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Introduction 

, 

Each year in twenty-two states across more than half the 
nation a drama of farm and factory occurs. 

It is the sugar beet harvest - one of the most concentrated 
movements of a perishable crop to market in America. I n  most 
of these states, the peak of the harvest is reached in  October and 
some fifteen million tons of beets must be harvested before winter 
weather sets in. From dawn to dusk thousands of ingenious ma- 
chines pull the beets from the earth, remove crown and spreading 
green leaves, and load the beet roots into waiting trucks. By truck 
and train the beets speed to the sugar factories. Here, for twenty- 
four hours out of evcry twenty-four - by processes mechanical 
and chemical - sparkling white, pure sugar is extracted from 
the beets. 

Activity is at its peak during the harvest and sugar-making 
campaign. But all through the year the beneficial effect of the 
United States beet sugar industry is felt in the economy and se- 
curity of the nation, and in the health and energy of its people. 

Annually, the beet sugar industry pours some half hillion dol- 
lars of new wealth into the nation’s economy. The effects are di- 
rect in the twenty-two states where beets are  grown - from the 
Great Lakes through the high plateaus of the Mountain States to 
the West Coast. Strengthened and diversified farm income and 
sugar factory payrolls stabilize family and community life, build 
schools and roads. In the rest of the nation the effects are  felt 
through the purchases by sugar beet growers and factory workers 
of many products of American industry, from tractors to tri- 
cycles, and through purchases of supplies and services by the 
sugar companies. Few farm crops add so much income per acre 
to the revenue of America’s transportation systems. Mines and 
quarries keep busy supplying coal, coke and limcrock. On farm 
aiitl in factory, the beet sugar indust1.y makes good customers for 
American business. 
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The product of this industry has universal appeal for a sim- 
ple and understandable reason: It tastes good. The sweetness of 
sugar enhances the flavor of other foods, and in itself sugar is de- 
lightful to eat. 

Nutritionists, however, stress the importance of sugar as a 
food for another reason: the enevgy it provides. 

For life itself cannot exist without foods that produce ener- 
gy. They enable the heart to pump, they stimulate the cells of the 
brain. They make i t  possible to breathe, to work, to play, to talk. 

And sugar is the most effective energy food - the purest, 
most readily available, most pleasant and cheapest of them all. 

Sugar has other important uses-in the manufacture of 
medicines, for example, and various industrial products. 

The science of suerochemistry is opening far-reaching possi- 
bilities for a multitude of new sugar-based products. 

But it is the importance of sugar as an energy food that has 
caused nations to seek ways of attaining a certain self-sufficiency 
in sugar supply. A tropical grass - sugar cane - produces sug- 
ar ;  but because of the nature of the plant itself cane does not grow 
satisfactorily in northern climates. Here in the temperate zone, 
where the greatest modern civilizations have developed and the 
greatest contributions to science and the arts have been made, 
sugar is indispensable to national welfare. Consequently it is here 
that nations, acting with foresight or repenting bitter experience, 
have consistently encouraged sugar production a t  home from a 
source other than cane, in volume sufficient to supply a part, if not 
all, of their requirements. 

Thus it is that  the sugar beet has become a vital and neces- 
sary part  of the agricultural and industrial economy of the United 
States and other nations of the temperate zone. 

The sugar beet itself is a most versatile and unusual plant. It 
withstands adverse weather better than most crops, and is adapt- 
able to widely varying climates, altitudes and soils. In  the United 
States the sugar beet thrives in such contrasting areas as the Im- 
perial Valley of Southern California - where the altitude is be- 
low sea level-and the San Luis Valley of Colorado, which is 
7,000 feet above sea level. It grows well in both acid and alkaline 
soils. 

Under the activating force of energy from the sun, the beet 
manufactures siigar in its broad, green leaves, and stores the 
sugar in the root. Sugar itself is a combination of carbon, hydro- 
gen and oxygen. Thus after sugar is extracted from the root, the 
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vegetable matter of the plant remains for other uses. Beet pulp, 
beet tops, molasses and.other syrnps are  ideal livestock feeds and 
are  the foundation of extensive livestock feeding operations in 
beet-producing states. 

The sugar taken from the sugar beet is pure sucrose -as is 
the sugar that  comes from cane. All sucrose is identical, no matter 
what plant in nature i t  comes from. 

The story of sugar, the sugar beet, and the industry that bas 
been built around the beet in the United States is a fascinating 
and romantic narrative. Essentially this is a story of plant and 
man and machine combining to wrest energy from the sun in a 
particularly pleasing form, for the benefit of mankind. 

i 
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SOLAR BATTERIES 

Turncd toward the sun, 
the Bell Solar Battery 
( I c j t )  cspturcs the sun’s 
energy and transforms it 
into electrical energy for  
operating telephone cir- 
cuits. The spreading 
green leaves of the sugar 
beet ( n b o u c )  arc truly a 
“solar battery” of nature 
- storing the energy of 
the sun  in the farm of 
sugar, for quick eonver- 
sion by the human body 
to human energy. 



Chapter One 

THE MIRACLE OF 
SUNSHINE, AIR AND WATER 

The “Solar Batfery” of Nature 
One day in 1955, a farmer in southwest Georgia lifted his tele- 

phone receiver and switched on an electrical current generated by 
sunshine. He and his neighbors were the first persons whose tele- 
phone lines were powered by a scicntific marvel called a solar bat- 
tery, which converts the sun’s energy directly into electrical ener- 
gy. The heart of the device used in Georgia was an array of 432 
silicon disks, each no larger than a quarter, which enabled the 
battery to capture and store enough solar energy in two days of 
sunshine to operate an entire community’s rural telephone cir- 
cuits for a full month. 

Correctly hailed as a great achievement of this scientific age, 
solar batteries found even more spectacular uses by 1958. Built 
into American satellites or “artificial moons” circling the earth, 
such batteries converted sunshine to electricity for operating the 
radios that sent scientists a wealth of new information about 
outer space. 

And yet there is really nothing new in the fact that man is 
using the energy that flows from the sun in a huge and constant 
stream. Man’s use of solar energy is truly a s  ancient as human 
life itself. Since man first tasted root or fruit,  he has used con- 
verted energy from the s u l ~  to walk, to r u n ,  to breathe- to sus- 
tain life itself. 

The “solar battery” which from the beginning of time has 
captured the energy of the sun for mankind is not an array of sili- 
con disks. It is the simple yet highly complex and truly miraculous 
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2 THE H E E T  SUGAK STOItY 

green leaf of a growing plant. IIere occurs the food-manofacturing 
process upon which all life on this planet depends. The prophet 
Isaiah wrote that “all flenh is grass,” and in the final analysis it 
is true that all animate life, human and animal, depends upon 
plant life for food, fuel, clothing and shelter. 

In the green leaf of a growing plant occurs the process that 
scientists call photosynthesis. I t  is a sugar-manufacturing proc- 
ess. The raw materials are  water, air and sunshine. The process 
works like this: 

The roots of a plant take up tremendous quantities of water 
from the soil, and the moisture moves up  through the plant as if 
it were a wick, finally reaching the leaves. Through the pores (or 
stomata) in the leaves, carbon dioxidc from the air enters the 
leaves. Thus the plant obtains the necessary ingredients for mak- 
ing sugar- hydrogen and oxygen from water, and carbon from 
the carbon dioxide in the air. 

But to achieve the union (or synthesis) of these ingredients 
in order to form a new compound, the plant requires a supply of 
energy. This energy is found in sunlight. In the presence of light 
the union of carbon, hydrogen and oxygen takes place - and 
sugar is formed. L 

By means 01 this process all plants make wPar  in some Iorm: - 
and by eating vegetables, fruits and grains man absorbs the en- 
ergy thus provided and his body converts i t  into human energy. 
Some plants manufacture and store more sugar than others, and 
from some of these man has found it practicable to extract the 
sugar in crystallized form - “crystallized sunshine, air and wa- 
ter.” Sugar is the most easily assimilated energy food - the food 
most readily and quickly converted by the body into human energy 
that enables man to live, breathe, perform his multitudinous 
tasks, and enjoy his pleasures. Sugar thus is truly solar energy, 
obtained from the sun for man’s use by the “solar battery” of na- 
ture, the green leaf of a growing plant. 

All Sucrose Is Identical 
The sugar of commerce - the sugar with which you are  most 

familiar - is technically S ~ I C Y O S E .  Just as pure gold can be ex- 
tracted from various ores, so pure sugar (sucrose) can be extract- 
ed from various plants. I n  either case, the fully refined product is 
the pure substance - gold is gold and sugar is sugar - no matter 
what the source. 

Pure sucrose can be taken from palm trees, maple trees, sor- 



I '  

SUGAR CRYSTALS 

The sugar of commerce is sucrose, and all suerose is identical in chemical 
composition and architecture, no matter what its source in nature. Photo 
ubove shows greatly enlarged sugar crystals. There are millions of such 
crystals in the 14 teaspoons of pure suerose extracted from the average 
two-pound sugar beet ( b e l o w ) .  

1 



4 THE BEET SUGAR STORY I 

ghum, watermelons, and many other plants, just as it can from 
sugar beets and sugar cane. After exhaustive tests, the United 
States Department of Agriculture reported that “by no chemical 
test can the pure crystallized sugar from these different sources 
be distinguished.” That pure beet and pure cane sugars are  iden- 
tical has been further confirmed extensively by other government 
chemists, by agricnltnral colleges, home economics teachers, dieti- 
tians, physjcians, and notably by large manufacturers of canned 
goods, candy, bakery products, confections, jellies and preserves. 

Millions of American housewives, verifying the scientific fact 
that  all sucrose is identical, have learned from experience in their 
own kitchens that with today’s modern refining methods there is 
no sweeter, purer, finer or whiter sugar than beet sugar-for 
every food use. They have learned that whenever difficulties are  
encountered in  cooking, candy-making, jelly-making, etc., they 
are  caused by factors other than the source of the sugar. Whether 
the sugar comes from the beet or cane has no bearing, for ex- 
ample, on the jelling of a fruit  mixture. Fruit mixtures jell when 
pectin, acid and sugar are  present in the proper proportions. 

For generations, European cooking traditions have been 
based on beet sugar. The tastiest creations of French chefs and the 
: ..._-_ -.._ ..___ :..+-4iscuits call for its use. And since Euro- 
peans rely primarily on beet sugar, humorous situations .have 
arisen when they have been forced to change to cane sugar. Dur- 
ing World War I, for example, when England’s normal supply of 
beet sugar from the continent was cut off, a chorus of protests 
arose from cooks and food processors. Dissatisfaction reached 
such a state that The Iiitemntiownl. Slcqa? J o z r ~ m b ,  published in 
London, gave recognition to it in an article which said: 

“. . . There still exists among many manufacturers of jam, 
confectionery, biscuits, condensed milk, etc., a prejudice against 
cane sugar.. . . . . It is desirable that in the near future a thorough 
investigation should be made into the question, preferably by an 
official body. I t  should be established definitely and convincingly 
whether or not cane sugar can be used for all purposes for which 
beet sugar is suitable.” 

.. . . . . .  . - . 

Sugar Chemistry . 

Although “sugar” to most of us means the sugar of commerce, 
which is sucrose, to the chemist the word “sugar” signifies more 
than a hundred substances. They differ in appearance and proper- 
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THE MIRACLE OF SUNSHINE, AIR A N D  WATER 5 

ties, but all are composed of carbon, hydrogen and oxygen. The 
atoms of hydrogen and oxygen are  nearly always associated in 
the ratio of two of hydrogen to one of oxygen -that is, in the ra- 
tio in  which they are  combined in water, the chemical formula 
for which is H,O. 

Chemists classify sugars according to the arrangement of 
atoms in the sugar molecule. The two main broad classifications 
are monosaccharides and disaccharides - although more complex 
sugars called trisaccharides and polysaccharides a re  also recog- 
nized. The chemical formula of the monosaccharides is C,;H, ,Of;. 
Among the sugars in this group are glucose (sometimes called 
dextrose), which is found in corn, and fructose (also called levu- 
lose), found in certain fruits. The disaccharides a re  identified by 
the chemical formula, C,  ,H,,O, ; -which means that a molecule 
consists of twelve atoms of carbon, twenty-two atoms of hydrogen 
and eleven atoms of oxygen. The sugar. we have been discussing 
-sucrose - is in  this group, which also includes maltose (malt 
sugar) and lactose (milk sugar),  

Thus have the chemists analyzed and p u t  into precise chemi- 
cal terms the relationship among the elements in a molecule of 
sugar. 

But  useful as they a re  to those who use sugar in food and oth- 
er products, and for understanding sugar’s role in human nutri- 
tion, the formulas in themselves cannot convey the importance of 
sugar to mankind. 

For sugar is the physical basis of all life. It is the first sub- 
stance manufactured by all green-leaved plants, which in turn 
support all human and animal life. Through sugar, energy of the 
sun is made available to man. Sugar truly is the miracle of sun- 
shine, air and water. 



Chapter Two 

EARLY SUGAR HISTORY 

The romantic story of sugar reaches far  back into the shad- 
owy mists of ancient times, and to view the American beet sugar 
industry in proper perspective it is best .to take first a brief 
glimpse at  the fascinating role sugar has played i n  the history of 
the world. 

Early Sugar Cane History 
Primitive man satisfied his hunger for sweets by eating 

honey and plants containing sugar. Sugar cane apparently was 
known in India and elsewhere in  the Orient hundreds of years be- 
fore the Christian era, and the Old Testament twice mentions it. 
In Jeremiah 6 2 0 ,  the prophet asks, “To what purpose cometh 

. there to me incense from Sheba, and the sweet cane from a far  
country?” In Isaiah 4 3 2 4 ,  the accusation - “Thou hast bought 
me no sweet cane with money” -is evidence that even in Isaiah’s 
t ime sugar cane was a n  article of commerce. 

Europe discovered the a r t  of crystallizing sugar in the fourth 
century, but refining i n  the modern sense can hardly he said to 
have hecn practiced until the fourteenth century. A t  first the 
sweet crystals were used largely for medicinal purposes, and not 
until the Elizabethan period did sugar become an article of house- 
hold use. 

Arabs became acquainted with sugar when they swept over 
Persia, and as they continued westward they extended the art of 
cane cultivation to the northern coast of Africa, and thence into 
Spain. Cane plantations wel’e found by the Crusaders i n  Tripoli, 
Mesopotamia, Syria, Palestitic, ;ind Antioch, and they eventu;dly 
liecame interested i n  the sugar trade, making Tyre the center of‘ 
their operations. Once having acquired a tastc for sugar, thcy 
were i n  no mood to discontinue its use when they retortied to their 

fi 
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EARLY SUGAR HISTORY 7 

homes, and as a consequence a lively trade in sugar sprang up be- 
tween northern Europe and the seaports of the Mediterranean. 

Even before the Crusades, Venetian merchants had conduct- 
ed a commerce in sugar, spices, silks and other products of the 
East. Ships were small, but the volume of trading was larger than 
might be imagined. In 1319, Tomaso Loredano, a Venetian mer- 
chant, sent a hundred thousand pounds of sugar to England to be 
exchanged for wool. 

The passing years brought to Venice a virtual monopoly over 
the commerce in sugar, which her traders sought to protect and 
extend in every way possible. One such way offered itself in 1420 
when an unnamed inventor perfected a method of refining. To 
gain control of the process, Venetians paid the inventor an 
amount equivalent to $120,000, which was ten times the cost of 
financing the first voyage of Columbus across the Atlantic. As 
the demand for sugar grew, the merchants of Venice increased 
prices, resulting in widespread complaint in Europe. 

The Portuguese were the first to take effective action against 
the monopoly of the Venetians. In 1419 Prince Henry the Naviga- 
tor discovered Madeira, and there the Portuguese planted cuttings 
of cane they had obtained from Sicily. The cane grew abundantly. 
When the Azores, Cape Verrle Tslands and Canary Islands were 
discovered, cane was planted there also. By 1472 cane was being 
cultivated on virtually all the islands along the African coast as 
far  south as St. Thomas. Lisbon grew in power and wealth. Venice 
passed the peak of its glory and began to decline. 

Columbus brought cane to the New World, and in  a letter to 
Ferdinand and Isabella he expressed satisfaction a t  “the way a 
few small canes planted here have taken root.” To the Spaniards, 
also, belongs the credit for having developed cane production on a 
commercial scale in the West Indies, first in San Domingo. Sugar 
plantations there began to prosper after a cheap supply of labor 
- slaves imported from Africa - became available. The success 
of the venture in San Domingo led to the cultivation of cane in 
the other islands of the West Indies and on the mainland of South 
America. In all these places it flourished -perhaps, indeed, it 
flourished too well, for it nourished the fester of slavery for more 
than 150 years. 

Early Sugar Beet History 
Caiie had been grown in the tropical areas of the New World 

generations before sugar extracted from the beet root made its 
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first appearance in  Europe. That is not to say, of course, that an- 
cestors of  the present sugar beet were unknown in bygone days. 
On the contrary, some scholars believe sugar beets were eaten by 
the laborers who piled up the pyramid of Cheops, Egyptian Phar- 
aoh who lived about three thousand years before Christ. 

