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CHEMICAL DEPARTMENT.
J . T. WILLARD, M. S., Chemist.
R. W. CLOTHIER, M. S., Assistant Chemist.

DIGESTION EXPERIMENTS WITH KANSAS FEEDS.
A KNOWLEDGE of the composition and digestibility of the feeds
given our domestic animals is of the greatest practical importance.
This fact is becoming sufficiently well recognized now, so that the Station has occasional requests from thinking feeders for analyses of feed,
that they may make an intelligent selection in purchasing. Unfortunately we are unable to undertake such work at present for lack
of time, but if it were possible to analyze feeds before buying it would
bring about a revolution in the quality of our feeding stuffs. The
physical qualities of a grain are easily observed; its productiveness,
ease of culture, etc.; its inner capacity to nourish the body is much
less easily measured. The time is fast going in which men will be
satisfied with quantity only, with no regard to composition.
A knowledge of composition only is not sufficient. Two feeds may
be quite similar in composition, or differ but little in that respect,
and yet possess considerable difference in value because of differences
in digestibility; not merely differences in their digestibility as a
whole, but in that of the several constituents. Feeds are complex
mixtures of a number of groups of chemical compounds. These
groups differ in their food functions, and even the members of a
given group differ in value. Perfect analysis of a feed is something
(253)
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that the chemist has not yet attained, but, incomplete as it is, it may
be made of much assistance.
In analyzing feeds, and for that matter human food also, a determination of the amount of each chemical element contained in it is not
made. This would be possible, but is not desirable, since the value
of a feed does not depend upon its elementary composition as much
as upon the particular compounds of the elements which the substance contains. A determination of the amount of each one of these
compounds would be very desirable, but is not possible. The best
that can be done is to ascertain the percentages of certain groups of
compounds, the individual members of which resemble each other in
composition and properties. A certain amount of knowledge concerning the nature and functions of these substances is essential to
an understanding of the results of an analysis of feed, or an intelligent
application of them, and some consideration of this subject will be
given before proceeding with the special matter of this bulletin.
In any analysis of feeds for purposes of accurate comparison it is
necessary to estimate the amount of water. No matter how dry the
feed may be, it contains some water, if it has not been artificially dried
and then sealed from contact with the atmosphere. It is a simple
matter to see that, if the dry matter of two feeds is of the same composition, their relative nutritive value will depend upon the amount
of water which each contains, this being of no value, as such, above
water taken alone. Tables of analyses often give the results in two
ways, one showing the composition of the substance in its natural or
ordinary state, and the other the same results of analysis recalculated
to show what the composition would be if no water were present. In
some connections one form is more useful, in others the other.
The ash of a feed is that which is left after burning off all combustible matter. It is the mineral portion. It is wrong to think of
this as present in the feed in the form of minerals exclusively, however. Much of the matter left in the ash existed in the feed in the
form of complex organic compounds. The proteids, for example, contain sulphur as an essential constituent, in which form it is an important element in nutrition, but this sulphur in the violent chemical
changes incident to burning enters into combination as a sulphate.
Phosphorus, too, is found in the ash as a phosphate, but exists in the
feed in important organic combinations. The ash of feeds performs
very important functions in nutrition, and at times it is found advisable to provide mineral matter in addition to that of the feed.
Under the name protein, a large number of substances are grouped
which resemble each other in that they all contain nitrogen as an essential constituent. This group is frequently subdivided by analysis
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into proteids and amido-compounds. The albumen of eggs, the curd
of milk, the gluten of wheat and the muscular tissue of meat are
common examples of proteids. The proteids are the most valuable
of food constituents because of their relative scarcity, and their necessity in the performance of the vital functions of the body and for
building up its tissues. Proteids can also perform the other functions of foods, such as the production of bodily heat and muscular
force. They are thus of the greatest adaptability to the needs of the
animal bodiy. The amido-compounds, while they contain nitrogen,
and can perform some of the functions that proteids can in nutrition,
are not equal to them in value.
The fiber of a feed consists principally of cellulose and its modifications. Cotton is pure cellulose; linen and other vegetable commercial fibers are of a similar nature. It constitutes the wall of the cells
of which vegetable tissues consist, and is present even although there
may not be any fibrous structure such as shown by the examples
named. Fiber belongs to the group of substances known as carbohydrates. It is the least acted upon of any of them by the digestive
fluids or by chemical agents. It is somewhat digestible, however,
especially by the ruminants. It is more digestible in the young state
than when mature. On account of its greater resistance to chemical
agents it is possible to free it approximately from the other carbohydrates, and thus estimate it separately in analysis of feeds.
The nitrogen-free extract includes all of the carbohydrates except
the fiber. In analysis it is not estimated directly, but its amount is
ascertained approximately by adding together the percentages of the
other constituents and subtracting the sum from the whole, or 100
per cent. Its most valuable constituents are sugars and starch. It is
evident that it is of high importance as a constituent of feeds. Since
it contains no nitrogen it cannot be used by the body to build up its
muscular and tendonous tissues, and it is not available for some other
of the nutritive processes. The chief purposes of the carbohydrates—
that is, the fiber and the nitrogen-free extract—is to supply the energy
of muscular exertion, keep up the animal heat, and contribute to the
formation of fat.
The remaining constituent of feeds which is always determined in
analysis is the fat, or, as it is sometimes called, the ether extract. As
these names show, it is the part that is extracted when a feed is
treated with ether, and it consists largely of fat. If the feed is a
grain or seed of some kind the ether extract will be nearly pure fat,
but feeds consisting largely of the leafy parts of plants yield an extract containing much that is not fat, and which is of less nutritive
value. The fats perform about the same functions in nutrition as the
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carbohydrates, but are far more effective within the limits that the
body can utilize them. A given weight of fat will produce about 2.27
times as much heat or muscular force as an equal weight of carbohydrates.
In making the analyses recorded in this bulletin, the food principles named in the foregoing paragraphs were determined according to
the methods recommended by the Association of Official Agricultural
Chemists.
From the outline of the functions of the several groups of food
principles presented, a few moments’ consideration will enable one to
see that the composition of a feed with reference to these is of the highest importance. Proteids are necessary to the production of all of the
tissues of the animal body except the fat. They are therefore essential for growth, and young animals require a larger proportion of
