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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
DIVISION OF CHEMISTRY,

Washington, 1).
(7.,

March 21, 1892.

SIR : I have the honor to submit for your inspection and approval
the manuscript of Bulletin No. 34, being a record of experiments with

sorghum in 1891, conducted under my direction by your orders. The
work was accomplished with the collaboration of Dr. G. L. Spencer and

Mr. A. A. Denton. Similar work was carried on by Mr. Wibray J.

Thompson, but without aid or direction from the Department, at Calu-

met Plantation, Patterson, La. The manuscript of this work has been

kindly furnished by Mr. Thompson, with permission to incorporate it in

our report.

I have the honor to be, respectfully,
H. W. WILEY,

Chemist.

Hon. J. M. RUSK,
Secretary of Agriculture.
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EXPERIMENTS WITH SORGHUM IN
1891.

USE OF ALCOHOL IN THE MANUFACTURE OF SUGAE FROM SORGHUM.

The proposal to use alcohol in the manufacture of sugar from sor-

ghum is not claimed as new by the Department. Many years ago a

French chemist, H. Joulie, published a work on sorghum sugar, entitled
" Etudes et Experiences sur le Sorgho a Sucre," published in Paris in

1864. On pages 106 et seq he speaks of a proposed method for the

manufacture of sugar from sorghum by the use of alcohol, in which the

alcohol was applied directly to the expressed juice of the cane.

There is no doubt of the fact that this method would work admirably,
and the only objection to it is in respect of the great amount of alcohol

which would be required. For this reason it will never be adopted in

practice unless alcohol should become very much cheaper than it ever

has been in the markets of the world.

The method described by M. Joulie is as follows :

As the juice comes from the mill it is immediately saturated with a little lime and
mixed with an equal volume of alcohol of44 strength and left at rest. After twenty-
four hours the larger part of the liquid, which is perfectly clear, is decanted. The
rest of it is thrown upon a filter or put in filter bags, from which the liquid rapidly
runs and it is afterwards submitted to a press, in order to extract the last portions of

the alcoholic juice. The matters remaining in the filter press contain the albumen
and starchy matters. These bodies can be employed for feeding cattle, or, better,

converted into sugar and transformed into alcohol. The clear alcoholic liquid ob-

tained as above is submitted to distillation in order to recover the alcohol, and there

will be found in the kettle of the still a sirup which, when evaporated to the crys-

tallizing point, is scarcely at all colored and furnishes an easy and abundant crystal-

lization.

From the above description it will be seen that the method proposed

by Joulie, which was never practiced except in the laboratory, is essen-

tially the same as that which was adopted by the Department of Ag-

riculture, with the exception of the stage of the process at which the

alcohol is applied.

One special reason for the method proposed by Joulie, as urged by
him, was that it secured a cold defecation of the juice and thus avoided

the conversion of the starch which the juice contains into dextrin.

Joulie seemed to be unaware of the presence of gums other than dextrin

and starch in the sorghum juices. His idea was based upon the fact

that if the juice should be previously heated the starch would be

dered perfectly soluble.
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The process of Joulie, moreover, could only be employed with mill

juices, and not with advantage with diffusion juices, which are much
more dilute than mill juices and would require a much larger quantity
of alcohol.

Several years before Joulie proposed to use alcohol for making sugar
from sorghum an English patent No. 655, issued March 27, 1858, was

granted to William Armond Gilbee for the use of alcohol in the manu-

facture of sugar. This process had been described to Mr. Gilbee by a

foreigner, whose name is not mentioned. The process is described in

the patent in the following words:

I will now describe the application of the process to the treatment of the saccha-

rine matter contained in beet root, which will enable the invention to be applied to

other kinds of saccharine fluids with facility.

As it would not be economical to employ alcohol as the purifying agent in treating

juice of weak density, if the juice be produced by the pressure or maceration of green
beet root, it should be previously concentrated from eighteen degrees to thirty de-

grees, Baume^s areometer, either after defecation in the ordinary manner or direct,

care being taken to neutralise the acidity of the syrup, as soon as it appears, by lime

or other base. Dried beet root, treated by washing with boiling water and its acidity
neutralized by the addition of a small quantity of slaked lime, produces syrups of

the desired degree of concentration.

Crude and impure syrups, however obtained, if too alkaline, are first neutralized

by carbonic or sulphuric acid, and then conveyed into a closed sheet-iron vessel pro-
vided with an agitator. Alcohol is then made to enter on it through a pipe fur-

nished with a stop-cock, which pipe puts the above vessel in communication with
a receiver placed at a higher level. The quantity of alcohol to be introduced is

proportionate to its degree of strength and the degree of concentration of the syrup

operated upon. The proportions must be such that the mixture will mark sixty

degrees to seventy degrees by Guy Lussac's alcoholimeter
;
three volumes of alcohol

at ninety-three degrees and one volume of syrup at twenty degrees Baume" are the

suitable proportions for this mixture. After agitating the mixture during a few
minutes it is allowed to settle; the deposit thus formed is grumous, and may easily
be separated by decautation, when an excess of acid or alkali has not produced too

great a transformation of the pectin. A small quantity of sugar, according to the

degree of concentration of the syrup, remains mixed with the impurities which form
the deposit. The deposit may be either washed several times with alcohol (which
will serve for a subsequent precipitation) or, after being freed from alcohol by pass-

ing through it a jet of steam, it may be used like molasses in distilleries. The liquid
thus obtained is clear and nearly colorless, and is conveyed by difference of level, by
an exhaust pump, by steam pressure, or by other mechanical means into a vessel simi-

lar to the first, provided with a funnel furnished with a stop-cock for introducing
the purifying agents ;

an acid or an acid salt, such as sulphuric, oxalic, or tartaric

acid, and sulphate of alumina, forming with potash and soda insoluble compounds
in alcohol, will separate these alkalies.

The alkaline salts precipitated are nearly white and collect with more or less

rapidity, and their value varies according as the acid employed is a mineral or

organic acid, and of more or less high price, the choice of which is determined by
circumstances. I prefer using sulphuric acid diluted in alcohol. The quantity to

be employed is indicated by the cessation of precipitate. I operate in a cold state,

and agitate carefully; as soon as the acid has been added I neutralize the excess of

acid and the acids which it has displaced by a base of lime barytes, strontian, oxide

of lead, or other suitable base or one of their basic salts. I introduce into the liquid,

separated from the alkaline salts, one of these bases in excess, previously diluted in



weak alcohol
;
an abundant precipitate then forms. These bases serve to expel the

ammonia and prevent acidity toward' the boiling. The vessel in which I operate is

provided with a worm which allows of heating by steam. Upon heating, the ammo-
nia is expelled and drawn along by the alcoholic vapors, and passes into a recipient

containing alcohol acidulated by sulphuric acid or sulphate of alumina. The ammo-
nia condenses and forms a useful product, and the alcoholic vapors pass into a re-

frigerator to become condensed into a liquid state. This operation being finished, I

remove the base in excess and at the same time decompose, by a suitable acid or by
a current of carbonic acid, the small quantity of saccharine matter produced. I

separate the deposit, and pour the clear liquid in a separate boiler heated by steam,
which boiler serves at the same time as an evaporating apparatus and an alembic,
so that the alcohol is condensed for a subsequent operation, and the saccharine mat-

ter is concentrated into a syrup, which may then either be boiled or submitted to

the ordinary process of clarification, and also to that of filtration, when it is freed

from alcohol at about thirty degrees Banine", in case its nature does not permit of

avoiding this manipulation.
All the operations are performed in closed vessels. The precipitates are separated

by decantation. If the precipitates are light and voluminous, I accelerate their de-

posit by adding, a short time after they are formed, a body coagulable in alcohol,

such as albumen or gelatine, which bodies are capable of drawing all the particles

in suspension into a perfectly coherent deposit. When a sufficient quantity of the

deposits is accumulated in a vessel they are washed with strong alcohol to separate
from them the sugar with which they are impregnated, then the alcohol is expelled

by heat, before the deposits are passed off through an opening made for that purpose,
When I employ carbonic acid, to avoid the loss of alcohol, I cause the acid to be

absorbed by a base as it escapes from the liquid. This mode of operating permits
the employment of animal black in its most efficient state, namely, when new and in

fine powder. For this purpose it is necessary to add it to the sirup, which permits it

to act before the alcohol, by which it is precipitated with all the impurities.

The means adopted for condensing the alcohol should be such as to allow of a rapid

evaporation of the liquids, and prevent a large quantity of alcohol being used with-

out having to employ various epurating agents, as herein stated. By means of

alcohol and lime, a sugar of great whiteness may be obtained from beetroot. For

this purpose it is necessary to introduce linie in excess into the liquid separated from

the deposit formed by the alcohol, then to boil, condense the ammonia and alcoholic

vapours, as before described, afterwards to neutralize the excess of base, separate

the deposit, evaporate, and boil. Instead of adding the lime to the alcoholic solu-

tion, it may be added to the sirup at 27 to 30 Baum6 after the evaporation of the

alcohol; I then clarify, filter, and boil. It will be easily understood from the

above description, that the principle on which this invention is based is the em-

ployment of any liquid dissolving sugar without deteriorating its saccharine prop-

erties, and in which the solubility of the matters in combination is modified; and

also the employment of any body forming m such dissolving liquid an insoluble

compound with one of the foreign elements of the sugar, and easy of elimination.

Having thus described the nature of the invention communicated to me, and the

manner in which the same is to be performed, I would observe, in conclusion, that I

do not confine myself to the precise agents herein named, but what I claim and de-

sire to secure by letters patent is, the application to the treatment of saccharine

fluids of alcohol and agents capable of effecting in conjunction with alcohol the

elimination of mineral or organic matters which are mixed with the sugar in the

juices of sacchariferous plants, as hereinbefore described.

In witness whereof, I, the said William Annand Gilbee, have hereunto set my
hand and seal, this twenty- second day of September, one thousand eight hundred

and fifty-eight.

[L. .] W. A. GlLBEB.
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The principle of the method practiced by the Department rests on a

different basis from that described by Gilbee. The chief object of the

method of Gilbee is to get rid of the alkaline salts of beet syrup, while

the object of the experiments carried on by us was to separate the un-

crystallizable carbohydrates. While the method of Gilbee embodies

the main process of our method, it is seen without discussion that it

could not be applied economically.
It is but just to say that our method was developed, perfected, and

carried out in its experimental work before our attention was called to

patent of Gilbee in March, 1892, by Prof. 0. A. O. Eosell, of the Patent

Office.

The use of alcohol for precipitating gums for chemical purposes has

long been practiced. Its application to sorghum molasses for this pur-

pose is described by Dr. Peter Collier and Mr. Clifford Eichardson in

the Annual Eeport of the Department of Agriculture for 1878, page 107.

ABSTRACT OF METHOD USED IN EXPERIMENTAL WORK.

The process of manufacturing sugar from sorghum by the alcohol

process, as carried on by the Department in its experimental factory at

Medicine Lodge, may be briefly described as follows :

Thecane when brought from the field is passed through a cutting appa-
ratus and cut into pieces about 1 inch in length. These pieces of canes,

together with the short pieces of blades, are next carried to a fanning

machine, by which the blades and other light particles are entirely re-

moved. The clean pieces of canes are next conducted to a shredding

machine, in which they are torn into as small bits as possible, the finer

the better. The pulp thus prepared is elevated above the center of the

diffusion battery, whence it is conducted into the cells of the battery by
a swinging funnel. The diffusion juices are collected into clarifying

tanks, neutralized with lime, the temperature raised to the boiling

point and the skimmings removed in the usual way. The clarified juices

are then left to stand in the clarifying tanks until the sediment has fully

settled when the clear juice is drawn off and sent to the multiple-effect

evaporating apparatus. The sediments are collected in a separate tank

and reclarified, being either rejected, passed through a filter press or

returned to the cells of the battery.

In the multiple effect the sugar juices are concentrated to a sirup

containing about 55 per cent of solid matter. This sirup is then con-

veyed to tall cylindrical tanks, each one being filled to little less than

half its depth. An equal volume of 90 per cent alcohol is then added

and the whole thoroughly stirred together by blowing cold air in at the

bottom of the tank. As soon as the sirup and alcohol are thoroughly
mixed the impurities of the sirup are precipitated in flocculent masses.

The whole is then allowed to stand for a few hours, if time permits for

twenty-four hours, when it is found that the precipitated matters have

settled nicely to the bottom of the tank, leaving a clear alcoholic sirup
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above. This clear liquor is then drawn off, and is sent at once to the

still for the recovery of the alcohol. The sediment, or nmd, is passed

through a filter press, by means of which the alcoholic sirup is removed
and the mud left in the form of a hard, firm cake, containiijg a greater
or less percentage of sugar and alcohol, according as the cake is hard

and well pressed. In passing the alcoholic sirup through the still the

alcohol is entirely removed and the sirup is ready for concentration in

the vacuum pan. The boiling in the vacuum pan is conducted in the

same way as for ordinary sirups.

The sirups treated in this way boil with the greatest ease, forming
beautiful crystals in the pan, which are purged with no difficulty what-

ever in the centrifugals. With inassecuite formed from such sirup it is

possible to fill the centrifugals with a maximum charge and to have the

sugar thoroughly dried within two minutes.

It appears from the experiments which were conducted that one of

the chief advantages of this process is not so much in the increased

yield of sugar as in the ease with which the material can be passed

through the sugar factory. With ordinary sorghum massecuite it is

necessary to run a centrifugal machine from fifteen to thirty minutes in

order to dry a very small charge, while with massecuite made by the

alcohol process from two to five minutes have been found to be entirely

sufficient for the maximum charge.
A detailed description of methods and machinery employed will be

given further on.

DISPOSITION OF THE PRESS CAKES.

The proper disposition of the gums secured in press cakes is a matter

of no little importance. As indicated in this report, the press cakes

not only contain the gums and other bodies precipitated by alcohol,

but also considerable quantities of alcohol and of sugar. The chief

loss of alcohol and sugar in the process was found in the press cakes.

The necessity of preventing these losses when manufacturing on a large

scale will be at once apparent. In the modification of the filter press
as proposed much of the loss of the alcohol and sugar will be avoided,
but there is no disposition of the press cakes which will enable the

manufacturer to escape altogether from this loss.

The most obvious as well as the most easy disposition of the filter

cakes is to subject them to fermentation and thus make them the source

of alcohol necessarily lost in the other parts of the process. The ex-

periments clearly show that these press cakes alone will furnish suffi-

cient alcohol to make up for this loss during the process of manufac-

ture. Not only could the alcohol which they contain be thus recov-

ered, but the sugar which is found in them will be converted into alco-

hol, together with the fermentable gums of the press cake itself. There

is no other use to which the press cakes could be put which seems

so plausible or scientific.
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CHANGES IN THE REVENUE LAWS NECESSARY TO THE PRACTICAL
WORKING OF THE PROCESS.

The practical working of the alcohol process in the manufacture of

sugar from sorghum, or from sugar cane or beets, if it should be ap-

plied to these bodies, depends largely upon the legal aspects of the

case. Under our present system of internal revenue it would be very
difficult to devise a system of regulations which would at the same time

secure the revenue against fraud and allow the manufacturer a suffi-

cient freedom of action to the success of his work. Any system of rev-

enue control which would require the manufacturer to pay loss on

evaporation or accidental loss of alcohol, or which would require him
at the end of every twenty-four or forty-eight hours or some similar

period to re-store and re-gauge the alcohol in use, would entirely defeat

any attempt at successful manufacture. In order that the manufac-

ture be successful the operator must have full power to use the alcohol

in any way he sees fit and at such times as may be necessary, account-

ing only for the residue at the end of the manufacturing season or at

the time of going out of the business.

In my opinion there would be no difficulty whatever in securing com-

plete immunity from fraud in allowing the use of alcohol in this way.
The revenue laws should also be so amended as to permit the manufac-

turer of sugar to use the waste products of the factory for the manufac-

ture of his own alcohol. He is required by the process itself to have

all the stills and other apparatus necessary to the manufacture of al-

cohol on hand, and the alcohol necessary to the process could be man-

ufactured during the interval between two successive sugar seasons, so

that the apparatus could be kept in more constant use and the manu-
facturer be relieved from the necessity of purchasing his alcohol from

outside sources, where the cost would not only be higher but the item

of transportation be of no little importance.
It is believed that the sugar manufacturer himself can produce his

own alcohol at a cost, probably, of not more than 7 or 8 cents per proof

gallon.

The regulations at present in force on this subject are published as
" Series 7, No. 7, Revised, Supplement No. 1," of the United States in-

ternal revenue, and can be secured by addressing a request therefor

to the Commissioner of Internal Revenue, Washington, D. C.

MACHINERY AND METHODS.

The entire outfit of machinery, with the exception of the filter presses

and the distilling apparatus, was manufactured by the Walbum-Swen-
son Manufacturing Company, of Fort Scott, Kans.

The machinery, though constructed on a small scale, is of large

enough capacity to be thoroughly practical in all its operations.

The cane was prepared for the battery by the Hugh.es process.
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The diffusion battery consists of twelve cells, arranged in a circle.

The nominal capacity is 25 tons in twenty-four hours, though with

rapid cutting a capacity of 1.6 tons per hour has been exceeded.

From the diffusion battery the juice passes to the clarifiers of the

construction ordinarily employed in Louisiana. The skimmings were

measured and rejected, though at the first of the experimental work

they were returned to the diffusion battery.

The clarified juice was concentrated in a triple-effect apparatus to a

sirup of 54.3 Brix (30 Baum<). This apparatus was provided with

heating tubes of small diameter, the steam passing through the tubes.

Attention is especially called to this arrangement of the heating sur-

face, since it was noticeable that the tubes remained clean and free from

scales. From the triple effect the sirup was pumped through a cooler

to the precipitation tanks. These tanks are 4 feet 6 inches in diameter

and 10 feet deep. Each tank was provided with a connection, through
a pump, with the filter presses ;

also an outlet was arranged for draw-

ing off the clear sirup after the subsidence of the matters precipitated

by the alcohol. The filter-press pump was also arranged for pumping
a current of air into the tank for the purpose of thoroughly mixing its

contents.

Experiments were made to ascertain the quantity of alcohol required
for the precipitation of the gums. Practice soon demonstrated that

with a sirup of 54.3 Brix a volume of alcohol of 90 per cent (by weight),

equal to that of the sirup, was sufficient to obtain a rapid deposition of

the gums. It was further shown that under these conditions the mix-

ture could easily be filter-pressed, the press yielding firm, hard cakes of

gum, which are readily removed from the cloths, leaving the latter in

excellent condition for further work. In successful filter-press work in

any branch of sugar manufacture it is essential that the removal of the

press cake shall leave the cloths free from adhering precipitate. As
may be seen from the above statements, this condition and all others

for good filter-press work were realized. It seems certainly marvelous

that sirup can be made to filter-press as easily and with as good results

as the skimmings in a cane-sugar house.

In the work at the Medicine Lodge Experiment Station the clear

sirup was drawn off from above the precipitate and the "tank bottoms"

containing the precipitate were sent to the press. This method was

adopted for convenience in keeping each set of experiments separate.

The clear sirup obtained by decantation and the filtrate from the

press were united and pumped to the distilling apparatus for the re-

covery of the alcohol. The sirup, freed from alcohol, was passed

through the usual sugar-house processes of granulation in the vacuum

pan and purging in the centrifugals.

The distilling apparatus employed in these experiments is of the

continuous type common in Europe. It consists of a " beer still " (Fig. 1)

provided with a number of chambers fitted with perforated plates and
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FIG. 1 Continuous distilling apparatus. Scale, $"=!'.
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suitable overflow pipes. The sirup and alcohol are pumped into the

top of the beer still through a pipe G ; steam is admitted through an

open pipe into the kettle A at the bottom of the column or is pro-

duced by heating the spent liquor by means of a coil. The steam

ascends through the perforations in the plates, becoming richer and
richer in alcohol as it passes through each layer of liquor, while the

latter gradually descends by means of the overflow pipes to the bot-

tom of the column B and finally reaches the kettle completely exhausted

of alcohol, whence it is removed by means of a pump connected with

the pipe line H. On reaching the top of the beer still B the vapors
of the alcohol and the steam continue to rise and pass into the alcohol

column C. This column is also divided into chambers, but by solid

instead of perforated plates as shown at K. Each chamber is provided
with a return or overflow pipe and an opening through which the

vapors ascend. In the alcohol column the vapors are so directed as to

pass through a layer of liquid more or less rich in alcohol, which is

retained by the plate separating the compartments. An excess of

liquid in these compartments overflows through the down pipes, gradu-

ally works its way into the beer still and thence to the kettle. On
reaching the top of the column the vapors, which have now become

quite rich in alcohol, are passed into a coil provided with an outlet at

the lowest part of each bend. These outlets lead into the return pipe

P which connects with the top chamber of the alcohol column. This

coil is technically termed the "
goose" and is immersed in a tank called

the "goose tub." A suitable arrangement is provided for controlling

the temperature of the water in the tub by means of outlet and inlet

water pipes. When the still is in operation the temperature of the

"goose" is regulated according to the required density of the alcohol.

