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SUGAR BEET EXPERIMENTS DURING 1898.

By Alfred J. McClatchie and Robert JEL Forbes.
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Summary of results and discussions*

INTRODUCTION,

The work upon sugar beets during the year 1898 has beeti
conducted along lines suggested by the chemist in Bulletin No.
26, published December, 1897, giving the results of experi-
ments made that year. These suggestions were as follows:

"L Larger plats should be planted
2. The care of these plats should be in the hands of a

skilled beet agriculturist.
3. Early planting must be carefully considered.
4. Klein Wanalebeners, so far as known, yield best re-

sults in Arizona,
5. Alfalfa ground should be selected in prefer^nee to virgin

soil"
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The experiments of the preceding year had been made as
they usually are in cool, humid regions where there is but one
season, and no irrigation is required, namely, by distributing
seed promiscuously to farmers in whose hands the care of the
plats was left. At the close of the season it was realized that
results obtained in this manner in a warm, arid region where
the growing season is so long and varied, and the difficulties in
raising vegetables so great, were far from conclusive. It was
hoped that by following the suggestions quoted above, more
satisfactory results might be obtained.

Early in the year arrangements were made with interested
farmers in various parts of the Salt Kiver Valley to furnish
plats for beet culture under the supervision of the station staff.
The plats varied in size from one-eighth to three-fourths of an
acre, and the soil varied from gravelly loam to heavy adobe.
About the middle of February the agriculturist was placed in
charge of the field work upon these plats One had been seed-
ed when he reached the valley, and the remainder were seeded
as soon as the soil could be prepared. During the summer, ar-
rangements were made with farmers to furnish land for another
series of experiments, and the plats were seeded during July
and August During the autumn others were seeded upon the
Experiment Station farm.

WINTEE-SOWN PLATS.

FIELD WORK.

The preparation of the soil consisted of irrigation by flood-
ing, plowing as soon as sufficiently dry to a depth of from eight
to twelve inches, harrowing, and, in some cases, leveling. This
work was done by the farmers furnishing the land. Some of
the subsequent work of seeding, cultivating, thinning, hoeing,
and harvesting, was done by the farmers; but most of it was
done by labor employed by the station.

The plats were seeded with a single-row one-horse planter,
the rows varying from eighteen to twenty inches apart. In
most cases the young plants appeared in sufficient numbers to
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produce a good stand, the principal causes of unsatisfactory
germination being imperfect irrigation previous to plowing, and
the lapse of too long a period between the beginning of the prep-
aration of the soil and the planting of the seed

Owing to the scant growth of weeds during the winter and
early spring months, and the absence of rainfall that would
cause a crust to form upon the surface of the soil, few of the
plats needed any attention until they were thinned.

The thinning was done in the usual manner when the beets
were about six weeks old. The distance left between the young
plants varied from six to nine inches, depending upon the dis-
tance between the rows.

Most of the plats were irrigated just before or just after
being thinned. Furrows were made with a single-shovel plow
between alternate rows, and the intervening ones furrowed at
the time of the subsequent irrigation The water was permit-
ted to flow down the furrows until the soil about the beets on
either side was saturated. This required from three to eight
hours, depending upon the nature of the soil. Owing to irreg-
ularities of the surface of some of the plats, and to irregulari-
ties of the distance between the rows, some difficulties were
experienced in furrowing and irrigating

Subsequent to most irrigations, especially during the early
growth of the beets, before the tops covered the ground, the
plat was hoed or cultivated as soon as sufficiently dry to admit
air to the soil and to retard the escape of moisture from the lower
strata. As the season advanced, it was necessary, also, to do
some cultivating to destroy weeds.

From the time that the beets were between three and four
months old, at intervals of one to three weeks, some of the more
mature-appearing ones were sent to the chemist for analysis.
This was continued until the early part of September.

When the beets seemed mature, a measured portion of each
plat was dug to ascertain the yield per acre and to procure for
analysis samples that, as nearly as practicable, were representa-
tive of the beets of the entire plat. This occurred during the



193 BULLETIN SO.

latter part of July and the early part of August. The beets o£
an average portion of each plat were plowed out and topped as
is done in harvesting for a factory. After counting and weigh-
ing the bsets in the pile dug, the latter was divided through the
center, one of the halves again halved, and this procedure con-
tinued until the sample weighed about twenty-five pounds.
This was sent to the chemist for analysis and the result con-
sidered as showing the quality of the mature beets in that par-
ticular plat The usual amount dug was one-half to one ton of
beets In computing the yield per acre, due allowance was
made for dirt and waste, as is done at a factory.

The following is a detailed history of each plat:

Plat 1, on Indian School farm, three miles north of
Phoenix; Soil a rather heavy clay, used for several previous
years- for growing vegetables. Irrigated February 15th; plow-
ed twelve inches deep February 19th; seeded February 21 st in
rows twenty inches apart; thinned March 29th and 30th, the
stand of beets being good. Irrigated April 5th; hoed April
9th, the special object being to cover or break up the crust
fonnd over the flooded portions. Irrigated April 18th; hoed
April 22nd; cultivated April 27th; irrigated May 4th; cultivat-
ed May 27th; irrigated May 20th3 June 7th, and June 22nd.
Harvested July 28th, Because the plat had no slope in the
direction of the rows, and because the ground was somewhat
uneven, it was found impossible to irrigate it properly, and con-
sequently the results do not show the behavior of beets in such
a soil properly irrigated and cultivated.

Plat 2, on Canaigre ranch, south of Salt River, seven
miles southeast of Phoenix: Soil a sandy, gravelly loam, not
previously cropped. Seeded February 22nd in rows twenty
inches apart. Grazed by a passing band of sheep about March
20th. Irrigated April 12th; thinned April 13th, the stand being
good; hoed April 14th; irrigated May 3rd; cultivated May 9th;
irrigated May 17th, May 30th, and June 8th; hoed June 18th;
irrigated June 30th, Harvested July 27th. Owing to the porous
nature of the soil of this plat, the beets suffered considerably
for water between irrigations, and the yield was consequently
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less than it would have been, if it had been practicable to water
them more frequently.

