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ABSTRACT

AN ECONOMIC STUDY
OF THE
EASTERN BEET SUGAR INDUSTRY

by Robert Alton Young

Beet sugar production in the Eastern Region (lichigan, Ohio,
Indiana, I1linois and WAsconsin) has in the last three decades been
characterized by a decline in the level of production, both absolutely
and relative to other areas. The purpose of this study has been to
make an analysis of the factors influencing the industry in order to
determine its future prospects. Changes which provided for increased
supplies of sugar from the sugar beet section wers made in the Sugar
Act in 1962. This new situation raised questions concerning the
possibilities of expansion of beet sugar output in the Eastern Region.
Thus, this investigation was made with special reference toward
evaluation of the feasibility of proposals for expanded production.

The method of analysis was to examine the economic, technical
and institutional factors influencing the supply, demand and price of
beet sugar 1n the Eastern Region. The analysis focused on conditions
in Michigan and Ohio, for in none of the other states has a sugar beet
processing industry survived.

A study of production response for sugar beets was made using
the linear programming technique with variable prices. Production of
sugar beets has undergone a major transformation in the past decade.

The crop enjoys a strong competitive advantage over other typical crops.
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on the heavy, level lake-bed soils in East Central Michigan and
Northwest Ohio. However, high hauling costs limit this advantage to
areas adjacent to beet factory locations. The linear programming
analysis showed that supplies of beets would be expected to increase
to the limits of present factory capacity. As large expansion in
processing capacity through erection of new plants is of questionable
profitability (see below), these supplies are likely to be adequate
for prospective processing capacity.

Beet sugar processors have been faced with rising costs of
labor and other resources. Sugar prices as controlled by the Depart-
ment of Agriculture under authority of the Sugar Act have not risen
as rapidly. Quality of the sugar beets has declined over the last
decade as farmers have increased fertillizer use and adopted mechanical
harvesting techniques. The factories in the Eastern Region are older
and relatively small. However, the construction of new plants entalils
a capital outlay of 15 to 20 million dollars.

An analysis was made of the feasibility of construction of
new sugar beet plants. Under Eastern Region conditions, it does not
appear that the returns from such a venture would be sufficient to
Justify the investment.

Beet sugar producers in the Eastern Region supply only a
small proportion of the huge lMidwestern market for sweeteners.

They are thus "price takers" and their level of returns is influenced
by the behavior of the larger suppliers from coastal cane sugar
refineries and Central and Western Reglon beet sugar producers.

Increasing output of beet sugar in other regions has resulted in the
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surpluses from these areas being shipped into the Midwest. Price
concessions have been required in order to penetrate these markets.
A statistical analysis showed that these supplies have a measurable
impact on returns to Eastern Region beet processors and growers.
Basis prices in the region are often lower than elsewhere in the
nation. This conditlon is partially offset by a freight advantage.

It was concluded that the outlook for the beet sugar industry
in the Eastern Region is for neither a period of rapid growth nor for
an immediate demise. A period of favorable prices and continued
technological advances are in the offing for the sugar beet farmer.
The sugar beet processor can expect a somewhat larger supply of beets
to enable a more effective utilization of capacity. A period of
favorable price levels should exist for several seasons until world
supplies are brought into closer balance with consumption. These
factors should help offset the continued increases in resource costs
and the decline in the quality of the sugar beets.
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CHAPTER I

DUCTION

The Department of Agriculture classifies sugar beet producing
reglons as “"Eastern," "Central" and "Western." The Eastern Reglon is
comprised of Michigan, Ohio, Wisconsin, Illinois and Indiana.

The last decade or two has witnessed major transformations in
the conditions under which the beet sugar industry in the United
States operates. Some of these changes are technological; others are
the result of economic shifts, and others may be termed political or
institutional. Many of these have affected the whole of the industry,
but a number are localized in the Eastern Region. As background for
the problem, let us briefly sketch the nature of some of the changes.

Sugar Beet Production.--The sugar beet crop has long been
known as a high cost, labor intensive enterprise. In the past two
decades research work by the United States Department of Agriculture,
the land grant colleges and experiment stations and the sugar industry
has resulted in dramatic changes in the production technology of the
sugar beet. Since the introduction and complete adoption of mechani-
cal harvesting techniques, the heavy demands for migrant labor in the
harvest periods are a thing of the past. Research in plant breeding
and in mechanmical and chemical weed control show great promise of simi-
lar elimination of hand labor for "spring work." Per-acre yields are
also advancing due to more intensive use of resources, improved
varieties, and shifts to more favorable locations. These yield



increases are taking place more rapidly in the Eastern Region than
elsewhere, so that state average ylelds per acre have on occasion
in recent years exceeded those of some of the irrigated areas of
states farther to the west.

