UNIVERSITY OF ARIZONA.

Arizona
Agricultural EXxperiment

Station.

TENTH ANNUAL REPORT.

For the Year Ending June 30, 1899,

INCLUDING NOTES OX

. SOILS AND WATERS, SUGAR BEETS,
CANAIGRE, VEGETABLES,
THE CROWN GALL, GREEN MANURING CROPS,
THE DATE PALM, GRAINS,

FRUIT TREES, ETC.

Tucson, Arizona, August, 1899,



Arizona Agricultural Experiment Station.

GOVERNING BOARD.
(REGENTS or THE UNIVERSITY.)
Ex-Officio,

HON. N. 0. MURPHY. ... Governor of the Tetritory,
HON. R, L.LONG.............. PP Superintendent of Public Instruction,

Appointed by the Governor of ¢ke Zerritory.

WirLiam HERRING, Chancellor.............ca o ve o ve L avevcvanss Tucson.
H. W. FENKER, Secretary o .. ... we.............o¢e. .. ...« . Tucson,
H.B.TENNEY, Treasurer. ... DSOS Tucson-

CHARLES R. DRARE ccvvv .. u . wivsinsstvan . wsenssve ... aneTICSOR.

STATION STAFF.

Murarp M, PARKER. ... .. PN ovvscisennn .. weaen President.
R.H.FORBES . . .. vei . ceiteesiiecensicanervannnnenenne ... Director and Chemist,
JW.TOUMEY. ........................... PUUUUUUTR e Botanist,
A.J. MECLATCHIE uuwu. .. ... vuee. ... ... sseaeees Agriculturist and Horticulturist,
8. M. WOODWARD.ccvvievcriaasve. . woviei . avsvan .. asasrsaseesnr.Meteorologist.

MARK WALRER, JR ... v .. covvevnvavee ... dereecosreceoiennccen. Assistanit Chemist.
ANGUS MCBRIDE............. tennraentsietensssenniitsssinnennnane . StENOQrapher,

B, P GHEERLEAF civvvecviiviiiinsfoiiioseiionciinsetvissnnisisissneneiieenissnseees. FOTEMAt,

The Bulletins of the Station aresent to all residents gf Arizona

applying for them*  Address
EXPERIMENT STATION,
Tucson, Arizona.



TENTH ANNUAL REPORT

REPORT OP THE DIRECTOR.

This report, covering the year ending June 30, 1899, is
virtually made on behalf of Director C. S, Parsons who, in
consequence of ill health, ended his connection with the sa
tion May 6th, 18%9. The present director, therefore, while
endeavoring to make a full statement of facts for the year, is
not to be credited with management or results during this time.

Excepting for the departure of Director Parsons, no
changes have been made on the station staff during the year.
Prof. R. H. Forbes, for five yearschemist of the station, assumed
the duties of director, continuing, however, the management
of the chemical department. Prof. J. W. Tourney, for many
years botanist of the station, has made arrangements with the
Division of Forestry, U. S. D. A., by which most of his time
for the year will be spent in that service, but he will still do
some work for the station.

During the year the botanist, ths chemist, and the agri-
culturist and horticulturist have continued along lines of work
previously established. as indicated in their subjoined reports,

AGRICULTURAL AND HORTICULTURAL WORK,

This work, conducted for the most part on the experiment
station farm near Phoenix by Professor McClatchie, has been
productive of excellent results. He has here continued the ex-
periments with sugar beets with fair success, having succeeded,
through skillful culture, not only in raising beets of fair qual-
ity and good tonnage, but in doing it with surprisingly small
amounts of water. In one instance there were obtained 8.8
tons per acre with one irrigation, in another 14.6 tons with
three irrigations.  These figures suggest what skillfulirrigation
and culture may do for other crops besides.

The experiments with wheat, barley, vegetables, and in
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the winter irrigation of trees have dl been fruitful and signif-
icant, and will in due time afford information most useful to
the agriculturists of Arizona.

A few acres of ground at Tucson have also been cultivated
in experimental crops, including canaigre, on ground rented by
the University Thiswork, however, has been only secondary
in character and seems destined to give way to that done at
Phoenix in a more distinctly agricultural locality.

CHEMICAL AND BOTANICAL WORK

During the year the chemist and botanist have steadily
pursued their respective lines of investigation. The botanist
has devoted himself chiefly to the study of the crown gal, so
destructive to fruit treesin Arizona and elsewhere, This study
is yet incomplete, but promises to result in knowledge of the
specific cause of the disease and of the best methods of treat-
ment.

Mr. Toumey, also, has met with marked successin secur-
ing the cooperation of the United States Department of Agri-
culture for the establishment of a date orchard in Arizona
This orchard, into which it is planned to transplant the best
varieties of old world dates, is likely to prove a valuable ad-
dition to the horticulture of southern Arizona.