Apparently the beet grew in  wild state in parts of Asia, and 
at an early time it was cultivated in southern Europe as well as 
in Egypt. Classical writers made many references to the beet root. 
Hippocrates, the Greek physician, said that a beet broth had a 
salutary effect in treating certain ailments, and that beet leaves 
dipped in wine had healing properties when applied to wounds. 

Plautus, Cicero, Suetonius and Columella all have something 
to tell about the beet. At various times i t  was proposed that beet 
juice be used as a hair tonic, for cleaning the teeth and for restor- 
ing flavor of wine that had soured. 

The literature of the Middle Ages contains allusions to the 
beet and its importance to the diet. Yet other qualities were not 
passed by unnoticed. The Portuauese poet, Gil Vicente, who lived 
about 1500, wrote a merry couplet which may be loosely trans- 
lated: 

“One’s head should have as much of brains 
As the sweetness which the beet contains.” 

Early i n  the 1600’s an observant Frenchman, Olivier de 
Serres, wrote: “The beet root when boiled yields a juice similar to 
syrup of sugar.” Another century passed before extraction of 
sugar from the beet was demonstrated to be practical on a com- 
mercial scale. Meantime repeated efforts, all unsuccessful, were 
made to obtain sugar from apples, pears, corn, quinces, mulber- 
ries, plums, figs, pumpkins, watermelons and even from walnuts 
and chestnuts. 

Beet Sugar in Europe 
Events which resulted in establishment of the beet sugar in- 

dustry in Europe involved, in this order, the laboratory experi- 
ments of a German chemist, the  perseverance of one of his stu- 
dents, the backing of a Prussian king, the urgent needs of an em- 
pire a t  war, and the dynamic action of a French emperor. 

In 1747 Andreas Marggraf, a German chemist, proved in his 
laboratory that the beet root stored pure sucrose and that  it could 
be extracted in crystalline form. But no one seemed excited - 
probably because the process of extraction had all the earmarks 
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of a laboratory trick. Marggraf had sliced the beets, then dried 
rind pulverized them. On eight ounces of the powder he poured 
six ounces of alcohol, and placed the mixture over a slow fire. 
When the liquid came to a boil, he withdrew i t  from the fire and 
filtered it into a flagon which he corked and allowed to stand for 
some weeks. A t  the end of the time, he reported, crystals had 
formed -crystals which had all the physical and chemical char- 
acteristics of sugar from cane. 

The enthusiasm that might have been expected at the an- 
nouncement of Marggraf's discovery was saved for another forty 
years until Franz Karl Achard, one of his pupils, planted beets on 
a rather extensive scale and succeeded in obtaining a substantial 
amount of sugar from them. He calculated that a good, low-grade 
sugar could be produced for six cents a pound, a figure which 
seemed so low that members of the French Institute investigated 
his claims. These learned gentlemen found that the extraction of 
sugar from beets on a commercial scale was wholly possihle- 
but, they said, the cost probably would reach eighteen cents a 
pound. 

Frederick William 111, King of Prussia, interested himself 
in Achard's work and provided funds for the world's first beet 
sugar factory, which was erected at Cunern, Silesia. Operations 
were begun in 1802, and in relatively few years i t  became ap- 
parent that, with intelligent management, the project was bound 
to succeed. The French, meantime, had been corresponding with 
Achard, and sugar factories were hopefully built a t  Saint-Ouen 
and Chelles. But because the French lacked technical knowledge 
and practical experience, their enterprises miscarried, j u s t  as so 
many other beet sugar developments were to fail for the same 
reasons in later years. As a result of these disappointments, at- 
tention was diverted from beets to grapes, and French scientists 
tried to imprison crystals of grape sugar in their test-tubes. Their 
efforts were partly successful, and for a time grape syrup to some 
extent replaced cane syrup. 

This determination to develop a supplementary source of 
sugar on the Continent of Europe was rooted in need. The French, 
embroiled in the Napoleonic Wars, found themselves cut off from 
the sugar which usually flowed to them from the West Indies, and 
prices mounted rapidly to more than a dollar a pound. It was a 
matter of national concern, just as our own sugar supplies have 
concerned us during periods of war. 

The experiments with grapes were finally abandoned, and 
scientists turned hack to the beet. One of them, M. Deyeaux, 
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pharmacist to the Emperor, successfully produced a few loaves of 
“perfectly crystallized sugar, very white, very sweet - enjoying, 
in a word, all the properties of the best cane sugar.” Another was 
Benjamin Delessert, who erected a small factory at Passy and 
went about his business without the fanfare attending the activi- 
ties at Saint-Ouen and Chelles. By January, 1811, he had made 
a quantity of well-crystallized beet sugar. 

The achievement was reported to the Minister of the Interi- 
or, who in turn relayed the news to Napoleon. I t  needs the enthu- 
siasm of a French writer to describe how Napoleon reacted: “En- 
raptured, Napoleon cried out, ‘We must see this. Let us go at  
once.’ After having seen the results for himself, the Emperor ap- 
proached Dele.ssert, and, taking off the Cross of Honor which he 
wore on his breast, he pinned it on Delessert. Next day the Mo?LG 
teur announced that a great revolution in French commerce had 
been wrought.” 

On March 18, 1811, he ordered his Minister of the Interior 
to take “all steps” to encourage the growing of sugar beets and 
the erection of beet sugar factories. Significantly, he requested 
the Minister to advise French farmers “that the growing of beet 
root improves the soil, and that the residue of the fabrication 
furnishes an excellent food for cattle.” 

Seven days later Napoleon “took steps” himself, and by the 
stroke of a quill pen brought a new industry into being. At the 
Palace of the Tuileries he signed a decree that 79,000 acres of 
land be planted to beets as quickly as possible, and that six ex- 
perimental stations be established for the instruction of farmers 
and landowners. Moreover, he appropriated one million francs 
to implement the program. 

Political cartoonists of the period found in Napoleon’s inter- 
est in the sugar beet a topic suited to their wit. One contemporary 
cartoon shows the Emperor squeezing the juice of a beet into his 
coffee. His son, the infant King of Rome, sits in a nearby cradle 
with a beet pressed to his mouth, while an acid-faced nurse tells 
the child: “Suce, mon cheri, suce! Ton pgre dit que c’est du sucre” 
-“Suck, dear, suck! Your father says i t  is sugar.” 

And sugar i t  was! -sugar that energized Napoleon’s ar- 
mies! The dire need for a quick-energy food gave the beet sugar 
industry its first big commercial push. As a result of Napoleon’s 
various decrees 334 small beet sugar factories were erected in  
France i n  :I812 :ind 1513. 

Eut the industry born ( i f  urgent necessity was shortly to 
experience extreme difficulties. Waterloo - June 18, 1815 - 



NAPOLEON AND BEET SUGAR 

A French artist of the time envisioned this as the sccne whcn the  Minister 
of the Interior presented Napoleon I with loaves of heet sugar “made in 
France.” The exhibit and the dire need of Napoleon’s armics f o r  the quick 
energy that  only sugar  can give impelled the Emperor to deerec widespread 
planting of sugar  hects and erection of beet processing plants in France. 
Thus the estraction of supar from sugar beets, first develoi,cd by German 
chemists, became a full-flcclgetl industry by (IL~c,’cc~ of a French e,npuwr. 
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crushed an industry as well a s  a n  Emperor. With-the downfall of 
Napoleon, the blockade was lifted and ships from the West Indies 
hastened to dump their cargoes of accumulated sugar into the 
ports of the Continent. Prices collapsed. The newly established 
beet sugar factories were hit hard by the mar’s aftermath. Strug- 
gling with primitive processing methods and raw materials of 
low quality, the homeland industry was unable to  withstand the 
effects of this wholesale dumping of cane sugar produced by slave 
labor in the French Colonies. One year after Waterloo, only a 
single beet sugar mill, a t  Arras, remained in operation in France. 

Yet even in these desperate straits the industry had cham- 
pions who refused to become despondent. A few brief years had 
taught them that the beet had a definite and valuable place in ag- 
riculture. Bit by bit, improvcmcnts in the proccsscs of manufac- 
ture more than doubled the percentage of sugar extracted from a 
ton of beets - although it still was low by modern standards. 
Better beets - richer in sugdr - were developed. These improve- 
ments, and the passage of laws which sought to equalize the con- 
ditions of competition between the producers of the Indies and 
those at home, gradually brought about a restoration of the in- 
dustry in France. Louis Philippe, French ruler from 1830 to 1848, 
and Napoleon 111, who reigned from 1852 to 1870, especially rec- 
ognized the value of a home-produced sugar supply, and initiated 
effective government programs to encourage the beet sugar in- 
dustry. 

Meanwhile, the industry was becoming established in other 
European countries, notably Germany. A German sugar school, 
set up in January, 1812, drew students from all parts of con- 
tinental Europe and they in turn had a profound influence in the 
later development of the industry throughout Europe. If the 
growth of the industry in Germany was slower than in France, 
i t  was nevertheless founded on a more substantial basis, possibly 
because the Germans mere not torn by conflicting loyalties be- 
tween overseas production and homeland production. The German 
industry, however, like that of France, suffered a severe setback 
by the flood of slave-produced sugar from the tropics which fol- 
lowed the downfall of Napoleon and the lifting of the European 
blockade. But as in France, persistent efforts and governmental 
encouragement re-established the industry. 

In any event, the emancipation of slaves in the West Indies 
finally put the European beet sugar industry in a position in  
which it was able to offer more effective competition to tropical 
sugars. By 1854 the industry was operating on a large scale over 
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most of the continent, and soon thereafter European-produced 
beet sugar was being exported in sizeable quantities. Today, beet 
sugar is produced from the United Kingdom to Russia, from Fin- 
land to Italy - in every European country but Norway and Por- 
tugal. And sugar beet culture has spread to mukh of the rest of 
the world: to the Near East - Turkey, Syria, Afghanistan, Iran ; 
to the Far  East - Japan, Manchuria; to the Americas -the 
United States, Canada, Chile; and to other places. The importance 
of the beet sugar industry to the economies of several nations is 
recognized by national programs of encouragement and protec- 
tion. 



Chapter Three 

THE SUGAR BEET 
TAKES ROOT IN AMERICA 

For many years a variety of wild sugar beet has been ob- 
served growing in  centrd California. This fact, coupled with 
statements in an eighteenth century manuscript of a Spanish ex- 
plorer, has led to conjecture that California Indians may have 
developed a method of extracting sugar from the beet before Eu- 
ropeans did. Pedro Fages, a Spanish captain who explored parts 
of California between 1768 and 1772, wrote in  1775: “Those [the 
tribes] of the Sierras made also quantities of molasses, candy, and 
sugar, that is not unworthy of the fame of these people, and it is 
extracted from certain species of vegetables. . .” 

Be that as it may, the first attempts by the white man to es- 
tablish a beet sugar industry in America occurred near the East 
Coast rather than the West, and the industry’s pioneers turned 
to Europe for information and for seed. 

Fifty Years of Pioneering 
Men of vision in the New World watched with intense interest 

the rebirth of the beet sugar industry in France and its develop- 
ment elsewhere in Europe. They saw a three-fold advaptage to be 
gained through beet sugar production in the United States: free- 
dom from almost complete dependence on foreign countries for 
sugar; benefits a new industry would bring t‘o the young nation’s 
economy; and the improvement in agricultural practices which 
beet culture \vould encourage. If the technical skill of the early 
American champions of beet sugar had matched their vision and 
enthusiasm, the industry would have become a permanent part of 
the American scene in the first half of the nineteenth century. As 
it was, nearly fifty years elapsed between the first known attempt 

14 
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and lasting success a t  establishing beet sugar manufacture i n  the 
United States. 

The first effort of which any comprehensive record remains 
was launched in 1830 by James Ronaldson of Philadelphia, first 
president of the Franklin Institute of that city. He interested 
some friends in the project, and together they organized the Beet 
Sugar Society of Philadelphia. In 1836 the Society sent James 
Pedder to Europe to make a thorough study. He shipped back six 
hundred pounds of beet seed, which unfortunately was planted too 
late in the season to produce beets good for anything but cattle 
feed. Mr. Pedder’s glowing report of the possibilities for a beet 
sugar industry in the United States remains today as the principal 
accomplishment of the Beet Sugar Society of Philadelphia. 

The next two attempts resulted in  something more substan- 
tial than a report - the erection of two sugar factories. 

At Northampton, Massachusetts, Edward Church and David 
Lee Child, who had observed beet sugar production in France, 
sparked the effort which produced the first beet sugar in the 
United States, some 1,300 pounds, in 1838. But economic diffi- 
culties beset this venture, and the factory closed its doors for- 
ever in 1841. 

Meanwhile, many miles to the west, a t  While Pigeon, Michi- 
gan, farmers and townsfolk organized the Beet Sugar Company 
in 1837 and built a factory in 1838. Despite a $5,000 loan from 
the State of Michigan, this venture also failed -largely because 
of lack of technical knowledge and skill. 

More than a decade passed before the logic behind the pro- 
duction of sugar in the temperate zone of the continental United 
States reasserted itself through action, this time in  one of the 
most colorful episodes of sugar history. 

In 1847 the members of a new religious movement, the Mor- 
mon Church, settled in Utah and sought to create, so f a r  as pos- 
sible, a self-sufficient community. Cut off by time and distance 
from the eastern states, the Mormons were forced to pay dearly 
for all articles they could not produce themselves. One dollar a 
pound was the usual price for sugar. 

Thus it was with a practical zeal that John Taylor studied 
the beet sugar industry in France while he served there as a mis- 
sionary for the Church. With Church approval, he organized the 
Deseret Manufacturing Company with the express purpose of es- 
tablishing the industry in  Utah. At a cost of $12,500, the com- 
pany purchased a complete sugar manufacturing outfit, which 
arrived in New Orleans from France in April, 1852. The heavy 

I 
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machinery was floated up the Mississippi and Missouri Rivers by 
boat to Fort  Leavenworth, Kansas, where i t  was loaded into cov- 
ered wagons drawn by fifty-two ox teams. From Kansas t o  Utah 
was a slow and painful journey in those days. Wagons broke 
down; oxen strayed; food supplies ran low. I t  was hot until No- 
vember that the party convoying the equipment arrived, hungry 
and cold, at its destination. 

It would be pleasant to record that, after such hardships, the 
attempt of courageous pioneers to produce sugar in Utah was an 
immediate success. On the contrary, it was a distinct failure, he- 
cause, as so often before and after, the promoters lacked techni- 
cal information to temper their enthusiasm. The factory produced 
only an inedible syrup. 

Even before the Mormon venture the possibility of producing 
sugar in the West had been investigated. A petition filed January 
8, 1841, by Guadalupe Miranda and Carlos Beaubien asked that 
a portion of land, now included within Colorado, be granted by the 
governor of the province of New Mexico for the culture of sugar 
beets. 

Colorado apparently was interested in sugar during the ex- 
citing period of the Gold Rush, for as early as 1865 Peter Magnes, 
a Swedish immigrant, prophesied: “If we had beet sugar factories 
in Colorado, I imagine Colorado farmers would produce more gold 
than all the mines in the mountains.” His prophecy has been ful- 
filled over and over, but Colorado was to wait until the turn of 
the century to see her first sugar factory in operation. 

In other states, interest ran  high and then ebbed as failure 
overtook all fourteen sugar factories erected between 1838 and 
1879 -in Maine, Massachusetts, Delaware, Michigan, Illinois, 
Wisconsin, Utah and California. But the American pioneering 
spirit is tough, and disappointment in one area seemed to spur 
hope and enthusiasm in another. Perseverance finally won. 

Success in California, 1879 
To E. H. Dyer goes the credit for establishing the beet sugar 

industry in  the United States on a successful basis, in 1879, at 
Alvarado, California. The factory a t  Alvarado, near the east shore 
of San Francisco Bay, was first built in 1870, but the original 
company went bankrupt and the machinery was moved out. With 
a group of associates, Mr. Dyer took over the buildings in 1879, 
installed different equipment, and put the operation on a paying 
basis. This was the first solid demonstration in the United States 
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that sugar could be extracted from beets successfully and profit- 
ably. After undergoing several renovations and enlargements, 
this historic factory was completely rebuilt ir. 1936 and is still 
in operation. 

In 1888 a t  Watsonville, California, Claus Spreckels built the 
second successfully-operated beet sugar factory which, in that 
year, produced 1,000 tons of beet sugar. 

The successes in California renewed interest in the beet sug- 
ar industry in other states. Henry Oxnard and his three brothers 
were among the first to take action. They went to Europe, made 
a careful study of the industry there, and in 1890 built a factory 
at Grand Island, Nebraska. In 1891 they built two more, one a t  
Norfolk, Nebraska, and one at Chino, California. In the same 
year a factory was constructed by another group at Lehi, Utah, 
the first of its kind in the Intermountain area. 

Other persons were prominent in  this era of transition from 
pioneering setbacks to genuine success for the United States beet 
sugar industry. 

One was Dr. Lewis S .  Ware, a wealthy engineer and chemist, 
who spent large amounts of his own money distributing beet seed 
and literature in efforts to convince farmers and businessmen that 
the sugar beet was a desirable crop and that bcet processing could 
be a sound business venture. Among the people he convinced were 
Mr. Dyer and Mr. Spreckels, whose successful factories justified 
Dr. Ware’s confidence. 

