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INTRODUCTORY, 

In canying out the objects of the organization of an "Agricultnral 
Experiment Station," we cordially invite the co-operation of all persons 
interested in its success. Suggestions as to lines of experimental work, 
problems to be solved, inquiries relating to agriculture, horticulture, stock, 
and the dairy, will be cheerfully received, and answered as far as possible; 
but no work will be undertaken unless of public value, and the results of 
which we are at liberty to use for the public good. 

Specimens of grains and grasses; seeds of fruit and forest trees; 
vegetables, plants and flowers that are true to name; varieties of beneficial 
and injurious insects; samples of mineral waters and ores, and whatever 
may illustrate any department of agriculture, will be gladly rE:ceived, and 
due acknowledgments made in annnal reports. Directions for collecting, 
packing and shipping such specimens will be furnished on application. 

Bulletins will be issued at least quarterly, giving the results of experi
mental work as fast as completed, together with such suggestions and 
information as may be thought valuable to the farmers of Missouri. 

The bulletins and reports of this Station are sent free to every citizen 
of Missouri who applies for them. Copies are sent as soon as issued to 
every ne wspaper in the State, to every Grange, Farmers' Alliance, or other 
Agricultural'organi.3ation whose address .can be obtained. Bulletins and 
reports are also sent to the leading Agricultural papers of the country; and 
will be sent to any paper that may desire to exchange. 

Letters relating to any special line of ·work should be directed to the 
officer in charge of that division, but all general correspondence relating 
to the work of the Station should be addressed to 

EDWARD D. PORTER, 
Director of Experimfint Station. 

Columbia, Boone Co., Mo. 



SUGAR BEETS. 
BY CRAS. P. FOX, ASS'T CHEMIST. 

The aim of this Bulletin is to give information con
cerning the sugar beet, rather than any settlAd conclusion 
regarding Missouri as a sugar beet state. 'rhe experimental 
work with the sugar beet at this Station covers only a 
period of two years, and, in fact, only for one season has 
the experiment extended over a large territory. It is 
thought best to publish these meager results in connection 
with information of a general character, but carrying with 
it, however, the desire to instruct Ollr farmers in the craft 
of beet growing in case of successful termination of future 
experiments. 

HIs'roRIOAIJ.-In 1747 Margraff detected sugar in the 
common garden beet and reported his discovery to tile 
Berlin Academy of Science. It attracted but little atten
tion and was quite forgotten by 1797, when Achard, a 
pupil of Margraff, again took up the investigation and 
transmitted his results to the Institute of l!'rance. 

'rhe first factory 'for the production of beet sugar was 
erected upon German soil in 1805. 

The political condition of Europe at the beginning of 
the present century made the new source of sugar one of 
great value. The far-seeing Napoleon soon recognized its 
value and at once established schools and laboratories for 
teaching the methods of producing the new sugar. Aided 
by the government the new industry grew, prospered, and 
for many years has been a source of public revenue. 

The rapid growth of the industry in Europe is 
best shown by the following statistics. 'r11e sugar produc
tion in France in 1826 was 1,500 tons, while in 1875 
462,259 tons were produced. In 1890 60 per cent. of the 
sugar produced in the world came from the beet, 
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IMPROVEl\:rENT OF THE BEET.-lVIargraff and Achard 
found only 6 per cent. of sugar in the beet. At present 
no beets are used in the manufacture of sugar containing 
less than 12 per cent. Beets have been grown in the United 
States containing as high as 26 per cent. The average per 
cent. of sucrose in beets used at the Oxnard sugar factory 
Grand Island, Neb., season of 1890, was 16. This great 
change has been wrought in less than one hundred years. 
It has been accomplished by careful study and experimen
tation. Probably no other industry has had such care 
bestowed llpon it, and certainly no other agricultural 
pursuit. 

PROPAGATION OF THE BEli:T.-The sugar beet is prop
agated by seed. This is obtained from carefully selected 
"mothers." '1'he growing of beet seed forms a large 
indnstry in Germany and France. At present the seed 
used in the United States is imported chiefly from those 
countries. The differences between the revenue laws of 
Germany and ~'rance have led to the development of two 
races of beets. The members of one family are character
ized by a comparatively low percentage of sugar, and a 
high tonnage per acre, while in the other the reverse is 
found. Among the best varieties may be mentioned the 
French Sugar, Vilmorin, Klein \~ranzleben, White Silesian, 
Simon Le Grande, Florimond, Desprez and Imperial. 

OULTIVATION OF 'l'llE SUGAR BEET. 

The successful prodnction of the sugar beet for the 
purpose of making sugar depends mainly upon three 
factors, namely, climate, soil and cultivation. 

CLBfATE.-a. Tempe'rature. The sugar beet succeeds 
best in the north temperate zone. The best results have' 
been secured where the mean temperature for June, July 
and August is about 70° Fahr. An early, warm ~pring and 
a late, cool autumn, sncceeded by a mild winter, are great 
advantages. b. Rainfall. The rainfall, where irrigation 
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is not practiced, should be uniformly distributed through· 
out the growing season. The minimum quantity is placed at 
2 inches per month. There should be but little rain during 
the fall. . 

'" 
Soil. No particular kind of soil is demanded; soils 

that produce good crops· of corn and potatoes give excellent 
results with beets. A heavy clay soil that is hard to cul
tivate and is inclined to "bake" is not suitable for beet 
raising. New ground should never be used. Large quan
tities of certain mineral salts, while they exert no bad 
influence upon the growth of the plant, their presence is 
detrimental to the manufacture of sugar. 

The sugar beet is very exhaustive to the soil. One ton 
of beets removes. from the soil 37-5 pounds of mineral 
matter. '1.'his is com posed of 10.7 pounds of potash, 6.1 
pounds of soda, 5.4 pounds of magnesia, 5 pounds of iron 
and alumina, 6.2 pounds of lime, 3.2 pounds of phos
phoric acid, 2.2 pounds of sulphuric acid, 1.2 pounds of 
silica, and 1.7 pounds of chlorine. 