The chemist has brought the study of canaigre to a close
and has entered upon other work thought to be more immed-
iately valuable to the general public. The interest in canaigre,
however, isdtill dive, asis shown by lettersof inquiry constantly
received, The work done by the station on this subject may yet
be useful In the development of a new industry. The chemical
department has also made many analyses of sugar beets during
the year, and considerable miscellaneous work appears in the
report.

The meteorological observations, under the direction of
Mr. Woodward, have been taken by Mr, Mark Walker Jr, and
recorded by Mr. Angus McBride.

SEED DISTRIBUTION.

The distribution of Congressional seeds was continued for
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the year with the result that, as before. friendly interest was
stimulated between the station and the agricultural public,
and much information gained concerning the kinds of vegeta-
bles, and manner of growing, most suitable to various parts of
Arizona. The suggestions gained in this way have led to much
valuable experimental work by the station.

INSTITUTE WORK

The annual institute meeting of the Agricultural Associa
tion was held October 21t and 22nd, 1893, in the City Hall,
Phoenix. Various topics relating to agriculture were there dis-
cussed by representative farmers and by members of the sta-
tion staff. Much interest was expressed at that time in date
palms and sugar beets, and the station has since continued
work on these subjects with profitable results

A very interesting collection of fruits and farm products
was on exhibition at the meeting

PUBLICATIONS

During the year the station has published the “Ninth An-
nual Report" by J W Toumey, and “Sugar Beet Experiments
for 1898”7 by A. J. McClatchie and R. H. Forbes. A number
of press notices and technical reports have been given out
from time to time, and considerable correspondence transacted
from the office.

During the year about 1,000 new names have been added
to the mailing list, most of them belonging to Arizona. The
present customary edition of 2500 copies is, therefore, too
small.

IMPROVEMENTS.

The usual supplies of apparatus and material have been
obtained from time to time for the use of the chemical and
"botanical laboratories. The principal improvement, however,
has been the farm office building near Phoenix ~ This, with sun-
dry other arrangements made under Professor McClatchie’s
_supervision, have left the station farm in creditable condition.

R. H. ForsEs,
Director (since May 6th.)
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REPORT OF THE CHEMIST.

During the past year the chemist and assistant chemist
have been occupied mainly with the investigation of soils and
canaigre, and with the analysis of numerous samples of sugar
beetsand waters. Considerable miscellaneous work, aso, has
been done from time to time for the accommodation of resi-
dents of the Territory, upon fertilizars and other agricultural
materials.

SUGAR BEETS

The work with sugar beets has been continued on the ex-
peri mental farm during the year by Professor McClatchie, the
analyses being made in the chemical laboratory. The results,
which are not only encouraging as to sugar beets, but of gen-
eral interest to agriculture, are more fully outlined in the agri-
culturist’s report. Seventy-six samples have been analyzed
during the year, the results appearing in Bulletins 26 and 30 of
the station,

WATERS.

Having determined that beets of fair quality and tonnage
could be grown in Salt River Valley, it became a matter of im-
portance to ascertain whether factory waters of sufficient pur-
ity for the manufacture of sugar from beets, existed in the val-
ley. Forty-three samples from Salt River Valley, mostly well
waters, were examined, the figuresbeing not only interesting
in relation to a factory, but from a sanitary point of view as
well. Theresultsare fully stated on pages 217-219 of Bulletin
No. 30. Itthere appears that five of the waters examined come
within the requirements of a factory water. Four of these
were from wells, and the question of the development of a suf-
ficient quantity for factory purposes from these sources remains
open. One sample, however, of desirable quality, camefrom the
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Arizona Canal a a time of full flow. Should this supply be
available and constantly good, the problem of factory water
would be solved, Although the analyses are not numerous
enough to establish in detail the character of the ground waters
in Sat River Valley, it appears thus far that the best well
waters are to be found in the small washes extending into the
valley from the north. There appears, aso, to be a belt of
comparatively good water running from Glendale east through
Orangewood and to Scottsdale. The lower levels north and
south of Salt River afford water which is uniformly quite salty
in character. The chief impurity is common sat in harmless
amounts. Calcium and magnesium carbonates, dso, are a-
ways present. In but few instances has sodium carbonate
been found, a fact which tallies well with the “white” nature
of dkali in Sdt River Valley. The sulphates of magnesiaand
soda are often present in quantity, but so far as ascertained do
not affect general health unfavorably. The averages for 36
waters in Sdt River Valey are:

Parts in

100,000.
Total satsin solution......... Caeoa ... 1689
Calcium and magnwumcarbonates w182
Common salt...... J . WP ... 913
Sodium carbonate (al kallnlty) n 7 ‘waters. e ... 308
Gypsum in 10 waters........» e . 26,3

OTHER WATER ANALYSES.

The new Tucson city supply gave the following results, the
sample being from the west four wells of the new water works:

WEST ¥OUR WELLS OF NEW TUCSON WATER WORKS.

