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EXPERIMENTS WITH SORGHUM.
The work on sorghum has been continued through the season of 1890 on
the lines followed in 1888 and 1889. In all this work there have been three
prominent aims: (a) The attempt to find better varieties of sorghum for producing sugar; (b) to improve well-known and approved sorts; (c) to secure
both early- and late-maturing kinds of good quality, especially the former,
in order to lengthen the working season. The desirability of these has
been discussed in previous reports of the department. The way these ends
have been sought is also fully explained in our former publications. It will
not be necessary to treat these matters here further than may be requisite
to make clear the work of the present year.
Following the plan of previous years, small plats of many varieties were
planted May 3d. These varieties included all those which had given any
promise in the past, and some others which it was deemed inadvisable to reject without further trial.
At this place, the past summer has been a peculiarly unfavorable one for
sorghum. The soil was warmed up in good season, and was in good condition as regards tilth, but was rather dry. Showers soon brought the sorghum up, and a good stand was secured. It made a good growth until the
dry weather of June checked it. It made but little headway during the
month of July. The latter part of June and the whole of July were quite
warm, being several degrees above the normal temperature for this season.
While the sorghum plant is less affected in growth by drought than are
many other agricultural plants, this year’s heat and drought quite materi135)
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ally stunted ours, and it is probable that the effect upon the sugar-content
is more marked than upon the size of the stalks. But this, the decrease in
size, by diminishing the tonnage very materially, diminishes the profits of
the crop. The dry, hot weather of June and July was followed in August
and September by cooler and wet weather. This started a second growth,
apparently. The heads, which had put out at a much less height than
usual, ripened in due course, but side shoots in many cases started, a third
or half-way down the stalk. From two to four or more of these side
branches or suckers grew on a stalk, and reached a greater height than the
main stalk. To what the effect is attributable is not so certain, but these
canes were plainly inferior. This may have been directly due to the
weather—hot and dry when the plants should have been making vigorous
growth, and cool and wet when they should have been maturing—or it may
have been an indirect effect of these climatic conditions. The late growth,
caused by the conditions favoring it, may have consumed sugar, to the impairing of the crop. Further, it is well known that immature canes are
quite deficient in crystallizable sugar. The suckers were blooming when the
main stalks had ripened seed. It may be that to this immaturity is due the
poor quality shown by analysis. This, or the using up of the sugar by the
new growth, would seem to be the cause, since it was frequently observed
that the canes remained stationary or deteriorated.
In addition to all these disastrous conditions (which might ultimately
have been overcome by the whole plant maturing) a frost a full month before the usual time killed, or in so far injured, our sorghum as to render
work after that date of questionable value. But it was deemed advisable
to continue the analysis to as late a date as possible. We had several new
varieties which, in an ordinary season, might have matured, and it was very
much desired to learn something about them this first year. While it was
fully recognized that their true value could not be told by analyses made
in the imperfect state in which they were left by the frost, it was still possible to separate the promising canes from those that were certainly poor. A
further reason for continuing the analysis was to select seed from stalks of
good quality. This work was seriously interrupted by the frost of September 13th. It was hoped that the relative quality might be told in the imperfect and abnormal condition. In the first days after the date of this frost
it is probable that this was true. But the abnormal character of the juice
soon became apparent, so much so that the work was abandoned, much as
it was regretted.
In previous years killing frosts have been much later than in this year.
In 1888 the first frost occurred on the morning of October 3d, but the tender
varieties of sorghum only were materially injured by this frost. It was not
until October 20th that all the canes were entirely killed. However, the
