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REPORT OF CHEMICAL DIVISION.

February 1, 1889.

Sir : I have the honor to submit herewith a statement of the work
done in the Cliemical Division during the past year.

Respectfully,
H. W. Wiley,

Chemist.
Hon. Norman J. Colman,

Commissioner of Agriculture.

ORGANIZATION AND EQUIPMENT OF THE DIVISION.

The necessity for a new building for laboratory purposes, as set

forth in my last annual report, still continues. There are many
chemical operations needful in agricultural investigations which can
not be undertaken at all with our present facilities, or only imper-
fectly. Light and ventilation in the Avorking rooms are bad and the
location of the laboratory in the basement continues to be a source
of grave discomfort to the other employes of the Department.
During the year the Division met with a sad loss in the death of

Mr. N. J. Fake, on the 11th of August, by accidental drowning. On
certification from the Civil Service Commission Mr. E. A. von
Schweinitz has been appointed to the vacancy. The staff of the Di-
vision now comprises the following names:

H. W. Wiley, chemist.
C. A. Crampton, assistant chemist.
G. L. Spencer, assistant chemist.
E. A. Knorr, assistant in laboratory.
T. C. Trescot, assistant in laboratory.
Hubert Edson, assistant in laboratory.
E. A. von Schweinitz, assistant in laboratory.
John Dugan, assistant in laboratory.
K. P. McElroy, assistant in laboratory.
Oma Carr, assistant in laboratory.
J. L. Fuelling, assistant in sugar work.
M. S. Tidd, stenographer.
Martin Johnson, laborer.

MISCELLANEOUS ANALYSES.

SAMPLES OF MINERALS, ORES, ROCKS, ETC., SUBMITTED FOR ANALYSIS.

From the Hon. J. H. Blount, House of Representatives. Sample of metal, found
to be pure tin.

From J. A. C. Blackburn, War Eagle Mills, Ark. A sample of hmestone, with
fragments of quartz and particles of iron pyrites. No value.
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St'iit l>y (i. 1. liaKlNx in, llunUH-k I'liH-k. F;i. A sjHH'imon of sandstoTio with par-
ticles of niira. This luij^ht prove to bo a \ahiahli> buildiiii:: stout* if Couiul in iiiian-

tity.

From tht> l\ou. V. H. rhimh. U. 8. SriwiW'. A lanipU'of orow liii-li assayed 8.5

ounces of silver per ton.

l-Yom John F. sillier, llagerstown, 'Md. A specimen consisting chielly of carbon-
ate of Hme.
From the Hon. S. W. Peel, House of Ke}>resei\t:.tives. A sample of red luMuatite,

a valuable iron ore.

From J. T. Kale. Newcastle. Va. A specimen of calcite.

From Miss Ida Hays. Kedington. Nebr. A sam[»le of niiea.

From the Hon. J. H. O Neall, House of Representatives. A sample of mineral,
largely carbonate of lime.

trom the Hon. Charles T. O'Ferrall, House of Representatives. Six samples of
minerals, as follows: No. 1. chiefly silicates; No. 2. galena, a valuable lea I ore when
occurring in ipiantity; No. o, iron ore: No. 4, asbestos: this might prove valuable if

found in sufticient quantity: No. 5, specimen of clay, of no special value; No. (5,

micaceous rock, of nt) special value.

Sent by the Hon. F. M. Cockrell. U. S. Senate. A sample of ore, largely galena,
a valuable source of lead.

^
Sent by the Hon. P. B. Plumb. U. S. Senate. Seven samples of magnetite which

were analyzed with the following results:

Xo. of
sample.

Oxide of
iron.

Representing
metallic iron. ,

Silica.
Phos-
phorus.

Perceyit. Per cenf. Per cent. Per cent.
1 69.63 50.42 18.04
2 88.71 64.24 12.38
3 62.42 45.20 1 25.27
4 81.89 59.30 13. 31 Trace.
6 87.64 63. 46 12.50 .28
6 60.24 45. 62

i

33. 50 Trace.
7 80. 91 62. 21

1
8.10

i

.14

Sent by the Hon. P. B. Plumb, U. S. Senate. A sample of coal which gave the
following analytical data:

Moisture 53
Volatile combustible matter 3. 16
Fixed carbon 56. 54
Ash 25. 73
Sulphur 14. 20

100. 15

This coal is not suitable for metallurgical jjurposes on account of the large quan-
tity of ash and sulphur.

Sent by Miss Lottie Randaugh, Eloserville, Pa. A sample of oxide of iron.

From the Hon. J. M. Berry, U. S. Senate. Two samples of carbonate of lime,
valuaVjle if found in quantity. Also an iron ore containing 27.67 per cent, of iron.

Sent by the Hon. J. R. Brcnvn, House of Representatives. A sample of iron ore
containing 25.62 per cent, of iron. This sample and the above are hardly rich
enough to make them available for the manufacture of iron.

From the Hon. S. W. Peel, House of Representatives. A sample of mineral of

no value.
From J. E. Wiley, Macon, Ga. Two samples of mineral consisting chiefly of the

silicates of iron and alumina.
' rom Israel Shafer, Richlandtown, Pa. A sample of slate rock wath particles of

pyrites. No value.
From R. A. Ormdorff, Van Buren Furnace, Va. A sample supposed to be coal,

proved to l>e slate rock of no "s alue.

From Mrs. E. F. Whitney, Munroe, Tenn. A sample of iron pyrites.

From W. P. Newman, Coffman, Mo. A specimen of red hematite.
From Ed. Riddill, CoxV^urgh, Miss. A sample of iron pyrites.

From W. F. White, Dunedin, Fla. Sample of quartz with mica.
From I^eak and Seljjh, Orange Heights, Fla. A sx)ecimenof kaolin of good qual-

ity.
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From John Street, Calamine, Ark. A Bamplo of hematite, with much silica and
a trace of pli()S])horus; no spe(;ial value.

A 8uTM])l(j of galena which might h(! vahiahhi if occurring in rpiantity.

From J. M. M(jhr, Passer P. O., Pa. A specimen of pect(jlitt!, essentially a sili-

cate of lime and soda, of no commercial value.
From W. P. Newman, ( 'o/fman, M(^. A specimen of grxjiss with a little iron ore

;

a specimen of crystalH/.ed carljonate of lime, neitiier of wliich possesses any com-
mercial value.
From Chas. S. Sterner, Coopcrslmrgli, Pa. A specimen of silicate of the follow-

ing composition:
Per cent.

Silica , 56. G9
Water 18. 68
Alumina 17. 97
Lime 5. 80
Undetermined .86

100. 00

It has no particular value.

From F. K. DeWitt, Graysville, Va. A samj)le of hematite.
From E. J. Joyner, Flag Pond, Va. A good specimen of limestone.
From Chas. Brodtman, Cape Girardeau, Mo. A sample of gypsum which on

analysis gave the following data:
Per cent.

Sulphate of lime , 86.94
Carbonate of lime 6. 16
Iron, alumina, etc 1.84
Moisture 5.06

SAMPLES OF FERTILIZERS, FERTILIZING MATERIALS, MARLS, ETC.

Sent by J. mes Walker, Darien, Ga. A sample of mineral containing 8.81 per
cent, of phosphoric acid; enough to make it of some value for manufacturing a
fertilizer.

Sent by B. Rosenfeld, Mimbres, N. Mex. A sample of mineral which w^as tested
for phosphoric acid, a trace of which was found; not enough, however, to make it

available .as a fertilizer.

Sent by E. W. Stump, Tombstone, Ariz. A sample of soil containing 4.74 per
cent, of organic matter.
From J. H. Williams, Accokeek, Md. Two samples of marl, one of which con-

tained a trace of phosphoric acid. Neither sample of any value.
From W. L. Gilbert, Ocean Springs, Miss. A sample containing a large quantity

of lime.
From Julius Becker, Springerville, Ariz. Sample of gypsum.
From Mrs. Seton Lyles, Collington, Md. A sample of phosphate rock; of no

value as a fertilizer.

FromG. A. Bacon, U. S. Department of Agriculture. A samj^le of rock sup-
posed to contain phospJioric acid, none of vvhich was detected.
From H. S. Addison, New Orleans, La. A sample of rice-chaff ash containing

of phosphoric acid .71 per cent., of little value as a fertilizer.

From W, Lee White, Pension Office. A sample of marl containing phosphoric
acid, .11 per cent. ; nitrogen, .05 per cent. Of no value as a fertilizer.

From PL C. Perkins, Llewellyn, Oregon. A sample of stone submitted for valua-
tion as a fertilizer ; no x^hosphoric acid was found.
From E. T. Peters. U. S. Department of Agriculture. A sample of clay contain-

ing too much sand to make it useful for a potter's clay.
From Barthelson and Fellanders, Sanford, Fla. A very poor sample of fertilizer,

containing only 1 per cent, of phosphoric acid and .51 per cent, of potash.
From O. H. Kelley, Carrabelle, Fl i. A sample of marl containing .12 per cent, of

phosphoric acid.

From H. C. Perkins, Lleweil^m. Oregon. A sample of marl containing only a
traee of phosphoric acid, of no value as a fertilizer.

From Edward Ward, Pineville, Wis. A sample of marl containing .6 per cent,
of phosphoric acid.

From the Rev. Carlisle P. B. Martin, Waverly, Tex. A sample of clay highly
colored by oxide of iron.
From H. G. Hanna, Pembroke, Ky. A sample of limestone of fine texture. If.
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available in quantity it might make a good bniMing material or be valuable for the
UKmufaoture of lime.

From G. H. Klippinger, Chorryville, Pa. A sample sii]>posed to Ik^ a fertilizer,

containing:
Per cent.

Ammonia 1^0

Potai^h 00
riiosphoric aeitl 1 . 50

Almost worthless as a fertilizer.

From G. A. Grover, Horace, Dak. Analysis of sample of clay :

Per cent.

Alumina 33. 30
Iron FeO 5.49
Lime 3. 96
Silica 48.97
Phosphoric acid .05
Alkalis Trace.
Organic matter 15. 44
Moisture 5. 97

From H. M. Smith, Lenah, Va. A sample of rock of no value.
From Josepli H. Key, Leonardstown, Md. A sample of green sand containing

.47 per cent, of phosphoric, a trace of iron, and no potash. Of little value as a
fertilizer.

From the Hon. J. Allen, H. R. A sample supposed to be suitable for the
manufacture of cement. It was a mixture of limestone and sandstone, not exliibit-

ing the proper hardening qualities.

From James M. Michael, Barnhart's Mills. Pa. A sample sui^posed to be a mai l;

was found to be a clay of no fertilizing properties whatever.

SAMPLES OF SORGHUM CANES, SUGAR BEETS, AND SIRUPS.

Sent by C. W. Wood, Hertford, N. C, two samples of sorghum cane:

Amber. ! Orange.
1

Total solids
Sucrose

1

Per cent. Per cent.
14.10

i

13.70
6.40 6.19
4.97 1 (*)Glucose

*Not determined.

Tliis cane does not appear to be quite ripe; would make a good sirup, but is unfit

for sugar-making purposes.
Sent by David Cox, Hertford, N. C, two samples of sorghum cane:

Early
Orange.

Late
Orange.

Juice per cent .

.

56. 17 54.57
Sucrose do 7.67 8.69
Glucose do 3.87 4.58
Specific g^ravity 1.050 1.061
Degrees Brix 13.00 14.70
Temi>erature deg. C .

.

22.5 22.7

Abo a sample of Early Amber :

Per cent.

Total soHds 15. 70
Sucrose 8. 14

Glucose 6. 62

Not suitable for sugar making purposes but would probably give a large yield of

sirup.
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Sent by W. B. Shaw, Shawborougli, N. C.,two fiamplesof sorghum cane:

Juice per cent.
Sucrose do . .

.

({lucose do. .

.

Specific ^^ravity
I)(;grees Brix
Temi)erature— deg. C.

No. 1.

11. OT)

10.4

No. 2.

58.88
7.07
3. 87
1.05

ix'.ao

J^.OO

No. 1 is a rich cane for sugar-making purposes.

Sent by John Upton, Belcross, N. C, two samples of sorghum cane;

Early
Amber.

Early
Orange.

Juice per cent.

.

56.80 55. 20
12.28 7.04

Glucose do— 2. .57 4.80
Specific gravity 1.06 1.05
Degrees Brix 10. 10 13. 60
Temperature deg. C .

.

24.(3 25.00

Sent by Harvey Terry, Terry's Manor, North CaroHna, four samples of sorghum
cane:

Early
Amber.

Late
Orange.

Amber.

Juice per cent.

.

.54.44 55. 95 54.58
Sucrose do 6.05 7.42 7.09

5.2:3 4.00 4. 37
1.05 1.05 1.05

Degrees Brix 12. 00 12. 22 12.00
Temperature deg. C .

.

24.70 23.00 23.00

No. 4 had undergone acid fermentation and analyzed as follows:
Per cent

Total soHds /. 16. 30*

1 Sucrose 7. 57
^ 3i Glucose 4. 75

Sent by Densmore Bros., Red Wing, Minn., a sample of sorghum molasses:

Per cent.

By direct polarization sucrose. . 46. 30

By invert polarization do.... 49.16
Reducing sugars 30.40

It is rich in sucrose and ought to yield a large crop of crystals if boiled to the
proper density.

Sent by A. F. George, Ada, Minn., two samples of sugar beets:

White Yellow
beets. beets.

. per cent .

.

59.66 69.47
Moisture do 89. 99 89.45
Purity 60.27 59.44
Sucrose .per cent.

.

6.69 5.41
Specific gravity 1.043 1.035
Degrees Brix 11.10 9.10
Temperature Cent.. 20° 22°

These are both below the average for sugar beets in this country.

AG 88—15
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Sent by C. W. St artT, Grand Island, Nebr, two samples of snt,':jr heels:

Vilmorin. White
Imperial.

Total solids . per cent

.

Suirar do
l*xii-ity

18.40
15.38
vS:i. 5ft

mw
15.75
8.3.77

Tliose are very rich and capable of producing not less than 230 pounds of siiiiar
per ton ot beets.

Sent by Williiun Juntgen, Kansas, 111., a sample of sugar beet:

Total solids percent.. 10.40
^"t-r^^^^t" do 4.73
P^irity 45.48

Tliese beets are unlit for the manufacture of sugar.
Sent by W. C. Buderus, Sturgis, Dak., two samples of sugar beets:

Pink
beets.

White
beets.

Total solids . . . per cent .

.

Sugar do
Purity co-efficient

20.40
13. 32
65.29

21.48
15.03
69.97

A liigh percentage of sugar, but also a large quantity of total soHds.
Sent by Hon. E. N. Morrill, House Representatives. Sample of sorghum molas-

ses, too small a quantity for analysis.
Sent by H. S. Ti'escot, Pendleton, S. C. Two samples of sorghum sirup.

Xo. 1. No. 2.

Percent. Per cent.
3Ioisture 21.48 28. 60
Ash 2. 76 1.92
Glucose 35 97 38.48

39.20 as. 10

Sent by the Hon. F. M. Cockrell, U. S. Senate. A sample of molasses:

Per cent.

Sucrose 42.00
Glucose : 26. 29
Moisture 28. 13
Ash 2. 63
Undetermined 95

ANALYSES OF SAMPLES OF WATER.

From E. W. Deming. Conway Springs, Kans. Two samples of water : Eiver
water, 20.07 gi'ains total solids per United States gallon. AVell water, 12.52 grains
total solids per United States gallon.

These waters are both excellent for technical purposes.
From H.L.Long, Walnut, Tex. A sample of water containing 201.88 grains of

solids per gallon, comprised chiefly of suli)hate of calcium and some chloride of
sodium.
From Henry Peaslee, Georgetown, Tex. A sample of water containing 655.55

grains of solids j>er United States gallon. A partial quantitative analysis of the
solid matter showed the following comj)Osition :

Sodic chloride grains per United States gallon. . 194.77
Magnesia do 26.88
Alumina do 57.77

Tliis water is unfit for drinking purix)ses.
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Sent by H. B. Bicksler, Herndon, Va. A sample of water containing 19 grains
of total solids per gallon, consisting of carbonates and sulphates of lime and mag»-

nesia, with organic matter, and traces of alkaline chlorides.

From W. II. Thomas, La Grange, Mo., a sample of water a complete analysis of
which was made :

Grains per United States gallon.

Sulphate of sodium 9. 22o
Chloride of sodium 320. 607
Carbonate of potassium 6. 174

Carbonate of sodium .748
Carbonate of calcium 35.836
Carbonate of magnesium 20. 532
Alumina . 093
Ferric oxide Trace.
Silica 2. 891

Total solids 396. 104

From the Hon. J. N. Burnes, House of Representatives, a water containing 38.59

grains of solids per gallon, consisting of lime, magnesia, alumina, iron, and alkalis

combined with sulphuric, carbonic, and hydrochloric acids and silica.

Sent by the Hon. C. T. O'Ferrall, House of Representatives, a sample of water
containing 15.87 grains per gallon of solids, consisting of the same ingredients as
the above sample.
From J. P. Eaton, Mapleville, Nebr., two samples of water. Water from 25-foot

well contains 38.43 grains of solids per gallon; water from 91-foot well contains
20.07 grains of solids per gallon.

The composition of the solid matter is the same as in the two preceding samples.
From the Hon. Samuel Pasco, U. S. Senate, a sample of water, a complete

analysis of which was made :

Parts per million.

Oxygen required by organic matter 31. 50
Free ammonia .44
Albuminoid ammonia .18
Nitrates
Nitrites Trace.
Total solids grains per gallon. . 167. 50
Chlorine do 62. 68

The solid matter consists of

—

Lime _ grains per gallon . . 9. 96
Magnesia do.... 3.01
Sodic chloride do, . . . 61. 66
Soda do. ... 5. 88
Potassic chloride Trace.
Sulphuric acid grains per gallon. . 9.27
Carbonic acid do. . . . 7. 86
Silica do.... .60
Iron and alumina Trace.
Undetermined grains per gallon. . 1. 74

100. 00

This is a mineral water and might prove to possess medicinal virtues.

MISCELLANEOUS SAMPLES.

From M. J. Albright, Rago, Kans. A sample of salt containing 98.86 per cent, of
sodic chloride.
From Mrs. Jenkins, Washington, D. C. A sample of powders which was tested

for bromides, chloral, and morphine, with negative results.

From Mrs. Grigsby, Washington, D. C. A sample of milk containing:

Per cent.

Total solids 9. 76

Fat 1.65
Albuminoids 3.09

This is a very inferior sample of milk, having been deprived of at least two-thirds
gf its cream.
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From E. S. Stover, AUnuiiiorque, N. Mex. A Lainplo of cane, for valuation as a
fodder:

Per cent.

Albuminoids 3, 68
Fat and oil 8.58
Alcohol extract 26.34
Crude fiber 13. 35

It is deficient in nitrogenous principles, but might prove an acceptable change of
diet for cattle.

Sent by D. J. Fair. Sterling, Kans. A sample of brine:

Specific gravity 1 . 1 892
Total solids 25.09

In the dry substance there was found:

Per cent.

Sodic cloride 91 . 95
Magnesia 1 . 86
Sulphuric acid .89
Undetermined 5. 30

Sent bv R. F. Bond. Sterling, Kans., trwo samples of brine and two samples of
salt:

Brine 1. Brine 2. Salt 1. Salt 2.

Per cent. Per cent. Per cent. Per cent.
27.51 27.07 90.33 94.98
26.18 24.65 86.63 90.45

.07 .49 .11 .08
Trace. Trace. .44 1.25

.23 .42 .51 .78
72.85 72.93 9.67 5.02

.67 2.51 4.64 2.45

Submitted by Professor Alwood, Department of Agriculture. An insect powder
in which arsenic in quantity was foimd.

From the Hon. E. O. Graves, Superintendent of Bureau of Printing and Engrav-

ing. A sample of linseed-oil:

Specific gravity at 15.5' C 9325

Percentage of iodine observed 152.00

Refractive index at 17.5' C 1.4785

No adulteration was discovered.

Sent by Nelson Page, "Washington, D. C. , a sample of rye flour supposed to have

been sifted:
Per cent.

Crude fiber 11.44

Starch 24.05

The sample resembles rye bran rather than flour, and has evidently been sifted.

From Dr. F. L. Kilbourne, U. S. Department of Agriculture. Two samples of

linseed-oil cake:

No. 1. No. 2.

Starch
Crude fiber
Moisture
Ash
Fat and oil

Alcohol extract
Albuminoids . .

,

Per cent.
20. 78
4.23
8.38
5.79
9. 05
12.80
31.69

Per cent.
19.18
5.96
7.84
5.72
4.28

12. 91

38. 09
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From C. F. Hopkins, United States Department of Agriculture. Two samples of
3Tapes.

No. 1. No. 2.

Per cent.
6.99
9. 53

Per cent.
3.75
10.54Reducing sugars

Total sugars , . , 16. 52 14.29

From Prof. Cummings Cherry, Chicago, 111. Specimen of palmetto root, stalk,
and leaves.

Root. Stalk. Leaves.

Ether extract . .

.

Per cent.
.71

1.66
45.85

Per cent.
.49

2.10
46.30

Per cent.
2. 79
7.79

50.22Crude fiber

SAMPLES ANALYZED FOR THE ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS.

Samples received from Prof. J. A. Meyers, chairman of committee on potash.

No. 1. Potassic chloride

No. 2. C. P. potassic sul-
phate

No. 3. Acid phosphate with
potassic sulphate

No. 4. Calcined kainite

No. 5

By method of A. O. A. C.
,By Lindo Glad-
ding method.

Per cent. KCl.
85. 04
85.16
85. 06

Per cent. KCl
84. 83*
84.71*
84.08*

Per cent. K^O.! Per cent. K,0

Per cent. KCl.
85.64
85.56

."55. '18 54.10
53.08 54.02

53.86

13.70 13.62
13. 82 13.72
13. 89 13. 78
17.20 17.32
17.20 17. 28
17.26
4. 96 5.13
4. 99 5.30

Analyses made by A. E. Knorr, except those marked ^, which were made by Dr.
C. A. Crampton.
Samples from Dr. W. J. Gascoyne, chairman of committee on phosphoric acid.

Analyzed by A. E. Knorr: .

Moisture. Phosphoric
acid.

Per cent. Per cent.
No. 1, South Carolina phosphate .76 28.10

6.44 14.2:3

No. 3.

Ammoniated
superphosphate

.

No. 4.

Dissolved
South Carolina
phosphate.

No. 5.

Dissolved Navassa
phosphate.

Moisture
Soluble phosphoric acid
Reverted phosphoric acid
Available phosphoric acid
Insoluble phosphoric acid
Total phosphoric acid

Per cent.
14.00
6.74
1.59
8.33
1.30
9.63

Per cent.
9.33

10. 63
3. 31
13.94
1.28

15.22

Per cent.
8.25
6.78
7.94
14.72
3.34

18. 06
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SampleD froin Frx^f. M. A. ixovell, chuiruiaii of committ^^ on nitrojren. Anah aes
made by T. C. Trest-ot : No. 1. iK^tiU^sium nitrate C. P. ; No. 2. cotton-setMl im al

;

No. 3. s«^Kiiuni niinit.- T. P.. ammonium sulphate C. P., ootton-st'tHl meal and acid
I»lu>^phalo : No. 4. s^Hliutn nitmto C. P.. ootton-seiHl meal, muriate of jwita.sli and
aeid pluisjthate : No. o. a mixed tiuikage of the trade.

i No. 1. No. 2. No. 3. No. 4. No. h.

1

Pierct.y.
7.14
7.50

Perct.N. Pt-rct.X. Perct.N.
2.85
2.91A

18.78
13.83

^ 8.70
3.«6

8.18
3. u;By Kurtle niethcKl

•
7.47 S.97

Sample received from Prof. Richard H. Gaines, chairman of committee on phos-
phoric acid. Analyzed by E. A. von Schweinitz and J. L. Fuelling :

Schweiuiti.

' No. 1.

Soluble phosphoric acid.
Re^ ' ric acid .

A^ iric acid

No. 2.

Insoluble phosphoric aeid

Total phooiphorie acid ' 21.81

10.7?
2.13
18.85

1.53

14.38

6.63
1.90
8.53

< 1.62
'i 2.01

Fuelliup.

•

' No. 1. No. 2. No. 3.

t 10.72 6.74
1.92 1.80
12.64 8.54

1.93 2.00

1 22.03 14.57 10.53

In connection '«'ith the investigarion on the nature and causes of " peach yel-
lows " carried on by the Division of Patholo.gical Botany of this Department, a
series of ash analyses of the diiierent parts of the peach tree was made by A. E.
Knorr. A full cliscussion of tliese analyses will Ije found in the 6i)ecial bulletin
publish'-d by that division on this subject.

SWEET CASSAVA.*

{Jafroplia manihof or Aipi.)

About the middle of Marcli. this year. I received from Mr. R. H.
Burr, of Bartow. Fla.. a package of cassava roots. These roots
reached the Department in fine condition, being apjDarently as fresh
as the day they were taken from the soil. After careful sampling
and cleaning, a sufficient quantity of the roots was cut into thin
slices and thoroughly dried. In a definite weighed portion, sampled
as carefully as possible, the jjercentage of moisture was determined.
The dried and powdered roots were preserved for future analysis.

Owing to a j)i'€*ss of other matter, this analysis was not made imtil

the latter part of July and the first of August this year. ^Ir. Burr,
in forwarding the roots, sent the following information concerning
them:

The roots do not last long after digging, drving up or rotting. Since this variety
of cassava is not the bitter or poi-sonous kind, it is generally known in Florida as

the sweet ca.ssava. The roots are fed to all kinds of stfxrk in a fresh .state, and are
greatly relished. It has been s-ufficiently tested here to show its great value as a
stock fo^/d. The yield under favorable conditions is astonishing. I have recently

du^ one plant of one year's gro%%-th, which weighed oO pounds, being at the rate of

more than 1.500 bushels to the acre. Eight hundred to l.(X)0 bushels per acre can
be confidently reckoned on.

*Rf^d by permission of the Commls.sioner of Agriculture at the Cleveland meet-
ins: of the 'Society for the Promotion of Agricultural Science, August, 18H.S, and
pubMshetl in Agricultural Science, vol. 2, No. 10, and Botanical Gazette, vol. 14,

No. 3, p. 71.
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The I'oots rGC(dvG(l ])y us wonj loii^ and slender, and of various

sizes; some of tlioni wei'O quite; 2 feet long, and weiglied several

pounds. The bark, v^hieh contains tliii poisonous principle, if any be
present, was ean^fully K(;rap(;d oil' and lias been ])r(}K('rved for subse-

qu(^nt exaniinatioji. The analysis of the 'sami>le, calculated t(j dry
substance, is <,';iven in tlie fol lowing tabb;:

Srri;i1 No 5547

A si 1 P«r cent . . 1 . 94

Oil (iK'ti-olciiiii ('( \)rr rxiv.ivi) . . . do. ... 1 . 27

Etlier cxtnict (^lucosidcs, allttiloids, orgimic acids, etc.) do. ... .74

Alcoliol oxti'Mct (aiiiids, sugars, resins, ete.) do. . . . 17.43

Crudt^ fiber do 4.0:J

Starch do.... 71.85

Albuminoids (calculated from nitrogen) do. ... Ji.47

100. 78

In regard to the method of analysis, little need be said; it was
carried on in accordance with the well-established rules of plant

analysis as laid down by Dragendorff. The first extraction of jje-

troleum ether gave the fat or oil alone, and the subsequent extrac-

tion with sulphuric ether gave the glucosides, alkaloids, and organic
acids. Tliat portion of nitrogen existing as amids has been estimated
in tlie alcoholic extract. The t(jtal nitrogen was also estimated and
entered as albuminoids; a small yjortion of the nitrogen has thus
been counted twice in the total results which add up a little over 100.

A characteristic feature of the cassava root is shown in the large

amount of substance i)resent soluble in alcohol. The amount of

starch also compares fairly well with the best varieties of jjotatoes.

On account of the large ([uantity of sugars present, the cassava root
could be more economically used for the manufacture of glucose than
for starch; their is no doubt, however, of the fact that a fine article

of starch food can be made from the cassava root growing in this

country.
In addition to the fresh root above noted, two samples of the dried

root or cassava meal have also been examined. No. 5922 was sent
to us, described as pulverized manihot root or cassava flour. The
root is first peeled, chopped into thin sclices, dried in the sun two
days, and x>ulverized. It was x)repared by Prof. W. H. Kern, of Bar-
tow, Fla. No. 5923 was labeled pulverized cassava, with the starch,

or a portion of it, and glucose washed out, the remaining pulp dried
in the sun, prepared by Professor Kern.

Professor Kern sent a letter with the samples, from which the fol-

lowing extracts are made:

Allow me to say that owing to the prodigious yield per acre of what we here
know as cassava, and its alleged value as a feed and food plant, and for its yield of
3tarcli and glucose, it is attracting a very great deal of attention here now. The
plant here grown is different from the manioc root of South and Central America;
our root contains no poisonous elements which need to be dissipated by heat. It is

customary here for many persons to make their own starch from it. The root,

which must remain in the ground until one is ready to use it, is dug, washed, and
its two inner and outer peelings removed; it is then grated and the pulp washed,
the water poured off in a vessel and allowed to stand, when the pure starch settles

in the bottoLii. The clear water is again drawn off and the starch allowed to dry.
The pulp, after having the starch washed out, may be used at once in making pud-
dings by the addition of milk, eggs, etc. This washed pulp may be sun-dried and
thus kept, forming valuable meal or flour from which nice bread may be made.
Necessitated as we are in south Florida to buy all our wheat flour, anything which
acts as a substitute, either in whole or in part, is of great value to us.
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Tlio analyses of two sainplos of flour
table

:

arc given

Serial No

,

\Vater . .

.

Ash
. per cent

.

do...
Oil ami fat do..

.

liluoosidos. jilkaloids, ami or^auie acids, .do. .

.

Aiuids, sui^ars, ro.'^ius do. .

.

IVxtrino. ixnm, etc., by diftVreuce do..

.

Crude llbcr do. .

.

Nitroj^omnis bodies do...
Starch do...

10. 515

l.H<)

1 . r>()

. M
m. (ii)

2. '.)t;

1.81

Gl. 03

in the following

r)<>2;i

11. H()

1.1:5

.13
4.50
T). (13

4. 15
1.31

ro.i3

From the above analyses it is seen that the cassava can never take
the place of the tlour made front cereals, as a food material, on ac-
count of the small portion of nitrogenous matter which it contains.
It seems to me, however, that it might very well take the place of
potatoes, and its value as a food should not be underestimated.
Mr. S. W. Carson, of Midland, Fla., has made some yery valuable

contributions to the literature of the native cassava. From a letter

of his to the Florida Farmer and Fruit Grower of April 11, 1888, I

make the following quotations :

As before stated. I regard tlie rolling pine lands, containing some willow oak, to
be the best for cassava, and the southern counties to be best suited to it. Let the
soil be well prepared by plowing and harrowing, rows checked about 4 feet apart,
one piece laid in each hill. I think they should never be closer together than 4
feet, and 5 would be better. Cassava has been known to grow for three years in
this country. It will continue to grow until the cold kills it, then by breaking off

the stems when they are red, the stubble will sprout up in the spring. As to the
seeds of the cassava they will rijjen in about one year. If puddings, custards, etc.,

are desu-ed, the roots must be peeled and grated; salt, sugar, etc., may be used ac-
cording to taste. The Spaniards make bread of it simply by grating the root, and
adding salt and a little soda. Now there is no doubt in my mind but that thirty
tons of cassava root per acre can be produced. When I think of the tapioca, glu-
cose, and starch there are in it, and how abundantly it can be turned into bacon and
lard, milk and butter, mutton and beef, I feel confident that it will pay better than
any other plant in the world.

Mr. J. H. Moore, of Keuka, Fla. , in a letter to the same i^aper of

November 24, 1887, describes some of the uses of cassava. From
his letter I make the following extract:

Cut the stalks about 1 inch above the ground, just before frost; after cutting, the
stalks should be left to dry in a cool place a few weeks, and then placed in a trench
and covered until time for planting. Some save the stalks by keeping them in a
dry, cool place until February and then plant. The roots should be dug as used;

they will not keep in good condition out of the ground more than three or four

days. It is perhaps the best feed we can raise for hogs; it is also a fine feed for

poultry. We often bake it like sweet potatoes, and also slice and fry it like Irish

potatoes.

M. Sacc has addressed a letter to the National Society of Agricult-

ure of France, concerning the cassava which he calls " Manihot util-

issiraaJ^ He is of the oi)inion that the poisonous varieties are differ-

ent botanically from the innocent. Manihot is the bread of tropical

regions. The innocent variety is cultivated in Bolivia, and the

botanists there call it " manihot a'ipi." The plant grows from 1 to 2

meters in height, with straight and naked stalks, since they only

develoj; leaves at their extremities; the only care given to them in

their cultivation is to keep them free from weeds. The roots, to the

number of five to nine, are of the size of the closed hand. The fol-

lowing analysis of the roots of the manihot aipi is given:
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Per cent.

Water
Starch
Sii^^ar, salts, and malic acid
Fibrin and yellow colorin*^ matter
Crude fiber

Ash

70. 29
14. 40
1. 01

. 08
8. 1«
10. m

From the above it is seen that the roots of the tropical pUiut are

quite different from those produced in our own country. In regard
to the distribution of the two varieties, M. Sacc makes the following
observation:

In Cuba I have seen only the poisonous variety. The same is true of Brazil,

where I have not seen the manihot aipi except in the Swiss colony, Porto Real. As
to the prcxluct of the two varieties, it is the same; the stalks, which are the size of

the finger, are from 1 to 2 meters in height. I have not been able to analyze the

leaves of this interesting vegetable, but as they are much sought after by cattle,

they are probably very nutritious.

The above quotation from M. Sacc's paper I have taken from the
Bevue Agricole (ii, 0, pp. 81, 82), published at Port Louis Maurice.
The name cassava should be applied projjerly only to the purified

starch derived from the roots of the plant. The j)lant is known
under the botanical names Janipha manihot, Manihot utilissima^

Jatropha manihot, Manihot aipi, and Jatropjha Laefflingii; it is also

called the mandioc x^lant. The fleshy root of this plant yields the
greatest portion of the daily food of the natives of tropical America,
and its starch is known in this country under the name of tapioca.
Manihot is a woody or shrubby plant growing from fleshy tuberous
roots, the stems being smooth and the leaves generally long-stalked.
The leaves of the poisonous variety usually have seven branches
;^almately divided; the leaves of the sweet variety are usually only
hve parted. In the "Treasury of Botany," page 718, the following
remarks are made concerning these two varieties

:

J.i, is quite clear that while the root of one is bitter and a virulent poison, that of
thir- other is sweet and wholesome, and is commonly eaten cooked as a vegetable.
Both of them, especially the bitter, are most extensively cultivated over the greater
part of tropical America, and yield an abundance of wholesome and nutritious food;
the poison of the bitter kind being got rid of during the process of preparation it

undergoes. The poisonous expressed juice, if allow^ed to settle, deposits a large
quantity of starch known as Brazilian arrow-root or tapioca meal, from which the
tapioca of the shops is prepared by simply toi*refylng the moist starch upon hot
plates, the heat causing the starch grains to swell and burst and become agglutinated
together. A sauce called cassareep, used for flavoring souj)s and other dishes, par-
ticularly the West Indian dish known as pepjDer-pot, is also prepared from this juice
by concentrating and rendering it harmless by boiling. Another of the products of
cassava is an intoxicating beverage called p/z6*arHe, but the manner of preparing
it is not calculated to render it tempting to Europeans. It is made by the women
who chew cassava cakes and throw the masticated materials into a wooden bowl
where it is allow^ed to ferment for some days, and then boiled. It is said to have
an agreeable taste.