A crop of 36 tons per acre (20 tOllS of beets and 16 tons 
of leaves) would remove 1,349.7 pounds of ash ingredients, 
valued,at current market rate, at $28.66 ;'k 1,062.7 pounds 
of the ash are returned to the soil by the tops. This con
stitutes 60.8 per cent. of the potash, 89 per cent. of the 
soda, 93 per cent,. of the lime, 88 pel' cent. of the mag
nesia, 82 per cent. of the iron and alumina, 69 per cent. of 
the phosphoric acid, 85 per cent. of the. silica, and 80.4 per 
cent. of the chlorine. The deficiency (the amount taken 
away by the roots) must be replaced by some fertilizing 
material. In all probability good barnyard manure is 
the best material. It should 1;>e well rotted, applied and 
plowed under in autumn. The following table gives for 
comparison the quantities of potash and phosphoric acid 
removed from the soil by onr common farm crops. 

*Potash and phosphoric acid. 
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Table showing the amount of potash and phosphoric 
acid removed by an average crop of our common farm pro
duce; also the valu~ of the potash and phosphoric acid in 
each: .. 

Average Amount Amount of Amount of Total value 
phosphorio of potash 

OROP. yield per of ash potasb Value. aoid Value. and aore remo\'ed removed removed phosphorio (pouuds). (pounds) (pounds). (pounds). aoid. 

Oorn . ... . .... 1349.6 22.54 6.09 $ .31 10.08 $ .81 $ 1.12 
Wheat .. . ... . 720 14.40 4.48 .22 6.65 .53 .7'5 
Rye .......... 666.4 13.33 4.12 .21 6.27 .50 .71 
Oats .. .... . .. 851.2 25.54 4.06 .20 5.29 .42 .62 
Barley . ... .. . 1041. 6 ~6.04 5.70 .29 8.54 '68 .97 
Potatoes . .. . 4572 17.10 10.23 .51 3.27 '26 .7'7 
Tobaoco ..... 7~7 175.06 47.97 2'40 6. 30 . 50 2. nO 
Timothy bay 2400 168 48.38 2.42 18.14 1.45 3.87' 
Suc:ar beets . . 4000 287 152 7 ,60 36 2.88 1O.4~ 

CULTIVATION.-This .factor is controlled mainly by the 
producer, and upon this element many times depends the 
success or failure of the crop. Too much can hardly be 
said in this connection. In the first place the ground 
should be well drained. The sugar beet req aires a deep, 
loose soil in order that its long tap root may penetrate the 
lower strata of soil in time of drought in search of moist
ure and plant food. If the downward growth is obstructed 
the root becomes short, thick and irl~egular in shape. 
The development of sugar does not reach a high degree in 
such a root and its irregular shape increases the labor of 
cleaning. 

The required condition of the soil is secm'ed by sub
soiling and deep plowing. After pulverizing the plowed 
land the seed is planted. It is drilled in rows 18 inchet:! 
apart (for horse cultivation the rows should be wider). and 
using about ] 5 pounds of seed per acre. Cover the seed 
about one inch deep and then roll. The crop should be put 
in abo~t corn-planting time, but not later than the .middle 
of May. 

, When the young plants are well up 90mmence cultivat
ing; keep the weeds down and the soil loose. "\!\Then the 
fourth leaf appears the plant · must be trimmed. This can 
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be quickly done by cutting out the beets with a sharp gar
den hoe (blade six or seven inches wide) and leaving a 
clump of beets one and one-half inches long. After a few 
days thin the remaining plants to one in a place; the last 
trimming must be done by hand. If the work has been 
performed properly the plants will be about 8 inches apart 
and regular. 'rhe sugar content of the beet varies inversely 
with the weight or size of the root. A beet weighing one 
and one half pounds has a higher percentage of sugar, 
consequently a greater purity, than one weighing 7 or 8 
pounds. The size of the roots can be regulated to a great 
extent by thick planting. Pagnoul's experiments, extend
ing over a period of eight years, show that close planting 
gives a richer beet and a larger yield than wide planting. 
His averages are given in the following table: 

DISTANCE APAR'r (inches). 

Wide distances, 20x20"" . , ' " "., .. ,., ... ,"',., 10.2 
Narrow distances, 17xH .. , .' ,. , .. '" .. ,', ,," " .. , 12.11 

28.40, tons. 840 pounds. 
36.05 520" 

----------------------'-----
Keep up the cultivation until the leaves cover the 

ground. Keep the top portion of the roots wen covered 
wit.h soil. The portion grown above the soil is unfit for 
sugar-making; At the last hoeing the hilling np must be 
carefully.attended to. 

Bulletin No. 57, Guelph Agricultural College, Ontario, 
calls attention to the difference between well covered and 
poorly covered roots. 

Per cent. Purity ____________ , ______ _ I ____ I...:S::.:n~lX~ar~·. __ • 

Well covered roots ......... .. ... ........... ................ {~grt~ms. 15.5 
16.6 

82.7 
83 .0 

Poorly covered roots .... , .............. .. ..... . ............. {TOPS' 11.4 69.9 
- _ Bottoms. 18.6 77 .2 

HARvES1'ING.-The crop should not be gathered until 
fully ripe. Thi.s stage has arrived when all the leaves 
assume a yellowish-green color, the outer ones fa'll and 
form a. kind of wreath around the plant; center ones do not 
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fall. ThA crop should be gathered before heavy frosts 
occur. In case of sudden frosts the beets should be allowed 
to thaw in the ground. The roots are carefully withdrawn 
from the soil. If to be taken to the factory at once the 
leaves with the green portion of the necks are cut off. 
If, however, they are to be preserved for some length of 
time, only the leaves are removed. 

The beets prepared as above described are preserved in 
cool cellars, silos or in trenches, the thickness of cover
ing depending upon the severity of the winter. Hay or 
straw should not be used; dirt will be sufficient. Where 
beets are raised in large quantities special machinery is 
used to perform a large portion of the work of planting, 
cultivating and harvesting. 