Another important influence during this period was Dr. 
Harvey W. Wiley, who won fame also as a sponsor of the Food and 
Drug Act. Chief chemist of the United States Department of Ag- 
riculture from 1874 to 1913, Dr. Wiley was officially as well as 
personally a sugar beet enthusiast. He distributed seeds to farm- 
ers and after making 8,000 analyses of beets grown in  almost all 
the states of the Union, published a n  uncannily accurate map 
designating the most favorable areas for sugar beet growing in 
the United States. Later development of the industry has been 
almost entirely within the areas he indicated. 

A third influential figure was James (“Tama Jim”) Wilson, 
noted Secretary of Agriculture under Presidents McKinley, Theo- 
dore Roosevelt, and Taft. A firm believer in the importance of 
the sugar beet to the nation’s future agriculture, Mr. Wilson was 
unremitting in his efforts to enlist capital for  building new fac- 
tories - so farmers could have a market for  their beets. Seventy 
of the seventy-nine factories existing in 1915 were built durinn 
his tenure of office. 
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This official recognition and assistance of the Department o f  
Agriculture were important to the continued progress o f  the 
newly-proven industry, but the governmental encouragement was 
also justified by the spread of the industry to other states after 
the successes in California and Nebraska. By 1900 thirty com- 
pletely equipped beet sugar factories were operating successfully 
i n  eleven states from New York to the West Coast. It was evident 
a t  the t u r n  o f  the century that the sugar beet had become a t  last 
firmly rooted in  the economic as well as the agricultural soil of 
the United States. The industry was indeed national in scope. 

The Industry Today 
From those pioneering efforts and initial successes has 

emerged the American beet sugar industry of today. An integral 
part of the economy of  twenty-two states, the industry exerts a 
beneficial influence that is felt throughout the nation. 

For many thousands of farm families the sugar beet provides 
a major source o f  income and purchasing power, as well as a key 
to sound farm operations. More than three-score modern beet 
sugar processing plants -a f a r  cry from the first crude factories 
a t  Northampton and White Pigeon - pour forth a stream o f  
sparkling white, pure beet sugar that annually meets nearly one- 
fourth of the nation’s sugar requirements. 

A quick look a t  the extent o f  the industry that grew from 
those faltering beginnings may be obtained from the map on the 
opposite page. Further details will be found in tables in the Ap- 
pendix, beginning on Page 78. 





Chapter Four 

THE SUGAR BEET 
IN AMERICAN AGRICULTURE 

The Beet Means More Than Sugar 
About the time the Mormons were making their first stren- 

uous attempt to establish the beet sugar industry in Utah, a sig- 
nificant episode occurred in  France. It helped to explain why 
foresighted Americans of that day believed the sugar beet could 
contribute importantly toward developing a well-rounded agri- 
culture in  this country. And it illustrated a fact that many Ameri- 
can farmers later learned -that sugar beet culture brings bene- 
fits to agriculture extending f a r  beyond the production of sugar 
itself. 

In 1853, when Napoleon 111, and his bride, Eugenie, were 
touring France, the peasants of Valenciennes built a triumphal 
arch to welcome them and to honor the two Napoleons who fos- 
tered the beet sugar industry. Across the top of the arch appeared 
the legend, “Sugar Manufacture,” and under it, the likeness of 
Napoleon I, “Who Created It,” and Napoleon 111, “Who Protected 
It.” 

Under the portrait of the first Napoleon was the inscription: 
“Before the manufacture of beet sugar the 

urrondissement of Valenciennes produced 695,750 
bushels of wheat and fattened 700 oxen.” 

And under the image of Napoleon 111, the “protector,” the 

“Since introduction of the manufacture of beet 
sugar the urrondi.ssement of Valenciennes produces 
1,157,750 bushels of wheat and fattens 11,500 
oxen.” 

words were : 

Here was an increase, credited to the sugar beet, of 66 per 
cent in wheat production, and a gain of more than 1,500 per cent 

20 



THE SUGAR BEET ROOT 

This picture illustrates one reason why the sugar  beet is ideal for planting 
in rotation with shallow-rooted crops. The tap root of the sugar  beet extends 
as much as six to seven feet deep, and smaller roots reach out in all direc- 
tions, aerating the soil and drawing nutrients f rom levels not required by 
other crops. When the beet is pulled from the ground at harvest, the lower 
par t  of the tap root and the tiny rootlets remain, dccaying and adding fer-  
tility and humus to the soil. Notice tha t  beet roots extend more than twice 
the depth of the yardstick next to second beet from left. 

21 
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i n  livestock fattening. If it seems curious that the amount of sug- 
a r  produced was not mentioned, the omission merely emphasizes 
the attitude held by some Europeans that sugar is a by-product 
rather than a primary product of beet culture. While this attitude 
may unduly minimize the value of the sugar obtained from the 
beet, it does accentuate the striking effect of the sugar beet on 
the agriculture of the areas where i t  is grown. 

For unlike many other crops the sugar beet serves more than 
one purpose. I t  has earned its eminent position in American agri- 
culture for three primary reasons: 

(1) It promotes soil fertility and sound farming practices. 
The sugar beet requires and therefore brings about a 
progressive system of diversified farming. Yield., of 
other crops traditionally improve following hret produc- 
tion. 

(2)  By-products of the sugar beet provide an important feed 
for beef cattle, sheep, and dairy herds. In many areas the 
beet thus promotes a sound crop-and-livestock farm op- 
eration. 

(3)  Because of the sugar it produces, the beet is an impor- 
tant and dependable cash crop. For many farm families, 
the sugar beet is  the most reliable source of income, year 
after year. 

The Sugar Beet in Crop Rotation 
One reason for the sugar beet’s unique position in agriculture 

is its importance in a sound crop rotation. Good farming practice 
requires a variation in crops. Continuous planting of the same 
land to the same crop year after year almost inevitably results 
in agricultural and economic troubles. At least one of the crops 
in a good rotation should be an intensively cultivated row crop - 
such as sugar beets, corn, potatoes, cotton, beans, tobacco and 
garden vegetables. 

Successful production of these crops requires a loosening of 
the earth around the plants a t  intervals during growth. This ac- 
tion breaks up crust and clods, improves the physical condition of 
the soil. It destroys weeds while they are  still young and prevents 
their reseeding and dispersion. Sugar beets require cultivation 
not only between the rows but also between the plants in the row. 
Introduction of sugar beets has been a principal factor in con- 
I rolling weeds i n  many f;crniiiig areas. On thc other hand, i v i t l i  
continuous planting to hay, grain or other crops which arc  not 
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ordinarily cultivated after planting, the land gradually becomes 
infested with soil pests, needs and other foreign growth, and 
subject to inroads of plant diseases and insect pests. 

Rotation is essential for many reasons other than the bene- 
fits of cultivation. In fact, cultivated crops themselves often are  
alternated, such as tomatoes, beans and other row crops in some 
areas. Plants feed a t  different depths in the soil. A plant with 
shallow roots, such as beans, tends to exhaust soil nutrients near 
the surface and should be alternated with a “deep-feeder” having 
long roots that tend to obtain more of their nutrients at deeper 
levels in later stages of growth. Moreover, different plants, even 
if feeding a t  the same level, may require varying proportions of a 
given soil element; rotating crops helps to prevent exhausting all 
the available supply of a single element. Rotation thus promotes 
soil equilibrium. Decaying residues of previous crops increase the 
amount of organic matter in the soil and benefit crops to follow. 
Pests which harm one crop may not affect another-may, in 
fact, die out when another crop is grown in the soil. 

Proper rotation is essential, yet climate and soil impose limi- 
tations. Few crops grow well in all latitudes or in all soil types. 
Sugar beets grow successfully in areas where conditions rule out 
certain other crops. Beets thrive throughout the northern lati- 
tudes of the United States, in Canada, and as f a r  south as the 
Mexican border, a t  elevations varying from below sea level to an 
altitude of 7,000 feet, and in a wide variety of soils. The crop ex- 
hibits a unique tolerance to alkali, which is present in large areas 
of land in arid regions of western states. Extensive development 
of such lands has been materially helped in many instances by the 
introduction of sugar beet culture. 

The form and nature of the beet itself help explain why gen- 
eral farm conditions improve where sugar beets are  grown. The 
root system penetrates the ground to as much as six or seven feet, 
a mechanical disturbance beneficial in itself. When the beet is 
pulled at harvest time, the greater part of the feeder-root system 
remains in the ground. Decomposing, it contributes to fertility. 
Beet tops, removed from the rest of the plant during the harvest- 
i n g  process, sometimes are  plowed under, thus serving as “green 
manure” and adding further to the soil’s fertility. 

The increased yield of other crops in the beet rotation de- 
pends, of course, on many factors - such as management skill, 
type of soil, climate, irrigation and rainfall. Nevertheless, it has 
I,UCII conserv:itirely estimated that a 15 per cent increase in thc 
yield of whcat and a 10 per cent increase in  yields of some other 



THE VERSATILE SUGAR BEET 

The sugar beet thrives in the high plateaus of the Rocky Mountain states 
( d m r e )  at altitudes as high as 7,000 feet  above sea level-such as in the  
San Luis Valley of Colorado-and it grows equally well even below sea 
level. The photo Gelow shows a beet sugar factory in the heart of the produc- 
ing region of the Imperial Valley of southern California. The line high on the  
sugar  storage bin marks sea level. 

24 
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crops may be expected when the beet is introduced into the cycle 
of rotation. Other instances have been reported of 75 per cent 
higher yields of some other crops following the introduction of 
beet culture to the land. 

By-Products for Livestock Feed 
The sugar beet is literally two crops in one. I ts  principal 

product, sugar, is a vital energy food for human beings. Sugar 
beet by-products - tops, pulp and molasses - are  highly nutri- 
tious feeds for livestock, and thus [irovide additional food and 
fiber for human beings iis meat, milk and wool. (By-products that  
have non-agricultural iises will be discussed in Chapter Six.) 

Years of experience i n  many parts of the country have shown 
that sugar beet by-products, fed with grain and alfalfa hay, will 
produce beef and mutton or lamb a t  lower cost than any other ra- 
tion available in the United States, not even excepting the grain 
and alfalfa combinations fed in the corn-belt. 

Sugar beet tops- the green leaves and a section of the 
crown,” or upper part of the beet - contain nearly 10 per cent 

digestible protein (on a dry matter basis) and show a marked 
Vit:iniin A cffcct whcii fcd green or siloed green. Tests conducted 
over a fourteen-year period at  a University of Nebraska experi- 
ment station showed sugar beet tops, pound for pound, equal to 
corn silage. “Pound for pound they ;ire as good a sotirce of feed 
roughage as alfalfa hay,” the University of California found after 
exhaustive tests. I n  his book, Beets m d  Meat, E. J. Maynard 
points out that tops are also a fattening feed and that “each pound 
of \vel1 cured, dried tops is approximately equal to, or will replace, 
about one-half pound of grain.” 

In some areas, cured tops are baled and sold to commercial 
feeders if the beet farmer or his neighbors do not have feeding 
operations. Cured tops are also stacked and fed like hay. The full- 
est feed value of the tops is retained when they are  siloed as soon 
as possible after removal from the beet. Many farmers have ma- 
chinery that elevates the fresh, clean tops to trucks as part of the 
beet harvesting operation, for immediate hauling to silos. An 
acre producing twenty tons of beet roots for sugar will generally 
yield twelve to fifteen tons of green tops. 

Beet pulp is the vegetable portion of the beet that remains 
:,riel the sug;ir is remo\wl i n  the processing plant. No less 1hii11 

beet tops, beet pu lp  is sought by dairymen :~nd  cattle and sheep 
feeders lor their livcstock. Sugar bcct palp contniiis cnrbohy- 

‘‘ 



SUGAR BEET TOPS FOR SILAGE 

Tests by university agricultural scientists show tha t  as feed for livestock, 
sugar beet top silage is equal to corn silagc, pound for  pound. Machines 
have been developed (abovo) fa r  harvesting the beet taps like a separate 
crop, chopping and loading thcm into a truck. In the farmyard, beet tops 
may be blown into silos or conveyed a s  shown below. 



I 
NUTRITIOUS FEED FOR LIVESTOCK 

The cattle an  the other side of the fence in the photo obovc seem to be engerly 
awaiting the sugar beet harvest so they can eat  the succulent green tops. 
An equally desired feed fa r  cattle and sheep is dried beet pulp, shown 
bolow. (Pencil indicates size of particles and pellets.) Through feeding 
these by-products, many sugar beet growers add to their income and build 
a diversified and balanced crop-and-livestock operation. I 
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drates and also signficant quantities of protein and minerals. At 
some factories, pulp is stored in wet form and sold to farmers as 
they need it i n  their feeding operations. More commonly, how- 
ever, most of the moisture is removed through mechanical pres- 
sure and evaporation, and the pulp is sold i n  dried form. Dried 
p u l p  is a concentrated livestock feed. Beet molasses is often added 
before the evaporation step, producing “molasses-dried” beet pulp. 
When the molasses is not added, the finished product is known as 
“plain dried“ beet pulp. Dried pulp is also compressed into pellets 
for easier handling of the bulky material. 

Another ,>ariation is ammoniated beet pulp. Cattle feeding 
tests at Oregon State College have shown i t  to be high protein 
feed giving results equal to or better than cottonseed meal. 

Dried pulp is widely used as a basis for  mixed feeds. It is 
used in the dairy, in the feed lot, and often as a supplemental feed 
on the range, Feeding experiments a t  state agricultural colleges 
have shown that “molasses-dried” beet pulp approximates the 
feeding value of corn, with certain additional benefits corn does 
not possess, A higher rate of animal survival results from the 
addition of sugar beet pulp to the ration, for in its specific effect 
on the animal, particularly the dairy cow, dried beet pulp goes 
beyond the properties of corn. To maintain high milk production, 
there is often ii tendency to feed too heavy a grain component, 
which may cause death losses. But with dried pulp, which is bulky, 
fluffy, palatable, nutritious and highly absorptive, both the pro- 
ductivity and reproductivity of the dairy herd can be held a t  the 
most eflicient level. Dried beet pulp increases the digestibility of 
other feeds in the ration. 

Beet molasses is also a by-product of the sugar-extracting 
process. Although much molasses is mixed with pulp before the 
final drying, some molasses is also sold separately for mixing with 
other feeds. I t  may be added to practically any ration. Molasses 
gives tine entire ration such an increased “taste appeal” that it 
has e replacement value equivalent to grain when the molasses is 
used in proper quantities. Manufacturers of mixed feeds recognize 
this desirable quality and often use molasses in their products. 

The use of the sugar beet‘s by-products as livestock feed is 
another reason why the beet promotes better farming practices 
and builds a sounder agriculture. Beet tops, beet pulp in its vari- 
nus forms, :und beet niolasses have built ail extensive sheep and 
cat~.lc feeding industry i n  :iiwis where corn :ind other feed crops 
hxve I)ccii i.cl:iti\dy cxl)cusivc. ‘1’hrough animals, niitt.icnts t;ikoii 
from the soil by growing crops are restored to the land as manure, 
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MEAT FROM SUGAR BEET BY-PRODUCTS 

Sugar beet by-products - tops, pulp and molasses - provide the basis Tor 
a large livestock feeding industry in many western states. Symbolizing the 
direct link of sugar beets and livestock is the photo above - shaving cattle 
feeding on dried beet pulp in the foreground and a beet sugar factory in the 
background. Eelow are lambs fattened on sugar beet by-products. 
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and soil fertility is maintained. The by-products of the sugar beet 
therefore contribute to the stability of farms, towns and states. 

An  acre of land yielding twenty tons of beets will produce ap- 
proximately 6,000 pounds of pure granulated sugar, and the by- 
products of the same acre, when included in a ration fed to live- 
stock, will produce from 400 to 600 pounds of meat or 5,000 to 
6,000 pounds of milk, When by-products are  fed on the farm that 
produced the beets, most of the vegetable part of the beet is re- 
turned to the soil through manure. 

Refined sugar contains only carbon, hydrogen and oxygen. 
Thus millions of bags of sugar can be shipped out of beet- 
producing areas, yet leave behind the "big three" soil elements - 
nitrogen, phosphorus and potash - for return to the land. The 
sugar beet, therefore, is one of the most efficient crops known. No 
other crop grown in the temperate zone produces per acre so much 
food for man and feed for livestock as the sugar beet. 

The Sugar Beef Is a Vital Cash Crop 
To the farmer, cash income is a primary consideration in 

determining how he will invest his time and capital, and what he 
will produce from his labors. A compelling reason for growing 
sugar beets is that the beet is a dependable and highly valuable 
cash crop. The farmer contracts for the sale of his beets before he 
plants them; he bas an assured market for his crop even before 
the seed is in  the ground. Income from sugar beets, therefore, is 
something the farmer can count on, year in and year out, as a 
basis for the financial planning of his operations. The banker 
looks with favor upon the farmer who grows beets. 