From the above analyses of cassava root, descriptions of its uses,
and the amount of it that can be prodiiced per acre, it is evident that
it is destined to become a valuable agricultural product of the sub-
tropical portions of our country.
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LAKD AND ITS ADULTERATIONS.

Lard is a term apj^lied to the fat of tlie slaughtored lio*; separated
from tlie other tissues of the animal hy tlie aid of lieat.

In the crude state it is composed cliietly of the glycerides of the
fatty acids, oleic and stearic or ][)almitic. with small portions of the
connective tissues, animal gelatine and other albuminous matters.
Kinds of lard.—According to the parts of the^fat used and the

methods or rendering it lard is divided into several classes. Accord-
ing to methods of rendering lard is classed as kettle and steam.
From material used the following classification may be made :

Xeufral lard.—Neutral lard is composed of the fats derived from
the leaf of the slaugluered animal, taken in a perfectly fresh state.

The leaf is either chilled in a cold atmosphere or treated with cold
water to remove the animal heat. It is then reduced to a pulp in a
grinder and passed at once to the rendering kettle. 'The fat is ren-
dered at a temperature of lOo^to l'>0° Fahr. (40° to 50° C.) Only a
part of the lard is separated at tliis temperature and the rest is sent to
other rendering tanks to be made into another kind of product. The
lard obtained as above is washed in a melted state with water contain-
ing a trace of sodium carbonate, sodium chloride, or a dilute acid.

The lard thus formed is almost neutral, containing not to exceed .25

per cent, free acid ; but it may contain a considerable quantity of
water and some salt. This neutral lard is used almost exclusively for
making butterine (oleomargarine).
Leaf lard.—The residue unrendered in the above process is sub-

jected to steam heat under pressure and the fat thus obtained is called
leaf lard. Formerly this was the only kind of lard recognized in the
Chicago Board of Trade and was then made out of the whole leaf.

Choice kettle-rendered lard; choice lard.—The quantity of lard re-

quired for butterine does not include all of the leaf produced. The
remaining portions of the leaf, together with the fat cut from tjie

backs, is rendered in steam jacketed open kettles and produces a choice
variety of lard known as kettle rendered." The hide is removed
from the back fat before rendering and both leaf and back fat are
passed through a pulping machine before they enter the kettle.

Choice lard is thus defined by the regulations of the Chicago Board
of Trade

:

" Choice lard.—Choice lard to be made from leaf and trimmings
only, either steam or kettle rendered, the manner of rendering to be
branded on each tierce."

Prime steam lard.—The prime steam lard of commerce is made as

follows : The whole head of the hog, after the removal of the jowl, is

used for rendering. The heads are placed in the bottom of the render-

ing tank. The fat is pulled off of the small intestines an d also placed

in the tank. Any fat that may be attached to the heart of the ani-

mal is also used. In houses where kettle-rendered lard is notmade the

back fat and trimmings are also used. When there is no demand for

leaf lard the leaf also is put into the rendering tank with the other por-

tions of the body mentioned. It is thus seen that prime steam lard may
be taken to represent the fat of the whole animal, or only portions

thereof. The quantity of fat afforded by each animal varies with
the market to which the meat is to be sent. A hog trimmed for the

domestic market will give an average of about 40 pounds, while from
one destined for the English market only about 20 pounds of lard
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will be made. Prinio Hteamlard istlnis 'Aoimcd ny the Cliif.'ago Board
of Trade :

(( p^iiiKJ sfecmi lard.—Staiulard prime steam lard sliall he solely the
product ol' the trimmiii/^s and other fat parts of hogs, rendered in

tanks hy the direct appli(;ation of steam, and without suhsoqueni
change in grain or character >)y the use of agitattjrs or other ma
chi]iery, ex(u^])t as sucli change may unavoidaljly come from trans-

portation. It shall hfive proper color, flavor, and soundness fni-

keeping, and no material which has been salted shall })e included.

The name and location of the renderer and the grade of the lard shall

be plainly branded on ea.ch package at the time of packing."
This lard is passed solely on insj)ecti(m, the inspector having no

authority to supervise rendering establishments in order to secure a
proper control of the kettles. It is reported on authority that the

large intestines, after projjer cleaning, are placed in the rendering
tanks. According to the printed regulations any part of the hog
containing fat could be legally used.

Since much uncertainty exists in regard to the disposition which
is made of the guts of the hog I have had the subject carefully in-

vestigated. Following are the results of the study:
Guts.—Definition of the terjn as used by hog-packers is: Every-

thing inside of a hog except the lungs and heart, or, in other words,
the abdominal viscera comDlete. The material is handled as fol-

lows:
When the hog is split open the viscera are separated by cutting

out the portion of flesh surrounding the anus and taking a strip con-

taining the external urino-generative organs. The whole viscera

are thrown on a table and divided as follows : The heart is thrown
to one side and the fatty portion trimmed off for lard. The rest goes
into the offal tank or sausage. The lungs and liver go into the offal

tank or sausage. The rectum and large intestines are pulled from
tlie intestinal fat and peritoneum and along with the adhering flesh

and genito-urinary organs sent to the trimmer. All flesh and the
i'.bove-mentioned organs are trimmed off and the intestine proper is

used for sausage casing. The trimmings, including the genito-uri-
nary organs, are washed and dumped into the lard tank. The small
intestine is also pulled from the fatty membrane surrounding it and
saved for sausage casings. The remaining material, consisting of

the peritoneum, diaphragm, stomach, and adhering membranes, to-

gether with the intestinal fat. constitute the '*'guts," which are seen
undergoing the process of wa,shing, which is usually conducted in

three or four different tanks. As the ''guts" pass into the first tank
the stomach and peritoneum are split open, and also any portions of
the intestines which sometimes adhere to the peritoneum. After
receiving a rough wash they are passed from tank to tank when,
after the third or fourth wash, they are ready for the rendering tank.
The omentum fat is cut from the kidneys and the kidneys, with a
little adhering fat, go into the rendering tank. Spleen and pancreas
go into lard tanks, as do also the trachea, vocal cords, and ossopha-

To sum up, it is safe to say that everything goes into lard, or rather
the lard tank, with the following exceptions:

(1) The intestines proper, which are saved for sausage casings.

(2) The liver and lungs.

(3) That part of the heart free from fat.

i have been told that in killing small hogs, and also when there is
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small doiuaiul for sausage casings, it is fivqnontly the ])ractic0 to
split the intestines so as to save expense of pulling from the fat; aiul
after washing, fat and all go into the tank. 1 have no other evidence
except that I have often seen lard Avith a distinctly "gutty flavor,"
which must have been caused by this or some similar mode of hand-
ling. Of course it will often happen that the intestines break off and
portions adhere to the enveloping tissue, and consequently get into
the tank after washing.

It is a commercial fact that sausage casings are worth more than
the small amount of adhering fat, and consequently packers will
save them. Small hogs produce small casings difficult to pull, and
it is reasonable to believe that they will be handled in the simpler
manner. They break so easily they are hardly worth saving sepa-
rately. It is stated by lard manufacturers that the lard made from
the parts of the intestines mentioned above is used for the manu-
facture of lard oil and soap, and does not enter into the lard of com-
merce.
Butchers^ lard.—The small quantities of lard made by butchers is

usually " kettle rendered," after the manner practiced by small farm-
ers in making lard for home consumption. Often the scraps are
saved up for a considerable length of time by the butchers before
rendering, and this is likely to increase the free acid present. This
lard is also frequently dark colored and contains a considerable quan-
tity of glue. In New York this lard is known as '

' New York Citv
lard."

Other hog-fat products.—There are many other hog-fat products
not used in the manufacture of lard or compound lard a description
of which, however, may prove useful here.

Wliite grease.—This grease is made chiefly from hogs which die in
transit by being smothered or frozen. Formerly it was also made
from animals dead of disease, but this prodnct has of late been dimin-
ished on account of certain State laws requiring the carcasses of hogs
which have died of cholera to be buried. This grease is made from
the whole animal with the exception of the intestines. The lattei*

are rendered separately and make brown grease." The rendering
is done in closed tanks at a high pressure. The residue is used in
the manufacture of fertilizer. White and brown grease are used
chiefly in the manufacture of low-grade lard oils and soap.

Yelloiu grease.—Yellow grease is made by packers. All the refuse

materials of the packing-houses go into the yellow-grease tank, to-

gether with any hogs which may die on the packers' hands. Yellow
grease is intermediate in value between white and brown. It is used
for the same purposes.

Pigs'-foot grease.—This grease is obtained chiefly from the glue
factories, and is nsed for making lard oils and soap.

Stearines.—The stearines are the more solid portions of the animal
fats remaining after the more fluid portions have been removed by
pressure. The stearines used in the manufacture of compound lard

are lard stearine, derived from lard, and oleo-stearine derived from a
certain quality of beef tallow.
Lard stearine.—The lard stearine used in compound lard is made

as follows:
The prime steam lard, if properly crystallized and of the right tem-

perature (from 45" to 55° Fahr.
,
winter, 55° to 65° summer) is sent at

once to the presses. If not properly grained, it is remelted and kept
in a crystallizing room Cj': 50° to 60 Fahr. until the proper grain is
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formed. The lard is then wrax>ped in cakes with cloth, each cake con-

taining 10 to 20 TKHinds. The cakes are x>laced in a largo jiress, with
suitable septa to facilitate the egress of the oil. These presses are

sometimes 40 to 50 feet in length, and when first filled 12 to 18 feet

high. The pressure is applied very gradually at hrst by means of a
lover working a capstan ahout which the chain is wrapped attached

to the ui)por movable i)art of the press.

The oil expressed, prime or extra lard oil, is used for illuminating

and lubricatmg purposes. The resulting stearino is used for making
compound lard and is worth more than the lard oil. It has about .5

per cent, free fatty acid (less than the lard oil) and crystallizes in

long needles, making the texture tough.
Oleo stearine.—This product is made chiefly from the caul fat of

beeves. This fat is rendered in open kettles at a low temperature.

The resulting tallow is x>laced in cars in a granulating room where it

is allowed to remain for thirty-six to forty-eight hours at a tempera-
ture 80° to 90° Fahr. The contents of the cars are then mixed and placed
on a revolving table where they are made into a cake. This cake is then
wrapped with strong cotton cloth and placed in a strong press where a
gradual pressure at 90° Fahr.

,
becoming very strong at the end, is ap-

plied for one to two hours. The expressed oil, known as oleo oil, is

used in the manufacture of butterine. The stearine is removed from
the press as white, hard cakes and is used for adulterating lard. The
oil is sometimes filtered with a small percentage of fuller's earth to

improve its color and brightness.

Mutton tallow.—A fine article of mutton tallow is also sometimes
used in lard, but the objection to the flavor is sufficient to limit its

use to a small amount.
The following general remarks on beef fat will be found instruct-

ive:

Beef fat.—Before the day of the oleomargarine industry, all fat

rendered from the tissues of cattle was known commercially as tal-

low. Since then differentiation has taken place, and the term tallow
no longer is sufficient to designate the several products obtained from
the rendered fat of the beef. We have first "butter stock," which is

rendered from the caul fat at a low temperature, and from which is

manufactured by means of pressure

—

(1) Oleo oil.

(2) Oleo stearine (beef stearine).

The kidney fat, as a rule, is left with the carcass and constitutes
what is known as suet. Marrow stock, as its name implies, is ren-
dered marrow fat, and when properly prepared is almost equal to
butter stock in quality. Tallow is made from the trimmings and por-
tions of the viscera. Its color varies from white to yellow, according
to the portions of the animal which have been used and the care with
which they have been prepared for rendering, and the temperature
at which rendered. When freshly and carefully rendered tallow
should show less than 1.5 per cent, of free fatty acid. The tallow on
the market will show anywhere from 2 to 10 per cent. Its flavor va-
ries, never being good enough for lard.

PROPERTIES OF PURE LARD.

PHYSICAL PROPERTIES.

Specific gravity.—The specific gravity of a pure lard varies rapidly
with the temperature. It is not convenient to take the specific

gravity of a lard at a lower temperature than 35° or 40°, inasmuch as
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below that tenijK^ratuiv soliditu'ation is apt to hegin. The specific
gravity, therefore, is usually taken at Bo"" or -lO*^ or at the tetapera-
ture of boiling water, viz, lOO"^^. At 40° the specific gravity of a lard
varies from .1)00 to AKU. At 100'^ the specihc gravity is found to
varv between the numbers .800 and . 8G5. The s])ecific gravity of pure
lard is very near that c>f many of the substances used in adulterat-
ing it, but is distinctly lower than that of cotton oil, and is of very
great distinctive value in analysis.

Melting point.—The melting point of a pure lard is a physical
characteristic of great value. Tlie melting point of the fat of the
swine varies with the part of the body from which it is taken. The
fat from the foot of the swine appears to have the lowest melting
point, viz, 35.1^. Tlie intestinal fat seems to have the highest, viz,
44°. In fat derived from the head of the animal the melting point
is found to be 35.5'". while the kidnev fat of the same animal shows
a melting point of 42.5''. In steam lards, representing the lards
passed by the Chicago Board of Trade, the melting point, for ten
samples, was found to vary between 29.8° and 43.9°. In general it

may be said that the melting point of steam lards is about 37°. In
})ure lards derived from other localities the melting point was also
found to vary. A sample of la,rd from Deerfoot Farm, Southbor-
ough, Mass., was found to have a melting point of 44.9°, while a
pure lard from Sperry & Barnes, iSTew Haven, Conn., melted at 39°.

While the melting point can not be taken as a certain indication of
the purity of a lard, nevertheless a wide variation from 40° in the
melting point of a lard should lead at least to a suspicion of its

genuineness, or that it was made from a special part of the animal.
Perhaps one reason why the melting point has not been more highly
regarded by analysts is because of the unsatisfactory method of
determining it : but when it is ascertained by the method used in

these investigations it becomes a characteristic of great value.

Color reaction.—The coloration produced on pure lard by certain

reagents serves as a valuable diagnostic sign in the analysis of lard

and its adulterations. Various reagents have been eni2:)loyed for the
production of characteristic colors in fats, but of these only two are

of essential importance. They are sulphuric and nitric acids. Pure
lard, when mixed with sulphuric and nitric acids of the proper dens-

ity, as indicated hereafter, gives only a slight color which varies

from light pink to faint brown. The variation produced in the color

by pure lards is doubtless due to the presence in various quantities

of certain tissues of the animal other than fat. For instance, a vari-

ation in the amount of gelatinous substance mechanically entangled
with the lard or of the tissues composing the cells in vvliicli the lard

was originally contained would be entirely sufficient to account for

the slight difference in color produced by lards of known purity. It

might, therefore, be difficult to distinguish accurately between a
pure lard containing a considerable amount of other tissues from the

animal and one which contained a small amount of adulteration.

The coloration X-'i'oduced, tlierefore, by the acids named should not

be relied ujjon wholly in distinguishing pure from adulterated lards;

but the character of"^ such coloration should be carefully noted in

the analyst's book. In the steam lards examined some of the re-

marks describing the coloration produced are as follows:

Trace of color," faint ijink,'* 'Mmght pink," ''light red," "yel-

lowish," etc. For pure lards of micellaneous origin some of the de-



REPORT OF THE CflEMIST. 239

scriptions are as follows: ''Brownish mnk," "trace of yellow,"
'' marked red brown," " no color," '' slight coloration," etc.

Refractive index.—The deviation i)r(j(liiced in the direction of a
ray of light in passing tl)T'ongli a film of melted fat is also a valuable
physical characteristic. This doviation is usually measured as the
quotient of the sine of the angle of incid<;nce l)y the sine of the; an-

gle of refraction and is known as the refractive index. The njfract-

ive index of pure water, at 25° on the instrument used in these in-

vestigations, was X.'XMK). The refractive index of the samples of lard

was made at as low a temperature as possible to preserve fluidity,

viz, between 30" and 30°. The rate of variation m the refractive

index for each degree of temi)erature, experimentally determined,
for lard oil was .000288. This number may also be taken to repre-

sent the variation for lard. The refractive index varies inversely

as the temperature. The mean number for i)ure lard at 25° is about
1.4620. The refractive index of jmre lard is distinctly less than that

of cotton oil at the same temperature, and is therefore a valuable
characteristic for analytical ])urposes.

Rise of tem^perature ivith S(),j.—More valuable for diagnostic pur-
poses than the. physical property already considered is the rise of

temperature which lard undergoes when mixed, under proper con-
ditions, with sulphuric acid. There is such a marked difference be-
tween the numbers representing the rise of temperature in pure lard
and those of the adulterations usually employed in the manufacture
of mixed lard as to give this number a high analytical value. With
steam lards, ten samples, the extremes, as registered by the ther-
mometer, were 38. 8° and 42. 1°. For pure lards of miscellaneous origin,

one from Deerfoot Farm, Southborough, Mass., gave arise of tem-
gerature of 37.1°, and a pure leaf lard from Sperry & Barnes, New
[aven. Conn. , a rise of temperature of 46. 2°.

The value of this characteristic is so great as to lead me to expect
approximately reliable quantitative results from a general determi-
nation of the actual amount of heat produced in an appropriate calo-

rimeter. I am at present attempting to devise an instrument by
which the actual number of colories produced by mixing definite

quantities of fats and oils and sulj)huric acid can be accurately de-

termined.
Crystallization looint offatty acids.—The method described in the

work of Dalican for determining the crystallizing points of fatty
acids gives valuable data concerning the nature of pure lard and
also of the relative amount of stearic and oleic acids present in the
mixture. In pure lards the crystallizing point was found to vary, in
the ten samples of steam lard already mentioned, from 35.4° to 39.5°.

In pure lards the variation was found to be from 32.1° to 42.7°.

Melting point offatty acids.—In connection with the crystallizing
point of the fatty acids, the temperature at which a thin disk of the
same becomes a perfect sphere, otherwise known as the melting
point, is also of value. This temperature has been determined in
the fat acids derived from steam and pure lards. In the steam
lards these numbers vary from 41.4° to 43°. In pure lards the va-
riation was from 36.9° to 46.6°.

CHEMICAL PROPERTIES.

Volatile ac/cZs.—The quantity of volatile acia, as ordinarily esti-

mated in pure lard, is extremely minute. Unless some suspicion_of
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atiiiltoratioii is aAvakenod the seaivh i\)r siu'li volatilo or soluhlo acid
may be omitted. ^Measured in a quantity of deei-iionnal alkali solu-
tion for 0 grams of the fat the mean (juantity of volatile acid in a
pure lard may vary from .2 to .4 of a cubic' centimeter. The de-
termination, therefore, of the volatile acid in the examinations of
lards has none that high diagnostic value whicli attaches to it for
the examination of butters.

Sapou i^rjcation cquiraloit.—The amount of caustic alkali necessary
to saponify the fatty acids of the common glycerides is known as its

saponification equivalent or number. The operation is usually knoAvn
as Koettstoffer's process. Tlie number of parts of aglyceride sapon-
ified by one molecule of alkali is represented by one-third of the
molecular weight of the glyceride in question. The saponification
ecpiivalent , therefore, represents the number of grams of an oil or
fat saponified by one equivalent in grams of an alkali. The per-
centage of caustic potash used for saponifying a lard is about 20
and the mean saponification equivalent about 285.

In the steam lards examined by us, leaving out one result of doubt-
ful accuracy, the extreme variations w^ere 270.14 and 290.05, and the
mean 283.45. In pure lards the extremes were 272.64 and 294.14, and
the mean 280.33.

Iodine number.—The quantity of iodine absorbed by an oil or fat
affords one of the most valuable indications of its constitution. The
glycerides of the oleine series have the projDerty of absorbing the
halogens. On the other hand the glycerides of the palmitic or stearic
series do not absorb iodine. Hence in a fat or oil from which the
presence of linoleine and its analogous body can be excluded the
quantity of iodine absorbed may become a fairly accurate measure
of the amount of oleic acid present. The lard derived from different
portions of the swine varies largely in the amount of oleine contained
therein. For instance, a sample of intestinal lard absorbed 57.34 per
cent, of iodine; the leaf lard from the same animal absorbed 52.55
per cent.; the foot lard, 77.28 per cent.; the head lard, 85.03 per
cent. In the steam lards mentioned the variation in the percentage
of iodine absorbed was from 60.34 to 66.47 per cent., and the mean
62.86 per cent. In pure lards the mean was 62.45 per cent. Thus
in lards of known purity the amount of iodine absorbed will indicate
the probable part of the animal from which the fat in the lard was
derived. The wide variation between the iodine numbers of pure
lard and those of the adulterants used in making refined lard serves
to render this number of the greatest importance in analytical work.

The reaction with nitrate of silver.—Pure lards treated with a solu-

tion of nitrate of silver after the method of Bechi, or the fatty acids
thereof after the method of Milliau, give no reduction of metallic sil-

ver, or at most only a trace or slight coloration. This fact is of the
utmost importance in the analysis of lard.

Microscopical appearances.—Lard examined with the microscope
shows a definite crystalline structure but does not plainly reveal the
character of the crystals. When lard is slowly crystallized from a
mixture of ether, beautiful rhombic crystals of stearine are obtained
which are easily distinguished from the groups of fan-shaped crystals

given by beef or mutton fat under similar conditions.
Moisture in lard.—The quantity of water in pure lard varies from

a mere trace to .2 jjer cent.
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PROPERTIES OF LARD ADULTERANTS.

COTTONSEED OIL—PHYSICAL PROPERTIES.

Sppcifir {jvavify.—Cottonseed oil Ijoin;^* liquid at ordinary temper-
atures its specifie ^-ravity can bo easily taken at tlio temperatur(i ot

the room. For purposes of com])arison tlif; rate of variation in the
si^ecihc gravity of the oil can he determined, and its specific gravity
at any given temperature calculated: or its specific gravity can he
directly determined at 35°, 40°, or 100°, as may he desired. In the sam-
ples examined the si)ecific gravities of the oils at 35° vary from .0132

to .9154. The mean for nineteen samples is .9142. Thcjse numbers
show the relative weiglit of the oil and equal vohimes of water at the
same temperature, the weiglit of water being tak(;n as unity.

Meltinr/ point.—Since cotton oil solidifies only at a temperature
near or below the freezing point of water its melting ipoint has not
been determined.

Color reaction.—The color produced in cotton oil by sulphuric
and nitric acids is a characteristic mark of the greatest value. This
color varies from deep reddish brown to an almost black color. Some
of the descriptions of the color produced in cotton oil, taken from the
note-book, are as follows : ''Dark brown," "very brov/n black," ''deep

red brown," "very red," "yellov/ brown," etc. It must not be for-

gotten, however, that these colors can be produced by other oils, and
hence their occurrence is not conclusive of the presence of cotton oil.

Refractive index.—The refractive index of cotton oil is distinctly

higher than that of lard. The variation in the index of refraction
is inversely as the temperature. The mean rate of variation for
each degree is .000288. For a temperature of 25° the mean refractive
index of the samples examined Y^^as 1.4G74. The rate of variation in
the index of refraction in cotton oil is sensibly the same as that for
lard.

Rise of temperature ir ith sulphuric acid.—The rise of temperature
which cotton oil suiters when mixed with sulphuric acid is a very
prominent diagnostic sign. In the samples examined, the lowest incre-
ment of temperature noted was 80.4° and the highest 00.2°. The
mean rise of temperature was 85.4°. Cotton oil therefore gives more
than double the increment of temperature shown by pure lard under
the same conditions.

Crystallization pjoint of fatty acids.—Since cotton oil is fluid even
at low temperatures (viz, 0°), the determination of its m^elting point
is only a matter of scientific interest. The point at which its free
acids crystallize is, however, easily determined, according to the
method of Dalican.
The mean crystallizing point of the acids examined was 33.6°, the

minimum was 30.5°, the maximum was 35.2°.

Melting point of fatty acids.—The melting point of the free acids
of cotton oil was determined both in capillary tubes and by observ-
ing the deportment of the acid on the bulb of a delicate thermom-
eter protected by a glass fl.ask. The two sets of data were almost
identical.

The mean melting point of the acids examined was 39.3°, the
maximum was 44.4", the minimum was 34.6°. ' •

CHEMICAL PROPERTIES.

Volatile acids.—The statements made in regard to the volatile
acids in a pure lard are also applicable to cottonseed oil. For 5 per

AG 88 16
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cent, of cotton oil the quantity of y6 J^lkali consumed is slightly
greater than for ]nire hu il and may amount to as much as .5 c. c. If
cocoa oil is j)resent the number will be much higher. Five per cent,
of pure cocoa oil will consume from 7 to 8 cc of the deci-normal
alkali.

Saponijicafioti eqifivalent.—In the sami)les examined, the mean
siinoniheation equivalent was •v^SIJ.S. although in some instances quite
a uifference was noticed from this figure.

loiline nuwher.—Cotton oil possesses in a much higher degree than
lard the property of absorbing iodine. This is due not only to the
large percentage of oleic acid which it contains, but also probably
to the presence of a small amount of linoleic acid or some liomologue
thereof. In the sami^les examined, in no case did the iodine number
fall below 100 and in one instance it rose to 116.97. The mean iodine
was 109.2.

Beaction with nitrate of silver.—A more important property even
than its power of absorbing iodine is shown by cott^on oil in the re-

duction of silver to the metallic state under certain conditions.
The test may be applied, as already indicated, eitlier tu the oil

itself or to the fatty acids thereof. The sih'er is either redu-ced in
the form of a metallic mirror deposited on the sides of the vessel or
in minute black particles Avliicli give a broAvn or black appearance to
the liquid. In some cases the liquid shows a greenish tint.

Other properties.—The refined cotton oil used in adulterating lard
has a pleasant taste, is almost odorless, and possesses a faint yellow
color. Its resemblance to olive oil is so marked that for all culinary
purposes it forms an excellent substitute therefor. Cotton oil 23os-

sesses slight drying qualities, which render it unfit for lubricating
machinery. It can never take, therefore, the place of sweet oil for
that purpose.

PREPAEATIOX OF COTTON OIL.

The cotton seed from various sources is put through a screen to

take out the bolls and coarse material. The seed is then put through
a gin to remove as much as possible any remaining lint, of which
about 20 pounds per ton of seed are obtained.
The clean seed is next sent to a huller composed of revolving cylin-

ders covered with knives which cut up both seed and hull. The chips
are then conveyed to the screen placed on a vibrating frame, through
which the kernels fall. The hulls are carried by an endless belt to

the furnaces where they are burned. The kernels of the seed are
conveyed to crusher rolls, w^here they are ground to a fine meal.
The meal is then sent to a heater where it remains from tAventy to

forty minutes. These heaters have a temperature of 210° to 215°.

The hot meal is formed into cakes by machinery. These are wrapped
in cloth and placed in the press. About 16 pounds of meal are put
in each cake. The cakes are placed in a hydraulic press, where a
pressure of from 3,000 to 4,000 pounds per square inch is applied. The
press is also kept warm. The expressed cake contains only about 10

per cent, of oil. The cake is sold as cattle food or for fertilizing

purposes. The crude oil as thus expressed contains l.o per cent, of

free acid. The chief cotton-seed presses of the country are located
at the following points:

COTTONSEED OIL mLLING POINTS.

Arkansas—Little Rock, Argenta^ Fort Smith, Texarkana, Brink-
ley, and Helena.
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Ala})aTna—Scbiia, Mobile, Mont^oiTiory, Eufaula, and Himtsvillo.
Georgia—AtlaJiia, .Viigusta, Albany, Columbus, Macon, aiul

Ronio.
Tnii)i()HS(30—M!oni])bis, Jackson, Naslivillo, and Dyc7'.s])urgli.

Texas—Bronliam, Dallas, (xal\M>ston, Houston, Palestine, and
W<'i,('().

Illinois—Cairo.
liouisiaiia—N(!\v Orleans, h)lireve})ort, Batoji K(Hige, and Monroe.
Missouri—Saint Lends.
Mississippi—Clarksdale, ColuniLus, Canton, Grenada, Greejiville,

Meridian, Natchez, Vickshurg, and West Point.
Nortii Carolina—Charlotte and Rah^igh.

,

South Carolina—Colunihia and Greenville.
The oil is chiefly pressed in winter, since it is difficult to keejj it

for summer work; some mills are, however, o])erated during the
summer. The crude oil is shi])ped in tanks holding from :j(;,()0() to
4^,000 pcninds each. When the oil is shipped nortli in winter it

usually becomes solidified. In order to get it out of the tanks they
are placed on SAvitches and a jet of steam is introduced into the tank
and the oil gradually melted out. Another method consists in cov-
ering the tank with wood, forming a chamber, into which exhausted
steam is introduced. Gutters are jjrovided along the railroad track^
into wliich the oil flows, and is conducted into the receiving tanks.
From the receiving taiiks it is pumped into large receivers called
scal(3 tanks, where the crude oil is weighed.

Befining process.—After weighing the oil is pumped into refin-

ing kettles. These are of various sizes, the largest ones being 20 to

25 feet deep and 15 feet in diameter. These tanks are furnished with
steam coils for the i)urpose of heating the oil and Avith aiJproi:)riate

macliinery for keeping it in motion. A solution of caustic soda is

used for refining. This solution is made from 10° to 28° Baumd in
strength and various quantities are used according to the nature of
the oil operated upon. After the addition of the caustic soda the
mixture is agitated for forty-five minutes and kept at a temx)erature
of 100° to 110°F. The contents of the tank are then allowed to stand
six to thirty-six hours Avhen the solid matters, soap, and substances
precipitated by the caustic akali gather at the bottom. This mixt-
ure is called foots and is used for making soap. The yellow oil

resulting by this process is purified by being heated and alloAved to
settle again or by filtration and is called summer yelloAv oil. Win-
ter yelloAV oil is made from the above material by chilling it until it

partiall}^ crystallizes and separating the stearine formed, about 25 per
cent., in presses similar to those used for lard. This cotton-oil

stearine is used for making butterine or soap.
VFJiite oil.—The yellow oil obtained as above is treated with from

2 to 3 per cent, of fuller's earth in a tank furnished with apparatus
for keejnng the mixture in motion. When the fuller's earth has
been thus thoroughly mixed Avith the oil the whole is sent to the
filter press. The fuller's earth has the property of absorbing or hold-
ing back the yelloAA" coloring matter so tliat the oil Avliich issues from
tlie press is almost AAdiite. This AAdiite oil is the one Avhich is chiefly
used for making compound lard.

Stearines.—The stearines nsed in the adulteration of lard are de-
rived chiefly from lard, tallow (suet), and cotton oil. These are gen-
erally called oleo stearine, lard stearine, and cotton-pil stearine, re-

^spectively. •
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PHYSICAL PROPERTIES.

Specific (/ravify.—Tho snecific i^ravity of stoavinos may bo taken
in their solid state or in a liquid state at a liigh temperature, best at
100^ Tlie numbers are si lightly loAver than those for lard.
Mi Ui)}(j point.—The melting j^oints of the stearines are higher than

the natural glyeerides from -SAdiieh they are derived. A prime oleo
stearine from Armour & Co.. Chicago* showed a molting point of
51. 0^ A prime lard stearine from the same firm showed a molting
point of 44.:J^, which is only slightly higher than the mean molting
point of pure lards. The lowest melting point of any stearine exam-
ined was a sample of dead-hog stearine from J. P. 'Squire, Boston,
which was 38.*^ The highest observed melting point in the stea-
rines examined was an oleo stearine from X. K. l^airbank & Co.,
Chicago, showing 53.8°. The high melting point of the stearines
is a characteristic of great value in the adulteration of lard, since it

serves to counteract the influence of the cotton oil, which of course
tends to lower the melting point of any lard mixture into which it

may enter. The iniluence of the various constituents, however, on
the melting point does not seem to be proportional to the respective
quantiry of each therein. For instance, a mixture of 25 per cent, of
cotton oil having a melting point about zero, with 25 per cent, of

oleo stearine having a melting j^oint of only about 12° above the
normal for pure lard, with 50 per cent, of pure' lard of normal melt-
ing point, might not show a lowering of the melting point at all pro-
portional to the presumable influence of the cottonseed oil present.
The cotton-oil stearine. as might be expected, has a melting point
very much below that of the similar products derived from lard and
tallow.

Color reaction.—The color reactions produced in the stearines by
sulphuric and nitric acids are much the same as those produced in

the original glyeerides from which they were derived. Cotton-oil
stearine shows a less intense color perhaps than the original oil;

while in the case of tallow and lard stearines the coloration is not
marked enough to be susceptible of description.

Refractive index.—The refractive index of the stearines is sensibly
lower than that of the original glyeerides. The refractive index of
a prime lard stearine from Fairbank & Co. was found to be 1.4555 at
29.0'; of a vdiite cotton-oil stearine from a Southern cottonseed oil

company the refractive index was 1.4645 at 29.8°.

Rise of temperatu re with sulphuric acid.—With the lard and tallow
stearines no degree of comparison can be made in the rise of tem-
perature with that produced in the original glyeerides, on account of

the high initial temperature which is necessary for the conduct of

the experiment. Allowing for the difference in initial temperature,
however, the stearines deport themselves verymuch as the glyeerides
from which they are derived.

CHEMICAL PROPERTIES.

Vfjlatile acids.—The amount of volatile acids in the stearines men-
tioned is so small as to be negligible.

Sapjonification equivalent.—The numbers are essentially the same
as those of the original glyeerides.

Iodine number.—The percentage of iodine absorbed by the stear-

ines is, as is to be expected from the fact that they contain less trio-

lein, markedly less than that of the original glj'cerides. The fact
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that the steavincs jjossoss that pi'oporty in tliis dimiiiisliod dof^ree is of

quit(i as inucli ini portanco from an {inalytical ])(>jnt oi' view as thoir

liii^h molting poijit. Thus tlio mixture of {ist(*arine with alow iodine

niim])er with cotton oil of a lii<i^h iodine numh(3r sliows a ])erc(,-iitage

of iodin(3 absorption not markedly different from that of ]nir(3 hii-d.

One prime oleo stearine examined sli(jwed an iodine absorption
only 17.38 per cent. Another oleo stearine showed 2G.81 per cent.

The lard stearines shoAved hi^g-her numhers, viz, in two cases 44.24 per
cent, and 40.78 yev cent. The cotton-oil stearines showed iodine num-
bers varying from 85.^^8 per (!ent. to 00.39 per cent.

Reaction with nitrate of silver.—Tiie stearines react with nitrate of

silver in a mannc^r entirely comi)arahle with that of their original

glycerides. :

Microscopical appearances.—Stearine derived from beef or mut-
ton tallow shows under the microscope the charactei'istic fan-shaped
crystals already noticed. Lard stearine on the other hand gives crys-

talline groui)s similar to those already mentioned in the case of lard.

Moisture.—Properly prepared stearine contains only a trace of

moisture.
Other adalterants of lard.—It has been claimed that other sub-

stances than those mentioned have been used in the adulteration of
lard, but these claims seem to rest on no valid foundation. Among
these substances dead-hog grease or dead-hog stearine is the one most
frequently mentioned. The term dead-hog grease is used to indicate

the oil or lard obtained from animals which die of disease or are
smothered in transportation or die on the way to the slaughtering
houses. The fat of animals very recently dead, unless death takes place
from disease, and taken before any decomj)osition sets in has chem-
ically the same characteristics as that derived from animals slaugh-
tered. If, however, the animals have been dead some time before
rendering a considerable decomposition of the glycerides takes place
and the amount of free acid in the fat is thus largely increased. Such
fat also shows a distinctly unpleasant odor by which it can readily be
distinguished from genuine lard. Peanut oil and some other vegetable
oils have also been mentioned as adulterants of lard. While it may be
true that many attempts have been made to use the above substances
in the adulteration of lard on a small scale, it is also quite true that
such attempts have never attained any importance from a commer-
cial point of view.
Mixing.—The term "refined lard" has long been nsed to designate

a lard composed largely of cotton oil and stearine. The largest man-
ufacturers of this kind of lard have now abandoned this term and
are using the label "lard compound" instead. This is but just to
the consumers of this article who are likely to be misled by the term
"refined lard." The prime steam lard in a state of fusion, the stear-

ine, also in a liquid condition, and the cotton oil are measured in the
proportions to be used and placed in a tank at a temperature of 120°

to IGO'^ Fahr. In this tank the ingredients are thoroughly mixed by
means of paddles operated by machinery. After mixing the com-
pound lard passes at once to artificial coolers where it is chilled as
soon as possible; it is thence directly run into small tin cans or large
packages and prepared for market.