Parts in

100,000.
Sodium chloride {common salt)... s b L 8.95
Sodlumwlphate(Glauberssalt) e s 1618
Potassium sulphate ... ... ... TS N T4
Calcium sulphate (g m)... U By /-
Calcium carbonate emporary ‘hardness)... o 1449
Magnesium carbonate (temporary hardness) O X0
Iron oxide and alumina. .. ... ... . s s 40
Silica. ... e 3.10

Total solidsin 100,000 ... ... scosn . assee 44.67
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Organicmatter.......................... ] Faint traces.
Nitrates ... Traces.
Nitrites ... Famt traces.

Thisisnot an alkaline water.

Comparing the total soluble solids with those of other
watersin thevicinity, the following appears:

] Soluble salts.
Date ot taking Partsin

. ] sample. 100,000.
Tucson city supply from three miles
, south of town. ... . .. Sept. 20/97 475
From Carrillo's Garden.......... .| May27.'98 76.5
From Natatoriomwell ... . . Sepf. 20,97 1350
Erom railroad »upply.................... May 15/99 450
From University well ... . . | Sept. 20/97 259
‘From Sabino Canon drainage ......... Apr. 15/99 55
. East three wellsfor new Tueson sup-
Py May 1st,’99 3540
West four wells for new Tucson sup-
PIY. Maylst/99 44.67

The Tucson city supply, therefore, appears to be of satis-
factory average quality for the surrounding region.

SOILS.

The soils of the various sugar beet plots-employed in the
cooperativework of 1898, were studied more particularly with
reference to their behavior with water. Chemically considered,
the semi-arid soils of southern Arizona are rarely deficient in
the elements of fertility, with the exception of nitrogen and
humus. Physically, however, these same soils are very diverse,
varying from very light, sandy soils, to heavy, dense adobes.
Upon the physica type of a soil depends almost entirely its be-
havior with water, and since the behavior of irrigation water
with soils is an all-important matter, their study has chiefly
been in this direction. In connection with the type of soil, as
clay, clayey loam, sandy loam, etc., were determined the water-
holding power, and the rapidity of waterpercolation and of
capillary water movement through the soil.

In the 11 soils examined, the water-holding power varied
from 3355 to 57.62 per cent of thedry soil. The time in which
capillary water rose through a six-inch column of soil varied
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from 14 to 29.3 hours. The relative rapidity with which water
percolated through equal amounts, varied from 3to 162. These
variations, which are closely connected with the amount of ir-
rigation water required. the frequency of irrigation, the rapid-
ity with which a soil will take water, and the rapidity with
which it will lose it again by drainage, are very significant,
and aknowledge of them will usually tell more about the agri-
cultural value of land in an irrigated region than a complete
chemical analysis.

In the sugar beet experiments of 1898, it is observed that,
as arule, alarger tonnage with fewer irrigations was obtai ned
from soils having large water capacity, slow capillary water
movement, and slow percolation* Such soils, in plain words,
are those which, with proper management, will take up much
water, will lose it dowly by drainage and will give it up grad-
ually, asrequired, to growing crops.

These same soils were aso analyzed for humus and nitro-
gen, with the result that they were found, in some instaunces,
low in these important constituents, the supply of which to
soils by means of leguminous crops, such as alfalfa, clovers,
etc,, isan al-important matter in connection with southwestern
agriculture.

CANAIGRE.

During the year the investigation of canaigre, to which
much time has been devoted in the past, has been as far as pos
sible completed, with a view to making a final publication on
this subject and entering upon work of more direct value to the
Arizona public. Canaigre is ill an attractive commercial
proposition, and much interest is manifested in the promotion
of the industry, asis shown by the correspondence of the sta-
tion, but itisthought that at the present time the station may
turn its attention elsewhere more profitably to the general agri-
cultural public.

VARIETIES OF CANAIGRE.

In order to determine whether the variations in the amount
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of tanning materials contained in canaigre rootsfrom different
sections were due to the varieties of the roots or to local con-
ditions of climate, soil, or otherwise, representative lots were
obtained from Texas, New Mexico, and southern Arizona, and
grown side by side for three years in succession under precisely
similar conditions. At the end of this time the new rootsfrom
each lot were analyzed with the following results:

Stock from...... ... ... Southern  Hudson,  Hockley,
Arizona. N. M. Texas.

Tanning materials in one year
e 2972% 26.16% 24.22%

odroots..........
—showing marked variation in the quality of roots. The ap-
pearance of roots from various localities also indicates distinct
differencesbetweenthem. Thosefrom New Mexico and Texas
are usually of strong yellow color, while those from Arizona
and California are red or pink. In case of an established cul-
ture, these differencesin character will be of importance.

CHANGES DURING GROWTH OF CANAIGRE.