Erocessing.--Major technological advances and increased capi-
tal investment are evident in the processing sector as well. However,
the apparently optimistic outlook for the beet grower is not completely
mirrored in the Eastern Reglon processors! situation. The last two
decades have witnessed a decline in the reglon's sugar production both
relative to other areas and absolutely. Michigan, once a major center
of beet sugar production, has fallen from third among the states in
the middle Thirties to a position of seventh in 1962, Factory mmbers
in that state have dropped from sixteen in 1940 to five in 1962.
Ohdo's rank has also declined somewhat, and the last remaining plant
in Wisconsin did not slice beets in 1962. Even after this reduction
in capaclity some processors are unable to contract as much acreage as
their capacity warrants. However, these figures do not tell all the
story. Much of the decline in production and number of factories can
be attributed to inappropriate location of factories relative to raw
material supplies. The remaining factories appear to be in localities
where beets enjoy a more favorable competitive position. New invest-
ment and fruits of research have increased the daily and anmal slic-
ing capacity so that the output of the present eight plants slightly
exceeds that of the 22 plants in Michigan and Ohio in 1925.

Marketing.--Sugar produced in Michigan and Ohio supplies only
a small portion of the total consumption of these states. About 35
percent of all sugar delivered in Michigan is of local origin, and






the figure is typically between 10 and 15 percent for Ohio. The

five states of the region absorb nearly one-fourth of sugar
deliveries in the U.S. lLess than 8 percent of this huge market

is accounted for by the Eastern Beet Sugar Industry. Location in
such a deficit market is favorable to Eastern Region producers, but
other factors operate to reduce this advantage. In recent years there
have been supplies of Central and Western beet sugar in excess of

the demand in those reglons. Surplus sugar has come East to Chicago
and the nearby areas, and price concessions have been necessary in
ordsr to penetrate this market which 1s also supplied by cane refiners
on the Atlantic and Gulf Coasts. Competition is intensified in
Southern Lower Michigan by a freight rate structure which is more
favorable from certa.tn Rocky Mountain points to that area than to
Chicago. The Southwestern Lower Michigan sugar market has come to be
known as the "coffin corner® in the trade.

On the demand side of the marketing picture, the major con~
sumers of sugar are now the "industrial users"; the food canning and
freezing, baking, dairy products, candy and beverage industries now
absorb over 60 percent of the Umited States' annual consumption of
sugar. These new markets pose new problems to the sellers of sugar.
They demand a wider range of products which must meet more exacting
specifications.

Policy.--On the political front, the sugar industry operates
under what is probably the most complex and extensive set of regula-
tions of any agricul‘b.lral commodity. A number of important changes
have been put into effect in the Federal sugar regulations, particularly



as they relate to the future growth of the domestic beet industry's
share of the sugar market. The presence of an unfriendly regime in
Cuba, long a major supplier of sugar for the United States, has
required that other sources of supply be found. Among the steps in
this direction has been a change in the provisions of the sugar
legislation which will enable the erection of several new beet sugar
factories in the United States.

Need

Sugar beets and beet sugar do not account for a large portion
of the farm income of the Eastern Region or even of the producing states
in the Region. However, for the sevoi-al thousand farmers who grow bests
in Michigan and Ohio, the beet sugar processing industry is a major
market, and in the commnities in which the processing facilities are
located, the industry is an important part of the local economy.

The changing economic and techmical conditions focused attention
on the value of an economic study of the industry. In 1961, largely
through the foresight of persomnel at Michigan State University, the
present study was initiated with the purpose of making an economic
investigation of a mimber of the problems confronting the Eastern Beet
Sugar Industry. Since that time, the study has taken on a new and
immediate significance. Because of the potential effects of further
shut-downs of plants to the farmers and localitlies concerned, individuals
and groups at local and state levels have also become concerned that the
down-trend in beet sugar factory mumbers might be continmuing.

More recently, the provisions in the 1962 Federal sugar legis-
lation for additional sugar beet acreage and plant capacity have resulted



in proposals for construction of new processing facilities in the
Eastern Beet Area. The capital outlay envisioned in these proposals
is of the order of 15 to 20 million dollars. It is obvious that unwise
investment could entail capital losses of large magnitude. The alter-
native of expanding existing facilities also has its proponents. It
is therefore important that a careful analysis of the factors influenc-
ing the outcome of all alternative courses of action be available to

the partles concerned.

Problem Framework
The foregoing brief discussion of the industry points up

some important characteristics of the Eastern Beet Sugar Industry.
The small proportion of the market which it can supply dictates that
producers in the region are "price-takers." The market is mainly
influenced by supplies from cane refiners on the Atlantic and Gulf
Coasts and from beet sugar producers to the West.

The oconceptual framework appropriate to the subsequent analysis
is the theory of interregional trade, which is the modern refinement
of the theory of comparative advantage. The pure theory may be sum-
marized as follows:

There are a set of regions with different resource endowments
trading in some homogeneous good. Positive transportation costs
exist between regions. Cemposite supply and demand schedules
are visualized for each region for the product in question.