YIELD I"EIt ACI{E.-The yield per acre, of course, 
depends upon the variety of beets grown, the distance 
between the plants, soil, cnltivation, season, etc. In many 
of the experiments reported from the various stations no 
yield is given. The average YIeld at \i\Tatsonville, Col. 
(Western Beet Sugar Co.), season 1889, was 21 tons ( Sugar 
Beet, Feb. 1890). Prof. Harper, Blllletin No. 14, 1finne
sota Experiment Station, estimates the average yield for 
that state at 15 tons per acre. Dr. Wiley places the aver-
age at 24.5 tons. . 

The following yields, in tons per acre, lia ve been 
obtained at other stations : Wyoming, 7.5; South Dakota, 
8.14: Colorado, 26; Nevada, 20; Iowa, 20; New York, 
19.5 :Indiana, 30. 

COST OF RAISING.-What does it cost to raise an acre 
of beets ~ is the practical question as far as the proclucer is 
concerned. The entire cost per ton or per acre will depend 
upon the rent, qnality of land and the price of labor. ' 

The ·Wisconsin Station (Bulletin, No. 26,) has done 
some very careful work along this line of inquiry. 

"'Two plats were grown. In plat A the rows were 
twenty inches wide and the plants eight inches apart. 
The labor was done mostly by hand, Allo-Ning ten cents 
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per hour for the labor of the men, twenty-five cents for 
man and team and fifteen cents for man and horse, the cost 
of prod nction (not incltlding deli very at factory or rent of 
land) was $1.38 per ton, or $B1.81 per acre. In plat B the 
rows were thirty inches wide and the ' plats ten inches 
a,part. Horse labor was used as m !lch as possible. 'rhe 
cost in this case was eighty-four cents per ton, or $18.71 
per acre. 'rIle cost of raising beets in Wyoming is placed 
at $40 per acre, (this includes delivery at factory). In 
Nevada the cost is estimated at $150 per acre. ' 

VALUE OF 'rHl~ Cnop.-rrhe value of the beets depends 
upon the percentage of sngar they contain. '1'he prices 
paid for beets, delivered at factory, by the Grand Islancl 
Sugar Company dlll'ing season of 1891, were as follows: 

Pel' cent. orl Price per ton I 'l'~r cent. of I Price pel' t~n I Pel' ~ent . of I Price pel' ton . Sugar. . Sugar. . Sugar. 

------~------~~------~-------
12 
13 
14 

$~.oo 
8 .2;5 
:1 .50 

15 
]{j 

17 I 
$:1 .,'.'; -I 

4.00 
4.25 

18 
19 
20 

BEET SUGA n 'INTHE UNT1'.lm STATE:s. -The limited area 
in this country snited to the growth of the southern sugar
cane, the destruction of our maple forests, the yet feeble 

. condition of the sorghum industry renders the sugar beet 
a valuable acquisition. '1'11e climatic conditions ment~oned 
upon a previons page prevail over a large section of territory. 
Dr. McMnrtie, chemist to the Department of Agricultnre, 
some years ago mapped ont the probable" sugar belt" of 
the United States. It consists of a strip of land one hun
dred miles wide on each side or'the isotherm of 70 degrees 
:£i'ahr. for the months of .June, July and August . 

. lvIany attempts have been made to develop the indus
try' in this country, but all of the earlier ad ventures 
failed. The first successful factory began operations in 
1879, at Alvarado, California. At present there are three 
additional ones at Watsonville; California, one at Grand 
Island, Nebraska, and the third in Utah. 
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The United States consumes annually 3,134,011,560 
pounds (about fifty-one pounds per head) of sugar. The 
production amounts to about one-tenth of the consumption; 
the balance we import. \Vhy not keep this money at 
home ~ It is to seek an anl:lwer to this question that these 
investigations with the sugar beet are being carried on. 
If our soil and climate are favorable for the production of 
good beets, then there is a new industry open to our 
farmers and capitalists. 

It is estimated that seven hundred beet-sugar factories 
are needed to make the sugar we import. 

These faciories would consnme 2,100,000 acres of beets, 
and reCluire the labor of 2,000,000 men for six months of 
the year. 

REQUISITES FOlt THE MANIJFAO'l'URl~ OF SUGAH F1Wl\1 

BEE'rs.-Tlw EnteTpTise Requ/ires ((,Large Cctpital.-rl'his 
is needed for the purchase of expensive machinery and to 
pay skilled labor to operate it. A. plant having a capacity 
of 18,000 tons per season costs about $165, 000. A guaran
teed supply of beets suitable for sngar making. Beets 
having a lower percentage of sncrose than 12 and. a coeffi
cient of purity less than 70 cannot be usec1. This factor 
depends upon the farmer. '1'0 produce the necessary snp
ply of beets for a factory of this size requires about 15000 
acres. 

AN ABUNDANT' SUPPLY OF GOOD ·VVA~l'lm.-A factory 
using .300 tons of beets per day uses about 1,000,000 gallons 
of water. 

GOOD RAILHOAD F A CII .. I'l'IES for transportation of beets 
and the manufactnred products. .Ji"uel must be obtai.ned 
at reasonable cost. A supply of suitable limestone is also 
necessary. 

PHOOESS OF l\fANUFAO'l' URE. 

A detailed description of a beet-sugar factory, its 
machinery and the processes employed in making sugar, 
although very interesting, is out of place in a pUblication 
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of this kind. A short resume will indicate t.he character 
of the apparatus and the great care necessary to produce 
a fine grade of sugar. As soon as the beets are delivered 
at the factory their value is determined by analysis of an 
a verage sample. They are thrown into canals, washed free 
from dirt, gravel, etc., by machinery. By means of slicing 
machines the clean roots are cut into small pieces (cos
set.tes). These slices are macerated in water until the sugar 
is dissolv'ed out. The sweet liquor or juice is now purified 
by means of lime, carbonic acid and filter presses. The 
purified juice is evaporated in a series of vacuum pans 
until it is reduced to "masse cuite" (a kind of sugar con
taining 6.10 per cent. of water). The sngar is separated 
from the adhering syrup by centrifugal force. By treat
ment with bone black the crude sugar is purified. The 
syrup is rebo~led and again treated in the centrifugal. 
Syrups too poor for this treatment are utilized in the man
ufacture of alcoho1. rrhe exhausted chips are used for 
feeding cattle. \Vhere they are properly cared for they 
form a very good food. To preserve them they are first 
freed from the large excess of water by pressing and 
drying. According to the SUIJ(I./r Beet (February, 1890), one 
pound of the driedcossettes with 15 per cent. of water are 
eq nal to 8 pounds of the fresh. The press cakes, necks 
and other refuse are used for fertilizing purposes. 