Plat 5, on Canaigre ranch, five miles southeast of Phoe-
nix: Soil a clayey loam, previous crop alfalfa, the roots of
which had not decayed sufficiently Seeded February 22nd in
rows twenty-two inches apart; thinned April 2nd and 14th:
irrigated April 12th; hoed April 15th; irrigated May 3rd; cul-
tivated May 9th; irrigated May 17th, May 25th, and June 8th;
hoed June 21st. Harvested July 27th

Plat 4, on W. J Murphy's ranch, eight miles north-
east of Phoenix: Soil a gravelly, clayey loam, previous crop
alfalfa, the roots of which had not decayed sufficiently. Irri-
gated February 18th; plowed, harrowed, and seeded February
24th. Irrigated March 12th, parts of 4he plat having become
so dry that the seed had failed to germinate. Thinned March
31st; hoed April 8th; irrigated April 16th; cultivated April 19th
and hoed April 20th; irrigated May 9th, 14th, 24th, 31st, and
June 9th. Harvested July 22nd, many of the beets having
rotted and thus reduced the yield.

Plat 5, on CoL Wm. Christy's ranch, two miles north-
west of Phoenix: Soil a clayey loam, previous crop alfalfa that
had been nearly killed out by pasturing. Irrigated February
16th; plowed and harrowed February 23rd; seeded February
24th. Injured some by fowls March 8th to 20th; thinned
April 5th and 6th; irrigated April 6th; hoed April llth; irri-
gated April 20th; hoed April 23rd; cultivated April 26th; irri-
gated May 14th, when it appeared that the beets, upon account
of a lack of moisture, had been injured some by the heat of the
four previous days (see temperature record for year on a fol-
lowing page); irrigated May 26th, June 6ths and 23rd. Har*
vested July 26th.

Plat 6, on ranch occupied by W. M. Grier, five miles
west of Phoenix: Soil a sandy loam, previous crop alfalfa,
nearly killed out by pasturing Irrigated February 19th; plowed
twelve inches deep February 21st to 24th; seeded February
25th; thinned April 6th to 9th, stand uneven. Irrigated April
llth; hoed April 14th; cultivated April 28th; irrigated April
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29th; cultivated May llth; irrigated May 22nd, June 9th and
16th; hoed June 23rd. Harvested July 16th. Owing to the
poor stand, caused by the soil drying out while it was being
prepared for seeding, the beets were large and coarse, and con-
sequently of inferior quality.

Plat 7, on Fowler Brothers' ranch, eight miles north-
west of Phoenix; Soil a fine adobe, previous crop, garden
vegetables preceded by alfalfa. Seeded about February 1st;
irrigated a few weeks later; thinned April 14th; irrigated
April 14th; cultivated Msy llth; irrigated May 25th. Harvest-
ed July 30th. This plat had been seeded when the agricultur-
ist reached the Salt River Valley, and the exact dates of the
seeding and of the first irrigation are not known. Taking into
consideration the manner in which the seeds were sown and the
little care the beets received, the results from this plat were good.

Plat 8, on Fowler Brothers' ranch, a few rods from
Plat 7; Soil a fine adobe, previous crop garden vegetables
preceded by alfalfa. Irrigated February 20th; plowed Feb-
ruary 27th; seeded March Jst; thinned April 13th; irrigated
April 14th; hoed April 18th; cultivated May llth; irrigated
May 25th, June 27th, and July 30th. Harvested July 30th.
The soil of this plat was of such a nature that the beets required
very little attention, but were sown too late to secure the
best results. They were also irrigated excessively,

Plat 9) on F. A. Hough's ranch, southeast of Tempe:
Soil a fine adobe, previous crop garden vegetables. Seeded
March 14th; irrigated by flooding April 13th; thinned and hoed
April 16th; cultivated May 9th and hoed May 10th; irrigated
May 23rd and June 20th; hoed June 25th. Harvested August
2nd, when a large percentage of the beets were found to b© de-
cayed,

Plat 10, on Experiment Station farm, two and one-
half miles northwest of Phoenix: Soil a heavy adobe, pre-
vious crop alfalfa nearly killed out by pasturing. Irrigated
February 15th; plowed and harrowed February 25th; seeded
February 26th; irrigated April 8th; hoed April llth; thinned
April 12th and 13th, stand uneven; cultivated April 23rd; irri-
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gated May 14th and June 4th. Harvested August 3rd. The
third irrigation was given during the absence of the agricultur-
ist, and was unnecessary at that time.

Plat 11, on Gr, M. Gage's ranch, near Tempe: Soil a fine
adobe impregnated with alkaline and common salts. Seeded
March 5th. Although the soil had been thoroughly prepared and
remained moist within an inch of the surface for over a month,
no seed germinated except in a few places which were washed
subsequently to seeding b%> irrigating water that accidentally es-
caped from a passing ditch. The plat was abandoned, but the
few plants that came up continued to grow quite thriftily all
summer, without irrigation cr cultivation A subsequent test
in the greenhouse at the Experiment Station farm showed that
beet seed would not germinate in this soil unless it ware drenched
with water to leach out a portion of the soluble salts. Seeds
of the following plants also failed to germinate in the green-
house in this soil:—barley, wheat, alfalfa, peas, lettuce,
spinach, radish, and cabbage. A chemical analysis of the solu-
ble salts of the upper foot of the soil gave the following re-
sults:

Sodium chloride (common salt) 1.115 per cent.
sulphate (Glauber's salt) 117 " 4i

carbonate (sal soda) 077 •* «•

RESULTS OP EARLY ANALYSES.

The results of the analyses of samples taken previous to
the final harvesting are as follows:

PLAT 1; INDIAN SCHOOL FARM.

Jtme 7
" 13
" 22
" 29

July 18

Average
weight of

beets.
11,2 oz
8.4 "
9 9 "

13.4, <«
17.2 *'

% Sugar
in

beets.
12.1..
13.7
14.4 ,
16.1...
14,8

Puritv
coeffi-
cient.

.... 81.0
.. .79.1

77.7
86 4
89.1
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8 4 ounces, the sugar percentage from 12.8 to 14.7, and the puri-
ty coefficient from 79.? to 85.3. As it was not practicable to
dig a large portion of the plat at the time of taking each sam-
ple, the foregoing results are not necessarily conclusive.