Of similar value is a knowledge of the time during the
year when the roots contain the greatest amount of tanning
materials; asothe amount of other substances affecting the
value of the crop, such as starch, sugars, organic acids, etc.,
at different times,

In order to observe these changes, samples from large
fields of canaigre under cultivation were secured during the
entire year at monthly intervals, and subjected to thorough
chemical analysis. As aresult of thisinvestigation, some very
interesting farts were developed. Tanning materialswerefound
to increase not only during the winter growing season, but dur-
ing the summer season as well, when the roots are supposedly
dormant. In one instance

The crop increased from...30,1% May 1<, to 34.7% Sept. 1st.

In asecond case from.....32.0% ¢ “ to 364% ¢
And in athirdlot from.. 335% ¢ « to 34.8% ¢ ‘
—the percentages being reckoned to water-free materinl. The
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variations in starch, sugars, and other constituents are equally
interesting and will soon be fully published.

These results, interpreted by the requirements of the tan-
ning trade, will show the proper time to harvest the crop when
an extract of specified character is desired, and may therefore
have much commercial value.

TECHNICAL INVESTIGATIONS.

During the year it has been necessary to devote considera
ble time to the investigation of methods of analysisfor various
materials for which settled methods have not yet been devised.
In this connection the determination of starch, sugars, and tan-
ning materials in canaigre has been studied, and rapid methods
of analysis of salty and alkaline waters devised for use in con-
nection with the waters commonly encountered in Arizona.

Some analytical work in connection with the Association of
Agricultural Chemists has also been done,

MISCELLANEOUSWORK.

Waters from various locations are as follows:

£5 § sSf| 8 S¢8
bR = v 5 | B RS
& cv: 329 | Beg
3T | 8% 88| & |28
L E O 0§ © | ®RTE
LN ¢ ta
| '
Sample of irtigation water Parts in 100,000
trom John Blake, Safford,
Arizona.. ' 56.0 223 3,2 0. 5.6
E.S Cassellssprlng, "Safford, .
Arzma. 61;3‘ 320 18 0.
Mine water from  Catalina
Mountams by Mr. Mec-
Clearvy. ... 94.3 160 ;i 22,7 6.9 0.
Cadwell and Swatling’s 270
t. well, Willcox, Arlzona. 328 55 165
Water from warm sprm%(
F.), near Texas Hil by.]\
LBowen __ | 205621 157 “| 297 0.
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Alkali erust from a sink near Safford, Arizona, confained:

Sodinm sulphate {Glavber's sa]ts] varet tmnne st saees 103138 %
SBodium chlortde (common salt) [N | . 1 - 3 |
Potassium sulphate... PP = |
Calcium sulphate {gvpsum) PSPPSRI < Hy £ 1
Magnesinm sulphate ( Epsom saits) v 318
Sodium carbonate (black ﬂlkah) ..................... . None
Insoluble matter and moisture.. rinvrearaeen s .20.12

This analysis shows the white charactsr of the alkali at
this point, and the absence of the more injurious black alkali.

Yellow sweet clover from Phoenix wae found to contain,
nitrogen 2.48% (water free)—showing this clover to have aboui
the same nitrogen value as alfalfa.

COMMERCIAL WORK.

From time to time private parties have desired the services
of the department, more especially in connection with canaigre
and canaigre extracts. For work of this sort, the results of
which are not available for jmblication, a fair charge is made
and the receipts largely utilized in payment of current labora.
tory expenses. This work is not sought for but is done as de.
sired because, oftentimes, of the distance of analytical labora-
tories from those desiring work done.

IN CONCLUSION.

The chemical departwent has had a fairly successful year's
work. The investigations undertaken have yielded resulis that
should prove of value, and & large amount of routine work
has been aceomplished. Two hundred and iwerty samples
of canaigre, soils, waters. sugar beets, and other matorials,
involving from one to twenty or more deierminations each, have
besn exsmined. Mr. Mark Walker Jr., has assisted with his
usual efficiency, while the chemist, in addition to a fair share of
the technical work, haa taught classes in general chemistry and
qualitative analysis in the University.

R. H. Forses,
Chemist,
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REPORT OP THE BOTANIST.

Aside from the miscellaneous work arising from time to
time and from correspondence with people of the Territory re-
garding plants and seeds of economic importance, three lead-
ing subjects have been under investigation during the year.
These subjects are briefly discu-sed in the order of their im-

portance. The report closes with a resume of work along other
lines.

THE TROWN GALL.

For several years this important disease of deciduous fruit
trees has been under observation in Arizona. Two years ago
preparations were made for an extended study of the subject.
The work was well advanced when interrupted by my departure
last April from Arizona. A number of important results have
aready been obtained, but it is thought desirable to withhold
the publication of them in detail until the investigation is fin-
ished. Only abrief outline of some portions of the work is
heregiven.

The field work is being conducted in an amond orchard of
forty acres at Glendale, Arizona. The trees are al of the same
age and have been under observation for five years. The ex-
periments on seedlings of almond, peach, apricot, apple, walnut,
plum and grape are for the most part carried on in the station
forcing house, where the heat and moisture conditions, particu-
larly during the winter months, are under control.