INSECT ENEM:IES.-Brnner (Bulletin No. 16, N ehraska 
Experiment Station) describes at least a dozen. insects 
injurious to the sugar beet. The garden web worm , flea 
beetles, blister beetles, leaf-hoppers, cutworms, wire
worms, etc., are mentioned. 

FUNGUS DIsEASEs.-The principal fungus diseases of 
the sug3,l'beetal'e beet rust, white rust of beet, spot 
disease of beets, root rot and beet scab. Prof. Pammel 
(Bulletin No. 15, Iowa Experiment Station), reports that 
all of these diseases with the exception of rust occur in 
Iowa. For further iuformation upon the above subject 
the reader is referred to the publications cited. 
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EXPERIMENT8 IN MISSOURI. 

AT THE STATION, 1890.-Five varieties were grown 
upon the Station grounds during the season of 1890. 

The results are given in the following table: 
--~-----~--------

I Yield 
NAME OF VARIE1'Y. 

Dippes Vilmorin ....... .... ................ .. .. .. .. ..... .. ....... . 
Dippes Rlelnwanzleber. ... . . .. .... ... ...... .. ............ , .. . .. .. . 
Florimond Desprez ........................ .. . .. .. . .............. . 

~i~~:UL~~~~~';,fe.':: :::::::.'.' :.' . .'.' . .':::.' .':.' .' ::.'.'::.'.'.' ::::.' :.': ::: :::: 

I f~;e (tons) . 

14. 
17.5 
18.9 
15.4 
12.3 

Av. wt. Sucrose 
be~s . in 
(oz). Juice. 

18. 
14. 
18.6 
19.5 

17.~7 
16 25 
10.42 
11.65 
14.31 

Average.. . ............ . . . ... .. . . ... . . ..... . .. .... . .. .. . . .. ..... 15.2 ........ 14.08 

The yield was fair and the percentage of sugar good. 
The entire season was very favorable. 

1891.-This year seven varieties of beets were grown at 
the Station. The results are expressed in tabular form as 
follows: . 

NAME OF VARIETY. 

White SilE'sian .. . ......................... ... : ....... ... .......... . 
Wobanko ............. .... ....... .. .. .. .. .. . , ......... . . .. .. ....... .. 
French Su~ar ......... .. ......... .. .. .. ... .. . .. ......... . ... .. : . .. . 
Simon LeGrande . .. . .... . .......... , ....... ...... .. .. . . . .... ; . .. . . 

~m:le:~~~g~~::::::: .... : ....... .'.' .' .: .. : .. : ...... :: .. :::: .... :::::: ::::.:::: : 
Florimond Desprez ............... .. .. , ..... ... . . .. . ... . ...... .. . . 

Average 

I Yield Av. wt. Suorose 

I !c~~ b~~ts jn 
(tOllS). (oz." jUlOe. 

10.8 
12.2 
11. 
10·5 
H.B 

10.1 
8.9 ·· 

10.2 

7.32 
0.97 
1~.82 
J~.15 
1~.95 
!l.t7 
13.30 

........ 11.45 

The yield per acre and the percentage of sugar are 
much lower this season than last. 

FOUr varieties grown in 1890 were again grown in 1891. 
For comparison the results for the two years are placed 
side by side. 

Average of four varieties, 1890, yield 15.,7 tons, sugar 
14,49 per cent; average of foU'r varieties, 1891, yield 9.0 
tons, sugar 12.64 per cent. The beets were planted May 
20th and harvested October 21st, 1891. The rows were 
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18 inches apart and the distance between the plants 8.9 
inches. The seed of the White Silesian did not germinate 
well, causing a poor stand.. The season was not very 
favorable. The temperature (mean) from April to June 
was slightly lower than for the corresponding period of 
1890. The mean temperature for July was 7~ lower than 
that of July 1890. In 1890 the maximnm mean temper
ature for the season was reached in July, sncceeded by 
a gradual falling of temperature thronghout the rest of 
the season. The mean temperatnre for September, 1890, 
was 64°, and for October, same year, it was 56°. The 
latter portion of the summer and the forepart of the 
autumn of 1891 was quite different from the same periods 
of the preceding year. The maximum mean temperature 
of the season was reached during August and was a degree 
or more higher than for August, 1890. The mean temper
ature for September was but slightly lower than that 
of A ugnst, and was 7° higher than for September, 1890. 
The mean tem perature for October was the same as in 
1890. The variation in rainfall for the two seasons is 
greater than the variation in temperature. The rainfall for 
April, May and June. 1891, was greater by one and one
half inches (average) per month than forthe same period 
of 1890. For July the rainfall was less than in 1890. The 
rainfall reached its highest poin t in A ugnst and was exactly 
the same as in August, 1890. Then came a long and severe 
drought lasting throughout the rest of the season. The 
rainfall for September was only .46 inches ana. for October 
1.5 inches. During Septemher and October, 1890, the rain
fall was 4 and 2.1 inches respectively. These differences 
are best shown on charts. [See charts T. and iLJ This 
portion of the season of 1890 was unusually dry. The 
high temperature during August and September,in combi
nation with the slight rainfall during the latter month, 
very likely, was the cause of our poor resnlts. Assuming 
that the soil, seed, cultivation and other conditions (except
ing the meteorological) exerting an influence upon the 
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crop (hardly a fair assumption) were identical for the two 
seasons, then the failure must be dne to the "weather." 
Of course, "off years" are to be expected in beet raising as 
in other similar industries. Upon t).1e above mentioned 
-charts the curves representing the normal (approximate) 
temperature and rainfall for Columbia have been traced also. 