PROPERTIES OP ADULTERATED LARDS.

In external appearance to an unskilled person adulterated lards are
not appreciably different from the pure" article. An expert, however^,
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is gonorally al>lo to tell by taste, odow and p-am a mixcMl lard froixi

a pure one. Tliere iv-< usually enoui>-h lard in the adnlleratiHl articde
to i::ive to it the taste and odor ol' a gtMiuiu(> one. Mixturt^s of
fat, however, have been made, and iHM*ha])s sold as lard, whieh eon-
taineil nt> hoi^ g-rease wliatever. In the following des('ri])ticnis an
endeavor has becMi made to o'ive the ehief eh;irai't(M-istics of an ailul-

terated lard on the saim^ plan as the descriptions of pure lard and
the adulterants thereot" wliieh })reeede.

, PHYSICAL rROl'EUTIKS.

Specific gravifij.—But little stress can be laid upon the numbers
rei)resentinLr the specitic gravity of adulterated lards, since the ma-
terials of which they are composed have nearly the same specific

gravity as the pure article. The addition of cotton oil, however,
raises the specitic gravity, and when this substance is present in quan-
tities above 15 per cent, its influence on the specific gravity of the
sample is marked. At o5° the specific gravity of adulterated lards
varies from .DiMi to .910.

Melting point.—The melting point of the adulterated lards is in
some cases slightly lower than that of pure lards. This arises from
the fact, which has already been noticed, of the low melting point
of the cotton oil, which is one of the principal adulterants used.
The numbers rei)resenting the melting points of adulterated lards,

emphasize the fact, which has already been noted, that the lowering
of the melting point is not theoretically proportional to the contents
of cottonseed oil found in the adulterated lards of commerce. In a
number of samples of lards containing cottonseed oil from Fairbank
& Co. the lowest melting point was 31.3° and the highest 41.9°. In
the series of samples from Armour & Go. the lowest melting point
noticed was 3<s.i)^and the highest 43°3°. The melting point of the
Arm<mr samples approaches much nearer that of pure lard than
those received from Fairbank & Co. Although the melting ]3oint is

not of itself a property of very great importance from an analytical
point of view, yet its determination should never be neglected in a
comprehensive analytical examination.

Color reaction.—The amount of coloration shown by an adulterated
lard, when treated with sulphuric or nitric acid, dei)ends upon the
percentage of cotton oil which it contains, since from a commercial
point of view the introduction of a small amount of cotton oil would
not prove profitable. We find in the adulterated lards of commerce, as

a general rule, strong color reactions. It might be possible, however,
to mix with a jjure lard so small a quantity of cotton oil as to render
doubtful to the analyst the character of the color reaction produced.
Some of the colors produced in the adulterated lards examined, as

copied from the note-books, areas follows: "Light brown," "pink
red brown," " liglit yellow red," "light pink," "deep brown," " red,"

"deep red brown." etc. The appearance of a pinkish tint is often

found in adulterated lards containing a n(;ta])le portion of beef-fat

stearine. altliougli this coloration is not considered a certain indica-

tion of the jn-esence of this substance.
Refractive index.—The refractive index of the mixed lards natu-

rally varies with the proportion of cottonseed oil which may be pres-

ent. The greater the quantity of cottonseed oil the higher the re-

fractive index. The refractive index of the Armour mixed lards is

decidedly lower than that of the Fairbank samj^les. The following

is the number representing the mean refractive index of the Ar-
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mour samples iii 25', viz, l.-UVM. 'i'lic- ]iunib<*r ropresentiiig the
mean refractive index of tlie Fairbank samples is 1.4G51. The re-

fractive; iiuk^x is a much iiK^re important }>roperty in the sorting oH

lards than the melting point, or perhaps even than the specific

gravity.
Rise of t('iu})cr(ifu re wifJi siilpliuric acid.—As is to he expected we

find lierc! also the greatest variations depending on the nature and the
(juaiitity of the adult(!rants })r(isent. The pi'esence of tallow steai'ine

ten<ls to diminish the rise oi temperature with sulphuric acid, Avhile

cottonseed oil has the opposite effect. As the relative ])roporti(jn

of these two ingredients and also the amount of pur(3 lard varies we
may expect corresponding variation in the temperature shown on
mixing the lard with sulphuric acid. In the samples of Armour's
lards examined the highest rise of temperature noticed was 58.9° and
the lowest 42. 1". This latter number is almost identical with that
furnished with ])ure lards. In Fairbank's lards tlie least rise of tem-
perature noticed was 51.3° and the greatest 6<S.S°. Tliese numbers
show a larger proportion of cotton oil in the Fairljank than in the
Armour samples. This rise of temperature as a diagnostic sign is

valuable and its determination should never be omitted.

CHEMICAL PROPERTIES.

Volatile acids.—TUie remark wliich has been made in regard to the
volatile acids of pure lards and their adulterants is also applicable
for mixed lards. The amount is so minute as to be of no value from
an analytical point of view.
Saponification equivalent.—The numbers representing the saponi-

fication equivalent do not afford any particular indication of the kind
of adulteration used. In the samples of Fairbank mixed lards ex-

amined, the mean saponification equivalent found was 279.4. In the
Armour samples it was 275.

Iodine number.—The amount of iodine absorbed by a mixed lard
gives a valuable indication of the kind of the ingredients which have
been added to it. It has already been seen that the stearines, espe-

cially those derived from tallow, have a very low iodine number,
while cottonseed oil has a very high one. It is therefore possible to

mix these two substances together so that the resulting iodine num-
ber may be about the same as that of pure lard, viz, 60 per cent. In
the samples of the Armour mixed lards examined the mixture seems
to have been made in about the proportion indicated. The lowest
iodine number observed in these lards was 54.11 per cent., which is

decidedly less than that of normal pure lard. The highest number
observed was 71. 19 per cent. The other numbers were slightly above
those obtained for pure lard. In the samples of mixed lards from
Fairbank & Co. the iodine numbers are much higher. The lowest
number observed was 78.24 and the highest 94.78 per cent.

Reaction with nitrate of silver.—Mixed lards containing cotton oil

show a reduction of metallic silver in a greater or less degree accord-
ing to the proportion of cotton oil j)resent. In every case where
cotton oil was known to be present in a mixed lard this reaction was
noticed. It would be i)ossible, however, to put so small a portion of
cotton oil into a lard as to render difficult the positive detection of it

by the nitrate of silver test.

Microscopic appedrances.—The mixed lards show in the field of
vision of the microscope distinct tufted crvstals of the stearines
which have been used as adulterants. The rhombic crystals of pure



248 KKPOKT OF TiiK oo:\nirssroNEK of aguicultuke.

lard are also c>ften iiotiood in tliis field. Tlio microscope is a most
valuable aid in detecting lard adulterations.
Moisture in nii.val lanLs.—^Mixed lards generally contain only a

trace of ^v;^ter. In one instance, however/ water appears to liavo
been added as an adulterant, over ;>0 [)er cent, of it having been found.
Tlio use of water as an adulterant of lard, however, is^not common.

COMPARISON OF PllOPEKTIES OF LARDS AND COMPOUND LARDS.

The mean results of the analytical data are as follows:

Kind of samples.

1

specific

gravity.

Saponificationequivalent.

1

Melting

point

of

the

glycerides.

Melting

point

of

the

fat

acids.

Crystallizing

point

of

fat

acids.

Rise

of

teniper-

ature

with

i

sulphuric

acid.

Percentage

of

io-

dine

absorbed.

}

Ref

active

index.

C° 0° C° 0°
. 9053 280.3 40.7° 43. 3= 39. G° 41.5° 62. 48 1.4620

Ixml of luiseellaneous origin . ooor 274.

4

41.7° 42. 9° 39. 0° 45. 7°
04.:i4 1.4633

Priip.e steam lard . 9055 28:5.5 37. 0° 42.1° 38. 6° 39. 9° 62.86 1.4623
ArnKHir's lards .9060 275.0 40. 6° 42. 8° 39. 8° 46. 5° 63.58 1.4634
Fairbauk's lards . 9095 279.

4

38.1° 40. 6° 37.4° 57.9° 85.31 1.4651

STATISTICS OF THE LARD INDUSTRY.

It was developed in the investigations before the Committees on
Agriculture of the Senate and House of Representatives that the
annual production of lard in the United States is 000,000,000 pounds,
of which about half is pure lard and the other half pure lard mixed
with stearine and cotton oil, the '

' refined " or compound lard of com-
merce. The annual exports of lard are about 320,000,000 pounds, of
which about 40 per cent, were compound or refined lard.*

According to the figures furnished by the Bureau of Statistics the
production of lard from 1877 to 1887, inclusive, is as follows:

Years. Total. Years. Total.

m86-'87
188.5-'86

1BH4--85
1883-'84
1882-'83

Pounds.
.527,032,000
514.230,000
480,405, OiX)

444.450,000
419, 513, 000

1881-^82
1880-''81

1879-^80
1878-^79
1877--78

Pounds.
468, 929, 000
517, 660, 000
479, 020, 000
514,295,000
404, 572, 000

The exports from 1873 to 1888 are shown by the following num-
bers:

Years. Lard exported. Years. Lard exported.

Pounds.
234,901,-511

184, 100, 226
107, .579, 377
108,008, 212
237, 744, yA)7

345, 693, .527

:i43,119,208
405,437,658

1

1881

Poiinds.
335,001,686
239, 904, 657

273,230,610
2;i8,165,733
.301,305, 105

298, 083, 094

324, 515, 224

187'4 1882

1875
1876 1884

1877
1878 1886

1879 1887

1880

* Statement of Mr. G. H. Webster before Houfie Committee on Agriculture, re-

port of hearings, jj. 26.
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If we take the percentcig(3 ol" cotton oil in tlio coniponnd lard at 40,

the total weight ol* oil nsed in maiuifacturing mixed lard is 120,000,000

pounds.
In addition to this large quantities (;f cotton oil are used for salad

dressing and culinary operations, and in the manufacture of a f:;ub-

stituto for lard (cotolene) which contains no hog grease whatever.

EXPERIMENTS IN THE MANUFACTURE OF SUGAR.

Assignment of work.—The bill making an appropriation for exper-

iments in tlie manufacture of sugar did not become a law until the

19th of July, 1888. At that time it was manifestly impossible for the

Department to make any arrangements of its own for the conduct of

experiments during the present manufacturing season. It was nec-

essary, if any experiments be made at all, that tliey should be arranged

for in connection with work already in progress, either by ijidivid-

uals, private corporations, or State experiment stations. The follow-

ing arrangements were therefore made for the experimental work:

(!) A continuation of the experimental work at Rio Grande, N. J.,

under the direction of Mr. H. A. Hughes.
(2) A series of experiments at Kenner, La., under the direction of

Prof. W. C. Stubbs.

(3) Experimental work at Douglass, Kans., under the direction of

the Douglass Sugar Company.
(4) Experimental work at Conway Springs, Kans., under the direc-

.

tion of Mr. E. W. Deming.
(5) Experiments in the improvement in the varieties of cane at Ster-

ling, Kans. , under the direction of Mr. A. A. Denton.
In addition to the above work, arrangements were made for ana-

lytical researches under my direction at Douglass, Conv/ay Springs,
and Sterling, Kans. It was deemed unadvisable, at the late date men-
tioned, for the Department to suggest any experimental work or as-

sume any control thereof. Having been authorized to arrange for
such work in a manner which seemed most advantageous, the follow-
ing directions were given : The work at Rio Grande was placed exclu-
sively in charge of Mr. H. A. Hughes, to be conducted in such man-
ner as he saw fit for the benefit of the industry. The work which Mr.
Hughes proposed to do was on a small scale, with the ultimate idea
of making it possible for farmers and others to manufacture sugar
without the expense of apparatus usually considered necessary for
that purpose. The results of Mr. Hughes's work have been reported
by him further on, and a discussion of them will be given in con-
nection with his report.

Prof. W. C. Stubbs having commenced preparations for experi-
mental work with sorghum at the experiment station at Kenner, he
was authorized to complete this work under the auspices of the De-
partment. No instructions in regard to the method r»f performing
the work were sent to Professor Stubbs except to do that which seemed
best for the promotion of the industry. His report of the results of
the AYork and the discussion thereof will follow.
The experimental work at Douglass, Kans., was placed under the

control ot the Douglass Sugar Company. Its object was to test thor-
oughly the method of open diffusion practiced on a small scale by
Mr. Hughes at Rio Grande, and they conducted the work under the
general instructions to give that system of diffusion and the appa-
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ratus a tliorouirli and impartial test. The general results of the ex-
perimental work at the station are given in the report of Mr, Edson,
witli a discussion of tlie dal;i there recorded.

Tlu* exi>erimental work at Conway Springs consisted in the trial

of a new system of pre})aring the exhausted chips for fuel, and certain
new arrangements of apparatus connected with the dilfusion battery
and of a new system ot handling and storing the canc^ No specific

instructions were given to Mr. Deming in regard to the conduct of
the work, but he Avfis left free to use his own judgment in every par-
ticular in regard to what was best to be done. Mr. Deming's report
and the discussion thereof will follow.

The exnerimental work at Sterling was of an entirely different
order. The Sterling Sugar Company had commenced a thorough
examination of all obtainable varieties of the sorghum plant. By
an iirrangement made with this company the Departinent assumed
this work in the condition in which it was found the latter part of
Julv and carried it to completion under the super,vision of Mr. Den-
ton. Mr. Denton's report and observations thereon will follow.
The following assignment of the chemical force of the Division was

made for the jnirpose of securing analytical data of the season's work:
Mr. Hughes liaving expressed an opinion that he could get along

independently of any chemical assistance from the Department, no
assignment was made to Rio Grande. Mr. Edson was placed in
charge of the chemical work at Douglass, assisted by Mr. John L.
Fuelling. Prof. E. A. von Schweinitz was placed in charge of the

. chemical work at Conway Springs, assisted by Mr. Oma Carr. Dr.
C. A. Crampton was placed in charge of the work at Sterling, assisted
by Mr. Karl P. McElroy.

In the latter part of July I visited the three localities last named
and arranged with the proper persons for the establishment of the
laboratories and jjerfected the arrangements for the chemical control
which was desired. In September and October I visited each of
the laboratories above mentioned and spent some days with the
chemists in charge in consultation concerning the progress of the
work and any changes or alterations therein which seemed necessary.
The results of the chemical work in each case will be found in con-
nection with the reports of the resy^ective stations.

Experiments at Bio Grande, N. J.—The result of the work at
Pio Grande is disappointing in its nature. For some reason the cane
grown in that locality has failed to improve, although it appears that
it has had the benefit of careful attention and fertilization. There
has been upon the whole, as indicated in Bulletin 18, a deterioration
of the cane at Rio Grande; the crops which were raised six or seven
years ago showing a higher percentage of sucrose than those of the
present time. This deterioration has been caused either by admixt-
ure of a non-saccharine variety with the seed, by the method of cult-

ure or by the influence of the soil and climate of that locality. I am
inclined to attribute much of the depreciation to a fault of the seed;

whether or not it has been mixed with broom corn I am unable to

say. The almost total failure of the Amber cane at Rio Grande
would seem to indicate that some such accident had happened to it.

While Amber cane in other localities has continued to show a high
percentage of sucrose in the juice, at Rio Grande it has become a
worthless variety for sugar-making or even the production of sirup.

The importance of seed selection is emphasized by this fact, since

there is every reason to believe that if seed of the Early Amber, such
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as was plantcMi at Rio Orandti seven or eight years ago, were again
planted in that h^cality it wouhl produce an equally rich crop of

cane. It would he a useless task, however, for any one to attempt
the successful manufacture of sugar by any process from juices no
richer than those re])orted by Mi'. Hughes during the present year;

such cane at best (;(nild only make mohisses and that probahly of an
inferior character. These agricultural results are the more discour-

aging l)ecause of the systematic att(;m])ts which have heen made at

Ki(j Grande in conjun(;tion with the N(nv Jersc^y experiment station

for the production of a high-grad(i cane; these are not. however, suf-

ficiently discouraging to justify abandonment of similar attempts iri

other localities. In respect of the climate at Kio Olrande I can see

nothing which W(nild lead me to believe that it is unfavorable to the
growth of sorghuin. On the other hand, the climatic conditions ap-

pear extremely favorable unless it be true that sorglium will not
develop a maximum coiitent of sugar in localities favored with
abundant summer rains. Aside from this tlie favorable conditions
for growth and the practical immunity from early frosts render the
locality a most favorable one for the production and manufacture of

a crop of sorghum cane. The soil of this locality, it is true, is not
naturally as fertile as the soils of Kansas, but witli the judicious fer-

tilization which has been practiced the tonnage per acre has been
fully as great if not greater at Rio Grande than in most other local-

ities.

In regard to the methods of manufacture employed at this station

it is necessary to speak with some degree of caution. In the report
of Mr. Hughes we have, from his stand-jjoint, a brief but graphic de-

scription of the method employed. I have never been of the ojjin-

ion that sugar-making from sorglium could be successfully practiced
on a small scale, and the experiments carried on by the Department
of Agriculture for two successive seasons at Rio Grande have only
served to confirm me in this belief. The nature of the processes
employed, the character of machinery required, and the kind of

skilled labor needed, all combine to render the manufacture of sugar
on a small scale commercially unsuccessful. I do not see any favor-
able result in this direction from the two years' trial at Rio Grande.
For the present manufacturing season Mr. Hughes does not give

the total amount of sugar made except from a portion of the crop;
and this is no evidence whatever that its cost has been suflficiently

low to enable it to be put U23on the market in competition with other
sugars. I should have been glad had the result been otherwise, for
the successful inauguration of an era of sugar-making conducted
by farmers Avould have been a great blessing to vast agricultural
regions.
In regard to the machinery employed my opinion has already been

expressed. . I have said repeatedly, both in official publications and
in other places, that I regarded the system of cutting and preparing
the cane devised by Mr. Hughes, and now in use in every sorghum
factory in the United States and in at least one cane-sugar factory,
as the very best wdiich has yet been invented. I have long been con-
vinced that for the extraction of sugar from cane of both kinds the
greater the degree of comminution of the chips the more successful
the process will be. The system of double shredding inaugurated
by Mr. Hughes during the past season tends to secure this end. It

was in this direction also that I urged last year for sugar cane the
construction of a shredding machine on the principle of the shredder
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built by the Nowi'U Uiiivorsiil Mill Company of Now York, for tlio

nirpoL<o of proi^aring the pieces of cane properly for tlie dillusioii
nittery. This shredder I sugi^-ested should be furnished with very
tine steel knives of the general pattern of the shredder now in use,
with short cylinders of large diameter driven at a very much liighor
rate of speed. Last year 1 suggested to Mr. Fiske, the inventor of
the macliine a.b«.)ve mentioned, the ailvisability of building such a
machine in duplicate for the purpose of reducing the cane to as line

pieces as possible. The advantage of such a shredder as this over
the one used by Mr. Hughes would be principally in its greater
strength ami in the assurance that it could be run for days, and per-
iiai)s a whole season through, without any necessity for repairs. It

is of tlie highest importance that the apparatus for cutting and pulp-
ing the cane should be as effective as possible and built in two sets, so
that if one should be out of order the second could still be used.
In regard to the svstem of diffusion practiced at the Rio Grande

station and described in Bulletin 18, further experience*only leads me
to emphasize what has been said in that bulletin, viz:

The defects of the system were both mechanical and chemical. The mechanical
difhciilty is the same as that which attends all methods of dilfusion in which the
cane chips are moved instead of the diffusion liquors. From a mechanical point of
view, it is far easier and more economical to move a liquid in a series of vessels than
a mass of chips. In the Hu.glies system the whole mass of chips undergoing diffu-

sion, together with adhering liquor, and baskets and suspending apparatus, are lifted

vertically a distance of several feet, varying with the depth of the diffusion tanks,
every few minutes. The mechanical energy required to do this work is enormous,
and with large batteries the process would prove almost impossible.

The truth of this view will be further illustrated in the report of
the Douglass Sugar Company. For very small batteries working
only a few tons a day this system might possibly be employed, but
I doubt even then if it could be economically worked. This opinion
of m.ine, as will be seen, is at total variance with that expressed by
Mr. Hughes, and those who propose to become practically interested
in the matter Avill have to decide upon the merits of the two systems
of diffusion after a personal investigation.

Mr. Hubert Edson, who has had two years' exjjerience with the
open system of diffusion, made the following statements relating

thereto in the Louisiana Planter and Sugar Manufacturer of De-
cember 1, 1888.

This report refers to the battery nsed at Douglass, Kaiis.; ciiiring

the season of 1888:

The battery was built from plans secured directly from Mr. Huglies, and with
one or two slight changes vv-as worked throughout the season. The main battery

consisted of ten ceils, open at the top to admit the baskets in which tlie chips were
placed for diffusion. These baskets, made of strong boiler iron, were attached to

tlie arms of a crane, which was raised, rotated, and lowered till the requisite number
of immersions was obtained. Besides these ten cells there was an extra one of the

same dimensions placed just outside and within reach of the arms from the larger

crane. This arrangement was intended to secure a dense diffusion juice, allowing,

as the diffusion progressed, the heaviest juice from two of the cells of the main bat-

tery to be drawn into the outside cell, and which there received two baskets of

fresli chips before being emptied.
This manner of operating the battery will, it is claimed by the inventor, give a

juice almost as dense as a corresponding mill juice. In my opinion, however, no
greater advantage is secured by the eleventh cell being outside the main battery

than by tlie same number arranged in regular order. Certainly, at Douglass, the

results'claimed bv the inventor were not even approximated. The outside cell also

entailed an extraamount of labor in transferring the Imsket from the small crane

to vv-hicli it was attached during its immersion to the large crane of the main
battery.
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So j;)ii<;li for the manner of workin;^ th(; battery. ' Now for tho tliinp^s that are

of a»--tual vain" to tlic sugar pkmters— tlic results ohtaiued nnd tiif exi)ensv:s inci-

dent to siK-h results,

Machinery of any kind to be effective shoukl ref|uire a jninimuin of liuman
kil)or. Let us see j)o\v liic ffu.uhes battery eoinp.'ircs with, tlie ordinary form. At
JJou'^lass the l)a,tt<'ry was (iesi;;ned to Avork a Jiuiuhcd tons of cane daily, and to

do this at least eight men were necessary to shift tlie l)ask(!tsto their different places.

Half of this numl)er would run a closed battery and lind the work easier, since they

would liave no liaskcts weighijig a thous;ind -pounds each to handle
Besides this maiuial labor the whole t<'n baskets had to })e rai ;ed every time one

was tilled or emptied. A large hydraulic pump is used for this work an<l of itself

refpiir >s more pow(>r tlian is nec^essary to run a battery of closed ceils. This extra

power jiud labor would not necessarily condenm th(i apparatus, if such suj.'f-rior

resulrs were obtained as to overcome the expense. But instead of this exactly the

reverse was a(.'comi)lishe(l. Not much better extraction was secured than is ob-

tained by tlie ordiiiarv cane-mill of Ivouisiana, and this only with a dilution of

nearly 50 ])er cent., causing an extra expense of no small amount of evaporation.

Then also tho ({uality of the juice obtained was extremely poor. The almost con-

stant exposure to the air and especially in iron vess(ds blackened it to such a degree

that no good sugars couhl be made from it. Clariiication was nearly impossible

v/ith any of the ordinary re-agents in the sugar-house. This was extremely unfor-

tunates in Kansas, as the greatest profits are made on material sold to the home
market.

Experiments at Kenner, La.—As has "been mentioned before. Prof.

W. C. 8tuhl)s was 2:)Ia.eGd in (diarge of the experiments which were
arran^'ed for in connection with the Louisiana sui^ar experiment sta-

tion at Kenner and the stations at Baton R^)nge and Calhonn. For
two previons seasons Professor Stnl)l)s liad ruade extensive experi-

ments with sorghnm, which are fnlly reported in the bulletii is of the
Lonisiana experimen_t station and in Bulletin No. 18 of this Division.

A stndy of the analytical data of the tliree years' work in Lonisiana
shows in an emj^jliatic way the pecnliarities of sorghum which have
rendered so difricult the successful inauguration of sugar-making
from that plant. The great variations in tlie content of sucrose in

the juices of the plant, its susc^eptilnlity to injury by storms and
other unforeseen causes, ptre strikingly set forth in the analytical
figures which follow. In my opinion the production of a Variety of

sorghum cane suital^le to the soil ?.nd climate of the sugar lands of
Louisiana will be a work of no small difficulty. From the results of

the work already done, and especially during the last year, an account
of which is contained in the appended report of Professor Stuljbs,

it is clearly seen that a season which has produced a sugar cane very
rich in sucrose in the State of Louisiana has produced a sorghum
crop which is absolutely worthless for sugar-making for commercial
purposes. Another point illustrated by tie report is brought out in
reference to the past work of the station in which, although a cane
v/as produced whose juice was reasonably rich in sucrose, its prac-
tical working in the sugar factory was found miost difficult. In the
report this is ascribed to the presence of large quantities of dextrine
or dextrine-like bodies supposed to be derived from the starch orig-
inally present in the juice. It is the ox)inion of Professor Stubbs
that starch and sucrose are developed in the sorghum pari passu.
In this case it would be found that the direct polarization of a sor-

ghum juice rich in sugar would show apparently a much higher
content of sucrose than was actually present, since dextrine and its

allied bodies are much more dextrogyratory than sucrose. The
points developed by the experiments ma^y be summarized as follows:

(1) Sorghum cane develops sometimes in Louisi?ma a, juice con-
taining a very high percentage of sucrose, but combined with other
bodies which render its separation from the juice difficult.
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(0) The ocourroiico of a ^vot siiiiinior aitinuUHl by the severe wind
storms which aro so c'oimnon in that locality prm cnts th(^ dovolopuient
of a hii^li suoroso oontt^iit in tho growing sorglunu.

(3) The i>ossibh^ utilization of sugar machinery for a. longer man-
ufacturing season is one of the cliief inducements in the sugar-cane
regions ft)r the cultivation of sorghum as a sugar-producing plant.

(•4) Delay in working tlu' cane after cutting is not as dangerous as
has been supposed.

It will be understood that tlu^se are conclusions widch I liave drawn
from reading Pn^fessor Stubbs's report, and are not formulated in the
above manner by himself. Some of these conclusions do not seem
to me to be iustlv drawn from the data at hand.
The results of the attempts to grow sorghum for sugar-making

purposes on the low sugar lands in Louisiana in my opinion are not
highly encouraging to the belief tliat these lands and their climate
are the best suited in the United States for the production of sor-

ghum as Professor Stubbs says. On the other hand I believe there
are few localities in the United States w^here sorghum grows at all

in which a better crop for sugar-making purposes can not be produced.
Experience has shown that the dry climate of southern and western
Kansas produces the most uniform crop of sorghum for sugar-making
purposes, while the data of Professor Stubbs which follow show that
the Louisiana product, for the present year at least, is about the poor-
est on record. One point, however, should be borne in mind, viz,

that the course of experiment pursued by the Louisiana experiment
station is the one which is best suited for the rapid development of
every possibility of sorghum culture in that State. The experi-
mental trials which are made with sorghum will show both its weak
and strong points, and in the wide variation which the plant shows
there will doubtless be some variety produced or found which will

be best suited to the peculiar conditions which obtain in that locality.

The soil and climatic conditions of the northern part of the State where
cotton is now grown will probably be found better suited to the pro-
duction of sorghum than those of the present sugar-producing local-

ities. I feel quite sure that the expectation expressed by Professor
Stubbs of being able to realize under certain conditions as much as
120 to 125 pounds of sugar from sorghum cane may be fully met un-
der favorable circumstances ; but it would still remain to be demon-
strated that this yield could be reasonably expected from year to year
or even occasionally on a large scale. The subsequent experiments
which are promised by Professor Stubbs at the Louisiana station will
doubtless set at rest, in a few years, all these questions and demon*
strate to the sugar-makers of Louisiana just what can be expected
from sorghum as an adjunct to their great industry.
Experiments at Conway Springs.—In the reports of Messrs. Dem-

ing and Von Schweinitz, which follow, together with the analytical
tables,* much interesting information maybe found in regard to the
sorghum-sugar industry in Kansas. The successful continuation of

the work at Fort Scott has encouraged the belief in the possibility

of a speedy establishment of a sorghum-sugar industry in Kansas on
a large scale. The unfortunate financial outcome of the work, how-
ever, at Conway Springs shows that much is yet to be learned by
those entering upon this industry before success can be confidently
predicted. A discussion of the chemical data collected at Conway
Springs will be found in connection with the analytical tables. It is

* See BuU. No. 20.
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proper to say li(n'o, liowcver, tliat tlif? soi-gliuiii juices of tlio crop
cjrown at Conway Springs slunv a liiglier content of sucrose tlian any
largfi crop vvliicli has ever before been produced in tlie United States.

Tliis liigli content of sucrose, wlii('h a])peared in tlie ci'op after the

middle of Se];)tend )(•]•. as indicated by the analysis of tin? juices, was
continued until tlu; close of the W()rking season in November. The
sampl(.\s of chii)s taken fi'om tlu; cells of the battery showed in thf-ir

juices a high content of sucros(j uniforndy ; much higher, in fact, tlian

would be indicated by the outjmt of sugar. One reason, (h)ubtless,

for this was the exceptionally dry season diminish iiig the content of

water in the cane, and thus increasing the percentage of sucrose in

the juice. Tliis fact, though not estaT)lished by the determination of

the ii})er in the cane, is plainl}' indicated by two other facts developed
by the analytical work, viz, the diminished extraction when using
the small mill of the same pressure as the season progressed and
the high content of total solids in the juices. The output of sugar
was evidently diminished by the character of the water used in dif-

fusion; but that would be unable to account for the small yield of

crystallizable sugar obtained with juices of the richness of those
worked. Ex])eriments made by boiling a solution of pure sugar with
the water used in diffusion at CVmway Springs proved that tlie pres-

ence of a large amount of gypsum did not tend to increase the inver-

sion of sucrose; that it may, however. haA^e interfered with the crys-

stallization of the sucrose is a fact which can scarcely be denied. The
actual output of sugar at Conway Springs in my 02)inion would have
been considerably larger had pure water been employed in the diffu-

sion battery; nevertheless the important fact remains that the yield
of crystallizable sugar was wholly disproportional to the richness of
the juices worked, showing that the high ratio of sucrose was not
obtained at the expense of the solids not sugar in the juices. In
other words, it ajipears that a cane whose juice is normal in quantity,
say at about 90 per cent, of the total weight, and having a content of
sugar equal to 10 percent., with total solids at IG per cent., will yield
fully as much if not more sugar than a cane whose juice is abnormal,
say not more than 80 per cent, of the total weight, with 12 per cent,

of sucrose and 18 to 20 per cent, of total solids. Another important
fact developed by a study of the data obtained at Co]iway Springs is

in the persistence of the sugar content in the juice after the cane was
fully ripened. In localities where considerable moisture may be ex-
pected in the soil as a result of frequent rains during the manufact-
uring season it has been noticed that there is a rapid deterioration of
the juices beginning a short time after complete maturation. This
has been especially noticed in the experience at the Rio Grande sta-

tion. It has also been noticed by all careful observers of the sor-
ghum grown in ordinary localities. The inspissation of the juices
by the natural causes of an extremely dry climate appears to protect
the sugar from this destruction. This is a point of the greatest in-

terest to sorghum-growers; to whom tlie preservation of the sugar in
the juice for a reasonable length of time is a matter of the greatest
consideration. In the process of diffusion this thickening of the
;juice entails no loss, although if milling were used for expressing the
juice the loss would be a most serious one. The above exj^lanation
of the chai-acter of the juice at Conway Springs is offered with some
degree of hesitation, since I am fully aware of the danger of draw-
ing conclusions in sorghum work from a too limited number of obser-
vations.
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Tlio iiianufacturini:: oporations at ConAvay Springs wore greatly
hiiulorod bv faults in tho niachinory which could scarcely bo avoided
when the short time allowed for the manufacture and erection of the
same is considered. Insteatl of taking three Tuonths for the erection
of a sugar factory a whole year is none too long a time, and disaster,
for at loast one year, is certain to attend attempts to erect such ma-
chinery in the time allowed at Conway Springs.
AVhat is needed now in the sorghum-sugar industry is the manu-

facture of sugar at a rate which will enable the manufacturer to
compete with sugar from other ])arts of the world. A great step in
this direction will be secured when the kind of machinery which has
been pointed out by the investigations of the Department as neces-
sary to success shall be constructed by skilled macliinists and erected
by skilled engineers with time enougli at their disposal to finish tlieir

work before the manufacturing season begins. Some further re-

marks on this subject will be made in another place.
From a commercial point of view the results of the^work at Con-

way Springs are wholly disappointing ; to the person, however, wlio
will take pains to inform himself in regard to the conditions which
there obtained many points of encouragement will be found in spite
of the financial failure of the first season's work.
Experi}ue?ds at Douglass, Kans.—The practical experiments car-

ried on at Douglass consisted in a thorough trial of the open system
of diffusion (the Hughes s^'stem) to test its fitness for working on a
large scale. For the details of the construction of the battery I refer
to the report of Mr. Edson. In regard to its working in general I

may saj* that it was a total failure both as to economy of power and suc-
cess of extraction. The financial difficulties which were encountered
by the company during the year were attributed la^rgely to the use of
this battery. The evaporating apparatus in use ai Douglass was of
first-class quality and arranged in a practical manner. The system
of clarification tanks, double effects, and strike pan was as good as
could be desired for sugar-making purposes. Had the company
adopted the system of diffusion erected by the Department at Fort
Scott there is every reason to believe that even during the first season
it would have paid all expenses and made a reasonable profit. The
attempt to introduce a new and untried system on a large scale shows
the danger which too often besets the introduction of a new enter-

prise. The promoters of such an enterprise, not satisfied with what
has been accomplished, attempt to follownewpaths which often lead
to unknown and unwished-for localities. It is best in any enterprise
to accept what lias been proved of value and not jeopardize the suc-

cess of a commercial undertaking by introducing in its place a; kind
of experiment which, failing, would destroy all prospects of success.