Microscopical investigation, with the exception of the study
of the development and structure of the gall, is incomplete. No
organism has as yet been found which accounts for the disease.
Many fungi have been observed associated with it at various
stages Of its growth but my experiments and study all indicate
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that none as yet found are the cause of the disease. Nematode
worms in large numbers have been found in many diseased
roots but the worms do not cause the disease. They occupy
the soft tissue of the gall after it has begun to develop. Thou-
sands of gallsin all stages of growth have been examined with-
out finding nematode worms. | have never found them in very
young galls. They are most frequently found in the superficial
layers of old specimens.

A number of experiments are now under way which will be
completed next winter. On my return to Arizona the entire
series of investigations illustrated by microphotographs will be
published in bulletin form,

Asthe investigations undertaken to determine the communi-
cability of the disease practically prove its contagious character,
an outline of the results obtained is here given.

Experiment |.

Almond seeds were planted in the forcing house in rich soil
as follows: In Plat 1 fifty seeds were planted without treat-
ment. In Plat 2 fifty seeds were planted with several pounds
of minced gdls placed in the drills with the seeds. The galls
used were freshly cut from diseased treesthen under observa-
tion at Glendale. In Plat 3 fifty seeds were planted in simi-
lar manner as in Plat 2 with the exception that the minced
gdls were mixed with an equal weight of sulphur. In Plat 4
fifty seeds were planted with minced knots mixed with one-half
their weight of blue-stone. At the end of eleven months the
seedlings were examined and the results were as follows:

No. of No, of
plat. Treatment. diseased treés.
1 Untreated ........ccccoevveeeeeeennnn. . 0 .

2 Severa pounds of minced galls . 16
3 Mlncggdgaﬂs and sulphur w17
4, Min galls and blue stone e 1

In each plat about 40 per cent of the seeds grew. In most
cases the galls appeared at the crownand were from one to three
inches in diameter. The seedlings were less than thiree feet in
height and about one-third of an inchin diameter when examined.
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In Plat 3 anumber of the gals were covered with sulphur
still remaining from the large quantity placed in the soil when
the seedswere planted. The experiment indicates that sul-
phur is of no value in treatingthe disease. The single diseased
specimen in Plat 4 suggests the possible value of blue-stone as
aremedy. A number of additional experiments with this fun-
gicideare in progress.

Experiment II.

Twelve of the seedlings taken from Plat 1, intheformer ex-
periment, were cut back and reset inthe same plat in which
they originally grew. Each seedling, before setting, was treat-
ed as follows: A small portion of arapidly growing gall was
crushed and inserted intoa wound made at the crown of the
seedling. A month later all the seedlings were examined and
the following results noted. Ten of the seedlings had develop-
ed gdls at the point of inoculation. The two remaining ones
did not develop them during the year that they remained in the
plat. The gallsvaried from one twenty-fifth to nearly three-
fourths of an inch in diameter. They were white, nearly as suc-
culent and lacking in woody tissue as the potato. and were grow-
ing very rapidly. A careful examination of a number of the
smaller galls did not reveal fungi or nematode worms,

Experiment II1.

Pour seedlings from Experiment 11, bearing galslessthan
two linesin diameter, were again cut back and reset. As fast as
buds developed upon them they were removed. At the end of
ten weeks the gals intwo instances had grown to nearly
an inch in diameter One seedling from Experiment Il
bearing a small gall was placed in a glassjar with water coin-
ing to (but not covering) the gall. After growing the seedling
for about six weeks in this manner the gal had increased to
more than ten times its original size, The growing of the gall
in sunlight had caused the superficial layers to fill with chloro-

phyll.
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Eaxperiment V.

Two years ago alarge number of seedlingscameup in the or-
chard under investigation at Glendale. Many of these seed-
lings were examined when from seven to nine months old. The
number of seedlings varied from four to more than fifty under
each of the trees examined, and averaged perhaps two feet in
height. The position of the seedlings relative to the gals on
the crowns of old trees and on surface roots was carefully tabu-
lated. In al more than two hundred trees having seedlings be-
neath them were examined. Although lessthan two per cent
of the total number of seedlings were diseased, more than eigh-
ty per cent of the diseased seedlings were in contact with, or
within one foot of galls on the old trees About one-fourth of
the seedlings in contact with old galls were diseased

My investigationsclearly indicate the communicability of this
disease but they do not as yet show the specific cause of it The
greatest attention must be given to the selection of stock in
planting young orchards if the disease 1s to be held in check.
Not only should nursery stock having galls upon the roots be
discarded, but trees should not be planted that come from in-
fested nurseries, even1f they appear perfectly clean. In plant-
ing trees it is impossible to recognize diseased trees when the
gall isjust starting or is but one or two linesin diameter.