It will be seen that the temperature lines for 189u and 
the normal run closely together during the entire season. 
As to the rainfall, the lines a.re too complicated to admit of 
a satisfactory comparison. It appears, however, that the 
rainfall for 1891, excepting August, is the mean of 1890 
and the normal. 

If our assumptions are correct (there IS no data at 
hand to the contrary) these results plainly show the in
fluence of the weather. The meteorological data was 
obtained through the kindness of the State Weather Service. 

EXPERIMENTS IN MISSOURI.-The Director of the Sta
tion, desirous of testing thoroughly the adaptability of 
climate and soil of this State for the production of the 
sugar beet, issued the following circular: 

COLUMBIA, Mo., April 24, 1891.' 

The manufacture of sugar from beets has been a profit
able industry , in Europe for more than a half century. 
Beginning with a beet containing only 6 per cent. of sligar, 
and only,one-half of which could be extracted owing to the 
imperfAct methods and machinery employed, it was forced 
lato competition with the product of the "sugar-cane" 
containing 18 per cent. of sugar, and with well-established 
methods of manufacture. Under the infiuenee of skilfnl 
seed-breeding (for as much care is bestowed upon the 
breeding of beet seed in Europe as is given to the breeding 
'of any of our domestic animals) the,per cent. of sugar has 
been ~aised from 6. per cent . .to an average of 14, and in 
some special cases has reached 22 percent. 

In this time, also, tIle production of sugar from this 
plant had grown rapidly as shown by the fact that more 
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than three-fifths of all the sugar produced in the world is 
made from the beet_ Both the French and German gov
ernments encouraged this industry in the early stages of its 
gro-.vthby granting to it bounties and special privileges_ 
It. has since become so remunerative as to be able to bear 
the burden of a special tax imposed by these countries 
npon the industry_ 

BEE'£ SUGAR IN THE UNITED STATES. 

Americans consume more sugarpe-r capita, than any 
other people in the world. We produce but a small frac
tion of our annual consumption, making us he~vy impor
ters of this commodity; for example we paid Germany, in 
1889, the sum of$19,OOO,OOO for beet sugar, and during that 
time her markets were closed against one of the most 
important products of the American farmer-the hog. 

The area adapted to the production of the sugar beet 
in the United States is being thoroughly investigated. 
Already numerous attempts have been made to manufac
ture sugar from beets grown in this country, but so far, 
with two exceptions, they have proven financial failures. 
One at Spreckles, Cal., and one at Grand Island, Neb., 
have been t·hu:s far operated successflllly. The reasons 
for the failure of other attempts need not be stated here, 
but they were not such as to destroy all hope for the 
future of this industry in our country. The climate 
required for the production of beets containing a high per
centage of sugar has an average summer temperature of 
about 70 degrees, and an average monthly rainfall of at 
least two inches. The soil should be open, at least slightly 
sandy, with a porous subsoil. An excessively rich soil is 
not desirable for this crop; 

. The yield per acre on an ordinary soil is from fifteen to 
twenty-five tons, and the price per ton delivered atthe fac~ 

tory during the past season in this country has been $3 for 
beets containing twelve per cent. of sugar, and twenty-five 
cents per ton extra for each additional per cent. of sugar. 
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The . Experiment Station, desirous of making a 
thorough test of the adaptability of Missouri soil and cli
mate for the production of the crop, has requested one or 
more representative farmers in each county to co-operate 
with it in this move by growing a small quantity for chem
ical analysis. The replies have been prompt, and so far 
uniformly favorable, showing an interest and spIrit that is 
both commendable and encouraging. The soil and. climate 
appear to be generally favorable, yet such a test as weare 
now entering upon alone can determine these points. 

In the subjoined table is given a brief summary of the 
. results with five different varieties of sugar beets grown on 
the Station grounds during the past season. 

NAME OF VARIETY. 

Yield of 
Topped 

Beets 
per acre . 

(tons) 

Wf'ightof 
individual 

Beets. 
(ounce~) 

Per 
"ent. of 

Juice 
Extracted. 

Per cent. 
of Sugar 
in Juke. 

Ilippe's Vilmorin.. ... .... .... ............. 14.0 18 63.2 17.77 
llippe's Kleinwanzleben ..... . . ... .. ...... 17.5 14 61.5 16.25 
Flm'imond Desprez... . . ... . ... ... .. . .... . 18.9 18.6 62.0 10.42 
Bulleau Desprez. . .. .... . .. ......... . .... .. 1~.4 ·19.5 52.3 11.65 
Simon LeGrand's '''hite Imp.............. 12.3 ........ ............ 14.31 

Avera!!e .... .. . . .. . ................................. . ............... . .... 1 ~;.-.-

From which it will be seen that for last season our soil 
prod.uced a reas'onable yield of beets con.taining a percent
age of sugar above the standard required by the factories. 

The attention of those who have kindly consented to 
grow the beets for this test, and for whom this circular is 
especially prepared, is directed to the following conditions 
affecting the value of the crop: 

A beet having a high percentage of sugar with a mini
mum amount of the non-sugars (in growing beets for the 
factory these two points are kept constantly in mind) . 

. This condition is most often found in a small to medium
sized be~t weighing from one and a half to two pounds, 
giving a moderate yield per acre. To a greater degree in 
this than in almost any other crop does the soil, season 
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The above map of Missouri shows the four classes of soils in the State, as given by 
Dr. Broadhead, state geologist, in report of 1874. The marks (*) indicate the locali
ties from which the foregoing samples of beets were taken for analysis. The numbers 
refer to the different counties, as below: 
1. Atchison. 
2 • .Nodaway. 
3. Worth. 
4. Harrison. 
5. Mercer. 
6. Putnam. 
7. Schuyler. 
8. Scotland. 
9. Clark. 