An equilibrium solution would indicate (a) the net price in
each region, (b) the quantity of exports and imports of the



good in each region, and (o) the volume and direction of trade

in the good between each possible pair of rogions.l

Preliminary Considerations
Geographical Area - Empirical estimation of supply and demand
relations for sugar for each of the several regions of the United States
is an enterprise beyond the scope of this study. The analysis will be
confined to a consideration of such relationships for the areas presently
producing sugar beets in the five states of the Eastern Beet Sugar Rogion.z
Marketing Stage - The price-making forces may be examined at
& mumber of steps in the channels from farm to consumer. In this case,
the forces affecting both the price of sugar beets and the price of
sugar will betreated.

Supply

In the static theory of the firm, the supply relation for a
given product is determined by (a) the price of the product, (b) the
cost of rescurces required in its production, and (c) the production
function (the relationship between resources and output), given, of

1)fter S. Enke, "Equilitrium Among Spatially Separated Markets,"
Econometrica, Vol. 19, No. 1, Jamuary, 1951. See also Ronald Mighell
and John D. Black, Interregionsl Competition in Agriculture, Cambridge,
Mass., Harvard University Press, 1951, Chapter 2.

2Since the field studies for this project were completed, some
interest in the beet industry has been evidenced in Eastern Region
states not now producing beets (Indiana, Illinois and also New York).
The data in this study relating to sugar beet production applies only
to Michigan and Ghio areas presently growing beets. This information
has some relevance to conditions elsewhere in the region but should be
interpreted with oconsiderable care for such applications.



course, the usual assumptions of a profit-maximizing firm under conditions
of perfect kmulodgo.l

Uncertainty, fixed factors, capital rationing, nonmonetary
goals, multi-product firms and complementary and supplementary relation-
ships are complicating factors which must be taken into account.

These general principles apply to both the farm and the process-
ing firms in the present case. Accordingly, the analysis of the supply
side of the equation shall consider technical production relationships
and the price and supplies of resources for both the production of sugar
beets and competing enterprises and for the processing of the beet crop.

Institutional restraints on sugar supplies are of major
importance in the present case. A thorough examination of Federal
sugar policy thus is necessary for the understanding of sugar supplies
and prices.

Demand

Final demand for a product is considered to be determined by
consumer preferences and incomes. In the case under consideration, it
has been noted that a large proportion of sugar purchases are for
industrial uses. This demand is "derived® from the demand for the
various sugar containing final products. The nature and elasticities
of these markets aiffor. Accordingly, the characteristics of each of
these markets require separate attention.

lBeady, Earl 0., "Uses and Concepts in Supply Analysis,® in
Earl O. Heady, et. al., eds., » Ames,
Iow, ITowa State University Press, 1901.



Qbjectives and Flan of Work
The objective of this thesis is, then, to present the results

of a study of the economlc factors influencing the Eastern Beet Sugar
Industry. In view of the current requirements, the analysis will be
carried out in terms of the problems of and potential for expansion of
the acreages of sugar beets and plant capacity in the region.

These objectives will be approached in the following steps:

l. In Chapter II, the historical and economic background wdll
be described, and the development and operation of the federel sugar
programs will be discussed.

2. In Chapters III and IV, an analysis will be made of the
projected future competitive position and expected supply relation-
ships for sugar beets in the region.

3. Chapter V will examine certain economic relations in the
processing sector as they relate to supply and price of sugar.

4. The characteristics of the sugar market will be described
in Chapter VI and an analysis made of the special conditions affect-
ing the marketing of sugar in tho'arus where Eastern beet sugar 1s
sold.

5. In Chapter VII, the estimates and analysis of previous
steps will be integrated and conclusions drawn about the prospective
position of the Eastern Beet Sugar Industry.



CHAPTER II

HISTORIC, BCONOMIC AND POLITICAL BACKGROUND

A. General - About Sweeteners

The class of compounds which the chemists call "sugars® or
%saccharides" are members of the larger group of organic compounds
termed carbohydrates (that is, compounds whose molecules are formed
from atoms of carbon, hydrogen and oxygen). Sugar molecules have a
unique structure and arrangement of the atoms of these elements.

The simplest sugars, which are called monosaccharides, usually have
five to seven carbon atoms in a molecule and about two hydrogen and

one oxygen atom for each of carbon. A common example of the mono-
saccharide is dextrose (also called glucose) which has the formula
CsH1206+ Monosaccharides may combine to form higher sugars (“oligo-
saccharides®). The disaccharide of formula C;,H;50;7, termed "sucrose,”
is the product which is commonly called "sugar.® It is a usually
stable combination of the two monosaccharides, dextrose and levulose.
Henceforth, unless otherwvise specified, in this discussion the term
Usugar® will be used to refer to sucrose in its various forms.

The only commercially important sources of sucrose are the
sugar beet and sugar cane plants. As the sucrose is in the plant in
pure form, the process of recovery is one of extraction, rather than
of chemiocal modification. The refined product of either process is
chemiocally identical and only an exhaustive laboratory analysis of
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the tiny amount of residual impurities can differentiate between the
two. Refined cane sugar consumed in the United States is usually the
result of two processings. The sugar cane stalks are crushed at a
cane mill, and there a "raw sugar® of about 97 percent purity is
recovered. The final refining usually is accomplished in large
refineries located in various large seaboard cities.