The object of the "goose" is the return to the column of all low prod-
ucts which condense at a temperature below the boiling point of ethyl
alcohol of the desired strength. On leaving the "goose" the vapors
enter a condenser E whence the liquid alcohol is conducted into a sep-

arator F. This separator consists simply of a glass box provided with

a cylinder through which a current of alcohol is constantly flowing. An
alcohol spindle is inserted in this cylinder and shows the density of the

spirit at all times. A pipe, with a funnel-shaped opening at its upper

extremity, connects with the pipe leading from the condenser and

gives vent to any objectionable fumes. The separator is connected by
means of a pipe with the alcohol storage tank. The pipe is for

emptying the upper chambers when necessary. The valves N
9
com-

municating by means of a small pipe with a condenser 3/, are for test-

ing the vapors in the lower chambers for alcohol.

Valuable advice and assistance in procuring and arranging the dis-

tilling apparatus, were obtained from Mr. Philip Zell and Mr. J. B.

Greenhut, of Peoria, 111. The apparatus was designed by Mr. Zell

and constructed by Klingle Brothers, of Peoria.
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THE VACUUM STILL.

The vacuum still, which it is proposed to use for the separation of the

alcohol from the sirup in place of the apparatus just described, is illus-

trated in Fig. 2. This illustration simply gives an idea of what such a

still should be without any attempt at making it technically perfect.

The object, as indicated, is to separate the alcohol from the sirup at

a low temperature, by means of a jet of exhaust steam, in such a way
as to secure a minimum dilution of the sirup and the complete separa-

tion of the alcohol. The alcohol separated in this way would be of

low strength, probably not much above proof spirit, but the sirup

would emerge from the still without ever having reached the tempera-
ture of boiling water and without any danger of scorching.

Two methods of procedure may be employed. If it is desired to

secure the alcohol in a form ready for subsequent condensation the com-

plete apparatus described can be used. If, on the other hand, it is

desired to save the heat which would be lost in the condensation of the

alcoholic vapors, the vacuum part of the still, that is, the part used for

the separation, could be connected directly at the top and to one side

with the condensing still. In this process the condensing still would

have to operate under a vacuum, and the vacuum apparatus would be

simply transferred from the end of the still indicated to the end of the

vacuum still. The condensing, or alcohol still, would be placed above

and to one side of the beer still, and be provided with a separate scroll

or steam jet. Inasmuch, however, as the specific heat of alcohol vapor
is somewhat low there would not be a very great loss of heat in con-

densing the alcohol in the first place, as indicated, and subjecting the

alcohol thus obtained to subsequent distillation.

The still consists of a beer column B of ordinary construction. It is

furnished at V with a vacuum gauge and at T with a thermometer.

The exhaust steam is admitted through a pipe S and escapes through
the rose R immediately under the first chamber. The chambers of the

beer still are separated by perforated diaphragms and connected one

with the other with overflow tubes and cups in the usual manner.

The sirup enters the still in its upper chamber through the heater JJ,

and can be supplied either by a feed pump or from a tank placed higher
than H. The supply from the tank would be more easily regulated and

would be preferred.

The sirup, after it has passed through the still and is freed from alco-

hol, descends through the tail pipe P to the sirup tank A opening un-

derneath the level of the sirup in the tank so as to be completely sealed,
as indicated. The length of the tail pipe P is sufficient to produce a

free exit ofsirup under the vacuum employed. The sirup in tank A, after

it has filled the tank to the required level, escapes constantly through
the pipe C to the sirup pump. At the end of the operation the sirup

remaining in A can be withdrawn by opening the cock w the pipe JE^
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FIG. 2 Vacuum distilling apparatus. Scale, J" to 1'

21383 No. 34 2
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The dilute alcohol vapor is condensed in the cooler (7, and flows

through the tail pipe K to the closed receiving tank J/, which is fur-

nished with a vacuum gauge F, and an outlet to the vacuum pump 0.

The excess of alcohol, after the tank M is filled to the dotted line, is

removed through the system of pipes indicated by a pump and sent

directly to the condensing still or to a tank arranged to feed that still.

The vacuum pump should be operated only sufficiently to secure the

necessary vacuum in starting the apparatus and to remove any air

which may find entrance.

The tail pipe K should be long enough to maintain a proper vacuum.
It can be made of equal length with the tail pipe P, which, being ar-

ranged to receive a heavier liquid, will discharge into the tank A.

After leaving the still the sirup is pumped, as has been stated, to the

vacuum pan. This purified sirup boils as freely as the cane sirup of the

Louisiana plantations. In practice, owing to the small size of the vac-

uum pan, it was found advisable to introduce a few pounds of sugar
into the pan for use in building up the grain. The sirup was concen-

trated to proof and 50 pounds of fine-grained sugar added. This plan
was adopted in order to obtain grain comparable in size with that from

sirup boiled in large pans. Owing to the small size of the pan and the

free boiling of the sirup the entrainment was considerable, and on the

small scale on which the experiments were conducted the percentage of

loss was large. With the present pan arrangement this loss was una-

voidable, and introduces an element of error which would not obtain in

regular manufacture. Sirups not previously treated with alcohol boiled

heavily and with little loss from entrainment.

It was quite noticeable that massecuites grained in the pan, from

sirups produced by the ordinary process, were difficult to purge, even

when left in the hot room a few days. Massecuites from sirup purified

by the alcohol process were boiled to a very high proof and were cen-

trifugaled immediately after leaving the vacuum pan. The ease with

which the centrifugal work was accomplished is of great importance,
since it enabled the rapid drying of the sugar and the manufacture of a

product of good polarization without the use of a wash.

DIFFICULTIES ENCOUNTERED.

It is unfortunate that experiments of as great importance as those

under consideration must necessarily be made with new machinery.
Under these conditions vexatious delays are unavoidable, no matter

how carefully the plans may have been carried out. In the present case

the experience of the Department and the nature of the experiment
rendered a new building and machinery on a small scale a necessity.

The work was pushed rapidly from the time of receiving the appropri-

ation, but much was left for the last few weeks, and as a result there

were many evidences of hasty and careless work. A great source of

vexation was the failure of certain pumps. The losses of time and sirup
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occasioned by the failure of the tail pump (sirup) of the triple effect, in

several instances, materially reduced the yield of sugars per ton of caue.

Thispump, after repeated failures, was removed and oneofgreaterpower
was arranged for this service, but it also proved unequal to the work

required. A third pump was built especially for pumping the sirup
from the triple eftect, and fortunately occasioned few delays. The diffi-

culty seemed to be due to the very small amount of sirup to be removed
from the apparatus in proportion to the size of the pump. In order to

obviate this difficulty the builders of the machinery suggested and tried

pumping back a part of the sirup into the juice tank and thus obtaining
a greater volume of liquor for the pump to work upon. As far as the

pump was concerned this plan worked fairly well, but from a sugar-

making point of view it was far from successful. It is obvious that in

this method of working a part of the sirup may be retained in the ap-

paratus many hours and suffer deterioration. That this was undoubt-

edly the case was evidenced by the large inversion which ocurred at

times when this method was practiced. But in this case a remedy was
essential to the continuance of the experiments, and this bad remedy
was the only one available at the time.

The delays due to other pumps were numerous. The pump to remove
the sirup from the still practically failed to accomplish this work, and,
after vexatious delays and the loss of considerable sugar, it was replaced

by another, which worked only fairly well. The removal of the sirup

from the still was a constant source of annoyance throughout the

experiments. The fault was probably in the use of a pump not adapted
to pumping sirup heated to very nearly its boiling point.

The construction of the still was such that sirups were heated to a

high temperature, which was maintained during long periods. This is

manifestly contrary to the maxims of good sugar-making. Apparatus

designed to obviate this difficulty has already been described.

It is probable that the methods of vacuum evaporation employing
thin films of liquor could be successfully employed in the recovery of

the alcohol. The Yaryan Company have constructed an apparatus for

use in dehydrating wine, which they claim is successful. This appa-
ratus separates the alcohol and a portion of the water from the wine,

rejects the water and returns the alcohol to the mother liquor. The
alcohol furnished by this apparatus would probably be of low concen-

tration, but could easily be increased in strength by a second distilla-

tion. In this method the operations are performed in partial vacuo and

subject the sirup to a low temperature for a very short time.

The filter presses were the greatest source of loss of alcohol. This

was not due to any fault in the press as built for ordinary sugar-house
worJi. For work with alcohol, the press should be so arranged as to

minimize losses by evaporation. In order to accomplish this a special

construction is necessary. All cloth surfaces should be covered, since

the alcohol and sirup mixture will follow the cloth, no matter how
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tightly the press may be closed. The alcohol soon evaporates from the

cloth and leaves the latter sticky with sugar solution. It would proba-

bly be easy to arrange a metal cover for the press which would prevent
or diminish this loss. An arrangement should also be provided to

avoid the exposure of the alcohol sirup to the open air and thus prevent
the evaporation of the alcohol. In the ordinary press the alcohol must
fall through a space of 2 feet or more before reaching the trough. This

loss can not occur in a press arranged as shown in the accompanying
sketch (Fig. 3). In this press the filtered sirup passes into a channel

(7,
and from there through a pipe line to the receiving tank. The cocks

A and B are so arranged that one can draw a test sample either from

the channel or the filter plate. The channel E is for dilute alcohol and
D the sirup alcohol mixture. The pipe line for filtered sirup should

be provided with sight glasses in order to promptly detect the flow of

turbid sirup. As soon as the flow of turbid sirup is detected, the open-

ing into the channel at the proper place should be closed. From time

to time the sirup from the closed plate should be examined, since ordi-

narily after a short time it will flow clear.

It is probable that filter bags could be employed with economy in the

filtration of these sirups. If so, the cost of the filtering plant would

be materially reduced. By means of the improved apparatus sug-

gested, the sirup-alcohol mixture would be out of contact with the air

at all times and the loss of alcohol from evaporation would be reduced

to a minimum.
The loss of alcohol (calculated as absolute) in the filter-press cake

ranged from 3.7 per cent to 15.9 per cent of the weight of the press

cake, or to an approximate average of 3.5 pounds per ton of clean cane,

or to .5 gallon 90 per cent (by weight) alcohol. This loss would be con-

siderably smaller in working on a large scale, since then there would

always be sufficient material to produce a firm, hard press cake con-

taining a high proportion of solid matters.

Press-cakes have been obtained containing as high as 70 per cent of

solid matter.

The press employed was not provided with a channel for use in dis-

placing the sirup left in the press cake. Such a provision would enable

the removal of practically all of the sirup-alcohol mixture from the

press-cake, leaving dilute alcohol in its place, thus reducing the amount
of sugar and alcohol in this by-product.

Becommendations in regard to the utilization of the press cakes in

the manufacture of alcohol are made in another part of this report.

PLAN OF EXPERIMENTS.

The experiments were conducted with a view to the direct comparison
of the ordinary and the alcohol processes. It was expected in this way
to emphasize the practical difficulties or advantages of either process.
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F\a. 3. Filter-press plate. Scale, 2" to 6'.
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The two processes being identical up to the treatment of the sirup,
this was the point chosen for the separation of the work.

The precipitating tanks are provided with an equalizing valve, by
means of which the sirup obtained from a given amount of cane, after

being thoroughly mixed, may be divided into two equal portions. By
this method any loss which may occur between the cane carrier and the

precipitation tanks is equally divided between the two sets of experi-
ments.

For uniformity in the statements of the work all experiments by~ the

ordinary process are designated by the letter " A " and those by the

alcohol process by " B."

After dividing the sirup into two equal parts, that for the ordinary

process was pumped directly to the pan tanks. The pan work in all

experiments was conducted under as nearly the same conditions as pos-

sible.

Experiments were made on a small scale to ascertain the volume of

alcohol required for the treatment of the sirup. A sufficient volume of

alcohol is indicated by the prompt deposition of the pecipitate. This

condition is essential to a rapid and thorough nitration of the sirup.

These experiments led to the use of a volume of alcohol equal to that

of the fdrup, provided the density of the latter is approximately 54.3

Brix (30 Baume). A larger volume of alcohol would be necessary with

a more dilute sirup.

After the first eight sets of experiments the work with the ordinary

process was discontinued. These parallel experiments caused many
delays in the work, and would soon have resulted in a complete block-

ade of the hot room. It was invariably necessary to run first masse-

cuites, made by the ordinary process, into wagons and keepthem warm
several days before centrifugaling. A peculiar flat crystal formed in

massecuites of this description, which was very difficult to free from the

molasses.

The sugars were not washed in the centrifugal.

Several preliminary trials were made to test the machinery and

aquaint the workmen with their duties. No record was kept of the

work, with the exception of that tabulated in the following pages under
the heading Experiment No. 1. After the preliminary trials of the bat-

tery it was decided to no longer return the skimmings to the cells. In

practical work on a large scale the loss of sugar in the skimmings would
be very small, hence in these experiments the skimmings were thor-

oughly settled, the clear juice drawn off, and the tank bottoms calcu-

lated back to cane.

The high dilution of the diffusion juices is due to emptying the battery
after each experiment, which necessitates the use of a large quantity of

water to remove the sugar from the last ten cells of chips.



23

EXPERIMENT NO. 1-ORDINARY PROCESS ONLY.

Date: September 24, 1891.

Variety and plat : Black African, from part of plats 2, 5, and 23.

Gross cane (topped cane) tons .

Trash do . .

Clean cane do . .

Clean cane lost in teaching the workmen and in samples for analysis do..

Net clean cane worked do . .

19.1

2.75

16.35

1.17

15.18

Mean weight of clean cane per cell pounds. . 322

Trash, per cent topped cane 14. 4

Juice analyses.*

Degree Brix
Siicrose per cent..
Glucose do
Purity coefficient

Glucose, per cent sucrose

Normal
juice.

19.55
11.69

59.3
24.7

Diffusion

juice.

12.31
8.22
1.39

66. 8

16.9

* All analyses by E. G. Runyan and Oma Carr.

Exhausted chips.

Sucrose lost in exhausted chips, per cent cane, 0.76 (mean of twelve analyses).

Yield.

Pounds.

Weight of first sugar ohtained
1, 698

Weight of first sugar, per ton clean cane 111. 8

Weight of first sugar per ton (net) of topped cane 90. 6

EXPERIMENT NO. 2 ORDINARY AND ALCOHOL PROCESSES.

Date : September 25, 1891.

Variety and plats: Black African; plats 2, 5, and 23.

Gross cane (topped cane) tons . . 22. 475

Trash do.... 3.430

Clean cane do 19. 045

Clean cane, removed in samples do 120

Skimmings lost, calculated to clean cane do 826

Net clean cane worked do 18. 099

Mean weight of clean cane per cell : pounds.. 349

Trash, per cent topped cane 15. 2

Juice analyses.

Normal Diffusion

juice. juice.

DegreeBrix 17.21 11.55
Sucrose percent.. 11.72 8.20
Glucose do.... 1.53 1.14

Purity coefficient 68.1 71

Glucose, per cent sucrose 13. 1 13. 9

Exhausted chips.

Sucrose lost in exhausted chips, per cent cane, 0.84 (mean of seventeen analyses).
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Sirups.

The sirup was divided into two equal portions, A aiid B. A was worked by the or-

dinary and B by the alcohol process.

The analyses of the sirups before and after treatment are given in parallel columns

in the table below :

Analyses of sirup from Blade African cane before and after alcoholic treatment.
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It is well to again call attention to tlic ease with which massecuite obtained by the

alcohol process could be purged in the centrifugals, yielding a high polarization

sugar without the use of a wash. Massecuites by the ordinary process often con-

tained very flat crystals which would overlap one another and prevent the molasses

from passing off.

EXPERIMENT NO. 3. ORDINARY AND ALCOHOL PROCESSES.

Date : September 29, 1891.

Variety and plats : Colman cane, plats 41 and 11.

Gross cane (topped cane) tons.

Trash.. ..do..

Clean cane do .

Clean cane removed in samples do .

Skimmings lost, calculated to clean cano do .

Net clean cane worked . . . . do .

22.445

4.330

18. 115

.135

.510

17. 470

Mean weight of clean cane per cell pounds . . 324

Trash, per cent topped cane 19.3

Juice analyses.
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Yield.

(A) The sirup, by the ordinary process, boiled to string proof, yielded 2,535 pounds
first massecuite, and 1,370 pounds lirst sugar polarizing 84.2. The yield of sugar

per cent uiassecuite was 54.

The molasses from the above gave 375 pounds second sugar, polarizing 79.9.

(B) That portion of the sirup treated by the alcohol process yielded 2,212 pounds
first massecuite, and 1,330 pounds first sugar, polarizing 93.7. The yield of sugar

per cent massecuite was 60.1.

The second massecuite was melted by the carelessness of a workman in placing it

too near the steam pipes, hence no statement of this sugar can be given.

REMARKS ON THE YIELD.

In both these experiments there has been a heavy loss of sugar after

reaching the sirup stage. Up to the sirup there was a considerable loss

by inversion. The weights of the massecuites, allowing for the solids in

the press cake, bear the proper relations to one another, but since there

was a large known loss of sirup at the still there must have been a loss at

the vacuum pan to ofl'set it. Extreme caution was necessary in boiling

the pan to reduce the risk of loss, but even then there were undoubt-

edly losses at this point in the manufacture. The loss at the pan in

the A portion was probably due to the liquor boiling over. In the

case of the B portion, entrainment was probably the cause of the loss.

The sirup boiled very freely.

R&ume' of yield.

COLMAN CANE.
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entire experiment was abandoned. The analyses of the juices and sirnp only are

given :

Analyses of juices and sirnp from cane Variety No. 160.
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The density of the sirup was very materially reduced in the distillation process,

but, as has been stated, this can not be avoided with the apparatus as now con-

structed. In actual practice this would necessitate a large increase in the coal con-

sumption. It is believed that with apparatus constructed after the experience of

this work this increase in coal consumption could be almost entirely avoided.

Filter-press cake.

The following is the analysis of the filter-press cake :

Total solids per cent.. 51.25

Sucrose do ... 12. 80

Alcohol (absolute) do ... 15. 16

Weight of filter-press cake pounds. . 250

The loss of sucrose in the press cake was 32 pounds and of alcohol 37.9 pounds.

Yield.

(A) This sirup was boiled to string proof. Experience demonstrated that with the

email pan, in boiling sirups not treated with alcohol, nothing is gained by adding

sugar as a nucleus upon which to build grain.

The weight of first massecuite obtained was 2,671 pounds and of first sugar 1,253

pounds. The sugar polarized 85.4. The yield of first sugar per cent massecuite was
46.9.

(B) In this experiment the sirup treated by alcohol was concentrated to about proof
in the vacuum pan and then 50 pounds of very fine-grained sugar were added. The
man-hole cover was removed and the sugar thrown directly on the concentrated

sirup. A small quantity of grain was formed in addition to that supplied by the

sugar. In all the strikes to which sugar was added this plan was followed.

The weight of first massecuite obtained was 2,431 pounds and the yield of first

sugar 1,402 pounds, or 57.7 per cent massecuite.. The first sugar polarized 93.7.

Deducting 50 pounds (the sugar added), we have net yield of 1,352 pounds sugar.

This deduction is, perhaps, not a perfectly fair one, since a portion of the 50 pounds

sugar was left in the molasses.

In both these experiments ("A" and "B") the second massecuite was not ready for

the centrifugal at the end of the season.

Ite'sume' of yield.

EARLY ORANGE CANE.
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EXPERIMENT NO. 6. ORDINARY AND ALCOHOL PROCESSES.

Date: October 9, 1891.

Variety and plat : Link's hybrid, plat 29.

Gross cane (topped cane) tons . .

Trash do...

Clean cane do...

Clean cane removed in samples do

Skimmings lost, calculated to clean cane do. . .

Net clean cane worked do. . .

Mean weight of clean cane per cell pounds . .

25.400

5.010

20.390

.157

.698

19. 535

314

Trash, per cent topped cane... 19.7

Juice analyses.
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Fifty pounds of fine-grain sugar were added to the sirup (concentrated to proof) as

in experiment No. 5. Deducting this sugar from 1,502 pounds, we have 1,452 pounds,
as the net yield of first sugar.

Resume' of yield.

LINK'S HYBRID CANE.
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Sirups.
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EXPERIMENT NO. 8. ORDINARY AND ALCOHOL PROCESSES.