10. Holt. 
11. Andrew. 
12. Gentry. 
13. DeKalb. 
14. Daviess. 
15 . Grundy. 
16. Sullivan . 
17. Adair. 
18 Knox. 
19. Lewis. 
20. Buchanan. 
21. .Clinton. 
22. Caldwell. 
23. Livingston. 
24. Linn. 
25. Macon. 
26. Shelby. 
27. Marion. 
28. Platte.· 
29. Clay. 

30. Ray. 
31. Carroll. 
32. Chariton. 
33. Randolph. 
34. Monroe. 
35. Ralls. 
36. Pike. 
37. Jackson. 
38. LaFayette. 
39. Saline. 
40. Howard. 
41. Boone. 
42. Audrain. 
43. Callaway. 
44. Montgomery. 
45. Lincoln. 
46. Casso 
47. Johnson. 
48. Pettis. 
49. Oooper. 
50. Moniteau. 
52. Cole. 
53. Osage. 
54. Gasconade. 
55. Warren. 
56. Franklin. 
57. St. Charles. 
58. St. Louis. 
59. J effe=son. 

60 . Bates. 
61. Henry. 
62. Benton. 
63. Morgan. 
64 . Miller. 
65. Maries. 
66 . Orawford. 
67. Washington. 
68. St. Francois. 
69. Ste. Genevieve. 
70. Vernon. 
71. St. Clair. 
72. Oedar. 
73. Hickory. 
74. Polk. 
75. Camden. 
76. Dallas . 
77. Laclede. 
78. Pulaski. 
79. Phelps. 
SO. Dent. 
81. Iron. 
82. Madison. 
83. Perry. 
84. Cape Girardeau. 
85. Bollinger. 
86. Barton. 
87. Dade. 
88. Greene. 

89. Webster. 
90. Wright. 
91. Texas. 
92. Shannon. 
93. Reynold~. 
94. Wayne. 
.95. Scott. 
96. Mississippi. 
97. Jasper. 
9S. Lawrence. 
99 . Christian. 

100. Douglass. 
101. Howell. 
102. Carter. 
103. Butler. 
104. Stoddard. 
105. New Madrid. 
106. Newton. 
107. McDonald. 
lOS. Barry. 
109. Stone. 
110. Taney. 
111. Ozark. 
112. 0 re"on. m: ~~n~lin. 

·115.Pemiscot. 
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and cultivation, intluence the character of the crop. Any 
ordinary'soil, in an average season with almost any method 
of cultivation that keeps the soil stirred and free from 
weeds, will produce a fair crop measured in tons per acre; 
yet the crop may be utterly worthless for the manufacture 
of sugar. The following directions are based upon the 
practical experience of beet growers, both in this country 
and in Europe, and it is earnestly hoped that each farmer 
will follow them in every respect as far as his circumstances 
will permit. Methods better suited to our conditions may 
be discovered should this become an industry in our state; 
yet, for the purpose of this test and for the sake of unifor
mity, we hope they will be closely 'followed. It is hoped, 
also, that a ca~eful record of an the points noted in the 
accompanying blank be kept, and after harvest mailed to 
the director of the Station, Edward D. Porter. "\Vithout 
this, the ,vork will have been largely in vain. 

DIRECTIONS. 

SOIL.-A porous soil of good depth with good drainagp, 
either natural or artificial, having a porous or opensubsoiJ, 
a good exposure to light, and of average fertility, should 
be selected. Avoid excessively rich or . heavily manured 
soils, or new land. A clover sod is unfit for this crop. ' U:se 
no manure unless well rotted, and that in most cases is 
unnecessary in this preliminary test. 

P'rmPARAl'ION.-Plow deep, ten or twelve inches, in 
soils of good depth and seven to ten inches in thin soils. 
Pulverize thoronghly and reduce to a fine condition before 
seeding. 

PLANTING.-Plantabout the tiine you do corn, in rows 
eighteen inches apart, with the seed not over an inch deep 
and two inches apart in the row. Firm the soil over 
the seed to insure prompt and uniform germina
tion. When the plants begin to show four leaves, thin out 
to one plant.every six to nine inches, leaving one every six 
inches in rich soil, andt;hinning to nine inches on pdor soil. 
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This may be quickly done with an ordinary sharp garden 
hoe, the blade of which is usually from six to seven inches 
wide, by passing down the row and by a single stroke 
(across the row) cutting out the beets, leaving a clump one, 
two or three inches long, according to the distance you 
desire to thin. After a few days when the plants yet 
standing have recovered, pass over and thin by hand to 
one plant. It is very essential that this matter be attended 
to at the proper time, as a failure to thin, or thinning too 
much, may materially reduce the per cent. of sugar in the 
crop. 

CULTIV ATION. -Keep the soil well stirred and free from 
weeds until the leaves begin to cover the ground. At the 
last cultivation carefully hill around aU beets that are 
not already covered with soil to the base of the leaves or 
crown. This is necessary, as that portion growing above 
ground is of no value for sugar. 

"The Gem" or "Planet, Jr.," cultivator is a most 
excellent implement for cultivating this crop, but if the 
farmer'is not already in possession of one of these imple
ments, the garden hoe will answer for the few rows neces
sary to be grown in these experiments. 

Directions for harvesting, preserving and selecting 
samples for chemical analysis will be forwarded to you 
later. Very respectfully, . 

H. J. WATERS, 
Assistant Agriculturist. 

A number of farmers responded to the circular and 
undertook the work. Fifty-seven samples of beets were 
received from twenty farmers, representing as many coun
ties. No attempt was made to arrive at the cost of 
production. Only one or two reported upon the yield. 
The methods of planting and culthatiou were various. 
While the majority succeeded in getting the proper dis
tance between the plants, but few of them used the same 
distance between the rows; these distances ranged from 14 



to 40 inches. Many different kinds of soil were tested in 
this experiment. Fertilizer (barnyard manure) was llsed 
only in one. A large number of Ollr correspondents com
plained of the season; the early summer was too wet, 
preventing the necessary cultivation and the latter portion 
of the season was very dry. Several experimenters report 
that the beet tops were eaten off by the" striped potato 
bug." Damage done hy rabbits was reported, also. The 
hot, sulphurous smoke from a brickyard injured the plants 
in another case. Some of the samples were frozen when 
received. This may have something to do with the low 
percentage of sugar found in many of the samplee. The 
average time to grow the crop was 162 days; the shortest 
period was 126 days and the longest, 180 days. Mr. J os. 
Kirchgarber, Springfield, Mo., thinks that it would be 
cheaper to sow the seeds in beds and then transplant. 
This is a good suggestion and it should be investigated. 
Comparative experiments with the methods in practice 
concerning cost, character of roots, etc, would be of value. 