The early-day farmers needed a dependable cash crop that 
also had other attributes. Transportation to the populous markets 
for the products of the land was difficult and costly from this 
then remote country. In the sugar beet they found a cash crop and 
a n  answer to this perplexing problem. A ton of sugar beets went 
to distant markets as a few hundred pounds of sugar - taking 
little room in  the box car and not piling up shipping charges that 
ate up the profits. Meat produced from beet by-products also 
served the need for a concentrated food to ship. Moreover, as the 
200-foot smoke stacks of the sugar factories began to rise from 
the plains, another great need of the West was being met -man- 
ufacturing payrolls to supplement the income of the farmers and 
bring economic stability to the communities. 



PLANTING AND 
FERTILIZING 

The sugar beet completes the great cycle 
of nature more efficiently than any other 
plant. The farmer prepares his land, fer- 
tilizes, plants his crop, thins the young 
plants, cultivates, irrigates in many 
areas, and harvests. The beet roots go 
to the sugar factory, and the beet tops 

, . 1 are  fed to livestock. After the sugar is I 
extracted from the roots, the remaining 
pulp and molasses are also fed to live- 
stock. From the feedlot comes fertilizer 
which returns t o  the land many of the 
nutrients that the growing crop has 

taken from it. 
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First through private initiative and later through reclama- 
tion programs of the government, irrigation projects brought wa- 
ter and life to the dry acres of the West. But a dependable cash 
crop was needed to form a basis for the financial success of the 
projects, as well as the financial success of the individual irriga- 
tion farmers. Sugar beets again provided the answer. Beets paid 
the water bills and lifted the mortgages. The Federal Reclamation 
Bureau consistently includes sugar beets a s  one of the recom- 
mended crops in new projects. Referring to the sugar beet in- 
dustry as “the backbone of those federal reclamation projects 
where the crop is grown,” a noted Commissioner of Reclamation, 
Elwood Mead, extolled the virtues of the sugar beet in words 
that still hold true today: 

“It is one crop that contributes more than anything else to a 
rounded-out, complete agricultural program, gives winter and 
summer employment, enables the farmer to make the largest and 
best use of the surrounding grazing land, largest and best use of 
the alfalfa that  is grown, and gives in a n  unusual measure a con- 
tinuous employment for the family on the farms, with more stable 
income than anything else.” 

From Europe has come the statement that  “if the sugar beet 
did not exist it would have to be invented.” No onc has yet invent- 
ed - or discovered - another crop to equal the beet as a vital 
and dependable cash crop for vast regions of this nation, or as a 
crop that contributes so much to a well-rounded agriculture with 
benefits spreading to the entire nation. 

. 

. 



Chapter Five 

THE REVOLUTION IN BEET FARMING 

All American agriculture has undergone a great mechanical 
revolution in the last third of a century, and the sugar beet farm- 
er’s method of uroducinp his crou provides an example of the ef- - . .  
fects of this change. Ingenious machines have greatly reduced 
the amount of hand labor formerly required in beet production - 
just  as the grain combine has replaced the laborious tasks of 
shocking the sheaves and loading the bundle wagon, so common 
in the wheat field a comparatively few years ago. Developments 
now in the laboratory, experiment station and machine shop 
promise still further changes. 

Mechanization of sugar beet production plus improvement of 
beet seed strains and the application of more advanced farming 
methods have combined to  raise the efficiency of American sugar 
beet farmers to new levels. According to officials of the United 
States Department of Agriculture, nowhere in the world are  sug- 
ar beets produced with fewer man-hours per ton than in the Unit- 
ed States. In fact, no foreign country produces any sugar crop - 
beet or cane-with fewer man-hours of field work per ton of 
sugar than are now required in the average American sugar beet 
field. 

Harvest Now Completely Mechanized 
The harvest was among the first of the major sugar beet field 

operations to be taken over by the machine. Adoption of mechani- 
cal harvesting came swiftly after practical machines were devel- 
oped. The first began to appear in numbers soon after World War 
11, and in less than ten years the sugar beet harvest in America 
was virtually 100 per cent mechanized. 

The harvest involved several distinct operations, and i t  was 
. no simple task to develop a machine capable of performing them 

all. The traditional harvest was handled like this: A horse- or 
32 
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tractor-drawn “beet lifter” loosened the beets, then laborers 
pulled them, sliced off the crown and leaves with a broad-bladed 
beet knife, and heaped the beets in  a pile for scooping into a mag- 
on or truck. Despite the complicated nature of the beet harvest, 
several machines have been devised which perform all the opera- 
tions in a single trip down the beet row - and, in addition, load 
the topped beets into trucks for hauling to the sugar factory. 

To conserve the rich, green tops for livestock feed, some ma- 
chines harvest the beet leaves separately, chopping and loading 
them into trucks for hauling to silos. Another kind of machine 
beats off the leaves with rubber flails, pulverizing the leaves for 
quicker disintegration when plowed under as “green manure.” 
Another “scalps” the crown, leaving only the main part of the 
sugar-filled root in the ground for pulling and loading by another 
machine. Mechanical harvesters in most common use, however, 
perform all the operations in one trip through the field - pulling, 
topping and loading. 

Implement manufacturers, scientists and management of the 
beet sugar processing companies, scientists of state agricultural 
colleges and the federal government, arid the beet growers them- 
selves have all cooperated to develop the variety of mechanical 
equipment now seen in American sugar bcct ficlds a t  harvest time. 
For example, two of the first successful harvesters were devel- 
oped -one in  a small machine shop, the other by a ma.jor manu- 
facturer - from basic ideas conceived by two beet growers, one 
i n  California and one in Colorado, working a t  the same time but 
independently of each other. To perfect the two machines, other 
growers and sugar company experts cooperated in field trials. 

Some of the various types of harvesters in general use are 
shown in the accompanying illustrations. 

Hand Blocking and Thinning Are on fhe Way Ouf 

Similar cooperation has resulted in widespread mechaniza- 
tion of other phases of sugar beet production. Operations common 
to most crops - plowing, land leveling, disking, planting, etc. - 
have long been done mechanically by sugar beet farmers. R u t  cer- 
tain growing-season operations peculiar to beet production - 
blocking, thinning and cultivating between plants -are tasks 
that posed particularly difficult problems to the inventors of ma- 
chines. 

In mechanizing these operations, the work of agricultural 
engineers has been complemented, particularly in recent pears, by 



MECHANICAL SUGAR BEET HARVESTERS 

F a r m  implement companies today manufacture many types of sugar  beet 
harvesters. One kind, a refinement of the tirst beet harvester developed, 
features huae spiked wheels (ahova) .  As the machine moves down the ~ W S  

of beets, plow blades under the wheels loosen the beets, which then a r e  im- 
paled on thc spikes and lifted from the ground. Leafy tops a re  Sliced off 
nutomatieally before the beets a re  loaded into a truck. Examples of other 
kinds of harvesters a r e  shown below and on the next page. 

. 



MACHINES IN SUGAR BEET FIELDS 

American sugar  beet farmers speedily adopted efficient mechanical methods 
of harvesting the crop a s  soon a s  satisfactory machines were developed. 
Often neighboring farmers assist one another with the harvest, and two 
mechanical harvesters in a single field a re  a common sight (nhove). An- 
other kind of beet harvester is shown below. Although they differ meehani- 
cally, all harvesters have one thing in common: they have greatly increased 
the efficiency of the American sugar  beet grower. 
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the research of plant scientists - because the basic problem was 
the beet seed itself. Blossoms on the normal sugar beet plant grow 
in clusters, and each cluster of flowers produces a group of seeds 
held together as a hard, tight ball covered with corklike material. 
When a seed ball is planted, therefore, two, three, four or more 
seedlings emerge, all close together and often intertwined. 

Since the beets require “elbow room” for proper growth, they 
should be thinned to a point a t  which the plants stand a t  proper 
intervals in the row - six to twelve inches apart, depending upon 
soil and climatic conditions. In the traditional method of blocking 
and thinning, workers went through the field of so!idly planted 
rows with short-handled hoes, first removing solid blocks of seed- 
lings and then removing by finger work :dl but one plant from 
each blocked bunch. 

This work must necessarily be done when the plants are  
small, about a month after planting, when four true leaves have 
appeared on each plant. Because the plants from a norma! seed 
ball sprouted so closely together, a thinning machine could not be 
devised which would eliminate most of the plants and leave spaced 
single plants standing. The initial effort, therefore, had to be to- 
ward developing a beet seed ball which would produce only a sin- 
gle shoot. 

The first substantial progress on this score mas made in the 
early 1940’s by scientists at the University of California, work- 
ing under a grant provided by beet sugar companies. The re- 
searchers developed a method of reducing, by mechanical means, 
the number of seed germs in a seed ball and of mechanically sizing 
the reduced segments to  uniform dimensions. This process was a 
tremendous advance. After various planting trials, the new “seg- 
mented” seed became the accepted seed for all sugar beet planting 
in  the United States. This development alone has reduced the 
hand labor requirement by as much as 25 per cent. Only four t o  
six pounds of processed seed were required to plant an acre, com- 
pared with eighteen to twenty pounds of whole seed. 

Planting drills were adapted to handle the new, smaller seed 
and to drop it a t  spaced intervals instead of solidly in a row as 
had been the practice with the old seed. This opened the way for 
development of mechanical blocking and thinning. On smooth 
ground, a n  ordinary cultivator was found practical for drawing 
across the rows to eliminate excess plants. For ground with jrri. 
gation ditches betmeen the rows, a thinner for use down the rows 
was developed. This consists of a series of small revolving blades, 
spaced according to a mathematical formula to remove excess 
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plants and leave enough for a good stand. The same implement 
has been found practical for reducing the weeds that may grow 
between the remaining plants. Thus for the first time since the 
industry started, in-the-row thinning of beets and destruction of 
weeds between plants have been accomplished mechanically. 

Processed seed and mechanical devices have reduced the 
amount of spring and summer hand labor by at least 50 per cent 
i n  some areas, and the labor still required can be done with along- 
handled hoe, a real improvement over the short-handled hoe and 
finger-thinning formerly used. It was early recognized, however, 
that the final answer had not yet been found, because processing 
the seed ball did not always result in  single-germ segments; two 
and sometimes three plants still occasionally grew from a single 
segment. And so the relentless search for a true single-germ or 
“monogerm” sugar beet seed continued. 

Success on this score came in 1948, when two plants with the 
true monogerm character were found in an Oregon beet seed field. 
It was a momentous discovery, and followed examination of thou- 
sands of plants. The seed from those two Oregon plants was tak- 
en to the laboratory, and then came the slow, painstaking work 
of breeding the monogerm character into the seeds that would 
produce plants with high yield aiid disease-resistant qualities. By 
1958 plant geneticists - in sugar company research departments, 
and state and federal experiment stations -had progressed 
enough in developing monogerm seed, with desirable character- 
istics, to permit significant commercial plantings. This seed, along 
with other developments - such as precision planters, mechani- 
cal and chemical weed killers, and constantly improving farming 
methods - provided the basis for forecasts that in time all phases 
of sugar beet production in the United States will be fully mecha- 
nized. 

Other Advancements 

Although perhaps not quite so spectacular a s  the recent 
growth of mechanization and the introduction of processed and 
monogerm seed, many other developments have taken place over 
the years. These include the continuous improvement of beet 
yields and sugar yields per acre, more effective use of both com- 
mercial and natural fertilizers, better Irrigation methods, and the 
breeding of ~ilants cver moi’e resistant to diseases, insects and 
soil pcsts. All these have let1 to greater 1Jroductioir of beets ant1 
sugar with the expenditure of  fcwer hours of human labor. 
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For example, in 1900 the average yield of beets was 6.4 tons 
per acre; in 1935,10.4 tons; and in 1957,17.7 tons per acre. Sugar 
produced per harvested acre, on the average, for the five-year 
period of 1950-54 was 16 per cent greater than during the five- 
year pre-war period of 1937-41. U.S. government experts on the 
subject esrhiated that in 1958 only about 3.5 man-days of work 
in the fields were required to produce the beets needed for making 
a ton of sugar, a reduction of almost one-third since 1948. Tests 
made by state colleges show that with complete mechanization of 
both thinning and harvesting, beets sufficient to make a ton of 
sugar may be produced with only 2.3 man-days of labor in the 
fields. 

Still further increases in per-acre production in the United 
States can be expected from another development now on the 
threshold. Plant scientists are  perfecting hybrid sugar beet seed 
on the same principles as the hybrids which so increased United 
States corn production per acre. Some of these new hybrid varie- 
ties have the monogerm character. 

Beet Seed Now Produced in United States 
Various reasons can be given for the constantly increasing 

production efficiency of the American sugar beet farmer - in 
addition to the traditional American attitude of looking at  this 
year’s ne\%’ production record not as a final plateau but merely as 
a challenge, as something to be beaten next year. 

One reason is that all sugar beet seed now used in the United 
States is a product of this country’s research and thus is better 
adapted to American soils, climates and agricultural hazards. I n  
the beginning of the beet sugar industry here and for many years 
thereafter, growers relied upon European sources for all or nearly 
all their seed. When supplies were virtually cut off during the first 
World War, commercial seed production started in the United 
States ( in  1916) but was abandoned a few years after the war 
because of the amount of costly hand labor then involved. Again 
we turned to Europe for seed. The story of how sugar beet seed 
production became practical in the United States is a curious one. 

The sugar beet plant is a biennial. In its first year it sinks a 
root and stores energy to be used the following year for producing 
seed. Normally the root is harvested the first year for sugar. Eut 
if permitted to grow a second year, the plant sends up a tall stalk 
which bears the seed. Under the European method of seed pro- 
duction, the roots were pulled from the ground in  autumn of the 



MECHANICAL THINNERS 
Scientific advancements, both in seeds and machines, now permit mechanical 
thinning of young sugar beet plants and also removal of weeds in the rows - 
jobs formerly performed by hand. Photos here show two makes of machines 
with revolving blades. Cultivating between plants with mechanical equipment 
that  moves down the row is a comparatively recent development in Ameri- 
ca’s agricultural history. 

i 
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Some years ago farmers in southeastern New Mexico at- 
tempted to grow sugar beets but with uniformly unsuccessful re- 
sults. Thereupon experiments were conducted to find the best 
time of year for New Mexico plantings, simply by planting some 
uLc -.cr., Cllr  Cllr j lvr  .lAoL.bl.n. IL IIaD ~ L W ~ U ~ J  a shock 
-certainly a disappointment a t  first - for the experimenters to 
discover that beets planted in the late fall months began, in the 
following spring, to send up seed stalks rather than to store sugar. 
Winter frosts had stopped the growth of the immature beets just 
as effectively as if they had been pulled up and siloed during the 
winter. But alert plant scientists with the New Mexico Agricul- 
tural Experiment Station and the United States Department of 
Agriculture recognized that this apparent nuisance was in reality 
a boon - not for sugar production but for seed production. The 
seed stalk produced by this over-wintering method mas a tri- 
umph in itself. Only as thick a s  your thumb, it could be cut donw 
with a mechanical mower. A tremendous amount of manual labor 
had thus been eliminated. Here was a new method of producing 
beet seed adaptable to areas having quite mild winters, yet with 
temperatures low enough to give the plant the “over-wintering” 
experience. 
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first year of growth, stored through the winter, and replanted 
the following spring. Seed then grew on a thick, woody stalk. To 
harvest the seed, workers hacked off the stalks with heavy knives. 
All in all, this was hard work and decidedly costly under Ameri- 
can wage scales. An American method to replace this procedure 
was found partly by accident, partly because of the acute obser- 
vation of scientists. 

Beginning in the early 1930’s, the American sugar beet seed 
industry was re-established, and grew rapidly as strains particu- 
larly adapted to the beet growing areas of this country were de- 
veloped. Since 1’341 the  United States has imported no seed for 
commercial sugar beet production. Production of most of the seed 
used commercially in the United States - some 13 million pounds 
annually - is directed by two companies owned by groups of beet 
processing companies. Farmers grow the seed under contract 
with the seed companies. 

Discovery of the over-wintering procedure has materially 
spceded development of improved seed strains. Several cxperi- 
mcut statious uow have refrigerated rooms whew they ciiii arti- 
ficially induce winter temperatures to speed u p  thc seed-produciug 
process a n d  thus reduce the time between generations of plants. 



RESEARCH NEVER STOPS \ 

Many of the StTides made by the beet sugar industry in incrcasing its 
efficiency stem from the patient rescarch of thc plant scientists, whose 
laboratories a re  greenhouses and whose products are higher-yielding strains . 
of sugar beets. Lights in a greenhouse a t  n i rh t  (nhova) simulate sunshine 
to stretch the ‘‘gvowing day” for  experimental plants. Uelozu, mounted an the 
heads of common pins, are greatly magnified examples of (left to right) the 
normal multigerm seed ball, a “segmented” seed, and the new monogerm 
sugar  beet seed, devcloped by plant scientists. 
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Close Relationship Between Grower and Sugar Company 
Not the least of the reasons for continuous progress of the 

United States beet sugar industry is the close relationship be- 
tween growers and the sugar companies. The grower buys his 
seed from the company, he grows beets under contract with the 
company, and all through the year the agricultural staff of the 
company provides a medium for exchange of information and 
ideas. 