them, other things being equal, than mature animals. They are also
essential in the formation of nitrogenous animal products, such as
milk, eggs, and wool, and a liberal proteid ration is advantageous to
all animals.
It is not the purpose of this bulletin to enter into a consideration
of the details of animal nutrition, but a brief summary upon certain
points seems to be too essential to be omitted on the assumption that
they are already thoroughly understood by the reader.
The digestible constituents of a feed are those which can be absorbed from the digestive apparatus of the animal, or which are rendered capable of such absorption by the action of the digestive fluids
during the passage of the feed through the digestive tract under the
conditions presented by the natural healthy animal. Only substances
so absorbed can nourish the animal, and while a certain amount of
indigestible matter is essential to the normal action of the digestive
tract, there is no danger that we shall get feeds that are too digestible.
Practically, the more digestible a feed is the more valuable it is, other
things being equal. Digestion experiments thus enable us to recognize the superior value of certain feeds that, by mere analysis, do not
exhibit this excellence.
After the feed has been digested and absorbed it is utilized in the
various functions of the body. In the case of the carbohydrates, a
large part is stored in the liver immediately after absorption, and is
yielded to the blood as it is required. To a certain extent the absorbed feed is built into other solid tissues of the body, especially with
growing animals, but to a large extent it never becomes a part of the
solids, but is utilized from the fluids of the body as a source of heat
and muscular force. In all the functions of the body the food is used
by being decomposed into simpler substances. There may be inter-
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mediate substances, but the final products are those excreted by the
skin, lungs, and kidneys.
The excretions from the intestines therefore include the indigestible parts of the feed, while those from the kidneys, lungs and skin
represent most of the parts that have been digested and performed
some function in the body of the animal. It will be apparent by
a little thought that to fully investigate the functions that a feed has
performed in an animal it would be necessary to determine the amount
and composition of the feed, and the amount and composition of all
the excretions, but that to determine what parts are digestible it is
only necessary to ascertain the amount and composition of the dung,
in addition to knowing the amount and composition of the feed eaten.
However, in the process of digestion various fluids are poured into
the digestive tract, which are in part reabsorbed, but not entirely so.
The unabsorbed residues pass out with the undigested residues of the
food. The dung will therefore contain not only the undigested part
of a ration, but substances which have been produced from previously
digested food. An exact calculation of the digestibility of a ration
requires that a correction be made for these substances. On the other
hand, the fluids from which these substances originated, although
formed from digestive materials, are only the means by which the
chief objects of feeding, such as meat, or milk-production, or muscular force, are attained. They are not the ultimate product, and all
food constituents that go to their formation are unavailable for the
production of force, meat, etc. Professor Atwater’s practice in respect to human foods is to designate those parts of a ration which are
absorbed, and do not reappear in the feces, as available. The available constituents of a feed, then, are found by subtracting the amounts
of each found in the dung from the amounts of the same in the feed
that produced the dung. The tables as given in this bulletin for digestibility might thus be properly referred to as representing availability. The correction necessary to make them show digestibility,
strictly, is not large, but, as its amount is uncertain, we have not attempted to apply it.
Since the intestines of an animal are never entirely evacuated, but,
especially in the case of ruminants, contain a considerable amount of
feed in various stages of digestion, it is obviously impossible to feed
an animal a certain amount of feed, and then collect the manure produced from that portion. If the animal be fed for some days upon
the same ration, however, the dung produced from previous rations
will finally be entirely evacuated, and the daily evacuations will then
correspond in composition to the feed given. Since there is more or
less variation in the completeness with which the bowels are emptied,
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the manure produced is liable not to correspond in quantity with the
feed given each day. If the manure were collected but a single day,
the error on this account might be large, but if the collection extends
over several days, the longer the better, the average error will be small.
In our experiments, the period of preliminary feeding was about a
week, and the dung produced during the next week was collected.
The feed under test was given in the same quantity per day, as a rule,
through the two weeks.
In carrying out the experiments, it was our object to feed the animal only as much as he would eat closely, if not entirely, so that the
material eaten would represent fairly the composition of what should
be consumed in regular feeding. If a larger amount of a coarse fodder had been given than the animal might be expected to eat, to the
extent that animals do in regular feeding, he would have selected the
better portions, and the digestion results obtained would have seemed
better than a fair test would have shown.
The grains fed were finely ground, and the hays and fodders were
cut into short lengths with a feed-cutter. The entire amount of a
given feed that was to be used in the experiment was very carefully
mixed and sampled for analysis. At the same time, the amounts that
were to be given at each feed were weighed out, so that subsequent
changes in the amount of moisture would not affect the conclusions
drawn from analysis of the sample. The portions not eaten were
saved during the time that the dung was being collected, and at the
conclusion of the experiment were weighed and sampled for analysis.
During all of the feeding the animal was kept in a stall, and so tied
that he could not eat any of his bedding. Most of the time he was
given daily exercise. The stall was entirely protected from flies by
screens, so as to prevent any worrying of the animal, with possibly
abnormal results on this account.
In the earlier experiments the dung was caught as evacuated, by
means of a leather bag attached to the animal by a suitable harness.
In later experiments this was dispensed with, and a watcher was constantly with the animal to collect the manure as voided. The manure
collected was taken to the laboratory at the end of each twenty-four
hours. There it was very thoroughly mixed in a flat galvanized-iron
pan, spread out in a layer about one and one-half inches thick, and
weighed. One-twentieth of it was immediately taken while still on
the scale as a sample for analysis. This sample was taken by cutting
out plugs with a cork borer, the plugs being from points evenly distributed all over the pan. The sample so taken was put into a galvanized-iron pan and dried at a gentle heat, over a radiator in winter, and
in the sun in summer. The pan was closely covered by wire screen,
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to prevent access of flies. After drying, the sample was allowed to
become air dry at ordinary temperature, and was weighed, ground,
and sampled for analysis.
The following feeding stuffs have been experimented with, and the
results are given in the succeeding pages:
Alfalfa hay cut when about ten per cent. in bloom.
Alfalfa hay cut when about fifty per cent. in bloom.
Alfalfa hay cut when in full bloom.
Buffalo-grass hay.
Prairie hay.
Kafir-corn stover.
Kafir-corn meal.
Soy-bean meal.
EXPERIMENTS WITH ALFALFA HAY.