injury from the frost of the 3d seemed to be cumulative; so that even
before the final killing the juice became abnormal. On Oct. 6th, 1889, occurred a frost which killed sorghum on low ground, and tender varieties on
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higher ground. On the 27th a freeze killed all sorghum. But standard
kinds that were mature and situated on high ground remained in good condition until this date. An examination of the records at this place reveals
the fact that the earliest frost in the previous thirty-two years occurred on
September twenty-third. This was in 1868. The average date of the first
killing frost is October eleventh.
It has been questioned whether the northern or central portions of Kansas will prove to be suitable for sorghum-sugar growing, because of the
shortness of the season. The experience of the past season would seem to
give a basis for this fear. As before stated, a frost, which killed many varieties of sorghum and prevented the maturing of all others, occurred on the
morning of September 13th. But this must be understood to be so very
exceptional that no account should be taken of it. It is true that when such
frosts come, it would cause disaster that year, and this would tell against
the general profits of the industry. The unusual character of this early
frost may be seen from the following facts: Letters of inquiry sent to the
several sugar factories in the State, elicited the fact that the frost was peculiar in its geographical distribution. We had a hard freeze September
13th, but no further freeze occurred until October 19th. At Topeka, fifty
miles east, no damage whatever was done, and the crop remained green
and sound until the latter date. At Ness City there was only slight damage, and this in low places. At Sterling the damage was much the same
as here at Manhattan. Fort Scott, Medicine Lodge and Conway Springs
reported no damage whatever. Like Topeka, they entirely escaped the
cold wave. It seemed to come in from the northwest, and penetrated
toward the south and east. But the whole eastern part of the State was exempt from its effects. The erratic character of these cold waves is well
known, and previous years have given familiar illustrations of their course.
The northern and western sections of the State will generally be more
subject to these visitations, and it may be that the normal season in these
parts will be too short for profitable sugar making, while further south it
will be remunerative. At best the season is short, and although there is
but little absolute difference in the season, it is considerable relatively. If
the period between the ripening of the canes and the time they are killed
by frost be eight weeks in one district and six in another, it is perfectly obvious that the time for work is thirty-three per cent, longer in the one case
than in the other. This is a matter of very great importance, as will be
understood when it is remembered that the expensive machinery is rusting
out when not in use, and that interest must be paid on the investment for
the whole year.
Quite a number of new sorts tried last year were found to be mostly nonsaccharine, so called, or quite low in sugar, and were not grown again this
year. Some thirty kinds never before grown in this country were tried.
This new seed was kindly furnished us by Dr. Collier, Director of New
York Experiment Station. Some of this seed failed to germinate, and
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most of the others were very late and failed to mature seed. These late
sorts are quite large, and have very heavy foliage, seeming to recommend
them as forage plants. But most of them have dry, woody stalks, and but
little sugar in the juice. The fodder which they would furnish would not
only be lacking in nutritiousness, but would not be very palatable. For
purposes of comparing the several varieties grown this year with each other,
as well as with the same sorts grown in previous years, the analytical results
are published in tabular form.
As this bulletin may come into the hands of some who have not read our
previous publications, it may be explained that the “reducing sugar” of the
tables is what is often reported as glucose, and includes the uncrystallizable
sugars. “Cane sugar” is the common sugar of commerce, whether obtained
from tropical cane, sorghum, beets, or maples, and is often called sucrose in
reports of analyses.
ANALYSES OF OLD VARIETIES OF SORGHUM.
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ANALYSES OF VARIETIES OF SORGHUM OBTAINED FROM DR. PETER COLLIER, IN 1889.
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ANALYSES OF VARIETIES OF SORGHUM — C ONCLUDED.