EESULTS FROM MATURE BEETS.

The results, when a large portion of the apparently mature
beets were harvested and sampled in the manner previously
described, are as follows:

TABLE I. FINAL RESULTS.

Plat.

1. Indian School
2. Canaigre Ranch
3.
4. W. J. Murphy's
5. Wm, Christy's
6. W. M. Grier's
7. Fowler Bros.
8.
9. P. A Hough's
1 0. Exp. Station farm

Averages

£

Cj?
**«>

•ii 5^
Q

Inly 28
27
27
22
26
16
30
30

**• I

to

!*V* d

b &£«
i? 0)

!§ ̂

188
201
182
161
184
116
175
171
168
138

168.4

•w

•?!
** CO

Si,tiS° $g*Q
<U ̂

^ °
O5T.

10.1

4.5
15.5
113
18.0
24.0
15.0
19.0
17.0
21.3

15.57

b
5
3&

tons.
10.3
4.6

13.8
9.0

16.5
15.2
13.0
16.3
14.5
15.2

12.85

53

*^l

5?*$

^

%
13.3
17.5
13.7
15.7
14.1
11.1
15.1
12.0
12.3
13.0

13.8

1
sJ

•"fcJ-Si
?3
0,

80.6
86.0
77.6
82.1
78.7
75.5
75.4
74.8
77.4
77.2

78.53

-», u

OS 5 C«

l ° l .g*§^ sj
ex, r* "S M

^ Jbs.
2085
1200
2705
2210
3395
2275
2655
2600
2525
2785

2438

While the above figures represent quite accurately the con-
dition of the beets upon the dates gi^en, yet it is by no means
certain that they represent the condition of the beets when at
their best. They were, however, probably very close to their
maximum condition, as close as they are ordinarily when har-
vested for factory use. That the beets of most plats deteriorat-
ed, while a few improved in quality after th.3 above dates of
harvesting, is shown by the following results obtained from
samples taken in the same manner, and consequently compar-
able:
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TABLE II. CHANGES IN QUALITY OF BEETS.

Plat.

Number 1

3

44 K

44 K

44 /»

7

8

10

Date of
taking

sample.
Aug. 21

8

5

Sept. 7

Aug. 7

7

" 30

" 29

in
beets.

Ptinty
coeffi-
cient.

Remarks.

14,3 | 79.2 (Irnproved in quality after July

13.4

12.4

12.0

10,9

13.2

10.9

81.6

79.6

76.8

73.6

72.6

76,3

11.6 ! 75.2
!

28th.
Improved in quality after July

27th.
Poorer in quality than July

26th.
Poorer in qualitj' than July

26th.
Poorer in qualitv than July

16tlu
Poorer in quality than July

30th
Poorer in qualitv than July

30th.
Poorer in quality than August

3rd,

EXPLANATION OF TABLES,

That the foregoing tables may be fully understood by all,
it may be well to make some explanations:

The stand of beets is indicated by the number per square
rod. An ideal field of beets would contain about 250 plants
per square rod, but owing to failure of seed to germinate, and
to accidents that befall the plants before reaching maturity, this
ideal condition is seldom realized. About 200 per square rod
may be considered the number that can be expected in field
culture, When, however, the number is as low as in plat 6
(116 per square rod), the beets are quite apt to be large and of
inferior quality,

The average weight of beets should be 12 to 20 ounces (the
range being from 8 to 40 ounces), in order to be profitable to
both the grower and to the sugar manufacturer. If they weigh
much less than this, the yield will be too small to be profit-
able; and if they weight much more, they are apt to be of in-
ferior quality.

The yield depends upon the two factors just mentioned—
number and size—and should be 8 to 12 tons in order to be
profitable, £he average yield of the areas supplying beets to
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the four California factories during 1897 was 10.1 tons per acre?

and of the area supplying beets to the two Nebraska factories,
9 tons per acre, as shown by reports furnished to the Depart-
ment of Agriculture by the managers, of the factories. (Spe-
cial Report of the Sugar Beet Industry, 1897, p 160.)

The percentage of sugar in the beets- should be at least 12
in order to be profitable for manufacture. Some factories accept
no beets in which the percentage falls below this figure. Others
accept beets containing as low as 10 per cent Many factories
buy beets on the basis of 12 per cent of sugar, paying more for
beets containing a higher percentage and less for those having;
a lower sugar content,

The purity coefficient expresses the percentage of pure
sugar in the total soluble matter (including mineral salts) dis-
solved in the juice. If, for example, the juice should contain
no other solids than sugar (a condition that *is never found)
the purity coefficient would be 10D. If, on the other hand, the
sugar only equaled the other solids, the purity coefficient would
be 50, that is, but 50 per cent of the solids in the juice would
be sugar. The actual condition usually lies about midway be-
tween these two imaginary extremes, a purity coefficient of 70
to 85 being most common for beets given good care. Thus,
about three-fourths ©r four-fifths of the solid matter dissolved
in the juice should be sugar in order that the beets may be prof-
itably used for sugar manufacture. This is due to the fact
that the solids other than sugar prevent the crystallization of at
least an equal amount of sugar, which is thus lost in the pro-
cess of manufacture. Some factories accept no beets whose
juice has a purity of less than 80. At other factories the re-
quirement is 78, while still others accept beets having a lower
purity, some as low as 75, or even 73.

The yield of sugar per acre is the most important item, it
being the resultant of three factors, (1) yield of beets, (2) per-
centage of sugar in the beets, and (3) the purity of the juice.
The average yield of sugar from the the 41,272 acres grown
in the United States during 1897 was 2192 pounds per acre, the
highest average yield for one locality being 2870 pounds per acre
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from the 10,375 acres grown for the factory at Watsonville,
California,

PHYSICAL CHARACTERISTICS OF THE SOIL OF THE PLATS*

To show the nature of the soil of the plats from which the
foregoing results were obtained, the table on page 20l̂ s inserted.
The plats were carefully sampled by the chemist and the agri-
culturist, and the determinations made in the laboratory of the
former. The figures given are for the upper foot of the soil.