As will be seen by the analytical tables accompanying the Douglass
report* the crop was of fair quality, showing ahout the average per-

centage of sucrose developed in Kansas during the last two or three

years. The soil on which miOst of the crop was raised was somewhat
richer in vegetable matter and contained less sand than the soil at

Conway Springs. The climatic conditions of the two places were so

nearly identical as to make apparently but little difference, yet it

must be conceded that at Douglass the hot, dry winds produced less

effect than at Conway Springs. There did not appear to be the same
drying up of the juice, which may account to some extent for the per-
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centage of sucrose therein being less. The agricultural results, how-
ever, were of the most encouraging nature, showing that in this

locality a crop of sorghum cane can be grown which with T>roper

treatment may be expected to yield from 80 to 90 pounds of sugar
per ton of clean cane. Not only were the actual results rendered un-
favorable by the kind of battery employed, but aside from this for

some reason the centrifugals used proved to be wholly inadequate to

the severe task imposed upon them. The drying of sorghum sugar
is at best a difllcult taslc and only the best approved centrifugal ap-

paratus should ever be emploved for this purpose. Had the battery
at Douglass worked successfully much delay vv^ould have been experi-

enced in the manufacture of the crop by the imperfections above
noted in the centrifugal machines.
Experiments at Sterling, Kans.—At the very beginning of my con-

nection with the experiments in the manufacture of sugar from sor-

ghum I realized the importance of improving the quality of the cane
to be used. In Bulletin No. 3, page 107, I made the following state-

ments:

The future success of the industry depends on the following conditions, viz:

(1) A careful selection and improvement of the seed with a view of increasing
the proportion of sucrose.

(2) A definition of geographical limits of successful culture and manufacture.
(3) A better method of purifying the juices.

(4) A more complete separation of the sugar from the canes.

(5) A more complete sefiaration of the sugar from the molasses.

(6) A systematic utilization of the by-products.

(7) A careful nutrition and improvement of the soil.

Improvement by seed selection.—I am fully convinced that the Government should
undertake the experiments which have in view the increase of the ratio of sucrose
to the other substances in the juice. These experiments, to be valuable, must con-
tinue under proper scientific direction for a number of years. The cost will be so

great that a private citizen will hardly be willing to undertake the expense.
The history of the improvement in the sugar beet should be sufficient to encour-

age all similar efforts with sorghum.
The original forage beet, from which the sugar beet has been developed, contained

only 5 or 6 per cent, of sucrose. The sugar beet will now average 10 percent.* of
sucrose. It seems to me that a few years of careful selection may secure a similar
improvement in sorghum.

It would be a long step toward the solution of the problem to secure a sorghum
that would average, field with field, 12 per cent, sucrose and only 2 per cent, of
other sugars, and with such cane the great difficulty would be to make sirup and
not sugar. Those varieties and individuals of each variety of cane which show the
best analytical results should be carefully selected for seed, and this selection con-
tinued until accidental variations become hereditary qualities in harmony with the
well-known principles of descent.

If these experiments in selection could be made in different parts of the country,
and especially the various agricultural stations and colleges, they would have addi-
tional value and force. In a country whose soil and climate are as diversified as in
this, results obtained in one locality are not always reliable for another.

If some unitv of action could in this wav be established among those engaged in
agricultural research much time and labor would be saved and more valuable re-

sults obtained.

In a summary of the methods which I have advocated for the im-
provement of the sorghum plant I said in an address before the
National Sugar-Growers' Association, in Saint Louis, in February,
1887, that—
Finally our experiments have taught us that after all the mechanical difficulties

which have been enumerated in the manufacture of sugar from sorghum have been
overcome, the industry can not become commercially successful until the scientific

* In the six years which h?cve passed since the above was ^^'ritten the sugar beet
has been stUl further improved and will perhaps show 12 per cent, of sugar.

AG 88 17
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atrmnonnjtt smvtuNis in piothu inu,- n sori^lmiu plant with a misi^imblv high and imi.
form couU'Ui dI" sucroso and a, niiiiiimuu of other suhstaneos. This work i.s luvu-
liiirly tlie funoti^m of our atjrirultural exju>rin\onl stations. In he(>t-siigar i)ro(hioing
countries the produrtion of tht< sood for plantitii; is ft distinct hraneh of the indus-
try. So. too. ii must with sor;;hu)M. A careful seienti/ic selin-tion of the seeds of
those plants showinj; the best supir-proilucin.i; (jualities. their proper phuitinK and
cultivntion. a wine choice of Uvulity and soil, a proper appn ciulion of the best
methods of cultvne. these are all faettus which nuist he Uiken into consideration in
the successfid sohui<.)n of problem.

It was with tins ])uri)oso in view tliat I nuule tlio ari-angemeuts
with the Sterling Sirup Company by whicli the Department assumed
control of tlie experiments which they had ntade in the ctiltivation
of different varieties of sorghum. At the time this arrangement
was made, viz. in the latter part of July, Mr, A. A. Denttm was al-
ready in charge thereof for the Sterling Sirup Company, and he was
a}^)l>ointed by you to continue in general chai'ge under the direction
ot the Department. It was arranged with Mr. Denton that the gen-
eral line of research should be such as is indicated in the above state-
ments for the purpose in view. The chemists who*were sent to take
charge of the analytical work were instructed to co-operate with Mr.
Denton in such a way as to secure favorable results and to make
such suggestions as might seem A^aluable in the details of the work.
Mr. Denton was requested to make a general study of the growth of
the different varieties and of the habits of each one with reference
to its fitness as a sugar plant. The most promising individuals of
each variety were to be selected for experimental purposes and those
showing the highest content of sucrose with the lowest content of
other substances were to be preserved for future planting. The able
manner in which Mr. Denton accomplished this work, assisted by
the chemists of the Dexjartment, will be found in his detailed report.
I regard it of the highest importance to the future success or the
industry that the line of work thus commenced by the Department
should be continued.
One great difficulty with which we have to contend is in the char-

acter of the ai^propriations made for the experimental work. I have
called attention to this difficulty in former reports, and I wish to em-
phasize the matter here. The fiscal year in all Government affairs

begins on the 1st of July. For investigations in agriculture no
more unfortunate be inning of the year could be selected. On the
1 st of July it is too late to commence experiments for that season ; if

these experiments be postponed until the next season arrangements
can be made for their continuation only up to the 1st of next July,
and thus they have to be stopped before they are well begun. The
difficulty is extremely manifest in the j^resent instance. The wis-
dom and value of continuing the experiments at Sterling last year
will be denied by no one. Abundant funds are left over from the
present year's appropriation to continue the experiments for another
season. It is, however, unwise to make any arrangements for such
work, since no part of it, except that which will be let out by contract,

could be continued after the 1st of July, 1889. You thus find your hands
tied, as it were, by the unfortunate disposition of the experimental
year, which has to begin and end with the fiscal year. To avoid this

difficulty, which has been one of the greatest causes of the disasters

which have attended our experiments with sorghum, I earnestly

recommend that all appropriations for field and manufacturing ex-

periments in agricultural matters be made to take effect from the

ist of January each year instead of the 1st of July.
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POINTS TO iil^ CONSIDICKKI) IN IiUIL,I>INO A FACTOJiY.

It is of tlio utmost importuiUM?, hoth for tlie individuals and tho

industry, that iiitoiidiug iiivcistors in th<!su<<ar ])Usiiioss .sliould (care-

fully (M)usid(;r th<^ l)r(>»l)luin pr<3Stviiiod lothoin in all its forms. Failure

is jiot (july a jKirsonal calamity Init a public one, iu that it deters

ca])ital from investinent in an industry wliicli, prorx^rly pursued,

gives promise of a fair interest on tlie money investful.

Soil and cliviate.—The importance of soil and climat(3 has alrciady

been discussed. In tlie light of present experience it must he con^

ceded that a soil and climate similar to those of southern and west-

ern krinsas ^ire best suited to the culture of soi-ghum for sugar-

making ])urposos. Further investigations may show that Texas and
Louisiami ])reseut e([ually as favorai>le conditions, but this yet awaits

demoustration. Conditions a])proximateiy similar to those men-
tioiuul can doubth^ss l)e found in Arkansas, Tennessee, North Caro-

\\m\ and other localities. The expectations which were entertained

and positively advocated a few years ago of the establishment of a

successful sorghum industry in the great maize fields of the country
must now be definitely abandoned. He who would now advise the

building of a sorghum-sugar factory in northern Illinois, Indiana,

Iowa, or Wisconsin would either betray his ignorance or his malig-

nity, A season of manufacture, reascmably certain for sixty days,

is an essential condition to success in the manufacture of sorghum
sugar. Early frosts falling on cane still immature, or a freezing

temperature on ripe cane followed by warm weather are alike fatal

to a- fa,vorable issue of the attempt to make sugar. Sober and care-

ful men will not be misled by the claims of the enthusiast, by the
making of a few thousand pounds of sugar in Minnesota, by the
graining of whole barrels of molasses in Iowa. Four or five million
acres of land will produce all the sugar this country can consume for

many years, and these acres should be located where the climatic
conditions are most favorable, During the past season sorghum
cane matured as far north as Toi^eka, but in 18(SG the cane crop at

Fort Scott Avas ruined by a heavy frost on the 29th of September and
in 1885 a like misfortune happened at Ottawa, Kans., on the 4th of
October. These interesting facts show that these points are on the
extreme northern limits of safety for sorghum-sugar making, and the
region of success will be found to the south and west of them.
Natural fertility of soil must also be considered as well as favor-

able climate. The sandy pine lands of North Carolina can not lio^je

to compete with the rich prairies of southwestern Kansas- and the
Indian Territory. Indeed, in my opinion, the last-named locality,

should it ever be opened to white settlers, is destined to be the great
center of the sorghum-sugar industry. Nevertheless, those who plant
the virgin soils of this great Southwestern empire must remember that
to always take and never give will tire the most patient soils, and a just

return should be annually made to the willing fields, A judicious
fertilization, rotation, and rest will not only preserve the natural
fertility of the fields, but give even a richer return in the improved
qiiality of the cane and the greater tonnage secured. Perhaps the
most sensible solution of the problem of the disposition of the waste
chips will be found in returning them to the soil. These chips have
a positive manurial A^alue in tire nitrogen they contain, while their
merely physical effect on the soil may prove of the highest impor-
tance,
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Wafer fmppJy.—Tho misfortunes ^vhicli have attended many at-
tempts in tlie nuuuifaeture of sugar by dillusion, by reason of an imper-
fect or insurticient water supply, are a suflieient warning on this sub-
ject to the careful student. Not only should the water su])ply be
abundant and easily accessible, but the portion of it at least which is

to be used in the battery should be as pure as possible. The presence
of carbonate (^f lime and other carbonates in water is ]iot injurious,
but the evil effects of a large amount of other kinds of mineral mat-
ter are shown in the data from ConAvay Springs. When the su])ply
of water is insulhcient it has been customary to use ponds for receiv-
ing the waste from the factory, so that it may be used again. This
method is applicable, if care be taken to prevent organic matters,
scums, etc. , from entering the water sui)i)ly. In case this precaution
is not taken the oj^erator of the factory ma}^ lind himself in the con-
dition in which the Department was placed in its tirst experiments at
Ottawa and Fort Scott, in being compelled to use water foul and pu-
trescent. It is scarcely safe to rely upon a well for a supply of water,
especially if it have to be sunk to any depth. Where pumping ma-
chinery must be placed many feet below the surface, as in the crami^ed
condition which attends its erection in a well, serious difficulties may
arise from the machinery getting out of order, and a great loss of
energy may ensue from the necessity of lifting the water to a great
height. In all cases where it is possible a running stream of water
should be selected for the supply and the factory should be placed
conveniently near its banks. The importance of this matter is em-
phasized the more when it is considered that the most favorable local-

ities for sugar making, as indicated by the present state of our knowl-
edge, are situated in regions where the water supply is notably defi-

cient; yet it must be admitted that even in southern and western
Kansas it will not be difficult to find localities for the erection of sugar
factories where the water supply is certain and abundant. In the light

of past experience it is not probable that any further mistakes will be
made in this direction. Careful estimates should be made of the
quantity of water required and absolute certainty should be secured
of the supply of that amount of water and even of a much greater
amount in cases of emergency. The only safety will be found in some
such plan as this.

Proximity of cane-fields.—Another point which must be taken into

consideration in the location of a factory is the distance which the
cane is to be transported. This is a matter which of course the
farmers raising the cane are more interested in than the proprietors
of tho factory, when the cane is grovrn by contract. With good
roads, in a level country, it is easy to draw from 1^ to 2 tons of field

cane at each load. The average price which is paid for such cane at

the present time is 82 lyev ton. It is evident that at a given distance,

varying according to the price of teams and labor in each locality,

the cost of transportation would equal the total receipts for the cane;

in this case the farmer would have nothing left to pay for the raising

of the cane and profit. Evidently true economy, from an agricult-

ural point of view, would require the cane to be grown as near the

factory as x)Ossible. It Avould be well, indeed, if all the cane could

be grown within a radius of a mile from the factory. This would
give, in round numbers, 2,000 acres tributary to a factory. With an
ordinary season this ought to produce 20,000 tons of cane. The
lengthening of the radius of this circle by one-half mile would give
the greatest distance to be hauled 1^ miles, thus vastly increasing
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the surface tributary to the central factory. It is true tliat at the

present time farmers are easily found vvlio are willing to draw their

cane 4, 5, and even G miles, but tliis condition of affairs can not be

continued when the business is fully estaljlished and the factf)ries in

sharp competition witli eacli other. In case the exhausted cliips are

to 130 returned to tlie soil as fertilizer the importances of a centrally

located factory as described is doul^ly em])liasiz(;d.

jTud.—A cheap and abundant sup])ly of fuel is less important

than the raw material to bo manufactured ijito sugar. As far as the

sorghum-sugar industry is concerned the coal which is used for fuel

is transported almost exclusively by rail. In locating a factory, there-

fore, both for convenience of shipping the product and for receiving

a sup])ly of fuel, it should be placed sufiiciently near a railway line

to enable it to be connected therewith by a switch. It is better, how-
ever, that the switch should be of some considerable length than that

the water supply should be remote or the cane in distant fields.

The problem of burning the exhausted chips has not yet been suc-

cessfully solved and I doubt very inuch whether it will be. * Save the

softening which the chips undergo in the process of diffusion the

difficulty of expressing the water from them is as great as that of

expressing the juice from fresh chips. Thus to dry the chips suffi-

ciently to make them economical for fuel would require a vast ex-

penditure of power which would hardly be supplied by the increased

supply of steam generated by their combustion. Experiments dur-

ing the season of 1887-'88 at Magnolia jDlantation, Louisiana, showed
that an ordinary cane-mill was j^oorly adapted to the pressure of ex-

hausted cane chips. The feeding of the mill was difficult and the
amount of fuel produced seemed wholly disproportional to the ex-

pense of preparing it. It has been proposed to try the process used
for extracting the water from beet pulp for the jDurpose of drying sor-

ghum chips. There is nothing whatever in the experience of the beet-

sugar factories to warrant the belief that such a process would render
the chips sufficiently dry to burn. Although I would not be consid-
ered as discouraging any further attempts in the direction of prepar-
ing sorghum chips for fuel, I must be allowed to express the belief

that for some time to come coal must be relied upon solely for this

purpose.
If the chips are to be successfully burned in the future, we may

make up our mind that it will have to be done by previous pressure
in mills which in all their appointments shall be as strong and effi-

cient as those which have been in use for expressing the juice from
cane. It can not be hoped that these chips will be made sufficiently

dry by exposing them to the sun, and in artificial desiccation the
amount of fuel required would be almost as great as that used in the
evaporation of the original juice. It is claimed that at Wonopringo,
in Java, as reported in the New Orleans Item of December 16,

1888, the Fives-Lille Company has succeeded in drying the chips by
passing them through two powerful three-roll mills ; and that the
chips thus dried do not contain more than 55 per cent, of moisture
and burn readily in an automatic furnace invented by Godillot. If it

be assumed that 100 pounds of chips contain 10 pounds of combusti-
ble matter it is seen that nearly 80 pounds of water will have to be
expressed therefrom before they are fit for fuel. I am doubtful

* Experiments made since the above was written seem more favorable to the suc-
cessful burning of the chips.
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whether siu-h a pnnn^ss will prove profUahle save in countries whero
fnel is very dear as it is in Java and Cuba.

Co^f offuvfor^f.—It is an abnosl univiM'salexnerienco that the actual
cost of a sui^-ar factory is underestimated by those who undertake its

erection, ^lany of tlu^ disasters which liave atti^ndcHl the manufact-
ure of sorghum suijar have been due to a miscalcidatiini of the cost
of the apparatus necessary for the jnu'pose. It is the })art of wistUnn
to avoid mistakes of this kind, and bef(n\> undertaking the erection
of a factory to fully understand the amount of outlay which will be
requiml. The cost a factory will of course vary according to its

capacity and the character of the machinery and building erected.
In my opinii>n there is little eccniomy in using cheap machinery,
hastily and poorly put together. Success is more likely to be obtained
bv using the verv best machinerv which has been devised for sugar-
making purposes, and erecting it in a lasting and substantial manner.
The economy which is secured in operating "such machinery far ex-
ceeds that which w(nild be obtained by erecting a cheaper plant.

The character of the plant must also be taken into consideration; it

should be sufficiently large to allow a proper distribution of all parts
of the machinery Avitliout crowding, and sufhciently strong to afford
a proper support for such portions thereof as may rest upon it. Due
reganl should also be paid to risks of fire, and that portion of the fac-

tory especially exposed to such dangers should be made as nearly as
possible fire-proof. The plans and specifications for all the machinery
should be carefully prepared under the direction of a competent en-

tineer and architect, and the machinery furnished by manufacturing
rms whose experience and reputation are a guaranty of the excel-

lence of their work. For a complete factory capable of working 200
tons per day the cost may be estimated at $60,000 for a minimum and
$100,000 for a maximnm, the difference being caused by the elaborate-

ness of the work. This may seem a large sum, but it is highly im-
portant that intending investors should know the magnitude of the
undertaking which they propose. An estimate which exceeds the
actual outlay by $10,000 will be far more satisfactory to all parties

concerned than one which falls short of it by the same amount.
Technical and chemical control.— manufacture of sugar from

sorghum is no mysterious process known only to one or two persons
as attempts have been made to establish; nevertheless, it must be un-
derstood that without experience in the manufacture of sugar the
most competent engineer may fail. It is best,tlierefore, that intend-
ing investors understand this beforehand that they may be able to

secure some one to take charge of the manufacture of sugar who
thoroughly understands the needs of the business and has had some
experience in the conduct thereof. Perhaj)s there are not more than
fifteen or twenty such men now in the United States, but their num-
ber will be largely increased within a short time. It would seem,
therefore, that the number of factories Avhich could be successfully
operated in the next year or two is limited, and this fact should be
taken into careful considei'ation by those intending to invest money
in the business. An intelligent young man of good education, with
quick x^erceptions and of* industrious habits, would be able in one
year, with a sorghum-sugar factory, to ol:>tain a knovfledge which
would enable him to take charge of a factor}^ with some degree of

success on his own responsibility. One object which the Depart-
ment has had in view in its experirnenls has been in having them
open not only to public insjjection but to careful technical study to
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such persons as cliose to make tlie attoini)!. It is to he rogretted

tliat at least one company, who, thivm^h the cmirtesy of tlie Com-
niissiouor of A^rirultuni, was p»'i'niitt(Ml to nse a hir^c ainount of

nmdiinery ])(>lon<^in<i^ to the l)<q)artin<}iit, have so far forgotten their

obi i^alioiis to tlu5])nhli(; as to i-cfuse ])ori)iission for a techiiicM.] study
and report on their operations during tlu^ past Y(»ar. Public property
is <levoted to a ])oor purpose when use<l in such a niannei\

Tli(; ini})ortance of chemical control of the manufacturing work is

so evident that 1 need not dwell upon it long. The vagaries of the
sorghum plant are so ])ronounced as to rcnpiire tlie careful sut)ervis-

ion of the chemist at all times. In localities not far rt^movecl riitVcr-

elices in the character of thosorglium are most markerl, as ilhisti-ated

by the data obtained at Conway Springs and Douglass, Kaiis., dur-

ing the past yertr. To determine the titness of the cane for the man-
ufacture of sugar, control the w^orkings of the factory, and find and
remove the sources of los^ in the sugar-house are duties which can
be committed only to the chemist. For many years at least this chem-
ical supervision will be necessary and its xUility will always con-

tinue.

PROGRESS OF DIFFUSION WITH SUGAR CANE.

Two plantations are using the process of diffusion during the pres-

ent season for the extraction of sugar from sugar cane. These are
Sugar Land" plantation of Colonel Cunningham in Texas, and

the Magnolia plantation of Governor Warmoth in Louisiana. The
latest reports from the Sugar Land " plantation I found in the Item
of December 15, 1888. At that time it is rejjorted that over 2,000.000

pounds of sugar had been made and. the diffusion battery was work-
ing up from 300 to 350 tons of cane a day. It is also reported that
an aver^ig'e of 19-4 pounds of sugar is made per ton. From the anal-

yses of the oane reported in the Ite7}i of November 28, 1888, it ap-
pears that the juice has about I'Z per cent, of crystallizable sugar. Tha
success of the operation seems to be fully assured.
The Working of the battery at Magnolia is also satisfactory. The

analysis of the cane shows that it is extremely rich in sugar. In the
Item of December 4, it is reported that the juice contained 13.7 to 16.6

per cent, of sugar. A polarization had been made showing as high
as 19.2 per cent.

Under date of December 9, Mr. G. L. Spencer writes as follows:

Diffusion is working to every one's satisfaction. We have had a great many de-
iayis, almost all of which were caused by the Yaryan quadruple-effect pan. G-ov-

fertior AVarmoth had tlie apparatus overh&,uled this morning and found that the
exhaust pii>e from the pumj) opens into the second effect, making a pressure pan of
this when working with more than 3 or 4 pounds of steam. This defect has been
remedied and we liope everything will be all right now. The cutter gave a gi-eat

deal of trouble at first, so mucli that we thought it would be necessary to abandon
it. Finally two holes cut in the side of the casting opposite the cutting disk relieved
it, so now it is working well. We can cut a cell of chips averaging 2,864 pounds in
seven and one-half minutes. The dilution wiU probably surprise you. I intended
stai-ting with a dilution of 33 per cent; , but by a mistake in measurement I started
with 50 per cent. With 50 per cent, dilution we left from .28 to .70 per cent, sucrose
m the chip juice. I gradually reduced the dilution until it dropped to 14.8 per cent.

,

leaving about .70 to 1 per cent, of sucrose in the exhausted chip juices. We have
finally commenced running with a dilution of 21 per cent., leaving .42 per cent, of
suciT)Se in the exhausted chip juiceSi With pulped cane, such as Hughes's ap})aratus
gives, I would be willing to guaranty a dilution of only 18 per cent, and to leave less

than ,50 per cent, of sugar in the exhausted chips. We tzried the use of lime in the
cells. Practically when making white sugar we can not work the battery hot enough
to obtain clean juice. We try to keep the battery at about 90° C.
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Furtlior expoviiuonts hnvo also been in tlie application of dilYusion
to sugarcane by Prof. W. C. Stubbs at tlio Kenner sngar experiment
station. A full report of this work will be published in a forthcom-
ing bulletin of that station. In the Louisiana Fla liter and Su(Jar
^[a)nlfacf^nrr of December 1, 1888, a report is found on a part of tho
work done. As high as t>40 pounds of sugar have been obtained i)er
ton of cane. The results of the work are in every way encourag-
ing.

From the above it is seen that diffusion with sugar cane is an as-
sured success and we may expect to see it gradmilly displacing the
milling process throughout the sugar-producing world.

The use of lime i)i fJie diffusioii battery.—The use of carbonate of
lime in the dilfusion battery and the patent obtained for this process
by Prof. Magnus Swenson are fully discussed in Bulletin No. 17, pp.
61 seq.

Since the publication of this bulletin and Bulletin No. 14, further
experiments at Conway Springs have demonstrated that the method
originally proposed by me for the use of lime to prevent inversion
in the battery by evenly distributing finely divided lime upon the
fresh chips has proved satisfactory. An apparatus constructed by
Mr. E. W. Deming succeeded fairly well in evenly distributing over
all the chips entering the cell the lime in such fine state of division
as to prevent any portion of the contents of the cell from becoming
alkaline. The lime was prepared by air slaking and sifting through
a fine sieve into a barrel covered by. a cloth to protect the laborer.
During the past year the use of lime in the diffusion battery for

clarifying the juices has received a good deal of attention. The first

person who proposed this process and took out a patent upon it was
Mr. O. B. Jennings. Letters patent No. 287544, dated October 30,

1883, were issued to Mr. Jennings on an application filed on the 2d of
April, 1883. Following is an abstract of Mr. Jennings's patent

:

Be it known that I, Orlando B. Jennings, of Honey Creek, in the county of Wa,!-
worth and State of Wisconsin, have mvented certain new and useful improvements
in the manufacture of sugar from sugar-cane, sorghum, maize, and other plants of
which the following is a full, clear, and exact descriiDtion:

This invention relates to the manufacture of sugar from different sugar-produc-
ing plants, including sugar-cane, maple, sorghum, and maize; but it has more espe-
cial reference to defecating the juice in the stalks of sugar-cane, sorghum, and
maize and extracting the juice from the residue or bagasse for subsequent boiling

into sugar and sirup.

In making sugar from sugar-j^roducing plants with my invention, it is my purpose
to extract and utilize all of the saccharine juice and to obtain entire control of its

defecation, so as to make a sirujD free from foreign matter and elements of fer-

mentation. By it the juice in evaporating is free from skimmings or precipitates

that are always liberated in the ordinary method of extracting, which waste my in-

vention avoids.
Applied to the manufacture of sugar from cane and other stalks the invention

consists in a process of preparing said stalks for the more perfect extraction of the
juice by reducing the same to a finely-comminuted or dust-like condition, and
whereby the juice cells are thoroughly cnished and ruptured. This part of the in-

vention also includes a combination of circular saws, forming a compound "saw, for

reducing the canes or stalks to such finely-comminuted condition, likewise sprink-

ling or mixing with said dust, before defecation, dry lime or lime whitewash in

powder. Sucli lime combines with the acid in the dust, and upon suitable applica-

tion of heat to the whole forms double x^recipitation at one and the same time.

Furthermore, the invention consists in a process of precipitating the matter in

the cane-juice cells and cane pulp, or in the juice of any sugar-producing plant,

however obtained, by exposing the juice or material under treatment to a tempera-
ture of over 212" Fahr., and subsequently removing the juice from the woody or

precipitated matter by washing the same with currents of water. In carrying out
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this part of the invention I use a cylinder or other suitable vessel in which the tem-
perature is raised to the rccjuired defi^ree (about 212' I'ahr.) for defecation and ]jrecij)i-

tation of the matter cai)abl« of bein^ })recipitated, wliether tiie same i^e contained
in sugar-cane, sorghum, and maize stail:s, reduced U) dust or not, or in any saccha-
rine juice, including maple saj), the t<?mj)erature varying fro'm 228' to 2G7' Fahr, . ac-

cordijig tt) the ripeness of tlu; material under tivatment and other conditions. Tins
vessel is suitably constructed or provided with means to admit of tlie introrluction

of the material to be treated; also, to provide for the forcing out of the exhausted
bagasse or refuse, and for the introduction of steam whihj and after charging it;

likewise, steam to act upon the condensed water and rehnised juice and force tliem
out through a filter. Means are also provided for running the wash water from a
series of tanks in succession through said vessel, to act ujjon the charge therein,

and an arrangement of defecating-tank connections for introducing scum, sedi-

ment, and sweet wash-water upon a succeeding ciiarge.

In the process of extracting the saccharine matter of cane, the mixing with tlie

comminuted cane, before the passage of the same into the diffusing ai)paratus and
the defecating of the same, of dry lime or lime whitewash, whereby the material
will be thoroughly defecated without the liability of the admixture therewith of the
precipitate of the lime, substantially as described.
The combination, with the diffusing tank of one or more defecating tanks to

which the juice is delivered from the difTusing tank, and pipes provided with valves
for drawmg the skimmings, settlings, and sweet water from said defecating tank
or tanks and passing the same into the diffusing tank or vessel, essentially as and
for the purposes herein set forth.

In combination with the defecating tank, diffusing tank, and a suitable evapor-
ator, the settling tank provided with a discharge pipe for running the juice into evap-
orator, and with means for passing its sediment into the diffusing tank, substan-
tially as described.

It is seen that Mr. Jennings makes a broad claim for the applica-
tion of the process of clarification in the diffusion apparatus for all

sugar-producing plants. Mr. Jennings has claimed that the process
devised by the Department for the use of lime to prevent inversion
in the battery is an infringement on his method. Any one who will
carefully examine Mr. Jennings's claim, as set forth by himself in his
application for a patent, will see that the two processes are entirely
different not only in principle but in the method of application.
In a letter to the Rural World, published on the 13th of December,

1888, I endeavor to make this matter clear. Following is a copy of the
letter

:

Washington, D. C, December 1, 1888.

Editor Rural World:

I have read in the Rural World of the 22d of November the letter from O. B.
Jennings, of Grover, Colo. , in regard to his patent for clarifying cane juices in the
diffusion battery.
Mr. Jennings is laboring under the mistake that I have been using his process and

spending five years on what he showed me how to do at first. This is a complete
misapi^rehension of the case. I have never denied to Mr. Jennings the honor of in-

venting the method of clarifying cane juices in the diffusion battery; in fact, long
before his letter in your paper appeared I wrote a note to the Neiv Orleans City
Item, specifically claiming for him the honor of the invention which had been at-

tributed to another source.
It is important to sugar-makers, either present or prospective, to know the follow-

ing points, viz:

(1) The process of using carbonate of lime in the diffusion battery is a patented
process wliich can only be used imder royalty or by permission of the inventor, Pro-
fessor Swenson.

(2) The process of clarifying the cane juices in the diffusion battery is a patented
process and can only be employed under royalty or by permission of the inventor,
Mr. O. B. Jennings, of Grover, Colo.

(3) The use of dry lime or hme in any form in the diffusion battery to prevent in-

version is a process devised by the Department of Agriculture and offered free to all

sugar-growers in tliis coimtry. Under proper chemical control it is more efficient

than the use of carbonate of lime.



I will sjiy fiivthor thnt 1 hnvo never M ivd in :inv w hy to iisoMr. Jomnnf;\s s pnK-e««,
since in an onlinarv dilTusion battery it ^VouUl Ih> wholly impossible to do vKo. The
hiL'h teniperaruiv whieh (to retiuires for the ]>roi>er ehiritieation of the j\lieiv< would
render the eiretdation of the liiiuid iti the batlerv nhnosl iniposaihlo.

Kespv^'tfullv,

H. W. WlLEV.
Ch&mut.

The piwcss of iisinp: limo in llio dilVusion battery for clarifying
]nirposes it is claimed has been successfully practiced in Java and
Australia.

Prof. \V. C. Stubhs lui^^ also used it- with success at the sugar ex-
periment station at Kenner. La.

Col. E. H. Cunningham, of Sartartift. Tex., has also used tlie ])ro-
cess with success, as indicated by the following letter from him pub-
lished in the Louisiana PJatifei^ of December 1. 1888:

My ditTiision batterv is now working niet^ly. and I aiu very nmch gratified at the
results obtained. Dinusion is a success bevond a doitl^t. I am now working sugars
by running- the jtiice direct from the diffusion cells to the doublfe effects without
any clariliealion. except using a little lime in the ditTusion cells.

i shall be glad to have a visit from you of any of your friends who feel an interest
in diffusion.

The process of ordinary clarification in my opinion is more favor-
able to the production of a pure sugar than any form of clarification
in the cells of the battery. The process as practiced at Kenner and
Sugar Lands, however, differs from that described by Mr. Jennings
in working at a lower temperature*

COMPARISONS OF TOTAL SOLIDS DETERMINED BY SACCHAROMETER
AND DIRECT DRYING.

During the season of 1887 I instructed the chemists at the Fort
Scott station to make a series of comparisons between the total solids
as determined by our standard saccharometer and by direct weighing.
The desiccations were to be made in flat dishes partly filled with
loose asbestos or clean sand. The purity coefficient of the juice as
shown by the spindles appeared too low to permit so large a yield of
drj^vSugar. As was expected^the total solids as determined by direct
weighing w^ere found considerably less than were indicated by the
spindles. The ratio of each variation was not the same, but a large
number of determinations established a mean rate of variation which
will make it possible to approximately correct the reading of the
common spindle. At Magnolia last year similar experiments were
made with the juices of ihe sugar cane, but these were not extensive
enough to fix the rate of variation for those juices. Following is

a record of some of the work done here:

Comparison of total solids.

Xo.
Total solids
by spindle.

Total solids
dried in dish.

Difference.
Total solids
in hydrogen.

Difference.

6029
60G5
KOTO
6074
r/J75

6070
6079
6081
GOSi

Per cent.
12.60
15.20
13.20
12.20
11.50
IS.jJO

12.?/)

12. 50
16.30

Per cent.
11.93
13.54
12.87
11.48
il.04
12.85
11.77
12.00
16.04

.07

.66

.as

.72

.46

Per cent.

10.94
10.84

i.26
.70

. 53

.50

.26

ii.59
11.65

.71

.85



Tlie df^teniniiMtioiLS in hydro^^on woro 7nad<* in a specially ron-
striu'tod a])i)a]-,itus cDnsistinLC of a i^lass cylinder furnisliorl witli a
glass st()p])iM' cari'vin^ two tnbes with stop-cocks for displat in<^ tlie

air with an atmospliere of hydrogen. The juice was absorbed by a
dried-paper coil and sui)i)orted in the cylind<^r on a disk of wire gauze
resting on a lead tripod. The cylinder containe(l 25 c. c. of strong
siil])huric acid. Tlie cylinder carrying tlie coil was i)laced in a steam
bath lilled with dried hydrogen at 100". The stop-cocks were then
closed and the whole ap])a7'atus left at the temperature of the steam
for five hours. The suf])huric acid absorbed all the moisture, and
after cooling and filling the cylinder with dried air the coil was re-

moved and weighed in a close^l holder.

The determinations in hat dishes were made by drying 2.5 to 3

grams of the juice at lO^"" for hve hours. Scarcelv any difference

was noticed between the results given by the plain dishes and those
filled witli sand or asl)estos, except in the worR at Conway Springs.

In the determinations made here in ])lain dishes the percentage of
total solids was ^S)^ per cent, less than by the spindle. In the de-
terminations in hydrogen they were 0.()4 |3er cent. less. The deter-

minations in hydrogen, therefore, will show 2.26 per cent, less total

solids, calculated on the num])er given by the spindle, than those
obtained by drying.
At Douglass, Kans., the normal juice, calculated on the data fur-

nished by the spindle, showed a loss of 8.61 per cent, in total solids

when dried in open dishes.

At Conway Springs this loss in plain dishes was 7.24 per cent., and
in asbestos 8.23 per cent.

With diffusion juices these losses were for Douglass. 1 1. 34 per cent.

,

and for Conway Springs, 9.67 per cent, in plain dishes and 10.83 per
cent, in asbestos.

The mean loss for normal juices at Douglass and Conway Springs
was 8.36 per cent.

For the diffusion juices the mean loss was 10.61 per cent.

It appears, therefore, that a saccharometer of the standard Brix
variety as standardized by pure cane-sugar solution must be cor-

rected by fully 10 per cent, of its readings in order to give an ap-
proximately true indication of the total solids found in the diffusion
juice of Kansas sorghum. For sorghum grown in ISTew Jersey,
which was the source of most of the juices examined here, the cor-

rection will be only about 7 per cent.

I am having constructed some saccharometers with scale to read
as indicated by the above corrections.
The apparent purities of the sorghum juices will be considerably

raised by this correction. Thus at Douglass the purity of the nor-
mal juice is raised from 59.63 per cent, to 65.31 per cent., and at

Conway Springs from 66.70 to 72.76 per cent. The purity of the
diffusion juices of the two localities is raised from 58.59 to 66.86

per cent, and 62.92 to 71.13 per cent., respectively.

SUMMARY.