The sucrose is usually produced in crystalline form, although
some cane refineries are equipped to produce a liquid sugar which does
not pass through the crystalline stage. In the crystalline form it
may be ground up to become powdered sugar or it may be redissolved to
becoms a liquid sugar. The "brown" or "soft" sugars are composed of
very fine crystals of sucrose with highly refined sirups added to give
the special flavor and consistency. When a sugar in water solution is
treated by heating in the presence of acids or certain enzymes, the
sucrose breaks down into its two components, dextrose and levulose.

The resulting solution has less of a tendency to crystallisze than sugar
and is valued in certain industrial uses such as candy-making and
beverage-bottling. This process of breaking down sucrose is called
"inversion,"” and the resulting product is known as "invert sugar.”

Other saccharides of commercial importance are those refined
from the hydrolysis of starch (usually cornstarch). Dextrose (identical
to one of the components of sucrose) is a monosaccharide produced by a
complete hydrolysis or conversion. It is not considered to be as sweet
as sucrose but has other useful properties. Partial hydrolysis of
cornstarch can result in a product known as "corn sirup." It contains
chiefly dextrose, maltose and higher saccharides. Several grades are






11

produced, depending largely upon the total reducing sugar content of
the sirup. This sirup also may be dehydrated to produce ®corn sirup
solids" which has many uses in industrial food mamfacturing.

Certain other organic compounds have been found to have sweeten-
ing properties. Saccharin and certain cyclamates are the most common
examples. These compounds substitute for saccharides in dietary uses
since they have no caloric content but a relatively large sweetening
power. Hence, they are termed "non-caloric* sweeteners.

Uses of Sweeteners

The main function of sweeteners is as a flavoring. Besides
having an attractive taste in themselves, they enhance and bring out
the flavors of other foods with which they may be combined. They can
also serve as a preservative, as :I.n Jams or jellies. In baking,
sugar provides food for yeasts, and the desirable browm color on the
crusts of baked goods comes from the carmelization of sugar from the
heat of the oven.

B, Beet Sugar Production in the Bastern Region

The first attempts at beet production for sugar in the United
States occurred in the 1830's in Pemnsylvania and later in Massachusetts
and Michigan. Several other efforts got underway in the next three
decades before the California Beet Sugar Mamufacturing Company com-
menced operations at Alvarado, California, in 1870. This factory is
called the first successful beet sugar plant in the United States, for
a factory (since completely rebuilt) is presently operating on the
original site.
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In the meantime, a number of other factories were estab-
lished, leaming upon the European experience for both equipment and
knowledge. The industry during this developmental stage was given
important encouragemsnt from the Department of Agriculture. James
Wilson, who was Secretary of Agriculture under three Presidents, and
Dr. Harvey W. Wiley, Chief Chemist of the Department for nearly 40
Years, instituted research programs to determine the best locations
and methods for beet production and worked unceasingly to encourage
new capital investment in beet sugar factories. The revemme tariffs
on sugar in the Nineteenth Century provided some protection from cane
sugar imports to the fledgling beet sugar industry. When these
tariffs were repealed for a short period, a bounty replaced them.
Under these influences a great number of beet sugar enterprises sprang
up. Seventy-one factories were built during a 1l0-year period, 1897-
1906.1

Wiley's studies indicated that the best climate for the sugar
beet was in an area where the mean sumer temperature falls between
67° and 72°F.% In 1898 he produced a map which delineated the most
favored areas. The regions so designated included the areas near the
Great Lakes, across the Northern Great Plains, below both Eastern and
Western Slopes of the Rocky Mountains, and along the Pacific Coast in
California. It is interesting to note that most of the sugar beet

lUxﬂ.tod States Department of Agriculture, Sugar Division,
Boet Sugar Factories in the United States. Washington, D.C., 1961.

23.S. House of Representatives, 55th Congress, 2nd Session,
Document No. 396, Specisal Report on the Beet Sugar Industiry. Wash-
ington, D.C., Gov't. Printing Office, 1898.
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operations remaining at the present time are located within the
areas specified 65 years ago by mey.l

A sizeable portion of the industry's development in that
period at the turn of the century was in the Great Lakes area,
particularly in Michigan. (Of the 71 new beet sugar factories
reported in the decade from 1897 to 1906, 22 were in Michigan and
nine were in the other Great Lakes States.) The large expansion in
Michigan was partly a reflection of a bonnty of one cent per pound
offered by the Michigan Legislature in 1897.2

Since the early burst of expansion in Michigan, the center of
gravity of beet sugar production has been moving westward. As shown
in Table 2.1, many factories in the region around the Great Lakes
region have ceased operations. Meanuhile, new plants opened and
existing plants expanded capacity in the Plains, Mountain and Western
states. Table 2.2 shows that the decline in production in the Eastern
Region has been even more striking when related to the growth in total
production of beet sugar in the United States. California and Colorado
have maintained their position of leadership in total sugar production
while Idaho, Minnesota, Washington and Montana have moved up in the
rankings ahead of Michigan. Beet production in Indiana and Wisoonsin
has ceased and only a relatively small acreage is still produced in
Illineis.