Date: October 14, 1891.

Varieties and plats: No. 91 and No. 112; plats 38 and 41.

Gross cane (topped cane) tons.. 23.375

Trash do 4. 080

Clean cane do 19. 295

Clean cane removed in samples do 150

Skimmings lost, calculated to clean cane do 584

Net clean cane worked do 18. 561

Mean weight of clean cane per cell pounds.. 309

Trash, per cent topped cane 17. 5

Juice analyses.
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Resume of yield.

CANE NO. 91 AND NO. 112.
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Filter.press cake.

Total solids per cent. . 52. 91

Sucrose do 14.40

Alcohol (absolute) do 10. 64

Weight of filter-press cake, pounds 284.

The loss of sucrose in the filter-press cake was 40.9 pounds (4.7 pounds per ton

clean cane) and of alcohol 30.2 pounds.

Yield.

In this and the rest of the experiments, the alcohol process only was employed.
The work by the ordinary process required so many sugar wagons and occasioned

so much delay with the niassecuites that it became necessary to abandon the plan of

carrying on parallel experiments.
The sirup was boiled to grain and yielded 1,875 pounds of first massecuite and 965

pounds of first sugar, the latter polarizing 92.5. The yield of sugar per cent

massecuite was 51.5.

Sugar to the amount of 50 pounds was added as usual to the sirup in the pan.
The second massecuite was left in the hot room, as it was not ready for the centrif-

ugal at the end of the season.

Rfaume' of yield.

McLElN CANE.

Clean cane worked tons . .
*
8. 625

Topped cane work do ...
*
10. 568

First massecuite obtained pounds . . tl, 825

First sugar (92.5 polarization) do 1 915

First sugar reduced to 100 polarization do 846

First sugar per ton of clean cane do 105. 7

First sugar per ton of topped cane do 86. 6

First sugar 100 polarisation per ton of clean cane do 97. 7

First sugar 100 polarization per ton of topped cane do 80

Yield of first sugar per acre * do 1, 128

The McLean cane yielded a very rich juice, containing a low percentage of glucose.

The loss of sugar after the concentration of the juice to sirup was very large and

materially decreased the yield.

EXPERIMENT NO. 10. ALCOHOL PROCESS ONLY.

Date: October 16, 1891.

Variety and plat : No. 161, plat 17.

Gross cane (topped cane) tons. . 11. 790

Trash do. . . 1. 838

Clean cane do ... 9. 952

Clean cane removed in the samples do ... . 075

Skimmings lost, calculated to clean cane 402

Net clean cane worked tons. . 9. 475

Mean weight of clean cane per cell pounds. .309

Trash, per cent topped cane 15. 6

* Corrected for samples and skiwminga. t Fifty poimds deducted for sugar added.
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Juice analyses.
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Resume of yield.

CANE, VARIETY No. 161.

Clean cane worked tons. . *9. 475

Topped cane worked do. . . *11. 786

First inassecuite obtained pounds . . t2, 143

First sugar obtained (91.4 polarization) do t9(J5

First sugar reduced to 100 polarization do 909

First sugar per ton, clean cane do 105

First sugar per ton, topped cane do 84. 4

First sugar 100 polarization per ton, clean cane do 96

First sugar 100 polarization per ton, topped cane do 77

Second sugar obtained (84.1 polarization) do 255

Second sugar reduced to 100 polarization do 214. 5

Second sugar per ton, clean cane do 26. 9

Second sugar per ton, topped cane do 21. 6

Second sugar 100 polarization per ton, clean cane do 22. 6

Second sugar 100 polarization per ton, topped cane do 18. 2

Yield of first and second sugar per acre* do 1,356

EXPERIMENT NO. 11 ALCOHOL PROCESS ONLY.

Date : October 17, 1891.

Variety and plat: India and Orange; plat 8.

Gross cane (topped cane) tons. . 11. 480

Trash do... 1.240

Clean cane do. . . 10. 240

Clean cane removed in samples .do ... . 075

Skimmings lost, calculated to clean cane, do ... . 619

Net clean cane worked do ... 9. 546

Mean weight of clean cane per cell pounds. . 323

Trash, per cent topped cane 10. 8

Juice analytic*.

Normal Diffusion

juice. juice.

DegreeBrix 18.35 11.31

Sucrose percent.. 12.78 8.28
Glucose do .87 .58

Purity coefficient 69.60 73.20

Glucose, per cent sucrose 6. 84 7. 07

Exhausted chips.

Sucrose lost in exhausted chips, per cent cane, 0.60 (mean of eight analyses).

Sirups.
]

Degree Brix
Sucrose per cent. .

Glucose do

Purity coefficient

Glucose per cent sucrose

A.

54.50
38.70
2.94
71.10
7.61

15.

28.00
22. 07
1.45

78.60
6.57

1 A, sirup before alcohol treatment; B, after treatment.

Corrected for samples and skimmings. t Fifty pounds deducted for sugar added.
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Filter-press cake.

Total solids per cent. . 65. 12

Sucrose do ... 10. 80

Alcohol (absolute) do... 9.48

Weight of filter press-cake pounds. . 316

Sucrose lost in the filter press cake do. . . 34. 1

Alcohol (absolute) lost in the filter press-cake do 30

Yield.

The yield of first massecuite was 2,426 pounds and of first sugar 1,138 pounds,

polarizing 92.1. Forty pounds of sugar were added to form a nucleus upon which to

build grain, but nevertheless the massecuite was sticky, and it was necessary to keep
it in the hot room some time for the sugar to separate. The yield of first sugar per
cent massecuite was 46.9.

The molasses from the above was boiled for second sugar and yielded 205 pounds,

polarizing 87.8.

The analytical data indicated that the India and orange cane was of excellent

quality; hence it is probable that the vacuum-pan work is responsible for the diffi-

culty in drying the sugar. A small pan is very sensitive to slight changes in the

vacuum or to other irregularities, and even a good panraan may fail to obtain a good
result.

Etsumt of yield.

INDIA AND ORANGE CANE.

Clean cane worked tons.. *9,546

Topped cane worked do. . . *10. 701

First massecuito obtained pounds . . 1 2, 386

First sugar obtained (92.1 polarization) do ... 1 1, 098

First sugar reduced to 100 polarization do. . . 1, Oil

First sugar per ton clean cane do... 115

First sugar per ton topped cane do ... 102. 6

First sugar 100 polarization per ton clean cane do ... 105. 9

First sugar 100 polarization per ton topped cane do ... 94. 5

Second sugar obtained (87.8 polarization) do . . . 205

Second sugar reduced to 100 polarization do ... 180

Second sugar per ton clean cane do. . . 21. 5

Second sugar per ton topped cane do . . . 19. 2

Second sugar 100 polarization per ton clenn cane do. . . 18. 9

Second sugar 100 polarization per ton topped cane do. . . 16. 9

Yield of first and second sugar per acre * do ... 1, 524

EXPERIMENTAL RUN NO. 12 ALCOHOL PROCESS ONLY.

Date: October 19, 1891.

Varieties and plats : Planters' Friend, No. 126, and Undendebule (Collier) ; plats 8,

5,
and 41.

rross cane (topped cane) tons. . 11.840

Trash do... 1.820

lean cane do ... 10. 020

lean cane removed in samples do. .. . 075

dmmings lost calculated to clean cane do ... . 558

fet clean cane worked do ... 9. 387

[ean weight of clean cane per cell pounds . . 338

sh, per cent topped cane 15. 4

* Corrected for samples and skimmings. \ Forty pounds deducted for sugar added.
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Juice analyses.



Second sugar reduced to 100 polarization .pounds. 249

Second sugar, per ton, clean cane do 30

Second sugar, per ton, topped cane do 25. 4

Second sugar, 100 polarization per ton, clean cane do 26. 5

Second sugar, 100 polarization per ton, topped cane do 22. 5

Yield of first sugar per acre do 1, 107

Yield of second sugar per acre do 338

The loss of sugar in this experiment after the juice had reached the sirup stage,

was very large. Notwithstanding an apparently extra good sirup the massecuite

was unfit to centrifugal on leaving the vacuum pan.

EXPERIMENT NO. 13.

Date: Octoher 20, 1891.

Variety and plat : Ubehlana
; plat 41.

Gross cane (topped cane) tons.

Trash.. ..do..

11. 820

1.670

Clean cane do 10. 150

Clean cane removed in samples do 075

Skimmings lost calculated to clean cane do 536

Net clean cane worked do 9. 539

Mean weight of clean cane per cell pounds. 325

Trash, per cent topped cane 14. 1

Juice analyses.
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Yield.

The sirup in this experiment was boiled to string proof, no attempt being made to

form grain. The massecuite weighed 2,168 pounds and yielded 696 pounds of lirst

sugar polarizing 89.4. The yield of sugar per cent massecuite was 32.1.

The second sugar was left in the wagons at the end of the season.

Resume of yield.

TJBEHLAKA CANE.

Clean cane worked tons.. *9. 539

Topped cane worked do ... *11. 105

First masse cuite obtained pounds . . 2, 168

First sugar obtained (89.4 polarization) do 696

First sugar reduced to 100 polarization do 622

First sugar per ton clean cane do 72. 9

First sugar per ton topped cane do 62. 7

First sugar 100 polarization per ton clean cane do 65. 2

First sugar 400 polarization per ton topped cane do 56. 1

Yield of sugar per acre do 806

The Ubehlana cane contained very little sugar and the juice was of low purity.

GENERAL REMARKS ON THE SUGAR-HOUSE WORK.

The principal losses of sugar were at the still and by entrainment

in the vacuum pan. Both these losses were such that they could not

be avoided with the machinery as now constructed. In some instances

these losses were very heavy, amounting to 40 pounds or more of sucrose

per ton of cane. In working on a large scale such losses would either

be avoided or reduced to a small number of pounds.
The yield of sugar in the greater number of the preceding experi-

ments by both methods of working was largely in excess of that ob-

tained by the sorghum sugar manufacturers. This was partly due to

the facilities for working the cane very promptly after cutting. The
work in the sugar-house was prompt, rapid, and regular, all three being
conditions essential to a large yield. In two experiments, viz, Nos. 11

and 12, the cane, while rich in sugar, produced a massecuite which was
difficult to centrifugal. Certain varieties of cane furnish juices that

are much more manageable than others and notwithstanding a lower

sucrose content will yield a larger proportion of sugar.
It is doubtful whether the cane employed in experiments Nos. 11

and 12 would have yielded a massecuite by the ordinary process, that

could have been promptly centrifugaled.

The most prominent advantage of the alcohol over the ordinary pro-

cess is that it yields a first sugar of good color and of high polarization.

With the exception of two or three strikes of sugar which were left in

wagons a short time, the average polarization of the first sugars (un-

washed) by the alcohol process was 92.6 and of first sugars by the

ordinary process 84.7.

* Corrected for samples and skimmings.
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The refiners discriminate against sorghum sugar as manufactured by
the ordinary process, and pay per degree of polarization a smaller price

for the sorghum than for the cane product.
The objection of the refiners to sorghum sugar as manufactured by

the ordinary process can not exist with that obtained by the alcohol

process, since in the latter the objectionable gums are removed.

For the sake of a comparison of the two sugars, in the calculations

given below, no account is taken of this discrimination. The prices

are based on the New York quotations as published in the Louisiana

Planter and Sugar Manufacturer, issue of March 5, 1892. The deduc-

tion per one-tenth degree per 100 pounds of sugar is taken at one-six-

teenth cent.

Value of sugars on a refining basis.

A. Price of "fair refining," 89 test, $3 per 100 pounds.
89.0= test of market.

84.7= average test of first sugar made, ordinary process.

4.3:= difference in test.

1 .'.43X iV=$0.027, deduction per 100 pounds sugar on account of lower

polarization.

$3.000 0.027 =$2.973, net price of sugar, per 100 pounds.
Sucrose value =$3.51 per 100 pounds.

B. Price of "
centrifugals

" 96 test, $3.406 per 100 pounds.
96.0= test of market.

92.6= average test of first sugar, alcohol process.

3.4 = difference in test.

,\ 34xA'=$0.021, deduction per 100 pounds sugar on account of lower

polarization.

$3.406 -0.021 =$3.385, net price of the sugar per 100 pounds.
Sucrose value = $3.655 per 100 pounds.

From the above calculation it may be seen that the planter would
receive $0.145 per 100 pounds sucrose in his first sugar more money if

he employs the alcohol instead of the ordinary process. In addition to

this he is enabled to place his product on the market promptly, and to

sell a sugar which can compete under favorable conditions with that

manufactured from cane. This is a decided gain over the methods now
in use.

In these calculations no account is taken of the bounty on sugars.
The unwashed sorghum sugars by the ordinary process would prob-

ably polarize below 90 and receive the lower rate of bounty. Grain

sugars by the alcohol process will polarize above 90 as a rule and
receive the higher rate of bounty.

Sirups bleached with sulphurous acid and then treated by the alcohol
method will yield an excellent grade of yellow clarified sugar.
Further experiments are necessary to determine to what extent the

increased fuel consumption and the loss of sugar in the filter-press

cake would offset the gains by the alcohol method.
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By means of filter presses designed especially for the purpose this

loss of sugar can be reduced to a very small amount. Improvements in

the distilling process would materially diminish the dilution of the

sirups and the consequent increased fuel consumption. The increase

in fuel consumption can probably be reduced to but little more than

that required in the recovery of the alcohol.

EXPERIMENTS IN THE TREATMENT OF MOLASSES.

Two sets of experiments were made in the treatment of molasses from

other sugar houses.

In these experiments the molasses was diluted to 54 Brix and then

treated with an equal volume of 90 per cent alcohol. The alcohol-mo-

lasses mixture was filter pressed and the alcohol recovered by distilla-

tion.

Unfortunately, in the case of the molasses from the Medicine Lodge
factory, the analytical data are incomplete, hence the losses can only be

traced indirectly.

MOLASSES FROM FACTORY OF MEDICINE LODGE SUGAR COMPANY.

This molasses was obtained October 6 directly from the centrifugals,

which at the time were drying first sugar.

Analysis of molasses after treatment.

Degree Brix 28.09

Sucrose per cent . . 16. 10

Glucose J do 2. 77

Purity coefficient 57. 3

Glucose, per cent sucrose 17. 2

Filter-press cake.

Total solids per cent . . 51. 19

Sucrose do 9.60

Alcohol (absolute) do 15. 88

Weight of filter-press cake pounds. . 402

Sucrose lost in filter-press cake do 38. 6

Alcohol lost in filter-press cake do 63. 8

Yield.

The purified molasses was boiled to string proof and yielded 2,083

pounds of massecuite and 888 pounds of sugar polarizing 80. The

yield of sugar per cent massecuite was 42.6.

RfiSTJMfi OP YIELD MEDICINE LODGE MOLASSES.

Molasses taken pounds.. 2, 962

Molasses taken gallons. . 250

Massecuite obtained pounds . . 2, 083

Sugar obtained (80 polarization) do 888

Sugar obtained reduced to 100 polarization do 710

Sugar per gallon of molasses do 3. 55

Sugar reduced to 100 polarization per gallon of molasses .do 2. 84
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The loss of sucrose, aside from that in the filter press cake, was ap-

proximately, 115 pounds. On a basis of the yield obtained from the

inasseeuite this corresponds to a loss of 83 pounds of sugar. Had this

loss not occurred the yield would have been 971 pounds of sugar, or

3.88 pounds per gallon of molasses.

MOLASSES FROM PARKINSON SUGAR WORKS, FORT SCOTT.

This molasses was treated in the same manner as that obtained from

the Medicine Lodge Sugar Company.

Analysis of molasses.*
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The original molasses was of very low purity and by the ordinary proc-
ess would have yielded a massecuite that could not be successfully cen-

trifugaled. Molasses of this grade would be considered of very low

purity, even in a Louisiana cane-sugar house. It is very probable that

the yield of sugar would have been much larger and the purity corre-

sponindgly lower could this massecuite have been left in the wagons
until late in the summer.
The advantage of the alcohol treatment is more apparent in the case

of the Fort Scott molasses than in that from Medicine Lodge. In the

first case the molasses would have yielded about 2J pounds per gallon
of sugar polarizing less than 80. This assumption is based on the

yields obtained from molasses of similar grades, by the ordinary proc-

ess, as given in this report. The Fort Scott molasses in question would

not, under any circumstances, repay further efforts to obtain sugar by
the ordinary method of treatment.

NOTES ON DAILY WOBKING OF EXPERIMENTAL FACTORY.

A diary of the daily working of the experimental factory for the

whole season would prove of little benefit, but an illustration of the

method of conducting the work embracing the first week of actual

manufacture may not be found out of place.

FOE WEEK COMMENCING MONDAY, SEPTEMBER 28.

Monday was devoted to making certain alterations in the house, connecting the

strike pan with the live steam and other necessary adjustments. Monday afternoon

started to cutting Colman cane, and six loads were brought in. At 7 o'clock Tues-

day morning the cutters were started and ran regularly during the day, stopping an

hour in the afternoon on account of the failure of the triple-effect to keep the juice

evaporated. This failure was due to the experience in management of the pans rather

than to any lack of capacity.

The two acres, approximately, of Coleman cane, were finished about half-past 10,

and the sirup was boiled out by 2 o'clock Wednesday morning. More trouble was

experienced with the pump taking the sirup from the triple effect. It often refused

to work and quite a quantity of sirup was lost in adjusting it. The sirup made,

however, was of a fair quality and showed considerable inversion in the triple

effect, as shown by the increase in the glucose ration, shown in the analytical data.

The sirup was collected in one tank and thoroughly mixed and then equally divided

into two portions.

On Wednesday the men were set to cleaning up, and the divided sirup was boiled,

the first part of it without treatment with alcohol. It was boiled to grain ;
the grain

being very fine, it was placed in the hot-room until Saturday. In the afternoon of

Wednesday the cutters were placed to work on variety No. 160, and eight loads of

this variety were delivered.

Wednesday night a severe wind and rain storm struck us, which raged during the

whole day Thursday. Not being able to get in the remainder of variety No. 160, the

part of it which was in was not worked, in the expectation of a clear day follow-

ing, when the whole of the plot could be worked together. On Friday, however,
the sky was still overcast, some showers followed during the day, and the field was
so soft and mushy that it was impracticable to go on it with wagons. The cutting
of the remaining portion of variety No. 160 was therefore postponed until Saturday.

During Friday the second half of the sirup from the Colman cane was treated with
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alcohol and run through the filter presses. Owing to the large amount of mud that
was precipitated by the alcohol and the small space for cake in the twin presses it

was found that they soon filled.

This caused great delay in filtering and a considerable loss of sirup, both in press
cakes and unavoidable wastage. In order not to stop the strike pan the last por-
tions of the sirup were drawn into the still without filtering, and thus a large quan-

tity of niud was mixed with the sirup, but not enough to appreciably alter its qual-

ity.

The still was operated by opening the alcohol chambers above and allowing the

alcohol to pass through the goose without condensation. This delivered an alcohol

of about 130 to 140 proof. This was afterward concentrated in the still in the

usual way to approximately 190 proof. It was found that there was no loss oi

alcohol in the sirup, the losses being due to the unavoidable loss in starting and

stopping the still, and this loss would be wholly obviated in regular and continuous

running. The sirup, however, is considerably diluted in passing through the still-

its Brix being reduced from 53 to 36. This can be avoided by a different arrange,

menf of the still, allowing the alcohol of about proof strength to be obtained at

first run.

During Friday the half of the alcohol-treated sirup from the Coleman cane was

boiled, making beautiful grain and very stiif masse cuite which broke off in chunks as

it ran from the pan. This masse cuite was sent directly to the centrifugal and yielded

59.3 per cent, of sugar on its weight. The first strike of it yielded about 56 per cent,

and the second strike which was boiled much stiffer, nearly 64 per cent. The first

strike of masse cuite was of a Brix of 91.0 and the second strike was still more dense.

The masse cuite worked beautifully in the machine, the machine taking full charges,

and yielded from 150 to 170 pounds of dry sugar per charge. The time ofrunning for

each charge was from 3 to 5 minutes only. The sugar was of a fine texture, of a

beautiful yellow color, and of a most excellent quality. No wash of any kind was

used in the machine. The yield of masse cuite was 2,242 pounds and the yield of

dry sugar 1,330.

The total weight of cane delivered, the cane being topped in the field, was 4.489

pounds and the area on which the cane was grown was 1.879 acres. The weight of trash

weighed back after passing the fans was 8,860 pounds, and the weight of cleaned

cane 36,230. One cell of juice was lost on account of a failure to close cell door,

equivalent to 330 pounds of chips. Eighteen buckets of chips were taken for analy-

sis, weighing 270 pounds. Total weight of chips to be deducted, 600 pounds. The

skimmings which were rejected at the end amounted to 89 gallons, equivalent to

2.1 cells of chips, viz, 690 pounds. The juice from the total amount of cleaned

cane entering the pans was therefore from 34,940 pounds of cane. One-half of this

was boiled to string and the other half to grain.