It has been my duty during the past few years to report the facts

concerning the sorghum industry as they were developed by the re-

searches of the Department and of others. These facts have been of

a varied nature; sometimes they have been favorable to the industry
and sometimes unfavorable, but in all cases they have been fully set
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forth and coinnionted on in tlie light of the knowlodge at hand. In
these investigations I liave been unmoved by the abuse of interested
parties wlnVh 1 Imve received on account of my unwillingness to
conceal the weak points of sorghTini. It was thought when BuHetin
No. 18 was issued that the experimental work on the part of the De-
partment with sorghum was linislied, and in that bulletin a summary
was made of the investigations conducted in the United States during
the past twenty-live years. In that bulletin I expressed the belief
that with cane as rich as had bee;], produced in Kansas on a large
scale it was probal-)lQ that a yield of from 80 to 00 i)()unds of sugar
per ton of clean cane can be secured. The results of the past year
conlirm me in this opinion, and indicate that with wise management
and careful control, and proper selection of locality, the sorghum-
sugar industry may be hnancially successful. In previous pages I
have endeavored to set forth carefully some of the things which must
be considered in order to secure the above result; but it must be re-
membered that my individual opinion is simply based upon the study
of the facts which have been set forth. These data are accessible to
every one who cares to make a careful study of the subject, and there-
fore each one interested has every opportunity to form his own opin-
ion concerning the matter. Since it is my business to investigate
rather than to theorize I have contented myself chiefly with, reporting
facts rather than expounding theories.

•

ABSTRACT FROM REPORT OP H. A. HUGHES.

Rio Grande, N, J.

The whole season of this year has been devoted entirely to experimental work,
with the object of securing additional light on crop-growing, manufacturing, and
commercial problems.
The past season was the end of a series of crop-growing, covering a period of nine

years, and fuUy confirmed the fact that the safe time for planting Orange cane, af-

ter allowing for variations of cMmate, had passed.

Analyses.

Description. Sucrose. Brix. Purity.

Per cent. o

7.35 13. 70 53.60
8.47 14.21 59.60

Late Orange . 6.74 12. 01 53. 80

The limit of crystallization can be marked at 55 per cent, purity. Crystals can be
formed below this degree, but they are difficult to separate in the centrifugals.
The Late Orange was mostly below the crystallization point, and althougli crystals

were attempted by the sugar-maker, in order to find out the limit at which graining
takes place, and several pans were actually grained, the grains were so small that
conclusions were reached adverse to the boiling for sugar of such material.
The following deductions are made from the analysis of more than 88,000 tons of

cane, and cover a x^eriod of nine years. This table will be found convenient for ref-

erence, under the heading of season 1880 to 1888, inclusive. It must be borne in mind
that these facts will only strictly ai)ply to this climate and this soil; but until it can
be proved that they will not apply elsewhere, it will serve as a guide, and should be
interpreted by taking into consideration the fertilizers used, the variations of the
seasons, and the nature of the plant.

Season 1880.

Ripening of the cane was traced with the polariscope, and when 14 per cent, of
sugar was reached cutting began; and during the short time required to harvest it
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no damage was received from winds or frosts. The juice was reduced to semi-sirup

in an open evaporator, and three weeks later was ship]>ed to Phi]adel])liia and
worked for sugar, marking firsts, seconds, and thirds. The cane was planted in

hills 4 feet apart, and sufficient plant food used.

The impression made by this crop was that rich cane could easily be grown on

Eoor land, and that with a little more fertilizing large crops could be made. It

as since been found by long and costly experiment that all the conditions for

Amber cane were most favorable excepting that a large tonnage could only have
been secured by proportionately fertilizing.

Season 1881.

Farmers raised the entire crop. The acreage was not known. It was proved

this year that with seed from the same lot some farmers grew cane 14 per cent, of

sugar in the juice, while others grew it with only 6 per cent. Many conjectures

were made, and the imi)ression prevailed that some lands were suitable for cane
and others unsuitable. It was, however, apparent that all who had the best repu-

tations for farming raised the highest testing canes.

Season 1882.

Cane was growm by the company. Pacific guano high in nitrogen was used, and
only Amber cane was planted. The Late Orange cane was grown only in sufficient

quantity to supply seed for the next year. The nitrogen had the effect to keep the

cane leaves green for a long time, and even after frosts the cane remained in good
condition, and was on November 4 liigher in sugar than on September 4. Since we
have had less nitrogenous fertilizing and more of other plant food this variety had
steadily fallen in test, and the period during which it retains its highest sugar con-
tent has been shortened. It is not safe to depend on this variety of cane for the
whole season even if nitrogen is used largely with other plant food, because of its

tendency to lodge and break with high -winds.

Season 1883.

llferd composts and begasse were used in such small quantities that the nitrogen
did not stand out prominently. The Amber had gone by its season before October
8, and had not the Late Orange been substituted this season for sugar-making
would have ended on that day instead of November 14, when the crop was all in.

Season 1884.

Stable manure in large quantities, also a dressing of dissolved bone ash from
South America, rich only in phosphoric acid, was used.
The phosphoric acid ripened the cane fully two w^eeks earlier than usual, and

although the leaves were dry the Amber cane held its sugar content without loss,

until worked up on October 11. The Late Orange was affected in the same manner,
according to its season; and although apparently dried up too, still held its sugar.

Mill-juice tanks containing 6,000 gallons were quite common, testing 13 to 13^^ per
cent, of cane sugar from Octoi)er 11 to October 29, after which time there was a
gradual falling off, until November 11, when the tanks stood 12 per cent, and 77
purity; this ended this season, as the crop was worked up.
The small experimental plots conducted by the State experiment station have

always showed that, by doubling the dose of phosphoric acid, the cane suga,r falls

off seriously; but as it is my intention to deal only with cane in immense masses as
foimd at the sugar-house, I merely call attention to this fact.

This year produced nearly 400,000 pounds of merchantable sugar, and there was
found, by adding the sugar in the molasses and the loss in the begasse as it came
from the mill, that over 1,500,000 pounds of sugar were in the crop.

Molasses only was made from the begasse this season, diffusion being for the fi.rst

time applied.

Season 1885.

No phosphates were used, and there w^as not enough compost to properly furnish
nitrogen to the crop; still, the nitrogen was felt, and when the season commenced
on September 2, the cane was so green we at one time thought it would be better to
stop work.
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Whon work was bei^iin the Auibor caiio containod 5.04 per cent, of cauo sugar
aiui iuoiv.istHl to 8.S {ut rent, oa JSeptombcr 2U, wluui tho variotv was all hrouglit
in. The Uile (^ruuj^o cano coiitaiueil 10 por» cent, of su!:;ar whVii tirst eul. and
gradually raised to IxJ.T)? per cent., slowly deeliiung to 10 per cent, by Novemb^y
IL the end of the seasiui. This crop was planted practically at the sjuue time as
thecrv>pof and iuirvesied at the same time. Had a large quaniity of nitro-
g^Mious feniliKini? ix»en used the sugar contents would have been nuich higher.
Small tiuuntities of nitrogen on lands deticieut inorganic mutter will make poor
crops. Tiiis was our exiKu-ience again and again, and to seciu-e immense cropg
high in sugar, potash should be combined with nitrogen.

Season 1886.

Sn\all quantities of nitrogenous fertilizing and light dressings of muriate of potash
weiv used. The crop sutTercd severely for lack of food. During the season, -where
plenty of nourishment liad been sui)plied, the crop came to the standard. When
this was not tlie case, the Amber seeil remained in a milky state for a long time and
soured as it stood in the iield. after three da>'s of abnormally hot weather, making
the cane untit for sugar-making. The Late Orange suffered from lack of nitrogenous
fertilizing, and the sugar test rose and fell in proportion as this food and potash
were present: but. being a longer feeder, it did not suffer throughout the season so
much as the Amber.
The Kansas Orange was inti-oduced this year, and being a stranger, the ground

was properly selected and composts and potash applied in sufficient quantities, a
12 per cent, cane, with piu'ities over 70 \ being its record. The record of the Late
Orange cane for the balance of the season is high and low test, according to the
land, finally ending with the crop all harvested with a test of 9.45 per cent, This
crop discouraged the sugar company notwithstanding the gains by dilfusion, which
process had been inti'oduced in 1884. Local agriculturists pronounced the verdict
that the lands being exhausted by continual cropping were ruined and unfit for crop
of an}- kind. The plantation was then sown in clover; no fertilizing was done. The
farmers laughed at the notion that land unable to grow large cane crop could be
expected to grow grass; but it did, and the clover crop on these lands has been un-
precedented and are the envy and wonder of local farmers, and judging the land
from the farmers" own stand-point, it is to-day in better condition than ever before.
The clover had found the missing nitrogen and furnished organic matter.
A lot of land on these farms grew poor cane for years, and in 1887. instep of

planting it with clover, composts and potash were supplied and cane planted; by
planting the ground with twice the number of hills to the acre, portions of the land
approximated 28 tons of cane to the acre.

Season 1887.

The cane was jDlanted from May 9 to June 3, and the late varieties failed to ma-
ture properly. A good dressing of begasse; yard compost, and potash was used.
The crop was doubled by planting 3 feet by 24 inches; purity ran about 64° and
tests were good. The Late Orange cane ripened sufficiently to retain its sugar in
crystallizing quantities, through frost and ice, until December 5. Particulars of
this season ean be found in Bulletins No. 17 and 18 of the Agricultural Department,
and in reports of the New Jersey Experiment Station. A small plot was fertilized

witii large quantities of nitrogenous manure and planted with Amber seed grown
in 1886. from which no cane sugar could be made. The cane was tested on Sepjtem-
ber 7, 1887, and was found to test 13.35 per cent, eane sugar; Brix, 17.21"; purity,

78: and it remained a long time after in fine cond tion. The same day milled
chiixs from a field planted from the same lot of seed and fertilized -with potash and
phosxJioric acid, jjolarized 8.88 per cent., and had a purity of 63.61.

Season 1888.

Only complete fertilizers were used on one field, and muriate of potash was spread
on another field that was poor and had never been in cane. The hills were 3 feet

by 24 inches.
Amber cane was x>lanted on May 18 and Kansas Orange and Late Orange from

May 19 to June 10. A cold, wet June followed, and the result w^as unripe cane.

The crop was taken off between September 23 and November 1, The Amber cane
was very poor in sugar. The Kansas Orange ran from 9.58" to 8.25°. The stand on
one field of Orange (Kansas) was preserved intact from cut and wire worpis by
patches of volunteer canes where seed had been stacked previously, and some seed
had been left on the ground. The worms gathered where plants were the thickest.
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leaving the liilltf alinoHt uninolt-stwl. W'Ih'H the ravages art* fearcnl, seed could V>e

sprinkled down tlie center of the rows, and afterwards destroyed by thecidtiva-

tor without extra exi)enHe. They only dentroy while tho plants are very small and
disap])ear witii the r(;turn of dry, hot w»'ather.

The Late Orange tested from 6.94 to fl.54 jier cent. Scarcely any seed on this variety

was ri\H'. and in a great many of the ]>luui('s seed was not fonoed. neither ha<l the

cane [tower to resist ice and frost. These facts prove c(niclusiN ely tliat the safe time
for plantinj; Late Orange had In-en passed. It is possibly true this variety might have
been very rich in sugar witli a late fall and liot weather duri)>g June and Septem-
ber; but this risk is not a safe one, and as it positively can be avoided by earlier

planting it shoidd be done.
OBSERVATIONS.

The time for planting cane in this climate is, for Early AmV)er, not later than May
20; Kansas Orange, not later than May 10; Late Grange, not later than May 1. Ten
days earlier can safely be risked.

N^itrogen prolongs the vitality in cane. Nitrogenous fertilizens combined with
ix^tash is the Ix^t combination for large croi)S and high-testing juie;e. Phosphoric
acid hastens the riju'iiing of the cane alxiut two weeks, and too much ph<jsph(iric

acid nnluces the (piantity of sugar in the juice.

Potash makes large and strong stalks. If canes are desired to l)e worked after

frost and ice they must l:>e supplied with ample food, Ije well grown, and of a late

variety. If canes are not well advanced when frf)sts and ice strike them they will

not be able to hold the cane sugar long. The earlier the A-ariety the later it should
be ))lanted. If canes increase rapidly in cane sugar soon after frosts strike them
they will soon be worthless for sugar-making. If they do not increase at all, or
very little, they will remain good for a long time, providing the frost was severe,
long enough to kill, or almost kill, the leaves. Tlie Aml)er has le.ss })<jwer to resist

frost and ice than Kansas Orange, and tlie K^uisas Orange less than the Late Orange.
The time which the sugar remains in high ])ercent<ige in the cane is largely uncier

the control of the cultivator. In all attempts to improve the seed by sc'le<;tion and
increase the sugar and purity, the cultivation must he taken into con>ideration.
High-testing seed will make poor-testing canes if plant food is not present in suffi-

cient quantities or if the cultivation is neglected. Poor-testing seed will give high-
testing canes if the seed is of a good variety, and ample f«xxl has l)€en supplied,
with good cultivation.

Canes can not be gvown, rich in sugar, by starving them. Ground well supplied
with plant food and badly cultivated will give very small canes, rich in sugar. That
there are other peculiarities in other varieties is shown plainly in the case of the
White African. Although planted late last spring, and the ground fertilized pre-
cisely like the Amber and Kansas Orange, it contained this year 12.30 per cent,
cane sugar, purity 69% on September 27, time the field was out.
The seed was given to the writer by Dr. Collier along with sixty-eight other varie-

ties in 1883, all of which w-ere plaiited. but for certain good reasons this cane was
the only one selected from the lot. It has l>een grown since then each year, always
giving high percentages of sugar. Some of its peculiarities are. viz, the unusual
toughness of its stalk when overripe, and its gi'eat strength at all times.

It is hard, for some unexplained reason, to get a good stand. The seed is white,
and local millers, with their crude appliances, have told me tliat they could get 30
pounds of flour from 1 bushel of seed, which, mixed with a small proportion of
wheat flour, is preferred to buckwheat. The birds ravage the seed, and will select

it from a hill planted with mixed Orange and Amber canes, leaving the other varie-

ties unmolested. In order to be j^rotected from these depredators and secure the
seed, plots of sufiicient size must be raised and calculations made for this loss. It

has been found true here that they will not take quite all the seed from one acre in

a season, consequently plots t)f 5 or 10 acres are comparatively protected.
The purity of the canes of this variety has been noticed as high as 77.92.

The cane has not been properly studied and the birds have taken nearly all the
good seed from the acre raised this season.

MANUFACTURING.

I will confine myself in my report tomethods adopted for the first time this year.

SAWDUST FILTERS.

It has always been foimd that filtration of the juice through some medium that
would remove the particles of matter mechanically suspended was necessary. For
two years filter presses were used. It was found if the juice were alkaline it wou]4
filter niuch better, but gave highlj- colored products,
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I*nst yonr Dr. Wiloy advised tho use of snnd. This gave good results for a time,
Init gradually rau slow and failed to give satisfaetion. The size of the filters iu
proportion xo the juice worked 'was very large and it soured easily.

EVAPORATOR.

In accordance with your instructions. I constructed an open evaporator to be run
by crude oil (.petroleum). Parallel brick walls, 13 inches thick, 34 feet long, and 24
inclies high, were constructed. At one end was an iron stack, and at the opposite
end were the burnei-s. Upon the walls was placed an open evaporator of sheet-iron
2 feet high. 30 feet long, and 4 feet broad, divided bv partitions 8 inches apart, G
inches high, ajul 45 inches long. The juice entered the pan over tlie burners, dis-
charged at the opposite end, traversing a distance of about 164 feet in twelve min-
utes.

The skimmings remained at the end over the burners and were easily removed.
As-rhLs was the lirst time to my knowledge that crude oil had been applied to sugar
work. I was able to collect little data to guide me. After examining personally the
burnei-s in use for steam-boilers, I finally adopted one belonging to H. W. Whiting,
of Philadelphia. He advised me to place three burners at tlie end and insert in the
brick-work at intervals of 1 foot inch pipes to extend completely through the walls
and flues, and to be perforated with holes one-quarter of an inch iji diameter and 3
inches apart. The intention was that air should pass through the perforated holes
into the flue, and thus aid combustion.

Tlie burners were made from 2-inch pipes with a T fitting open at the bottom to
supply air: on the Bunsen burner principle, the oil passed through a quarter-inch
pipe, through a cock into a It-inch coil 1^ inch in diameter, so placed as to receive
a large portion of tlie heat from the burners; there is also a quarter-inch steam-pipe
leading into the end of the pipe so that the oil and steam can be mixed as it passes
into the hot coil or superheater, as it is named. "When the oil is converted into
gas from the superheater it passes into the Bunsen burner and is forced through it

by another steam jet and burned from the opening.
In our first experiment Bradford crude oil was used, and in our filial experiments

black residuum of the refineries, which I have been informed is the product left be-
hind after the light oils have been distilled off.

In practice we could find very little difference in the heating of the two oils.

Lima oil could not be had in quantity less than six thousand gallons, consequently
was not used.

It was found in starting the burners that a stack 10 inches in diameter was too
small, the effect in practice being to cause explosion of gas.
A stack of 24 inches diameter was substituted; this stopped all explosions but

wasted the heat. Dampers made of fire-clay w^ere then used, and it M^as found that
after the superheater was hot enough to generate gas freely the dampers could be
safely closed. Care had been taken in constructing the dampers to arrange them
so that there was left on the sides a space equal to about 12 inches square, after they
were in. A further improvement in the heating was made by filling in next to the
stack with dirt. This bank of earth was then extended back into the flue for about
its length and paved on the top with bricks. There was left a space of about 9
inches between the pavement and the bottom of the evaporator, and in filling in
the flue the combustion pipes were covered up for the length of the embankment.
The combustion pipes directly in front of the flame were soon burnt out. No detri-

mental effects being perceptible from the loss of this air, it is safe to conclude that
they were of no value.
The owner of the burners thought we would evaporate at least 15 pounds of

water for each pound of oil burned and hoped we would reach 18 or 20 pounds.
The record of the best day's work shows T-frr pounds. It is but just to say that the
evaporator w^as entirely too large for the work it had to do, and the w-alls had time
to cool before starting each day. Now it is found that if the walls and surrounding
mediums are much lower than the temperature of the gaseous product of the Bun-
sen Vjm-ners, condensation takes place and the oil is fried, as it is called, instead of
being generated into gas, wiiich is wasteful in the extreme. One-third of all the
oil burned was generally used in starting the burners each day. Another source of
loss long evaded our researches. It was caused by using cocks to feed oil to the
suY>erheater. A common quarter-inch globe valve was substituted for the cock,
which brought the burners under fuU control and enabled us to burn only one-quar-
ter as much oil. I make the suggestion that pipes for supplying oil to the super-
heater should ha less tlian one-quarter inch; that globe valves less than one-quarter
inch be used, and that threads that regulate these valves be made as fine asjoossible

80 that they may have the most dehcate adjustment. I can not tell the saving of
all these apparent improvements because I had not time to get the record properly.



REPOKT OF THE CHE^'.IIST. 273

Taking the rocord as it is and counting tho j^ricn of oil at $1,2.') per barrel, alx)ut

one-half of the water was removed from the diffusion Juice of each ton of field cane
for iil cents per ton.

AUXILIARY HOUSES.

Tlie auxiliary houses liave been kejit steadily ii^ riow during tho reason's work,
and the fact has hvvn remembered tiiat the industry will spread and Huccee<l at a
much quicker rate if the c.ipital necessary to conduct the business is ke})t as low as
possible consistent with good management. The cost of building sugnr-houses is

reduced to a minimum and labor saved. There is no good reason t o ex[)ect to make
m()ney out of the sorghum l)usiness unless conducted on sound biisjn(,'s.s princii)les.

The knowledge of the business is now advanced to such a ])oint that there is notliing

to prevent accurate calculations being made. The cost of the machinery, the work
it can do, the labor i-equired to run it, the cost of the cane, the yield and quahty of
the product can now all be closely estimated.

Sugar-houses built without definite ideas of the work to Ije done or machinery
added piece by piece, without ])lans or contracts, and such machinery as clarifiers,

as filter presses and bone-black drones added, with the expectation of only making
white granulated sugar directly from the juice, will be certain to bi-ing financial

failure and disappointment to its projectors, unless the capital is heavy enough
to stand the strain, or the i)arties are willing to make experimental work of their

plants and pay the price for doing it. Notwithstanding the closeness with which
all these calculations can now be made, the following should be remembered. I

have never known a sugar-house of any kind to be made so complete and be in such
fine running order that it could be depended on to make a commercial success the
first season. Either its water arrangements will fall short of expectations, or the
boilers fail to be large enough, or strikes and delays will detain the mechinery, or
castings will be broken in shipping, or some minor points will be badly proportione<l

or too weak, foundations will prove not sufficiently secure, shafts will be found out
of line, etc. All this will occur, not from any bad management, but because the
nature of the w^ork is such that the factory can only perform its task satisfactorily

after being broken in on cane. The cane alone can give the necessary adjustment.
Erroneous and disappointing calculations have been made by celebrated sugar engi-
neers in making calculations for sorghum, by using w^ell-known standard rules for
the evaporation of water as a basis for calculation: and repeatedly has machinery
proved suitable for Southern cane failed when applied to this work. The moral of
all this is, that in constructing new works there should be only enough cane raised
the first season to break in and test the sugar-house thoroughly in every part, in

order that when the machinery is called upon the succeeding season, it would fulfill

the work it had been calculated to do without delay or hindi'ance.

The expense of doing all this should be allowed for in the capital account.
In some sorghum houses, calculated to work 100 tons of cane a day, will be found

strike vacuum pans of such large size that the cost of erecting them and the pumps
necessary for their use, the large pipe fittings and otlier paraphernalia, will cost as
much alone as would suffice to build an economical sugar-house of good size.

Experience had taught us that there is a limit to the size of sugar-houses, and that
it costs very little more to man a 40-ton house than a 20-ton, and the proportionate
cost of constructing is greatly in favor of the 40-ton plant. For sugar-houses of
larger size I can not yet give accm*ate data with safety.

ABSTRACT OF REPORT OF PROF. W. C. STUBBS.

Kenxeh, La.

Several varieties of sorghum were tried. These were planted on April 18, thimied
to a stand, and cultivated in its order with the com crop. Here flat cultivation
was exclusively practiced during the season, v/hile at the other two stations high
ridges were reqiured for drainage.
These plantings were made with a view of testing, by mill and laboratory experi-

ments, the adaptability of sorghum as a sugar crop to Louisiana. If sugar can be
made profitably from sorghum anywhere in the United States it should bo done in
Louisiana. Chemical analyses show a larger percentage of sugar and a smaller
quantity of glucose in sorghum grown in Louisiana than anywliere else in this coun-
tiy. At least the pubhshed analyses now at hand verify this assertion. Again,
could our sugar-planters be persuaded that sorghum could be made to yield a profit-

a,ble quantity of sugar, say, even 1,000 pounds per acre, they would soon adopt it as
an adjunct to the cane crop.

AC- 88 18
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A}^t\iiK ihrn* are vast tracts of rich alluvial lands in the middle and nortlun-n ])or-
tions of the State whirh arc tvH> far north for cane, and Avhit'h will ^row excellent
crops of soruhum. These lands are now in ciHton, but could it be demonstrated
that they could grow sorixhum jirotitably, central factories would spring up in every
direction and this crop woidd sui>plant cotti>n in }>art if not entirely.
With these ix>ssibilities in \ iew. the director has persistently planted sorghum for

three years ii^xm the sugar experiment station and attempted every year to make
successfully sugar from it by the milling prcK'ess. Chemical analyses have shown
that our juices were rich in sucrose and low in glucose, but our sugar-house ex])eri-
ments have failed to extract it successfully. We have made the inaase cidte full of
grains, but our centrifugals failed to purge. All this was due to the starch present
in the juice (extracted by pressin-e with tlie mill), which, during the subsequent pro-
cess of concentration. M as concentrated into dextrine, and this substance, our b&e
noir, prevented the elimination of the sugar. Our past experiences have demon-
strated the uiapplicabilit}- of the ciiishing mill to sorghum. They have also sliow n
that high temperatures must be avoided. Therefore new methods of extracting the
juice and prwesses of cooking in vacuo must be resorted to before we can success-
fully extract sugar from sorghum.
Fi'om our past experience with sorghum it was inferred that our crop planted on

the IGth of April would not be ready for the sugar-house before the 1st of SejDtcm-
ber. Accordingly we contracted with Messrs, Edwards & Haubtoian to deliver the
machinery by the loth of August, thus giving us fifteen days (ample time) for its

erection and preparation for work. Messrs. Edwards & Haubtman failed to deliver
until the 23d instant, which failure, in connection with the unprecedented storm of
the 19th instant, which prostrated completely our sorghum, proved most disastrous
to om' successful manufacture of sugar.

In 1886 sorghum planted April 5 was harvested 13th September. In 1887 sor-

ghmn planted April 21 was worked up September 23. Both years they were worked
at full matm'ity, excepting the Early Amber and Chinese, wliich were ripe in July of
each year.

It was fair therefore to calculate that, without any natural intervention, the sor-

ghmn this year would not be ready for the sugar-house before the middle of Sep-
tember; and had not the storm prevailed the date of delivery of Messrs. Edwards &
Haubtman would have still afforded us ample time to have completed erection be-

fore the hiatm-ity of the crop. Either alone would not have proven disastrous; both
together were fatal.

STARCH IN SORGHUM.

"With green canes just heading no indications of starch are given by iodine. If

there were any blue it was completely obscured by the intensely brown coloration.

Tliis broMTi coloration indicated dextrin and other forms of soluble starch.

With well-matured canes iodine gives an intensely blue color towards the top, de-
creasing in intensity towards the butt. Canes occupying an intermediate condition
between these extremes, or in that stage of growth when maturity begins to appear
as indicated by the presence of sucrose in the lower i^art of the stalk, starch will be
found in the butt but not in the top.

The above conclusions of Mr. Hutchinson have been fully confirmed by subsequent
experhnents; and it is not unusual in om' laboratory now to prognosticate the amount
of sucrose in a cane by the presence of starch, so intimately are they associated.

Both sucrose and starch seem to be formed simultaneously—the former from glucose

and j)erhai)s other bodies, and the latter from dextrine and other soluble forms.
Glucose occurs in largest quantities when the jDolariscope gives no indication of

sucrose by single iDolarization. In a sample of green cane, in which there was no
starch and by single polarization no sucrose, but by double x^olarization 1.53 per
cent, , as high as 7 per cent, of glucose was found. As the cane from wdiich the

above sample was selected matured, repeated analysis made at short intervals

showed that the glucose decreased until at maturity it reached as low as 0.8 per

cent.
EXPERIMENTS IN DIFFUSION.

Without entering into the full details of daily work, the following taken from
our large amount of records will suffice to illustrate fully the work performed.
Considering the very low character of the sorghum worked the results obtained

are quite jjromising.
Wednenday, September 12.—Having repaired the defects, work was begun at 9.30

o'clock and continued until nineteen cells had been filled. Everything worked
admirably, except the heaters, which were not under control, and hence varying
temperatures used in diffusing. Weather xerj warm and mucli suffering expe-

rienced by everyijody at work, particularly by the men at the diffusors and clarifier.

It was utterly impossible, from the varying"'amounts of sucrose in the canes used,

•
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to get anything like uniform roHults, either on the juices or chips. There were
drawn four clariliers of about 500 gallons each. Tlie last two were very dilute owing
to the excess of water used in washing the cliips after cells were tilled. This juice
was heated witli lime and In-ought to neutrality; heated and l)lankot, which was
quite insignificant, removed. It was tlien settled and clear juice run into the double
effect and concentrated.
There was a large quantity of settlings and some scums, which were weighed and

analyzed and thrown away to avoid interfering with tlie well-clarified sirup. The
following are weights obtained:

Pounds.
Sirup 1,.062

Settlings and scums 1 , 070
Sugar 49
Molasses 752

The following are the notes of diffusion: Every effort was made to hold the tem-
perature at 200' Fahr., but until the battery had been used in one entire round this

is almost impossible to do, since sending in quickly water heated to 200 ' P'ahr. into
cold iron cells filled with cold chips, the loss of heat by radiation and convection
is very great. Six minutes were allovv^ed for the diffusion of each cell after the
hot water M-as turned on. Every effort to grain in the vacuum pan proved abortive,
as the following notes of Mr. Baldwin, who has charge of the pan and was assisted
by Mr. Barthelemy, will show:

" Part of juice concentrated in double effect on first watch; remainder on second
watch, when tlie juice got very hot, 180 degi-ees, and was emptied in cars to cool;

finished concentrating on morning of 13th, at a temperature of 155 to 160 degrees
Fahr. Juice dark-colored and some feculent matter present. After mixing sirups
started vacuum-strike pan at 2 p. m. on 13th; temperature 138 to 140 degrees Fahr.;
very thick; nothing but candy would form in the Y)an. Allowed to stand half an
hour until candy dissolved, but no grain. Stood again one hour; at 7 p. m. still no
grain. Cooked very thick and remained in pan until 2 p. m. next day, when it was
all boiled to string sugar and put in the hot-room. Injured some by being cooked
to candy.

" In the hot-room it at once began to grain, until the wagon was quite solid with
small grains of sugar.

" It was centrifugaled and gave the following results:

Sugar pounds. . 49
Molasses do. . . 752

Recapitulation.
Cane contained pounds sucrose. . 349. 75
Sirup contained do 273.22
Scums contained do 20.33
Cliips contained do 56.20
Sugar contained do 44.58
Mofasses contained do 225:^.61

Sugar obtained pounds per ton sorghum. . 15.

5

Molasses obtained do 237 .

1

After the analyses of the mill juices were known little or no hope was entertained
of successful sugar results. Indeed, it is wonderful, with such juices and after such
treatment, that any sugar should be obtained.
September 17.—It has often been published that neither sorghum nor its juices

will stand transportation or delay in working them up after being cut. That such
is not the case with us is abundantly proven by the following and many other ex-
periments during this season. On September 16. Mr. Barrow, assistant at the State
experiment station, Avas sent to Baton Rouge to harvest and ship a car-load of sor-
ghum from tliat station to tliis. By 9 a. m. on the morning of the 16th. he had cut
and loaded a closed car with Early Orange sorghum. This sorghum was quite wet
from dew, and had its leaves and tops still on, conditions making fermentation quite
feasible to almost any crop. It was delivered at Kenner by Mississippi VaUey Rail-
road at 7 p. m. of same day. It was unloaded and delivered at sugar-house at 12
m. of the 17th. and worked up as delivered. This cane had been badly blown down
by the storm of the 19th, and was filled with suckers several feet long, noAv in full

heads. It was quite low in sugar, as the following analysis of selected stalks made
on September 11 showed:

Per cent.

Total solids 11. 9
Sucrose 7. 8

Glucose
, 4. 52
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Bosran diffusion at 9 a. m. Filled twenty-three cells with chips and drew off
thirty-t^ie colls of juice, t^nished in early evening, after two sli-;ht detentions.
Colls diffused sixteen minutes each. exce])t three tinu^s. when interrupted. The
teni}HM-ature varioil from 150 to *J0O Fahr. Tlu^ juice was boiled to a sirup in double
effect and made into string sugar in the vacuum i)an. Boiled all night, fmisliing the
next day. The string sugar was run into the hot-room, where it Avas grained'lnto
almost a solid mass. The following are the amounts used:

Pounds.
"Weight of canes i;5 2(jQ
Less weight of

—

Tops 2, 445
Leaves 1,785
Tra4?h m yard 1,558
Cliii>s not used 83

5, 876

Clean cane used. 7, 399

The juices from this were concenti'ated into a sirup, giving 1,491 pounds; scums
thrown away. 318 pounds: juice made into molasses, 259 pounds.
The following are the laboratory results: *

Pounds.

Sugar obtained H.^
3Iolas?es obtained 672
Sugar per ton of sorghum 31.^
31olasses per ton of sorghum 181.8

Recapitulation.

Cane contained (calculated) pomids sucrose.
Sinip made into sugar contained do
Sirup made into molasses contained do ,

Scums contained do
Chips contained do. . .

.

Fiber in cane per cent,

[Variety : Early Orange.]

485
328

CO

15.

5

Total
solids.

Mill juices
Do
Do

Diffusion juices
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do

DilTu.'iion chips .

Do
Do
Do
Do
Do
Do

Clarified juices.

Do
Do
Do
Do
Do

Finip
FcunrLS
Hugrar
Molasses

Per cent.
11.4
11.3
11.7

Sucrose. Glucose.
' ^i^^^^L*''
I

sucrose.

Per cent.
7.0
7.0
6.9
3.2
3. 9.5

3.00
3.90
3.90
4. 10
3. .50

3.70
4.10
3.50
3.60
4.20
3.90
3.30
.3
.3
.2.5

..So

.25

.15

.15
3.6
.3.9

3.1
1.8
1.3
1.1

22
4.2

02.1
.34

Per cent.
3. .33

3.58
3. .30

1.79
2.00
1.92
2.17
2.32
2.00
1.72
1.46
1.73
1.50
1.66
1.G2
1.70
l.CO
.14
.18
.16
.149
.14
.13
.10

l.a5
1.60
1.57
.99
.56
.54

11

2.22
2.94
22.72

Per cent.
48
51
48
.56

51
64
55
59
48
49
39
42
48
46
38
44
48
47
60
64
43
56
90
40
51
41
51
55
4.3

49
.50
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Here, as before, the dilution was jp-eat'owing to the water used in waslihig the
chips after coMh were lillod. Tiiis cane had nearly a constant conii)OKition, and from
f.;luc()H(; ratio then! has been little or no inversion cither in cells or in concentration
oi sirup, in fact, v/licn w.iier at 200" Fahr. is sent into cells and laaintaincd tiiere

for six minutes at this temperature, little or no inversion took place, notwithstand-
ing tlie NV(.'ather-gaugc siiowcd this day a ninxijiinin temperature of 88" Fahr.
Scplcjubcr 20.—Tiie Collowiug canes were sekjcted lor this run: Link's Hybrid,

White India, VViiite Maiiiinoth, and the second planting of Early Aml>er. The
sucke]-s, of wliich there vv'ere many, were removed by hand. Filled nine cells.

Everything worked well.
Por.nd.s.

Weight of cane used -1, 07o
Less weight of

—

Tops ; pounds.. 812
Trash do.... C58
Suckers do. . . . 208
Chips not used do.... 74

1,747

Clean cane used 8, 881

Juice neutralized with lime, blanket removed, settled, concentrated in doul^le effect

a]i<I grained in vacuum pan; then emptied into car and run into hot-rooia, where it

soliJ.ilied into crystals of sugar of small size.
Pounds.

Weight of sirup G05
Weight of scums, etc 150
Weiglit of sugar 40
Weight of molasses 28.)

Sugar per ton * 24
Molasses per ton 141

The following are laboratory results:

Mill juices
Do
Do
Do
Do

Diffusion juices
Do
Do
Do.
Do

Diffusion chips .

Do
Do
Do
Do

Clarified juices

.

Do
Sirups
Scums
Sug,-ar

Molasses

Total
solids.

Per cent.
10.6
14.1
10.5
10.7
10.4
4.8
6.0
CO
5.2
5.6

.5.9

2.1
32. 94

Sucrose.

Per cent.
0.7
10.0
6.9
6.5
5.4
3.05
3.50
3.70
3.20
3.25
.20
.30
.20
.10
.10

3.5
1.4

17.5
1.7

92.2
34

Glucose.

Pe?- cent.
1.48
1.25
2. 14
1.92
3.12
1.13
1.51
1.51
1.57
1.61
.16

.14

.13

.12
.12

1.39
.51

7.04
.73

2.93
20

Glucose to
sucrose.

Variety.

Per cent.