Each season for the past five years experiments have been
made to determine the effectiveness of blue-stonein checking
the development of the gall at both the earlier and later per-
iods of its growth. Other fungicides, alone and in various com-
binations with blue-stone, have also been tried My experi-
ments indicate that blue-stone is the best fungicide yet tried
in combating the disease, although it will not always Kkill or
prevent the development of a growing gall.

The following method has been found the most effectivein
applying blue-stone: Mix a given weight of pulverized blue-
stone with twice the weight of lime, add sufficient water so that
when dlacked the mixture has the consistency of paste Re-
moye the gals with a hatchet and cover the wounds with a
thick layer of the paste.  All gals removed should be gathered
and burned.
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THE DATE PALM.

Since my last report the following progress has been made
in the study of the date pam and in getting the industry es-
tablished on a substantial basis in Arizona. Last fall, through
correspondence and personal visitation, | obtained samples of
al the dates ripening in Arizona.  Specimens were aso obtain-
ed from California and Sonora, Mexico. All of them were
weighed and the quality noted. The pits were aso weighed
and the proportion of flesh to pit compared These results
were compared with similar results obtained from the examina-
tion of six different lots of commercial dates purchased in the
open market. From the study of seedling dates grown last fall
in Arizonait was found that less than 40 per cent were edible
while only about 10 p3r cent could be considered as acceptable
dates. Two specimens in particular, viz: the Bartlett seedling
and the Bennett seedling, compared favorably with afair grade
of imported dates. Both of these dates were of excellent qual-
ity and flavor and of fair sze. Itisvery desrable that al
suckers from these dates be carefully cared for and the varieties
increased as rapidly as possible.

Of the two imported dates on the station farm that fruited
the past season, the variety ‘‘Amreeyeh,” adark date, was of
fair flavor and quality. The pit, however, was exceptionally
large. Fig. | gives a fair idea of this date when in fruit. The
fruit borne by the variety ‘‘Seewah,” alight date, was of fair
size and the pit medium, but the flesh was dry and stringy.
The lack of sufficient irrigation probably accounts for the un-
satisfactory condition of the fruit. Fig. Il represents this date
as the fruit began to mature.

Through the efforts of the station, the Department of Ag-
riculture has become interested in the development of the date
industry in Arizona. Arrangements have been made to estab-
lish a date orchard of fifteen acresin the Salt River Valey. A
small importation of the plants for this orchard has aready
been made and a large number of plants have been purchased
and are being rooted abroad. Itisexpected that these plants



Fig. I. Amreeyeh, Phoenix, 1898,
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will be imported next spring and set in the above orchard. Un-
der the cooperative arrangements proposed. the Department of
Agriculture importsthe plantsin sufficient number to establish
the orchard and the station agreesto plant and care for the same.

THE oPUNTIAS.

Some attention has been given to the examination of the
different species of the opuntia, in order to determine the eco-
nomic value Of their fruits. In Sicilv and other parts of the Old
World, cactus fruit is widely used for food. This fruit, import-
ed from the Mediterranean region, isnot infrequently seenin
the fruit markets of New York City. The fruits of many spe-
cies of cacti indigenous to Arizona and Sonora are eaten in the
wild state by Indians, Mexicans and prospectors.

The cactus garden at the university conteins a large per-
centage of the species indigenous to the United States and
northern Sonora. A study of the plants in this garden shows
that they improve very rapidly under cultivation. Work was
begun last year in hybridizing the most promising specimens
and in the selection of seeds from the best fruits for future
planting. The wonderful variations which these plants under-
go under changed environment, the readiness with which they
hybridize, and the variability of the fruitof a given variety, in-
dicate promising results from selection and hybridization.

Through the Department of Agriculture arrangements have
been made to obtain specimens of the most desirable species
and varieties cultivated in the Old World. As these plants
thrive with a minimum amount of moisture, they may be grown
in portions of Arizona where there isnot sufficient available
water to grow more desirable fruits.

MISCELLANEOUS INVESTIGATIONS.

Additional attention has been given to the distribution of
weeds and the dissemination of weed seed, by irrigation. The
number of sheets of economic plants in the herbariam has been
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materially increased The study of the native grasses and oth-
er forage plants, begun several years ago, has beew continued.
=pecial attention has been given to the distribution ot the forest
trees of Arizona and the condition of the forest cover The di~
¢ribution and injury caused by tomato blight and the gran
smuts have been given preliminary investigation By means
of a series Of circular letters information has been brought to-
gether in regard to the most valuable ~arieties of the economic
plants now produced in the different sections of the territory
J. W TovMEy.
Botanist.
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REPORT OF THE AGRICULTURIST AND HORTI-
CULTURIST.

Theperiod from July 1 to October 1st, 1898 was spent large-
ly in completing the work upon the cooperative sugar beet experi-
ments. During the remainder of the year my attention has
been confined almost exclusively tothe field work upon the
station farm near Phoenix, of which | was given charge October
1¢. Experiments have been made with sugar beets. green-man-
uring plants, wheat, barley, potatoes, melons, garden vegetables,
forage crops, Bucalypti, methods of irrigation, and the effect of
winter irrigation followed by cultivation as compared with fre-
guent summer irrigation.