The other half of the sirup, representing 8.79 tons of cleaned cane, was treated with

alcohol. There was lost in the press cake and by the necessity of opening the sirup

pump several times an amount of sirup equal to .29 ton of cleaned chips, making the

total weight of cane represented in the strike of massecuite obtained, 8.5 tons.

The expectation of fair weather for Saturday, in order to enable us to finish variety

No. 160, was disappointed.

During Friday night and Saturday morning a severe northwest rain storm set in,

with high winds and rapidly falling temperature, making it impossible for the men
to enter the field. It was, therefore, determined to work that part of plot 160 which

had been lying on the yard since Wednesday, inasmuch as it would not be fit for

anything if held until the rest of it could be reached. Accordingly, the cutters were

started Saturday morning, and the amount of cane of variety No. 160 lying on the

yard was run through the mill.

During the whole of the week vexatious delays occurred from the failure of pumps
in various parts of the house to work. The whole pump system here is faulty and
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bids fair to give us continual and disastrous delays. We have also found a very se-

rious fault in the strike pan. It was noticed that water was continually entering the

pan during the boiling of it. It was first thought that this was due to a leaky coil,
but further investigation showed that it was a reflux from the condenser. This flow
of water into the pan will necessitate the taking out of the leg pipe or the condenser,
or both, to investigate the cause of the accident.

The Thoen trap, connecting with the pan, does not work, and great trouble is ex-

perienced in keeping a proper adj ustment of the escape from the coils. Various leaks

occurred in different parts of the house during the week, producing an untidy appear-
ance of the floors and showing carelessness in the erection of the apparatus. Nearly
all of the fittings and pumps which have been taken out show ddbris of various kinds

which has been left in the pipes and tanks, and this debris has caused a great
amount of delay.

CULTURE WORK WITH SORGHUM.

AT STERLING.

The experiments in establishing new varieties of sorghum, improving
old ones, and developing crosses were continued at Sterling during the

season of 1891. The general line of the work was that pursued in for-

mer years and the detailed results will be found in the report of Mr.

A. A. Denton, the efficient superintendent of the station, which will

follow.

In regard to the character of this work it may be said, in answer to

any possible criticism, that although much of it appears to be unneces-

sary it is difficult to see what part of it can be safely omitted. In the

great number of different varieties of sorghum which have been tried

almost everyone has presented some quality which seemed valuable,
and it seems unwise to wholly reject any variety as long as there is any

possibility of its developing any quality which may prove of permanent
benefit to the industry. Nevertheless, it may be said that, after four

years' careful work, it is possible at the present time to select some

five or six varieties, which on the whole have shown the very best

qualities for sugar-making purposes. As the result of this work the

old established varieties which heretofore have been used for this pur-

pose are giving up the field to the new and improved varieties. A few

years ago the only varieties of sorghum that were used for sugar-mak-

ing purposes were the Early Amber and the Early Orange. It may be

said at the present time that the day of usefulness of these two varie-

ties is passed, but they have not been cultivated in vain. The trouble

with the Early Amber has always been the small size of the stalk, its

delicacy, the ease with which it would retrograde, and the rapidity with

which, after reaching the period of maturity, it would pass into a con-

dition unfit for manufacture. Its chief merit was its early maturity

and the fact that in certain conditions it would furnish a juice which,

at maturity, contained a fairly good content of sugar. On the other

hand, the Early Orange was a sturdy variety, yielding well, and per-

sistent in its type. It has, however, from the first been characterized
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by a high content of reducing sugar or glucose, which rendered it

essentially a molasses-producing plant rather than a sugar-producing
one. The idea of developing a new variety by the crossing of these

two old and standard varieties has been fully carried out during the

four years of experimental work, and the result has been the establish-

ment of a new variety which in all of its characteristics and sugar-pro-

ducing qualities has proved in practice to be the very best of all the

varieties of sorghum. It may be said, therefore, definitely, that this

cross has been fully established by four years of selection and will pro-

duce now a perfectly uniform plat of sorghum, having high sugar-pro-

ducing qualities. In the plat of this variety which was grown at

Medicine Lodge during the past year it was difficult to distinguish, in

looking over the field, more than one size of stalk or more than one

degree of maturity.
It will be seen at once that one of the chief points to be kept in view

in the development of a variety is to have it uniform, so that when it

reaches the proper period for manufacturing the whole of it may be

ready; otherwise we would have a plat of cane some of which was very

ripe and already in the retrogressive stage, and part of which was in

the proper degree of maturity for manufacturing, and the rest of it not

yet mature. The faulty character of the juice of such a plat of cane

can be easily understood without further illustration. If the work of

the station had never resulted in anything more than the establish-

ment of this variety it would have paid a thousand-fold the cost of its

conduct.

While this is the most striking illustration of the good effects of the

station work, it is by no means the only one. During the season of

1888 a package of seed was received from Dr. Peter Collier, director

of the New York Agricultural Experiment Station at Geneva, from

some varieties with which he had experimented during the time he held

the office of chemist of the Agricultural Department. This variety
has proved to be one of the very best for the semiarid regions of Kan-
sas and adjacent States. In recognition of the eminent service which
Dr. Collier has rendered the sorghum-sugar industry I have directed

that the better one of the varieties in this package of seed should be

named Collier cane. The chief characteristics of this variety of cane

are high content of sugar, low content of reducing sugar, great hardi-

ness, and an especially light seed top, which enables the canes, although
rather slender, to withstand the severe gales of Kansas. In the plat

grown at Medicine Lodge during the past season for sugar-making pur-

poses it was also found to resist longer than any other variety the

action of the frost. Late in October, when all the other varieties in the

expermental plat had been frost bitten, a great number of the leaves

of the Collier variety were still green and vigorous. Its working in

the experimental factory was only inferior to the Colman cane, and as

a practical sugar-maker this variety must be ranked next to the Col-

man cane.
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The good qualities of the McLean variety received two years ago
from Australia from Hon. Peter McLean, through the office of the Secre-

tary of State, have also been shown during the two years of growth.
While this variety, so far as chemical analysis is concerned, leads all

the others during the past two years, it has not shown as good results

in the factory as the Colmaii or Collier varieties. It is nevertheless

one of the most promising varieties and deserves the most careful prac-
tical tests.

It is a matter of regret to me that I am able to give no greater per-

sonal attention to this interesting work than an occasional visit to the

station, but this regret is tempered by the knowledge that the work lias

been intrusted to such able hands. It requires not only intelligence

and enthusiasm to conduct work of this kind, but an untiring industry
and an unruffled, patience. I think it will be granted by anyone who has

had any personal knowledge of the work at the station that these qual-

ities have been eminently manifested in the details of its work.

In regard to the lines of the experimental work, slight changes will

be made from time to time as experience may dictate. Heretofore the

work has been conducted solely by analytical data; hereafter it is

hoped that the element of practical work in the factory may enter into

the solution of the problem. Not only is it important that varieties of

cane shall be produced with high sugar content, low glucose, and high

purity, but also that the varieties shall be sturdy, able to endure the

vicissitudes of the climate in which they are grown, to withstand the

constant and severe winds of the central southwestern part of our coun-

try, to endure drought and rapid changes of temperature, to mature be-

fore killing frosts, and to be able to maintain their sugar content for

many weeks after the growing period has ceased. The solution of

many of these problems can not depend upon laboratory experience

alone; actual experience in the nictory must be the final test to which

all these varieties are to be subjected. It is evident at once that such

tests can not properly bemade in a factory making sugar on a commercial

scale. The only proper place for the solution of such problems is in the

experimental factory, such as was established during the past season

at Medicine Lodge. Keferring further to the lines on which the work
should be continued, I have in view not only the extension of the work

on the general line on which it has been carried on in Sterling, but also

its development in certain special lines looking more directly to its

practical use.

The time has now come when it is possible to furnish intending

growers of sorghum for manufacturing purposes varieties of seed of

satifactory character and developed from scientific selections extending
over a period of years. The growers of such seed, however, must not

be astonished to find among them some reversions to the primitive

forms. Especially is this true in the case of crosses, where many years

of careful selection will have to ensue before an absolute uniformity of
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standard can be secured. In most crosses at the present time there

would be found many reversions to parent types, so that the appearance
of "

sports"or of canes differing from the general type planted from
such seeds must not occasion astonishment.

For the first time, however, the Department has been able to offer

during the present season to intending growers for commercial pur-

poses a quantity of seed sufficient to plant their fields, grown from cane

developed from four years of careful selection, and containing, as we
believe, the germ of new life for the sorghum industry. With ordinary
seeds grown in the ordinary way the sorghum factories have almost
been able to be profitable. In fact, during the past year some of them
have made a profit. With seed which it is believed will produce at

least from 20 to 30 pounds more sugar per ton it must be possible for

such factories to enter upon an era of commercial prosperity.
The great object of seed selection and culture work, after all, is to

secure a large yield of merchantable sugar in the factory. That method
of selection and culture which will develop the variety best suited to

this purpose is the one that will stand the test of experience and result

in the greatest good. It is believed that the lines upon which the work
has been carried on during the past four years will need very little

modification to reach these results. The most speedy way to accom-

plish them is to combine the experimental factory with the experimental
field work. It is proposed, therefore, in another season to carry them
on together, so that the work of seed selection and testing of the vari-

eties in the experimental factory may be carried on side by side. In

this way not only will a greater economy be secured in conducting the

work, but also a greater efficiency.

The magnitude of the experimental work carried on in Sterling may
be realized by reference to the number of analyses executed. The whole
number of tests for the season amounted to over 100,000; this in-

cludes the examination of single canes and the general samples. In

order to obtain the average sugar content of any given plat a large

portion of it was run through a two-horse mill and the juice issuing
therefrom subjected to analysis. The total number of polarizations
made was 29,306 and the highest number of polarizations made in any
one day 1,520. Over 100,000 stalks were put through the mill sepa-

rately, and the juice therefrom examined with the saccharonieter.

The total number of single canes examined by polarization was 26,634 ;

of these 13,946 contained 15 per cent and over of sucrose in their

juice, and 12,688 failed to reach the standard of 15 per cent and were

rejected. Of the 13,946 samples which reached the standard, 5,905
contained a content of sucrose between 15 and 16 per cent; 5,296 from
16 to 17 per cent; 2,550 from 17 to 18 per cent; 1,727 from 18 to 19

per cent, and 23 contained over 19 per cent,

21383tfo. 34 4
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AT MANHATTAN.

It will be proper here to give a brief account, also, of experiments
similar to the above made at the Kansas State Agricultural College at

Manhattan, under the able direction of Prof. G. H. Failyer. The lines

of work were practically the same as those indicated for the station at

Sterling. The State station, however, could not be expected to enter

into the work on so extensive a scale as the Department does at Ster-

ling, inasmuch as a large portion of the energies of the State station

must necessarily be directed toward the development of other forms of

agriculture.

The varieties which were tested at the station at Manhattan were

thirty in number, including all the leading varieties grown at Sterling.

One thousand three hundred single stalks were examined and sixty-six

polarizations made. The results of the experiments at Manhattan sta-

tion showed that the Collier cane was the richest in cane sugar and the

lowest in reducing sugar. The highest percentages of sugar observed

in the juices were 18.95 in Collier, 18.25 in Colniau, and 18.59 in Kan-
sas Orange.

Experiments were also tried with fertilizers, but 110 deductions can

be drawn with certainty from the first year's work, with the exception of

the fact that Chile saltpeter seemed to increase the quantity of sucrose

in the juice. The season of 1891 is said to have been the most favor-

able for sorghum of any in the past eight years, the growing part of the

season being well supplied with rain and followed by a rather dry fall

favorable to the maturation of a sorghum rich in cane sugar. The

quality of sorghum grown at the station in previous years has never

approached the excellence attained by the crop of 1891. Part of this

improvement may be, and probably is, due to seed selection
j
but the

propitious season is credited with most of the increase in sugar content.

AT PATTERSON, LA.

Interesting and valuable experiments in sorghum culture were

also made by Mr. Wibray J. Thompson, on Mr. Daniel Thompson's
Calumet plantation, Patterson, La., during the past season, being a

continuation of the same line of experiments carried on by him in pre-

vious years. An effort was made even more earnestly than in former

years in the selection of seed for propagation from canes of high value,

and little or no time was given to investigating canes which did not

possess an important bearing upon the main work of improving the

varieties. Such matters as tonnage, proper fertilizers, and the like are

certainly of the highest importance in their influence on the final suc-

cess or failure of the plant as an economic source of sugar. It is pri-

marily necessary to secure a plant which shall assure reasonably good
returns for the expense of its proper cultivation. Mr. Thompson has

kindly placed the data ofthe season's work at the disposal of the Depart-

ment, and it will be found as a part of this report.
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It is a matter of congratulation that the work which the Department
has instituted has been found of such value as to incite private enter-

prise to undertake similar experiments in a soil and climate entirely
different from those which form the environments of the Department's
work in Kansas. The great object of Mr. Thompson's endeavors is, if

possible, to evolve a sugar-producing plant which may supplement the

sugar season with sugar cane in Louisiana. As is well known, by rea-

son of the severity of the climate in Louisiana, the sugar season is of

limited duration. Sixty days at most are all that can be counted for

general work with sugar cane without recourse to wiudrowing or some
other expedient for preserving the cane from the action of the frost.

As a result of this inclemency of the weather, the expensive machinery
for sugar-making must lie idle for eight or nine months of the year. It

has been Mr. Thompson's idea that if a sugar plant could be produced
which would enable the machinery of the factory to be set in operation,

say in September instead of the 1st of November, two months could be

added to the manufacturing season, and consequently the profit of

sugar manufacturing increased to that degree. Mr. Thompson has

therefore carried on at his own expense extensive cultural experiments
in sorghum on the same general lines indicated in the Sterling work for

the past three years with the most gratifying results, as will be seen

from his report which follows.

The general results of Mr. Thompson's experiments have shown that

so far as the climate and soil of Louisiana are concerned there are six

varieties which give promise of excellent results. Arranged in the

order of their excellence as determined by his experiments these varie-

ties are: Colnian, Collier, Planter's Friend, Link's Hybrid, Early

Orange, and Ubehlana. These results are very similar to those obtained

by the Department in Kansas, with the exception of the variety Ubeh-

laria, which seems to be very inferior to the others for sugar-making
purposes in Kansas. From an inspection of the tables it will be seen

that the minimum percentage of sucrose in the juice of the best single
canes of the different varieties is of the most satisfactory quantity, far

exceeding that reached by the sugar cane of the same locality. It must
not be inferred from this, however, that the sorghum is superior to the

sugar cane as a sugar-producing plant. The very fact that Mr. Thomp-
son does not use sorghum as a source of sugar shows that he is yet far

from being convinced that it can take the place of sugar cane as a

profitable source of sugar in Louisiana. It is only when the sorghum
cane is manufactured by the process of diffusion and the sirup subse-

quently treated with alcohol, that the yield per ton of merchantable

sugar can be expected to approach or exceed that of the sugar cane of

Louisiana.
AT MEDICINE LODGE.

The cultural work at Medicine Lodge was not directed toward im-

provement by seed selection, but to the study of general agricultural



52

methods and the collection of data relating to tonnage, sugar content,

and seed yield. It is believed that these matters, as determined by the

work, will prove of great practical utility.

For the purpose of testing agricultural methods in the production of

sorghum cane a field of 39J acres, lying 2 miles west ofMedicine Lodge,
was leased from Miller & Benedict.

The field has a gentle slope to the south and is quite level. The soil

is a deep rich loam of great fertility. The land was properly prepared

by deep plowing and subsoiling and was divided by the surveyor into

thirty-two plots in conformity with the appended plan. The descrip-

tion of the planting and of the agricultural work follows :

NOTES IN REGARD TO PLANTING.

The experimental field at Medicine Lodge was divided into plats and blocks as

indicated in Fig. 4. Each plat of the shorter ones was 40 feet wide and 1,000 feet

long. Each plat of the longer ones was 40 feet wide and 1,089 feet long, containing

exactly 1 acre. Each block contains two plats, save block No. 5, which has three.

The blocks are separated by alleys 10 feet wide.

Slock No. 1.

This block was planted as follows, on the 28th of April : Four rows of variety
No. 131 from pedigreed seed heads from Sterling, Kans., of the following num-
bers and mean composition: Seed head numbers, 8972, 8992, 8950, 6687, 8948, 8937,

8201, 10051, 6683, 8971, 8993, 10008, 8977, 8945, 8960, 8173, 8978, 8333, 8331, 8951,

9011, 6702. Mean Brix, 20.33. Mean sucrose, 16.80 per cent. Mean purity, 83.79.

Next one row of Folger's Early, from a seed head from Sterling, Kans., with no ped-

igree. One row of Early Amber, planted with seed head No. 1233; cut August 21,

1890; Brix, 21.7; sucrose, 16.6 per cent; purity, 76.50. One row of No. 161, planted
from seed head No. 9002, from Sterling, Kans.; Brix, 20.18; sucrose, 16.96 per cent;

purity, 84.10; cut September 11, 1890. Next, one row of Colman without pedigree,
and followed by two rows of Black African from bulk seed. One row of Link's

Hybrid without pedigree; one row of Folger's Early without pedigree; one row
No. 161 without pedigree ;

seed from Sterling, Kans.

Block No. 2.

This block was all deep plowed and subsoiled and planted with a drill on the

28th of April. The whole plat was planted with Black African seed in bulk, grown
on the experimental station at Sterling, Kans.

Block No. S.

This block was all deep-plowed and subsoiled. Beginning on the south side of the

block there were planted by hand on the 28th of April eight rows of Early Orange
from pedigreed seed, from Sterling, Kans., of the following numbers and mean com-

position: Seed-head numbers, 8775, 8723, 8804, 8713, 9248, 9280, 9285, 9287, 9292, 9295,

9296, 9301, 9302, 9340, 9381, 9392, 9525, 9531. Mean Brix, 20,27. Mean sucrose, 15.6

per cent. Mean purity, 76.98.
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Fra. 4. United States Department of Agriculture experimental field for sorghum cane, Medicine

Lodge, Kans.
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This was followed with seven rows of Medicine Lodge Orange, planted on the 27th

of April from seed heads grown by the Medicine Lodge Company, of the following

description : Mean Brix> 21.7
;
mean sucrose, 17.7 per cent

;
mean purity, 80.6. These

rows were in the center of plat No. 8. Next came two tows of Collier beginning
on the north side of block No. 8 from pedigreed seed heads grown at Sterling,

Kaus., of the following numbers and mean composition! Seed-head numbers, 8841,

8243, 8865, 8873, 9129, 9132, 9133, 9142, 9148, 9157, 9160, 9161, 9163, 9168, 9171, 9174,

9176, 9182, 9188, 9192, 9196, 9202, 9203, 9207, 9208; mean Brix, 21.25; mean sucrose,

17.62 per cent
;
mean purity, 82.31

;
followed by two rows of Undendebule No. 1 from

pedigreed seed heads from Sterling, Kaus., of the following numbers and mean com-

position : Seed-head numbers, 8853, 8857, 9101, 9122, 9134, 9141, 9144, 9151, 9153, 9164,

9173, 9180, 9725, 9945, 9962, 10501; mean Brix, 20.73; mean sucrose, 16.75; mean

purity, 80.8.

Block No. 4.

This block was deep-plowed and subsoiled. Beginning on the south side there

was planted on the 25th of April with a hand drill six rows Orange and Amber or

Colman cane from pedigreed seed heads from Sterling, Kaus., of the following

numbers and mean composition : Seed-head numbers, 7753, 7760, 7766, 7771, 8271, 8280,

8296,8304,8362,8369, 8385, 8564, 8620, 8657, 10339, 10653; mean Brix, 21.12; mean HH-

< rose, 17.17 per cent; mean purity, 81.29; followed by Colmau cane planted with a

drill on the 25th of April from seed heads grown from Sterling, Kaus.; followed by
six rows Orange and Amber cross (Colman cane) from pedigreed seed heads from

Sterling, Kans., of the following numbers and mean composition: Seed-head num-

bers, 8269, 8274, 8281, 8284, 8289, 8302, 8340, 8350, 8588, 8629, 8648, 8691
;
mean Brix,

20.07; mean sucrose, 16.48 per cent; mean purity, 82.11.

Block No. 5.

This block was deep-plowed and subsoiled and planted with a horse drill on the

30th of April with variety No. 161, bulk seed from Sterling, Kans.