22 Link's Hybrid.
12i AVhite India.
22 White Mamirioth.
29 White Amber (Nebraska).
57 White Aniber.
37
43
41
49
49

•9

38
40
41

RECAPITULATION. .

Sucrose in—
Sirup pounds.
Scums do. .

.

Chips do. .

.

Suear made do . .

.

Molasses made do . .

.

Fiber in cane per cent.

121. C3
2. 5.T

16. .56

36. m
?9. ro
15.04

CONCLUSIONS.

While the present season was in Louisiana a most disastrous one for making
sugar from sorghum, yet the successful application of ditfusion in tlie extraction of
the juice from both sorghum and sugar cane has been abundantly proven.
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Frt>ni sorirhums of fair (i\u\Hty. such as wore raised on this statioii*ii 1886 and
It^T. ii certain that a hir^c quantity of su.u;ar couUl he obtained. From Early
Oran«^» this year, with only 5) per cent." sucrose and o.Wo per cent. !;iucose (glucose
ratio ui'arly oO) 81.4 pounds sugar were obtained to ton of sorghum. This same
variety slunved in 188(5 a sugar content of 13 per cent, with a low glucose ratio, and
in 1887, a less favorable year, sugar content of 10.5 per cent, and onlv 13 as the glu-
cose ratio. Could such cane have Ix^en ditTused this year, a yield of fully 100 to 125
pounds per ton might with reason have been expected.
However, this station will repeat again the experiments next year, with more

promise of success.

REPORT OF HUBERT EDSON.
Douglass, Kans.

After one or two trials to test the machinery of the house, the regular manufact-
m-ing season at Douglass commenced September 14, and contmued with what regu-
larity was possible up to October 25.

There is no doubt but that the Early Amber was ready for work hy the middle of
August, and possibly earlier. AVhen I arrived in Douglass, August 26, 1 found sev-
eral fields that had passed maturity. This cane, however, contrary to experience
elsewhere, did not deteriorate in any marked degi'ee till some time after reaching
its maximum sucrose. When the house was closed we still had Amber coming in
in large quantities and containing sucrose enough to warrant working it.

Besides the Amber, the two other varieties chiefly gTO\^Ti were the Orange and a
cane identified by Mr. Denton, of Sterling, Kans., as the Chinese.
The Amber and Chinese contamed highest sucrose and lowest glucose, with the

advantage sUghtly in favor of the Chinese. The Orange did not do as well as was
expected, but it was planted so late in the season that it did not have time to mature.
The exceedingly variable nature of the cane brought in was a source of constant

annoyance, nor would the appearance of the stalks be any criterion of the quality
of the juice. One field of 80 acres which had been ordered hauled in before any
test had been made of it was found, on the arrival of the first load, to contain but
4.50 per cent, sucrose, with almost as much glucose. This cane was, judging by its

appearance, as good as any worked during the season, but repeated tests of samples
taken from different parts of the field failed to show in a single instance enough
sucrose to warrant workmg for sugar. Nmnerous instances of this same thing were
found tlnoughout the season and the cane needed the closest watching.
One thing it would be well to impress upon the sorghum-gro^\^er, and that is, the

necessity of growing small or medium-sized canes. From numerous trials of com-
parative samples, the highest sucrose and lowest glucose were always found in the
smaller canes. Fields, also, where the small and slender canes predominated were
always of superior quality. The best cane analyzed at Douglass was a sample from
a field sowed for fodder, in which the seed had been scattered broadcast on the
land, and as a consequence grew very small. Of course I do not mean to advocate
the solving of sorghum seed to grow a product for the sugar-house, as then too large

an amount of sheath and leaves would be obtained, but it is necessary to avoid large,

rank stalks, as the desire is to obtain a high content of sucrose.

THE SUGAR-HOUSE.

The house was designed to work 100 tons of field cane daily. The Hughes cutter
and shredder were used. The trap-door just before the cutter through which it

was intended to pass the seed heads failed to work satisfactorily. This was due in

part at least to the heavy feed which it was necessary to keep on the narrow^ carriers

in order to supply the battery w4th chips. The shredder when properly adjusted
did excellent work, tearing the chips into a pulp if required.
The main feature of the house w^as the diffusion battery. This is known as the

Hughes system of diffusion, and is described in Bulletin 17, Chemical Division, De-
partment of Agriculture. The one at Douglass differed slightly, however, from the

one described there. The main battery contained ten cells, with the baskets for 1 Hold-

ing chips used in his process, and in addition to these an outside cell w^as placed so

that the arm from the large crane could reach the basket while immersed in it.

An extra crane was necessary to raise and lower the baskets in this cell, as it had
to Ije worked without connection with the main battery.
The object of the cell was to give a dense diffusion juice, and thus save evapora-

tion. As the battery progi-essed, the heaviest juice from two cells was drawn into

the outside cell, and there received two baskets of fresh chips before being dis-
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cliaig<3(i. This, as far as I was able to see, did not attain tlio object claimed for it,

as no fresli chips ever re-aclicd the main ])attery, and conKO<j[U<;ntly the juices were
more (hliitc and needed the addition of two l^iskcts of fresli eliips to hrhi;^ thfin tf)

a iiori/Kil diUusion juice. It is c(.'rtain at least that the oxtra steuin-powcr required

to run tlit^ outside cell would a f^i'cat deal more than suflice to evaixjrate any lens

dense juice that might be ol)tained.

Befoi-e [)assin<^ to the work done by the lottery as a whole, it is but just tf) say

that there were mechanical defects in the construction wliich, if they could have
bean remedied this season, would have materially assisted the (juality of the work.
The bottom of the baskets, instead of beinj^- single and swinging to on(; side, were
doubled and hinged to a cross-bar extending ironi on(; side of tlu; bask(it to the other.

As a consequence of this arrangement the emptying of the exhausted chips was a
very (lifticult matter. But, on the other hand, a basket constructed strong enough
to permit a siiigle bottom would be altogether to heavy to use where so much of the

work is done by hand.
Tlie average sucrose of the fresh chips for the season was 9.88; for the exhausted

cliips, 1.73. The extraction of sucrose, therefore, was 0.88—1.72 = 8.10 — 0.88=
82.50 per cent. This extraction was accompanied by a dilution of 52.45 ])er cent.,

16.89 (Brix of fresh chips)—8.03 (Brix of diffusion juice) ; 8.86—10.80=52.45 per

cent. With a dilution of this sort in a closed battery practically all the sugar would
be exhausted instead of 1.72 per cent, left in by the Hughes process.

It was noticed that a regular ratio existed between the exhaustion and the dilution.

As the dilution was increased the extraction became better, and vice versa.

Besides the amount of sugar left in the chii^s there was an unknown waste of im-
mense quantities of juice from the drippings of the baskets in transferring them
from the eleventh cell to the cells of the main battery. This loss it was impossible

to gauge, but to any one who saw it it was evident that no inconsiderable amount
was lost.

Nothing which we could think of to make the battery a success was left undone.
For part of the time I shifted all of the laboratory w^ork to my associate, Mr. Fuel-
ling, and took charge of the battery. This I was prepared to do from a previous
year's work with the inventor of the system, with whose plan of running the battery
I was consequently familiar. Although the quality of the work w^as improved after

the change I instituted, it was so far from being good diffusion that nothing was left

to do but to condemn the apparatus.

THE DIFFUSION JUICE.

The juice as it came from the cells was full of finely divided fiber which had come
through the perforations of the baskets, and was also of such a du'ty-black color that
it was impossible to clarify it.

Sulphites of lime were used for awhile, as were also superphosphates, but both
were so full of sulphuric acid and accomplished so little that they were discontinued.
The juice probably acquired some of this color from its acids attacking the iron

vessels in which it was kept so much of the time, but the main cause was the
passage of large quantities of seeds through the diffusion battery along with the fresh
chips. As was mentioned before, the cutter w^as too narrow for the capacity of the
house, and a very heavy feed was kept on the carrier, preventing the seed heads
dropping down through the trap-door designed for that purpose.
To illustrate that these seeds were the cause of the discoloration, Mr. Fuelling dif-

fused two beakers full of chips, the one of them containing a few seeds and the other
none.
The one with the seed gave the black color characteristic of the diffusion juice

from the house, while the other gave a perfectly limpid liquor. I endeavored to
liave the superintendent of the house make a rim, cutting the tops off in the field,

but he failed to do so.

DISPOSITION OF EXHAUSTED CHIPS.

Dming the first part of the season a long carrier was used to convey the chips to
the yard. It was intended to extend this as the yard filled, but the chains broke so
often that this plan was given up and the chips taken off in carts.
The centrifugals did very poor work throughout the season, but so little sugar was

extracted by the battery that it was not considered necessary to get new ones.

SUMMARY OF WORK.

During the season 2,167 tons of cane were worked.
AUoAvlng 25 per cent, ofi" for tops and leaves, this wmdd amount to 1,623 tons of

cleaned cane; 45,000 pounds of 94.45 polarization were obtained, or 26.2 pounds per
ton of clean cane.
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Eliminating the loss in the centrifiip\ls, which wor.ld have heen remedied if

enough supir had been obtained to justify it, the great loss in working the house
was ill the hattfrv.

Ceriainly with two years such work as this apj^ratus has done there will be no
moiv danger of its being used agiiin in a sugar-house.

ABSTRACT OF REPORT OF E. W. DEMING.

Conway Springs, Kans.
The experiments were conducted in coimection with the work of the Conway

Springs Sugar Company.
Tliis company was incorporated April 10, 188S, under the laws of tlie State of

Kanscis. with an authorized capital of $100,000. Its officers are: G. W. Fahs, pres-
ident: E. E. Baird, vice-preL'ident; G. B. Armstrong, treasurer; E. W. Deming,
secretary and manager.
The factory was equipped with two tubular boilers of 150 horse-power each: two

30 horse-power high-sjieed engines: 3 hanging Hepworth centrifugals, with mixer;
one 7-foot vacuum (dry) pan from R. Deeley & Co., New York. Hot-room, with
fifty sugar wagons. Lillie double effect from George M. Xewhall'&: Ero.. Pliiladel-

phia. Diffusion battery from Shickle, Hamsou & Howard Iron Company. Saint
Louis: three cuttei-s. with necessary clarifiers, skimming pans, and storage tanks.
One dynamo of 100-lamp capacity-, incandescent, provided lights for tlie building.
Two setG rolls and a fire diyer for crushing and diying exhausted cliips and one
small open evaporator.
The diffusion -battery consists of sixteen cells each 8 feet long and So inches in diam-

eter, wrought-iron shell with similar castings, doors, and counter-weights at each
end, provided v,-ith sohd-rabber gaskets that gave satisfaction under a 30-pound per
inch p/ressure. One heater for each cell, made of 6-inch wrought pipe containing 11

one-inch brass tubes 5 feet long: the connecting and ciix-uiariug pipes were of :3^-incli

wrougiit iron. The batteiy was placed in two lines of seven cells each, with one
across each end. and supported on wooden posts, lx;ams. and cross-beams 8 feet from
the gromid: each ceil would hold 1,400 jxcimds of cliips. The cost of tliis battery
with pijx? and fittings was -so.oOO; its work was in every Avay satisfactoiy. The ex-
hausted chij-js were discharged into a chute of sloping sides, directing tliem into a
drag of peculiar construction, delivering them into an elevated chute from whence
a cart removed them, Tliis apparatus worked well.

The double effects are each 4 feet in diameter and 18 feet long, placed on end;
each has 70 tliree-inch brass tulles 8 feet long placed vertically; ends of tubes i^rop-

erly secured in plates, steam bemg admitted to the chamber about the tabes.
Pumps di-aw the liquor from bottoms of pans discharging at the top. passing through
perforated screens to the upper j^late, from which it overflows a thin film of juice
down the inside of all tulles alike; the evaporation occurs in the tu]>es: a vacuum is

maintained throughout the t"ubes and circulating jjipes. Tlie vapor \^-as removed at
lower end of tubes, with suitable circulating pumps and a slight change in the tops
to facihtate cleaning. They will not only have large caxjacity but unusual merit for

handling sorghumijuices. These pans, by reason of mechanical defects not difficult

to overcome and the rapid formation of scale upon the heating surface extremely
difficult to remove, caused some considerable delay to the work.
The first or second cutter. Hughes style, consisting of two heavy balance-wheels

30 inches in diameter placed 32 inches' atJart on a 3-incli shaft, two knives placed
horizontally, connected the face of the balance-wheels. The dead-knife v\-as placed
8 inches below center of the shaft, thereby making a bevel cut on the cane : space
between end of drag and dead-knife 23 inches ; this permitted the seed to readily

escape the knives by falling into a drag.
Power was transmitted by a belt, the cutters making 200 revolutions per minute,

cutting into 1-inch sections a Vjed of cane 30 inches v.ide and 0 inches deep. Tliis

cutter proved deficient in both strength and capacity. One-third of the delay.s and
losses attending the work are traced to this source. Belovv- the cutter was a single

fan 20 inches in diameter and 30 inches long, having a motion of GOO revolutions per
minute. Its work was especially fine.

The two shredderfj were each 20 inches long and 8 inches in diameter, provided
with four knives held in place by a peculiar aiTangement at the ends, leaving the

face of cylinder free of ox^enings; 'motion, 1.2(}() revolutions per minute; doing satis-

factory work.
Three ciarifiei-r, of No. 10 iron, round, o feet in diameter and 30 inches deep, with

cone-sliaped bottoms. Tv.v>inch copper coils were used. They lacked scimi pockets;

otherwise their v.-ork was satisfactory.
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The cano shed consisted of two floors, e;ich 10 feet wide and 150 feet hmi^, st^pa-

rated one alcove tin; other by a space of 4 feet. As a means of storing cane this a\y-

paratus worked well.

An open pun, iron, of two channels, each 12 inches wide and 12 inclies deep and
20 feet lon<^, filled with thrcc-cinarter-inch copper coil, was at first used with steam
as a skiniinii);^; ])an to aid chirificatioii.

]/itor steam was disjx'iised with and the pan operated as a continuous-flow settling

tank, giving better satisfaction and suggesting a possible manner of constructing a
rapid system of continuous-flow settling tanks.

The cane is received from the farmer upon specially constructed racks. Tlie wagon
13 driven on a turn-table by which it was squared al)oiit, then l)acked a few feet

against an ordinary wagon scales on which was a raised platform 3 feet high; an
iron hook was secured in the two ro])es ])laced around the load by the, farmer; a
friction clutch at the o[)posite end of the cane shed, nearly 200 feet distant, drew the
load over the rear end to the scales. Here it was weighed net, and the farmer's
ropes removed. An endless riling was then tin-own over the cane, the same power
taking it into one of the flooi's comprising the cane shed, where it was left for night
run or taken directly through to a small downward incline where two men pulled
it apart, feeding to three chains with attachments that carried it 1 foot above a cro.';s-

drag leading to the cutters. The feed was regulated by st(jpping and starting tliis

i-hain. This drag leading to first cutter has a motion of 40 feet per miimte, carrying
the cane in bundles a few inches of space between the tops of one bundle and the
tops of the next; this permitted seed to drop freely. Seed was hauled directly to

the field and left in small piles; that retjuired for sugar work next season is care-
fully selected by hand, tied up into bundles of eigliteen tufts, two bundles then tied

together, and so hung up in a dry place. The rest is stacked, allowed to pass through
a sweat, and thrashed in February. It is sold in large quantities at good prices to
ranclmien, who sow it for fodder for stock. The inch sections of cane as they are
cut fall into a strong blast of air direcly underneath, by which the leaves and the
sheaths are removed. By means of a link-belt drag the cleaned sections are con-
veyed into the main building to an elevator, taking them above the roof, where they
are discharged ipto the hopper of the shredder and reduced to a pulp, which falls

into a carrier passing over the diffusion battery. Openings in bottom of this cai-rier

permit the cane chips to be spouted to cells on either side.

Although the semi-sirup contained a purity often above 70, it was difficult and
generally impossible to start a grain in the pan ; a strike thus boiled to grain pvo-
duced exceedingly fine grain difficult to purge and invariably dark in color, no bet-

ter than a number of early strikes boiled to string.

These fine, gummy, dark sugars dissolved in clarified juices vrere used to start

the grain ; an amount equal in weight to one-fifth that of each strike produced a
fine sugar of medium-size grain remarkable for its uniformity of grain, color, and
purity. All sugars were taken to the mixer and passed through the centiifugals as
speedily as possible to remove them from contact with the black molasses.
The entire water supply w\as obtained from a bed of gypsum 65 feet from the sur-

face, and was positively unfit for use in either the Ijoilers or the diffusion battery. The
injurious effects of this water was observed early, Dr. Wiley being the first to sus-
pect the true cause. By the use of this water for diffusion there is a loss (estimated)
of 22i- pounds of sugar from each ton of cane worked, or 85 per cent. It ruined the
molasses, and to this gypsum is attributed, directly or indirecth', nearly two-thirds
of the amioying and expensive delays and losses incident to the present season's
work.
Canes of unusual richness w^ere worked, the battery secured a good extraction, the

entire evaporation occurred in vacuum with but slight inversion of sugar; but large
yields of sugar did not follow.
The analyses of molasses from the sugars exj^lains much, many of them showing

the relative sugars four and even four and one-half to one, yet so engulfed with a
mass of gums, black and bitter, as to render impracticable any attempt to secure
second sugars.
In my opinion the estimated loss of sugar due to the use of this water should be

doubled. I would respectfully ask critically inclined persons to keep these facts in
mind when reviewing the accompanying tables, which contain notwitlistanding
some interesting and reliable information.
The farmer looks upon this industi'v as one created for his special benefit, and

wdien considered from his stand-point, as judged by its agriculture, can see only
magnificent successes for all sugar work. An average croj3 of cane as grown in this

section at '^^2 per ton equals in value the land upon which it is grown.
No crops are grovv-n with more certainty ; others, corn especially, in most Iccal-

ities of this section are not sure every season. One farmer growing 30 acres re-
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IX'its ail a\iMa>ro of IIU tuns jn^r acre. Some small ])it'ft»s pnxliict^d more, the
averai::^ Ihmiiu, lOi tons jK»r aero. Ton thousand aoros at ^2 per ton could oa.sily be
oonn-aott'd for dolivorv no\t season. The farmei-s are not slow to see the advan-

- olforod in v:rowin.«; oano at these prices. .

I no Si>il oi this stH tiini can called neither clay nor sand, hein^- llL^ht, loose, not
sticky, light in Ci>lor. ct)ntains little organic matter, and produces only a medium-
sized stalk of corn or caiio.

But one trial run was made, wt^ ked by itself ; 43 tons of cleaned c-an(\ from which
Wiii; obtained pounds of su,i;ar of 98 per cent, purity, and l.OOO gallons of mo-
la&sei». being: JK) ix)iuk1s of suj^ar and 23.2 gallons of molasses from each ton. The
lalK>ratory work under tht» direction of Dr. H. W. Wiley, in charge of Prof. E. A.
von Schwoinitz. assisted by Mr. Oma Carr, has been most satisfactoiy. Tlie infor-
mation gained through their labors will prove very interesting and valual)le to all

friends of this industry.
I am well satisfied no well-regulated sugar works can be successfully operated

and tiie best results obtained unless a complete chemical control of the ever3'-day
work prevails.

The following facts may not be out of place: This enterprise was no exception
to those precedmg in resjiect to starting late in the season, after the crojj was
planted, as it were. Less than three months intervened between the placing of or-

ders for the machinery and the date of ripening of the first planted cane. The fac-

tory was two weeks in starting, and the other end of the season shortened by burn-
ing of the boilers November 4, leaving 75 acres of most excellent cane that was rich
in sugar.
Gypsum had a most disastrous effect upon the boilers: frequent stoppages of work

were required to clean them. By reason of excessive scaling of boiler shell and tabes
the efficiency of the boilers was greatly reduced.
The following figures relative to this plant were taken from the books of the com-

pany and are reliable:

Cost of sugar-works plant $44, 547. 72
Less cost of water-works plant 6. 000. 00

^,547.73
88, 547. 72

Donation city water-works bonds 12, 800. 00

Received from United States Department of Agriculture. . 10, 000. 00

Farmers stock for cane paid in 4. 500. 00
27,300.00

Cost to present o^^-ners 17, 247. 72

Cost of labor 5,896.02
Less labor on water works 1. 500. 00

4.896.06

Cost of fuel 3,096.33

Cost of cane 5,980.00

Cost of incidentals, barrels, etc 1, 364. 37

14, 836. 72

100,000 pounds sugar, at U cents 6, 500. 00

100.000 i)Ounds sugar. 2 cents. State bountv 2,000.00

36.000 gaUons molasses, at 12 cents 4, 320. 00

6,000 bushels seed, 50 cents (estimated) 3, 000. 00

15, 820. 00

Gain 983.28

Five thousand dollars were paid to railroads for freight transportation. The cost

for coal and labor to handle 1 ton of cane is §2.50; much coal w-as used for testing

machinery, water-works, etc. Profit i^er ton over cost of production, 33 cents.

Taking the season as a whole the plant was operated at less than half its capacity

with no decrease in cost of labor. Fully 150 tons could have been worked with the

same labor and an increase of 20 per cent, of fuel, making the value per ton of cane

worked over cost of prrxluction $1.62, or $243 per day.

For working a 2()()-tc)n plant costing, perhaps, 20 per cent, and fuel 25 per cent.,

would show value of prrxluct over cost of x^roduction of $3.60 per ton, or $720 per

dav.
Tliese yields are based upon results of this season's work—60 pounds of sugar and
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16i gall(ms of molasses from eacli ton, which certainly in 20 per cent, less than may
reasonably 1^ exjjected l>y the uae of good water.

The average quality of sugar aa placed u[;<)n the market from these works was
eqwdl to the Lest in purity, Imt stained slightly hy contitct with black m<;lasse8; it

lias a hard, tirni, mcdivmi-sized. well-cut grain, was dried thoroughly, and, unlike all

fine-grained sorghum sugars heretofore produced, d(X.'S not cake or become hard in

the biurel. It stands next to granulated in price and sweetening power, the jobljers

:-ielling at Gf cents ix-r pound more of this sugar than all yelloNv sugars combined.
("Vmfectioners appreciate its sweetening power. The molasses was very dark in

coh)r. sharp and bitter to the taste, classed but little better than black-strap; with

pure water the (piality should be imi)roved and the selling price increased to 18 or

20 cents per gallon.

The Departmcdt «jf Agriculture, under the direction of Dr. H. W. Wiley, who first

ad\()catea and practically applied the i>rocess of diffusifm to the manufacture of

sugar from sorglnnn, has made it possible to secure practically all the sugar in the

juice, this being the first and greatest step towards the estal)lishment of the indus-

try: the next greatest and .scarcely less important step still awaits a solution. I refer

to the clarification of sorghum juices. The methods now employed for this purpose
are borrowed from the sugar-cane work of Louisiana, l)eiAg merely the addition of lime

and removing what scums appear on the surface. Analysis shows the amount of

sugar in each ton of cane, averaging the whole season, to be 249 pounds: the glucose

would hold in solution 6o pounds, leaving 183 pounds available did not other solids,

as gums, starch, coloring matter, etc., also restrain 1.4 tunes their equal of sugar
from graming, until a possible yield of 100 pounds or less from each ton of cane is

our best work. Must we stop here and permit the loss of one-half or more of the

sugai* found in the cane ? The task is not an easy one, as the many know who have
considered it even briefly, but its importance and necessity demand that we sit not
idly by. The people of the v,-hoIe southwestern portion of this State, to my personal
knowledge, are enthusiastic upon the question of sorghum sugar: a failure any sea-

son to grow good sorghum is not recorded. The establisliing of sugar works would
bring under cultivation lands now considered of little value except for gi-owing sor-

ghum, and, fortunately, will produce a sorghum of the very best quality for pro-

ducing sugar.
These facts are fully appreciated, and every to\vTi, many without water and others

without railroads, aspires to the possession of sugar works.
Daily during the working season committees, delegations, and individuals visited

the sugar works, leaving full of confidence in the work.
A number of factories could be erected in this section next season if experienced

men could be found to operate them.

MR. DEMING'S DIRECTIONS FOR RAISING CANE.

» Much depends on a good stand from the first planting. No filling in will be
allowed. If necessary to replant any portion it must be replowed. cultivated, or
listed over. The field should first be cleared of all trash, sucii as stalks, weeds, and
bunches of grass. Tliis is best done by raking and burning. Unless a lister is used
a good seed bed, such as for wheat, should be provided, and the seed deposited in
fresh, moist earth, deep enough to insure moisture, yet not beyond the sun'swarmth.
Tliis varies from one-half inch in depth on heavy clay soils to 3 or more inches on
light, loose, sandy soil.

It is essential that the seed be planted at an even, uniform depth to insure its

coming up and ripening early, and the seed must under no circumstances be dropped
or covered by hand. For loose sandy soils a lister is a good planter. A good garde.,
drill may answer, and under some circumstances a forced wheat drilU having ;'.ll

the holes, except the two next the outside ones, closed, but for a prepared seed ; cd
a regular two-horse corn-planter, with or without a drill attaclunent, gives the Ix^st

result, planting at a imiform depth, and the wheel firming the soil about the seed,
causing it to germinate and grow more rapidly with a better start of the w-eeJs.
Unless the planter has broom-corn plates, which are the best, the holes in the corn
plates should be partially closed with lead, babbitt, cork, or leather, until they admit
of the passage of not more than fom- or five seeds at each movement of the plate.

A slight excess of seed should be planted, and the hoe used to properly clean it out.
This should be done invariably before the cane is 4 inches high. Good soils will
produce a stalk of cane for each 4 inches of row space. When the rows are 43
inches apart, two stalks should be allowed a space of 10 inches, three stalks 18
inches, fom* stalks 80 inches, six stalks 42 inchest and never more than six stalks in
any one bimch, no matter how spaced.
Foul land is easiest tended when planted in checks, and aU lands so planted pro-
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diice more sucnr Imt a siuallov tonn:'.,!;e than wlion i>lanted in drills. The cnltivu-
tion should ho nioivly upon tho surtaco, to avoid cuttins;- and otherwise distiu-hin}*:

the rcHits. ehookinj;- iheir i^rowth, and inducing a growth of suckers to sap the parent
stalks and retard their deveU>pnient.

All tiuit is roijuired is to keep the grass and weeds in check, and all cultivation
should cease when tlie joints appear, as any interference with the roots at this time
results most seriously. One well-matured stalk will grow on the space occupied
by two small ones, is as heavy as six small ones, and contains more juice sugar and
less impurities in projHn-tion to its weight. The seed and leaves are 'less than 2o per
cent, of total weight the large stalks, while with small canes the loss from tins
soin"ce may reach fully 50 per cen.t.

To plant cane upon nev.- ground the turned sod should be quite thin, but evenly
and S!n*.HU hi V laid. The seed should be planted with a two-horse corn-planter, i)ro-
vided with a rolling coulter to cut and not displace the sod, depositing the seed just
underneath the subsoil. The sod acts as an excellent mulch to retain moisture and
prevent the growth or grass and weeds, no cultivation or further attention, except
thinning, being necessary until harvest time. A good practice for planting cane
upon old ground is to plow the land at any time during early spring, but tlo not
liarrow. At planting time talie a two-horse cultivator, place three small shovels upon
each beam, spread and fasten the beams so that the shovels will work up a space
for two rows, each 4 inches deep and 12 inches wide. Let the planter follow soon,
depositing the seed in the center of this w^orked-over space. There will be no weeds
or grass for 6 inclies upon either side of the plants, and the cultivator v/ill care for
the space betvreen the rows. Cane deteriorates very rapidly when cut, lying on the
gi'ound in bunches, exposed to the sim and drying winds, a few days of such ex-
posure changing the sugar into glucose. Cane should be delivered tlie same day as
cut. the only exception to this rule being to cut and load on the wagon the evening
before wliat can be delivered early the next morning.
Next to the importance of properly thinning the canes, the necessity of having

vrell-matured, freslily cut, promptly delivered cane is the most important point con-
nected with the agriculture of this business.

Instructions for converting an ordinary hay-rack into a cane-rack will be lurnished
by the cane agent. Each wagon must be provided with two ropes, each three-
fourths of an inch in diameter and 35 feet long, by which the cane is unloaded.
The cane must be loaded so the tops project over the right side of the rack, facing
the team.

AB STRACT OP REPORT OP E. A, V. SCHWEINITZ.

Conway Springs, Kans.
The results of analyses of whole canes are recorded in table No. 1. The canes

were topped and stripped, and the juice expressed by means of a small hand-mill. The
average amount of sucrose in the juice was about 2 per cent, higher than the aver-
age of any crop heretofore w^orked. The highest per cent, was found in sample No.
162, taken from a load of Sterling Orange. The lowest percentage of sucrose was
noted m two samples of mixed Amber and unripe Orange on September 4 and Sep-
tember 10. The best samples taken during the w^orkmg season were Nos. 27, Am-
ber, 352, Orange, and 374, Link's Hybrid. The Amber cane after being cut, if left

lying for any length of time, deteriorated rapidly, as shown by the analysis of No.
26.

The percentage of moisture in the cane during the month of October decreased
rapidly, and the same quantity by w^eight of cane yielded only about one-half the
weight of juice given earlier in the season. The dryness of the cane was also noted
by the farmers, as their loads lost several hundred pounds as com^Dared with the
same sized load during the first part of the work. It may also be noted that the
cane*was very ijithy. On an average one out of every iive stalks contained little or

no juice, and a large amount of fiber. The cane cut during October, a great quan-
tity of which was left lying from two to three days at a time on account of delays

in working, did not deteriorate to any great extent. The dryness of the cane again
probably explains this.

After the factory stopped, a numfcer of samples of cane was taken for the purpose
of determining the condition of the still outstanding crop.
Samples Nos. 382 and 388 gave the highest result of the season. Another sample,

No. 383, from a field which the cane-grower claimed was the poorest out, showed a
high percentage. No. 378 was from a field of second growth from stubble. On
November 4, some 25 tons of cane were left on the rack. One lot was selected and
analyzed, some of it put into a silo. A sample of the remainder tested four daj's

later showed that there had been no deterioration in the cane, as can be seen from
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analyses Nog. 386 and 301. This cane had been exposed to heavy frost, snow, and
tliaw.

Cane taken from the field on November 7, and again from same field N(jvember
12, sljowed but littU; deterioration.

Tiie average percentage of sucrose in the mill Juices from the fresh chips is .3 \}or

cent, highor tlian tliat recorded in tlie average of tlie whole canes. Tliis is explnined

by noting several very low percentages of sucrose; in some of the samples of whole
cane, without a corresponding low jK'rcontage in the chips.

Here it may be noted tliat in taking satn))]esof fresh and exhaustcnl chips, a.s also

of diffusion and (clarified juic-es, care %vas taken to secure com])arative samples.

T)ie l;atl(>ry consisted of 16 cells, but only 12 of these were in the circuit at one tune.

The fresh chips were taken from tlu3se 12 cells and the exhausted chips from the
same. The juices were sampled as they ran into the defecators, care boing taken
to secure those corresponding to the fresh chips. The samples of semi-sirup were
taken as a nile once every twelve hours, and correspond approximately to the Juices

analyzed. For tlte most part two sets of samples were taken, one in the morning
and the other in tlie afternoon.

The lowest sucrose and highest glucose were recorded at the beginning of the
season. The highest sucrose of the season was noted on October 15, and the lowest
glucose on October 26.

The average percentage of sucrose for October v/as 13.22 and glucose, 2.07. From
September 26 to the end of the seascm the mill Juices a])peared to be unusually rich.

The average for October was .8 per cent, higher than the average for the entire sea-

son. This is 2.88 per cent, higher than the average at Fort Scott in 1887. As noted
in connection with the whole canes, the dryness may partly explain this, but the
location and soil of Conway seem to be especially adaj)ted to the grow th of sorghum.
It is further south than any other point in Kansas where sorghum has been grown,
and the season appears to be longer and better than in eastern Kansas.
The mean of sucrose in diffusion Juices is higher than the mean at Fort Scott in

1887, but considerably lower than would be expected from the analyses of the chip
Juices, The difference may be accounted for either by the dryness and pithiness of

the canes, as Just mentioned, or by inversion in the battery. In order to prevent
inversion, if any, carbonate of lime was used in the battery for a time. Although
the acid was neutralized to about the same, extent as at Fort Scott, apparently
inversion was not prevented. In place of carbonate of lime a number of experi-
ments were made with caustic lime. The lime was distributed upon the chips as
they passed from the macerator to the battery by means of a roll, about 1^ pounds
of lime being added to each cell.

The object was to add Just so mucli lime to the chips that 100 c. c. of the Juice

when in the clarifiers would require about 5 c. c. of alkali to neutralize it.

The highest per cent, of sucrose for the season in the diffusion Juice was noted
September 29, 10.02 per cent., being 2.30 per cent, above the average. The corre-
sponding mill Juice for the same date was 14.92 per cent, sucrose, 2.5 above the
average, showing that fair comparative samples had been secured.
The average during October was 8.59 per cent, sucrose, 1.74 per cent, glucose,

better than the results obtained at Lawrence, La. . bearing in mind the fact that the
sugar cane has less glucose. The purity of the diffusion Juices was lower than that
of the mill Juices from the chips. This is due probably to inversion in the battery.
Record was kept during the entire season of the amounts of sucrose and ghicose

left in the chips. The highest percentage of sucrose in the mill Juices from these
was noted at the end of the season, November 2, being 2.91 per cent. The average
extraction for the entire season was 88.72 per cent, of the sugar in the cane. Tliis

is a poor extraction, being fully 4. 1 per cent, lower than the extraction at Fort Scott
in 1887. The average dilution for the season was 11.55 per cent. From the first of
the season to October 15, 160 gallons were drawn off each time; from that date
till the close of the season 180 gallons. Each cell held 1,400 pounds chips. Deduct-
ing 10 per cent, for fiber we have 1,280 pounds Juice in each cell.

Avr rage weight of Juice drawn from first of season to October 15 . pounds . . 1 , 349 . CO
From then till close of season do 1, 512. 00
Mean Brix from September 6 to October 15:

111 mill Juices 18.93
In diffusion Juices 13 05

October 15 to Nov. 2:

Mill Juices 20. 10
Diffusion Juices 12. 55

Dilution from September 6 to October 15 per cent. . 6. 50
Dilution from October 15 to close of season do 16. 06
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The ixv^r oxt r:\ot ion was tlno partly to the hxr^e chips furnislioil by tho small
cutters ihiriiiix a portion of the season, to the irre>;ularity iw workini;. hiit chiefly to
the small quantity of Juiee drawn off ; all poiiits whi(-h mii^ht iiave been m'ore
carefully noted ajul the loss avoided. As the ililution, if nKxierate. is of small ini-
jwtance, the object should be to got all or as nearly all as ix>ssible of the sugar from
the cane.
The water from the well ]iroved upon examination to be highly charged with

mineral matter, containing 818 grains to the gallon. This was cliieifly gypsum, to-
gether with some little magnesium stdjihate and sodium chloride. A 10-per cent,
solution of sugar prepared with this water and evaporated to a thick sirup showed
no more inversion than a solution of the same strength made up with distilled
water and evaix^rateil. The adiiition of acetate of lime to the solution had no in-
verting action.

The water gave particular trouble in the boilers, forming rapidly a heavy scale.
The want of ]>roper cleaning in^he early part of the season caused burning of the
boilers on November 4. and stopped the work. The latter part of the season the
vapor water was run into a pond and used for diflCusion jjurposes. This \A ater was
strongly acid, due to the decouii)Osition of organic matter, and not much of an im-
provement on the well water. On account of the foaming it was difHcult also to use
it in the boilers.