The object of these experiments was to determine the digestibility
of Kansas-grown alfalfa, and any variations in digestibility due to the
stage of growth at which it was cut for hay.
The hay was all cut from the first crop of the season growing on
the College farm, the first cutting being made when the plants were
approximately ten per cent. in bloom; the second, when the plants
were approximately fifty per cent. in bloom; and the third when they
were in full bloom or a little beyond full bloom.
The hay from each cutting was well cured and of excellent quality
when fed. The digestion experiment was performed upon the same
steer in each case, which was a three-year-old grade Hereford and a
good feeder. After determining about how much hay the steer would
eat up clean at a feed, which was about seven pounds, he was fed
eight pounds at each feed and two feeds a day during the experiment.
The steer was somewhat wild when first put in the stall, and so the
first period of preliminary feeding was extended to ten days. By this
time he had become quite docile, and during the remainder of the
feeding periods he was exercised daily by being led around the barnyard for about half an hour.
The other preliminary feeding periods were of six days each, and
the periods of exact collection and observations were six days each,
also.
The third cutting was fed first, and the second immediately after,
these two experiments extending from June 22 to July 19, 1898. The
steer was then allowed liberty for nine days before beginning the experiment with the first cutting. During his confinement in the stall,
which was provided with wire screens, he was further protected from
annoyance from flies by a thin muslin blanket the greater part of the
time. The results of the experiments appear in the tables.
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For practically all feeding purposes, the most important nutrient
to be considered is protein. Admitting this to be the case, the results obtained in these experiments with alfalfa are intensely interesting. It will be seen from the table that the amount of digestible
protein in the air-dry hay of the first cutting is 13.24 per cent., while
in the second cutting it has diminished to 11.90 per cent., and in the
last cutting it is only 10.43 per cent. The proper stage of growth at
which to cut alfalfa, then, is of vital importance to the alfalfa grower
and feeder. The most distinguishing quality of alfalfa is its high
percentage of protein. In this respect the best quality of hay would
be produced by cutting the alfalfa when it is just beginning to bloom.
On the other hand, a larger yield per acre of hay, and possibly of
protein also, would be produced from a single crop by cutting when
the plants have obtained full growth. At the same time, experience
has proved that a greater number of crops in a single season can be
secured by cutting at an early stage of growth, so that the total yield
per acre for a given season would be in favor of the early cutting.
The evidence, then, both in regard to quality and quantity of hay
produced, is vastly in favor of the early cutting, and feeders and alfalfa growers should bear this in mind. For feeding pigs, dairy cows,
calves, and fattening steers, the early-cut hay is undoubtedly worth
considerably more per ton than that cut when the plants have reached
the stage of mature growth.
Another point of interest to be noted is the variation in digestibility of the same nutrients in the different kinds of hay. Generally
speaking, the difference is in favor of the early-cut hay, though in
the case of fiber the late-cut hay has a slight advantage. It will be
seen that in the early-cut hay 78.52 per cent. of the protein is digestible, while in the late-cut hay 76.7 per cent. of the crude protein is digestible. The difference is much more marked in the case of the pure
proteids, 77.55 per cent. of this nutrient being digested in the earlycut hay, while in the late-cut hay the figures drop to 71.66 per cent.
On the whole, all the nutrients in alfalfa hay are highly digestible
when it is compared in this respect with other feeds used for roughage. It also compares favorably in this respect with many of the
concentrated feeds, such as the grains, mill feeds, etc., and when we
consider the fact that there are only a very few of these feeds that
contain as much digestible protein as alfalfa hay, and then remember
the immense yield per acre in a season, with the ease of production,
we are inevitably led to the conclusion that alfalfa is the most profitable feed a Kansas farmer can produce.
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EXPERIMENT WITH HAY FROM BUFFALO-GRASS.