SUGAR BEETS.

The cooperative experiments outlined in the Iast annual
report were completed early in theyear, and, in conjunction
with the chemist, a bulletin was issued giving the results of the
work. In brief, the results were as follows: The sugar beet
thrives in the Salt River Valley, if planted during winter and
early spring and irrigated and cultivated properly. Planting
during the summer for fall harvesting does not seem to be prac-
ticable. The loams and adobe soils give the best yields of beets
and of sugar per acre. The averages for the ten cooperative
plats were: Yield of beets per acre, 12.85 tons; sugar in beets,
138 per cent; purity coefficient, 78.5; approximate yield of
available sugar per acre, 2438 pounds. The region to the west
of Phoenix, owing to the existence there of a suitable water
supply and to the nature of the soil, would probably be the
best portion of the valley for beet culture. The averagesof the
five plats in this section were: 152 tons of beets per acre; 13,1
per cent sugar in beets; 76.3 purity; 2742 pounds of sugar per
acre.

A plat sown upon the station farm September 27th and har-
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vested March 80th gave the following results: Average weight
of beets, 83 ounces; yield of beets per acre. 7,9 tons; sugar in
beets, 115 per cent; purity coefficient, 793, As the winter
was an unusualy unfavorable one for the growth of al yege.-
tables, the results from this plat cannot be considered indic-
ative of what autumn-sown plats would average

During the winter about an acre of adobe soil upon the
station farm was sown to beetsand divided into ten plats, two
of which were Vilmorin and the remainder Klein Wanzlebener.
The first sowing was made January 18th, about the close of the
rainy ssason, without previous artificial irrigation of the soil.
The rest of the acre was thoroughly irrigated in furrows—so
thoroughly that the plowing and seeding were delayed until a
later date than was planned, the intention having been to sow
early in February. The remaining nine plats were sown Feb-
ruary 13th and 26th, and all were cultivated as nearly alike as
practicable, their treatmeat differing principally in the times
of irrigation.

Plat 1, sown January 18th, was sampled June 12th, and gave
the following results: Average weight of beets, 11.4 ounces;
yield of beets per acre, 11.5 tons; sugar in beets, 12.8 per cent;
purity coeflicient, 79.2.

June 26th al the plats were sampled and sent to the chemist
for analysis, with the following results. Average weight of the
beets of the ten plats, 8.4 ounces; average yield per acre, 8.7
tons; average per cent sugar in beets, 13,6; average purity co-
efficient, 814.

While definite conclusions cannot be safely drawn until
the figures from the mature beets are obtained, the following
are some of the facts indicated: January-sown beets give bet-
ter results than those sown later; Vilmorins do not yield as well.
evenin heavy soil, as Klein Wanzlebeners; winter-sown beets
are not benefited by early irrigation; the best time to apply the
water first is when the beets are between two and three months
old, A detailed discussion of the the season’s experiments is
reserved for a bulletin to be issued after all the data are secur-
ed,
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GREEN-MANURING PLANTS

Cousideralite attention has been given to the testing of
plants suitable for green manuring. Daring tho fall and win.
ter nearly the entire orchard of eight acres was used as a test
plot for this purpose  Yellow sweet-clover, or bitter melilot
(called in this region “sour elover”), crimson clover, alfaifa,
aud various varietios of pras were grown. The clovers were
sown broadeast and the ground subsequently furrowed for ir-
rigation. The alfalfa plots were treated similarly, but were i
addition rolled subscynently to being furrowed. About 10
pounds of seed were sown to the acre. The peas were mosth
sown in drills 20 inches apart, at the rate of 125 to 150 pounds
per acre, and irrigating furrows made between alternate rows.

Each plat was imrigated about every two wecks, and some
of the peas were cultivatedl. When the plants were at a suit-
nble stage for turniug under, they were pulled from a measured
area and weighed in both tlte green and dried state. The re.
sults were as follows:
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It will be seen that the yellow sweet-clover and the alfalfa
were the only ones that gave sufficiently heavy yieldsto furnish
to the soil a satisfactory amount of decayed vegetation. Dur-
ing a more favorable winter than the past one, peas would un-
doubtedly do much better, but could hardly be expected to
yield heavily enough to warrant their culture for green-manur-
ing done, By planting suitable varieties like Y orkshire Hero,
Horsford’s Market Garden, and Champion of England, acrop of
green peas could be harvested that would ordinarily more than
pay the expense of growing the green-manuring crop. Besides
the amount plowed under, 2585 pounds per acre were gathered
from the Yorkshire Hero plat early in May, and 830 pounds per
acre of Little Gem peas during April. Plat 11 was sown broad-
cast and thenfurrowedfor irrigation, giving a heavier yield than
Plat 12 sown upon the same date in drills.