An important link in this information chain is the company 
fieldman, a highly-trained agricultural expert. He counsels with 
growers individually and a t  meetings, where he may show mo- 
tion pictures and slides produced by the company to demonstrate 
improved methods of sugar beet production. Many companies 
also publish magazines for growers. These magazines regularly 
report on new and proven research developments and relate the 
experiences of growers with new practices. 

One reason for the close relationship between producer and 
processing company is the unique contractual arrangement under 
which sugar beets are  marketed. The amount a farmer receives 
per ton of beets is based on the sugar content of the beets and the 
final net return t o  the sugar company from the sale of sugar pro- 
duced from the year’s crop. This is the only case in the United 
States in which - on an industry-wide basis - the farmer’s in- 
come for his crop bears a direct relationship to the net return re- 
ceived by the processing company from sale of the processed crop. 
This tends to give producer and processing company a mutuality 
of interest distinctive in American agriculture and industry. 

Exchange of Scientific Information 

A basic factor in the success and progress of any major in- 
dustry today is the extent of research and the availability of in- 
formation about scientific developments in the same or a related 
field. Each of the major beet sugar processing companies has its 
own research staff, and there is a full and free.exchange of tech- 
nical information among the technicians and scientists of the 
companies and of the state agricultural colleges and the Depart- 
ment of Agriculture. 

A professional organization, the American Society of Sugar 
Beet Technologists, headquartered at Fort  Collins, Colorado, 
serves as a forum for the exchange of information by holding na- 
tional and regional meetings and publishing scientific papers. The 
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Society also maintains contacts with sugar beet scientists else- 
where in the world and disseminates information received from 
them. 

Anolher organization, the Beet Sugar Development Founda- 
tion, of Fort  Collins, Colorado, advises state and federal experi- 
ment stations on the relative importance to the industry of pro- 
posed sugar beet projects and also channels research grants pro- 
vided by the sugar companies. 

Beet sugar companies also help support the Sugar Research 
Foundation of New York City, which sponsors research to expand 
knowledge of sugar and its role in nutrition and food technology. 
Since sugar is a component of so many hundreds of commercially- 
prepared foods, it is essential to learn in what quantities and un- 
der what conditions it can best be used to enhance the nutritional 
values, flavor, and other factors of quality. Projects conducted 
with the help of grants from the Foundation also include research 
involving the use of sugar in noli-food products, such as surface 
coatings (paints and varnishes), plastics, agricullural chemicals, 
detergents, fibers, films, solvents, explosives and adhesives. This 
research suggests that the mechanical revolution which has so 
transformed sugar beet production may, in  the years to come, 
be matched in  the scope of its effects by a chemical revolution 
leading to new uses of sugar in non-food products. 
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Chapter Six 

EXTRACTING SUGAR 
FROM THE BEET 

At the height of the sugar-making campaign, a beet sugar 
factory presents a series of memorable impressions - the dron- 
ing hum of motors; the splash of water in the beet-washing tanks; 
the whiz of wide conveyor belts; the whir of giant centrifugals; 
the clatter of sugar packaging machinery; and also, in  contrast, 
the quiet watchfulness of factory technicians at  the control panels 
of automatic and semi-automatic processing equipment. 

Outside the factory rise piles of beets - in cool regions often 
covering acres, with ventilating tubes passing through the piles. 
Farmers bring more beets in a continuous stream of trucks. Vari- 
ous devices receive the beets - elevated trestles, power-driven 
belts and portable machines that deliver truck loads to the piles. 

Long freight trains roll into the bustling factory yard with 
still more beets from outlying stations. The brimful cars climb the 
trestles, or dump beets into bins or into “met hoppers”-con- 
Crete trenches from which beets are  flumed into the factory. 

Beside the factory are  stocks of coke, limerock and, unless oil 
or gas is the principal fuel, huge piles of coal. On the average it 
requires thirty-five pounds of coke and limerock and sixty pounds 
of coal to produce a hundred pounds of sugar. 

The visitor to the factory during the campaign sees on the 
one hand thousands of tons of beets arriving; on the other, freight 
cars being loaded with pure, refined sugar from the warehouse; 
and in between, a wide panorama of industrial activity. 

The Basic Processes 
The \rork of extr:icting siig:ir from tho beet consists of hiisic 

processes that sound simple enough : the sugar first is soaked from 
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UNLOADING SUGAR BEETS AT THE FACTORY 

During harvest, sugar beets arrive continuously at the factory-some by  
truck directly f rom nearby farms and some by long t ra ins  from receiving 
stations at outlying points. After  being weighed, each truck is unloaded 
swiftly ( " h o v e )  and the beets a re  piled to await  processinx. Whcn hopper- 
type railroad cars are used ( h d o i u ) ,  the ears may be unloaded directly into 
a flume which floats the beets into the processing plant. 

1 



$3,000,000 WORTH OF SUGAR BEETS 

When the weather is warm, sugar beets a re  processed within 24 hours of 
the time they reach the factory, and the harvest is planned to keep pace 
with factory operations. As cooler fall weather comes, in most par t s  of the 
country the b e t s  are harvested a s  f a s t  a s  possible and then stored in huge 
piles in thc factory yard until they can be processed. Factory operations in 
cool climates continue for  several weeks af ter  the harvest is completed. 

This air view of a factory storage area shows $3,000,000 worth of sugar 
beets awaiting processing. The pyramid-shaped rows in the background 
are heets tha t  were hauled in by some of the 14,000 railroad cars  utilized 
during the harvest in this particular area. The grooved piles in the fore- 
ground rcpresent a portion of the 100,000 truck loads delivered to this fac- 
tory. Ventilating tubes circulate cool night a i r  through the piles to prevent 
spoilage. I n  the extreme r ight  foreground are  two white piles of limemck 
which will be used for making milk of lime, an  essential ingredient for  the 
sugar-purifying process. The single black pile a t  the extreme right is coal 
for the factory boilers. 

46 
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the beet in liquid form; the resulting juice then is purified, con- 
centrated, and crystallized ;‘and finally the crystals are  separated 
from the remaining liquid. 

Actually, sugar chemistry is infinitely complex, and intricate 
engineering problems are involved. Specific processes include such 
operations as diffusion, precipitation, filtration, evaporation, crys- 
tallization and centrifuging. In fact, most of the important so- 
called “unit processes” of chemical engineering are represented 
in a beet sugar factory. 

While details of methods and equipment vary somewhat 
among factories and in different parts of the country, the follow- 
ing description may be considered to be a general outline of the 
processes that take place in a typical factory. 

Cleaning and Slicing the Beets 
Cleanliness is a watchword throughout a sugar factory, and 

cleanliness begins with clean beets. Most of the bits of earth that 
cling to the beet when it is pulled from the ground are  removed 
before the beets are delivered to the storage area, bins, o r  flumes. 

Water in the flumes, carrying the beets into the factory, 
washes off more dirt and softens what may remain. “Trash catch- 
ers” of various types remove whatever other foreign matter 
may still be mixed with the beets, such as bits of grass or leaves. 
Still the cleaning process is not complete. 

As they enter the final washer, the beets are  subjected t o  a 
high pressure spray of water, then swished around by rotating 
paddles or pulled on a n  endless chain system moving counter to  a 
stream of water. Another high pressure spray rinses the beets as 
they leave the washer. 

The thoroughly cleansed beets are  now ready for the first 
stage of actual processing. They fall through a hopper into re- 
volving knives, which cut the beets into thin strips that look some- 
thing like “shoe-string” potatoes. The slices, which are  V-shaped, 
are known as cossettes, one of the many French terms used in the 
industry. Factory workers call them chips. 

Removing Sugar by Diffusion 
Now comes the process of removing the sugar from the cos- 

settes. This is accomplished by soaking the thin beet strips in hot 
water, in a huge container called a diffuser. This action takes the 
‘sugar from the tiny plant cells and diffuses it through the hot 
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water. Fresh hot water first reaches the cossettes from which the 
most sugar has been taken and then hoves, with its temperature 
carefully controlled, through a series of compartments in a di- 
rection opposite to the movement of the cossettes. A s  it progresses 
through the diffuser, the liquid removes additional fractions of 
the sugar in the chips and finally contains enough sugar to be 
called r 'mu  juice.  

In a typical modern factory the huge diffuser, which weighs 
some three hundred tons, is run by one man who controls the op- 
eration principally by push buttons. 

With their sugar removed, the cossettes now are  called beet 
?mln and are conveyed to the pulp dryer or to the storage place 
for wet pulp. The m ? u  jztice, which has a sugar content of 10 to 
15 per cent but also contains some non-sugar substances, now goes 
to the purification stages. 

Purification of the Juice; Evaporation 
Two main processes are  used in removing the non-sugar sub- 

stances from the juice. First  these substances are  precipitated or 
coagulated. This is followed by a filtering process which removes 
thc non-sugar substances. 

Milk of lime and carbon dioxide gas are used in the precipi- 
tation stage. Both the lime and the gas are made by burning lime- 
rock and coke in a lime kiln. The milk of lime, a suspension of lime 
in water, absorbs or coagulates part  of the non-sugars and makes 
them insoluble; the carbon dioxide in turn makes the lime insol- 
able. When the juice is run through batteries of filter presses, 
then, the lime is filtered out and with i t  go the non-sugars. 

To make doubly sure of removing impurities, the raw juice 
twice goes through this carbonating and filtering process. Now 
known as thin ju ice ,  i t  requires thickening before sugar crystals 
will form readily. 

This is done by running the thin juice through a series of five 
evaporators. Called multiple-effect evaporators, they provide an 
example of one of the many economies that have been effected 
to achieve efficiency of beet sugar production. Because the process 
of extracting sugar requires quantities of both steam and electric 
power, the factory has huge boilers and electric generators. The 
live steam from the boilers is used first to operate the generators. 
Then it is used five times over in the evaporators to concentrate 
the thin juice to a thick juice. Of course the steam loses some of 
its heat in each evaporator. To compensate for this, the pressure 



SPlC AND SPAN FACTORIES 

Mast stages of sugar beet processing take place in closed, gleaming white 
Above  are vacuum “pans”- huge containers in which s w a r  

crystals are formed after purification and evaporation of the sugar- 
containing juices. Crystallization is started in a super-saturated solution 
by “seeding” with pulverized sugar. Crystal growth is controlled by skilled 
technicians. 
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in each succeeding evaporator is decreased ; this enables the liquid 
to boil a t  a lower temperature. 

The concentrated juice coming from the evaporators is called, 
appropriately enough, thick juice. It now has a sugar content of 
50 to 65 per cent - instead of the 10 to 15 per cent it had in  the 
raw juice stage. Further filtering of'the juice plus the addition of 
intermediate and raw sugars produced later in the process yields 
a sparkling, clear liquid known as st(i?zduwZ Ziqzmi. 

i Forming Sugar Crystals 
The next major stage in the processing is to change the sugar 

iii the jiiice from ligiiid to iryata: form. 
Crystallization is achieved by boiling the standard liquor in 

huge tanks called vacuum pans. To prevent burning and carameli- 
zation, the boiling must be done at  a comparatively low tempera- 
ture;  hence a high vacuum is necessary. The standard liquor is 
boiled until it  reaches a state of supersaturation. A sugar solu- 
tion is said to be supersaturated when there is a greater ratio of 
dissolved sugar to water than could normally exist at that tem- 
perature. Then, by injecting a small amount of pulverized sugar, 
the liquid is seeded - and sugar crystals begin to form. 

Control of the crystallization process is a n  art, and the proc- 
ess is conducted by a skilled technician. By regulating the vacuum 
and temperature, by adding more standard liquor when necessary, 
by using steam, he governs the'growth of crystals until they reach 
the proper size. The sugar boiler takes frequent samples from the 
vacuum pans and examines the crystals under a magnifying de- 
vice. The instant the crystals reach the desired size, the operator 
stops the crystallizing process. 

The mass in the vacuum pan now is a thick mixture of crys- 
tals and syrup and although it is brown in color i t  is, strangely 
enough, known as white fiilZmass. 

\ 

Separating Crystals from Syrup 
The next step is spectacular. The fillmass is poured into high- 

speed centrifugal machines. Essentially the centrifugal is a huge 
revolving metal basket, perforated with extremely fine holes and 
surrounded by a stationary outer shell. After the fillmass is 
poured into the basket, the basket whirls at a peripheral speed 
of more than two miles a minute. This action throws the fillmass 
to the sides of the basket, and the brown syrup passes through 
the holes while the white crystals remain inside the basket. As 

I 
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the machine spins, the brown color changes quickly to sparkling 
white. A jet  of hot water sprays on the sugar, and this also passes 
through the perforations of the basket, washing off the last traces 
of the syrup. 

The wet sugar now passes to granulators, where it is dried 
in a current of warm air. Then it is screened to sort crystals ac- 
cording to size and sent to bins or huge silos for later packaging 
or removal for delivery in bulk. 

The syrup that has been separated from the sugar crystals 
and expelled through the holes in the sides of the centrifugal 
basket still contains considerable sugar in liquid form. This syrup 
undergoes two more boilings and centrifugings, during which i t  
yields the intermediate and raw sugars that  are  added back to 
the thick juice for further processing. 

Processing Molasses 
The syrup thrown off by the third centrifuging is called mo- 

lasses. It still contains some sugar in liquid form which cannot 
be economically recovered by additional boiling and centrifuging. 
A method known as the Steffen process, however, is used for re- 
covering more sugar from molasses. 

This process involves adding finely ground lime to a molasses 
solution. The sugar forms an insoluble compound with the lime, 
known as calcium saccharate. This is separated by filtration, thor- 
oughly washed and returned to the sugar-making process, where 
it is mixed with incoming diffusion juice. The lime in the saccha- 
rate serves the same purpose in clarifying the diffusion juice as 
does the milk of lime. 

Processors have also developed a way to extract still more 
sugar from molasses after it has gone through the Steffen process 
-by using barium hydroxide to precipitate additional sugar. 

By-Products of the Sugar Factory 
Since the beginning of the beet sugar industry in Europe, the 

value of beet pulp as a livestock feed has been recognized. Beet 
pulp consists of the cossettes -the sliced beets - after the re- 
coverable sugar has been removed. Pulp and the agricultural uses 
of molasses have been discussed in Chapter Four. 

Molasses also has a variety of industrial uses. It is used exten- 
sively in the fermentation industry, particularly in eastern states, 



TWO MILES A MINUTE 

One of the most spectacular of all bcct sugar factory operations comes near 
the end of the pmccssing, and takes place in a machine c ~ 1 I c d  a centrifugal, 
pictured ahovc. Aftcr tinal purification and evaporation of sugar-containing 
juices, sugar crystals aye formed by controlled boiling. 'I'hc resulting sub- 
stance, called tillmass, contains both white sugar crystals and a brown mo- 
lasses. To separate the crystals from the liquid molasses, the fillmass is 
poured into the large metal basket of the ccntrifugal. Thc basket, which has 
tiny holes in its wall, whirls a t  a speed reaching two miles a minutc or more 
a t  thc outside crlge. This action spins the liqui.1 through the holes, while 
thc evystals are held inside the basket. The obscrvev sees R thick, hrown 
substance enter the basket and seemingly change, in an  iustxnt, to spar- 
kling white sugar  crystals. Many beet sugar  factories now have automatic 
centrifugals. 
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where it is used i n  the manufacture of citric acid, yeast, anti- 
biotics, and other products. 

A product of increasing importance i n  the household and in  
the food industry, monosodium glutamate, also stems from a by- 
product of the beet sugar factory. Concentrated Steffen filtrate, 
once considered a waste product of the Steffen process of extract- 
ing sugar from beet molasses, now is used in the manufacture of 
monosodium glutamate - which intensifies the flavor and in- 
creases the delectability of many foods. This process produces 
further by-products from the beet - potash fertilizer and high 
protein livestock feed. 

A Thousand Laboratory Tests Every Day 
With its multitude of processes, the sugar factory has been 

described as a chemical laboratory. But it has a laboratory of its 
own, too, where chemists and technicians conduct over a thousand 
tests every twenty-four hours to maintain the high quality of the 
factory's principal product- sugar. 

These tests cover a wide range, and include testing the white- 
ness of the sugar, the size of the crystals, and sugar's behavior in 
certain uses, such a s  syrup-making and candy-making. The result 
is an assurance to the consuming public that beet sugar is 99.9+ 
per cent pure sucrose, unsurpassed for any food use. 

Pure Beet Sugar Available in All Forms 
Most of the sugar sold in the United States is in granulated 

form, Crystals are  made in various sizes to meet special needs. 
(Incidentally, size of crystals has no bearing on quality.) Also to 
meet the needs of co~~siimers, grenulated beet sugar is packaged 
i n  many sizes of containers - from quarter-ounce single-service 
packets for restaurant and institutional use to 100-pound bags for 
industrial use. The most popular home sizes are  five-pound and 
ten-pound paper bags and one-pound cartons. 

Many industrial users -such as canners, candy-makers, 
bakers and soft drink bottlers - prefer to receive sugar in bulk 
or in  liquid form. Beet sugar companies meet these requirements 
by shipping both bulk and liquid sugar in specially-lined railroad 
cars and trucks. Devices have even been developed in the beet 
sugar industry for dissolving granulated sugar in water whilo 
t.hc ilry sugar is being iinlo:rtletl I'mm :L t.~wck or r:iilrii:itl car at 
the customer's plant. 
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Liquid beet sugar is always prepared by dissolving pure 
granulated sugar in water. Thus it is sugar that has been carried 
all the way through the final purification process. 