The hygroscopic moisture percentages indicate the power
of the soil to absorb moisture in the form of vapor. When
the relative humidity of the atmosphere is high, enough moist*
ure may be absorbed to help vegetation slightly. But in our
climate this is probably rare

The amount of water percolating in 24 hours through 25
grams (about an ounce) of the fine portion of the soil loosely
packed in a vertical three-fourths inch tube indicates roughly the
relative rapidity with which the soil will lose water by percola-
tion downward. For example, the soil of plats 2, 3, and 6
would lose water in this way much more rapidly than the soil
of plats 8 and 10* Thib agrees with field experience with these
plats.

The time required for water to rise by capillary action
through a six inch column of soil loosely packed in a three-
fourths inch tube, indicates approximately the rapidity with
which the soil will become saturated with irrigating water, and
to a certain extent, the rapidity with which it will lose it again
Thus the soil of plats 2, 3, 4, and 6 would be readily saturated
by a passing stream of irrigating water, while the soil of
plats 8 and 10 would become wet quite slowly. This was es-
pecially noticeable in field work upon plat 10.

The maximum water capacity percentages represent the
total water-absorbing power of the soil. For example* the soil
of plat 2 is capable of taking up only a little over one-lulf as
much water as the soil of plat 10.

One reason for the behavior of water towards these soils is
shown by the percentages of coarse and fine material. A coarse
soil like that of plat 2 can absorb less aqueous vapor, loses water
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by percolation more rapidly, and can absorb less water than a
fine soil like that of plats 8 and 10. On the other hand the
coarse soil is more readily saturated with water.

The humus not only increases the water absorbing and re-
taining power of a soil, but contributes an important element
of plant food (nitrogen") that increases its productiveness.

SUMMARY OF RESULTS,

That the salient points of the results from the winter-sown
plats may be seen in one synoptical view, table IV on page 203
is presented.

It will be seen that the heavy soils (composed largely of
fine material) gave uniformly good yields, while the lighter
soils (containing a large per cent of coarse material) gave
smaller yields of beets that, in most cases, contained a high per-
centage of sugar. Because of the uneven stand (as shown by
the small number of beets per square rod) the results from plat
6 seem to be an exception. It will be observed that there seems
to be a distinct relation between the humus percentages and
the yield of beets.

A relationship will also be observed between the maximum
water capacity percentages and the number of irrigations. The
above percentages are still more closely related to the amount of
irrigation actually needed by the beets of the respective plats.

More or less connection will be detected between the num-
ber of beets per square rod and the size and quality of the beets,
a good stand usually resulting in medium-sized beets of better
quality. The purity coefficients average higher in beets from
the lighter soils,

SUMMER-SOWN PLATS.

Early in the summer a set of sugar-beet tools was purchased,
including a Superior drill, a Moline cultivator, and a Mapes
sub-soil plow, and preparations were made for putting in plats
in the manner followed by the best beet growers for factory
purposes. Since it was reported that at Eddy, New Mexico,
beets sown in midsummer thrived and matured before the
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frosty weather of December, it was thought probable that they
would do the same in Salt River Valley

Plats were selected on ranches near Phoenix, and were care-
fully prepared for seeding Each plat was irrigated, plowed,
subsoiled, harrowed, and seeded as quickly as practicable. With-
in a few days they were irrigated in furrows made between al-
ternate rows at the time of seeding.

The first plat was seeded July 2nd upon Col. Wm. Christy's
ranch and was irrigated the 4th, some rain falling the same day,
Within five days the young plants were appearing in sufficient
numbers to make an excellent stand. As the weather grew
warmer during the following week, the plants disappeared and
the plat was abandoned.

The third plat consisted of three acres upon the ranch oc-
cupied by W. M. Grrier. A portion of it was seeded July 9th,
and the remainder July 16th In each case irrigation followed
within three days, and again a week later, The portion seeded
July 9th had a good stand upon it within six days and some of
the plants grew for several weeks- Few plants appeared upon
the portion seeded July ] 6th, and the entire plat was abandoned.
The reason for the failure will be apparent when the weather
record for the year on page 208 is consulted.

A fourth plat was seeded July 25th on the Indian School
farm, was irrigated the same clay, and also August 1st. Few
plants appeared and the plat was abandoned.

August 24th a portion of the three acre plat seeded hi July
was reseeded. The plants came up nicely, but the ensuing hot
weather caused them to meet the same fate as the others.

Upon the Experiment Station farm, a plat was seeded
September KHh and another September 22nd. As the stand
was poor upon each, they were plowed up and one reseeded
September 27th. The beets in this latter plat continued to grow
thriftily until the cold weather of December. At the close of
the year the roots were from one-half to one and one-half inches
in diameter, and the tops were assuming the appearance of those
of ripening beets. During the autumn they were assailed by
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various insects, including lice, beetles, bugs, and grasshoppers,
and the growth of the plants was consequently irregular.

A ninth plat was seeded near the one mentioned above,
October 19th, and a tenth on November llth, but the young
plants made little growth before the close of the year.

TEMPERATURE RECORD FOR THE YEAR 1898.

That the temperature to which the beets have been subject-
ed during the year may be realized, the record kept at the Ex-
periment Station farm near Phoenix is presented on page 208.

This table does not show, however, the extremes of tem-
perature to which vegetation was exposed, since the instru-
ments from which it was made hung in a sheltered place. By
the aid of another set of instruments, it has been ascertained
that in the open air, at the same elevation from the ground,
the minimum temperatures during the winter are three to fivp
degrees lower, and at the surface of the ground nine to twelve
degrees lower than under the porch where the instruments were
kept. Tests made last July during the heat of the day showed
the temperature in the shade in the op^n air to be from three to
six degrees higher than under the vine-covered porch. The
temperature of dry soil was found to be from 140 to 150 degrees
near the surface during the warmest part of many July and
August days.

NOTES BASED ON THE YEAR'S FIELD WORK.

SOIL.

