murphy ranch (through the co-operation of W. J. Murphy and
Foreman J. H, Mingle), Christy ranch (through the co-operation of Col. Wm. Christy and Foreman G H Carr), Section 4,
T. 1 N. K. 2 E. (through the co-operation of W. D, Fulwiler of
the Arizona Improvement Company and W. M. Grier and
sons), Fowler ranch (through the co-opsration of Linciln Fowler and Gates Fowler), Gage ranch, Tempe, (through the cooperation of GK N Gage), Hough ranch, Tempe, (through the
co-operation of F, A. Hough and his tenant A. Beitraminelli;
besides four plats upon the experiment sub-station at Phoenix.
The following is a brief statement of the work done upon
the above plats, fuller details being reserved for a bulletin
covering the year's work on sugar beets,
The first step in the work was to have the soil prepared in
the best possible manner. Many difficulties were met with in
doing this. Some of those co-operating did not have suitable
implements for bringing the soil to the desired condition; others
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were too busy with their regular work to give the plat proper
attention; while still others failed to appreciate the importance
of thorough preparation of the soil, In most cases, however,
the soil was put into a fairly good condition of tilth before consent was given to the seeding of the plat.
The planting was begun as soon after I reached the valley
as the plats could be properly prepared. This occurred during
the latter part of February and the early part of March, with
the exception of two plats upon the station sown later. That
the seeding should have begun a month or two sooner now seems
evident. The sowing was done with a single-row corn planter
in rows 18 to 24 inches apart. In most cases the young plants
came up in sufficient numbers, the principal causes of unsatisfactory germination being improper irrigation previous to plowing, and the lapse of too long a period between the beginning
of the preparation of the soil and tha seeding of it.
The thinning was done in the ordinary manner, most of
the plats being thinned by the same workman, he having been
instructed as to how it was desired that the work be done. The
distance left between the young beets varied from six to nine
inches, depending upon the distance between the rows.
Two of the plats were irrigated before the young plants
began to appear above the surface to facilitate germination, but
the remainder were not irrigated until after being thinned. It
was found to be a good plan to furrow the rows for irrigation
previous to thinning, and then irrigate them immediately after
thinning. By pursuing this method, during thinning the earth
would be removed from any plants that had been covered by
the furrowing plow, and the drooping isolated beets would be
stimulated to vigorous growth. The frequency of subsequent
irrigation depended upon the nature of the soil in the respective plats and upon the condition of the weather, the aim being
to irrigate no plat until it gave unmistakable evidence of needing water. Alternate rows were furrowed and water run down
them at one irrigation, and the intervening ones treated in the
same manner at the next irrigation. Subsequent to each jbrri-
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gation, except those daring the latter part of the beet's growth
when the tops covered the ground, the furrowed rows were
again leveled by hoeing or cultivating For cultivation, a common fine tooth cultivator was used, Owing to irregularities of
the surface of some of the plats and the irregularities of the
distance between the rows, some difficulties were encountered
in furrowing, irrigating and cultivating.
At this writing (June 30th) the beets in the majority of
the plats are still growing thriftily; in the others they have
ceased growth and are ripening. Several samples from most of
the plats have been tested by Professor Forbes, and the results
indicate (although the beets are still immature) that all of the
soils of the valley will produce good beets if sown during January, February, and the early part of March, and that some of
the soils will produce beets of exceptional sweetness and puririty. The percentages of sugar in the beets tested during the
last ten days of the month of June range from 11.2 to 16,1, the
average being 13.4, and the purity coefficients range from 74 8
to 87.6, the average being 81.3, What the yields of the plats
will be cannot at present be closely estimated, but the product
of small areas that have been weighed, indicates that when the
beets are full grown, the yields will range from six to fifteen
tons per acre.
During the latter part of June, the preparation of plats for
seeding during July and August was begun, it baing anticipated that beets can be grown successfully during the late summer
and autumn. Through the co-operation of the Arizona Improvement Company and of W. N. drier and sons, arrangements have been made for the raising at a small expense to the
station, of three acres in one plat for the purpose of ascertaining approximately what will be the cost per acre of raising
sugar beets in this valley. For the above summer and autumn
work the following tools have been furnished: a Mapes sab-soil
plow, a four-row Superior beet drill, and a four-row Moline beet
cultivator By the use of these implements the soil can be
prepared better than was possible with the winter sown plats.
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EFFECT OP FROST AT PHOENIX SUB-STATION,

