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OF THE

KANSAS STATE AGRICULTURAL COLLEGE,
MANHATTAN.
Bulletin No. 78—April, 1898.
CHEMICAL

DEPARTMENT.

J. T. WILLARD, M. S., Chemist.

SUGAR BEETS.*
Realizing the importance of intensive and diversified agriculture, this department began answering the question “Can rich
sugar beets be grown in Kansas?” some eight years ago, and continued it for several years. The beets produced were not of a
high order of excellence, due in part doubtless to improper culture.
With the revival of interest in the subject last year we again took
up the work, this time in connection with the U. S. Department
of Agriculture. The station received 200 pounds of seed from
the Department. We applied for a larger amount but this was
adjudged to be our proper quota.
This seed was distributed to 393 farmers of the state. Late
in the fall, to give ample time for maturing, directions for
sampling and forwarding were sent out. These were not all sent
at once, the northern parts of the state being called upon first,
and from week to week the notices were sent to other sections
southward. The first sections were asked to send by freight
samples of ten beets each. Later, we received penalty tags for
sending samples through the mails, and then asked for six beets
in three packages, which, according to the provisions of law,
*In the interest of justice, it is proper to say that the investigation described in this
bulletin was begun last spring when Prof. G.H. Failyer was chemist of the experiment
station and the present writer was assistant chemist. The work of that season was done
under that organization; the work since has been entirely in the hands of the writer.
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might not in any case weigh over four pounds. The faith of the
people in the efficiency and care of our postal service received
ample confirmation in this work. From half a dozen to half a
bushel of loose beets mixed with wads of string and newspaper
were received daily. Not infrequently, too, well-packed samples
would be received with no name attached. In several cases the
sender was identified by the address tag on his newspaper wrappings, confirmed of course by other data. In a number of instances, however, it was entire1y impossible to discover the name
of the sender. I desire to state here that while errors occur with
every one, and the writer is not beyond this human weakness, it
has been his intention to ask for samples from all who had seed; to
spare no pains to identify packages that came without names; and,
if the name could be found, to ask for more beets in case the first
sample had broken out of the wrapper; to analyze all beets that
could be identified, and to answer promptly all letters of inquiry.
If the reader knows anything apparently inconsistent with the
above expressed intention, he is requested to inquire before condemning. I realize fully the debt of obligation the state is under
to its citizens who have co-operated with us and desire to thank
them for this service. I hope that they and many others will
unite to make the test this season much more useful than that of
last year.
Of the 393 persons receiving seed 156 sent beets with name
attached or capable of ascertainment: 104 reported that they had
no beets to send, and the remaining 133 were never heard from or
their beets could not be identified.
The season was in many localities very unfavorable to the
growth of crops of any kind. One of the points upon which reports were requested was “Obstacles to success.” One hundred and twelve reported drouth as interfering with success.
This factor may work both ways however. While preventing large growth it may have led to the production of a denser,
richer juice in the beet. The insect pests of the beet were found
to be by no means insignificant.
In respect to the seed it is proper to say that, as it was all
alike, those who asserted that the seed “was worthless,” or used
other expressions of like effect, must have been mistaken, since
many reported the germination as “splendid,” “perfect,” “ninetynine per cent,” etc. In many cases, doubtless, poor germination
is to be traced to other of the obstacles mentioned, such as, drouth,
or heavy rains immediately after planting.
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The following statement summarizes obstacles reported:

The beets were in almost all cases analyzed on the day of
arrival. In the tables which follow certain terms are used which
require some explanation to the unprofessional reader. In respect
to the form, it may be said that a sugar beet should be long and
tapering and grown entirely below ground with the exception of
the crown or “neck” from which the leaf-stalks grow; the classification as good, fair, or poor, is based on this standard. The
gross weight includes the part that has grown above ground.
The net weight is the weight of those parts only which have grown
below ground. The part grown above ground is not suitable for
sugar manufacture and is removed, being available only for feeding. The nearer the net weight approaches to the gross weight
the better the beet. The specific gravity of the juice is its weight
compared with water at 1,000; the greater the specific gravity the
greater amount of sugar or other substances in solution. The
total solids include everything dissolved in the water of the juice,
and the coefficient of purity is the number representing the percentage of sugar in the total solids. The higher the number, the
better the beet, since the solids not sugar are not only undesirable
in themselves but they interfere with successful extraction of the
sugar.
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TABLE SHOWING ANALYSES OF SUGAR BEETS.
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The averages deduced from the preceding table are as follows:—
Average gross weight 1.51 pounds.
Average net weight 1.09 pounds.
Average specific gravity of juice 1.064.
Average total solids in the juice 15.52.
Average percentage of sugar in the juice 11.88.
Average coefficient of purity of the juice 76.1.
These figures do not mean much to one unacquainted with the
question, unless compared with others. The average per cent of
sugar found by us in 1891, when 147 samples were analyzed, was
10.54. This year’s average is 1.24 per cent greater, and is about
as good as the beets first supplied to factories in California. At
present, however, the beets of California are much richer. At
Chino during the last campaign the average amount of sugar for
five months, and in over 50,000 tons of beets, was 14.6 per cent.
It can scarcely be doubted that with better culture the quality of the beets produced in this state might be considerably improved. It has been held that our summer temperature is too
high to allow us to expect that very rich beets can be produced
here, and it must be confessed that the results obtained so far do
not do much toward dispelling this view. A study of the results
obtained with beets from the different counties of the state, however, does not show that there is any tendency toward a poorer
product in the southern sections. Some of the best beets were
produced in southern parts of the state. I am inclined to the view
that at present no conclusions can be drawn in respect to climatic
influence.
In many instances the seed was planted too late to allow the
beets to attain a good size before the summer drouth. The beet
requires moisture in moderate amount for its growth, and drier
weather for maturation, and sugar elaboration. It would seem
then that we should endeavor in this state to start the crop early,
so that the roots may be well-grown by midsummer. The beets
of California are not infrequently grown without rain or irrigation after seed-planting, sufficient moisture being furnished by
subterranean accumulations, and the progressive drying of the
soil favoring richness in sugar. It is a matter of considerable
doubt whether, with our liability to early drouth before beets will
have had time for growth, we can hope to successfully establish
the beet-sugar industry in this state. It is our belief that it is
quite as important a function of the experiment station to guard

ument

l Doc
storica

Hi

riment

Expe
ultural

Station

s Agric

Kansa

April 1898.]

Sugar Beets.

75

our people from unwise and disastrous ventures, as it is to point
the way to successful ones. In our investigation of the state as
a producer of beets therefore, truth only will be sought and published, believing that a temporary boom would result in much
longer continued reaction. If we cannot produce sugar beets of
high quality our farmers and capitalists want to be out of the
beet sugar business; if we can, the industry should be encouraged
by all legitimate means.
The advantages of sugar beet culture are various. It provides much labor for a given area of land, thus being adapted to
the support of a congested population. Sugar contains carbon,
hydrogen and oxygen only, elements which are obtained from the
carbon dioxide, or carbonic acid gas, of the air, and water. It
does not exhaust the soil. Beets contain other things than sugar,
however, and are rich in ash. They require correspondingly rich
soil, but these mineral substances may be almost wholly returned
to the land upon which the beets grew by using the proper foresight. In the manufacture of beet sugar, the sugar is obtained
by diffusion; a process in which the thinly sliced beets are treated
with successive portions of hot, weak juice, or water, and their
sugar extracted. The residue known as “pulp” is used in feeding, and may be preserved in silos for this purpose. The tops and
leaves are also excellent for feed. If these by-products be thus
utilized, and the manure produced returned to the land upon which
the beets were grown, the soil will lose but little of its fertility.
This conservation of soil fertility will be most marked if milch
cows be the cattle fed, as their products, milk, butter and cheese,
especially butter, remove the minimum quantity of ash from the
farm. Beet culture, therefore, is well adapted to operate as an important factor in any agriculture that considers the permanent
usefulness of the soil.
Beet culture, demanding as it does the most thorough prepartation and cultivation of the soil, puts it into a condition of tilth
which greatly increases the yield of other crops grown in rotation
with the beets. It is asserted that in Germany the farmers now
get as much of other crops in three years as formerly in four
years, and have the year’s crop of beets besides. The advantages
of including beets in a regular rotation of crops are thus very
great, and rotation of crops is one of the necessary features of intensive agriculture. It will be seen that sugar beets are properly
a factor in only the highest type of agriculture. They have no
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place in pioneer farming. They yield high returns to careful
labor, but they demand it, and a satisfactory outcome need not be
expected if they do not get it.
Kansas is in a transition stage. From dependence upon one
or two staples, the Kansas farmer is gradually diversifying his
crops so as to be less subject to extremes of scarcity with high
prices, or abundance with low prices. The advantages of a diversified agriculture need not be enlarged upon here. With the manifest adaptability of sugar beets to this object, where they can be
grown successfully, we should be quick to avail ourselves of them
if we can; at the same time we should be slow to invest capital
unless there exists a reasonable assurance of remunerative business. We need healthy growth of industrial enterprises, but no
voting of bonds for expensive experiments. A beet sugar factory
costs a great deal of money, and it requires much besides good
beets for success. Cheap fuel, a great abundance of good water,
cheap limestone and convenient markets are prominent essentials.
To these must be added a hearty co-operation between the beet
producers and the sugar manufacturers.
It is especially desired that the experiments to be conducted
this season be under as favorable circumstances as possible. In
addition to many growers of small plats we desire a few, representing the several regions of the state, and cultivating typical
soils therein, who will undertake to grow one-half acre or more
under definite conditions. It is believed that the crop will amply
repay anyone for its production, as the beets are a very superior
feed for milch cows.
It seems wise to include in this bulletin the directions for
growing sugar beets which will be sent to all having seed from us
this year. It is requested that none apply for seed who do not
expect to follow directions essentially as subjoined. Applications
for seed should be made at once; they will be filed as received, and
the seed sent as soon as possible.
DIRECTIONS FOR GROWING SUGAR BEETS.