Beet sugar is available in still other forms -cubes, tablets, 
powdered, and brown - to satisfy completely the discriminating 
tastes of Americans for the highest quality product in a variety 
of types. I 

I 

I 



I L L U S T R A T E D  P R O C E S S I N G  S T E P S  - 
I. Sugar  beets arrive a t  the factory without crown and green leaves. 2. In 

beets a re  washed thoroughly. 3. Then, razor-sharp knives slice the beets into 
4. Through diffusion-a process which involves soaking the cossettes in ha t  w 
in liquid form called raw juice. 

(With sugar  removed, the cosscttes a re  called beet pulp. This may be fed to 
ture  may he removed by pressure and heat. Often beet molasses, from a la ter  
ing, is added to the pulp before drying. I n  dried form,  sugar  beet pulp is also a highly desirable lives.oek feed.) 

5. The raw juice leaves the diffuser and goes through various purifying processes. Milk of lim: and  car- 
bon dioxide gas precipitate (solidify) non-sugar substances in the juice. 6. Filtering removes thr solidified 
particles and thus removes ”on-sugars. Carbonating and filtering a r e  repeated. . Crystals 
a re  formed in the thick juice by boiling in huge vacuum “pans” and seeding with pulverized sugar  IO .  Crys- 
tals are separated from the remaining liquid by whirling in high-speed centrifuges. (The liquid -nolasses - 
is used for by-products, including livestock feed.) I I .  Crystals a r e  dried and sorted according to size. 12. The 
pure sugar then is packaged or stored in large bins. Pure beet sugar  is available in many sizes of ,containers, 

and also in bulk and liquid farm. 

7. The purified juice is thickened by evaporating excess moisture. 8. More filtering takes place. 



Chapter Seven 

THE IMPORTANT ROLE 
. ,OF SUGAR IN THE DIET 

Sugar appeals to most people for one simple and obvious 
reason - it tastes good. By itself and in other foods, sugar’s de- 
lightful sweetness has a universal attraction. It makes other foods 
taste better. It counteracts less pleasing flavors of some foods, and 
enhances the naturally pleasant flavor of others. In cookery, sugar 
also improves the appearance of other foods - makes them look 
more appetizing as well as taste better. 

To nutritionists, still further reasons exist for sugar’s im- 
portant place in the diet. The reasons are  found in sugar’s role as 
a highly concentrated e?zey,qj food. 

Classes of Food 
Food researchers have divided foods into various classes ac- 

cording to their chemical composition, and have studied the func- 
tions that each performs in the human body. A well-rounded diet, 
they have found, consists of a n  adequate supply of all the essential 
food classes, which are  proteins, carbohydrates, fats, minerals 
and vitamins - plus water. Each of these supplies certain neces- 
sities for building and maintaining a strong, healthy and ener- 
getic body. 

Proteins are  necessary to build and maintain organ, bone and 
muscle tissue. Carbohydrates are  the most common and versatile 
source of energy. Fats have abundant calories and are sources of 
certain fatty acids and vitamins the body requires. Minerals and 
vitamins in various ways regulate body functions and enable the 
body to utilize its food more efficiently. To be well-balanced nu- 
tritionally, an individual’s diet should contain all these food fac- 
tors in proper proportion. 
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Sugar is a pure carbohydrate, and therefore a concentrated 
energy food. 

How the Body Uses Sugar 

The way in which the body uses sugar demonstrates one of 
the remarkable cycles of nature. 

Beet sugar, like maple and cane sugar, is sucrose - which is 
elassificd as a disaccharide. In the digestion of sugar, the human 
body first converts the disaccharides to the monosaccharides, dex- 
trose and levulose, commonly called simple sugars. These simple 
sugars enter the bloodstream, and may be carried to tissues and 
used immediately for energy. The portion that is not required a t  
once is carried to the body’s “storehouses,” the liver and muscles, 
where the simple sugars are converted to glycogen, or animal 
starch. The liver stores the glycogen until i t  is needed to supply 
energy. Then the glycogen is converted to blood sugar and poured 
back into the bloodstream. The quantity of blood sugar normally 
present in the blood may vary widely among individuals. 

The blood carries the blood sugar to the muscles, which are 
also capable of manufacturing and storing glycogen. When energy 
is required for muscular action, the glycogen supplies it. During 
the expenditure of energy the glycogen in the muscles is broken 
down first to glucose, and finally to carbon dioxide and water. 
The carbon dioxide is carried by the blood to the lungs and then 
exhaled. The water is thrown off by the lungs, by the kidneys, and 
as perspiration of the skin. 

Thus the sugar, which was originally manufactured by grow- 
ing plants from carbon dioxide and water, together with the sun’s 
energy, becomes carbon dioxide and water again when the energy 
is used by the human body. 

The Need for an Energy Food 

Modern scientific research on foods and how the body uses 
them has disproved and still is disproving many false ideas and 
prejudices that formerly were held about sugar and its place in 
the diet. Once sugar was virtually banned from the athlete’s train- 
in8 table. Totlay swimmers and other athletes are  deliberately 
xivcn sugar ihii.iiig i i i i  event to g d s  its quick ciiei’gy. I t .  h;is been 
1u:irncd tliiil. “stiileiicss” C:III iwull: from a d(!liciim!y i l l  h l o ~ l  
sugar, which is used up rapidly during exercise. 



L SUGAR FOR ENERGY AND FLAVOR 

A sugar-containinp. snack (rrbove) heins give youngsters the energy they use 
so rapidly. I n  fact, everyone needs energy foods fa r  wovk or play. Sugar 
provides energy in a form more readily availablc for  human usc than any  
other food. Sugar also enhances the flavor of other foods, a n d  has certain 
preserving qualities. Iket sugar is thc favoritc of thousands of housewives 
for canning and jelly-making ( h e l o w ) .  

I 
I 
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When quick energy is needed for work or play, sugar supplies 
i t  faster than any other food. Physiological chemists say the body 
begins to use sugar within five minutes after it is eaten. 

The value of sugar to the growing child is also coming to be 
recognized more fully. Active children have high energy-food re- 
quirements, and foods high in sugar content are  helpful. 

Sugar need not replace any other essential nutrients in the 
diet. After vitamin, mineral and protein needs are  met, the body 
needs still more energy for its daily tasks and to maintain proper 
weight and vitality. Usually the basic daily requirements for nu- 
trients, other than calories, can be met by foods furnishing less 
than two-thirds of the body's energy needs. Sugar is a means of 
supplying part of this energy deficit, and of combining the sources 
of other nutrients such as vitamins, minerals and proteins into 
delicious foods that add zest, satisfaction and balance to meals. 

Sugar - an Aid to Reducing 
Research of recent years has disproved many of the mistaken 

conceptions formerly held about diets for people who want to re- 
duce weight. It has been learned that the sensible, healthful and 
efect ive  way to reduce weight is to cut d o i m  on the total quantity 
of food and not necessarily cut out any food. 

Some of the most enlightening research on this subject has 
been conducted over a period of years a t  Harvard University in 
projects directed by Fredrick J. Stare, M.D. The role of sugar in 
a reducing diet was described by Dr. Stare and Julia Lyons, M.S., 
also of the Department of Nutrition, Harvard School of Public 
Health, in an article they published in the January, 1956, issue of 
McCall's magazine. They wrote: 

"Sugar is a quick-energy food and pleasant to take. For  cen- 
turies i t  has been used to make other foods more palatable. It does 
not contain any appreciable amount of vitamins and minerals, 
furnishing calories only. But a level teaspoonful has only about 
16''' calories, not enough to make much difference. Even people 
on a severe reducing diet can afford to put a teaspoonful of sugar 
in their tea or coffee three or four times a day. 

"In a three-year study of overweight people made by Har- 
vard's Department of Nutrition, it was found tinat those who gave 
up sugar entirely lost no more weight than people who used sugar. 
Moreover, a small dose of sugar is a quick and effective way of 
raising the blood-sugar level and hence reducing appetite. When 

[*]The official US. standard teaspoon of sugar contains 18 calories. 
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we say to a small child ‘Johnny, put down that cookie - it‘s too 
soon before supper, and you’ll spoil your appetite,’ we’re stating 
a fact. A small amount of almost any food taken shortly before a 
meal will often help dieters stay the hunger pangs and keep them 
from overeating a t  meals. A between-meal nibble can be a help to 
many dieters provided, of course, they reduce the size of their 
meals by the amount taken in the nibble.” 

The article concludes : 
“So if it‘s desirable for you to take off a few pounds-or 

many- the best way to do it is to cut dozun on the total quantity 
of food and not necessarily to cut out any. A balanced diet, in- 
cluding meat, eggs, milk, cereal products, vegetables and fruits - 
none of them in excessive quantity - is the healthiest, best and 
most effective one. And that includes bread, potatoes and sugar 
as well as any other three wholesome foods. They provide nu- 
trients and energy important to body needs, they are not exces- 
sively high in calories, and we find them everywhere in abundance 
and at  low cost.” 

Other Health Factors 

Extensive research has failed to support the popular belief 
that sugar is uniquely responsible for tooth decay. Dental health 
involves many things, including heredity, diet, bony structure of 
the jaws, climate -even the composition of drinking water. A 
reasonable conclusion from research on this subject is that sound 
teeth require a nutritionally well-balanced and well-rounded diet 
that promotes general health, plus, of course, sensible health 
habits, including care and frequent cleansing of the teeth. 

Certain so-called sugar “substitutes” -usually derived from 
coal-tar - are  sometimes promoted for use by the calorie- 
conscious. Federal and many state Food and Drug laws require 
that the manufacturer of any product containing a synthetic 
sweetener warn the purchaser by including this statement on the 
label : “Should be used only by persons who must restrict their in- 
take of ordinary sweets.” The truth is that there really is no genu- 
ine substitute for sugar. 

Sugar in Cookery 

Sugar usually is combined with other foods, and its effect i n  
improving the flavor of foods, making them more appealing to the 
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taste, is well known. Yet sugar - sucrose - has other important 
attributes, in  addition to sweetness, that  make i t  invaluable to 
the housewife in her kitchen. 

Sugar offsets to a certain extent an excess of salty flavor; the 
housewife almost automatically reaches for the sugar when she 
oversalts the soup. Sugar also counteracts an acid flavor, and 
makes the true flavor of fruits, for example, stand out. The addi- 
tion of a small amount of sugar while cooking vegetables empha- 
sizes their “fresh” flavor. 

Another reaction of sugar in most of the processes of sugar 
cookery is called “hydrolysis.” This action, which occurs when 
sugar is heated with water, results in breaking down the single 
sucrose molecule into two molecules of the simple sugars, dextrose 
and levulose. ( I t  will be recalled that this is what happens to su-  
crose during digestion in the human body.) In cookery, “hydroly- 
sis” - or “inversion” - decreases the tendency of sugar to crys- 
tallize from thick syrups or jellies. 

Sugar’s generous solubility in water is also important to the 
’ housewife, particularly the fact that sugar may remain complete- 

ly dissolved i n  varying degrees of saturation - that  is, in solu- 
tions of varying degrees of sweetness. 

Another important quality is sugar’s ability to “caramelize” 
or turn brown. When dry sugar. is heated to :I sufficiently high 
temperature, it melts. As it melts, the color changes, first to yellow 
and then to brown. What happens, chemically, is that the hydro- 
gen and oxygen are  gradually being passed off as water vapor, 
leaving colored substances with the pleasant and distinctive flavor 
we call “caramel.” This browning characteristic of sugar adds 
flavor as well as a pleasing brown color to the crust of baked goods 
which contain sugar. 

Still another use of sugar in cookery is as a preservative. A 
preservative is any substance that retards or stops the growth of 
organisms that spoil food. Sugar performs this action when it is 
present in sufficient concentration. Microorganisms such as cer- 
tain bacteria and yeast require water in order to grow. Sugar 
stops this growth by drawing the water from their cells by a 
process called os~no,szs. 

All these valuable qualities of sugar in cookery apply equal- 
ly to all sugar - sucrose - no matter from which plant the su- 
crose is extracted. 

Thus we see that sugar plays :in important role in the diet 
for many reasons. One of course is the natural appeal of sugar’s 
delicious flavor. Sugar is an essential ingredient of many food 



itself - in a form that the body readily and quickly converts to 

globe regard ' a  dependable sugar supply as essential to their 
1 human energy. Small wonder it is, then, that  nations over the 



Chapter Eight 

THE SUGAR ACT 
AND HOW IT WORKS 

World-Wide Conhols 
Sugar supplies and markets are  of deep concern to nations 

throughout the world. This fact has led to widespread national 
and international controls. The law that  regulates sugar produc- 
tion and marketing in the United States - the Sugar Act - 
should be considered against this background of nearly universal 
governmental and inter-governmental supervision of the sugar 
trade. 

National sugar legisl&tion, in effect in virtually every coun- 
try on the globe, takes various forms, depending upon the needs 
and interests of the nation involved. Importing nations seek to 
assure a sugar supply in time of crisis, usually by encouraging at 
least some domestic sugar production and making special ar- 
rangements for additional supplies from nations that export. Ex- 
porting nations, particularly those whose economies depend pri- 
marily upon sugar production, seek to obtain assured markets for 
their sugar. Methods and machinery to attain these aims vary 
widely. 

For example, United Kingdom sugar regulations involve a 
Commonwealth Agreement which fixes prices on part  of the sug- 
ar brought t o  the U.K. from members of the British Common- 
wealth of Nations; a protective program of price-fixing on 
domestically-produced sugar; tariffs;  and a government-industry 
understanding regarding prices to consumers. 

Among other things, the French system includes import li- 
censing, tariffs, fixed prices to producers, a ceiling on the price to 
consumers, an export subsidy, a 12 per cent tax on the wholesale 
price of sugar, and a 10 per cent social security tax on sugar beets. 
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provitlc income for the new Republic, and at the start  accounted 
for about 20 per cent of all import duties. 

Initially intended solely as a revenue-producing measure, the 
tariff became primarily a protective device as sugar-producing 
areas became part of or closely associated with our growing na- 
tion. The cane growers of Louisiana were the first to receive this 
protection, when the Louisiana Territory was purchased from 
France in 1803. Later, i n  1876, the Kingdom of Hawaii was given 
tariff protection 011 the American market by a reciprocal trade 
treaty which permitted Hawaiian sugar to enter the United States 
duty-free. When the United States beet sugar industry came into 
existence with the first success in Californie in 1879, beet sugar 
automatically received the protection of the tariff already in ef- 
fect. 

The sugar tariff, with varying rates, remained in force with- 
out interruption from its enactment in 1789 until  1890. In the 
latter year the United States Treasury found itself in the for- 
tunate position of having a surplus, and Congress reduced the 
tariff on refined sugar from 3lh cents a pound to cent a pound, 
and completely repealed the raw sugar tariff, which then was 2% 
cents a pound. 

To ease the severe jolt this action mould have given the do- 
mestic sugar industry, Congress provided for payment of a boun- 
ty of 2 cents on each pound of domestically-produced sugar. Re- 
pea! of the tariff of course removed the preferential position of 
Hawaiian sugar, and a bounty could not logically be paid to its 
producers because the Islands then mere not a United States 
Territory. As a result, the price of Hawaiian sugar fell sharply, 
causing economic disturbances and general unrest which led to 
the fall of Queen Liliuokalani’s monarchy in 1893 and establish- 
ment of the Republic of Hawaii in the following year. 

Congress in 1894 abolished the bounty for American pro- 
ducers and enacted another sugar tariff - again exempting Ha- 
waiian sugar from the duty. The tariff, a t  various rates, was our 
sole implement of national sugar policy from 1894 to 1934. 

Events of 1894 to 1934 

Certain events occurred early in this forty-year period that 
appreciably widened America’s sphere of influence and responsi- 
bility in the world and created changes in  our sources of sugar 
supply tha t  still affect America’s sugar situation today. ~ 
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, In some countries, all imports are  handled by the government 
itself rather than by private individuals or firms. 

In Cuba, the world‘s largest sugar exporter, the Cuban Sugar 
Stabilization Institute, composed of both government and sugar 
trade representatives, exercises rigid control over production and 
marketing. Among various devices used in the Cuban system are  
price pooling, a production tax, a tariff, and a n  export tax that is 
reduced for sugar cargoes leaving the country in Cuban-owned 
vessels. 

The United States sugar program establishes marketing 
quotas for the various domestic producing areas as well as import 
quotas. A sizable portion of the annual American sugar market 
is reserved f o r  foreign countries, particularly for Cuba. A unique 
part of the United States program is a tax and conditional pay- 
ment system for enforcing various restrictions and controls on 
the domestic industry. The tariff now plays only a minor part in 
the American system. 

About one-third of total world sugar production enters the 
channels of international trade. More than one-half of this 
amount is regulated by various preferential arrangements be- 
tween specific exporting and importing nations. The so-called 
“world free market” is  a residual one, made up of less than one- 
half the total sugar moving in international trade. Most of the 
sugar supplies for the “world free market“ come from exporting 
countries that  participate in the International Sugar Agreement, 
In the fall of 1958 a new International Sugar Agreement was ne- 
gotiated, effective in 1959, with participation indicated by all 
countries that regularly export sugar to the world market. 