While the results of the year's work show that beets of
good quality can be raised upon any of the fairly productive
soils of the valley, they also indicate that the cost of raising
•beets upon some of these soils would exceed the returns from
the small yields that can be expected. Beets of excellent quality,
that will mature early, can be grown upon a coarse soil like
that of plats 2 and 4, but the frequent irrigation required,
combined with the small yield, would be apt to make their cul-
ture in such soils unprofitable. While such a soil as that of plat
8 or plat 10 is somewhat difficult to manage after having been
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Janua-
ry

Febru-
aiy
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irrigated, yet when the seed is once in the ground, the subse-
quent care required will be so little, and the yield that can be
expected will be so large, that it may prove quite a satisfactory-
soil for beet culture. A clayey loam like that of plats 3 and 5
is probably the most desirable soil. Such a soil is not diffi-
cult to manage, takes irrigating water quite readily, retains its
moisture fairly well, and, with good care will produce from
twelve to twenty tons of good beets.

If the location of a factory here were being considered, it
would probably be prudent to erect it where there would be
near it the three kinds of soil mentioned,—gravelly or sandy
loam, clayey loam, and fine adobe. In the coarser soils beets
would mature quickly, thus enabling the factory to begin oper-
ations early in June, and the yield would probably be quite as
satisfactory during the seasons of abundant water. The loams
would be pretty sure^ to produce satisfactory results any ordinary
season, while the fine adobe soil could be relied upon for good
returns, even in hot, dry seasons.

The results show that an admixture of about one per cent
of humus is highly desirable. This condition can best be se-
cured by plowing under alfalfa, or some other leguminous plant.
Alfalfa should be turned under eight to eighteen months pre-
vious to seeding to beets. In the meantime grain or some other
field crop may be grown upon the plat. A good method is to
turn under the alfalfa during April or May, and withhold water
from the land until July? when it may be planted to corn. As
soon as the com has matured, the stubble should be turned
under to decay and add more humus to the soil. Or, the alfalfa
may be turned under during July and August, water withheld
for a few months, and the land seeded to wheat or barley, to be
followed by beets the next season. It is important that the
plow point be kept sharp that it may cut all the alfalfa roots.

PREPAK>TION OF TEE SOIL.

The land intended for beets should be plowed several
months before the time of seeding, and again just previous to
seeding Before at least one plowing, it will probably be neces-
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sary to irrigate it. The land should never be flooded if it can
be avoided. Unless the soil is very compact this is never neces-
sary. The better method is to irrigate in furrows. For furrow-
ing, a three-shovel implement has been found very useful, As
soon as the soil is dry enough to bear the weight of a team,
Across harrowing will fill the furrows with dry soil and prevent
the escape of moisture, When the soil has dried sufficiently
to plow well, it will be found that it turns up without the
formation of the clods that are sure to be present if the land
has been flooded.

At the time of one plowing, preferably the first one, the
land should be stirred to a depth of ten to fifteen inches, with
either a turning plow, or a turning plow followed by a sub-soil
plow. The land should then be leveled and harrowed. It is
important that the leveling be carefully done, as much time will
thus be saved in subsequent irrigation.

When the time for seeding arrives, the land should be
plowed to a depth of 6 to 12 inches, harrowed thoroughly, rolled
if there are clods or if the soil is too loose, and again harrowed.
The soil should now be free from clods, and not compact or so
loose as to dry out rapidly,

TIME OP PLANTING

The experience of the year indicates that the best time for
planting is during January and early February, or as soon
after the winter rains as the land can be plowed. In gravelly
or sandy loams, the planting may be done early in January, but
seed should be withheld from the fine adobe soils until at least
the heavier winter rains are thought to be past. Any soil
can usually be seeded by the middle of February, and should
be seeded by that data if possible. The longer the seeding is
delayed after the middle of February, the more irrigation will
be required, and the less growth will the beets make before they
are checked by the higher temperatures of summer. Beets will
mature, however, and produce fair results, if sown as late as the
middle of March.

Judging by the year's experience, it will not be profitable
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to grow sugar beets in the Salt River Valley during any other
season than the one just mentioned. The period from the be-
ginning of April to the end of August, when beets are grown
in cool, humid regions, is too hot and dry for successful beet
culture here. If they could be started daring July and kept
growing a month or so, the cooler weather that follows would
enable them to make a good growth before they would be
checked by the cold wealher of December, But with the tem-
perature of the surface of the soil 140 to 150 degrees F. during-
the heat of the day, starting beets during July is very difficult
They might be started during early June, but would require so
much irrigation to carry them through the hot weather that
their culture could hardly be profitable. As soon as the cool
weather of September and October comes, it is comparatively
easy to secure a good stand of young beets. But they do not
then have sufficient time to make much growth before they are
checked by the cold weather of December and January.

SEEDING.

It is very important that the seeding be done properly, so-
that a good stand of beets may be secured, For without a good
stand a good crop cannot be expected, even though they be
given the best of care* Either the yield will be small, or the
beets will be so large as to be of inferior quality, if the stand
is uneven.

The seed should be placed at a depth of thres-fourtbs to
one and one-fourth inches. In the lighter soils they may be
sown deeper than in the heavy ones, Fully twenty pounds of
seed should be sown per acre. A distance of twenty inches has
proven to be a very convenient one for the rows. If it is antic-
ipated that the beets will need irrigation before or soon after
they come up, they should be farrowed at the time of seeding.
The best plan found has been to attach a two-shovel furrower
to the rear of the four-row beet drill, and by the aid of an extra
man thus furrow alternate rows as the seed is sown, For this
purpose the shovels should be set at a distance double that of
the distance between the rows.
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IRRIGATION.

Ground for sugar beets must have sufficient slope to make
it possible to irrigate without flooding any considerable portion.
A fall of two to four inches per hundred feet in the direction
of the rows is necessary for successful irrigation. In fields
having more slope than this, the rows should run in such a
direction that the fall will in no part of the field be more than
six inches per hundred feet. If the fall is too great, the water
flows so rapidly down the furrow that seepage downwards and
sidewise is slow, and much water will be wasted in endeavoring
to wet the soil properly.

In light soils, especially in warm, dry weather, it will some-
times be found necessary to irrigate in order to bring the beets
up. But this should be avoided, if possible, by planting the seed
in moist soil, during cool weather, at a sufficient depth to insure
germination before the soil dries out.