In the western half of Kansas practically all of the forage and a
large share of the winter roughage for stock is obtained from buffalograss, or what is now popularly termed “short grass.” Hence, the
digestibility of this grass is an important as well as interesting subject to the Western feeder and stock-grower.
During the latter part of July, l899, a young man, a graduate of
the College, and who was at that time in Logan county, was commissioned with the task of cutting enough buffalo-grass to answer the
purposes of a digestion experiment. After experimenting upon various methods of cutting the grass, he decided upon the lawn-mower
as the most perfect and rapid means of securing a fair sample of the
grass. After about ten days of hard labor with this machine he secured about 300 pounds of well-cured grass, which was shipped to
the Station at Manhattan. This hay was of excellent quality.
The hay was fed to a yearling steer, grade Short-horn, and weighing 710 pounds at the beginning of the experiment. He refused to
eat the hay when it was first given to him, although he was fed nothing else during two days. The hay was then mixed with alfalfa hay,
and the mixture was eaten very readily. The proportion of alfalfa
hay was gradually reduced until, in about six days, the steer began
eating the pure buffalo-grass hay. He was then fed five days upon
this hay as a preliminary period of feeding, after which he was fed
five days for the actual digestion experiment.
At the beginning of the preliminary period of feeding, all the hay
was thoroughly mixed and sampled for analysis, and the remainder
accurately weighed out into nine-pound lots, to be fed at the rate of
two feeds per day, nine pounds at each feed.
The steer was exercised daily during all of the experiment except
the five days when the dung was collected. The table shows the detailed results.
Compared with all other feeds used for roughage, except hay from
the leguminous plants, hay from buffalo-grass contains a remarkably
high percentage of digestible protein. In this respect it ranks but a
very little below clover hay and is much above millet, timothy hay,
oat hay, orchard-grass hay, wheat straw, and corn-stover.
It is remarkably rich in ash, but this ash seems to be very indigestible; however, this does not affect its value as a feed to any great extent. When all of the digestible nutrients it furnishes are considered,
its value should be placed on a level with that of Red clover hay.
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E X P E R I M E N T W I T H PRAIRIE HAY.