In tiie few sam]>les of masse cuite not enriched the proportion of sucrose to glu-
cose was about the same as in the semi-sirups, showing that there was not any in-
version in the strike pan.
The percentage of ash found in the masse cuite is 1.5 higher, and in the molasses

1 per cent, higher than the average fomid at Fort Scott in 1887. This we may fairly
attribute to the large amount of gypsimi in the water. After pond water was substi-
tuted for the well water, except on one or tAvo days when lime in the battery was
in excess, the corresponding percentage of ash was diminished.
The following is the record of the number of tons of cane worked, sugar and mo-

lasses made:
Total number of tons of cane passed over the scales, 2.991.

Of this 430.5 tons were Early Amber mixed with unripe Sterling Orange; 2,560.5
tons were chiefly Orange with a small quantity of Link's Hybrid. The estimated
average tonnage per acre is 10. The highest tonnage 13.5 per acre. Twenty-five
tons were left on the cane rack when work stopped, so that the actual number of
tons of cane worked was 2.996, and tons worked for sugar 2,535.5. Tons of cane for
molasses only. 430.5. Deducting 25 per cent, for leaves and seed we have 2,225 tons
of cleaned cane.

Total number of cells filled from September 12 to close 2, 730
Number of pounds of chips in each cell 1,400
Total number of pounds of chips in cells (1,860 tons) 3, 722, 000
Number tons cleaned cane from September 12 to close 1, 901

Making a difference of 41 tons unaccounted for, some of which was thrown out
by the fan and from the drag. The remainder can be attributed to lost records
which were missing for several days' work.

YIELD OF SUGAR.

Total number of pounds of sugar 100. 500
Gallons of molasses 36. 000

There was left on hand at close of season one tank full of semi-sirup, equal to 600
gallons of molasses. This makes average yield of sugar x^er ton of field cane, esti-

mated on the cane actually worked for sugar, as 39.2 pounds, and on cleaned cane
52.8 pounds per ton. The quantity of molasses made per ton of clean cane was 14.

Or estimating the sugar on total nmnber of tons of cane cut during the season we
have 45.1 pounds per ton of cleaned cane. Two trial runs were made during the
season. The first 46.9, tons, gave 3,986.5 pounds sugar and 9,580 gallons molasses,
equal to 85 pounds sugar and 20 gallons molasses per ton. The second trial run
gave 90 pounds sugar and 16 gallons of molasses per ton on a run of 60 tons.

During the season there were lost by carelessness 4,800 gallons of semi-sirup and
7,200 gallons of juice, con-esponding to about 100 tons of cane. The batter}' soured
twice and was drawn off twenty-eight times, causing a loss of one hundred and
ninety-two celLs of chips of 1,400 pounds each, equal to 134 tons of cane. Deduct-
ing, then. 234 tons from the number of tons worked for sugar we have 1,667 tons

of cleaned cane with'^an average of 60.2 pounds sugar per ton.

From each ton it was estimated that 2 bushels of seed and 200 pounds of leaves

were obtained. The seed was carefully hand-i)icked and thrashed, so that this prod-

uct will prove verj' valuable.
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Tlie total number of days actual work, counting each day at twenty-two hours,

was thirty. By that we mean that the numl)er of hours during wliich the c utt"r

actually worked would h)e equal to thirty days of twenty-two hours each. If a lac-

tory is substantially built, the machinery strong and every bolt in its i)lace, there is

no reason why there should not be a st«'ady yearly run of ninety days full time.

Daring the working sea.son every hour's delay Is S(j much money lost, and a sugar
factory sliould nm as smoothly as agrist mill. It Ls a question of i)nictical mechanics
which a good macliinist can handle.

ABSTRACT OF THE REPORT OF A. A. DENTON AND C. A. CRAMP-
TON, STERLING EXPERIMENT STATION.

The experimental work which has been done at the Sterling sugar experiment
station was wiiolly in the line of improving the sorghum plant with a view to

increase the yield of sugar from sorghum canes, to obviate certain physical or out-

ward faults of the plant, and to obtain varieties which are less variable in their

yield of sugar.
It is probable that the extraction of juice from sorghum canes has nearly or quite

reached its practical limit and that diffusion apparatus needs only to Vje improved
in details of construction, which is more pro[)erly the work of machinists.

It is probable that the evapcjrating apparatus used in sugar manufacture, ^'he

triple effect, the vacuum pan. etc., will not soon be very greatly improved, for mey
are the result of many yeiu's of experiment by scientists aided by the most skilled

engineers.
There remains, however, a very important and promising field for experimental

work in the line of sugar manufacture, and that is the improvement of the sorghum
plant upon which the sorghum-sugar industry depends for ultimate success. The
importance and necessity of such work has been recognized by every one who lias

been engaged in the development of the industry, but very little has" Ix'en actually
done in that direction; the greatest attention has been devoted to the methods of

extraction and manufacture, while the quality of the raw material has been neg-
lected.

If improved varieties of sorghiun were developed, as improved varieties of the
sugar cane or of the sugar beet have been developed, a .successful future for the
sorghum-sugar industry in competition with the sugar-cane and the sugar-beet in-

dustries could be confidently assured.

In illustration of this disability which hinders the sorghum-siigar industry it is

proper to recall the fact that the new beet-sugar factory erected this year in" Cali-

fornia imported beet seed from Europe at heavy cost, because there the sugar beet
has been bred up and improved by many years of persistent effort by experts in

that line, so that this Em-opean improved beet seed produces at once in California

beets which contain from 12 to 15 per cent, of sugar. New sorghmn-siigar factories

have been built this season in Kansas, but they can nowhere jDrocure similar im-
proved sorghum seed, for the sorghmn plant has yet to be developed and improved.
As an instance of the necessity for the exercise of care in the selection of seed, the
experience of Uvo of the new factories this season may be cited. One of us visited

the factories at Douglass and Conway Springs at the beginning of the season, about
September 7; at the latter place there was great complaint of the quality of the
early cane; seed had been obtained supposed to be pm-e Early Amber, but seed of

later varieties, such as Orange, had been allowed to become mixed with it in con-
siderable quantities, and the result; was a field of cane of which the greater part was
fully ripe and ready for working wiiile a portion was still green, with the seed not
yet "out of the dough. It required entii-ely too much labor to separate it in the field,

and when the cane was cut and brought to the factory the green cane lowered the
average of the whole to such an extent that it was hardly fit to work for sugar. At
Douglass about 100 acres had been planted for early cane with seed supposed to be
Early Amber. As the factory was gi-eatly delayed in starting up fears had been en-
tertained that this cane was oveiTipe and deteriorating. Examination showed this
" early cane"' to }ye not Early Amber at all, but the old-fashioned Chinese, a variety
which, with us at least, did not attain its maximum of sugar content imtil quite late

in the season. Had the factory gotten into operation by the middle of August, as
they expected, they would have foimd their early cane"' entirely too green to

make sugar.

THE ORIGIN OF THE EXPERI3IEXTAL WORK AT THE STEELING SUGAR EXPERIMENT
STATION.

In the spring of 1888 the Srerling Sirup Works planted all the varieties of sorghum
which, with the time and means at their command, they could procure in this or in
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foroifrn oi">untrii\>^. in an oxpiM-inionial Hold untU^r as similar oonditic^ns as possible, in
i>nlor to onablo xhcvA to fompan^ t iio-qualitios of tlio canosof tlu> nnnuM-ous vaiiolios
with a view to sokx'tin.u: the In^st varit^tios for futmv fuKivation. Thoy had in mind
a similar oxporiniontal i^lantation in Jamaica, wIkmv (U) to 70 variolios of the sup;ar

cano havo for many vi\irs boon }::ro\vn in.onUn- to si^Un't tho variotios \vhich win-o
host suittHl to tho VVost Indies;* tho rosult of whioh is slu)\vn by tlu> fact that an
improved variety of supir cane, m'hieh is sometimes called "Jamaica" because it

\vas tirown at and intrtHluced by tiu^ .Tamaica exiHM'iraont station, is now .t^ivin^ an
extraordinary yield of sni;ar in many i>laci>s. They v»'ere induced to muhnlake this

oxperinuMital work by the necessities of their business. In the past seven years
they have produoetl each year from 500 to 700 acres of cane, and have manufactured
the crop. Kaoli year they have planted the common varieties, and also varieties new
to them whii-h tl\oy could readily procure. Tlie selection of better varieties and tho
improvement of the quality of tlie canes is a matter of importance to them, as it is

to all othei-s who are concerned in the sorj:;hum industry.
It appeared to the Sterlins; Sirup AVorks that the tirst step to be taken in improv-

ing the sorglunn i)lant was to collect as many varieties as }iossible from all localities

wiiere soru:hinn is <^rown. to acclimate them and practically test the numerous vari-

eties in idl the points which constitute a j;ood variety of sorghum.
It is now to be regretted that a nmch more extended search was not made in this

and in foreign countries for other rare and unknown varieties; but they then re-

g-arded this year's work as only the beginning of a private researcli^which would
continue for some years.

THE NECESSITY FOR IMPROVING THE SORGHUM PLANT.

The sorghlun plant is adapted to large areas of the country which are not adapted
to the production of sugar from the sugar cane or from the sugar beet. It is espe-

cially adapted to the dry climate of the Great West. Its cultivation is suited to the
liabits of the farming population. When the sorghum plant has Ijccn successfully
developed and improved as other sugar-joroducing plants have been, the sorghum-
sugar industry' %vill prosper and will employ caj)ital and labor in producing tiie

sugar which we now import.

THE FAULTS OF THE SORGHUM PLANT.

Tlie sorghum plant is sometimes a good sugar-producing plant, sometimes it is

merely a sirup-producing plant. This variability in the chemical composition of
its juices is what might be expected from a plant which has not yet been bred up
to fixed types of excellence by long-continued selections of seed from the finest

plants of the best varieties.

In this connection it is interesting to note that in 1744 the chemist Marggraff was
able to exti'act 5 per cent, of sugar from the beet; fifty years afterward the chemist
Achard was able to extract but 1 per cent, of sugar from the beet, and the eminent
chemist Sir Huniphrey Davy published positive assertions that beet sugar could not
be made profitably, and that beet suga.r was not fit for use. Sixty-five years after
Marggraff had extracted 5 per cent, of sugar from the beet, the beet-sugar factories

realized only 2 per cent, of sugar from it. These facts seem to indicate that the
sugar beet was variable until the plant had been developed.

Besides the variability of the sorghum plant there are other faults which pertain
in greater or less degree to the different varieties. Some varieties are long and
slender reeds wdth heavy seed tops and the canes are liable to lodge and tangle in
storms. This fault greatly increases the difficulty of harvesting the canes, and the
" down " or lodged canes are also inferior in saccharine value.
Some varieties " tiller; " that is, one root produces several canes just as one grain

of wheat produces several stalks. This habit is injurious because the secondary
canes ripen at difTerent periods, and in harvesting large fields of cane it is impossible
to avoid mixing overripe, ripe, and unripe canes. Some varieties have a fault of
producing false or secondary seed heads. As soon as the cane approaches maturity,
and often Ijofore that period, it forms two or more new seed heads which rapidly
develop; this delays the ripening of the cane and lessens the yield of sugar. Some
varieties, as soon as fully mature, produce offshoots from each joint of the canes
and also offshoots from the roots, and the sugar in such rapidly disappears. Some

* Analyses of samples of these different varieties from a collection exhibited at
the New Orleans Exposition in 1885 were made by C. A. Crampton, at the sugr r

laboratory of the Department of Agi-iculture in its exhibit. Tlie results of these
analyses were published by Professor Morris, in the Jamaica Official Gazette.
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varieties rapidly deteriorate in the quality of the juice as soon as they are ripe and
allow little time to manufacture the canes. Some varieties mature very small s<'0(ls

and tliese produce ])lants wliich are weak and slow-f^owinj; in the first wtcks f>f

tht'ir existence and are kei>t clear from the nujre vigorous \ve<'ds with ;^reatcr dilii-

culty than the stronger plants which are produced l)y the larger seeds.

Some varieties have very impure juice and some have strongly acid juice. Some
varieties give light yield of cane, liglit yield of juice, and light yield of s<'ed. Some
varieties obstinately retain the glume or the envelope of the seed grains so that it

can not well be separated by ordinary means. Analyses seem to show tJiat tlie clean

grrdn of sorghum seed is ])ractically ecjual in value to corn as food for stock, but th.e

adliering glume or envelope contains tannin, which is injurious, and some varieties

contain much of this substance and some but little. Some varieties mature so late

that they give but little time to manufacture the canes before frost.

THE FAULTS OF THE SORGHUM PLANT AND OF THE SUGAR BEET COMPARED.

The sugar beet contains mineral substance which lessens the yield of sugar. As
a rule these mineral substances in the juice vary inversely as the sugar varies; that

is, the greater the percentage of sugar the lower the percentage of mineral sub-

stance.
Sorghum contains glucose in the juice, and this lessens the yield of sugar. As a

rule the percentage of glucose in the juice varies indirectly as the percentage of

sugar varies; that is, the greater the percentage of sugar the less the percentage of

glucose.
The beet has also physical or outward faults; it is a Ijieniiial plant: it stores sugar

the first season and produces seed the second season. The sugar Ijeet often goes to

seed the first season and such beets are worthless for sugar manufacture.
Sorghum is an annual plant. It produces sugar and also seed in one season; and

whe-n it has produced its sugar and its seed it often attempts a second crop of seed,

and this lessens the yield of sugar.

The sugar beet sometimes makes a " second growth;" sorghum also sometimes
sends out offshoots from every joint and offshoots from the roots. The sugar Ijeet

is sometimes hollow; sorghum canes are sometimes pithy and contain but little

juice.

The sugar beet is sometimes attacked by the "brown penetration," a discolora-

tion which lessens the yield of sugar; sorghum canes sometimes have brown or red
spots in the interior of the canes.

The sugar beet often had faults of form; it had forked roots making harveeting
the beets and cleaning them from dirt more diiScult; sorghum also has faults of
form.

CAN THE SORGHUM PLANT BE LMPROVED?

Judging by all analogies the sorghuiu plant can be very greatly improved by in-

telligent and long-continued selection. Stirpiculture in the animal kingdom has
given us the Cotswold sheep, the Poland-China hog, the Jersey cow, and the Norman
horse. In the vegetable kingdom it has given us the Peabody corn, the Zinfandel
gi'ape, the Lapice sugar cane, and the Klein-AVanzleben sugar beet. It has been
truly said, "Wherever and whenever plant selection of the best for seed has been
long continued w-onderful results have been obtained." Darwin said: "Let any
common plant, even a roadside weed, for instance, be grown on a large scale and
let a sharp-sighted gardener select and propagate slight variations, and see if new
varieties do not result." Knauer started with a variety of the sugar beet which
contained but 11 per cent, of sugar: he improved it by selecting the best for seed
until he produced the "Imperial" variety which contained 16 per cent, of sugar.
Deprez et Fils, by selection of seed from the best roots, produced three varieties which
contained from from 14 to 16 per cent, of sugar. Vilmorin, the celebrated liorti-

culturist of France, created the " Improved Vilmorm," improved in form and in
yield of migar. There are no apparent reasons why the sorghum xDlant may not be
improved by diligent use of similar methods.

THE METHODS OF IMPROVING THE PLANT.

The principal methods of improving the plant may be stated as follows :

(1) By growing and testing all known varieties and selecting the most promising.
(2) By hybridizing or crossmg these varieties.

(3) By preserving "sports" or variations.

(4) By selecting seed from the finest individual canes of each variety.

(5) By improved methods of cultivation.

AG 88 19
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All of thoso motlunis huvo Ixvn iiracticod to n .c:rontor or loss oxtoiit in tho work
at this station, and the results Avill In? sot forth in tlio onhM- tjivon mIku (>. Tt nuist
bo ronuMuUTtHl. liowover. that the results ari'oninlislu'ti in this ilinn'tion l)v ono
swuson's work can Ih> at W^st but a mere be.ciiniin)^. To attain the end desired in
the improvement of tiie plant, {ho continuation of sxu-li work ov(>r a s(>ries of years
is imlisjKUisiihle. If this season's work and tlu^ m(>thods jnusued will serve to point
out the necessity and importance of tliis line of invest ij^ation. and, in ;j,t»n(u-al. the
manner in which it may ho Ivst carriinl out. a «;reat deal will have been accom-
l^hshed. It is hanlly ntvessary to call attention to tlie dt^sirahililv of following; up
the smem of devolopmc>nt thus opened up ; and it is to l)e hoped that ojjport unity
inay l>e atforded tJie l>e|r.irtment in the future to cxirry out tins woi k, whicli pi oni-
ises to be of the greatest value to the sugar industry.

I. Experiments in Growing Different Varieties of Cane.

It is probable that all varieties of sorghum are not equally well adapted to all lo-
calities where sorghum is grown. Some varieties have pecidiarities which cause
them to succeed best in certain places ; the Early Amber, for instfince. ])r()bably
succeeds better and has more valuable (|ualities in Iowa than in Texas. There is an
analogy in this with other plants. A Rhenish variety of the grape succeeds best in
dry S(^il: a Swiss variety succeeds best in wet climates. Spanish varieties of wheat
do not succeed in Germany; English Avheat does not thrive in India.
To select the best varieties of sorghum for a given locality, it is necessary to grow

all known varieties there and to select those which prosper best under its conditions.
It is not now easy to collect seed of numerous varieties of sorghum. Tlie common

varieties only are for sale by seed dealers; other varieties can only be found among
distant cane-gi-owers in this and in foreign countries. In collecting many varieties
many duplicates of some varieties are obtained, because a single variety often has
many names. This is natiu'al in foreign countries, where different languages are
iLsed: but in our owti country the same variety often has manj'- names, which are
usually derived from some peculiarity of the plant. Tliis is also true of other plants.
It is said that all the varieties of the sugar beet may be classed in four groups.
There seem to be twenty-three i:>rincipal varieties, which have several hundred
names.

Tlie varieties of sorghum often can not be distinguished by the appearance of the
seed alone, or even by the seed-heads alone; they can best be classed by observing
the growing canes. Varieties which have long been groAvn under very different
conditions often vary enough from the usual type to be classed as subvarieties. The
Chinese cane from Australia differs in some resi^ects from the Chinese from Central
America, and that differs in some respects from the Chinese of this country. These
facts add to the difficulty of classifying the numerous varieties of sorghum. Sor-
ghum is also groAvn in opposite hemispheres, and the proper season to coUect varie-
ties of sorghum in one country is not the proper season in another country.

I varieties grow^n at the sterling experiment station.

There were about 250 different plots of sorghum grown at this station. Of these
150 were crosses selected by Mr. Denton; the remaining 100 plots were planted with
varieties presumably distinct, though more than one plot was planted of a few stand-
ard varieties from seed obtained from different localities. Of those supposed to be
distinct varieties, however, though sent in under different names, many were found
to be dupHcates, showing minor variations perhaps, but not sufficient to entitle them
to classification as distinct varieties. For instance, seeds of the vrell-known variety,

the Red Liijerian, were received bearing tlie names "African," "Sumac," "Club-
head," " Rio Blanco," etc.; samples of Honduras seed were named " Honey Cane,"
" Broom Cane," " Silver Top;" samples of Chinese cane seed were received as " New
Sugar Cane" and "Sorghmn Saccharatum." It will be seen in the following an-
alyses that seeds of the same varieties received from different localities produced
canes of quite different quahties. Thirty-six of the varieties proved to be non-sac-
charine, useful for forage pmrjjoses, but not containing enough saccharine matter to

be of value as sugar-i>roducing plants.'^

In addition to most of the varieties grown in the United States, the list includes
many obtained from Asia, Africa, and South America. The seeds of many foreign
varieties were injured by dampness and by insects; from some of these not a single

seed germinated.

*Of the non-saccharine varieties twenty were derived from China, eight from
Africa, three from India, and five from this country. The seed from all these v/ere

carefully jjreserved, and will be distributed by the Department. Many will doubt-
le.ss jjrove new and valuable acquisitions as forage plants.
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COMPAUIBON OF THE VAKIET1K!=^ BY ANALYSIS.

It is not an oasy jnattor, as might soom to Ix' tlic case at first sig'it, to make a
comparison of dilfcront varieties by tlu; analysis of juices from selected samples.

In the first plaf;(% to mak(i a fair comparison Ix'tvveon varieties they should be taken
at their maximum of maturity, and this is a jjoint wliicli can not be determined
by any outward si.t:;!!, Imt onl^'by actual analysis. Theti the ditliculties of sam])ling

cane can onl}' be pro|)erly a])j)reciated by one who is familiar with them. A<ld to

these the difficulties )f comparison, the obKtacleK in the way of always j^ettinj^ uni-

form conditions in the growth of tin; j^lots themselves; attacks of chineli-bugs in

one plot and not i)i another; a sandy H\H)t in ohe and not in another; imperfect
germination of seed in one plot, causing a thinstand. while in another plot the

canes stand close together; and it will be neen that th(> task of differentiation be-

tween varieties by growing them in plots alid sul>mitting the cines i)roduced to

analysis, is by no means an easy one. It is a very complex problem. One Bea«on"s

work should never be held conclusive. A variety may have been placed at a dis-

advantage, from Ho?n(i one of numerous pos.sible causes.

In the work here tlie varieties were analyzed as often as possible, to avoid the
error of having analyses of either unripe or over-ripe canes to compare Avlth the

analyses of other varieties at their maximum; the highest analysis obtained luay be
taken as the basis of comparison. The error of sampling was avoided as raueh as

possible by taking good-sized samples, and by having them all taken by one and
the same person.*
The errors arising from differences of growth were augmented, unfortunately, by

irregularitif s in the time of planting, some lots of seed being received Very late in

the spring. Tlie time of planting is noted with each plot.

In the Following table the highest result attained by average samples from plots

of the different varieties grown is given. In nearly all cases the sample showing
the hij^hest content of sugar gave also the best results in the other two essentials,

viz, mmimum of glucose and maximmn of pm'ity; but where this rule did not hold
good tiie analysis wdiicli showed superiority in two essentials was inserted as the
maximum analysis attained by the variety during the season.

Table showing magcimilm analyses of each variety^

Variety.

Swain's Early Golden
Early Tennessee
Whiting's Early Variety .

.

Black Amber ^

White Amber
Earlj^ Amber from NfeAv York
Eat-ly Amber ffom Kansas . .

.

Folger's Early Variety
Chinese from

—

Central America .........

New South Wales
Africa — :

tTnited States
White India
White India from Louisiana.

.

Early Orange from

—

Kansas
South Carolina ;

Arkansas
Louisiana

Kansas Orange
NeAv Orange
Late Orange ffoha New York
Medivim Orange ,

Red Liberian from—

-

Missouri
Texas

Golden Rod
Honey Dew
Dutcher's Hybrid
Link's Hybrid

.of
ot.

Date.
No. of
analy-
sis.

Degree
Brix.

Sucrose. Glucose.
Coeffi-
cient of
purity.

Per cent. Per cent.
93 Aug. 34 3 18.03 12. 88 1.92 71.44
102 Aug. 24 6 15.54 8.45 2. 55 54.38
2M Aug. 30 46 15.63 10. .30 1.48 65.90
90 Sept. 7 120 18.88 6. .50 3.14 50.47
92 Aug. 24 18.03 12. 99 1.84 72.05
23 Aug. 24 4 18. 10 13. 70 1.12 75. 69
1 Aug. 25 8 17. .54 13. 18 1.07 75. 14

249 Oct. 4 460 16.78 11.94 1.46 71.16

62 Oct. 15 593 17. 37 11.79 1..35 67.88
215 Sept. 17 216 16.29 9.76 2.25 59. 91
232 Oct. 8 508 17. 98 12. 46 1.44 69.30
37 Oct. 8 611 19.00 13. 23 1.40 69. 63
69 Oct. 9 531 17.67 13. 07 1.02 73. 96
67 Oct. 5 474 16.33 11.90 1.26 72.87

84 Sept. 27 371 17. 58 12.82 i.as 72.92
228 Oct. 5 467 18. 76 13. 68 1.72 72. 60
87 Sept. 19 270 16. .53 11.39 2.20 68. 91

68 Sept. 15 601 17.90 12.90 l.lS 72.07
49 Sept. 9 523 16. 91 12. 17 1.20 71.97
88 Sept. 27 375 16. 25 9.53 3.07 58. 65
89 Oct. 9 540 17. 99 12. 73 2.32 70. 76

235 Sept. 26 341 16.70 11.84 1.04 70.90

72 Oct. 4 462 18.80 13. 25 2.74 70.48
73 Sept. 27 367 19.92 14.76 1.84 74.10
95 Sept. 5 99 14.35 6.96 4.48 48. .50

259 Oct. 22 660 18. 10 11.92 2.62 65.86
98 Sept. 3 85 16.24 10.50 2.14 64. 66

Oct. 5 466 18.45 13. 97 .82 75, 72

]yir. Denton did all the sampling himself,
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Tabic }thowing nw.rimi'm anah/ses of each rar/V^y—Continued.

Variety.

Price's Hvbrid
riauter's Vriond .

.

Houiiura^; livm—
lAMiisiona
Texas

(loose Neck
AVaubansee
White African
Texas Red
Unnamed varieties-

United States.

.

South Africa .

.

United States.

.

India
South Africa .

.

United States.

.

Africa
Do
Do

United States.

.

Africa
Do

United States.

.

Do

No. of
plot.

Do
Do
Do
Do

Average

101
214

64
66
76

28c)

229

9
11

14
15

16
22
24
26
23
m
36
39
44
50
51
53
57
61

Date,
No. of
analy-
sis.

Sept. 3
Sept. 30

Oct. 15
Oct. 22
Oct. 22
Oct. 5
Sept. 22
Oct. 10

Oct. 15
Oct. 8

;

Oct. 19
Sept. 26
Oct. 19
Oct. 19
Oct. 6
Oct. 8
Oct. 15
Sept. 26
Oct. 6
Oct. 5
Sept. 26
Oct. 9
Oct. 6
Oct. 6
Oct. 19
Oct. 19

84
418

595
6.54

664
468
:J05

545

610
.513

64()

347
644
643
497
515
608
351
494
480
356
524
493
490
634
636

Depree
Brix.

16.84
20.50

15. 5-t

1.5.15

17.20
16.32
17.20
20.25

16.26
12.20
18.60
18.64
16. 10
17.09
18.42
16. 31

16.20
16. 97
15. 32
17.20
17. 44
18.00
17. 77
16.85
18.00
18.60

16.79

Sucrose.

Per cent.
10.77
13. as

9. .54

9.84
ll.;38

11.71
11.10
13.80

11.48
•6..55
13.84
12.87
10.70
11..54
12.72
11.48
11.38
11.85
10.29
12.79
11.87
13.28
12.80
10. 57
9. 93

13. 06

11.69

'[ Coeflft-

Glucose. oient of
purity.

Per cent.
2.71
1.66

3.24
2. 72
2. .59

.91

1.67
2.84

1.29
2. 65
..55

.60
1.31

1.49
2.86
1.60
1.41
1.41
.63
.60

1.05
1.01
2.27
2. 96
3. 50
2.32

1.85

These results are quite interesting as furnishing a means of comparison of the
relative merits of the clilferent varieties. The ten varieties which stand highest in
each of the three essentials are given below, in the order of their value:

List of ten varieties giving best results.

No.

1

2
3
4
5
6
7
8
9
10

Sucrose.

Red Liberian . .

.

Link's Hvbrid .

.

Plot No. 14
Planter's Friend
Texas Red
Early Amber. .

.

Earlv Orange .

.

Plot No. .50

Chinese
White India—

Per
cent.

14,

13,

13,

13,

13,

13,

13,

13,

13,

13,

Glucose.

76 i

97
84

80 i

70
62

'

28
I

2;^

07

Plot No. 14, U. S .

.

Plot No. 39, Africa
Plot No. 36, Africa
Plot No. 15, India .

Link's Hybrid
Waubansee
Plot No. .50

White India
Medium Orange .

Plot No. 44, U. S .

.

Per
cent.

. 55

.60

.63

.65

.82

.91
1.01
1.02
1.04
1.05

Coefficient of purity.

I

Link's Hybrid

.

Early Amber.

.

Plot No. 14 ....

Plot No. 39
Red Liberian .

.

White India . .

.

Plot No. 50
Early Orange .

Plot No. 51
Kansas Orange

Per
cent.

75.

75.69
74. 41
74. 36
74.10
73. 96
73. 78
72. 92
72. 03
71.97

Tliese lists comprehend altogether eighteen varieties, of which four appear in all

three of the lists, four on two, and ten on only one, as follows:

Plot No. 14 3

Link's Hvbrid 3

Plot No. 50 3

White India 3

Plot No. 39 2

Early Amhter 2
Red Liberian 2
Earlv Orange 2
Plot No. 36 1

Plot No. 15 1

Waubansee 1

Medium Orange 1

Plot No. 44- 1

Plot No. 51 1

Ko,nsas Orange 1

Planter's Friend 1

Texas Red 1

Chinese 1
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Fi'om this it will be seen that four varieties combine in a high degree the three good
cjualities of a large i)ercentage of sucrose, low content of glucose, and high purity
juice. Link's Hybrid and the unnamed variety No. 14 divide honors for the lirst

place, both standing very near the top of the list in all three essentials. The former
has always ]>roved a good sugar i)j'()ducer. where it hius had time to mature lx."fore

frost. The Early Amber is noticeable for its high jmrity, five of the plots of its sulj-

vavicties giving a purity of over 70; from this quality doubtless arises its suix-riority

as a sirup-making variety. The low content of glucose in several of the urmamed
varieties from tropical countries is remarkable, as most of them were not entirely

mature before frost. It must not be lost sight of in comparing the varieties on the
basis of the anal3\sis that the outward faults of a variety may entirely overljalance

its value as shown by analysis. The Link's Hybrid, for instance, which gives such
good results on analysis, has a fault of form that almost destroys its practical

value.

II. Experiments in Hybridizing or Crossing Varieties.—III. Experiments in
Preserving Sports or Variations.

Tliese two methods of improvement may as well be considered together, for in

the present condition of the sorghum plant it is hard to drav/ the line between them.
The different varieties which have become established cross so readily with one
another that where variations occur, in a field of cane, for instance, it is often diffi-

cult to say positively wliether it is a tme sport, whether it is from one seed of a dis-

tinct variety accidentally inti'oduced, or Avhether it is from a seed that had been cross-
fertilized from a different variety. Doubtless both causes of variation obtain to a
large extent, for the one is a natiu'al consequence of the other: that is, on account
of the readiness with which two individuals cross, a large number of varieties have
been protluced, and, as many of these are not well established or fixed, they exhibit
a constant tendency to revert to original types, thus showing variations. Whether
the wide variations shown in the different kinds of sorghum are due more to cross-

ing or more to type variation is a C|uestion it is unnecessary to discuss here. It is

sufficient to show that such capability for variation does exist. In the work done
at this station no distinction could be made between variations produced by crossing
and those which were true sports. As this season's work was only the l^egijming it

was impossible to obtain tiTie artificially-i^roduced crosses, that is, variations produced
by the careful cross-fertilization of two distinct and definite types. The plots called
" crosses '' were planted from seed heads obtained by Mr. Denton from various fields

of sorghum, and were simply variations from the general tyi)e of the cane growing
about them. In the great majority of these cases, the canes produced from this

seed showed such well-marked reversions to two well-defined types that it was a,

pretty fair presumption that they actually did result from the cross-fertilization of
those types; but of course such work should, in the future, be carried out upon
known types, artificially cross-fertilized.

GEN'ERAL OBSERVATIONS ON CROSSES.

Kolreuter says: " He who would produce new varieties should cross varieties.

"

Darwin savs: " In regard to the beneficial effect of crosses between varieties there
is plenty of evidence." "The crossing of two forms which have long been culti-

vated implies that new characters actually arise some of which may be valtiable

and permanent." It would be suiDerfiuous to quote more, for Gartner, Herbert,
Sageret, Lecoq, Xaudin. and many other eminent experimenters speak of the won-
derful vigor, size, tenacity of life, precocity, and hardiness of hybrid productions.

It is stated in " The Sugar Beef * that if a superior variety of beets be placed
near another variety the result vnll be most advantageous, and it may be concluded
from these experiments which we indorse that the resulting race will for the time
being be richer in seed, and that the roots growTi therefrom ^vill contain a sugar
content more regular, etc., than had existed in either.''

In regard to the effect of crossing varieties it can be said that it seems to increase
the vigor of the plants sometimes in a wonderful degree. The crossed canes are
often much larger and taller, and often have much heavier seed lieads than either

parent form. A crossed cane is sometimes earlier, often later in maturing than
either parent. Some crosses breed true to the new type from the start and show no
tendency to reversion : but usually the first season the crossed seeds are planted
some of the plants revert, some to one parent form, some to the other, and some are

* " The Sugar Beet," by Lewis E. Ware.
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inioniuHliato fiu'iuK. If now sootl of the type prefenvd >i'loi it'(l aiul i)lanteil ix^ixin

tlie mnv plants show U>ti« temlonoy to revert; by continuint? tho scliH'tion and throw-
in^; owl varvin>i" fimotj, tho now typo i« lixoil a)ul Uh-ouich a now vari(»ty. Thciv ik

grt'aUT tt'n«lrm\v lo iH»vt>rsjiiin in "violitnl " crosses U'twoiMi diHsiniilar forms than in
cn.^s«.s of alliiHl forms. A omss may Ik> Hliijfht or complKi'. in fact, tht'r<> maybe
several cri>rtrtt»s l>etween two varieties. For instance, a lixeil croHK between the
Early Aml)er and the Oran^^^ n'.ay re.senible thc^ Early Amlu^r more; anotluM- eroeus

betwet'U the siune varii'ties nuiy re,semble the Oran>;v inore. Tlwee canes laUen
from a plot of this last crcwa showed by unftlysiH a higher percentui;e of Hiij;ar than
aiiy other in tlie »»ett8on'ii work, witli one exception.

ADVANTAOK^ OP SOR(iHUM OVER SUGAR CANE ON ACCOUNT OF THE EASE WITH
WHICH VARIATIONS ARE PRODUCED IN THE FORMER.

Dr. Morris, formerly director of the Jamaica Botanical Gardens, wliere an experi-
mental pliuitation of sixtv to seventy varieties of the sugar cane is maintained, in
an address before the London Chamber of Commei'ce said

:

It is well known that tlM? sugar cane does not produce seed, and hence it is im-
poissible to improve it by any process of liybridizing and crossing found so beneficial
to other plantd. New varieties amongst sugar canes arise generally in the form of
bud v ariation. These occur very seldom, and possibly amongst thousands of acres
not one cane will be detected which exhibits any well-marked characteristicsi,

Planters, however, should be keen to notice any canes that show a departure froni
the types and should cultivate them separately. If the sugar cane were callable
of being improved purely by cultivation and experimental processes like those
which have improved the beet, this would be one of the most effective means of

benefiting the industry."'

GENERAL OBSERVATIONS ON " SPORTS" OR SPONTANEOUS VARIATIONS.

It is well known that new varieties sometimes suddenly and spontaneously appear
in plants. They are created by bud variation. A peach tree suddenly produces a
branch which yields nectarines. A plum tree which had yielded yellow plums for
forty years produced a single bud which produced a new and valuable permanent
variety, the red Magnum Bonum plum. The variations in the tropical sugar cane
were entirely jDroduced in that way, as has already been sho^\^l by the statements of
Professor Morris, just quoted. In Mam-itius a sugar cane of the ribbon variety pro-
duced two new canes, a green cane and a red one. This was considered an astonish-

ing variation there. The causes of such variations are unknown. It is only known
that they do occur, and that valuable new varieties sometimes suddenly appear.
The history of some of the varieties of sorghum would seem to indicate, so far as
it is possible to obtain accurate information of such matters, that they originated
in this way. In Indiana, in a field of Chinese cane, a single cane ripened two weeks
earher than the other canes; this variation was preserved and named the Early
Amber. It is the most ^videly known of all the varieties of sorghum. In the ex-
perimental field of this station there were growing Early Amber canes received
from New South Wales, from Cape To\^^l, and from many places, showing its wide
distribution.