The following directions are based upon our own experience
combined with careful study of the methods in use for producing
beets for sugar manufacture in Nebraska, Utah and California.
A correct judgment in regard to the adaptability of our state to
the production of beets suitable for sugar-making cannot be made
unless the beets are grown under proper conditions. It is
urgently requested, therefore, that these directions be closely
followed.
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P REPARATION OF THE SOIL. If soil deeply plowed last fall,
and suitable otherwise is available, use that. It is necessary that
the soil be readily penetrable by the growing beet to a depth of
ten or twelve inches. If the soil has not hitherto been plowed to
that depth, plow an inch or two deeper than before and loosen the
subsoil in each furrow by a subsoil plow or spade. Two rods
square well prepared will be of more service than more improperly
prepared. The soil must be in perfect tilth, well pulverized by
repeated disking and harrowing, and as free of weed seeds as
practicable. Soil that runs together and packs with rain is not
suitable. Throughout the growth of the beet the soil must be
permeable to the air and this should be in mind in selecting it.
The soil must not be handled when too wet or too dry, it should
have been under cultivation at least two years, and must have no
stable manure applied this spring.
PLANTING. Just previous to planting, the final harrowing
of the soil should be given so as to kill all weeds that may have
started. It is well to roll the ground then. Plant by hand or with
a seed-drill in rows from 16 to 18 inches apart. The seed should
not be covered deeper than one inch, and the soil above the seed
must be well firmed by the press wheel of the drill or otherwise.
Most failures to secure good germination are due to leaving the
surface so loose as to dry out. Beet seed must be planted shallow
but must have moisture. If planted by hand, the seed may be
dropped three or four together at the intervals desired for the
beets. This almost insures an even stand. About 20 pounds of
seed per acre is required in field planting. The time of planting
varies with the latitude and the season, but should be about the
same as early corn-planting, so that the plants may be well grown
before the summer drouths. If we obtain the seed in time we
desire to have it in your hands before the first of April.
THINNING. When the beets have four leaves they must be
thinned. If left more than a week longer the roots of the plants
left are injured in pulling out the others. The distance apart that
the plants should be left depends upon the richness of the soil,—
the richer the soil, the closer they may be grown. Six to ten
inches will include all cases, and with most of our soils seven or
eight inches is about right. It must be borne in mind that the
mature beets are to be of about two pounds weight and that very
large size is not desirable. Where the beets have been sown
uniformly throughout the row, thinning is begun by “bunching”
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the plants by means of a narrow-bladed hoe, with which the beets
are cut out entirely excepting bunches of three or four at the
proper intervals for the mature beets. The bunches are thinned
by hand, leaving the strongest plant, and at the same time pulling
up any weeds near it.
CULTIVATION. In cultivation, the conditions to be met are
perfect freedom from weeds, looseness of soil, and guarding
against injury to the leaves or roots of the beets. If the ground
becomes crusted by heavy rain before the beets are up, it should
be hoed, following the marks left in firming the soil: otherwise a
first shallow hoeing should be given as soon as the beets break
through. A second hoeing must follow the thinning; this should
be to a depth of three inches. Similar hoeings will be necessary
later. The space between the rows may be cleaned with a suitable cultivator, but loosening the soil between the plants in the
rows will require the hoe.
IRRIGATION. For such as are able to try the growth of beets
by irrigation, a few words based upon information kindly furnished
by Mr. George Austin, Agricultural Superintendent for the Utah
Sugar Company, Lehi, Utah, may not be amiss. Beets should not
be watered too freely. Let them suffer a few days before irrigating. The water must be applied by means of little furrows made
by a six inch furrower attached to the rear of the cultivator, taking care not to flood the ground. Unless the soil has considerable