Prairie hay is one of the chief products of the Kansas farmer in
many parts of the state. Their capacity to withstand the vicissitudes
of Kansas climate give our native grasses a value that less favorable
qualities in other respects have not outweighed, so that many acres
are still preserved which would otherwise be devoted to the production
of cultivated crops.
Very little has been done to determine the digestibility of prairie
hay, and consequently little is known about it. In order to throw
some light upon this subject, we performed a digestion experiment,
following the same general methods that have been outlined previously. The hay was fed to the same three-year-old Hereford steer
used in the experiments with alfalfa hay, and the preliminary feeding
and the actual test were each of six days’ duration.
The hay was cut near the 1st of August, 1898, and was of good
average quality. On August 16 it was run through an ensilage cutter, thoroughly mixed, and a sample taken for analysis. The steer
had been eating very nearly ten pounds of hay at each feed, and so
120 pounds of the cut hay was weighed out in ten-pound lots, to be
fed in six days at the rate of two feeds per day. The steer was exercised daily, as in previous experiments. The results obtained are presented in the table.
The most striking fact presented in these results is the very low
quantity of digestible protein contained in the prairie hay, there being less than one per cent. The digestible carbohydrates and fat in
the prairie hay are a little higher than in wheat straw, but the digestible protein is about the same, so that, as a feed, prairie hay should be
classed with wheat straw according to these results. These conclusions are so different from the general idea concerning the feeding
value of prairie hay, that we determined to repeat the experiment
before publishing any results. The feeding had been done and the
samples had all been prepared for analysis when the chemical laboratory was destroyed by fire, and in this catastrophe the samples from
this experiment, as well as those from an experiment with sorghum
hay, were lost. It is the intention of the department to repeat both
of these experiments as soon as possible. It is to be hoped that
further investigation of prairie hay will show that our first experiment was upon an anomalous example.
E X P E R I M E N T W I T H KAFIR-CORN STOVER.