In New York in a field of Early Amber only one cane ripened before frost. This
variation was pre^.erved and named by us "Whiting's Earlj"^ Variety. It xnatures ten
days earlier than the Early Amber. It seems to be a sport from a sport.

In Tennessee, in a field of Honduras a single cane ripened two weeks earlier than
the other canes. This variation was preserved and was named Link's Hybrid. It

is one of the best varieties of sorghimLi for sugar manufacture. It lias l>een known
to have as high as 19.25 per cent, of cane sugar in its juice by analysis,

WORK AT THE STERLING STATION ON CROSSES OH VARIATIONS.

It may be said of the work done here in this direction that, in the first place, it

astabhshed positively, in the judgment of those in charge, the fact of the very strong

tendency of this j'jtant tovards variability. This fact has, of course, been fre-

quently noticed and commented upon heretofore, but as it seems very essential that

it should be thoroughly and generally under.stood, we think it advisable to enter

into an exposition of tlie evidence that was obtained to justify us in coming to the

very decided conclusion we adopted upon this point. Tlie plots v.iiich were planted

as " crosses" at thii> station were in every case from single seed heads, selected by
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Mr. Donton, and \vl)i(tli wtire very (•arctiilly fhaiu'd and lliiaslicd, K|)('<ial ])r('(;au-

tions })('in.i^ taken to piwcnt any accidental niixture of seed from otiier souives.

Tliese j)l()ts were tlien, in ev«!ry case, the product of a sitKjlc licad. 'i'hey sliowed,

in tl)e majority of cases, the /greatest variation umon}< the indivi(hial canes,

'J'his vai ia liility is well shown hy a series of ])h(>(o<^ra plis taken hy ns. which were
inU'nded to he reproduced as illustrations of tliis report; unfortunately the fund
provijied for sucli illustrations was exhausted so that they had to ho onn'tt<'d. They
represeiit a, number of seed heads, all taken frotu tlui sfoiic ])l()f, whicli sliowed strik-

ing' variations from either ])arent type, as well as j^radations runi\in;j: hack to ea(-h.

In a plot i)lanted froju a siii<:;le seed head which was evidently a cross between the
(Jran<;e and India, for instan(;e, heads were selected which j^ave the {greatest varia-

tions and f>radations between the India type, with its white seeds and rather ktose

head, to the Oran^t;, with its reddish-coloicl seeds and compiict iiead. Another
rei)resents tlie range of variations between the Honduras and I^ed Liberian. two
widely dilfovnt varieties, with the small round seed of the Liberian type set closely

on the spranjj^le toj) head of the Honduras. These photograplis of the widely dif-

ferent types produced from a siiiyle seed Jiead would convince the most ske^jtical of

the great ease with which variations can be produced in sorghum.

LIST OF CROSSES.

The following list gives the numbe^r of the experimental plot witli the probable pa-
rents of some of the cross(\s grown this se.ason. Many plots are not included, as the
characters shown by the canes did not distinc;tly indicate the origin of the \ ar-

iations.

No of
plot.

Probable cross.
No. of
plot.

Probable cross.

110 New Orange and Early Orange. 163 India and Orange.
111 Chinese and Siberian. 165 India and Amber.
112 Kansas Orange and Aniber. 166 Do.
114 Golden Rod Cross. 167 India Cross.
115 Orange and Ainh. r. 168 Do.
117 Kansas Oraiigc and Amber. 171 Kansas Oi ange and India.
118 Liberian and (lolden Hod. 173 New Orange Cross.
120 Amber and Kansas Orange. 173 India Cross.
121 Orange and \^'llit.t' India. 174 India and Aml)er.
122 Orange and C^hinese. 175 New Orange and Early Orange.
124 India CJrass. 176 Orange Cross.
127 Do. 178 India and Orange.
128 India and Golden Rod. 179 India Cross.
129 Do. 180 Orange and India.
131 Orange and India. 181 Do.
132 India"and Golden Rod. 182 India and Amber.
133 Kansas Orange and India.

Orange and (i olden Rod.
183 India Cross.

134 184 Orange and India.
135 Early Orange and Amber. 185 Orange Cross.
136 Orange anci India. 186 Orange and India.
137 India and Amber, 187
138 Do. 188 Do!
139 Orange and India. 193 Orange Cross.
140 Do. 194 Do.
142 India Cross. 195 Orange and India.
144 Orange and Amber. 196 Kansas Orange and India.

India Cross.146 Kansas Oi'ange and Golden Rod. 197
147 Do. 200 New Orange Cross.
151 Orange and India. 201 Do.
153 Kansas Orange and Early Amber. 202 India Cross.
154 Amber and New Orange. 204 India and Orange.
155 Oi'ange Cross. 205 Orange Cross.
157 Amber Cross. 208 India Cross.
158 India and Orange. 211 Orange and India.
161 Kansas Oi'ange and India. 312 Do.
162 India and Orange.

ANALYSES OF THE CROSSES.

The following tables give only the selected analyses of single canes from the
crosses. They represent about 700 analyses, only those containing the highest per-
centage of sugar, together with outward characters which entitled, them to perpet-
uation, having been subjected to complete analysis.

Plots Nos. 153 and 184 gave probably the best results.
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Analyses of singh. caues fro)n Crosses.

No. of
plot.

l)at(
No. of

analyses.

—

I

Hiix.

^ - -—

Siici-ose. Glucose. V V "1 1 \\. I.

iif mirifv

tcv cent.
_

*4IM lO. ;>4
1 1 ) 0

1

U'. .11 Ti, ol t>2. i>i

Sept.

Ill JUi U
4oy

lo. 00
1 I'WI
J 1 . mi

10. X:4

11 . oi

1. lb
1 11.12

1 3. .'ib

6(). 88123. ..
} Sei.t. 1 »^ kill

1 1 . li.i . 1 . 1 o bo . Ol
128 , Oct. 111 lUOU lo.w 1. 20 1 4. 6;>

I3l) 111 »)h1 i^
1;>. ^1 1 1 W 1

1 ». 5;1

131 ..

.

f^*^Pt. -co OOl 19. 37 1 1 OI \
14. o9 1 1 L>

1. In < 4. 21»

\ Oct. 11111' iiioy oil i\l) 11 4 C
14. 4^ J 2. 40

132 Sept. ly. 45; lo. Oi;
1 lift
1. OO uO. 02

133 Oct. i 1 -Sl. (>;)
"1 r /\o
lo. 03 i . 1 2. lO

135. .

.

\ oepi. Oi 4 A>. .1i
11 i\-t
14. 01 1. 20 (n*. 21

'(
1 1 x;l. 13 lb. 33 . 1

1

1 1 . 28

137. ..
S csepi.

s>epu.
' t>ept.

t>epi

.

iXV) 1 !: o.l
lo. 32 1 oi

1. i2l 1 0. n4

'i . 50 lb. 2b Ol
. 81 lO. 63

138 oyu li . i8 13. 4o . dO 1 0. o;)

142.
\

kick i;i o W. lb lo. o4 2. OO |4. (b

\ Uct. 10 111*4 2x\. Oi 14. 95 1 . 9b
'^1 1A
(4. 49

144 Sept

.

•sepi.

oepi.
oepi.

19. 28 14. 68 1 1 ii
1. 10 ^it 1 1

1 b. 14
14G -ill

1 f\ fc">0
I'J. 2b lo. 91 1 UO

1. az 1 /<;*JO

147 15. 87 11 f ' 1
11. bl

1 tin
1. b9 r-o 1 1*

lO. lb
148 Oil Kitoil lo. (8 1 I'O

1. bo 75. 57
151 uct. 1

1

"1 i'* lO 21. o3 14. 1 o 1. Ol b9. lo

153.
\ K'Cl. 1 ^fv. ou I 1 o

II . lo . OO 1 0. Ob
'l uct. -i -1

11 1 1 Q 1llo4 !ii2. oO lo. 8o . 91 i4. oiJ

155. .

.

L'Ct. 1 uoU iiO. 09 1 1

14. XJ7
1 Aj*
1. 00 < 1. Uo

156 UCl. -|

1 <^l^ 1

lo.
1 O 1
IX;. Li 4. 56 OO. -CO

159 uct. 1
1

|"^0
UIC> 1 1 . OO iZ. 49 1 1^

1. 4o '^A
1 U. it)

161
\ UCl. 11 l^i t iJO. <0 lo. 40 UA

. oO 1 4. 4U

'i
uct. 11 l-CO( 19. lO 14. o9 Q1

. 81 1 o. ; o
162 uct. 1 Oill 18. 8o 1 O C -1

13. 84 1 O -1

1. ZA
'*'0 /IO
t o. 4<J

163 uct. -f

1 1 lit) 20. 4i
1 CO
lo. ~.i

1 Ol'l
1. oO 1 0. Ol

±\J\J ...
\ uct. X 1 11 19. 47 14. . OO 1 4. Ob
1 uct. l*Ks 19. 42 11 o-

14. oo . 69
'^0 QQ
1 O. oH

166 uct. lo 1491 19. 1 O
* X A 1io. 04 . /O 1 0. Ol

168... uct. 1 /dc5 lo. uO 1 \ CO
14. 98 . <0 bU. 04

uct. 4 1 OO 5iO. oO 11 4 1
14. 44 1. OO ^1 1

0

1 1. lo

173...
\

uct. luo/ 4,1. 20 14. Zb 1 AA
1. 90 0 / . 00

i uct. 14.M Sil. lO lb. Z\)
1 1

A

1. 19 1 0. Ul

uct. lo. 4o 1 O 0*^
lo. /i.J

O AOZ. \)Z 1 1 . oy
174...

} Oct. 12 1412 21.60 14.86 2.65 68.80
175 uct. oz lo. >iXJ

1 0 11rZ. 11 5i. oZ DO. 04
176 uct. 1 lb -f n no19. 93 11 Ol

14. ol 1. lb 1 4. Ol

178 Oct. 2 789 19.50 14. 32 1.29 73.44
180 Oct. 3 811 20.00 14 14 1.05 70.70
182 Oct. 12 1357 20.28 13.96 1.53 68.84
184 Oct. 12 1344 21.78 16.40 1.01 75.80
208 Oct. 2 840 19.00 12. 99 1.28 68. 37
209 Oct. 2 833 20.03 14. 43 1.17 71.99
212 Oct. 2 830 19.63 14.84 1.38 75.60
238 Oct. 9 1028 17.48 13.14 2.07 75.17

(
Oct. 5 984 19.50 14. 65 1.04 75.13

239... Oct. 8 1010 20. 14 15.24 1. 55 75. 67

\ Oct. 8 1012 19.84 15.17 2.23 76.46

ANALYSES OF VARIATIONS IN STANDARD VARIETIES.

The following table gives some of the results of analyses of individual canes
which Avere taken from the plots of some standard varieties, and which showed
some desirable variation from the type of the variety. The variations chosen were
in the line of the imjirovement of the variety. For example, the variations selected
from the Honduras were individuals which ripened earher than the rest of the plot;

those of the Link's Hybrid were canes which showed more or less freedom from the
faults of the variety. As with the crosses, the analyses given are the chosen ones
of a large number of analyses, for none of the canes which showed simply an im-
provement in external characters were saved, unless they showed at the same time
a gocjd content of sugar and a high coefficient of purity. " These will be reserved for
planting another season.
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Analyses of variations in standard varieties.

No. of
plot.

Date. Rriv

Sept. 3 2i>.)
1 1 iO
J 4. 44

Sei)t. 3 2«G
Sept. 1/

Of ut

225-0. Sept. 17 313 18. i2

Sept. 17 310 18. ;w

Sept. 20 im 18.28

Oct. 20 2118 20. 00
Sept. 21

Sept. 21

ato 18. 32
230...- mi 17.52

Sept. 21 393 15. :i5

234 Sept. 25 478 18. 13

89 .... Sept. 25
Sejjt. 28

500 18.78

(58 521 17.21

07 Oct. 3 893 19. 20

232 ( )ct. 3 911 19.08

Oct. 3 949 22.31

Sucrose. ' Gluco.se.

Per cent.
9.07
8. 4(5

12.14
12.59
12.28
12.70
14.!KJ

13. 04
12.07
9. 58

13. 90
13.04
14.42
14.04
14.79
10. 93

Per cent.

37
79
18
74
05
02
.99
.81

1.13
.91

2.94
.70

1.37
1.00

Coeflftcient

of purity.

02. 38
02.

m. 05
(57. 25
00. !>9

09. 47
.50

18

89
41

00
72. 03
m. 79
73. 13

77. 52
75.89

74
71

(58

(j2

77,

Remark

r Honduras.

Waubansee.

Whitin{?\s Early.
Late Orange.
Early Orange.
Wliite Mammoth.
Chinese.
Link's.

The unnamed plots also contained a great many interesting variations, selections

from which are given in the foliov»'ing table

:

Analyses of variations in the unnamed varieties.

No. of
plot.

9..

33.

37.

45.

46.

48.

50.

Date.

Sept. 2\
Sept. 25
Sept. 22
Sept. 22
Sept. 22
Sept. 21

Sept. 21
Sept. 21

Sept. 21
Sept. 21
Sept. 21

Sept. 21

Sept. 21

Sept. 25
Sept. 4
Sept. 24

No. of
analysis.

Desree
Brix.

Sucrose. Glucose.
Coefficient
of puritj'.

Per cent. Per cent.
428 18. 07 13.84 .80 74.13
509 19.48 13. 17 2. 61 07. 61

3!)6 19.60 14.26 1.04 72. 70

40(5 19. 60 13.92 .44 71.02
410 20.74 14. 86 .37 71.05

300 20. 00 14. &3 .70 71.99
364 19.02 13.47 1.54 08.05
305 20.19 14.79 .76 73. 2,5

306 20. 75 15.14 .77 72. 90

372 19. 15 13. 74 .59 71.75
373 19. 92 14.07 .04 73. 04
374 19.35 13.68 1.07 70. 70

377 20.78 14.27 2.09 68.07
514 18. 31 12. 36 2.30 67.50
290 18.44 13.25 1.01 71.85
444 18.48 13.57 .95 73.43

IV. Experiments in the Selection of Seed from Individual Canes Show-
ing A High Content of Sugar.

variability of sorghum canes in their content of SUG.VR.

As might be expected of a plant which varies so much in the outward characters
of its individuals, sorghum canes vary greatly in the chemical composition of their

contained juices. Even in canes of the same varieties, showing uniform outward
characters, and of uniform appearance and development, gi'eat dr^erences vrill be
found in the composition of the juice from individual canes: in fact, the variation
in this respect seems much greater and more persistent than m the outward appear-
ances of the plant. When the variety itself is not uniform, and the variations due
to mixed races are added to the variations of the individuals, the most remarkable
extremes are produced. This can be seen by examinmg the analyses of individual
canes of crosses given in the section on experiments with crosses, from which the
following table is selected to :Ilusti'ate the possible differences between different
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CiViU's jrmwint: in the snjuo plot. Tho t*ano« woi-e soloct^d from a plot of Hoiuliiras
which showod fairly uniform i haractor, in tho ondiMvor to obtain oarly riponod s(>(h1s

of lliai vaiioiy. aiul j>roh;iMy some wero not niatnnHl so wi^U as titlirrs, thouL;h thv^

sc-cii irom all was porfootly hard.

J\)lan'zatio)i of selected eaues pxnn Honduras.

No.
Degree
Bvix.

Sucrose

.

P^r cent.
'^0

2 14.43 J)! 07
3 13. 53 8. 40
4, 13. 47 8.10
5 10. 4( 4. 31
G 14.40 7. 40

11. K5 5.78
8 10. (V} 1.51
9 11. Oo 5.24
10 .10
11 14. 15 8.25
12 17. 05 11.41
13 15.88 10. 92
14 15.34 9. 33

15.34 7. 51
l(i 15.5-t 6. .50

17 10. 07 11.53

Highest 11.53
Lowest .10

The following table shows the variation of individuals in a well-established and
uniform variety. They were selected w^ith this end in view from a remarkably uni-
form plot of Early Amber, and a particular effort was made to have the canes as
nearly of the same size and general appearance, the same maturity, and the same
conditions of growth as possible. All were taken from the same row.

Polarization of average canes from Early Amber.

No.
Degree
Brix,

Sucrose.

Per cent.
1 15.50 10.80
2 15. 70 12.02
3 14. 50 7. 54
4 18.00 12.78
5 1€. 74 10. 36
6 14.74 8. .58

7 15.44 9. .58

8 18. 44 13. 25

9 17.24 11.01
10 17.44 11.99
11 14. 94 8.08
12 17.74 12. 71

13 17.52 12. 04
14 17. 32 10. 53

15 17.32 10.88

Highest 13.25
Lowest 7.54

While the difference is not so great as in the previous table it will be seen that

there is a difference of nearly 6 per cent, of sucrose between the richest and poorest

canes in fifteen samples.

DIFFICULTIES IN THE SELECTION OF SEED ACCORDING TO CONTENT OF SUGAR IN

THE CANE.

It is much more difficult to select the best individuals of a sugar-producing plant

than of plants raised fr>r other purposes in which the relative merit of the individuals

can be seen by outward appearances. There ate ifio known reliable outward signs

which indicate that a certain cano contains more sugar than the others. In a garden
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ojw can Helect tlio llncKt ve}jj<^t!il)l('H, in tlio orc^luird th(5 fiiicnt I'niitK, in the jijrain liclds

the fIneHt oar« of corn or of wiioat citlu'r l)y tlio eyo or hy tlio w^i^^ht or hy vory siniple

tcKts; but MU^iir is iiisitN- tln» chikim. iiiiii^^U'd with otiicr KiihstaiiccH. Tlio w<Mj^lit of

tho canoH oi- their appcarHncc is not a roliahlc nicu.snro of tiu! Hu;;ar whicli tiioy con-

tain. Handsome canes may contain hut httle Hu^^ar; canoM inferior in api)eurance

may yield suj^ar well. The setine of tanto is not a reliid>l(* font, for th<^ Ku^ar in the

juice is mjiMked hy ol lH>r KulistaneeH. A Hu.n'areune w iiich shown hy analysiK 12 \)er

cent, of sufi;ar tasLcH mueli swet<t(<r than a sorj^lnim cane w liicli shows 15 per cent.

The HorKhum plant will he improved hut wluwly if Keieetionn of Heed are made
only hy the si/e or \s'('iy,ht or ai»p(<arance of tin* (.'aneH, or hy Himi)le seleotioiiH of the

linest a})p<'aring K(>e(ls.

In two thousaud analyH(\s and ]>olarizati<mH of cane juice made at this Htation tlxire

were no )"elial)le and constant outward mark's o1)s(n*ved hy which tlu? canes which
C(mtained most su^ar could l)e Kelotited. The degree of maturity was the only si;^n,

and selections of the richest canes can not he made hy that.

When the KU^;ar-heet lijrowers attempted to improve the sugar heetthey met with
the same difticiilly. They were wellaware that the hereditary X)i"inci])le8 which are

known to apply to animals also a[)|)iy to plants. They knew that the individual

heets wliich acitually coutaiiKxl more sugar than the others should be saved for

planting.
But the characteristic ])oints of heets whicli are rich in sugar vary so that they

are not reliable guides in selecting heets for seed. Knauer invented a machine
which sei)arated beets into piles according to their weight in order to select tlie

heaviest, not the ku'gest, heets for seed. And beets were placed in a solution of

salt water of a (certain density; the beets which sank were saved for seed. These
methods were not reliable. To Vilmorin is due the credit of introducing tlie

methods by which the sugar beet has been so wonderfully improved. He observed
that a cylindrical piece could be taken from each beet without injury to the plant.

These sample pieces were separately tested to determine their value in sugar manu-
facture, and only the beets which w^ere proved to contain more sugar than the
others were saved for seed. To show the zeal with wdiich the work of improving
the sugar beet was done it is only necv ssary to say that at the Paris E^iposition of

1878 there were twenty exhibitors who claimed to have produced improved varieties

of the beet. Deprez et Fils, of France, had an agricultural laboratory with facili-

ties for making two thousand analyses of beets daily. With the assistance of Pro-
fessor Violette they produced three important new varieties of the sugar beet, which
are known as " Improved Deprez" 1, 2, and 8,

It is evident that the sorgimm industry should profit by this experience of the
beet industry, and that sorghum seed should be saved only from individual canes
which yield well in sugar.

METHOD OF WORK EMPLOYED AT THE STERLING EXPERIMENT STATION,

Owing to the pressure of work at this station the past campaign, and the attention
given the crosses, the selection of seed from the best individual canes of the estab-
lished varieties was not instituted until late in the season, and could not be carried
out on the earlier varieties ; the selections shoiild properly be made, of course, at

the maximum of maturity of the cane. The plan of work was as follows: A large
number of canes were selected from the plot, care being taken that those selected
should show no outward faults of form, and should be average canes in size and of
good healthy appearance. A large number of such canes were brought into the
station barn and laid out in serial order, the heads cut off, a label wath number
attached to each, and a corresponding number i)laced on a receptacle to contain the
juice. Two men were kei)t busy turning the hand-mill, wliile a third kept the
juices in proper order. As soon as the juices were obtained tlie}^ were poured into
hydrometer jars, and when they had stood long enough to permit of the escape of
the air bubbles, their density was taken roughly with a spindle. If the reading did
not come up to aC certain standard, the juices and corresponding seed heads were
rejected. The standard used depended upon tlie richness of the variety of cane
from which the selections were made, being placed at 20° or even 21° Brix for very
rich varieties like the Link's Hybrid. The few juices wdiich passed the test were
sent to the laboratory for complete analysis, and the corresponding seed heads care-
fully preserved. From the coni])lete analyses, still further selections were made, so
that ultimately a few seed heads were saved, showing great richness and purity of
juice. From 500 to 1.000 canes could be tested in this way in a day. Some of the
canes obtained by this method of selection were very rich in sugar. The following
instances serve to show this:

A plot of Link's Hybrid, of which the liighest analysis from average samples had
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Iv^n 14.00 percent, sucrose, gave by selection from about 500 canes four which went
over 15 jHn- cent. Another plot of the s;nne variety, showing by analysis of an
average s;iniple 1'>?.'24 p».4- cent, sucn^se. gave by selection from 500 cimes tlirce wliicli
haii over U> jhm- cent, sucrose hi the Juice. An avi^rage sample of a plot of Liberian
cane gjive 14 per cent.: 500 canes were taken from ditferent parts of the plot, and
one cane gave 17.50 ]Hn' cent, sucrose in the juice, three gave over 1G.5 per cent.,
and twelve over 15.5 per cent. An average siimple of the Planter's Friend, a new
varit^ty from Australia, gave 11. (Ui per cent, sucrose: selections from 1,000 canes
gave three which contained over 15 per cent, sucrose in the juice. Such instances
might Ix^ multiplied, but sutticient evidence has been given to slunv the possibilities
in tins method of improvement. The selections have all been preserved, and can
be planted and observed another year if means are afforded the Department for
carrying out the work.
The follovring table gives the liighest analyses obtained in each of five varieties by

selection

:

Highest analyses of single canes by selection from standard varieties.

Variety. Date.
No. of

analysis.
Degree
Brix.

Sucrose. Glucose.
*

Coeffi-
cient of
purit3^

Percent. Percent.
Oct. 17 1953 21.71 rr. 69 1.97 81. '18

Earlv Orani?e Oct. 18 2040 22. 18 17. 05 .67 76.87
Link s Hvbrid Oct. 18 2036 21.70 15. 92 .69 75.38
Planter's Friend Oct. 16 1831 22.00 15. 55 .82 70.68

Oct. 13 1508 19.68 14.71 1.25 74.75

V. Experiments in Improvement by Methods of Cultivation.

It is a rule in agricultural science that to obtain the best results the individual
plants must be given the most favorable conditions possible for full development. In
the efiort to improve the sorghum j)lant methods of cultivation will play an impor-
tant part. Very little attention has been paid heretofore to this subject, the ciieap-

est and easiest methods being foUow^ed, and the sorghum crop has had about the
same cultivation as is given to the corn crop. In the work at this station no very
extensive experiments could be made on different methods of cultivation, but a num-
ber of practical points were evolved w^iich may be stated as our view^s on the best
methods to be followed without going into details as to the evidence upon which the
conclusions Avere based.

It is desirable in growing cane for sugar manufacture that as nearly as possible

all of the plants in one field should ripen at one time. If in one row there are some
canes fully ripe and other canes immature, it will not be easy to harvest the canes
at the time vvhen each contains its maximum of sugar. It is a point of advantage
to have all come up at the same time. This can best be accompHshed by planting
the cane on freshly-plowed land the same day the land is plowed and by being care-
ful to cover the cane seed at a uniform depth with earth. This insures as uniform
a start as possible for the canes, and wliile it may seem a trifling matter, it often
materially affects the result.

After tiie young plants come up a serious problem arises, and that is, hoM'- to cul-

tivate the plants, to pulverize and loosen the soil, and to destroy the weeds without
injuring the roots on which the development of the plants depends. Great injury
is done to the roots of canes when the cultivator works deep and close to the plants

after they have attained considerable size. This injury is perhaps greater than
mo.st persons suppose. It appears to be proved by a very simple experim_ent. If

the roots of a hill of cane are cut all around the hill with a spade at a distance of 6

inches from the canes to a depth of 6 inches from the surface when tlie plants are 4
incjies high, and if this process is repeated once a week until the canes are 4 feet

high, the canes thus treated will be found to ripen later and to be inferior in all re-

spects. In wet seasons the injury is not so gi-eat as in dry, but injuries are caused
to growing plants by the cultivator as with the spade.
To avoid destroying and mutilating the roots of gi'owing canes it seems better to

give deep and close cultivation while the plants and their roots are small, and when
the first cultivation is given to use long and narrow shovels which work near the

canes, and wdth a slow and steady team give close and deep and thorough cultiva-

tion before the rootlets are expanded sufficiently to be injured by such cultivation.
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In the succeeding cultivations "shallow sliovels," that is, shovels having suf;h form
that they do th(ur work at and near the surfa(;e of the soil, sliould work near tlie

plants, wliile deeper cultivation may l>e had at a distance from the plants v/hicli the

roots liave not reached. The form preferred in the experiments at this station is

known as the " Eagle's Claw." It consists of eight small shovels wliich are attached

to the heams of a two-horse cultivator, four shovels working on each side of the row
of cane. The form of these shovels is such that they do not enter the soil d(ie])ly,

tliey thoroughly pulverize all the surface soil and destroy weeds, and work close to

the growing plants with little injury to the roots.

AVe have alluded to these points because we believe the yield of sugar is often ma-
terially lessened by injuring the roots of the canes. Mutilation of the cane i^lants

above the surface of the soil is known to produce a lessened yield of sugar, a)id in-

juries to the cane plants below the surface doubtless decrease it also. Many (;ane

growers as they " lay by" their cane crop or finish the cultivation, and see its deeply

and closely cultivated canes free from weeds do not realize that while destroying

the weeds they nearly destroyed their cane plants, and while working /or their canes
they were really working against them and against their yield of sugar.

VI. Miscellaneous Experiments and Results of Observations.

ANALYSES OF SAMPLES FROM ARKANSAS.

The capabilities of Arkansas as a sorghum-growing State have never been very
extensively investigated. The Sterling Sirup Works received this fall a bundle of

cane from one of the " prairie counties" of Arkansas, and the different samples were
analyzed at the station with the following results:

Analyses of canefrom Arkansas, sent to Sterling Sirup Works.

Variety.
No. of

analysis.
Degree
Brix.

Sucrose. Glucose.
Coefficient
of purity.

Per cent. Per cent.
Texas Red 545 20. 25 13.80 2.84 68.1
Honduras 54G 20.2.5 3. (58 8.47 18.

547 18. 25 11.05 .5.24 61.

Orange 548 19. 25 14.24 2.23 74.

As a general rule samples of sorghum sent from one point to another by express
are so much inverted that the analyses are worthless; and then when samples of a
few canes are selected by persons not familiar with the plant, the largest and finest

looking canes are chosen, which generally give a lower per cent, of sugar than aver-
age-sized canes. In view of these facts the above analyses make a remarkably fine

showing for the locality which produced the canes; the samples all consisted of

quite large, fine canes, but still gave a good analysis. The sample of Texas Red was
a tremendously large cane. The samples of Honduras and Chinese had evidently
inverted slightly, the others very little.

Another lot of samples received by the sirup works from Thomas Lester, Stuttgart,
Ark., consisted of the following varieties: Gooseneck, Honduras, and Orange. As
the analysis showed all to be badly inverted, it is not worth while to give the results.

PROGRESS OF THE BEET-SUGAR INDUSTRY.

The interest in tlie manufacture of sugar from tlie sugar beet in
tliis country is constantly increasing.
During the past season the Department distributed quite a quan-

tity of sugar-beet seed to various parts of tlie country, and a number
of samples grown by farmers in different localities has been sent to

Washington for examination. The culture of the sugar beet has
extended in the State of California, and in addition to the factory
operated at Alvarado, the reports of which have been published in
previous documents, a large factory has been established by Mr.
Claus Spreckels and others at Watsonville, Cal. The corporation
is known as the Western Beet Sugar Company, and has a capital
stock of $500,000. The operations of the first year were very suc-
cessful, and through the kindness of Mr. Spreckels I am enabled to
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ai)jH4ul a i^tati'inont givinix tho n'siinu' of tlu' work dono, expenses
incurred, and amount and value of sugar made:
Kccnpttiiidtion of the irorkitujn of the WvntcDt lirct Suifar Comiutntf'.s facfon^ at

W'nfKimviile, Santa Cniz Couutt/, Cal.,for the catiUHtigu vmUiKj 'ikcvwhrv 19,
18v^K

Suijar. l'n'ii;hi iruin Watsonvillo to San Fi*anciaco

total iH)st

Coke. do.

.

Fiiel oil do.

.

'VVixvl (U). .

Lime nvk do.

.

Sii^rar ba^ do.

.

S(.>vla , do.

.

Tallow do.

.

Ex}ienso lalxir, otc 2 1 , OU 1 . 27
(Beets) incidentals 2, ojo. 82
Cost of beers 7L Ooo.SO

}?2.9;U{.55

17, 207. 00
1,058.93
11,356.03

990. 50
1, 780.30
1, 740.34

12. 39
57. 21

132, 522. 22
"Which is the cost of maniifacturmg 1,640 tons sugar delivered free

on board in San Franciaco.

We have received for 3,280,000 poimds sugar 162, 454. 70

Making cost of sugar $80.80 per ton of 2,000 pounds.
"

Profit 29, 932. 48

Beets consumed tons. . 14, 077
Sugar produced do ... . 1 , 640
Men employed 135
Time of run days. . 61

Beets, average polarization per cent. . 14. 60
Beets, average sugar recovered do. . . . 11. 65
Sugar, average polarization do. . . . 95. 40
Sugar, average price per pound. . 5. 64 cents
Beets, average price per ton. . $5. 04

Xo report has been received of the oxoerations of the factory at

Ah^arado during the i^ast season, and therefore I am not able to say
whether or not the work was succeBsfully conducted.
Mr. Fred Hinze cultivated an experimental plot of sugar beets at

Douglass, Kans., during the past season. Considering the dryness
of the climate and the high temperature reached during the summer,
the results appiear to be favorable. I am inclined to think, hovv^-

ever, that the successful cultivation of the sugar beet for manufact-
uring purposes can not be looked for in such a climate as obtains at

Douglass.
The analyses of the sugar beets at this station were made from

time to time by my assistants at Douglass who had charge of the

chemical work at the sorghum factory at that place. Following are

the results of the work:

Date.

September 8
September 3
September .B

September 10

September S20

September 29
October 11

Highest
Lowest
Average .

.

Brix, Sucrose.
Coeftcient
of purity.

Per dent.

13. .^8 9.27 07.04

11. or 7. 90 08. 30

12.4.-, 8.16 0.5. 40

10. 74 12.88 73. 90

i4.ro 9.47 (A. 48

14. 43 10. 47 72.09

15.96 11.98 75. 11

10.74
11.07
14.22

12.88
r. 00
9.36

7.^.11

04.42
69.65
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Groat success also attc^iidod tlic; grcnviiig of su^ar heots in Nebraska
at Grand Island. As will be seen by the followin<^ taljle, sampb^s
tliese beets wen^ analyzed by various (diemists, and all found tlK.-m

excellent for sugar-making purposes.

Brix. SuKtir.
(;f ijurlty.

1

Brix. SiiK<ir.
C'oofflcfnnt

'

of purity.

Per cent. Per cent.
*17.2 14.9 86.00 ±16.0 18.71 m.70
*1H.9 m.i 85. 00 flT.l 14.2 8;ioO
*l<).ri 17. r> 8!). 00 §16.

«

v.). 10 80. 40
*21.4 19.2 iK). 00 1118.9 15.8 88.60
*!!). 7 JO. 7 8}. 00 1118.2 15.20 m. 50
"21.8 19.8 90. 00 1118.4 15. 90 m. 40

'

tl8.

8

16.4 87. 10

* Analyzed by Prof.William Iluch, from Shoeminj^en, Germany.
t Beet s harve.sted October 15, 1888, preservftd in silo, analyzed January 2, 1889.

iAnalyzi'fl by Dr. Pauly, of Muhlber^<•, (leriaany.
^Analyzed Ijy Dr. Mueller, of Ottleben, (iermany.

il
AiKiiyzerl by Dr. Jauke, Trendlebush, (ieruiauy.

Sain])les of tliese beets were also sent to the Department for an-
alysis and entered as Nos. G077 and G078. The results of these analyses
were as follows:

Juice extracted
Total solids in juice
Sucrose
Purity

6077.
1

Per cent.
m. 16

18. 40
15. m
83.59

6078.

Per cent.
54.70
18. 80
15.75
as. 77

As will be seen by the above analyses these beets were very rich
in sugar, and if they could be grown in large quantities, which there
is no reason to doubt, would indicate that in that locality the beet-

sugar industry could be successfully established.
Another set of samples which had been harvested for three months

was sent to the Department from Sturgis, Dak. , and entered under
No. 6162, a rose-colored beet, and No. 6163, a white beet. These sam-
ples were sent by W. C. Buderus, of Sturgis, Dak. On examination
of these beets the following numbers were obtained:

6162. • 6163.

Per cent. Per cent.
36. 05 42. 77

Total solids in juice 20.40 21.48
13. 32 15. 03

Purity 65. 29 69.97

The low purity of the beets represented above was doubtless due
to the fact that they had been harvested for a long time and no pre-
cautions taken to preserve them from deterioration. The analyses
show that such beets could also be iDrofitably used for sugar-making
if worked up in a fresh state or preserved in proper kinds of silos.

The Department has had so many inquiries concerning the sugar-
beet industry that the Commissioner of Agriculture has decided to
issue another bulletin on this subject embracing the more important
matters in bulletins already published, and which are entirely out
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of print, and including the latest information accessible at the pres-
ent time.
The coast valleys of California, large areas in Oregon and Wash-

ington Territory, parts of Nebraska, western and southern Michi-
gan, northern Indiana, Ohio, and JSTew York, and many portions of
the Xew England States appear to be well adapted to the growth of
a su2:ar beet rich in saccharine matter.
There is every reason to believe that the production of sugar from

the sugar beet in this country will be vastly extended, and that beet
sugar, in conjunction with sugar from sorghum and sugar ca^ne, will
be an important factor in the future sugar supply of the United
States.