slope, or is very sandy, watering in alternate rows is sufficient.
The second time, the water is run down the rows left without
water the first time. Cultivate as soon as practicable after each
irrigation, to a depth of five or six inches. Two to four irrigations
are given during the season in Utah, the last one three or four
weeks before harvesting.
TAKING AND FORWARDING SAMPLES. Directions for this will
be sent in due time to all taking part in this test, and the beets are
to be left in the ground until such directions are received. Some
of the beets will be called for early, others quite late. Inquiries
at any time will be gladly received and promptly attended to.
GENERAL. It is recommended that in localities possessing a
considerable area of similar soil, and otherwise favorably situated
for sugar manufacture, a number of farmers unite in a co-operative
experiment. Their samples of beets can be sent us together by
freight at a minimum expense, and larger samples thus supplied
than is practicable by mail. In other cases we expect to be able
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to furnish penalty tags allowing free transmission of the samples
by mail. Applications for seed to be used substantially as directed
above will be filed as received, and seed sent as soon as possible
after we receive it ourselves. Be careful to write name and address very distinctly. Address all applications for seed and communications concerning the experiment, to J. T. WILLARD, Chemist of the Experiment Station, Manhattan, Kansas.
Growers will be asked to report as fully as may be upon the
following points which should be in view from the start:—
Kind of soil.
Preparation of soil, in full.
Date of planting.
Distance between rows.
Mode of planting.
Depth planted.
Time required to come up.
Date of thinning.
Distance between plants. On this point one is liable to be
deceived unless some actual measurements are made.
Cultivation, in detail.
Yield of a measured area.
Obstacles to success.
General character of the season. An accurate record of the
rainfall showing date and amount would be very valuable. A tall
two-quart tin fruit-can with the upper rim melted off will answer
every purpose as a rain-gauge. This should be firmly set in an
open space remote from trees or buildings.
SUMMARY OF BULLETIN.
Beet seed furnished by the U. S. Department of Agriculture
was distributed to 393 farmers. Samples of the beets produced
were received from 156. Reports were received from 104 who
had no beets to send, while 133 were never heard from.
The chief obstacles reported as interfering with success were
drouth, poor germination, and insect pests of various kinds, grasshoppers and potato bugs being the worst. As others reported
perfect germination, the poor germination could not have been
due to poor seed.
The average results obtained were as follows:—Gross weight,
1.51 lb.; net weight, 1.09 lb.; specific gravity of juice, 1.064; total
solids in juice, 15.52; percentage of sugar in the juice, 11.88;
coefficient of purity, 76.1.

ument

l Doc
storica

Hi

riment

Expe
ultural

Station

s Agric

Kansa

80

Chemical Department.

[Bulletin 78

The results obtained are better than those of 1891, when a
similar test was made, in which the average percentage of sugar
in the juice was 10.54. There seems to be no connection disclosed
between latitude and quality of beets. The belief is expressed
that with proper culture the average richness of the beets may be
materially raised.
The advantages of a successful beet-sugar industry in our
midst are fully recognized, but local natural limitations must not
be lost sight of. Farmers and others should not be hasty in making large investments of capital until further investigation and
careful consideration of the question from an agricultural, business and scientific point of view makes success reasonably certain.
Plans for continuing the experiment in 1898 are outlined and
the co-operation of the citizens of Kansas solicited.

NOTICE.
The bulletins of 1898 will include full reports of all completed experiments, and will not be reprinted with the annual report of the Station They
will be paged consecutively, beginning with No. 76, and a complete index will
be furnished at the close of the year, to enable all who preserve them to bind
in a single volume.
The bulletins and annual reports of this Station will be sent free to residents of Kansas, on application to the Secretary of the Experiment Station,
Manhattan. Kansas.
I. D GRAHAM. Secretary.
Published by order of the Council.