In this experiment a good average quality of stover was used, which
was prepared by first cutting and shocking, and later heading, the
Kafir-corn. It was fed to a two-year-old grade Hereford steer which
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was a good feeder. The steer was fed during a preliminary period of
seven days, the purpose of which was to determine the amount he
would eat in a day, as well as to clear the digestive tract of all other
feed. It was found that the steer would eat between five and seven
pounds of stover at a feed, if he was fed twice a day. It was therefore
determined to feed him seven pounds at each feed during the experiment proper.
After the preliminary period the steer was fed seven days, during
which time an accurate record was kept of the amount fed and the
amount left uneaten; the dung was all collected, weighed, and sampled in the manner previously described. A sample for analysis was
also taken from the stover left uneaten. The steer was exercised by
being led around the barn-yard for a short time each day.
The table shows the results obtained, and if they be compared with
the corresponding figures for the digestibility of the best corn-stover,
it will be found that, while the total digestible nutrients of Kafir-corn
are slightly less in amount, the digestible protein is somewhat larger,
thus giving a narrower nutritive ratio, with probable equal value in
feeding. It is superior in all nutritive respects to average field-cured
corn-stover.
EXPERIMENT WITH KAFIR-CORN.

Since grains cannot be fed alone, the determination of their digestibility cannot be accomplished by as simple a means as that of those
feeds that can be fed alone. They must be fed with a fodder of
known digestibility, and the digestibility of the combination determined in the manner already described. Having ascertained the
total amounts digested from the mixture, we subtract the amount
furnished by the fodder, as calculated from its digestibility, from the
total, and the difference is the amount furnished by the grain. In
this case it is obvious that if feeding the grain with the fodder alters
the digestibility of the fodder, an error will be introduced in our calculations of the digestibility of the grain, but this is the best that can
be done at present.
In this experiment the grain fed was Red Kafir-corn ground to a
fine meal. For roughage Kafir-corn stover was used, the digestibility
of which had been determined in the preceding experiment. As in
that, the preliminary feeding was one of seven days, and the actual
experiment seven days also.
The steer was the same one as used in the preceding experiment.
He was given five pounds of the meal and five pounds of stover at
each feed, and was fed twice a day. He ate practically all of the
meal, there being only eight-tenths of a pound left out of a total of
seventy pounds. This amount being so small, it was not analyzed.
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Examination of the table shows that the fat of the Kafir-corn
meal is apparently entirely indigestible. In this respect it is markedly inferior to corn-meal, and it is also inferior to that feed in its
percentage of digestible protein and carbohydrates.
EXPERIMENT WITH SOY BEANS.

The interest now being taken in soy beans in Kansas should make
this experiment of more than usual interest to farmers. Because of
the high percentage of protein contained in them and the comparative ease with which they may be grown, they promise to become one
of the most valuable of the nitrogenous feeds available to Kansas
farmers. A digestion experiment with them affords a reliable basis
for estimating their value in comparison with other feeds rich in
protein.
The beans were of the Early Yellow variety, and were fed as meal
to the same steer that was used in the experiments with Kafir-corn
stover and Kafir-corn grain. The meal was fed with Kafir-corn stover like that which had been used in the two experiments just described.
The steer did not relish the bean meal at first and refused to eat
it, but by mixing it with Kafir-corn meal and gradually reducing the
proportion of the Kafir-corn meal he was at length induced to eat
about five pounds of pure soy-bean meal with five pounds of Kafircorn stover at each feed. He was fed upon the meal for a few days
at this rate, and then for seven, constituting the actual experiment.
The results obtained are shown in the table.
These results are certainly of great interest and also of the highest
importance to the feeder. They present the fact that soy-bean meal
contains a higher percentage of digestible protein than any other feed
except cottonseed-meal. Not only is this true, but it is very rich in
fat, the most valuable food principle next to protein, and this fat is
practically all digestible. The protein also has a very high digestion
coefficient, while, on the other hand, the digestibility of the nitrogenfree extract is rather lower than that of most other concentrated foods.
As carbohydrates can be obtained cheaply in nearly all other feeds,
their deficiency is of little or no importance. The problem of securing cheap protein has been the most difficult one for Kansas feeders
to solve, and the absence of it has probably caused more loss in feeding than any other one thing. Where alfalfa can be grown the problem has been solved; but there are still many localities where farmers
have experienced extreme difficulty in getting alfalfa to grow, and in
such cases the value of the soy bean should be quickly recognized.
Next to alfalfa, soy beans will be the cheapest source of protein to
the Kansas feeder, if he grows them upon his own land. They can
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be grown at a cost of from fifteen to eighteen dollars per ton, and, if
valued on the amount of digestible protein furnished, a ton of soy
beans is worth as much as one and one-third tons of linseed-meal, according to our digestion experiment. Results of other stations reduce
this advantage somewhat, but they still leave soy beans worth more
than linseed-meal.
SUMMARY.