Usually, the first irrigation needed will be about the time
of thinning. If they are furrowed just before thinning and
irrigated just afterwards, they will be left in good condition for
vigorous growth. During the thinning, any beets covered by
the furrowing plow can be uncovered, and the subsequent irri-
gation will start the isolated, drooping beets to growing rapidly,

Water should be applied subsequently only wten the bsets
give unmistakable evidence of needing it, Wilting during the
heat of the day, if they revive at night, is not necessarily a sign
that they need irrigation. If they wilt early in the day,
or have a dark green color, and the soil is dry to a depth of five
to eight inches, water should be applied. There is less dangar
of excessive irrigation in light than in heavy soils.

The amount of irrigation depends upoo the character of
the soil and the condition of the weather, but the method is the
same in all cases. They should be furrowed with a shovel plow
just the right size to avoid covering many of the beets. Two
furrowing shovels attached to a cross-bar fitted with shafts
makes a convenient implement for furrowing. The shovels
should be set double the distance between the rows, as it is
necessary only to furrow alternate ones. A large furrow is
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plowed across the upper end of the field for a head ditch and
another across the the lower end for a waste ditch. If the field
is over 25 rods long, it should be divided through the center by
a cross-ditch to serve as both a waste ditch for the upper half
and a head ditch for the lower half.

For admitting water to the upper ends of the furrows, gal-
vanized iron tubes fifteen inches long and about two inches in
diameter have been found very useful. By bringing them all
on the same level, an even supply of water will run down each
furrow. Special care must be exercised to prevent the water
from breaking from the furrows and flooding the adjoining
area, It is usually more effectual to remove the obstruction
ahead of the stream, or lower the high furrow bottom, as the
case may be, than bank up the sides of the furrow at the place
the water is escaping The water should be allowed to run un-
til the soil about the beets on either side of the furrow is well
moistened. In light soils, the entire surface between the rows
should become wet by lateral movement of the water from the
furrows. After the early part of June, water may be withheld
and the beets permitted to ripen.

CULTIVATION.

During the early growth of the beets, usually little cultiva-
tion is necessary to destroy weeds, but the soil should be stirred
sufficiently to keep it loose. After irrigation, the compacted
soil should be stirred with a hoe or cultivator to prevent loss of
water and to admit air. This is especially important during
the early growth of the beets. Since the sugar is formed in
the leaves, care should be exercised to avoid breaking them off
during cultivation. After the leaves cover the ground, little
hoeing or cultivating can be or need be done.

COST OF GROWING

While the experience of the past year does not f arnish
exact data for determining the cost of growing sugar beets in
the Salt River Valley, yet sufficient data are at hand to make it
possible to give an approximate estimate of the cost per acre. A
record of the cost of seeding and irrigating the three acre plat
was kept, and this, together with the experience upon the plats
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sown during the winter, serves as a basis for making the follow-
ing estimate of the cost per acre:
Kent of land $500
Preparation for irrigation 60
Irrigation before plowing 50
Plowing twice 5.00
Harrowing and leveling 1.00
Seed 2.00
Seeding 50
Thinning , 4.00
Furrowing five times 2.00
Irrigating five times 5,00
Cultivating three times 1.50
Hoeing once 1.50
Harvesting and delivery 13.00

Total $41.60
The above figures are intended to represent the maximum

cost where ordinary economy in performing the labor is prac-
ticed Experience, and cultivation of large areas would un-
doubtedly reduce the cost per acre, At the usual prices paid,
the average returns per acre for the winter-sown experimental
plats, would have been about $48.50.

FACTORY REQUIREMENTS.

From the preceding pages on the results of the past year's
experiments it will be seen that sugar beets of good quality can
be grown in Salt River Valley, but this by no means solves the
problem of the establishment of a beet-sugar factory. For a
factory requires not only a suitable supply of beets, but an
abundance of good water, pure limestone, and cheap fuel, as
well as favorable commercial conditions, including a convenient
market for the product, good railroad facilities, and an oppor-
tunity to utilize the pulp in stock-feeding. Expecting, there-
fore, that success in growing beets would lead to further inquiry
concerning the water, limestone, and fuel supply, the chemist
for sometime has been collecting information on these features
of the problem.
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WATER SUPPLY.

The importance of an abundant supply of suitable water
will be recognized when it is stated that a factory using three
hundred and fifty tons of beets a day, requires no less than
two million gallons of water every twenty-four hours, or, in
other words, an amount sufficient to cover an acre to a depth
of about six feet. Most of this quantity is required for wash-
ing the beets and need only be reasonably pure. Common
ditch water will answer, and a sufficient amount could easily bo
supplied from any of the large canals in Salt River Valley. An
unfailing supply would be essential during the manufacturing
season—a requirement that would limit the location to points
on canals having a constant flow. Water used for washing the
beets would not be sacrificed as it could be Ubed subsequently
for irrigation.

The water, however, that is used in the diffusion batteries
of the factory for the extraction of sugar from the sliced beets
must be of a certain degree of purity, for the reason that some
of the salts commonly dissolved in water prevent considerable
amounts of sugar from crystallizing during the process of man-
ufacture. When, therefore, it is considered that the ordinary
factory uses two hundred thousand gallons of water a day in its
diffusion batteries, assuming that the salts prevent only an equal
amount of sugar from crystallizing, it will be seen that a water
containing forty parts of soluble salts in one hundred thousand,
would make a loss of 668 pounds of sugar a day from this cause,
which at the present cost price of sugar in Phoenix ($8.20 per
hundred) would amount to $41 42. In the course of a campaign
of a hundred days this would be an item hardly to be disregard-
ed , The cost of manufacture is also increased by the presence
of calcium and magnesium carbonates and calcium sulphate in
the diffusion water, for the reason that when the latter is heat-
ed these salts are deposited upon the sliced beets and the inte-
rior surfaces of the batteries, thus rendering the extraction of
sugar more difficult and decreasing the evaporating power of
the apparatus, The amount of salts in solution that can be
tolerated in a diffusion water, varies according to other factory
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conditions, since this is but one of a combination of factors that
influence the cost of manufactured sugar.

At Eddy, New Mexico, the water used contains 29.5 parts
of dissolved solids in 100,000; at Lehi, Utah, 36 parts in 100,-
000; and at Alvarado, California, 38.6 parts in 100,000. It is
stated on good authority that an extreme limit of about 70 parts
in 100,000 would be allowable, other conditions being favorable.