Obviously sugar is one of the most regulated commodities in 
the world - and all over the world. Recognition of this fact is es- 
sential for understanding why the United States, also, has a com- 
prehensive sugar program. Understanding of the American pro- 
gram will be aided further by consideration of our own sugar 
laws that preceded the present program, and the events that led 
to first adopting its principles in 1934. 

I 

i 
Early American Laws Concerning Sugar 

,For 145 years before the principles of the present program 
evolved in legislative form, Congress had enacted other laws af- 
fecting sugar. One of the first bills passed by the first Congress in 
the first administration of George Washington concerned sugar. 
It was a raw sugar tariff of 1 cent a pound, enacted in 1789 to help 
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The first occurred i n  1898. The Republic of Hawaii was an- 
nexed to the United States as the Territory of Hawaii, and thus 
became classified as a domestic rather than foreign sugar pro- 
ducing area. The Spanish-American War of 1898 brought two 
other heavy sugar producers - Puerto Rico and the Philippine 
Islands -into the “domestic area” category as possessions of the 
United States. Puerto Rican sugar was admitted without duty, 
beginning in 1901. Duty on Philippine sugar was reduced gradu- 
ally until by 1913 the duty was eliminated. (Philippine sugar was 
to remain duty-free until after the Philippines were given their 
independence following World War 11. The Philippine Trade 
Agreement Revision Act of 1955 provided for gradual reinstitu- 
tion of duty, beginning in 1956.) 

The Spanish-American War gave Cuba her independence. 
Under the 1902 Convention of Commercial Reciprocity, the duty 
on United States imports from the new Republic of Cuba, includ- 
ing sugar, was automatically placed a t  20 per cent under the full 
duty rate in return for a similar duty preference on Cuban im- 
ports from the United States. This duty preference spurred sugar 
production in the new republic and in the next ten years, largely 
with the aid of American investors, the output of Cuban sugar 
more than doubled. By 1913 virtually a11 other foreign sugar had 
been pushed out of the American market. 

For the sugar trade generally throughout the world, the peri- 
od from 1894 to 1934 was largely a series of ups and downs. A 
publication of the United States Department of Agriculture, The 
United States Sugar P ~ o g r a m ,  describes that era in these words : 
“The history of the sugar industry during that period is a se- 
quence of stable earnings, wild prosperity, severe but short-lived 
depression, temporary recovery, and prolonged depression in that 
order.” 

For the sugar consumer i t  was also a period of chaotic con- 
ditions - ranging from times when more sugar was available 
than possibly could be consumed and prices were extremely low, 
to times when sugar was among the scarcest of commodities and 
prices skyrocketed to heights beyond reason. These conditions of 
feast and famine worked hardships upon the housewife and also 
upon the industrial user, who didn’t know whether to stock his 
warehouses to be sure of a supply and to protect against a sudden 
price rise - or to keep inventories low to avoid a quick and dras- 
tic decline in inventory value. 

A marketing situation arose in the United States in 1920 
which dramatically illustrates the uncertainties of the period. For 

. 
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a time that year, foreign sugar interests, principally Cuban, had 
control of the market, and retail prices shot up to 27 cents a 
pound - higher than at any time since the Civil War period. 
Prices plummeted by the end of the year, causing almost as much 
hardship for some consumers as the sharp rise had caused. This 
fluctuation was particularly disturbing to industrial sugar users. 
They had been obliged to buy at high prices to maintain the out- 
put of their sugar-containing products, and now they found their 
inventories suddenly and disastrously devalued. 

The sugar business, both foreign and domestic, seemed to re- 
cover for a while after that  wild year of 1920, and then entered 
a long period of difficulties. A rising tide of nationalism in Europe 
was one of the influences that spurred production there. Else- 
where in the world, also, production expanded and exceeded ef- 
fective demand. The severe business depression that gripped the 
world in the late 1920's and early 1930's aggravated existing diffi- 
culties in the sugar business. Both the Cuban industry - more 
than half of it then owned by American capital-and the do- 
mestic industry were in serious trouble. 

Efforts were made to remedy the situation by further in- 
creases in the tariff. In  1930 the duty rate was raised to 2 cents a 
pound on Cuban sugar and 2$$ cents on other foreign sugar. Un- 
der the circumstances prevailing at that time, the higher tariff 
rates proved to be of only short-term benefit to domestic produc- 
ers. By 1933 they were in desperate financial straits, a s  were 
Cuban producers. The Cuban industry, after paying shipping 
costs, was receiving only $$ cent a pound for  raw sugar sold in 
New York. 

In a letter to the President, in April of 1933, the United 
States Tariff Commission pointed out that  something in addition 
to a tariff was needed, and suggested that a marketing quota sys- 
tem be developed. The letter made repeated references to Cuba 
and offered the opinion that a quota system would permit a reduc- 
tion in the tariff which would be beneficial to the Cuban economy. 

' 

Purposes of the Sugar Act 
To find a new approach to the sugar problem, the executive 

and legislative branches of the government. held many consul- 
tations with sugar producers, processors and consumers - with 
groups concerned with all phases of the sugar trade. Finally, 
the new approach was evolved and embodied in the Joues- 
Costigan Act, which the President signed on May 9, 1934. Al- 
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though this legislation did not officially bear the name, Sugar Act, 
until it was amended in 1937, the law passed in 1934 was in reali- 
ty the first comprehensive US. Sugar Act, and its fundamental 
principles and techniques are still part of the law now in effect. 

The Act had these principal purposes: 
1. To assure American consumers an adequate supply 

2. To encourage foreign trade. 
3. To provide a healthy economic climate for a competi- 

These fundamental purposes have not changed, although the 

of sugar at reasonable prices. 

tive domestic sugar industry. 

Act has been re-enacted and amended several times. 

I Estimate of Annual Sugar Requirements 

The methods of achieving these aims also have remained the 
same through various amendments to the Act. 

The basis of the entire program- the foundation upon 
which the other parts of the program rest - is a n  estimate of 
our annual sugar needs made by the Secretary of Agriculture. Of- 
ficially, this is called the determination of sugar requirements of 
consumers. 

On the size of this estimate depends the total of all marketing 
quotas which the law assigns, according to a definite formula, to 
the various foreign countries and domestic producing areas that 
sell sugar on the American market. For domestic areas the quotas, 
i n  turn, a re  allotted to individual sugar companies when neces- 
sary to assure orderly marketing. The size of the domestic quotas 
is a determining factor in establishing the number of acres of 
sugar beets and sugar cane that may be planted in any particular 
year. All these factors are  governed by the size of the estimate of 
consumers’ requirements. 

Recognizing the importance of the estimate to the whole sug- 
a r  program, the law specifically names the factors the Secretary 
must consider in arriving a t  his determination. Each December 
he makes his first estimate for the following year, and as a start- 
ing base for his calculations he must use the amount of sugar that 
entered the channels of trade in the United States for the year 
ending the preceding October 31. 

He is then required to adjust this figure by taking into con- 
sideration any variations from normal inventories, changes in 
consumption likely to take place because of changes in population 
and demand conditions, and the level and trend of consumer pur- 

I 

I 
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chasing power. In addition he must consider the relationship be- 
tween the sugar price he expects to prevail, and the general cost 
of living in the United States - as compared with the relation- 
ship between the price of sugar and the cost of living from 1947 
to 1949. 

A s  a matter of practice, the Secretary holds a public hearing 
in the fall of each year to obtain the views of interested parties as 
to how these various factors should be applied and weighed in  the 
light of current circumstances. 

‘The Secretary’s objective in all these considerations is to 
arrive at a figure which will result in providing a supply of sugar 
that will be consumed at prices reasonable to consumers and fair  
to producers. As the law states it, the Secretary’s estimate of 
consumption requirements “shall be made so as to protect the wel- 
fare  of consumers and of those engaged in the domestic sugar in- 
dustry.” 

Although he makes his initial estimate for any year during 
December of the year before, he may and usually does change the 
estimate any time during the year he feels a change up or down 
will help achieve the purposes of the Sugar Act. The Secretary 
does not have the power to fix sugar prices, but because his esti- 
mate of consumption requirements fixes the available supply of 
sugar, his action does of course influence prices. The flexibility 
which the Secretary has in establishing and modifying the esti- 
mate of consumption requirements ordinarily makes it possible 
to stabilize sugar prices, especially raw sugar prices, within a 
rather narrow range. Should prices appear to be getting out of 
this range or likely to do so, the Secretary may adjust the esti- 
mate in order to get the price effect of larger or smaller supplies. 

Marketing Quotas 
Once the amount of sugar consumers will need in a year is 

determined, the next step is to determine who is going to provide 
it. This is done by a system of marketing quotas, which.allocate 
the total needs among the various foreign countries and domestic 
areas from which we obtain sugar. The pattern of the quotas is 
established by Congress, and the Secretary must follow the for- 
mula set forth in the law when he calculates the quotas. 

When the first Act was passed in 1934, the quota pattern 
followed the general pattern of actual marketing for the immedi- 
ately preceding years. About 55 per cent of the total was allocated 
to domestic areas, and about 45 per cent was reserved for foreign 
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countries. The exact pattern for specific areas has varied with 
different amendments of the Act. Amendments effective in 1948, 
for example, tied domestic areas to fixed quotas while annual in- 
creases in the market were given to foreign countries, principally 
Cuba. Amendments passed in 1956 permitted domestic areas to 
market 55 per cent of subsequent increases in the market. 

The beet sugar producing area in 1958 had a quota amount- 
ing to nearly one-fourth of total US. consumption - which was 
equal to about 40 per cent of the total basic quotas of all the 
domestic producing areas. 

Marketing Allotments 
The next phase of the program is the marketing allotment, 

which breaks down the quota of a domestic area among the vari- 
ous sugar companies in the area. The Secretary allots the quota 
among the companies in an area when this appears necessary for 
assuring an orderly and adequate flow of sugar or for giving the 
individual companies an equitable opportunity to market their 
sugar. In practice, marketing allotments are  made whenever the 
supply of sugar available for marketing by an area seems likely 
to exceed the quota by a substantial amount. 

A marketing allotment does not guarantee that a company 
can sell a given amount of sugar. I t  merely places a ceiling on the 
amount the company is permitted to sell in a year. Each company 
still has to compete with others, and competition in the sugar busi- 
ness is keen. 

If a company markets more sugar than is permitted by a n  al- 
lotment, it is subject to a fine equal to three times the market 
value of the excess sugar marketed. 

Proportionate Shares (Acreage Allotments) 
The next step in implementing the sugar program is the set- 

ting of acreage allotments for the production of sugar beets and 
sugar cane. I n  the sugar program, the acreage allotments are 
known as proportionate shares. The purpose of acreage allotments 
is to regulate production of sugar beets and sugar cane so each 
domestic area will have enough sugar to fill its quota and to main- 
tain a normal carryover, but not so much that burdensome excess 
supp!ies will be produced. 

First a national sugar beet acreage figure is set. This is brok- 
en down to state figures, and the state share in turn is apportioned 
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among individual farms. In working out the proportionate share 
for an individual farm, the Secretary considers the farm’s his- 
tory of growing the crop, and its ability to produce. Interests of 
small farmers, new producers, and tenants are  considered. 

Conditional Payments and the Excise Tax 
Now we come to perhaps the most complicated parts of the 

sugar program - the conditional payments and the excise tax. 
These two things are tied together so closely they should be con- 
sidered as one subject. 

I t  has been pointed out tha t  a sugar processing company is 
subject to a heavy penalty if it does not abide by restrictions im- 
posed on it by the sugar program. The conditional payment and 
excise tax provisions of the law are the tools provided for enforc- 
ing compliance with the restrictions the program imposes upon 
the farmer. The payment and tax also help achieve a fair  division 
of the sugar dollar among processor, farmer, and farm worker. 

The case of an individual sugar beet farmer will illustrate 
how this part of the program operates. 

The farmer considers the payment as part of the price he ex- 
pects to receive for his sugar beets. He knows that to qualify for 
his conditional payment, he must fulfill certain restrictive require- 
ments of the Sugar Act. He may market sugar beets from no more 
than his allotted acres. He must pay his field workers a t  least the 
minimum wages prescribed by the Secretary of Agriculture. He 
must not employ child labor. 

The farmer knows that if he fails to observe any of these re- 
strictions he will not receive his conditional payment and there- 
fore he will not receive the full price he anticipated for his beet 
crop. This has proved to be a decidedly effective way of enforcing 
the restrictions imposed upon the  farmer by the Sugar Act. 

An excise tax of just  over a half cent a pound on refined sug- 
ar -collected from beet sugar processors, cane sugar refiners, 
and importers of refined sugar - provides the United States 
Treasury with more than sufficient funds for making conditional 
payments. To show how the excise tax serves as part  of the com- 
pliance machinery, the traditional sugar beet contract between 
grower and processor must be mentioned. 

Since the late 1920’s, several years before the Sugar Act was 
passed, the typical contract has provided for a sharing - be- 
tween grower and processor - of the net return from the sale of 
sugar. The final return to the grower for his beets has depended 
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upon the processor’s net return from the sale of sugar. The Sugar 
Act has not disturbed this contractual arrangement, but of course 
in order to calculate the net return the tax must be deducted from 
the price the processor receives for sugar. 

Thus, by means of the excise tax, the government collects 
part  of the price of sugar which the farmer and processor would 
share under existing contracts if the tax did not exist. The gov- 
ernment withholds the conditional payment until the farmer gives 
evidence that he has complied with all the conditions necessary 
to qualify for his payment. 

Under the terms of existing contracts, both processor and 
grower, therefore, contribute in effect to the “payment fund.” 
Payments are  on a sliding scale, from 8/10 to 3/10 cent per 
pound of sugar produced from the farmer’s crop. Larger pay- 
ments per unit go to the smaller producer, and the larger pro- 
ducer may receive a payment actually smaller than his contri- 
bution through the tax. In order to qualify for his payment, the 
farmer must, among other things, pay a t  least prescribed mini- 
mum wages to his employees. Thus - in addition to its effect as 
an enforcement tool -the tax-conditional payment phase of the 
Sugar Act helps to achieve a distribution of the sugar dollar fa- 
vorable to the family-size farm operator and to farm field workers. 

Some Results of the United States Sugar Program 
The sugar program has won high praise from many quarters. 

For example, as reported in the Congressional Record of July 19, 
1956, Congressman Harold D. Cooley of North Carolina, said: 

“The Sugar Act is  one of the most successful of our farm pro- 
grams, in terms of benefits to producers and dependable supplies 
at stabilized prices for consumers.” 

Mr. Cooley, chairman of the Agricultural Committee of the 
House of Representatives, pointed out that America consumes 
more than one-fifth of total world production of sugar, and that 
sugar consumption in this country continues to increase. He add- 
ed: 

“This is because the Sugar Act mantains a fair  price to house- 
wives, while giving a fair  return to producers.” 

Certainly it is unique in that it has resulted in a sizable net gain 
to the United States Treasury. By 1958, collections of excise taxes 
under the program had exceeded conditional payments to grow- 
ers and all costs of administering the program by more than 
$350,000,000. 
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The program has assured consumers of adequate supplies at 
reasonable prices. The uncertainties of supply that marked the 
sugar trade for many years have disappeared. One reason far  this 
is the wide geographic dispersion of the several areas supplying 
the domestic market under the sugar program. This greatly mini- 
mizes the possibility that adverse weather conditions, or political, 
economic or military factors in any one area might result in a 
shortage of supplies for United States consumers. 

Although prices under the program have not been rigid, the 
range of fluctuation has been much narrower than before. Aver- 
age sugar prices have resisted upward pressures of prices and 
wages to a much greater degree than have average prices of all 
foods. For  example, between 1934 and 1958, sugar prices rose one- 
fourth less than the average prices of all foods, and only one-third 
as much as per capita disposable income. 

The sugar program permitted reduction of the tariff on 
Cuban sugar from 2 cents a pound in 1934 to Yl cent a pound 
since 1948, and corresponding decreases (from 2% cents to g; 
cent) on sugar from other foreign countries. By guaranteeing a 
huge portion of our domestic sugar market for forcign producers, 
the program obviously has provided foreign purchasing power 
conducive to maintaining a large export trade. 

The program’s stabilizing effect on the domestic sugar indus- 
try has not lessened competition. This is evidenced by the steadily 
increasing efficiency of the sugar beet industry noted in earlier 
chapters. Good management and efficient operation still are  prime 
requisites for success in the American sugar industry. 



Chapter Nine 

SUMMARY AND CONCLUSION 

This, then, is the Beet Sugar Story. It is in  reality the story 
of many things. 

Of energy, for example. The energy of the sun, falling on the 
green leaf of a growing plant, sparks the remarkable process of 
nature which combines elements in the air and water to form 
sugar-which in turn provides energy for man. “Solar hat- 
teries” of nature-the broad, green leaves of the sugar beet 
plant - thus provide the beginning of the tale and yet in this be- 
ginning is a fascinating chronicle by itself. 