In the succeeding tables the important data of the digestion experiments described in this bulletin are collected for easy reference.
With these is given a table showing the digestibility of some common
feeds most likely to be compared with the ones experimented upon.
To facilitate this comparison, in stating our results we have included
a column headed “carbohydrates.” This includes the fiber and the
nitrogen-free extract.
It will be seen that, with reference to alfalfa, all of our samples are
better than the average composition given for comparison. Comparing these with each other, the higher percentage of protein in that
cut at the earliest stage is the most striking and important factor,
since the protein is the constituent that gives alfalfa its great value.
Since early cutting of alfalfa also results in securing a greater tonnage during the season, the importance of carrying this idea into field
practice cannot be too strongly insisted upon. The early-cut crop is
superior to bran and shorts in digestible protein.
The buffalo-grass hay is very much superior to ordinary prairie hay
of this region in its percentage of protein, and also far superior to timothy hay in this respect. In its carbohydrates and fat it is not much
different from these. This, the first digestion experiment made with
buffalo-grass, throws much light on its feeding value.
Kafir-corn stover is superior to field-cured corn-stover in the digestibility of all of its food principles, but Kafir-corn meal is noticeably
inferior to corn-meal. The most striking feature in the results with
the meal is the apparent entire indigestibility of its fat.
The soy-bean meal is seen to be one of our most concentrated feed
stuffs, being scarcely inferior to cottonseed-meal in protein, and exceeding it in fat, and being considerably superior to old-process oilmeal in both these respects. In carbohydrates it is practically the
same as cottonseed-meal, but is inferior to linseed-meal. If soy
beans can be made to yield sufficiently well, they will become a most
important factor in Kansas feeding.
The Station will continue its investigations upon the digestibility
of the characteristic feeds of the state, especially those which have received little or no attention elsewhere.
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T ABLE showing coefficients of digestibility, or the percentage of each principle
that is digestible, the total amount of a given principle being 100 per cent.

T ABLE Showing the percentages of digestible principles, or the pounds per 100
pounds, in the feeds named, the amount of the air-dry feed being 100 per cent.
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T ABLE showing digestible food ingredients in pounds per 100 pounds of certain
feeding stuffs. Adapted from Farmers’ Bulletin No. 22, United States Department of Agriculture.

SUGAR BEETS, 1891-1900.
W E PROPOSE, in this bulletin, to present a statement of the results
of last season’s experiments with sugar beets in this state in connection with this department, together with a summary upon the results of all previous work, and with the thought that this will be the
last publication necessary upon this subject, at least for many years,
from this Station.
RESULTS I N 1900.
Most of the beets grown last year were the product of a careful
and systematic test of the eastern part of the Kansas river valley by
some gentlemen interested in ascertaining definitely the probability
of producing good beets there, before investing capital in attempts to
manufacture sugar. The seed used was furnished by the department
of agriculture, and was supposed to be of superior quality. The production of the beets was under the supervision of Mr. R. Hoodless,
who was employed for the purpose by the gentlemen interested. The
seed was delivered early enough to allow timely planting. The results are given in detail in the table, next page, et seq.

Table Showing Analyses of Sugar Beets Grown in 1900.
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In discussing the results obtained in the test made in 1900, it is
proper to observe that the beets were mature at an early date, and that
they deteriorated later. It is possible that if analyses had been made
earlier than any were, better figures would have been obtained. On
account of the loss of our saccharimeter, when the laboratory was
burned, and the non-receipt of our new one, earlier analyses were impossible. The average results are very low. They are as follows, with
which are included the results for the three previous years:

The seed used was furnished by the United States department of
agriculture, and was distributed free through the mails, the samples
of beets for analysis being collected in the same way. Five varieties
of seed were used, which, with their distribution numbers, were as
follows:
No. 3941, Vilmorin, from France.
No. 3942, Zehringen, Strandes, Germany.
No 3943, Kleinwanzlebener, Mrozinski No. 1, Russia.
No. 3944, Kleinwanzlebener, Dippe, Germany.
No. 4416, Kleinwanzlebener, Mrozinski No. 2, Russia.
The kind of seed used by each grower is not shown in the table,
but is recorded in the department, and the following table shows
the average percentage of sugar and the coefficient of purity obtained
with the several varieties named:

T H E B E S T R E S U L T S O F A L L PREVIOUS YEARS.