With these requirements in mind, a survey for suitable dif-
fusion water in Salt River Valley was begun in September, 1898,
and continued through the fall and winter Forty samples
were taken in lines running as follows: From Phoenix north
through and beyond Orangewood; from Phoenix northwest to
Grlendale, and thence west to New River; from Phoenix to Scotts-
dale; and from Tempe circling to the east, south, and west within
a distance of 4 to 6 miles from that town. These samples were
mostly from house-wells, and, together with such information as
could be obtained from those concerned, were taken to Tucson
and examined sufficiently to determine the utility of the water
for factory purposes The results, as shown in the following
table, are mainly adverse, with here and there a favorable excep-
tion.

In considering the samples it may be remembered:

L That there should be less than 70 parts of soluble salts
in 100,000,

2. That there should be less than 10 parts of calcium,
sulphate in 100,000

3. That calcium and magnesium carbonates hinder the ex-
traction of sugar, foul the apparatus and increase cost of fuel
and labor in proportion to their amount.

4. That common salt has little or no bad effect.
5. That magnesium sulphate and chloride, and calcium

nitrate and chloride are stated by some authorities to aid in
crystallization of sugar.

6. That sodium and potassium carbonates, sulphates and
nitrates, are variously stated to be indifferent or detrimental to
the process of crystallization.
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It is seen from the table that of the thirty-six waters tab-
ulated, five may be considered within the requirements,
namely, numbers 8, 18, 23, 25 and 41, while numbers 9 and 22
are not far below quality, All %the others contain excessive,
some of them enormous quantities of dissolved salts, arid could
hardly be made valuable for factory purposes.

The most abundant impurity is common salt which, in most
cases, constitutes more than half the dissolved solids. Calcium
and magnesium carbonates are always present, ranging from 5
to 48 parts in 100.000. Calcium sulphate, as a rule, is not found
in prohibitive quantity, the exceptions being samples 4, 18, 19,
20, 24 and 27. The remaining soluble salts are in most cases of
the nature of "white alkali", consisting chiefly of magnesium
sulphate and chloride, sodium sulphate, calcium chloride, arid
small amounts of potassium salts. In seven cases only, num-
bers 3, 6, 10, 15,16, 85 and 36, are the waters truly alkaline—
containing sodium carbonate—, a fact which tallies well with the
*• white" character of the alkali in Salt River Valley.

When carefully studied, however, in reference to location,
these results are encouraging. The analysis from Morgan's
well 51 miles west of Glendale and about half a mile from New
Eiver, suggests that the underflow of New and Agua Pria rivers
may be of the desired purity. Morgan's well is only forty feet
deep, and the underflow at many points comes almost to tho
surface in th& Agua Fria wash.

The waters from Crabb's well northwest of Alhambra, and
Bartlett's well north of Grlenclale are of good quality. The
Glendale town well is also better than the average. These wells
are situated in or near the old Cave Creek wash, whose under-
flow may possibly control the quality of the waters. Tho water
from the Elaine well, in Orangewood, is of good quality, and
only six miles from Phoenix. The well, however, is no less than
105 feet in depth.

The samples secured from the Arizona canal, are of special
interest. No. 41, representing the water which passed through
the canal during January, 1897, is of very fair quality so far as
soluble salts are concerned. This was taken during a period of
high water, however, and the sediment carried at such a time
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would doubtless prohibit its use for diffusion purposes. No. 28
was taken from the canal at a time of low water, September
17th, 1898, and is correspondingly high in soluble salts. Since
the factory supply would be needed principally during the sum-
mer season of low water, the latter sample probably more near-
ly represents the water that would be available. It would seem,
therefore, because of its variable and probably poor character
at the time it is needed, that canal water could not be utilized
for the diffusion batteries.

The analyses are not yet numerous enough to establish in
detail the character of the ground-waters in Salt River Valley,
but thus far the indications are that suitable factory water is
most likely to be found in the underflow of the washes extend-
ing into the valley from the north The lower levels north and
south of -Salt Eiver Valley afford water which is uniformly quite
salty in character; possibly also it will be found later that those
tracts in general that are not subject to the action of an under-
flow will be found underlaid with comparatively salty ground-
waters. The possibilities of deeper borings are yet to be deter-
mined. The wells sampled were in most cases comparatively
shallow, being rarely over one hundred feet in depth. With
exceptions, the best waters are from deep wells in high ground.
At present there appears to be a belt of comparatively good
water running from Grlendale east through Orangewood and to
Scottsdale. In the lower parts of the valley, particularly, the
character of the ground-waters is very variable and uncertain,
the writer being told of one instance in which a newly dug well
tapped two distinct streams of water at about the same level,
one of which was extremely salt, the other comparatively fresh.
A new well being dug on the fresh water side afforded water of
desirable quality. The shallow well waters may be much in-
fluenced by irrigation, through the solution and down-leaching
of surface salts, or by the addition to the groundwater of large
volumes of irrigation water, which as a rule is better in quality
than the original ground waters in this region.

Artesian water is not to be expected in Salt River Valley,
according to Professor Blake, who states that, in general, true
artesian conditions do not there exist, though in the region of



SUGAR BEET EXPIBIMEVTS DUEING- 1898. 222

the red sandstone, as for example, at the month of the Verde,
the dip of the strata is favorable, but there is no visible supply
of water sufficient to lead to the expectation of an artesian flow
of any strength.

LIMESTONE.

Since lime is used in removing impurities from the diffu-
sion juices, it is important that it shall contain the smallest
amounts of those soluble salts that we have seen to be objec-
tionable in diffusion water. In addition to this, the lime rock
should contain but small amounts of silica and moisture, be-
cause these constituents affect the facility with which it is con-
verted into lime. A single sample of lime procured from one of
the lumber yards in Phoenix, and said to have come from the
small kilns along the railroad north of Prescott. was analyzed
and calculated to the original stone. The result is shown in
connection with the analyses of two other stones.

Moisture

Calcium carbonate..