Block No. G.

This block was deep plowed, subsoiled, and planted on the 30th of April with

Colman cane, with a horse drill. The seed was from Sterling, Kans.

Block No. 7.

This block was deep-plowed and subsoiled. It was all planted in variety No. 160,

with a horse drill, on the 1st of May.

Block No. 8.

This block was deep-plowed, subsoiled, and planted with variety No. 160, with a

horse drill, on the 1st of May.

Block No. 9.

The whole of this block was planted with Link's Hybrid on the 24th of April.

Plat 33 was planted with a planter, and plat 31 with a hand drill, with pedigreed

seed from Sterling Kans., of the foliowing numbers and mean description : Seed-head

numbers, 1994, 10422, 12005, 11997, 12002, 11993, 12011, 10430, 12007, 10481, 11525,

11510, 11501, 10464, 10458, 10485, 10478, 10444, 10482; mean Brix, 22.69; mean su-

crose, 17.65; mean purity, 78.17.
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Block No. 10.

This block was plowed 10 inches deep and subsoiled to a depth of 16 inches. It

was planted as follows : In plat 33, six rows of Early Amber were listed on the 22d

of April. Plat 33, and extending four rows into plat 31, was planted with Early

Orange on the 23d of April with a hoe. The rest of plat 31 with Early Orange,

planted with a hoe, on the 24th of April.

Block No. 11.

This block was planted with Eatly Amber. Plat 36 was planted with a hoe on the

20th of April, and plat 34 with a lister on the 22d of April. This block was not sub-

soiled.

Block No, 12,

The planting of cane on the experimental field commenced on the 20th of April ori

this block. This block was planted as follows : On the north side are planted seven

rows of variety No. 112 from pedigreed seed from Sterling, Kaus., of the following
numbers and mean composition: Seed-head numbers, 5989, 5789, 6055, 6104, 6105,

6108, 6152, 6176, 6180, 6195, 6199, 6204, 6211, 6233, 6239, 6348, 7888, 7891, 7895, 7902,

8130; mean Brix, 20.33; mean sucrose, 16.91; mean purity, 80.04.

Beginning with the eighth row from the north of plat 38, there are planted four

rows of variety No. 126, from pedigreed seed heads from Sterling, Kans., of the fol-

lowing numbers and mean composition: Seed-head numbers, 11919, 11920, 11921,

11922, 11923, 11924, 11925; mean Brix, 21.26; mean sucrose, 15.98; mean purity, 75.65.

Three rows in the plat north of 38, of Early Amber; eleven rows of Early Amber
on plat 39

;
four rows of No. 126 on plot 37, and seven rows of No. 112.

This block was not subsoiled and all of it was planted with a lister except three

rows of Early Amber in the north plat, which were planted with a hoe. Varieties No.

112 and 126 were planted on the 27th of April.

Block No. IS.

This block was not subsoiled and all the cane was listed. Beginning on the south

side, it was planted with six rows of No. 91, from pedigreed seed heads from Ster-

ling, Kans., of the following numbers and mean composition: Seed-head numbers,

11941, 11953, 11954, 11957, 11958, 11959, 11968, 11970, 11972, 11975, 11976, 11979, 11981,

11984, 11998, 11991, 11992; mean Brix, 23.38; mean sucrose, 17.71 per cent; mean

purity, 75.32; followed by two rows of No. 160, from pedigreed seed heads from Ster-

ling, Kans., of the following numbers and mean composition: Seed-head numbers,

7156, 7164, 7169, 10603, 11381, 12204, 12206, 12213; mean Brix, 22.24; mean sucrose,

17.11; mean purity, 76.93; followed by eight rows of Alapor Jowar from bulk seed

from Sterling, Kans., followed by eight rows of Folger's Early, from pedigreed seed-

heads from Sterling, Kans., of the following numbers and mean composition: Seed-

head numbers, 7828, 7777, 7049, 8042, 7174, 7864, 8044, 7222, 7796, 7705, 7793, 7527,

8039, 7069, 7233, 8033, 7461, 7858, 7361, 7858, 7361, 7856, 7062, 7595, 7180, 7861, 7972,

8040, 7991, 7710; mean Brix, 20; mean sucrose, 16.91; mean purity, 84.55. Next came
two rows of Planters' Friend from pedigreed seed heads from Sterling, Kans., of the

following numbers and mean composition: Seed-head numbers, 9759, 7983, 9758,

9848, 9754, 9788, 9835, 9821, 9794, 9844, 9832; mean Brix, 19.74; mean sucrose, 14.21;

mean purity, 71.98.

Block No. 14.

This block was not deep-plowed. The cane was all listed, and beginning on the

south side there were planted five rows of Folger's Early from pedigreed seed heads

from Sterling, Kans., of the following numbers and mean composition: Seed-head
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numbers, 8036, 7288, 7322, 7926, 7570, 7947, 7328, *7240, 7799, 7950, 7714, 7575, 7378, 7694,

7386, 7600; mean Brix, 19.15; mean sucrose, 15.47; mean purity, 80.78; followed by
three rows of Early Amber from Sterling, Kans., of the following numbers and mean

composition: Seed-head numbers, 3795, 5461, 5448, 5449, 5732, 5558, 2692, 3793, 3790,

5413, 2928, 5447, 5337, 5442, 125, 3478, 2603, 2927, 3788, 3779, 4253, 2682, 5735, 2945, 756,

5200, 5548, 5336, 5458; mean Brix, 20.58; mean sucrose, 16.8; mean purity, 81.63; fol-

lowed by 16 rows of India and Orange planted from bulk seed from Sterling, Kans.,

on the 29th of April.

Block #0. 15.

"This block was planted on the 29th of April with a lister, beginning on the south

side with 16 rows of Ubehlana, followed on the north with ten rows of Colman cane

on the 29th of April.

DATA EELATINO TO CANE GROWN ON THE EXPERIMENTAL FIELD.

CULTIVATION.

The cultivation of the station field was conducted under the superin-

tendency of Mr. Eli Benedict, to whose skill and enthusiasm the success

of the cultural part of the work is due. Mr. Benedict gave the work his

personal attention and by his careful oversight secured from the labor-

ers the necessary precautions favorable to the proper growth of the

young plants.

In addition to the ordinary cultivation with harrow and plow, the

plants were carefully hoed and thinned at from two to three weeks after

coming up. The field was kept entirely free of weeds, the healthy and

vigorous plants were retained in the process of thinning, and the agri-

cultural aspect of the station at the time of the beginning of the harv-

esting was all that the most fastidious could desire.

The principles which controlled the cultivation were those naturally
in force in the kind of climate prevailing at Medicine Lodge, namely,

deep plowing in the preparation of the seed bed, thorough tilth of the

surface secured by frequent stirring to shallow depth, and the proper
attention to the young plantlets with the hand and hoe. So success-

ful were the results of the cultural work that although during the lat-

ter part of July and nearly the whole of August a severe drought pre-

vailed, yet there was no firing of the plants, the leaves remaining green
down to the ground up to the time of its maturity.

Heretofore but little attention has been given to the necessity of care-

ful culture, but the results of the first year of this kind of work are so

encouraging as to lead to the entertainment of the hope that hereafter,
in the growth of sorghum, the proper attention will be given to this

important subject.

YIELD AND QUALITY.

It was thought best to make a comparative test of all the varieties

of cane grown at as nearly as possible the same time. This was accom-

plished with all the varieties, except the Early Amber, the whole of
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which was used up in trials of the machinery at the factory. The time

selected for this test was one that would represent as well as possible

all the different varieties. Some of our earlier varieties were perhaps
a little over ripe and some of the later varieties were decidedly green,
but the tests made apply fairly well to all the varieties as they ap-

peared at the middle of September.
A measured quantity of an acre was taken for each determination.

On serial numbers 2 to 10, inclusive, one row 1,000 feet long 3 feet 10

inches wide was cut, representing .088 of an acre. Eleven and four

tenths (11.4) rows of this cane represent 1 acre. On serial numbers 1

and from 11 to 1G, inclusive, the rows were 1,089 feet in length, repre-

senting .096 of an acre and 10.5 rows make 1 acre.

An attempt was made to have the canes cut and all the weighings
made as quickly as possible, so as to avoid changes in weight in the

leaves due to the evaporation of the water which they contain. This

was not always possible, but in nearly all of the cases the leaves were

weighed before they had had time to loose weight from the cause stated.

The method of obtaining the weights was as follows :

The canes were cut and loaded in the field, the tops all being placed
as evenly as possible on the wagon rack. The whole load was then

weighed, the tops were immediately cut off with a cane knife, and the

load reweighed, the difference in weights giving the weight of the seed

tops. The seed tops were cut the usual length for manufacturing pur-

poses. The topped cane was then run through the cutting and clean-

ing apparatus, and the trash which was separated by the cleaning ap-

paratus collected and weighed. This weight deducted from the weight
of the topped cane gave the weight of the cleaned cane entering the

cells of the battery. The number of cells of the battery filled divided

into the total weight of cleaned cane entering the battery gave the

weight of cleaned cane chips in each cell. The data give an accurate

idea of the proportion of whole cane, seed tops, and leaves con-

tained in canes which are still green. All the varieties of cane

were green and vigorous, the blades being green almost to the ground.
Of course the relative weights of blades to the cleaned cane and seed

tops would be greatly altered after frost.

DATA OBTAINED FOB EACH VARIETY.

Folger's Early.

This cane was cut on the 15th of September from block 13 :

Weight of whole cane pounds.. 2,700

Weight of seed tops do 430

Weight of topped cane do.... 2,270

Weight of trash, that is, the material blown out by the cleaning

apparatus pounds. . 323

Per cent of seed tops to whole cane 15. 93

Per cent of trash to whole cane... 11.96
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Folger's Early Continued.

Per cent of trash to topped cane 14. 23

Yield of whole cane per acre tons . . 13. 96

Yield of seed tops per acre. do. . . 2. 23

Yield of trash per acre do. . . 1. 67

Yield of cleaned cane per acre do ... 10. 07

Sucrose in the juice per cent.. 15. 75

Brix of the jnice , . do ... 22. 40

Purity of the juice . . do. . . 70. 3

Total quantity of sugar contained in the cleaned cane, per acre,

pounds 2,745
Clean seed, per acre pounds . . 2, 340

The samples taken for analysis were obtained in the following way;
As the cells of the battery were filling with the chips, ten small hand-

fulls were taken out at as nearly as possible even intervals during the

filling of the cells. The same method of sampling was followed through-
out. The whole mass of chips thus obtained was then passed through
a small sample mill and the juice expressed subjected to analysis. In

this way it is believed that an absolutely fair sample of the cane is ob-

tained.

Colman Cane.

Two samples of Colman Cane were taken from two separate plats.

The first was taken from block No. 1 and was cut on the 16th of Sep-

tember.

Total weight of whole cane per acre tons . . 12. 08

Total weight of topped cane per acre do. . . 9. 80

Total weight of cleaned cane per acre do ... 8. 09

Total weight of seed heads per acre do ... 2. 28

Total weight of trash per acre do ... 1. 66

Number of stalks per acre 14, 022

Sucrose in juice per cent.. 14. 50

Yield of sugar per acre in cleaned cane pounds . . 2, 071

Link's Hybrid.

The sample of Link's Hybrid was also taken from block No. 1 and was

by no means as good a sample as was growing on another block of the

experimental field. It was harvested and examined on the 16th of

September.

Weight of whole cane per acre tons.. 10. 72

Weight of topped cane per acre do. . . 8. 95

Weight of cleaned cane per acre do. . . 7. 67

Weight of seed tops per acre do ... 1. 77

Weight of trash per acre do ... 1. 26

Number of stalks per acra 11, 434

Sucrose in juice per cent.. 13. 1

Purity of juice .* do ... 68. 70

Yield of sugar per acre in cleaned cane pounds . . 1, 758
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Black African.

The sample of Black African examined was grown on Block No. 2.

It was harvested and examined on the 16th of September.

Weight of whole cane per acre tons . . 13. 17

Weight of topped cane per acre do ... 10. 66

Weight of cleaned cane per acre do. . . 9. 17

Weight of seed tops per acre do ... 2. 51

Nuniher of stalks per acre 15, 253

Weight of trash per acre tons. . 1. 48

Yields of clean seed per acre pounds. . 1. 093

Sucrose in the juice per cent . . 12. 95

Purity of the juice do. . . 69. 70

Yield of sugar per acre in cleaned cane pounds. . 2, 090

Early Orange.

The Early Orange was harvested and examined on the 15fh of Sep-

tember. It was grown on block 3.

Whole cane per acre tons . . 14. 54

Topped cane per acre do ... 12. 08

Cleaned cane per acre do ... 9. 86

Seed heads .'.do... 2.45

Trash per acre do. .. 1. 64

Nuniher of stalks per acre 17, 533

Weight of clean seed per acre 1, 937

Sucrose in the juice 1 er rent.. 10.20

Purity of the juice do. . . 62. 70

Yield of sugar per acre in cleaned cane 1, 767

Collier cane.

This cane was harvested and examined on the 16th of September and

was grown on block No. 3.

Weight of whole cane per acre tons . . 16. 36

Weight of topped cane per acre do. . . 14. 35

Weight of cleaned cane per acre do. .. 11. 48

Weight of seed tops per acre do ... 2. 00

Weight of trash per acre do. . . 1. 88

Weight of clean seed per acre pounds. . 1, 304

Number of stalks per acre 24, 339

Sucrose in the juice per cent . . 13. 75

Purity of the juice do... 69.2

Yield of sugar per acre in cleaned cane pounds . . 3, 021

Colman cane.

This sample was harvested and examined on the 16th of September
and was grown on block No. 3.

Yield of whole cane per acre tons. . 14. 78

Yield of topped cane per acre do ... 13. 11

Yield of cleaned cane per acre do. . . 11. 51

Yield of seed tops per acre . do. . . 2. 52
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Caiman cane Continued.

Yield of trash per acre , tons. . 1. ($

Yield of clean seed per acre pounds. . 2, 384

Number of stalks per acre 20, 995

Sucrose in the juice per cent . . 14. 10

Purity of the juice do... 71.6

Yield ofsugar per acre in cleaned cane pounds. . 2
7
670

McLean.

Harvested and examined on the 16th of September and grown on

block No. 3.

Yield of whole cane per acre tons.. 11.69

Yield of topped cane per acre do. . . 9. 58

Yield of cleaned cane per acre do 8. 61

Yield of seed tops per acre do 2. 11

Yield of trash per acre do .97

Yield of clean seed per acre pounds . . 1, 768

Number of stalks per acre 11, 147

Sucrose in the juice per cent . . 13. 55

Purity in the juice do ... 71. 3

Yield of sugar in cleaned cam-, p-r a<-re pounds.. 2,104

Variety No. 161.

Harvested and examined on the 17th of September. This sample was

grown on block 6.

Yield of whole cane per acre tons.. 15. 04

Yield of topped cane per acre do. . . 12. 65

Yield of cleaned cane per acre do... 10.89

Yield of seed tops per acre do 2. 34

Yield of trash per acre do ... 1. 77

Yield of clean seed per acre pounds. . 1, 904

Number of stalks per acre do. . . 24, 168

Sucrose in juice per cent.. 9.4

Purity in tLe juice do. .. 59.9

Yield of sugar in cleaned cane per acre pounds. . 1, 805

Variety No. 160.

This plat was harvested and examined onthe 17th of September. It

was grown on block 9.

Yield of whole cane per acre tons.. 11.06

Yield of topped cane per acre do... 9.41

Yield of cleaned cane per acre tons.. 8. 38

Yield of seed tops per acre do. . . 1. 67

Yield of trash per acre do. .. 1. 03

Yield of seedper acre pounds.. 1, 196

Number of stalks per acre 15, 561

Sucrose in juice ,per cent. . 12. 10

Purity in the juice do... 67.2

Sugar in cleaned cane per acre pounds. . 1, 995
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Planter's Friend.

Harvested and examined on the 18th of September. Grown on

Block No. 15.

Yield of whole cane per acre tons. . 14. 58

Yield of topped cane per acre do... 12.72

Yield of cleaned cane per acre do. .. 10. 60

Yield of seed tops per acre do. . . 1. 86

Yield of trash per acre do ... 2. 12

Yield of seed per acre pounds. . 1, 180

Number of stalks per acre 18, 622

Sucrose in juice per cent.. 14. 35

Purity of juice do... 68.51

Yield of sugar in cleaned cane per acre pounds . . 1, 870

India and Orange.

Harvested and examined on the 18th of September. Grown on

Block No. 16.

Yield of whole cane per acre tons. . 13. 80

Yield of topped cane per acre do... 11.43

Yield of cleaned cane per acre do ... 9. 56

Yield of seed tops per acre do... 2.38

Yield of trash per acre do. . . 1. 86

Yield of seed per acre pounds . . 2, 099

Number of stalks per acre 15, 789

Sucrose in juice per cent.. 12.25

Purity of juice do... 68.51

Yield of sugar in cleaned cane per acre pounds . . 2, 059

Variety No. 91.

Harvested and examined on the 18th of September. Grown on Block

No. 13:

Yield of whole cane per acre tons . . 14. 33

Yield of topped cane per acre do 11. 47

Yield of cleaned cane per acre do. . . 10. 19

Yield of seed tops per acre do. . . 2. 49

Yield of trash per acre do. . . 1. 76

Yield of seed per acre pounds. . 2, 558

Number of stalks per acre 18, 095

Sucrose in juice per cent.. 12.45

Purity of juice do... 64.0

Yield of sugar in cleaned cane per acre pounds . . 2, 237

Variety No. 126.

The cane was harvested on the 18th of September and was grown
on Block No. 13:

Yield of whole cane per acre tons.. 10.01

Yield of topped cane per acre do ... 9. 41

Yield of cleaned cane per acre do 7. 01

Yield of seed tops per acre do ... 1. 61

Yield of trash per acre do. . . 1. 39

Yield of seed per acre pounds. . 1, 166

Number of stalks.p'er acre 13,959

Sucrose in juice per cent . . 16. 25

Purity of juice do... 73.1

Sugar in cleaned cane per acre ., pounds.. 2,294
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Variety No. 112.

Harvested and examined on the 18th of September.
o. 13:

Grown on Block

Yield of whole cane per acre .......................... tons. . 13. 28

Yield of topped cane per aero .......................... do. . . 11. 27

Yield of cleaned cane per acre ......................... do ... 9. 53

Yield of seed tops per acre ............................. do ... 2. 01

Yield of trash per acre ................................ do. . . 1. 76

Yield of seed per acre .............................. pounds . . 2, 558

Number of stalks per acre ................................... 19, 87 i

Sucrose in the j nice ............................... per cent . . 14. 15

Purity of j u ice ......................................... do ... 71

Weight of sugar in cleaned cane per acre ........... pounds . . 2, 369

Ubchlana.

Harvested and examined on the 18th of September. Grown on Block

No. 16:

Yield of whole cane per acre .......................... tons.. 13.65

Yield of topped cane per acre .......................... do. . . 11. 42

Yield of cleaned cane per acre ......................... do ___ 9. 77

Yield of seed tops per acre ............................. do... 2.23

Yield of trash per acre ................................. do ___ 1. 65

Yield of seed per acre .............................. pounds. . 1, 399

Number of stalks per acre .................................. 17, 392

Sucrose in the juice ............................... per cent. . 12

Purity of juice ......................................... do.. . 65.8

Yield of sugar per acre of cleaned cane ............. pounds . . 2, 090

The foregoing data, for convenience of reference, are collected in the

following table:

Data calculated for one acre by careful measurement of cane (frown on a measured area.

Serial
No. Variety.

Folger's Early

Colmaii cane

Link's Hybrid....

Black African

Early Orange

Collier

Colmaii cane

Australian

No. 161

No.160

No. 91

No. 126

No. 112

Planters' Friend . .

India and Orange.

Ubehlana

Date.

Sept. 15

Sept. 16

...do...

..do...

..do...

...do...

..do....

..do...

Sept. 17

..do...

Sept. 18

..do...

..do...

..do...

..do...

..do ..

Plot. Area.

Acre.

.096

.088

.088

,088

,088

.096

.096

.096

In .sample.

Seed
tops.

Pounds.

430

400

310

440

430

350

460

370

410

290

460

310

430

Whole

Pounds.

2,700

2,120

1,880

2,310

2,550

2,870

2,760

2,050

2,630

1,940

2,770

2,130

2,570

2,20

2,670

2,640

Topped

Pounds.

2,270

1,720

1,570

1,870

2,120

2, 520

2,300

1,680

2,220

1,650

2,310

1,820

2,180

2,460

2,210

2,210

Trash.

Pounds.

323

290

220

260

aw
330

280

170

310

180

340

270

340

410

360

320

Clean
cane.