15ee, Unmited States Department of Agrioulture, Farmer's Bulle-

fin Bo. 2060, Suger Beot Outare i Ue Korth Centrel States. Wash-
mn' DoCo. 19 .

2For an interesting first-hand account of the origin and
development of the beet sugar industry in the Great Lakes area, see
Oviatt, C. R., "Sixty Years in Sugar," U.S. Department of Agriculture,
ASCS, Sugar Reports, No. 128, December, 1962.
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TABLE 2.1. BEET SUGAR FACTORIES IN OPERATION IN THE EASTERN REGION,
1900-1963+

Joax i Michigan : Ohjo : Wisconsin : Tllinols : Indisns
1900 10 1 1 1 0
1905 20 1 3 1 0
1910 17 2 [ 1 0
1915 16 5 4 1 1
1920 17 5 5 1 1
1925 17 5 4 1 0
1930 16 5 4 0 0
1935 16 5 2 0 0
1940 16 5 2 0 0
1945 14 4 1 0 0
1950 13 b 1 0 0
1955 9 3 1 0 ]
1960 5 3 1 0 0
1963 5 3 0 Y 0

lperived primarily from U.S.D.A., Sugar Division. Beet Sugar
Tactordes of the United States, Washington, D.C., 1961.
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Co Economic Characteristics of the Market for Sugar

Production and Supply

Cane sugar supplies about 55 percent of the total world market
of 56 million tons of centrifugal sugar (see Table 2.3). The agri-
cultural organizations which produce cane and beet sugar show a rather
remarkable contrast. Both the cane stalk and the beet root are relatively
perishsble and bulky so that the sugar mills must be located in the
growing areas. Sugar cane is usually grown in a monocultural systeam,
with vast tracts around the raw sugar mills devoted entirely to the
culture of cane.

Sugar beets, on the other hand, typically are included in a
livestock-orop rotation agriculture in temperate climates. The arop
is grown by individual farmers under contract to a factory. The neces-
sity of growing beets as part of an extended crop rotation makes it
unfeasible for a factory to own and operate am agricultural operation
of the scope necessary to provide the raw material for a factory. 4
factory processing 2,000 tons of beets per day for 100 days must draw
upon 50 to 75 thousand acres of adapted cropland (assuming 16 tons per
acre yield and a rotation of 4 to 6 years duration). The by-products
of the sugar beet harvest (beet tops) and of sugar extraction (beet
pulp and molasses) all find value in livestock feeding operations.

Supply Response in Sugar

Examination of the history of the sugar industry where free
market forces have been allowed to reign show that supplies of sugar
have been very inelastic to increases in price within the production
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TABLE 2.3. WORLD SUGAR PRODUCTION® (IN 1,000 OF METRIC TONS, RAW
VALUE). CROP YEARS BEGINNING MARCH 1

8-59 =60 ¢ 1960=6

Europe
Beet 11,795 10,520 14,515
Cane 35 30 35
U.S.S.R.
Beet 6,195 5,967 6,946

North and Central America
including Caribbean

Beet 2,165 2,260 2,375
Cane 11,950 120""05 130690
Non-centrifugal Cane 315 310 265
South America
Beet 70 85 65
Cane 6,175 6,100 6,250
Non-centrifugal Cane 875 860 930
Asia (including Mainland China
and Ocearda)
Beet 970 10135 1.310
Cane 80170 8o675 90080
Non-oentrifugsl Cane 6,245 5,850 5,805
Africs
Cane 2,555 2,675 2,400
Werld Totals
Beet 2,200 19,970 25,210
Cane 28,880 29,880 31,460
Total Centrifugal 50,080 49,850 56,670
Total Non-centrifugal 7,440 7,440 7,000

%Source: Food and Agricultural Orgamization, United Nations,
Rome, Italy, 1961.
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period. However, the output is very responsive to higher prices over

a period long enough for the financing and erection of the necessary
milling and transportation equipment. This relationship has been
particularly true in the case of cane sugar, due largely, no doubt,

to the relatively plentiful supplies of adapted land and of labor in tropi-
cal regions. Wolf asserts that tropical countries can expand output
without increasing costs for a considerable range, providing only that
capital is available for mills.t Declining prices have not resulted in
the equivalent reduction in output and the industry in such cases has
suffered through long periods of low prices following overexpansions.

The theoretical framework developed by Johnson and others provides an
explanation of this behavior.z Briefly, this analysis shows that where
resources cannot be disposed of at prices equal to their cost of acquisi-
tion, the profit maximizing firm will not reduce output for some range
of falling prices. The size of this range depends upon the difference
between acquisition and salvage prices of the relevant resources. The
case of a sugar mill or a factory demonstrates this property to a
striking degree. Processing facilities, and in the cane areas the
standing cane crops, are resources which have little or no alternative
use when sugar prices fall. When the demand for sugar, and hence the

demand for these resources used in sugar production declines, the

1Wolf. Ho A., The United States Sugar Policy and Its Impact
on Cuba. Doctoral dissertation, Univ. of Michigan, 1958, Univ.