Magnesium carbonate

Iron and alumina

Soda and potash

Silica sand etc

Undetermined

2. Good lime-
stone from Col
ton, CaL

.054

98.00

.453

1.096

.281

.116
100.000

2. Poor lime-
stove from
France

415

90.13

.75

.17

.10

3.20

1.50
100.00

3. Calculated
from Phoenix
supply of lime.

95.94

1.37

.596

.25

1.869

100 025

No, 2 is stated to be very poor for factory purposes, while
No. 1 is excellent. Comparison shows that the Phosnix sam-
ple is of very fair quality, containing a high psrcentage of car-
bonate of lime, and a moderate amount of silica and magnesium
carbonate. The amount of potash and soda (.25 per cent) is
undoubtedly too high, because this lime was burned with wood,
the ashes of which contain these constituents in quantity, thus
adding them to the lime obtained. The Phoenix supply of
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lime is brought from this great distance, not because good stone
cannot be obtained nearer at hand, but because the cheap wood
in the forests north of Prescott enables the burners to produce
the lime and ship it to a distance with greater economy. For
factory purposes the unburned stone is most valuable, because
the carbon dioxide given off during the process of burning is
used in the operations of the factory. For some factories the
supply of limestone comes from a distance as high as ninety
miles, so that the situation of Salt River Valley is probably as
good in this respect as some other places

FUEL.

The fuel question is without doubt a serious one in this
connection, for coal and crude oil, on account of the distance
from sources of supply, are both costly. This is essentially a
matter for business discussion, however, and is merely suggest-
ed in this bulletin without an attempt to present authoritative
conclusions. In Tucson, soft coal at $8.75 a ton is stated, as
the result of a trial conducted at the Electric Light Works, to
be at least one third more costly than mesquite wood at $3.75
a cord. Coke is $13 a ton. So far as known, the highest price
paid for coal for a sugar factory in this country is $6.30, while
coke varies in price from $7 to $13.

In reply to a suggestion which naturally occurs in connec-
tion with Salt River Valley, it must be stated that water-power
is not a material advantage to a beet sugar factory. Out of about
1000 horse-power boiler capacity required for a 350 ton factory
all but about 150 horse-power, (or less, according to the process
employed) is used for heating and evaporation, while even the
waste steam from the engines is utilized for the same purpose.

The following letter from E. H. Dyer & Co., builders of
sugar machinery, clearly states the case:

CLEVELAND, Ohio, March 22nd, 1809.
Mr. R, H. FORBES,

Tucson, Arizona.
Dear £rr;—In reply to your favor of the 18th mst, would state, that

the total horse-power required for a 350 ton beet sugar factory approxi-
mates very closely to 1,000 for the total plant, with about 100 or 150 for
the moving" machinery.
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You will not understand by this that 150 horsepower used for the
moving machinery is applied tor that purpose only, as all of the exhaust
steain is used foi heating purposes, —in (act, the greater amount of evapoi-
ation is done by exhaust steam through the various engines and pumps*

Most people ha\e the idea that electricity or water-power can be appli-
ed to this industry to great advantage* Will state, it does not make any
difference from what source your moving power is derived, you \\ill require
just that much additional for yottr heating So, m reality, it requires
1,000 horse power for heating purposes throughout the factory, and noth-
ing for the niO\ing mai_hiner\ .

Very tiuly yours,
E> H. DYER & Co.

MARKET.

The product of a factory consuming 350 tons of beets a day
should be from seven to ten million pounds of refined sugar for
the season, according to the length of the run. During the year
ending June 30th, 1897, there were shipped into Arizona over
the Southern Pacific road 1572 tons of sugar in carload lots,
This does not include small lots, or that coming into the terri-
tory over the Santa Fe road. It is probable that during this
year 2500 tons, or 5,000,000 pounds, were imported in to the terri-
tory. It appears, therefore, that even if all foreign sugar could
be shut out of Arizona, which of course is not the case, our home
market could not consume the entire product of a fair sized fac-
t)ry; consequently, the advantages of a home market for a por-
tion of the output would be offset by the necessity of seeking
a more distant market for the remainder.

It would seem, therefore, that the expectation of special ad-
vantages from home consumption of Arizona sugar is debatable,
making it necessary to assume that an Arizona factory must be
prepared to enter outside markets on even terms with other
sources of supply*

VALUE O351 PULP,

The beet pulp remaining after the sugar has been ex-
tracted from the beets is valuable as food for cattle and sheep
A factory of the size assumed in the above discussion would
produce about 15,000 tons of pulp each season. According to
the experience of feeders elsewhere, this would be sufficient to
feed nearly 800 cows for one year, and would aid in finishing
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probably five times as many steers for market. This feed,
being succulent in character, would best be used in connection
with dry, nitrogenous materials, among which alfalfa hay
is prominently mentioned. It would, therefore, seen that
the stock-feeding and dairying industries of Salt River Valley
would be materially benefited by a conveniently located beet-
sugar factory.

SUMMARY OF RESULTS AND DISCUSSIONS.

1 Sugar beets of good quality and in paying quantities
can be produced in Salt River Valley. An essential precaution
is early planting—-from January 1st to the middle of February
being probably the best season. The averages for 1898 on ten
plats varying from one-eighth to three-fourths acres were 12.85
tons per acre; 13 8 % sugar in beets; 78.53 % purity;2438 pounds
pex acre yield of sugar. These are the results of the second
trial. Experience will doubtless improve them.

2. Diffusion waters of fair quality exist in the valley. Their
development in satisfactory location and sufficient quantity
must be considered in connection with the other problems of
factory location.

3. Excellent limestone is available, and investigation
would doubtless disclose a supply within more economical dis-
tance of the valley.

4. The fuel question is a serious one and remains for busi-
ness discussion and adjustment.

5. In addition to the stimulating effect of a factory upon
agricultural and commercial interests, the stock-feeding and
dairying industries would materially benefit by the presence of
a factory in Salt River Valley.

Note—In treating of factory conditions considerable material has been
drawn from the U. S. Department of Agriculture's Special Report on the
Beet-Sugar Industry by H. W. Wiley and Chas F, Savior. Acknowledge-
ments are also due many correspondents courteously affordingioformati©n»
Those who are interested in reading more fully on the subject of sugar beets
and beet sugar factories will do well to send to the U. S. Department of
Agriculture, Washington, D. C,, for the special repoi t on the beet-sugar
industry mentioned above.