ATTEMPTS TO IMPROVE SORGHUM BY SEED SELECTION.

Good-sized plats were planted with seed obtained from our best stalks last
year, and up to the dry weather of midsummer we had every reason to anticipate interesting results. A large number of stalks were analyzed, but
while some of the results were quite favorable, a comparison of the table of
analyses of single stalks with the table published last year will show that on
the whole the results are lower this year. A few varieties show improvement, but the most of them do not. The lowering of the results is most
marked in the later varieties, some of which, like African, became too poor
to work with. As an indication of what might have been looked for, we
call especial attention to the results obtained with Medium Orange, a cane
which is nearly or quite identical with Early Amber, and hence matured
before the frost. The best stalk obtained in 1888 gave in 1889 a crop from
which a general sample had 14.05 per cent. of cane sugar, and a single stalk
had 16.16 per cent. The seed from this stalk in 1890 yielded cane, an average sample of which, September 6th, contained 16.77 per cent. cane sugar,
which was the highest result obtained in any analyses during the season.
By September 17th, four days after the frost, the average had fallen to
14.85 per cent., and the best stalk obtainable had 15.37 per cent.
To illustrate further the inferior results of this year, we tail attention to
Kansas Orange and Link's Hybrid. In 1888 the highest percentages of
cane sugar in these varieties were 16.44 and 14.47, respectively; in 1889,
16.79 and 16.94; in 1890, 15.24 and 14.47.
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TABLE GIVING ANALYSIS OF SINGLE STALKS.

We have collected into a table the principal results obtained by analysis
of individual stalks during the last three years. While the results are not
always consistent, as a whole it may be safely said that the plan of improving sorghum by seed selection is given considerable support. The column
headed “General sample” contains average analyses of the varieties named.
The single-stalk analyses are of individuals selected from the plat the analysis of which is recorded in the same line and the same year. The general
samples for 1889 and 1890 were from crops grown from seed the products
of the sample next to the left.
Examples: Kansas Orange, average composition 1888, cane sugar 12.62,
red. sugar 2.90. From this a single stalk was selected, having cane sugar
15.51, red. sugar 1.69. In 1889 a general sample was taken from a plat grown
from the general sample of 1888, and another grown from the single stalk.
Results: 12.33 cane sugar, 2.89 red. sugar; and 13.88 cane sugar, 2.85
red. sugar, respectively. A single stalk was selected from the plat grown
from average seed, which gave cane sugar 16.08, red. sugar .81. Two stalks
were selected from the plat grown from the single head; composition of juice
16.79 and 15.28 of cane sugar, and 2.11 and 2.43 of red. sugar.
Toward the left side of the table many of the analyses will be found repeated in two or more lines, in order to show the ancestry of general samples
and individual stalks further to the right.
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TABLE SUMMARIZING RESULTS OF SEED SELECTION WITH SORGHUM.

The Department received, from the Secretary of Agriculture, a large
number of selected seed-heads of sorghum, grown at Sterling, in this State.
This seed has been selected because of the high sugar-content of the cane
on which it grew, and each head was accompanied by the analytical data
obtained. We selected a number of representative heads of the best quality, and planted some in entirely isolated plats, and others in our general
series of plats. The unprecedented frost of September 13 destroyed all
hopes of comparing these plats with sorghum grown from our own selected
seed. We give in a table the results obtained. While many of them are
favorable, they are much inferior to the stalks which produced the seed.
ANALYSES OF SORGHUM GROWN FROM SEED FURNISHED BY THE DEPARTMENT OF
AGRICULTURE.
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ANALYSES OF SORGHUM GROWN FROM SEED — CONCLUDED.

A TRIAL WITH FERTILIZERS.