Microfilm, Anmm Arbor, Michigan.

2See Johnson, Glenn L., "The State of Agricultural Supply
Analysis," Journal of Farm Economics, Vol. 42, No. 2, May, 1960, and
also Edwards, Clark, "Resource Fixity in Farm Organization," Journal
of Farm Economics, Vol. 42, No. 4, November, 1960, and references
cited.
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salvage values can be quite low. Thus, it is implied that falling
prices would have relatively little effect on output and general over-
investment in sugar facilities are quite likely to be followed by long
periods of chronic heavy stocks and depressed prices. The tendency
toward govermment intervention in sugar industries precluded any
extensive test of this proposition, for output has been reduced by
decree in many countries where the free action of entrepremsurs has
failed to do s0.

The experience of Cuba in the 1920's is illustrative. Extremely

high prices were followed by a short depression which occurred after the
wartime levels, spurring large investments in cane milling equipment
and plantations. Output jumped some 12 percent between 1923 and 1924
(using 1921-23 as a base period) and 28 percent more in 1925 as the new
mills came into operation. In the meantime, the high price of 1923
encouraged increases in output elsewhere around the world which caused
the price to collapse while the increases in production were occurring.
The relatively large (28 percent) increase in output in 1925 had fol-
lowed a year in which price had declined by over a third from the
average level of 1923. Prices continued to decline, dropping down to
iy percent of the 1923 level in 1925 and remained down in 1926. Produoc-
tion in the meantime did not show a decline until 1926, nearly 2 years
after the first price drop. As suggested by the theoretical analysis,
this decline was minor relative to the price decline, being on the order
of 7 percent. It took action by the Cuban Govermment to reduce output by
a further 10 percent in the 1927 crop, although the price of sugar was
but half of its value 4 years previously.l

lyolt, H. A., States
Cuba, op, cit.



Consumpiion and Demand
The most important determinants of sugar consumption are

sugar prices and the income level of consumers. Data on per capita
consumption show considerable variation among nations. These dif-
ferences are largely explained by the income level of various countries.
Viton and Pignalosa of the United Nations Food and Agricultural Organi-
zation (FAO) made an exhaustive study of the demand for suga.r.l They
applied statistical regression techniques to both cross-sectional and
time series data, as well as summarizing previous efforts in this field.
Some of their estimates of income and price elasticities are reproduced
in Table 2.4. The estimates for countries classified as to income level
showed that changes in income at a relatively low level of per capita
income are likely to be associated with a more than proportional change
in sugar consumption, while income changes are likely to have mmch less
effect on consumption in the developed countries. It appears that in a
highly developed economy, such as that of the Umited States, this relation-
ship between incomes and consumption becomes relatively stable. In the
estimates shown in Table 2.4 for three different periods in the United
States, only minor changes have ocourred in the income elasticities.
These relationships are also evident in Table 2.5 which presents total
and per capita consumption for various areas in the world. The measure-
ment of prioce elasticity (the effect of change in price on consumption)
also is illuminating. In low income countries, consumption is quite

1viton, A. and Pignalosa, F., "Trends and Prospects in World

Sugar Consumption.® M%L_&Mw
ch. Vol. n. Nos. 1 and 2. 1960. FAO. Rome, IW.
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TABLE 2.4, SELECTED ESTIMA OF PRICE AND INCOME ELASTICITY OF
DEMAND FOR SU

[} Price H Income
: Qggﬂcim ; _Elastiojty
Groups of Countries Classified by Income>

Low Income Countries -1.08 1.23
Medium Income Countries -0.86 0.74
High Income Countries =0.37 0.40

United States, Selected Years

1921 - 1938 -0.30 0.34
1921 - 1938 plus 1946 - 1951 -0.26 0.27
1921 - 1938 plus 1946 - 1956 -0.28 0.27

lviton and Pignalosa, gop, clt. See also FAO, United Nations
Commodity Bulletin Series No. 32, Irends and Forces in World Sugar
Copsumptign, Rome, 1961, by the same authors.

2pata from postwar years. Income levels are defined such that
Medium Incame Countries are those with per capita income falling
between $200 U.S. and $500 U.S. Low Income Countries have per capita
incomes below this range, and High Income Countries above it.

Itime series analysis.

responsive to price change; the estimated percentage change in
consumption being greater than the percentage change in price. How
ever, in the higher income countries the change in price has relatively
little effect on the quantity demanded. In the United States, as
indicated in Table 2.4, the elasticity is estimated to be only about
=0.27; that is, only a relatively small change in the quantity demanded
is associated with a given change in price. These properties of the
demand for sugar suggest that, particularly in high income countries,
prices would be quite volatile, and relatively small deficits or sur-
pluses in supplies would be reflected in rather large movements in

prico °






22

TABLE 2.5. WORLD CENTRIFUGAL SUGAR CONSUMPTION, 19591

s Total H Per Capita
Ares : Consumption H Consumption

: (1,000 metric : (pounds

3 a V.
Western Europe 10,721 4
North America 9,223 105
Central America 1,898 67
South America k4,550 (o4
Near East (Asia) 1,310 32
Far East 5,819 16
Africa 2,61 4
Oceania 713 101
East D.lropo and U.S.S.R. 8.556 62
Mainland China 1,300 4

World , 46,728 36
1source: FAO, United Nations, S

1880-1959, Rome, Italy, 1961, Table 12-A and Table 12-B.