Agriculture provides several more chapters of the saga. The 
deeply-rooted sugar beet plant fills a vital place in the farming 
pattern of twenty-two states. As a most dependable rotation crop, 
the sugar beet encourages sound farming and soil-maintaining 
practices in large areas of our country. The by-products - beet 
tops, pulp and molasses -are the means for feeding thousands of 
livestock which not only add to farm income and permit a well- 
rounded farming operation but also further enrich the soil. 

The benefits of the sugar beet reach f a r  beyond the farm. A 
reasonably sure crop, the beet gives a stability to farming which 
in turn spreads to businesses in scores of communities in the pro- 
ducing areas. Better business, schools, homes, churches, roads - 
these are some of the community assets traceable directly to the 
beet sugar industry. The decentralized nature of the industry - 
spread, as it is, from the Great Lakes to the Pacific Coast- 
brings these benefits to hundreds of thousands of people. 

But quite aside from the economic importance of the intlns- 
try, still another facet of this story, which could become a book i n  
itself, is thc importance of the industry to the very life of our 
naticn. 

Congrcss has repeatedly pointed out that  for reasons of na- 
tional defense a substantial supply of our sugar requirements 
should be produced in our  own country. In  reporting on amend- 
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BENEFITS OF INDUSTRY SPREAD 

No other major crop produces so much revenue per acre for railroads 
( a h o v c )  and other transportation businesses as does the sugar beet. Many 
men are kept on the job in quarries and mines obtaining the limerock, coal 
and coke ( h e l o w )  used in large quantities by beet sugar factories. Similarly, 
economic benefits of factories and sugar beet production spread to  many 
other lines of business. 
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ments to sugar legislation in 1956, for example, committees of 
both the Senate and the House of Representatives made this state- 
ment: 

”For many years it has been the policy of the United 
States government for defense and strategic reasons to pre- 
serve within the United States the ability to produce a por- 
tion of our sugar requirements. This has been done because 
sugar is a n  essential and vital food product needed by Ameri- 
can consumers, the supply of which on a world-wide scale 
has been marked by periods of alternating scarcity and sur- 
plus.” 

Only the sugar produced in the United States is free from for- 
eign influence and control. Although in the past foreigu sugar- 
producing regions have been generally reliable, the situation 
could change at any time and there never can be assurance that 
it will not change. Also it is probable, because of the element of 
competition, that substantial domestic sugar production encour- 
ages reliability of supplies from foreign sugar areas. 

Not only does this nation need a substantial domestic sugar 
industry, but for reasons of national security a substantial por- 
tion of that industry should be in the continental United States. 
Shipping is always at a premium during a war. The use of vessels 
to bring sugar to our shores reduces the number of ships avail- 
able for importing other vital supplies and for transporting wea- 
pons and men to battlefields abroad. The sea-lanes are  always 
open to attack, and with the development of atomic-powered sub- 
marines and atomic missiles i t  is possible that any future attacks 
on sonrces and shipments of sugar may be even more severe and 
disastrous than they have been during previous wars. 

In  the early part  of World War 11, when the submarine men- 
ace on the East Coast of the United States was a t  its height, it  
w a s  impossible f0r.a time to bring sugar from Puerto Rico or even 
across the narrow, 90-mile strait from Cuba to Florida. During a 
three-month period when this situation existed, 40 per cent of all 
the sugar consumed in the United States was beet sugar. It was 
regularly being distributed in eastern states f a r  out of beet sugar’s 
normal peacetime sales area. In fact, during a three-month peri- 
od of 1943, 20 per cent of all the sugar distributed in New York 
state was beet sugar. Availability of beet sugar, produced in the 
continental United States, was vital during World War 11; no one 
can predict how much more indispensable it may be i n  the future, 
i n  this atomic age. 
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I THE BEET SUGAR STOKY 

Perhaps during peacetime w e  too often overlook the impor- 
I 
I 

I t  is inexpensive. The average American factory worker 1 

I 
7 tance of beet sugar and of the industry that produces it. We are 

inclined to take sugar for granted. 

needs to be on his job only a few seconds more than three minutes 
to earn enough to buy a pound of sugar. In England, the average 
factory worker has to be on his job for ten minutes; in France, 
nineteen; in Italy, nearly thirty-eight; in Russia, 147 minutes or 
nearly twn and one-half hours. Yes. sugar in America costs little 
-in money and in time - so we accept its availability as a mat- 
ter of course. 

We like sugar's pleasant flavor - by itself and in other foods. 
It tastes good. The good cook knows it improves the texture and  
enhances the appearance of other foods -as well as imparting an 
appealing taste. It is a food preservative. The dietitian recognizes 
all these things and knows also that it is a highly concentrated en- 
ergy food; and more quickly than any other food i t  makes this 
energy available for human use - to move muscles, to walk, to 
run ,  to think. 

And so the Beet Sugar Story is a story of many things -of 
agriculture, of community life, of scientific advancements, of na- 
tional defense - of plant, man and machine - and above all ,  of 
a product that  mak& available for mankind the energy of the sini 
in a most pleasing and delightful form. 



SUGAR BEET QUEEN 

This lovely miss was  chosen to reign over festivities held to celebrate the  
sugar beet harvest  in one important producing area. Many communities 
annually hold celebrations to honor the sugar beet’s importance to their  local 
economies. By providing a dependable source of film income, the sugar  beet 
makes a steady market  for hundreds of pioducts of American industry and 
thus its bencticial etfects a r e  also felt far from the producing areas. 
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A P P E N D I X  

TABLE 1.- BEET SUGAR FACTORIES IN UNITED STATES IX 
1958 BY STATES 

Sintc 

California 

Colorado 

'Idaho 

Iowa 

Michigan 

Minnesota 

Montana 

Nebraska 

Ohio 

Oregon 

South Dakota 

Utah 

Washington 

Wisconsin 

Wyoming 

Total 

Number of 
Facfor ies  

10 

1.5 

5 

1 

ti 

4 

4 

5 

3 

1 

1 

5 

2 

1 

3 - 

GF 

Daily Capaci ty  
(Tons of Beets) 

27,500 

2!),400 

14,850 

1,800 

9,400 

10,900 

8,900 

9,400 

3,550 

4,050 

1,800 

8,100 

G,900 

1,100 

5,700 - 
143.350 

Source: United States Beet Sugar Association compilation. 
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TABLE 3. -SUGAR BEE'I'S: ACREAGE PLANTED ANI) HARVESTED, 
YIEIJ) I'EK ACRE AND I'I<ODUCTION HY STATES 

A o e n g e  Planted Acreage Hnvvesfed 

Calif.' 
Calo. 
Idaho 
Kans. 
Mich. 
Minn. 
Mont. 
Nebr. 
N. Dak. 
Ohio 
Oreg. 
S. Dak. 
Utah 
Wash. 
Wis. 
WYO. 

151 225 168 179 202 
142 151 123 131 140 
79 93 80 81 91 
7 7 7 7 9  

81 71 64 70 74 
49 76 66 67 75 
65 5ti 51 52 58 
59 68 56 50 62 
24 38 35 35 30 
22 18 I!) 19 23 

6 7 K G 5  
20 19 18 18 19 

35 36 30 20 .3i 
I9 36 31 ' 31 34 
13 14 G 7 8 
35 40 34 3S 38 

Other 
States 7 6 5 6 6  

U.S. 814 964 798 831 916 
_ _ _ - -  

Yic fd  Per  Hawostcd Awe 

Averngr 
State J D 4 4 - b S  1854 I855 I866 1857  

(Tons)  
Calif.:' 
Colo. 
Idaho 
Kans. 
Mieh. 
Minn. 
Mont. 
Nebr. 
N. Dak. 
Ohio 
Oreg. 
S. Dak. 
Utah 
Wash. 
Wis. 
WYO. 
Other 

11.8 14.8 1G.2 15.1 16.3 States 
U S .  14.1 16.1 16.5 16.6 17.7 

- _ - _ -  

Aualngc 
1844-56 1954  19.55 18.56 

(Thousand Acves)  

141 
131 
70 

6 
68 
45 

s4 
22 
18 
18 

5 
32 
18 
11 
32 

6 

736 

6n 

- 

218 
115 
89 

6 
64 
73 
54 
60 
37 
15 
18 
6 

33 
34 
11 
36 

5 

876 
- 

163 
102 

77 
6 

60 
64 
so 
46 
34 
18 
17 
S 

20 
28 
R 

zn 
5 

740 
- 

171  
121 
75 

7 
63 
R5 
51 
56 
35 
16 
17 

5 
27 
30 
6 

34 

5 

784 
- 

1857 

196 
13ti 
88 

9 
70 
ski 
57 
60 
37 
22 
19 
5 

29 
34 
8 

37 

6 

878 
- 

Auexigc ' 
1844-53 1954 195.5 1956 1957 

(Thoi<mnd Ton*) 
2.554 
1.897 
1,201 

57 
fi33 
447 
109 
(i99 
223 
183 
346 

4!1 
467 
375 

411 
in8 

4.632 
1,654 
1,569 

F2 
771 
819 
683 
786 
418 
247 
38!1 

15 
535 
761 
135 
475 

3,465 
1,621 
1,433 

nli 
885 
771 
724 
665 
398 
27!1 
:381 
64 

437 
553 

57 
421 

3.600 
1,893 
1.549 

106 
G96 
772 
754 
848 
397 
1911 
428 

65 
462 
701 

65 
473 

4.208 
2.390 
1,777 

140 
907 
840 
801 
895 
477 
289 
462 

63 
470 
846 

78 
559 

13 71 78 80 9G 

10,431 14,082 12,228 12,993 15,497 
----- 

*Relates to year of harvest, including acreage planted in preceding fall. 

Source: Compiled by United States Beet Sugar Association from United States Depart- 
incnt of Agriculture reports. 
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CHART A - WHOLESALE SUGAR PRICES ANI) I'EIl CAPITA 
DISPOSABLE INCOME IN THE UNITED STATES, 1910-1958 

Income 
% of 

1935-39 

'SO '45 

LIP58 January to September. 
!Annual rate for second q u a r t o r  1958. 

partment of Agriculture. 
Source: Sirgar Reports 18 (Oet., 1958), Figure F,  p. 20. United States De- 
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FOR AD1)ITIONAL READING 

General 
Cottrell, R. H. (ed.). Beet S ~ g a v  Economics. Caldwell, Idaho: The Caxton 

Printers, Ltd., 1952. 379 pp. ( A  comprehensive hook an the industry, 
with emphasis an economics of sugar  beet produetion and processlnp.) 

McCinnis, R. A. (ed.) ,  Beet-Sugar Toehnology. New Yorki Remhold Publish- 
ing Corporation, 1951. 574 pp. (Another comprehenslve book, wlth par- 
ticular emphasis on technology of growing and processing sugar  beets.) 

Maynard, E. J. Beets & Meat. Denver: Through the Leaves Press. 1950. 
102 pp. ( A  practical manual f o r  fattening cattle and sheep with sugar  
beet by-products.) 

Sugar Information, Inc. Sugar. New York: Sugar  Information, Inc., e. 1950. 
36 pp. (An illustrated story of the production and processing of sugar.) . Snger - lis Type8 and Uses.  New York: Sugar  Information, 
Inc., 1954 (third edition). 32 pp. (Authoritative discussion of sugar  and 
competitive products; of special interest to industrial users of sugar.) 

. Sugar as a Food. New York: Sugar  Information, Inc., 1955. 32 
pp. (Documented report on research studies involving food, nutrition, 
diet and health, and their relation to sugar.) 

Sugar Research Foundation, Inc. The Sugnv Molecule. New York: Sugar  
Research Foundation, Inc. Periodical. (Contains timely articles by au- 
thorities on sugar  and its uses.) 

Taylor, Fred G .  A Saga  of Sugar. Sal t  Lake City: Utah-Idaho Sugar  Cam- 
pany, Deseret News Press, 1944. 234 pp. (Well-told and well-documented 
story of the beet sugar industry in the Rocky Mountain West, with em- 
phasis on the dramatic endeavors of the Mormons in Utah.) 

United States Beet Sugar  Association. American Beet Siigar Companies. 
1957-1958. Washington, D.C.: United States Beet Sugar  Association, 
1958. 16 pp. (Directory of beet sugar  companies in the United States 
and Canada; published annually.) 

Unitcd St4tcs Dcpnrtmcnt of Agriculture. The United States Sugar Pro- 
gram. Agr iea l twa l  Infownntion Bulletin No. 111. Washington, D.C.: 
United States Government Printing Office, 1953. 34 pp. (Describes back- 
ground and operations of the Sugar  Act, with particular reference to 
the Sugar  Act of 1948. a s  amended in 1951.) 

Western Beet Sugar  Producers, Inc. The Umted States Beet Sugar Industry. 
San Francisco: Western Beet Sugar  Producers. Inc., 1956. 16 pp. 
(Pamphlet describing briefly the history of the industry and its place 
in the American economy.) 

Technical 
American Society of Sugar  Beet Technologists. Journal. Fort Collins, Colo.: 

The American Society of Sugar  Beet Technologists, Published quarterly. 
(Technical papers on wide variety of subjects concerning al l  phases of 
sugar beet plant breeding, growing, and processing.) 

. Proceedings. For t  Collins, Colo.: The American Society of Sugar  
Beet Technologists. Published biennially from 1940 through 1954. Has 
been succeeded by the .Iozwnal, above. (Technical papers presented at 
the biennial meetings of the Society.) 

Statistical 
United States Department of Agriculture. Sxgav Statistics. 2 vols. Washing- 

ton, D.C.: United States Government Printing Office, Vol. I 1957 ( rev.) ,  
Vol. I1 1954. (Statistics on sugar  deliveries from areas  marketing in the 
United States, and production and related statistics on domestic pro- 
ducing areas.) . Sugnr Reports. Issued monthly. Washington, D.C.: Sugar  Divi- 
sion, Commodity Stabilization Service, United States Department of 
Agriculture. (Current sugar production and distribution statistics.) 

Children’s Books 
Allee, Veva Elwell, and Fogata, Robert. From S i w a ~  Beets t o  Beet Sugar. 

Los Angeles: Melmont Publishers, Inc., 195F. 24 pp. ( A  simple, step-by- 
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step explanation of the sugar-extracting process, illustrated with full- 
page photographs. For  younger children.) 

Burt, Olive W. Pator's Sayar Fal'm. New York: Henry IIolt and Company, 
Inc., 1954. 90 pp. (A delightful story of a boy who learns about sugar  
beets when his family moves to a farm. For children 9 to 12 years of 
age.) 

For Teachers 
United States Beet Sugar  Association. The S a g w  Uect Goes to School. 

Washington, D.C.: United States Beet Sugar  Association, 1951. 1G pp. 
Manual olus student work sheets and four  l a m e  wall charts. ( A  teaeh- 
ing kit d'esigned as an  interesting and effective'bnit of work fa; interme- 
diate and upper grades. Can be used alone or with The Boet S w a r  Stow 
as a reference.) 

Western Beet Sugar  Producers, Inc. Let's Talk abou t  Sugar. San Francisco: 
Western Beet Sugar Producers, Inc., 1955 (rev.). ( A  manual for  home 
economics instructors. Presents important facts  about sugar. its role 
in nutrition and in cookery. Includes taste testing and product judging 
procedure and sample score sheet. Can be used alone or  with student 
leaflet, Know Yozw l V a ~  with Sugar. See below.) 

.Know Yonv W a u  wi th  Sugar.  San Francisco: Western Beet Sug- 
a r  Producers, Inc., 195G (rev.). 4 pp. (Classroom leaflet f o r  students of 
home economics. Contains inforniation and recipes for  use of sugar  i n  
a variety of foods, includinz cakes. cookies. candy, w i c k  breads. jellies. 
etc., and the use of sugar  i n m n n i n g  and freezing.) 

llceiprs 
Beet sugar  may be used in all recipes tha t  call for  sugar. Western Beet 
Sugar Producers, Inc., 461 Market Street, San Francisco 5, California, 
has  prepared an  interesting series of recipe booklets available without 
charae. ineludina the followina titles: A71SloL.,a bs thc Cuw8irro Doctor. & t w h  

Company l'ublieations 
Several of the beet sugar companies publish periodicals for  sugar  beet grow- 
ers and also issue other publications. A list of such material may be obtained 
from the United States Beet Sugar  Association, 920 Tower Building, Wash- 
ington, D.C., or from Western Beet Sugar Producers, h e . ,  4GI Market Strect, 
San  Francisco 5, California. 

hlotion Pictures 
Motion pictures on the beet sugar  industry a r e  available for  use in classrooms 
and for  showing to other groups. Further  information is available fyom 
Western Beet Sugar  Producers, Inc., 4G1 Market Street. San Francisco 5 ,  
California. 

Libraries 
Several libraries in the United States  have outstanding collections of books 
and other material on sugar beets and beet sugar. Among such libraries are 
the following: 

Franklin Institutc Library 
Philadelphia, Pennsylvania College of Agriculture 

University of California 

Davis, California 

Colorado State  University 
Fort  Collins, C ~ O Y I ~ O  Washington, I1.C. 

Library of Congress 

University of Calif", niii 
Berkeley, California Washington, I1.C. 

United States IJepnrtment of Agi,icultuw 