Pounds.

1,947

1,430

1,350

1,610

1,730

2,190

2, 020

1,510

1,910

1,470

1,970

1, 550

1,840

2,050

1,850

1,890
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Data calculated for one acre l)y careful measurement of cane grown on a measured area
Continued.

Serial
No.
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Early Orange Seed hard. Caiie stands up well.
Collier Seed, mostly in milk and dough. Cane very tall, but stands up well. Very

green.
Colman Seed mostly hard, very few being in dough. Cane stands straight and

strong.
Australian Seed hard. Cane had lain cut in sun from morning till 3 p. m; leaves

wilted.
No. 161 Seed apparently ripe. Cane large, fine-looking, and stands up well.

Leaves very green.
No. 160 Seed mostly hard, leaves green. Canes tall and slender, somewhat

tangled.
No. 91 Seed apparently ripe, blades green. Canes tall, slender, of uneven height

and standing well
No. 126 Seed ripe, leaves very green. Cane quite slender, standing well.
No. 112 Seed ripe, leaves very green. Cane short and stocky.
Planter*' Friend Seed mostly hard, but some in dough. Cane very vigorous;

leaves green.
India and Orange Seed mostly hard, but some in dough. Leaves very green.

Cane vigorous and stocky.
Ubchlana Seed half in dough ;

leaves quite green. Cane fine and stocky.

CULTURAL WORK AT CALUMET (PATTERSON, LA.)

[Conducted under the direction of Mr. WIBRAY J. THOMPSON, by Mr. P. E. COOMBS.]

The experimental cultivation of sugar-producing varieties of sorghum

cane, the results of which for the seasons of 1889 and 1890 have already

been published, was continued in 1891, with the employment of similar

methods of planting, of agricultural treatment, and of chemical exam-

ination.

Effort was concentrated even more than in former years upon the

selection of seed for propagation from canes of high value, and little or

no time was given to investigating questions which did not possess an

immediate bearing upon the main work of improvement of varieties.

Such matters as tonnage, appropriate fertilizers, and the like are cer-

tainly of the highest importance in their influence upon the final suc-

cess or failure of the plant as an economic source of sugar, but it is

primarily necessary to acquire a sorghum which shall insure reasonably

good returns for the expense of its proper cultivation. And, having

gained that point, its agricultural needs would be more properly the

province of State experiment stations to discover than of individual

planters, who are generally quite too busily occupied in the practice to

afford much time to the theory of agronomy.

Recognizing, however, the need of establishing for how long a period

the more valuable varieties of sorghum can be trusted to furnish, con-

tinuously, canes of high purity and sucrose after a satisfactory condi-

tion in these regards has been reached during the plant's growth, as

well as the value of analyses of average samples in the comparison of

varieties, a limited number of such was chosen and plots of large size

were planted, intended to furnish average samples unvitiated by any

culling out of canes for seed selection. All the average samples ana-

lyzed were drawn from these plots, and none of the seed selection plots

were used for any work besides analyses of single canes,
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Among the striking peculiarities of sorghum cane, and one which has
been noticed throughout the whole time of its culture on this plantation,
is its extreme susceptibility to variation of weather or of soil. It has

been found that for any variety of sorghum grown here no period of

growth or, better, length of time required from germination to matur-

ity can be even approximately assigned. For the same variety, grown
in two seasons, or planted at different dates in the same season, this

period may differ by from three to nearly six weeks. This fact is one
which for the present sets at naught any attempt to arrange two or

more plantings which shall follow each other with any reasonable reg-

ularity in date of ripening.

Before proceeding with the account of the season's results, the valu-

able assistance rendered in the laboratory and otherwise by Mr. O. D.

Berwick, jr., of Bayou Sale, La., should be acknowledged.

EXPERIMENTS OF 1891.

In the season's experiments two plantings were made at different

dates, it being judged unwise to risk the result of past years
7

propa-

gation work to the chances of entire loss by drought or excessive rains

which might destroy one planting, but would scarcrly continue long

enough to endanger two. By this plan, also, it was hoped to distribute

the selection of seed over a longer period, avoiding much hurried and
therefore unsatisfactory work in the laboratory.
After study of the field and chemical data collected during the sea-

sons of 1889 and 1890 at Calumet, with many varieties of sorghum, it

was decided to continue trial of the following ten : Early Orange, Link's

Hybrid, Collier's, Ubehlana, Improved Orange, Late Orange, Planter's

Friend, Colman Cane, Sterling (plat No. 14 of 1888), Bed Liberian.

Of these varieties, Colman Cane, Collier's, Planter's Friend, Link's

Hybrid, Early, Late, and Improved Orange, were considered to be of

best promise, lied Liberian and Sterling (plat No. 14) were retained for

a final trial, but with little expectation that they would prove better

than in the past. Besides the Calumet-grown stock of Colman Cane,

Collier's, and Link's Hybrid, a number of selected seed heads of these

varieties, grown at Sterling, Kans., in 1890, were received from Mr. A.
A. Denton, superintendent of the Department of Agriculture experi-
ment station at that place. From him were also received a few heads

labeled "
Sterling, lot No. 161," described as a cross of Link's Hybrid

with Early Amber, resembling in form the Link's Hybrid type.
In addition to the above a few special plats were made with seed

from certain large sports or crosses produced in several of the 1890

plots. The varieties upon which seed selection work was done this

season were planted in plats each from a single head, as before noted,
and were in most cases duplicated in the two plantings.
The field in which the 1891 plats were grown was one upon which

no sorghum had been previously planted, and was in a crop of ratoon

21383 No. 34 5
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sugar cane when chosen. On March 27 the stubble of this cane was

plowed out and destroyed, the soil very thoroughly loosened, and the

rows destined for the sorghum were further mellowed and opened out

by hoe and in readiness for planting. The earth being in excellent con-

dition at this time, the first series of plats was seeded on the following

day, dropping and covering to a depth of 1 inch, being done by hand

as in all former experiments with sorghum here.

To guard against likelihood of crossing, alternate parallel rows, 28

feet apart, were used for the first series of plats, and as far as practicable,

the latter maturing varieties intervened between the earlier kinds. The

alternate unused rows were afterward occupied by the later planting.

When both series had been planted the order was as follows: Plat No.

1, an early variety, first series; plat No. 2, an early (or late) variety, sec-

ond series; plat No. 3, a late variety, first series; plat No. 4, a late (or

early) variety, second series, etc., these neutral plats thus always lying

between any two which were at all likely to be in flower at the same

period. Three tiers of parallel rows completed the field, with plenty of

space between the opposite ends of the plats.

Seed were planted much more thinly than in former seasons and the

little thinning of canes afterward needed was done as required. Culti-

vation was confined to keeping the rows free from weeds and grass and

the soil from baking on the surface, and was chiefly effected by hand

hoeing. One plowing was given to this series on the one hundred and

eighth day, breaking out the soil between the rows at a distance suffi-

cient to avoid damaging the roots, this being the final working.

On the 30th of March, the second day following, three large plats

(single rows) were planted for the average sample work, these being

designated by letters and representing Collier's, Link's Hybrid, and Col-

man Cane, and on April 1 a fourth such plat (of Early Orange), the

last being planted with and receiving the same scanty attention as a

crop of Red Liberian grown for forage in another field.

A week of cold weather ensued, frost forming on the night of April

5, and germination was checked, very few plants having shown above

the ground. Following upon this setback was a drought, but two inap-

preciable showers falling in seventy-one days, from March 28 to June 7,

on the latter date a rain of lg inches occurring. The influence of this

dry weather was disastrous upon the sorghum, and was intensified by
the fact that no cultivation was given the plats while it lasted, thus

allowing the surface of the ground to bake and harden. At the date

last mentioned the plats hardly averaged a 25 per cent stand, and the

canes which survived were of all heights and sizes, and to all appear-
ances the whole planting seemed an utter failure. From June 7 to 18

warm, wet weather prevailed, 6 inches of measured rainfall occurring
in this period, which not only produced a great improvement in canes

already up, but also caused an unlookedfor germination of seed which
had lain in the ground since the date of planting, more than two jnouths
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before. Dry, hot weather succeeded until the 25th of June
; afterwards,

alternations of hot and bright weather with frequent rains afforded ex-

cellent growth conditions until the 24th of August, when a term of

unusually low temperature began, the thermometer reaching a minimum
of 57 F. on the night of the 25th, and no really warm days were expe-
rienced until the first of September, by which time the canes of the first

planting had for the most part reached full maturity.
The effects of the weather conditions upon the first series were: A

check to germination at the start, due to low temperature injuring all

the plots and destroying two of them entirely; a further injury by

drought, preventing germination of such seed as had not sprouted at

the outset and retarding growth generally, this evil being possibly in-

creased by the lack of cultivation. The average length of time required

by this series before the panicles appeared exceeded that of the second

series by forty two days ; very great improvement in all the plots by

hot, moist weather, the stand largely increasing by the starting up of

dormant seed. Agriculturally considered, this planting was far from

successful, and a crop of sorghum grown for sugar making under the

same conditions would have been a complete loss.

Below are given the plats of the first series, showing the source and

juice analysis of the parent (1890) canes, best single stacks found in the

derived (1891) plats, and any notes of description which seem worth re-

cording.

FIRST SERIES PLANTED FROM SINGLE HEADS FOR SEED SELECTION.

Plat No. 1 (Early Orange). Derived from best single cane selected from Calumet

Plat B, 1890, cut on the one hundred and seventh day from planting. Juice of this

cane, serial No. 458, 1890: Sucrose, 15.35; purity, 75.69; glucose, .59; nonsugars,
4.34. Best single stalk of derivato plat, serial No. 284, 1891, cut on the one hundred

and fifty-fourth day: Sucrose, 16.85; purity, 80.97; glucose, .59; nonsugars, 3.37.

About 40 per cent stand was attained. Panicles fully developed by the one hundred
and twentieth day ;

seed matured by the one hundred and forty-sixth.

Plat No. 3 (Red Liberian). Derived from the best single cane selected from Calu-

met Plat 5 A, 1890, cut on the one hundred and thirty-fourth day from planting.
Juice analysis of this cane, serial No. 207, 1890: Sucrose, 14.20; purity, 71.53. Best

single stalk of derivate plat, serial No. 457, 1891, cut on its one hundred and sixty-

fourth day: Sucrose, 16.15; purity 74.73; glucose, 2.46; nonsugars, 3. Panicles

fully out by the one hundred and twentieth day ;
seed hard by the one hundred and

fortieth day. This variety is to be discontinued at Calumet, having given in two

years' culture no canes of as high analysis as the parent (Kansas) stock, being too

low in purity to warrant further trial, and having nothing to recommend it in point
of size or form.

Plat No. 5 (Link's Hybrid). Derived from the second best single cane selected from

Calumet Plat C, 1890, cut on the one hundred and thirty-fourth day from planting.
Juice analysis of this cane, serial No. 497, 1890: Sucrose, 15.10; purity, 79.97. Best

single stalk of derivate plat, serial No. 332, 1891, cut on the one hundred and fifty-

seventh day: Sucrose, 18.45
; purity, 82.55; glucose, .74; nonsugars, 3.16. Panicles

for the most part developed by the one hundred and thirteenth day; seed hardening
by the one hundred and fortieth day. Stand of about 80 per cent secured. Notably
a variety prone to offshoots.
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Plat No. 7 ( Collier's}. Derived from the second best single cane selected from Calumet
Plat No. 22, 1890, cut on its one hundred and twenty-third day. Juice analysis of this

cane, serial No. 414, 1890: Sucrose, 17.15, purity, 80.93. Best single stalk of derivate

plat, serial No. 226, 1891, cut on its one hundred and fifty-first day: Sucrose, 18.95
;

purity, 83.59
; glucose, .57

; norisugars, 3.15. Panicles fully out by the one hundred and
thirteenth day ;

seed brittle by the one hundred and forty-seventh day. Very slen-

der canes, remarkably scanty in seed production ;
40 per cent stand attained.

Plat No. 9 (Link's Hybrid). Derived from the best of two single seed heads grown
at Sterling, Kans., in 1890, and received from Mr. A. A. Denton. Juice analysis of

the parent cane, labeled "Lot No. 59, serial No. 12041, 1890 :" Sucrose, 17.10; purity,

79.90. Best single stalk of derivate plat, serial No. 135, 1891, cut on the one hundred and

forty-seventh day : Sucrose, 18.00; purity, 89.78; glucose, .78;nousugars, 1.27. Many
panicles out by the one hundred and twentieth day, but development was not reg-

ular, and as many canes had at that date no indication of heading. Seed for the

most part hard by the one hundred and forty-seventh day. A very poor stand of

rather slim canes. Fewer offshoots than the older (Calumet) stock.

Plat No. 11 ( Ubehlana). Derived from the best single cane selected from Calumet
Plat No. 18, 1890. Juice analysis of this cane, serial No. 227, 1890, cut on the one

hundred and thirty-fourth day: Sucrose, 14.60; purity, 73.18. Best single stalk of

derivate plat, serial No. 504, 1891, cut on its one hundred and sixty-eighth day : Su-

crose, 17.55
; purity, 77.48

; glucose, 1.50
; nousugars, 3.60. Panicles fully out by the one

hundred and twenty-fifth day ;
seed hard by the one hundred and fifty-fifth day.

This plat was nearly destroyed by the cold weather at the beginning of the season,

and was very gappy and irregular. Such canes as survived maintained the previous
record of the variety for large size and abundant yield of juice.

Plat No. 13 (Improved Orange). No seed germinated.
Plat No. 15 (Planter's Friend). Derived from the best single cane selected from

Calumet Plat, No. 17, 1890. Juice analysis of this cane, serial No. 269, 1890, cut on

its one hundred and thirty-seventh day: Sucrose, 17.00; purity, 78.63. Best single

stalk of derivate plat, serial No. 363, 1891, cut on its one hundred and fifty-eighth

day: Sucrose, 20.10; purity, 81.44; glucose, .92; nonsugars, 3.66. Panicles all fully

out by the one hundred and twentieth day ;
seed hard by the one hundred and forty-

eighth day. A moderately good stand was secured in this plat; canes of only fair

size.

Plat No. 17 (Late Orange). Derived from the second best single cane selected

from Calumet Plat No. 6, 1880. Juice analysis of this cane, serial No. 3, 1890, cut on

its one hundred and twenty-first day : Sucrose, 16.25; purity, 79.58. Best single stalk

ofderivate plat, serial No. 440, 1891, cut on its one hundred and sixty-fourth day:

Sucrose, 18.50; purity, 82.92; glucose, 1.22; nonsugars, 2.58. Panicles out by the

one hundred and thirteenth day ;
seed hardening by the one hundred and forty-fifth ;

a good stand ofvigorous canes. Noted, however, with Plat No. 18, also Late Orange,
as the only canes seriously affected with "red disease" this season.

Plat No. 19 (Colman Cane). No canes came up.
Plat No 21 (Sterling, Kans., Lot No. 161, 1890). Derived from the best of two sin-

gle heads grown at Sterling in 1890, and received from Mr. A. A. Denton. Juice

analysis of parent cane, serial No. 10050, Sterling, 1890: Sucrose, 16.95; purity, 79.30.

Best single stalk of derivate plat, serial No. 179, 1891, cut on its one hundred and

forty-ninth day : Sucrose, 17.50; purity, 81.13; glucose, .53; iionsugars, 3.54. Pani-

cles fully out by the one hundred and thirteenth day ;
seed hard about one hundred

and thirty-fifth day. The canes of this plat and of Plat No. 22 (same variety) were

very deficient in seed-producing power, the primary panicles being almost or quite

barren. A very good stand was grown in this plat, but the canes were exceedingly
slender and developed axillary panicles profusely, each cane bearing from three to

four of them as early as the one hundred and twentieth day; not a satisfactory

variety in any respect.
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Plat No. S3 (Sterling, Eans., Plat No. 14 of 1888.) Derived from the best single

cane selected from Calumet Plat No. 13, 1890. Juice analysis of this cane, serial No.

254, 1890, cut on its one hundred and thirty-sixth day: Sucrose, 15.35; purity, 7G.02.

Best single stalk of derivato plat, serial No. 371, 1891, cut on its one hundred and

fifty-eighth day : Sucrose, 16.25; purity, 79.02; glucose, 1.50; nonsugars, 2.80. Many
(reverting?) canes in this plat and in Plat No. 24, same variety, were noted as ap-

proaching the "gooseneck" form in varying degrees. Not a variety worth further

experiment here.

Plat No. 39 (Collier's, Sterling, Kans., lot No. 1 of 1890}. Derived from the best of

two single heads grown at Sterling in 1890, and received from Mr. A. A. Denton.

Juice analysis of parent cane, serial No. 9170, 1890: Sucrose, 17.89; purity, 82.03.

Best single stalk of derivate plat, serial No. 324, 1891, cut on its one hundred and

fifty-sixth day : Sucrose, 20.55
; purity, 82.10; glucose, .51; nousugars, 3. i'7 Panicles

all fully out by the one hundred and thirteenth day; seed hardening by the one hun-

dred and forty-fifth. A thin stand of unevenly developed canes. The same tendency
to barrenness of panicles as remarked of other plats of this variety.

SPECIAL PLATS CROSSES OR VARIATIONS.

Plats Nos. 25 to 37, inclusive, were planted from certain specially noted and large
canes found among the various plats grown in 1890, and selected chiefly on account

of size. A little analytical work was done on all of these special plats, but only one

of them was found at all promising.
Plat No. %7 (from a plat of Red Libcriari). Derived from a large cane selected from

Calumet plat, No. 5 A, 1890. The parent cane was noted for very great size and late

maturity, and was in appearance totally unlike any variety tried on this plantation.
On the one hundred and eighty-sixth day, when cut and analyzed, this cane was 15

feet in total length and something over 1 inch in diameter at the largest internode.

Juice analysis, serial No. 706, 1890 : Sucrose, 9.25
; purity, 65.84

; glucose, 1.24
; nonsug-

ars, 3.56. Best single stalk of derivate plat, serial No. 583, 1891, cut on its one hundred
and seventy-ninth day: Sucrose, 11.15; purity, 64.46; glucose, 2.33; nonsugars, 3.82.

Less than a dozen seeds were secured from the parent cane, nine of which came up,
and by profused tillering gave an excellent stand. Panicles appearing at irregular

intervals, the first being observed on the one hundred and thirtieth day. On the

one hundred and forty-eighth day, nineteen canes were growing in this plat; on the

one hundred and fifty-fifth day seed began to mature, the tillers being indistin-

guishable from the seedlings, and all were of as remarkably large size as the original
1890 cane.

Excepting Plat No. 27, all the special plats of the first planting were characterized

by great diversity of form and type among the canes produced, and were noted

rather for size than for any value as sugar-producing varieties. Enough analytical
work was performed on them to sufficiently demonstrate their unfitness for further

propagation. But No. 27 showed the marks of a stable variety, and its large canes

and their yield of juice seem worth an attempt towards raising its chemical stand-

ard and shortening its period of growth by future selection.

LARGE PLATS FOR AVERAGE SAMPLES.

Plat A (Early Orange}. Planted with mixed selected seed from several canes grown
in Calumet Plat B, 1890. A single long row in the midst of a field of Red Liberian

(forage crop) was used for this crop, and afterwards intentionally received the same
lack of attention and cultivation. Drought led to the abandonment of this plat,

scarcely any stand being secured by the one hundred and eighteenth day, and a second

planting with the remaining portion of the same seed was made elsewhere. Later rains
eo helped matters that a return was made to the original plat and analytical work

regularly done upon the canes. Juice analysis of an average sample from the parent
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plat, Serial No. 170, 1890, cut on the one hundred and twenty-second day : Sucrose,

8.00; purity, 62.69; glucose, 1.43; nonsugars, 3.33. Best average sample from deri-

vate plat, Serial No. 4, 1891, cut on the one hundred and forty-ninth day : Sucrose,

12.85; purity, 78.21; glucose, 1.52; nonsugars, 2.06.

Plat B (Colliers}. Planted March 30 with mixed selected seed from canes grown
in Calumet Plat No. 22, 1890. Analysis of an average sample from parent plat, Se-

rial No. 106, 1890, cut on the one hundred and nineteenth day : Sucrose, 16.60; purity,

77.14; glucose, 0.69
; nonsugars, 4.23. Best average sample from derivate plat, Serial

No. 11, 1891, cut on the one hundred and fifty-fourth day: Sucrose, 18.35; purity,

81.11; glucose, 0.61; nonsugars, 3.65. Though much injured by drought, this plat

gave a good stand. Barrenness of panicles as pronounced as in all plats of this

variety.