As the past winter was the coldest one for several years?
observations upon the effect of the frosts will be helpful in the
future. The lowest ^temperatures were upon December 21st
and 22nd and January 24th and 25th when the minimum thermometer registered 17, 23, 18 and 22 respectively. The principal injury was done to the fig trees, the grape vines, and the
date palms. The latter were all injured more or less. A large
part of the foliage was frozen, at least the outer ends of most of
the leaves being killed.
The greatest damage, however, was done in the spring
during and after the blooming of the fruit trees, principally
upon March 18th when the minimum th3rmDm3ter registered
29 and upon March 22nd, 23rd and 27th, when the mercury
fell to 30 each night. The apricots and almonds received the
most injury. The Pringle trees were the only apricots that
bore a full crop. Other trees bearing a moderate amount of
fruit were the Moorpark, Musch Musch, Peach, Blenheim;
Hemskirke, Montagnet, Oullin's Early and Bennett's Early.
The almonds, being further along in their development than the
apricots, received less injury. The Ne PI as Ultra, IXL, Silver
Shell, Sultana and King's Soft Shell trees are still loaded with
fruit. The varieties injured most, were the Marie Duprey, commercial, Nonpariel, Teragona, Drake's Seedling, Pistoche, and
Languedoc.
DATE PALMS AT PHOENIX SUB-STATION.

The date palms at the station, received considerable attention the past spring. Several that had not bloomed heretofore,
and whose sex was riot known, bloomed during April and May.
The following table contains the most of the results of the observations, many of which were made at the suggestion of
Acting Director Tourney and of A. A, Wheeler of San Francisco:

NINTH ANNUAL REPORT.

188

The trees are designated by the numbers assigned them by
Dr. Claflin, the former foreman, since there is considerable
doubt as to the accuracy of the names they bore when received
from the Department of Agriculture. The fact that so many
of them are males, instead of females, as they were supposed to
be, indicates that they may be seedlings and not the choice
varieties that they were supposed to be,
WHEAT AT PHOENIX SUB STATION.

1,

Commune.... June 7

Average height
of stalks in
feet.
Number of
stalkt\ from one
* seed,"
Average length
of heads in
inches, ' a
Average number of kernels
per head.
Average number ofkeinels
per ounce*
Pounds of grain
on 100 square
feet.
Approximate
yield per acre
in bushels,

Variety,

Date of maturing.

Seed of nine varieties of wheat sent out by the Department
of Agriculture, was sown December 8th by Foreman B F Eager
and cared for and harvested by him. The two varieties, Petardelle Noire de Nice and Frumento Glace, failed to grow properly and matured no grain. The results for the remaining
seven varieties are as follows:

3%

27

3%

39

540

6

43

2* Russian

"

2

3V2

17

3V2

45

732

5

36

3. Jones Winter
Fife

"

7

3%

10

4VS

71

726

8

58

4. Frttmento
Prolilero.......

"

7

3%

18

3%

45

C20

4%

30

5, French

*<

7

4%

9

4%

70

512

sy2

39

6. Rossa di
afulia

"

2

3%

18

3%

42

648

6

43

7.

**

2 3 1-6

22

3%

42

692

4

29

Fultz

;
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SEEDS PLANTED AT PHOENIX SUB-STATION.

Quite a number of varieties of seed sent out by the Department of Agriculture and purchased for experimental purposes,
were sown during March and April. In the case of most of
them it is too early yet to give results. The cowpeas sowed
March 14th, grew well and at the end of June are maturing a
heavy crop of seed. 98 varieties of melons were planted in one
plot. At the end of June some of them are maturing, and several give promise of being valuable additions to the melons of the
valley. The region being especially adapted to the growing of
early melons, the importance of testing new varieties is evident.
Most of the varieties were imported from Russia, One (the
Tsama) was obtained from ihe Kalahara Desert, Africa, and is
said to be of inestimable value to travelers. A Turkestan alfalfa, said to possess great drought resisting powers, is being
tested at the station.
A, J. McCLATOHIE,
Agriculturist and Horticulturist.