To provide the data for forming an intelligent judgment concerning the possibilities of establishing the beet-sugar industry in Kansas, we have collected here all of the analyses made in previous years
in which the sugar was as high as fourteen per cent. The table which
follows exhibits these.
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CONCLUDING STATEMENTS.

Study of the preceding tables can be intelligently done only by
comparing the results with those obtained at other places. The sugar
journals reported the production of beets last season, with percentages of sugar, as follows, at the places named: New York, 10 to
17.65; Nebraska, 13.5; Indiana, 13.7; Michigan, 14 to 15; Washington, 18; California, 17; Colorado, 17 to 22. The average results obtained in Kansas during the last four years have been lower than in
any of the states quoted. It is not too much to say that unless beets
can be grown with a considerable degree of certainty, that are better
than ours have averaged, it is a waste of capital to attempt to establish the beet sugar industry in this state.
If we turn to the table showing the best results that have been attained in the state within the last ten years, it will be seen that many
samples have been grown of high sugar content. If such beets as
these could be produced uniformly, there would be no question of the
possibility of their successful conversion into sugar.
What then should be our attitude on the general question? It
seems clear that capital should embark in this industry with great
caution. A careful test of the beet-producing capacity of a given locality should be made before spending much money, not only with a
view to determining the soil and climatic relations, but the adaptability of the population to the intensive agriculture which must accompany beet culture. That the soil and climate of the state are not
uniformly adapted to this crop is evident. Success will doubtless depend largely upon the wisdom with which the locality is chosen.
In an important respect, the climate of the eastern half of Kansas
seems to be illy adapted to the production of beets rich in sugar.
Spring and early summer rains produce a vigorous growth of the
plants, but with almost unfailing regularity, July and August include
a period of scanty rainfall, if not real drouth. During this time the
beets are checked in growth, and ripening is promoted, with its accumulation of sugar. With the advent of the fall rains, however, a
fresh growth is stimulated, and the beets, instead of continuing the
elaboration of sugar, are more apt to use some of that already formed,
in the production of new leaves.
Our climate cannot be materially modified. It seems to the writers
that the only part of the state which offers real climatic advantages
for sugar-beet production is the western, where the natural rainfall
would be entirely insufficient, and the irrigation water applied could
be gauged to the seasonal requirements of the crop.
Sugar beets, as hinted above, are properly a factor in intensive agriculture. Much labor must be put upon the land. The expense of
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irrigation, considering the value of the crop, is much less relatively
than with field crops of the ordinary kind. A number of farmers are
growing beets experimentally the present season in the western part
of the state, and their experience will doubtless be of great value to
that region.
A final word as to the attitude of the Station in respect to experimentation with sugar beets. Many say that because the climatic
conditions are known to be unlike those that have been found most
favorable to the production of beets in Europe, the Station should not
expend any of its funds in trials which will in all probability not lead
to the establishment of the beet industry here. There is, however,
another aspect of the question. Sugar factories are extremely expensive, running up into the hundreds of thousands of dollars in cost,
and large ones are the most economical to work. We regard it as no
less a function of the Station to save the state from loss, than it is to
point a way to direct gain, and it is not improbable that the results of
our tests upon this point alone have saved as much as the entire cost
of the Station during its existence. Saving money is accompanied
by less hurrahing than spending it, but the permanent prosperity of
a people, or of an individual, depends quite as much upon the former
as upon the latter.
We do not anticipate that it will be necessary to issue another formal bulletin upon the subject of sugar beets, but the Station stands
ready now, as heretofore, to make such analyses as the people of the
state desire in this line in all cases where five or more farmers of a
locality unite to test its capacity to produce beets rich in sugar, and
directions for culture, and as far as possible seed will be furnished for
this purpose.