An experiment was begun to see whether better sorghum may be produced by the use of fertilizers and good cultivation. To this end plats were
staked off permanently, so that the same treatment may be given these
plats for a series of years. The treated plats alternate with “nothing” plats,
The following substances were selected for trial: Lime, superphosphate,
nitrate of soda, sulphate of potash, plaster (gypsum), and a complete fertilizer, composed of superphosphate, sulphate of potash, nitrate of soda, and
plaster. The lime was applied at the rate of 20 bushels per acre; the superphosphate at the rate of 600 pounds per acre; nitrate of soda, 400 pounds;
sulphate of potash, 400 pounds; and plaster, 200 pounds. To the plat receiving the complete fertilizer the following amounts per acre were applied:
Sodium nitrate, 200 pounds; potassium sulphate, 200 pounds; superphos–
phate, 300 pounds; plaster, 100 pounds. The fertilizer was sown broadcast
along the rows soon after planting. All the plats, the “nothing” and the
treated ones, were planted on May 3d with Kansas Orange seed of good
strain. A good stand was secured, and the plants grew well until the dry,
hot weather of the summer injured them. The comparison contemplated
was the sugar-content of the fully-matured canes. Accordingly, the crop was
left standing until it should ripen. The Kansas Orange cane, to which the
plats were planted, is usually a clean, straight cane. But this year it was
badly suckered, so that every stalk had as many as three heads. The suckers were not those so commonly seen in sorghum starting from near the
base of the stalk. They put out nearly three feet below the central head.
This tendency to branch has been observed in ordinary seasons in some
sorts, but it was greatly exaggerated this year. At the time of the matur–
ing of the central stalk the side branches were immature, and were caught
by the early frost. Owing to the inferior canes on all the plats, the full
work was not completed, as it became apparent that no comparison of value
could be made with such sorghum as was produced this year. However, in
accordance with our custom of publishing all work, whatever the outcome,
the results of the analyses are here given. As a caution, the statement is
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here repeated, that the canes with which late analyses had to do had deteriorated.
Each plat will be given the same treatment in succeeding years as in this,
and it is hoped that the problem of the effect of fertilizers may be studied
under more favorable circumstances, and hence with more satisfactory
results.
ANALYSES OF SORGHUM GROWN ON FERTILIZED PLATS.

RESULTS

WITH

CROSSES.

Last year a large number of crosses were observed in some of the plats.
But few of these gave any promise of superiority, and most of them were
inferior to the parent variety. Seed was preserved from some of the best,
and the crops obtained this year analyzed. They show no improvement.
The results are given in a table. A comparison with the varieties from
which they sprung will show the deterioration by crossing. It is evident
that to produce cane of the highest value the seed should be pure and two
varieties should not be planted in close proximity.
ANALYSES OF SORGHUM GROWN FROM CROSSES SELECTED IN 1889.
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SMUT IN SORGHUM.

In our efforts to find earlier or better varieties of sorghum, seed has
been planted which originated in various parts of the world.
An observation made this year suggests a word of caution in regard
to the indiscriminate introduction of foreign varieties. Several varieties
grown by the department for the first time in this country were found
to be badly infected by a smut which, while not changing the appearance
of the seed-top to a great extent, completely destroys the infected grains.
They become considerably enlarged and in many cases burst, allowing
the black spores to escape. This grain smut of sorghum has also been observed here upon sorghum grown by the Farm Department. In addition
to this, we have observed a single example of a smut which in general appearance closely resembles the ordinary smut of corn, the grains being
enormously enlarged and converted into a loose black powder. This occurred in a plat of African or Liberian sorghum. The seed from which
this was derived was first planted here two years before, and had shown
no signs of the disease in the two former years. Neither had an example
of the disease been observed on any other variety at this station before.
What was the origin in this case we are unable to say. Only one stalk
was affected. The principal central head was blasted, having not over half
a dozen seeds in it. The smut appeared in four lateral heads, which were
entirely destroyed by the disease.
These smuts are at present not prevalent enough to cause much injury,
but too great care cannot be taken to avoid increasing the disease by
planting native or imported seed which is infected. It is not improbable
that some fungicide which has been successful with wheat or oat smut may
also entirely eradicate these diseases in cases where they have obtained
foothold.