Plat C (Link's Hybrid). A failure; only half a dozen canes were produced.
Plat I) (Colman Cane). Planted March 30 with mixed selected seed from canes

grown in Calumet Plat A, 1890. A very fair stand ofhandsome stocky uniform canes.

Average of ninety-six single stalk analyses of parent plat, 1890: Sucrose, 15.12;

purity, 75.94. Best average sample from derivate plat Serial No. 30, 1891, cut on its

one hundred and seventy-fifth day : Sucrose, 18.90
; purity, 81.47

; glucose, 0.57
;
11011-

sugars, 3.73. This was in all points the best plat grown in 1891. Although designed
for average sample work only, yet owing to the inferior canes afforded by the single

head plats of Colinaii cane two days of seed selection work were given to this plat,

but the canes were so taken as to interfere scarcely at all with the value of the aver-

age samples.

Average samples from the foregoing lettered plats were drawn by cutting ten con-

secutive canes at each sampling, beginning at one end of the row and progressing
toward the other. Samples were taken from all the plats on the same date and at

(usually) weekly intervals throughout the season. A sample was in the same manner
taken from a row of the forage sorghum adjoining Plat A on each occasion.

SECOND SERIES PLANTED FROM SINGLE HEADS FOR SEED SELECTION.

The second series of plats, all from single heads, were planted on June 8, after

newly plowing out the rows, in the same field and in alternation with the plats of

the earlier scries. The conditions of weather which prevailed during the period
between June 8 and October 15 favored a steady and regular growth. A perfect
stand was had in all these plats. The cultivation was similar to that given the first

series, but better timed.

Plats and varieties were as follows:

Plat No. 2 (Early Orange). Derived from the second best single cane selected from

Calumet Plat B, 1890. Juice analysis of this cane, Serial No. 455, 1890, cut on its

one hundred and seventh day: Sucrose, 14.75; purity, 76.50. Best single stalk of

derivate plat, Serial No. 591, 1891, cut on the one hundred and ninth day : Sucrose,

16.90; purity, 80.67; glucose, 0.98; nonsugars, 3.07. Panicles fully out by the sixty-

eighth day, seed-hardening by the ninety-third day. A handsome plat, canes of

fair size, and remarkably regular in form and type.
Plat No. 4 (Etd Liberian). (It was decided to discontinue the variety, and no an-

alytical work was done upon the plat.)

Plat No. 6 (Link's Hybrid). Derived from the best single cane selected from Calu-

met Plat C, 1890. Juice analysis of this cane, serial No. 496, 1890, cut on the one hun-

dred and ninth day: Sucrose, 15.60; purity, 78.54; glucose, 0.36; nonsugars, 3.52.

Best single stalk of derivate plat, Serial No. 814, 1891, cut on the one hundred and

twenty-seventh day: Sucrose, 16.39; purity, 79.99; glucose, 0.65; nousugars, 3.45.

Panicles fully out by the sixty-eighth day, seed hardening by the ninety-third day.
Canes slenderer than those of Plat No. 5 of the same stock, first series.

Plat No. 8 (Collier's). Derived from the best single cane selected from Calumet Plat

No. 22, 1890. Juice analysis of this cane, Serial No. 403, 1890, cut 011 the one hundred
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and twenty-third day: Sucrose, 17.60; purity, 84.65. Best single stalk of derivate

plat, Serial No. 558, 1891, cut 011 the one hundred and fifth day: Sucrose, 19.15;

purity, 83.12. Panicles fully out by the sixty-eighth day ;
seed hardened by the

ninety-third day. Seed scanty, but more produced than in plats 7 to 39 of same

variety. This plat was planted from a cane of very high purity, with the intent of

making a special effort to breed a strain having that characteristic. The fact that

66.7per cent of all the canes analyzed in this plat showed purity of 80 per center

above (the lowest being 76.9) is sufficient comment upon one phase of artificial

selection.

Plat No. 10 (Link's Hybrid). Derived from the second choice of two single heads

grown at Sterling, Kaiis., in 1890, and received from Mr. A. A. Deuton. Juice anal-

ysis of the parent cane labeled, "Lot No. 60," Serial No. 11996, 1890: Sucrose, 18.25; .

purity, 78.05. Best single stalk of derivate plat, Serial No. 597, 1891, cut on the one

hundred and ninth day: Sucrose, 17.15; purity, 80.06; glucose, 0.93
; nonsugars, 3.34.

Panicles fully out by the sixty-eighth day ;
seed brittle by the ninety-third day.

Canes not very regular in height or size but type of panicle uniform. A heavy seed-

bearing variety.

Plat No. 12 ( Ulehlana). Derived from the second best cane selected from Calumet
Plat No. 18, 1890. Juice analysis of this cane, Serial No. 334, 1890, cut on its one
hundred and forty-seventh day : Sucrose, 14.14; purity, 73.24. Best single stalk of
derivate plat, Serial No. 900, 1891, cut on the one hundred and thirty-first day: Su-

crose, 16.15; purity, 77.16; glucose, 2.07; nonsugars, 2.74 (apparently not a mature

cane). Panicles fully out by the seventy-sixth day; seed hardening by the one
hundred and twentieth day. Canes as a rule of moderately large size and of very
uniform type and development.
Plat No. 14 (Improved Orange}. Derived from the best single cane selected from

Calumet Plat, No. 8, 1890. Juice analysis of this cane, Serial No. 75, 1890, cut on its

one hundred and twenty-seventh day: Sucrose, 17.10; purity, 77.46. Best single
stalk of derivate plat, Serial No. 560, 1891, cut on the one hundred and fifth day:
Sucrose, 17.80; purity, 80.84. Panicles all fully out by the seventy-sixth day, some

appearing, however, eight days earlier. Seed hard to brittle by the ninety-third

day. Stand not satisfactory and canes of rather small size.

Plat No. 16 (Planter's Friend). Derived from the best single cane selected from
Calumet Plat No. 17, 1890. Juice analysis of this cane, Serial No. 216, 1890, cut on
the one hundred and thirty-fourth day: Sucrose, 17.65; purity, 77.92. Best single
stalk of derivate plat, Serial No. 630, 1891, cut on the one hundred and twelfth day:

Sucrose, 17.00; purity, 77.87; glucose, 1.42; uonsugars, 3.41. Panicles all fully out

by the sixty-eighth day, seed hardening by the one hundred and twentieth day.
This plat was the poorest in stand of the second series. Canes slender and greatly

damaged by worms when about 15 inches tall, never recovering entirely. Type of

heads not uniform.

Plat No. IS (Late Orange). Derived from the best single cane selected from Calu-

met Plat No. 6, 1890. Juice analysis of this cane, Serial No. 2, 1890, cut on its one
hundred and twenty-first day : Sucrose, 16.60; purity, 79.35; glucose, 2.19; nonsugars,
2.13. Best single stalk of derivate plat, Serial No. 836, 1891, cut on the one hundred
and twenty-eighth day: Sucrose, 17.00; purity, 80.68; glucose, 1.64; nonsugars 2.35.

Panicles fully out by the sixty-eighth day; seed hard by the one hundred and tenth

day. Slender canes of uniform type.
Plat No. 20 (Colman Cane). Derived from the third choice single cane, selected

from Calumet Plat No. 16, 1890. Juice analysis of this cane, Serial No. 301, 1890,

cut on the eighty-fourth day: Sucrose, 16.75; purity, 78.93. Best single stalk of

derivate plat, Serial No. 827, 1891, cut on the one hundred and twenty-eighth day:

Sucrose, 16.85
; purity, 81.28

; glucose, 1.06; nonsugars, 2.82. Panicles fully out bythe

sixty-eighth day; seed hardening by the ninety-third day. Very short, slender

canes, but perfectly true to type of the variety otherwise. This plat was originally
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intended to \>e planted with seed selected from Calumet Plat A of 1890, the single
head plat of that year and variety, hut the seed reserved for the purpose were found

to be musty when the time came for planting, and Serial No. 301, from another plat,

was substituted, this plat, No. 16 of 1890, having been derived from the mixed seed

of two heads of lower quality.

Plat No. 22 (Sterling, Kansas, "Lot No 161," 1890}. Derived from the second choice

of two single heads grown at Sterling in 1890, and received from Mr. A. A. Deiitou.

Juice analysis of this cane labeled, "Lot No. 161, Serial No. 8189, 1890 :" Sucrose,

14.60; purity, 81.60. Best single stalk of derivate plat, Serial No. 642, 1891, cut 011

the one hundred and thirteenth day: Sucrose, 16.05; purity, 81.66; glucose, .71; non-

sugars, 3.09. Panicles fully out by the sixty-eighth day ;
seed hard by the ninety-third

day. Few seed were produced by the canes of this plat, but the sterility was not so

nearly absolute as in case of Plat No. 21 of the first series, same variety.

Plat No. 24 (Sterling, Kans., Plat No. 14 of 1888} No analytical work was done

upon canes of this plat, as it was decided to drop the variety.

Plat No. 2G (Special from a plat of Red Liberian). Derived from a single large cane

selected from Calumet Plat No. 5 A, 1890, differing in some respects from the Red
Liberian type. Juice analysis of this cane, Serial No. 232, 1890, cut on the one hun-

dred and thirty-fourth day (when still immature): Sucrose, 9.30; purity, 45.70; glu-

cose, 6.44; nonsugars, 4.61. Best single stock of derivate plat, Serial No. 739, 1891,

cut on the one hundred and twenty-first day: Sucrose, 14.35; purity, 76.78; glucose,

1.71; nonsugars, 2.63. Panicles fully out by the sixty-eighth day; seed hard by the

ninety-third day. Canes of good form and fair size, apparently crossed, the type of

panicles varying in only slight degrees from stock Red Liberian, than which this

seems to be somewhat earlier in maturing. Comparison of analyses from parent and
derivate plots shows enough improvement to warrant another season's culture.

Plat No. 28 (Colman Cane}. Derived from the best of two single canes grown at

Sterling, Kans., in 1890, and received from Mr. A. A. Denton. Juice analysis of

parent cane, labeled "Serial No. 8277, 1890:" Sucrose, 16.23; purity, 83.50.' Best

single stock of derivate plat, Serial No. 652, 1891, cut on the one hundred and thir-

teenth day: Sucrose, 16.00; purity, 79.01; glucose, 1.20; nonsugars, 3.05. Panicles

fully out by the sixty-eighth day; seed hard by the ninety-third day. Canes of fair

average size, but showed many variations, some nearly like Planter's Friend.

Apparently crossed, and no seed from this plat will be planted in 1892.

COMPARISON OF VARIETIES FIRST AND SECOND PLANTING.

Excepting in Plats A, B, and D, no analyses of average samples were

made, hence in all comparisons between single-Lead plats the results

of single-stalk examinations are relied upon for the necessary data.

On looking over the analyses of the two plantings the most striking
circumstance is the higher sucrose and purity shown by canes of the

earlier series, despite the unfavorable nature of the season attending
their germination and growth. Both plantings were made upon prac-

tically the same soil, and were given nearly the same treatment, with

the advantage in point of attention and cultivation in favor of the sec-

ond series. In most instances difference of seed will not offer adequate

explanation. It suggests the opinion that any agent operating to re-

tard growth and delay maturity may, within certain undetermined

limits, tend toward an increase in the sugar-storing function of the

plant. Why this should be, and whether as a matter of fact it is so,

can not be conclusively stated, but indications point to that probability.
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In the laboratory, Early Orange, Link's Hybrid, Collier's, Planter's

Friend, and Colman Cane all far exceeded in the earlier any results

reached with them in the later planting. Late Orange showed no very

great difference in either. Of the whole number of varieties, only one,

Sterling Lot No. 161, gave better chemical returns in its plat of the

later series than in that of the first.

Agriculturally, the plats of the second planting were much better

than those of the first, not so much, however, in the size of the canes pro-

duced as in their greater regularity of development, evenness of stand,

and better form. Varieties of either planting, when derived from the

same 1890 stock, showed no marked difference in size between mature

canes.

TABLE I. Highest three single canes of each plat in sucrose and in purity, for the year
1891.

5
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ence for that eud is placed in Table II, following, which is a synopsis
of the laboratory results with each variety for the whole season.

TABLE II. Number of single-stalk analyses, showing purity at or above 77 per cent and

sucrose at or above 16 per cent per 100 canes examined during the season of 1S91.

FIRST SERIES, PLANTED MARCH 28, 1891.

Plat
No.
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the Plats A, B, and D, and upon samples from the row of forage sor-

ghum adjacent to A. The column headed " Solids "
gives the degree

brix corrected for temperature; "Purity" expresses the per cent ratio

of sucrose to solids. The ratio of glucose to sucrose is not considered

of enough importance in this work to be calculated; in its stead is

given the ratio of nonsugars to sucrose. "Nonsugars" is the name

given to the juice-solids not sucrose or glucose, and, of course, is the nu-

merical difference between the per cent solids and the sum of sucrose

and glucose.

Samples were uniformly of ten consecutive canes, and were taken at

weekly intervals, except in one or two cases.

TABLE III. Summary of average sample analyses, 1891.

PLAT A. EARLY ORANGE.

Serial
No.
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TABLE III. Summary of average sample analyses, 1801 Continued.

(FOEAGE) RED LIBEEIAN.

Serial
No.
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TABLE V. Varieties distinguished for valuable characters in course of three years' experi-

ment in order of merit, two sets being made of canes grown three and two years, respec-

tively.
THREE YEAKS' CULTURE ON CALUMET.

High sucrose.
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CULTURAL WORK AT STERLING,

By A. A. DENTON.

(Analytical work by Hurbert Edson and Jno. L. Fuelling.)

In continuing the experimental work with varieties of sorghum at

Sterling, Kans., 130 acres of land was leased on four farms, distant

from 1 to 2 miles from each other and from the station.

The soil on these farms varied from sandy to hard clay, and these dif-

ferences affected results, as will be noted later. Fifteen acres had been

well plowed the previous fall, the soil was in good condition at planting

time, the seeds germinated sooner and more evenly, the canes ripened
sooner and more nearly at the same time, and the analyses were more
uniform than on dry soil plowed at time of planting. Fifteen acres were

subsoiled, the ordinary plow being followed by a subsoil plow. No
benefit was noted from subsoiling. Varieties of sorghum planted on

well-plowed land, not subsoiled, succeeded as well as the same varieties

planted on adjacent land, which was not subsoiled. It is said that sub-

soiling is done to best advantage in the fall. It is also said that bene-

fit from subsoiling is seen in following years. Probably much depends

upon the subsoil and upon the season. It requires experiments to de-

termine the best methods for various soils. Twenty-five acres had not

been cultivated the previous season, the soil was dry and hard and was

plowed with difficulty, and this, or other causes affected the crop.

Six hundred plats were planted with varieties of sorghum, or with

selections from the best varieties made the previous year; 31 plats

were planted with seeds received from foreign countries
;
33 plats, con-

taining very nearly 1 acre each, were planted with the varieties whicl

had given best results in previous years at this station. The object oi

planting these larger lots was to get the average value of each variel

in larger lots by more frequent analyses of larger samples of cane thai

could be done with smaller lots, to have an ample supply of cane fc

extended seed selection from the best varieties, and to secure sufficient

seed of the best varieties for distribution by the Department of Agri-
culture. Seventy-two lots were planted in crosses, which had been

lected from those grown the previous year as worthy of further trial.

Special effort was made to plant all the varieties as nearly as possi-

ble at one time. Earlier or later planting sometimes affects results ol

any crop, favorably or unfavorably, according to the season. Plantiuj

varieties at the same time facilitates comparison of analyses by plachij

them more nearly in like conditions. It is quite likely that the plant

ing was unduly hurried, and that it would have been better to give it

more time.

In planting varieties, consideration was given to the varying condi-

tion of the soil. Selections from the best varieties wereplanted on each

of the four farms. Each variety was planted on sandy soil and also on

clay. It is believed a more correct general analysis of each variety can

be obtained from a number of plats planted on different soils. In we



79

weather cane grows best on clay soil; in dry seasons it succeeds best on

sandy soil, as has been shown by work at this station in 1888, '89,
?

90, and '91. In this year canes grew much better on clay soil in the

mouth of June, which gave 4.83 inches of rain, and in July, which gave
6 inches of rain, than the canes on sandy soil. But the canes on sandy
soil succeeded best in August, which gave but .75 inch of rain, and in

September, which was also dry. Many varieties on clay soil which had
made unusual growth during the wet weather were injured in the dry

Avcjither, while the varieties on sandy soil Avere fresh and vigorous in

the driest weather. It would have been much more convenient if all

the selections of one variety had been planted in one part of one field,

but by so doing the general analysis of that variety would have been

higher or lower, as the conditions in that place were more favorable or

unfavorable than average conditions.

Many selections from the best varieties were planted. For instance,

forty-five lots of the Collier variety were planted, including two 1-acre

lots. The object of planting so many lots of one variety with seeds

from selected canes, whose juices had high percentages of sugar, was
to secure seed from the most successful lot. All canes which have rich

juice have not the power of producing canes of similar quality. When
one such cane has been found an improvement is made at once in that

variety. For instance, Folger's Early, in 1888 and 1889, was a 10 per
cent variety. Its juice contained on an average 10 per cent of sugar.

By a single selection of seed from a superior cane, made in 1888 and

planted in 1889, that variety became a 12 per cent variety, and in the

three years succeeding the selection its descendants have retained its

quality. In 1888 Planter's Friend was a 12 per cent variety. Thirty se-

lections of canes having 14 to 15 per cent of sugar were made in that

year. But one of these selections produced canes which retained that

percentage of sugar. The descendants of the successful selection have

retained its quality in three years succeeding the selection. By plant-

ing the seeds from many superior canes of one variety in as many sep-

arate lets, and by selecting seed from the best canes which grow in the

best one of these lots, it is believed that a variety may be quickly and

permanently improved. The planting oi the experimental field was

planned on this basis.

The lots planted with seeds from a single cane were planted by hand.

The acre lots were planted with a drill. As was observed in 1888, '90,

and '91 machine planting was best. The seeds germinated sooner and

more evenly. In a dry spring hand planting is unsatisfactory. There

seems, however, to be no better way to plant small lots with seeds of

varying size. None of the lots planted by hand required thinning, for

the right number of seeds were dropped. On the acre lots the machine

was regulated to plant 2 pounds of seed per acre. Nearly all of these

lots required to be thinned. Two pounds of sorghum seed is a rather in-

4efinite quantity,
so far as number of seeds is concerned, for there arefrom
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20,000 to 30,000 seeds in a pound. Assuming that each seed produces
a cane, this would give from 40,000 to 60,000 canes per acre. It is true

that allthe seeds do not produce canes, but it is also true that many seeds

produce more than one cane for sorghum tillers; that is, produces more
than one cane from one root. If 24,000 canes, weighing, when trimmed
of seed top and leaves, 1 pound each, or 12 tons of clean cane per

acre, is a fair yield, it follows that 2 pounds of seed per acre is a liberal

allowance. In all the work of this station it has been observed that

canes which stand closely suffer most from drouth. In most seasons

there are times when the plants need moisture. The tonnage or the

yield of cane is not greater when thickly planted, except in seasons of

abundant rain. In previous years the effort at this station has been

to secure seed having 98 per cent vitality and to plant the seed carefully,

so as to avoid the labor of thinning the plants to a proper stand. The
conclusion has, however, been arrived at that it is economy to plant 2

pounds of seed per acre and to chop out superfluous plants after the

dangers of the first cultivations have j)assed. This almost insures a

regular stand of cane, without useless spaces or crowded canes.

On account of dry soil at the time of planting the seeds germinated

irregularly and the canes were not uniform in ripening. In such sea-

sons as 1890 and 1891 planting the seeds deeply, so they would be in

moist earth, would give much better results than shallow covering with

dry surface soil; but when the planting is followed by rains which com-

pact the soil the reverse is true. As the weather can not be foretold

there can be but one rule, which is to plant at moderate depth, avoid-

ing the extremes of deep or shallow covering.
After the planting was finished the land was rolled. This smooths

the surface and greatly assists in cultivating closely when the plants

are small.

The experimental field received four cultivations and was hoed

twice. The second hoeing was, perhaps, of slight benefit to the crop.

Although the dry- and cool weather of April and May was not favorable

to rapid growth of cane, and the excess of rain in June and July was

unusually favorable to growth of Aveeds, yet the cultivation of the ex-

perimental field was done more easily, cheaply, and better than in pre-

vious years. When the cultivation is done at the right times to secure

mastery of the weeds, and when it is done in the best way, it is not

more difficult to grow a good crop of cane than a poor one. In the work

which has been done at this station the cultivation has been such as

any farmer who trusts to good work rather than to luck can afford to

give a crop of sorghum grown for sale to a sugar factory. It is well to

know what the capabilities of sorghum are by intensive cultivation. It

is also well to know what may be expected from sorghum when grown
in a practical and general way.
InJune and July there was excess of rain and the canes grew to unusual

size. In August there was a marked deficiency of rainfall and the
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rank growth of cane was in poor condition to withstand hot, drying
winds and baked soil. Many of the varieties which were planted on
hard soil were injured by dry weather.