The following table gives the name and address of 
the grower, dates of planting and harvesting, kind of soil, 
average weight of beets, per cent. of sucrose and the purity. 
This table includes the samples grown at the Station. 
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ExpeJ·!tnent tltation .columbia, 
Boone (':0. 

572 White Silesian ................. May 20 Oct. 21 
573 Wohanka ...................... May 20 Oct. 21 
574 French Su~ar ............... ··. May 20 Oct. 21 
575 Simon Le Grande ..... .. . ...... !May 20 Oct. 21 
5,'6 Vilmorin .......... .. , .. ....... l\Iay 20 Oct. 21 
577 Kleinwanzleben ........... ... . May 20 Oc t.:!1 
578 Florimond ..................... iMay 20 Oct. 21 

J. C. Ev,ans, Harlem, Clay Co. ! 
579 .. .. ........................... IMay 17 
580 ................................ May 17 
581 ............................... May 17 
582 ................................ 'IMay 17 

Adair Co. 

Oct. :!5 
Oot. ::.!5 
Oct. 25 
Oot.25 

John Patterson; Kirksville 'I 

583 Wohanka .......... . ............ June 13 Oct. 19 
584 Vilmorin ...................... IJune 1:3 Oct. 19 
585 White Silesian .............. " IJune 13 Oct. 19 

Geo.Wilson,Greenfield, Dade Co. 
586 White Silesian........... .. ... :l!ay 11 Oct. 2" 
587 French Sugar .................. 'I May 11 Oct. 2(, 
588 VUmorin ....................... May 11 Oct. 26 
589 Wohanka ...................... May 11 Oct. 26 

Co. 

Clay 
Clay 
Olay 
Clay 
Olay 
Clay 
CI •• y 

Loess 
Loe~s 
Loess 
Loess 

Clay 
Clay 
Clay 

I New t ~rotlnd, black and 
sandy. 

F. W. Arms, Nettleton, Caldwell I 
590 White Silesian ................ May 19 
591 French Sugar ............. .. ... May 19 
592 Vilmorin ................ ... .... May 19 
593 Wohanka ........ .. ........... May I!l 

oct,26 } 
Oct. ~5 
Out.2li 
Oct. 25 

Sandy 
loam. 

R. W. Muller, Augusta, St. 
Oharles 00. 

594 French Sugar ... .. ............. May 1 Nov. 1 Loam 

W. H. Hickman, Winston, 
Daviess Co. 

28.7 7.32 
18.7 9.97 
17',4 12.;32 
20.7 12.15 
HL4 13.95 
20.1 11.17 
14 IS.aO 

t>7 
32 
4~ 
7'2 

25 
~'j'.fj 

34." 

23.3 
26.8 
30 
26.3 

25.6 
~1 
17 
23 

65 

11.77 
1l.U~ 
1:.l.78-
5.87 

10.33 
9.1:J 

10.7'0 

7.31 
7' .07 
7.7'0 
5.10 

16.83 
l;l.51 
16.85 
15.10 

8.15 

595 French Sugar . ................. May 14 Oct. 28 ~ 46.1 
596 Vllmorin . . . .. .. .. .. . .......... May 14 Oct. 28 Black loam 40 
597 White Silesian........... .... May 14 Oct. 28 66.3 

9.49 
10.98 
6.53 
6.S7 598 Wohanka .......... . .......... May 14 Oct.28 J 45 

Jas.Rhouse, Knox City, Knox 00. 
599 French Sugar.; . .. .. . .. .. ...... May 25 Oct. 2,' ) 
600 Wobanka ................... ... May 25 Oct. 27 >-Li~ht, thin 
601 White Silesian ............... "IMay 25 Oct.27 J and sandy. 
002 Vilmorin ...................... May 25

l
oct. 27 

Timbner and Aull, LaFayette t '0. 
608 French Sugar ......................... ' 

Jos. Kirchgarber, Springfield, 
Greene Co. 

604 Vilmorin .................... .. May 7 
605 French Sugar .................. May 7 
606 Wohanka ...................... May 7 

Oot. 26 ') Gravelly 
Oct.26 >-
Oct.26) clay. 

13 
12.5 
14.6 
19.3 

19 

22.8 
21.8 
35.6 

7.95 
9.86 

11.3·\ 
10.7'9 

1~.54 

11.07 
9.99 ' 
8.63 

65.2 
68.9 
72.0 
71.6 
74.8 
66.3 
70.6 

74.3 
73.4 
75.9 
48.5 

67.8 
62.2 
66.2 

62 
55.3 
5~.8 
47.5 

78.G 
"3.S 
7!J.3 
76.4 

65 

(it.s 
60.8 
52.9 
55.8 

00.7 
66.4 
7'2.1 
70.3 

70.4 

70 
67.3 
62.2 

* Ooncentration. These figures arEl for per cent. of sugar in juice; to obtain the pC)t. 
cent •. of sugar in beet, multiply by 9. 
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Fred. L. Jabin, Wright City,1 
Warren Co. 

607 French Sugar .................. ,;\lay 29 Nov. 4 I 20.9 10.94 67.6 
60S White Silesian ....... .. .. .. . ... · .vlay 29 Noy.4 ~ Rich 21 7.54 f)8 
609 Vilmorin . ....... . ... . .... .... ·· ,lay 29 Nov. 4 

J 
loam. 1HA 9.36 63.1 

610 W ohanka ..... . .. .. .. .... ..... \lay 29 Nov.4 17.4 S.30 60 

611 
.r. C. Evans, Harlem,Clay Co. 