EXPERIMENTS WITH SUGAR BEETS.
During the past season several varieties of sugar beets were grown by
the department. Four varieties of seed were obtained direct from the wellknown seedsmen, Vilmorin Andrieux & Co., of Paris, France. The remainder of our seed was obtained from the Department of Agriculture.
Most of our plats were on ground prepared in the ordinary way, and next to
our sorghum plats. A small amount of this field was thoroughly subsoiled to
the depth of two feet. This was done by spading, care being taken to keep
the surface soil at the top. The soil in this field is upland, with a tolerably
rich, loamy surface, and a stiff clay subsoil. Several varieties were also
planted on light, sandy soil.
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The soil was in fair condition when the seed was planted, by hand in
drills about three feet apart. This width may not have been most suitable,
but it was adopted for convenience; it will be planted about half this width
another year. An excellent stand was obtained. After the plants had
started well, they were thinned so as to stand six to nine inches apart. The
beets grew very well, and most of them reached a size larger than is said to
produce roots richest in sugar. Notwithstanding the apparent thriftiness of
the plants, the sugar-content was not found to be as large as we had hoped
for in view of the results reported from other parts of the State, and from
Nebrasks. The season at this station was undoubtedly not conducive to the
production of sugar in the beet. The best conditions require an abundance
of moisture during the growing season, with comparative dryness in the fall
for ripening and sugar-development. The last season reversed these conditions; the rainfall for the months in question being as follows: April, 1.74
inches; May, 1.81 inches; June, 1.85 inches; July, 2.89 inches; August,
5.7 inches; September, 3.24 inches. From April 1 to July 21, the rainfall
was only 6.04 inches; from July 22 to September 30, it was 11.21 inches.
The preceding months, January, February, and March, gave only 2.78
inches of rain and melted snow.
It is stated by the Department of Agriculture that a mean temperature
of 70° Fahr. for the summer months of June, July and August is the most
favorable for the production of good beets, this being warm enough to push
the beets to maturity, while a higher temperature is unfavorable to the production of sugar. The mean temperature of the months named for last
summer was 77.82°, and the average of these months for the last ten years
is 75.62°. Last summer was the hottest since 1881, when the mean temperature of these three months was 80.97°. We must not, however, conclude
too hastily that the last word has been said respecting the best temperature
for the sugar beet. Hon. Gee. F. Kellogg, State Sugar Inspector, in his
last report states that the average per cent. of sugar in the entire crop
worked at Medicine Lodge was 15.25. This is a very favorable showing
No data are accessible respecting the summer temperature at that point, but
it is doubtless higher than here.
It is quite possible that our soil is not adapted to beet culture. Another
year we hope to try the various soils found in this vicinity, and in other
parts of the State. The beets planted last year on light, sandy soil, showed
no superiority over others, and were much smaller.
A few analyses were made of single beets. Some interesting observations
were made, although the analyses made were not sufficiently numerous to
justify any positive conclusions. Many beets were tested by tasting, without
being analyzed. We were unable to trace much connection between size of
root and per cent. of sugar, and strongly incline to the belief that, other
things being equal, maturity is the point essential to richness of sugar.
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This seems to be indicated by a brown epidermis, and many instances were
noted in which the sweetness of the beet was proportional to the extent to
which the epidermis had become brown. It may be that thick planting, so
as to limit the weight of the beets to one and one-half pounds, will favor
early ripening. As our beets were grown, the small ones were more often
immature than the larger ones.
Plats 25 to 33, inclusive, each consisted of a single row twenty rods long,
the plats being side by side. Plats 23, 24, 34 and 35 each contained two
rows two rods long. These were the subsoiled plats. They were side by
side, and adjoined the other plats. The plats marked F are those in another
field, upon light, sandy soil.
The leaves of the samples were weighed, as it has been held by some that
a large percentage is favorable to a large content of sugar in the root. We
have been unable to confirm this. A comparison of the last two columns
of the table will show that there is no uniform relation between weight of
leaves and per cent. of sugar. It may be of some significance, however,
that of the ten samples in which the weight of the leaves is less than 75
per cent. of the weight of the roots, six contained over ten per cent. of
sugar; while in the thirteen cases in which the leaves were over 75 per
cent., the sugar content reached ten per cent. in only one instance. It is
possible that the beets having the larger proportion of leaves were less
mature than the others, and that further development would have increased
the weight of the roots. It may be, too, that the wet weather succeeding
the drouth induced a renewed growth of foliage, to the exclusion of sugarproduction. There was no special evidence of this, however.
ANALYSES OF SUGAR BEETS.