The tonnage or yield of cane was large, being equaled only by that

of 1889. The average quality of the juice was good, as is shown in the

general averages given to each variety. In some of the varieties the

quality of juice was not as good as in the more favorable season of

1889. The varieties which usually mature early matured later than in

any previous season. Their juice had low purities until late in the sea-

son. The early and the late varieties matured nearly at the same time.

These facts can be explained only as the eifect of drought upon the un-

usually rank growth of June and July, for the weather in 1890 was as

dry as in 1891, at the same season, and had not the same effect upon
the smaller canes of that season.

The object of the work at this station is, first, to select the varieties

best suited to sugar manufacture, so that all other varieties may be dis-

carded; and, second, to improve the selected varieties by selection of

seed from the best canes. In order to select the best varieties it is

necessary to learn the practical value of each variety during its working
season. A single analysis of a variety is of little value. The mean of

many analyses of a single lot may mislead. In the work which has

been done this season an effort has been made to arrive at the value of

each variety by grouping together all the maximum analyses of all the

lots of each variety which were grown here this season, and also by
grouping together the analyses of each variety in the four years in

which the experimental work has been carried on at this station. In

endeavoring to express the value of the Collier variety, for instance, a-

single analysis of a sample of the cane may have shown 18 per cent of

sugar. The mean of all the analyses of a single lot of that variety may
have shown 17 per cent of sugar, but the mean, or the general average,
of two hundred and forty-two analyses of canes from sixty- five lots of

that variety, which were made in 1888, 1889, 1890, and 1891, shows
that its juice contains, on an average, 14 per cent of sugar during a

working period of twenty-five days. It may be called a 14 per cent

variety. As its yearly average has not varied 1 per cent above or below
that figure for four years, it may be assumed that it will continue to

have that value. From the results of two hundred and six analyses of

Colman cane in four years it may be said that it also is a 14 per cent

variety. The McLean variety, as the result of seventy-five analyses in

two years, may be hoped to prove to be a 15 per cent variety. Early
Orange may thus be considered a 12 per cent variety, and Early Amber
an 11 per cent variety.

These figures may seem low, for the Amber sometimes reaches 14 per

cent, the Orange 15 per cent, the Collier, the McLean, and the Colman
sometimes reach 18 per cent; but general averages for a proper working-
period are always low, and it is upon general averages that manufac-
ture depends.

21383 No. 34 6
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Two thousand six hundred and seventy-two analyses of the juice

from average samples of cane were made this season. It is, of course,

necessary that the samples of cane taken for analysis should be so

taken as to lead to correct conclusions in regard to the value of the

lot from which they were taken. There are difficulties in taking such

samples. The canes in one lot may not be uniformly mature. One

part of the lot may have been injured by drought, by frost, by wind, or

by hail. One part of a lot may be on good soil, while a part may be

upon unsuitable soil. A sample may do injustice to a variety or it may
promise too much for the variety. In taking samples of cane for

analysis at this station the effort has been to have the samples cor-

rectly represent the normal canes of the variety from which they were

taken. When canes have been accidentally injured, as by stock or

frost or other cause, they have not been included in the sample. In

such cases the intention has been to have the sample represent the

normal canes.

The object of the work is simply to compare the varieties under as

similar conditions as possible; obviously it would tend to defeat this

purpose of the comparison if accidentally injured canes were compared
with ordinary canes. In order to check the methods of taking samples

many hundred large samples were taken during the season and were

ground in a two-horse mill, and comparative analyses of the larger and

smaller samples were made. To test the method of taking samples
still further, from three to five large samples were taken at one time

from as many different places in one lot of each of the best varieties.

The mean of these samples from the same lots represented as nearly

as may be the value of the canes in those lots. The analyses of the

juices of single canes for seed selection also confirm the analyses of

average samples, low averages giving low selections and high percent-

ages in average samples giving high percentages in seed selections, as

will be seen in the analyses of each variety.

Twenty-six thousand six hundred and thirty-five polarizations ofjuice

from single canes were made for the purpose of selecting seed from the

best canes. A first selection was made by rejecting juices whose

density was not unusually high. About 100,000 canes were thus sepa-

rately tested, 26,635 samples of juice being accepted for analysis. From
these a third selection, based on high percentage of sugar, was made,
and from these a final selection, based on high purity, was made, whose

juice had high density, high percentage of sugar, and high purity. In

studying these seed selections it will be observed that the purity, with

few exceptions, follows the percentage of sugar. Perhaps the readiest

way of increasing the purity of sorghum juice consists in increasing the

percentage of sugar. There appears to be a double gain in sugar by

selecting varieties and by improving varieties; a gain in percentage of

sugar and a gain in purity, in effect a double gain in yield of sugar.

Twenty-six thousand six hundred and thirty-five seed heads were se-
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lected. From these 7,827 were selected whose juices had a mean value

of 15.98 sucrose, 73.78 purity. From these were selected 1,658 whose

juices had a mean, value of 16.41 sucrose, 76.84 purity.

In the 26,635 selections, 5,905 contained between 15 and 16 per cent

of sugar, 5,296 contained between 16 and 17 per cent, 2,550 contained

between 17 and 18 per cent, 172 contained between 18 and 19 per cent,

and 23 had 19 per cent and more.

These figures serve to show the capabilities of the sorghum plant.

The general averages given for the varieties in four years serve to show
what the sorghum plant now is.

There is a general belief that seeds from canes which have an extraor-

dinary percentage of sugar are most desirable for planting, with a view

to producing rich canes. It is perhaps well to quote the opinion of the

veteran seedsmen, Yilmorin, Andrieux et Cie., of Paris :

As far as our experience goes it does not seem to be the safest way to discard merely

superior plants, and to give preference only to those having extraordinary quality.

On the contrary, it is often the case that merely superior plants aiford the surest

means of rapidly improving the variety. This applies especially to the most impor-
tant quality the capability of transmitting their good qualities to their descendants

;

and as this quality can not be ascertained at the outset, it is necessary not to be over-

severe in the hrst selection.

If this opinion is correct, as it probably is, when endeavoring to im-

prove a 14 per cent variety of sorghum, it is safer to plant seeds from

15 per cent canes than from 19 per cent canes
j
that is, the lower class

of selections is worth more than the higher.

In making selection of seed, canes were taken only from those varie-

ties which gave the best results in average analyses. The largest canes

were selected in the field, and the smaller canes were thrown out by a

second selection at the mill, so that selections of seed were made first

from the best varieties; second, from the largest can^s; third, from

canes whose juice showed in analysis an unusually high percentage of

sugar; fourth, from canes whose juice had exceptionally high purity.
Another selection, based upon early ripening canes, was also made. In

many of the central States there are frequent inquiries for " varieties

which mature not much later than Amber." It is believed that the

time of maturing of the varieties can be hastened by selecting seed from

the canes which show a good percentage sooner than average canes,

and that superior varieties may thus become well suited to more north-

ern latitudes. For instance, many single canes in the Folger variety
showed 15 per cent of sugar two weeks sooner than the majority of the

canes of that variety. In many, perhaps in most, of these cases, the

difference in time of maturing was only accidental, but if a single seed

head can be obtained from a cane which naturally matures two weeks
earlier than the Folger, a valuable subvariety can soon be established,
and a point will be made in favor of that variety. In this selection

2,800 seed heads were reserved from five varieties for future planting.
In 1890 455 lots were planted in crosses in the hope of finding a new
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and possibly a superior variety. Sixty of these were considered

worthy of further trial and were planted last spring. Three of these

are now considered very promising new and distinct varieties, the size

and the uniformity of the canes being considered in connection with

the average analyses of the juice in 1890 and in 1891. Twelve crosses

were also continued, which had given good results in 1888, 1889, and
1890.

The work which has been done in the last four years with varieties

at this station shows that sorghum is not the fickle plant it is generally

supposed to be. Few of the leading varieties have varied in their mean

analysis for any year 1 per cent above or below their general average
for four years. The varieties having high percentages of sugar have,
when in fair conditions, always retained their high percentage of sugar.
The varieties having low glucose have retained that quality, and the

varieties having high glucose still retain it. The medium varieties

have always beeen medium varieties.

In continuing the experimental work with varieties of sorghum, it is

recommended that six of the best varieties be selected and studied,
more particularly with reference to comparative values. The work at

this station, so far, has been mainly a search for better varieties among
a multitude of varieties. It is not recommended that work on new va-

rieties should be discontinued, for the five varieties which have given
best results all either originated at this station or were introduced by
the station within the last four years, and the fact that the variety

which has given the best results of all the varieties in two seasons was

received from a foreign country in 1890, is sufficient evidence of the

utility of this work.

It is also recommended that more special attention be given to the

improvement of the selected varieties by seed selection. The selection

of seed which has been made so far has been more in the line of se-

curing pure seed by growing canes from selected seed heads. To show

concisely what is desired, the results obtained by Prof. Maercker at

Halle, Germany, in improving the sugar beet by selection of seed in

ten years (1880-1889) are given here:

Summary giving average sugar content of beets grown at Halle Station.
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It is also recommended that the relation which exists between weight
of cane and percentage of sugar be ascertained. It is obvious that

there is a loss of weight in cane, which is a loss to the cane-grower and

at the same time an increase in the percentage of sugar, which is a

gain to the sugar manufacturer, caused by the drying of the canes

after the canes have completed growth. There.should be a correspond-

ence between the weight of the canes, the percentage of sugar, and the

price per ton of cane.

And it is recommended that consideration be given to the keeping

qualities of cane of different varieties. The following analyses of five

varieties, made in a period of twenty days after the canes were cut,

shows that in some conditions, which are not now well understood,
canes may be kept for a considerable time after they are cut without

great loss of sugar. (See p. 99.)

In one instance at this station several thousand canes were kept five

days without considerable loss of sugar, as was shown by comparison
of analyses made the first and the fifth day. The same has also been

observed, in one instance, in Louisiana, and in one instance at Attica,

Kans. As this quality is of considerable importance to the cane-

grower as well as to the sugar manufacturer, it would be well to inves-

tigate the conditions of ripeness, the weather, and the varieties, with

reference to the keeping quality.

In this connection it may be said, that analysis of sorghum cane in

this western country is sometimes influenced by the state of the

weather. It is well known that in times of drought a rain immediately
lowers the percentage of sugar, sometimes* as much as 2 to 3 per cent.

In these cases analyses made before the rain are of juices more or less

inspissated, the analyses made after the rain are of juices more nearly
in their normal condition, and these differences are very readily ob-

served in the analyses.

It is also true that in very dry times there are differences in the

analyses of canes cut in the morning or in the evening. This has been

observed in three of the four years' work at this station. In the work

this year many thousands of canes cut near the close of the day's

work and analyzed singly showed constantly higher percentages of

sugar than as many analyses of canes which were cut in the morning.
This was repeated many times, and this fact which may appear singu-
lar to those in humid climates is perhaps due to the simple fact that

in very dry times evaporation from the canes is more rapid during the

heat of the day than the roots can supply from the scanty moisture

in the soil, so that at evening the juices of the canes are partially

desiccated, while in the morning they are more nearly in their normal

condition, and these differences are notable in analysis, in some cases

amounting to as much as 1 per cent
;
that is, a variety may show 14 per

cent sugar in the morning and in the evening may show 15 per cent of

sugar, the difference being simply due to evaporation of water from
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the canes during the heat of the day. Acting on these observations, it

is the rule at this station to cut all average samples of cane from va-

rieties taken for analysis in the morning, and to cut the canes intended

for seed selection in the afternoon, and to defer the cutting of cane for

average samples for some time after a rain which follows a drought,
otherwise the analyses are irregular.

The general belief that sorghum is fickle in its content of sugar may
be traced to causes some of which may be removed. The causes of

variation are : Seeds of mixed varieties, or even seeds of one variety,

which are not bred to ripen at one time, differences in soil in one field,

or careless agriculture, which causes the canes to ripen not uniformly,
and differences in the density of the juices, caused by variations in the

weather at the times analyses are made.

The varieties of sorghum which have given best results at this sta-

tion may be classified as follows : The pounds of sugar actually con-

tained in a ton of clean cane is given, in addition to the percentage of

sugar in the juice, for the reason that many cane growers consider a

difference of 1 per cent but a small matter, and because all readily un-

derstand what is meant by pounds of sugar per ton of cane. The values

for the varieties are based upon the averages of all the analyses made

upon the varieties, during reasonable working periods, including the

years 1888, 1889, 1890, and 1891.

Variety.
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may be developed whrch will contain 15 per cent of sugar in the juice,

as an average working value, through a term of years. It is believed

that four of the following varieties may become 15 per cent varieties :

EARLY AMBER.

This well-known variety is retained for the present, because it is be-

lieved to be unwise to discard it. The Folger variety is a better cane,
retains its percentage of sugar longer, and ripened as soon as Amber
this season; usually, however

>
it matures between Amber and Orange.

The Amber is a small cane, does not produce an average amount of

seed, and is less reliable in quality of juice than other varieties. Its

juice has sometimes 14 per cent of sugar; but, as will be seen in the

following general averages, its value is 11.93 for a working period of

thirty days. No seed selections were made from this variety in 1888

or 1889. In 1890 many selections were made, only four of which gave

satisfactory results. Twenty-one lots were planted, two being 1 acre

each.

Early Amber.

[Average samples.]



ripe canes, and Mr. Folger, of Washington, Iowa, reports such to be

the case, boiling in an open pan. Thirteen lots were planted, three

being 1 acre each.
McLean's variety.

[Average samples.]
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COLLIER'S VARIETY.

This variety was received from Dr. Collier, formerly chemist of the

Department of Agriculture, in 1888, and has been grown at this sta-

tion, giving good results in 1888,
7

89, >90, and '91. It is considered one

of the best varieties. The canes are slender, with light seed top, and
have always stood up well. It ripens medium early, and matured well

in Iowa this season. In the seeds received in 1888 two varieties were

mixed. These were separated in 1890, and have been known hitherto

as Undendebule No. 1 and Undendebule No. 2. As, however, the

varieties are distinct, the similarity of names causes confusion, and for

this reason Undendebule No. 1 is now called "
Collier," by request of

Dr. H. W. Wiley, chief chemist of the United States Department of

Agriculture and director of this station, as a mark of appreciation of

the services rendered the sorghum industry by Dr. Collier. Forty-five

lots of were planted, three of them containing 1 acre each.

Collier's variety.

[Average samples.]
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Folger's variety.

[Average samples.]
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VARIETY NO. Ill

This variety, which originated in a selection made in 1888 from a

field of the Honduras, but which has no resemblance to that variety,
has given good results in the three years succeeding that selection.

The canes are quite short and stocky, and ripen quite as early as the

Folger variety. This year it gave better results in analysis than the

Folger, having higher purity and a higher percentage of sugar. It is

considered worthy of further work. Nine lots were planted.

Variety No. 112.

[Average samples.]
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MEAN VALUE OF TOTAL SELECTIONS.

[Total number of single canes analyzed, 551.]

No. of

analyses.
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CHINESE IMPHEE.

These canes are tall and slender, which is objectionable. This

variety has always had a fair percentage of sugar and low glucose.

Chinese Imphee.

[Average samples.]
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UBEHLANA.

This variety produces remarkably large and stocky canes, with light

seed tops. It does not, however, seem to be well rooted, having blown

down more or less each year. It has had a constant 12 per cent of

sucrose, with high glucose, for four years. The canes rarely show 14 per
cent of sugar.

No selections.
Dendemulca.

[Average samples.]
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MEAN VALUE OF SEED SELECTIONS.

[Total number of single canes analyzed, 723.]

No. of

analyses.
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SELECTIONS FROM LINK'S HYBRID.

Ten lots were planted from selections of this variety since 1888.

Selection No. 174.

[Average samples.]
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MEAN VALUE OF SEED SELECTIONS.

[Total number of single canes analyzed, 493.]

No. of

analyses.
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MEAN VALUE OF SEED SELECTIONS.

[Total number of single canes analyzed, 255.]

No. of

analysis.
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Selection No. 153.

[Average samples.]
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MEAN VALUE OF SEED SELECTIONS.

[Total number of single canes analyzed, 104.]

No. of

analyses.
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Three lots gave as a mean of 13 analyses during 20 days : Sucrose,

15.70; glucose, 0.36
; purity, 77.66. Six hundred and ninety seed selec-

tions were made from these lots.

Mean value of
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Variety No. 373.

[Average samples.]
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Selection No. 15x.

[Average samples.]
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Experiments in keeping cane Continued.

COLLIER'S.

[Canes were cut and piled, slightly covered by leaves.]

Serial
No.
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tion of this table will show a most astonishing deterioration, in every

respect, in the fired cane. This table will in a measure explain the

great differences observed in cane supplied to mills.

Table showing the difference in "fired" and "nonfired" cane.

FIRED CANE.

Serial
No.
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Table showing the relative values and position of seed, selected varieties, as baaed on their

mean purity.

Scale. Variety. Purity.

McLean's
Colman's cane
Planter's Friend
Link's Hybrid (Plat 27)

Variety 161
Collier's
Link's Hybrid (Plat 25)
Link's Hybrid (Plat 556)

Early Orange
Variety 110
Link's Hybrid (Plat 31)
Black African
Link's Hybrid and Amber (Plat 29) .

Link's Hybrid (Plat 23) '.

Folger's Early
Variety No. 112
White India and Orange
Early Amber
Link's Hybrid and Amber
Link's Hybrid (Plat 20)
Link's Hybrid (Plat 78)
Link's Hybrid (Plat 22)
Link's Hybrid (Plat 3:5)

Link's Hybrid (Plat 504)

Variety No. 160

78.96
78.16
77.99
77.44
77.27
77.21
77.14
77.08
77.05
76.90
76.85
76.83
76.75
76.74
76.61
76.59
76.51
76.25
76.25
76.22
76.07
76.05
76.02
76.00
75.99

Table showing dates at which the various varieties reached their maximum sucrose, selected

from average analysis.

Scale. Variety.

1 Early Amber Sept. 20
2 Folger's Early Sept. 20
3 Collier's Sept. 20
4 Kansas Orange Sept . 21
5 Undendebule (No. 2) Sept. 21
6 Cbinese Imphee Sept. 23
7 Link's Hybrid and India Sept. 24
8 Early Orange Sept. 24
9 Sorghum Bicolor Sept. 24

10 Link'sHybiid Sept. 25
11 Variety 112 Sept. 25
12 Seedless, lot 170 Sept. 25
13 Dendemuka Sept. 25
14 TTbehlana Sept. 25
15 Link's Hybrid, Crosses Sept. 26
16 Variety 110 ; Sept. 27
1 7 Link's Hybrid and Orange Sept. 28
17ct Coleman's cane Sept. 30
18 McLean's S.ept. 30
19 Variety 161 Sept. 30
20 Golden Orange Sept. 30
21 White Mammoth and Orange Sept. 30
22 White Mammoth and Link's Hybrid Sept. 30
23 India and Orange Sept. bO
24 Giant Honduras Oct. 2
25 Honey Dew Oct. 2
26 WhiteEnfield Oct. 5
27 PlatO Oct. 14

Date.
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Table showing the relative value and position of varieties as based on the analysis of an

average sample with maximum purity.

Scale.
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Table showing dates on which the variety readied 11 per cent sucrose.

Scale.
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Table showing dates at which the various varieties reached their maximum purity.

Scale.
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Table showing number of days required for each variety to reach a purity of 70 per cent.

Scale.
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Table showing the relative value and position of varieties as based on the analysis of
an average sample willi minimum glucose.

Scale.
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Table showing relative valve and position of varieties for the past four years as based on

the mean of their minimum glucose.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

EARLY AMBER.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

VARIETY 112.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

MCLEAN'S.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

MCLEAN'S Continued.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

LINK'S HYBKID.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

FOLGElt'S EARLY Continued.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

FOLGER'S EARLY Continued.

Parent
plat.
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SEEP HEADS SELECTED TO BE PROPAGATED IN 1892.

COLMAN'S CANE Continued.

Parent
plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

COLMAN'S CANE Continued.

Parent

plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

BLACK AFRICAN Continued.

Pure lit

plat.
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SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

COLLIER'S.

Parent
plat.



124

SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

COLLIER'S Continued.

Parent
plat.



125

SEED HEADS SELECTED TO BE PROPAGATED IN 1892.

LINK'S HYBRID AND AMBER Continued.

Parent
plat .
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