D. The United States Goverrment and the Sugar Industry

story=- a

The main interest of the Federal Govermnment in the sugar
trads during the Eighteenth and Nineteenth Centuries was as a source
of income. Inelastic demand and well defined trade channels made
sugar an excellent vehicle for gaining revenmes. It is reported
that the sugar duties during the last century made up nearly 20 per-
cent of all customs collections. A by-product of the tariff was the
protection afforded to the infant sugar cane industry of Louisiana
and later to the Kingdom of Hawaii. (This latter nation was given
duty-free entry under terms of a treaty in 1876.)

In 1890, sugar duties were removed but a two cent bounty on
domestic sugar afforded protection. In 1894, when the tariff was



23

reinstated, the duty on sugar was explicitly intended to continue
protection of the domestic industry, as well as for menue.l Behind
the tariff barriers and with the assistance and encouragement of the
Department of Agriculture, the domestic beet sugar industry developed.
The Spanish-American War brought new sources of sugar supplies into
the United States' market as the new territories of Puerto Rico and
the Phillipines received duty-free status, and Cuba was afforded a
preferential tariff rate. The economies of these areas, as well as
that of Hawall, soon specialized in cane sugar production, and their
economic well-being was dependent upon both United States' policies
and demand for sugar. United States' policy since this time has
always been formulated with explicit references to the responsibtdlity
for the well-being of these nations.

The industry enjoyed a period of relative stability and growth
up to and through the First World War. However, soon after this time,
the picture changeds In the early 1920's a period of favorable sugar
prices induged large investments in cane producing and processing
capacity, particularly in Cuba. Coincidentally, nationalistic policies
carried out by several European countries brought recovery to the beet
sugar industry in that region. Prices fell rapidly, the supplies
contimued to increase and subsequently declined only a relatively small
amount, so stocks began teo accumulate in exporting countries. The
Undited States Congress responded to these conditions by raising the

18» the Un:!.tod Statos House of Ropresontatives. 53rd Congress,
2nd Session, Ts ' mnittee -
Document No.
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tariff three times in order to protect the domestic beet and cane
industries. The Smoot-Hawley Tariff of 1930 ralsed the Cuban duty

to two cents per pound of sugar, and to two and one-half cents per
pound on sugar from so-called full-duty countries. (Cuban sugar had

a 20 percent tariff preferential, which together with Cuba's advantage
on shipping rates made Cuban duty the effective rate.) During the
earlier part of the period, the tariff had successfully insulated the
domestic industry in the world market. By the 1930's, with a world-
wide collapse in demand from the depression, heavy stocks of sugar and
contimued excess capacity made even the Smoot-Hawley Tariff ineffective.
Insular and continental sugar areas increased production sharply in the
next few years, apparently because the high tariff made sugar a
relatively attractive place to commit resources during the general
depression, even though absolute prices were low. Cuban sugar exports
were cut back severely, but not enough to maintain the market in the
face of increasingly large insular supplies. The general effect upon
the economy of Cuba was calamitous, and the situation eventually resulted
in the Govermment of that country being overthrown in 1933.

Ihe Jones-Costigan Act
In 1933, the Tariff Commission reported that the situation was

"disastrous for both Cuban and American producers,” and recommended to
the President that the sugar supplies from all domestic and insular areas
in Cubs be limited, and that duty on Cubsn sugar be reduced.” The sugar

10.5. Tariff Comtssion, sport to the President on Suzer, Beport
No. 73, Washington, D.C., Govermment Printing Office, 1934.
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industry and the Administration were unable to reach agreement on a
program that year, but in 1934 President Roosevelt sent a message to
Congress asking for legislation which would achieve the following
objectives:
(1) To maintain the existing acreage of sugar beets
and sugar cane in the Continental United States,
but to limit further expansion;
(2) To increase returns to domestic growers;
(3) To stabilize production in the insular areas;
(4) To check the decline of imports of Cuban sugar
as a means of restoring Cuba's anr to purchase
America's agricultural products.
Most of the President's recommendations were contained in the Jones-
Costigan Act, which was passed later that year as an amendment to

the Agricultural Adjustment Act.

Provisions and Operation of Present Sugar Legislation’

Most of the general principles embodied in the original sugar
legislation in 1934 remain in effect to the present time. The present
law is known as the "Sugar Act of 1948," and it was amended in 1951,

Iscurce: Quoted in Bernhardt, Joshua, The Sugar Industry and
F Washington, 1948, Sugar Statistics Service,
Pe 159.