*These beets had dried out somewhat, which may have increased the apparent amount of sugar
present.
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ANALYSES OF INDIVIDUAL ROOTS OF SUGAR BEETS.

*These beets had dried out somewhat, which may have increased the apparent amount of sugar
present.

In analyzing general samples of beets from the different plats, great care
was taken to obtain as nearly fair a sample as possible. To this end, beets
of all sizes were included in the samples, as it is believed that the size has
an important influence on the sugar-content. The beets selected were
washed and weighed. The leaves were also weighed in most cases. The
part of the root to which the leaves are attached was included in the sample. As this is not used in the manufacture of sugar, it would perhaps
have been better not to have taken it in the samples. That part of the
beet contains less sugar and more impurities than the remainder of the root.
To avoid pulping the whole beet, each was divided into a certain number
of approximately equal, longitudinal, radial sections. In this way oneeighth, usually, of each beet was taken to make up the sample for analysis.
This was pulped by a small rotary grater. The pulp, loosely confined by
strong muslin, was put into an iron cylinder and submitted to the pressure
of a powerful screw press. The residue was saturated with hot water and
pressed again. The treatment with hot water was repeated two or three
times, when the exhaustion was complete. The dilute juice thus obtained
was analyzed by the saccharimeter as usual, the results being calculated
back to the weight of the sample taken. This shows the per cent. of the
sugar in the beets. The juice extracted by one pressure will contain a larger
per cent. of sugar than the whole beet. The results obtained by analyzing
juice so obtained, while comparable to a certain extent between themselves,
give figures higher than the true sugar-content of the beets. This should
be borne in mind in comparing results obtained at different stations. We
have extracted the sugar by means of hot water instead of by Scheibler’s
alcohol method, as it involves less error in sampling, was more convenient
for us, does not require special apparatus, and has not been shown conclusively to be less reliable. Reducing sugars were present in such small
amount that they were not estimated. In analyzing single beets the whole
root was reduced to pulp and treated as above described.
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SUMMARY.
SORGHUM.

1. The season of 1890 was very unfavorable to sorghum here, owing to
deficient rainfall and intense heat during the early summer, followed by
cool, wet weather, culminating in an unprecedented, killing frost, September
13. This frost was so exceptional as to date, and so erratic in distribution,
its limit bearing no relation to isotherms or latitude, that it gives no ground
for the conclusion that we are too far north for successful sugar manufacture from sorghum. Notwithstanding this, the tables show that the standard varieties maintained a good, though lower, standard of excellence.
2. The selection of seed with a view to improvement of varieties was
almost wholly prevented by the early frost. A comparison of the results
obtained for three years in selection of specially good canes lends encouragement to the hope that the standard of sugar-content may be permanently
raised by this means.
3. A comprehensive experiment to test the effect of fertilizers on sorghum
has shown no marked results this year, as was to be expected in view of
the conditions of growth. The experiment will be continued from year to
year, the same fertilizers being applied to the same plat throughout.
4. In view of the occurrence of two varieties of smut in our plats this
year, caution in the introduction of new varieties is urged lest destructive
contagious diseases be brought in at the same time.
5. Crossing of varieties deteriorates the crop.
SUGAR BEETS.

1. The sugar beets grown did not appear to be of as good quality as those
reported to have been produced in other parts of Kansas and in Nebraska.
This may have been due to the unusually unfavorable climatic conditions of
last summer, or to unsuitability of soil.
2. Analysis of individual beets indicated that maturity, more than size, determined the sugar-content of the beet. A brown epidermis accompanied
high per cent. of sugar. As far as our observations went, a high weight of
leaves, as compared with the roots, was no evidence of high sugar-content,
but rather the reverse.