43 9.86 Dllplicate~ · ............ . .... .. .. Loess 67.1 
612 Duplicates ................... " .... · .. ·1 Loess 52 11.76 72.2 
613 Duplicates ..... ... ...... .... ·1 ....... Loess 64 1~.78 ~'6.5 
614 

w:~p~:~:~~~~ ~~.~~~: ~~.' ~~~;~ I' " ..... . ............. 63 10.:~9 68.5 

Co 
615 French Sugar ..... . ........... :May 1~ Nov.6 .. .... .. ..... . 17 4.59 49.1 
616 Wohanka ................. . , .... Iiay 12 Nov. a ....... . ...... 11 7.92 64.3 
617 Vilmol'in ... .................. " 1·Vlay 1~ Nov. 6 ......... . .... 14.4 8.80 Uli.l 
61h White Silesian ............. "'I:liar 1~ Nov. 6 ......... . .... 4.3 7.10 CO.l 

619 
D. H. Webster, Austin, Cass CO' I 

I Limestone Vilmorin ........ ........... . ... , ~ray 16 Oct. 29 26 9.14 61 
620 French Sugar ............ ······iMay!6 Out. 29 ) soil. 15.8 !O.2~ 56 

621 
G. W: Waters., Center, Ralls Co. I 

Ocr .. 31 Clay 27 5.88 39.8 Wblte SilesIan ................. , \la y 11 
62~ French tlugar .......... · ....... lliay 11 Oct .. 31 Loam 23.2 8.08 47.9 

623 T. P. Withers, l\[on~tt, Barry Co. 
Unknown variety ............. '1 May 16 No~. 11 Gravelly 31.5 8.79 5~.2 

J. G. Buckhardt, Bethel, Shelby 
Co. 

624 White Silesian ................ ' .Ilay 10 Nov. 1 Loam 130.2 9.85 63.2 

625 
Sender unknown. I 

French Sugar. ',' .. . . . . . .. . . .. . ; ........ i ... ...... .. ... 55 12.44 85.5 
626 

F.V:~~o:::~~:. ~~~~~~~;;I~:" ~~~~ I ""'" . 1. 

.... ... . ... 24.9 0.62 52.1 

dolph Co. i 
627 French Sugar ................. . i Vlay 17 Oct. 21 Light 43 9 . 90 63.4 
636 Imperial ...... , ............... 'l.VIay 1,' Oct. 21 Sandy 42.8 8.6~ 58.3 

J. J. Conrad, Marble Hill, Bol· 
linger 00. 

628 Wohanka ...... , ............... , \fay 12 Nov. 4 t Cla'l" two 6.5 12.76 64.2 
629 White Silesian .... , ..... .. ..... , ~[ay 1~ Nov. 4 fe.et· with a :l.5 15.14* 
630 Vilmorin .................... " 1.VIay 1~ Nov. 4 gravelly 2.6 10 .95* 
631 French Sugar ...... ; ........... :VIay 1~ Nov. 4 ) subsoil. 9.6 14.58 68.2 

J. H. Lo~n, Nevada,Vernon Co. 
63~ Wohan It. . .... . ,: ......... , ....... t .VIay 16 Nov. 1 (Li!1,"t sandy 28 6.DO 48.4 
633 Unknown .................. "lVllt.y 16 Nov. 1 loam 17.4 11.77 60.8 

C. H. Hartsook, Deep Water, 

684 
Henry Co 

Lost............................ Lost Lost Lost Lost Lost Lo~t 
635 French Sugar ...... .. .. ... ..... : ~ray 12 Oct. 24 LiS:'t sandy. 16.1 9.76 62.1 
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DISTRIBUTION OF SAlIfPLEs.-By examInIng a map of 
Missouri (V) it will be seen that the samples are not very 
evenly distributed. 

The representation is as follows: 
Northwest: Five counties, fifteen samples. 
Northeast: Nine counties, twen~y-eight samples. 
Southwest: Five counties, twelve samples. 
Southeast: One county, four samples. 
Dr. Broadhead (Missouri Geological Survey, Vol. 1 

1874), has divided the soil of this State into four classes. 
(See map 1.) 

According to this classificat.ion we have fifteen samples 
grown npon the best land; twenty-seven samples grown 
upon land of the second class; five samples upon the third 
class and twelve samples upon land of the fourth class. 

'rhe highest percentage of sucrose found was 18.85 and 
the lowest 4.59. 'rhe average for the State was 9.81 per 
cent. of sucrose and a purity of 67.3. 

By map No.2 it will be seen that Missouri lies south 
of the "Sugar Belt." The mean temperatureior the State 
is about six degrees higher than that of the belt. 'rhe two 
great centers of the Sugar Industry in Europe are Halle, 
Germany, and Cambria, France. 'rhe temperature and 
rainfall of these localities are compared with Missouri in . 
the annexed diagrams. (See charts III. and IV.) It will 
be seen that the temperature is much higher during the 
entire season. The above statement is also true for the 
rainfall. We are liable to have too much rain in early 
summer and again during the harvest season. Besides 
these drawbacks, much of our soil is not fit for beet cul
ture. The present outlook for this crop in Missouri is not 
very encouraging, yet the'past results are not conclusive, 
- The Station desires to repeat the work. We want the 
aid of one or more reliable farmers in each county of the 
State i~ this work. 'rhose situated near the Stations of 
the State Weather Servi'ce are preferred, but do !lot let this 
preference keep anyone from sending in his application. 
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The beets will make excellent food for cattle and for this 
purposea]one they will more than repay the labor expended. 
Before entering upon the work · give the question careful 
thought. Remember that to do the work rightly and 
to obtain results of any value whatever requires time 
and labor. Keep in mind that the object is not to prove 
that beets can or can not be grown in this State, but whether 
beets sufficiently rich in sugar and lal;ge enough yield per 
acre to indnce capitalists to erect factories and to pay the 
farmers for raising the beets. These are the questions to 
be answered. Until they are, we are at sea. POUl'teen 
samples contained over 12 per cent. 
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