It seems evident that crimson clover cannot be successful-
ly grown here. The yields given, it should be remembered, in-
clude the roots, without which the weights would have been con-
siderably less. Dr. Cole of Glendale reports that he has given
this clover a thorough trial during the past three years, the re-
sults having been similar to those reported above. )

The yellow sweet-clover is probably the green manuring
plant best suited to our conditions. It thrives in all kinds of
soil, and ordinarily makes a heavy growth between October and
April. The fact that the seed can be obtained here without
cost makes its culture for plowing under in orchards quite in-
expensive. The earlier it can be started in the fall, the more
growth it makes before being checked by the cool weather of
December and January, and the sooner it becomes large enough
to turn under in the spring. The greater amount of dry mat-
ter reported for Plat 2 than for Plat 1, sown earlier, is due tothe
former being more nearly mature when sampled. At the same
date the yield of the earlier sown plat would have been consid-
erably greater.

The results show that alfalfa sown even as late as Februa-
ry will furnish by June a satisfactory crop of green matter for
turning under. At that age the roots have not attained a suf
ficient gize to render the plant very difficult to plow under, but
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of course they are not as easily turned under as yellow sweet-
clover. Whether alfalfa sown as early as the clover was, ~vould
give by April asufficiently heavy crop for turning under, re-
mains to be determined next year

During the early part of April three varieties of cowpeas—
Black-eyed, Wonderful, and Whippoorwill—were planted. The
spring was so cool thatthey made little growth until June, when
they began to grow vigorously, and soon completely covered
the ground.

Velvet beans and soy beans were planted April 10th. The
former made avery poor growth until the hot weather of June.
many of them dying before that time, The soy beans grew
thriftily until the hot weather began, when they were some-
what “burned.”

How the yields of the cowpeas, velvet beans, and soy beans
will compare with those of clover and alfalfa cannot yet be
stated,

WHEAT.

Seventeen varieties of wheat, including six grown on the
station farm last year and the three grown for market in the re-
gion, were sown during the fall and winter. The principal ob-
ject of the experiment was to find for introduction into the val-
ley, a productive variety or varieties with milling qualities su-
perior to those grown here, the latter being too starchy to make
first-class flour.

The main sowing was made November 19th, and other var-
ieties were sown as they were procured. For the main sowing
afield, of which a strip lengthwise through the center had been
dressed with horse-manure at the rate of fifteen loads per acre,
was divided by furrowsrun crosswise, into plats about two rods
wide by six long. Thus, the center third of each plat was man-
ured, while thetwo ends were unmanured. For comparisou
with the varieties being tested, each third plat was sown to
Sonora, the variety most generally grown in thevalley. Of each
variety fifty pounds per acre was sown Of each of two var-
ieties received from the New Mexico Experiment Station there
was sufficient quantity for half an acre.
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In addition to the field devoted to variety tests, one was
devoted to testing methods of growing wheat. For this pur-
pose the Sonora variety was used. One plat was sown in drills
twenty inches apart and furrowed for irrigation between alter-
nate rows. Another plat, after being seeded broadcast in the
usual manner, wasfurrowed for irrigation with athree-shovel
implement and rolled, the furrows beinz two feet apart. At
the time of each sowing, aplat of Sonora was sown to be irri-
gated by flooding, the method practiced inthe region. The
wheat was cut with acradle, threshed with aflail> and cleaned
with a fanning mill. The table upon the following page gives
a record of the plats and the yields.

It will be seen that, as to productiveness, but two var-
ieties (Ruby and Feldspar from New Mexico)surpassed the ad-
jacent Sonorawithwhichthey weretobecompared;andthatnone
matured in so short atime as Sonora, the one most nearly ap-
proaching this variety in earliness being Rorsa di afulia from
Italy. Probably the winter wheats (Fulz, Russian, Jones and
Hunter’s) should have been sown earlier, Jones Winter Fife
being the only one whose yield approached that of Sonora.
The French variety, as indicated by the great differencein
yield on the manured and unmanured plats, requires a heavy
soil. Inall cases but one, the manure caused an increased
yield, the average increase being eighteen per cent.

In the opinion of two millers to whom samples were sub-
mitted, seven varieties possess milling qualities superior to
those of Sonora, viz: Rorsa di afulia, Ruby, Jones’ Winter Fife,
Fultz, Hunter's Winter, Russian, and Commune. Of these the
first three named are the most promising as to productiveness
and earliness, Sufficient seed isnow on hand to make it pos-~
sible to test al varieties on a larger scale next year. It will be
observed that the heaviest yiddd of Sonora was from the plat
sown in drills twenty inches apart. The irrigating water hav-
ing been run in furrows, the soil about the wheat did not be-
come baked. With the implement used for sowing and fur-
rowing, five to ten acres could be seeded per day.

The plat sown broadcast and irrigated by furrows two feet
apart gave a yield over 38 per cent greater than the plat sown
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