2\ more detailed discussion than found in this section is in

The U.S. Sugar Program, Sugar Reports 124, August, 1962. For even
more EEE% mf.ﬁc ﬁamenﬁ of sugar legislation the reader may
consult the following: Dalton, John E., Syar: A Case S#[ in
Government Control, New York: Macmillan and Company, 1937; Wolf,
Mo K., U.3. Sugar Policy and Its Impact on Cuba, ope cite; Bernhardt,
Joshua, Ee E_x-x:g&r Industry the Federal Govermnment, op. cit.;
Polopolus, ndas, Structure and Performance of the Uni tates
Beet Sugar Indus Under Federal Protection and Control, unpublished

ctoral dissertation, Unlversity of Califormia, Berkeley, 1960;

Turner, Jack T., The Marketing of Sugar, New York: Richard Irwin,
Inc., 1956.
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1956, 1960 and 1961. In 1962 it was again amended and extended
through 1966. The following sections will discuss the major provisions
of the present legislation and modifications as they have been made
since 1934.

Total Quantity of Sugar to be Marketed

The Secretary is to determine the quantity of sugar which
could be marketed during the following year. This quantity is to be
such as to result in prices that are not excessive to consumers nor too
low to protect the welfare of domestic producers. As a starting point,
he is to consider the recent past consumption, state of current
inventories, and the effects of expected changes in demand. In deter-
mining the price level, the relationship between the index of prices
paid by farmers and the price of raw sugars is to be taken into consider-
ation. The initial determination is made in December but can be
adjusted throughout the year as changing conditions warrant.

Supply Quotas for Domestic and Foreign Producing Areas

The Secretary is authorized to establish supply quotas to
domestic and foreign areas. The legislation has spelled out the
precise formula by which these are to be distributed. In the early
yoars, the quotas were based on fixed percentages of the estimated con-
sumption. Growth of the total consumption was then prorated according
to the original shares. In the Sugar Act of 1948, this approach was
changed by assigning fixed quotas to the domestic areas (Mainland
Beet area, Mainland Cane area, Hawaii, Puerto Rico and the Virgin
Islands), and the Phillipines. Most of the balance went to Cuba except
for a negligible uonnt. to other foreign countries. Thus, Cuba
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received nearly all of the consumption increases and the domestic
areas were prevented from any over-all growth. The 1952 Amendments
did not change this provision, but in 1956, 55 percent of the growth
of the market in excess of 8,350,000 short tons, raw value, was
allotted to domestic areas. The 1962 enactments again changed the
basis. Domestic areas are now assigned a basic quota of 5,810,000
tons, plus 65 percent of requirements in excess of 9,700,000 tons.

The domestic beet and mainland cane areas share such increases in
proportion to their basic quotas--roughly on a three-fourths to one
fourth basis. Though Hawall and Puerto Rico have failed to fill their
quotas on occasion in recent years, a provision is included to increase
their quotas if the size of future crops should warrant it.

1962 Amendment provided for reserves of acreage sufficient to yleld
65 thousand short tons, raw value of sugar, to be committed for new
beet sugar factory areas, or for expansion of existing factories.

This provision represents a major departure from previous policy in
regard to expansion of the beet sugar sector. In the period since the
end of World War II, only four new plants for processing sugar beets
have been erected in the United States, the most recent being in 1954.%
At the present writing (1963), the Department of Agriculture has allo-
cated acreage reserves to new processing facilities in California,
Texas, North Dakota, South Dakota and Arizona for the crop years 1963
through 1965.2 In case this reserve is not utilized for new factories,

lyestern Sugar Beet Producers Association, Beet Sugar Hand-
book, 2nd Edition, San Francisco, 1961,

2Federal Register, March 5, 1963. Commitment of National Sugar
Beet Acreage Reserve, 1962 and Subsequent Crops, Sugar Determination
85101’ Amendment Three.
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it is provided that it can be allocated for expansion of capacity in
existing areas.

Global guotss.--The recent developments in political rela-
tions between the United States and Cuba have caused some changes to
be made in the latter country's quota allotments. During the previous
Cuban regimes, substantially all of the United States sugar needs were
provided by the domestiec areas, the Phillipines and Cuba. Since the
break-off of diplomatic relations between Cuba and the United States,
Cuba's former share, which was about one-third of the total quotas,
has been allocated to a rather large mumber of friendly nations. The
1962 Amendments provide Cuba with approximately 1.5 million tons. The
b1l further stipulates, however, that when the United States is not in
diplomatic relations with a particular ocountry the quotas are not
granted. Cuba's quota thus has been designated as a so-called "Global
Quota," which may be filled by competitive imports from other foreign
producers. These importations are subject to an import fee which
approximates the premium the United States price is over the world price
of raw sugar, when such a premium exists.

The 1962 Amerviments also reduce the amount of off-shore "direct
consumption® (refined) sugar which may be imported. Prior to 1960,
about 650 thousand tons of direct consumption sugars entered the United
States from off-shore (including domestic) producers. This amount has
been reduced to about 250 thousand tons, the Phillipines being the only
non~donestic supplier with mere than a negligible amount of direct

consumption sugars.
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Establishing Marketing Allotments

If a domestic area should have supplies in excess of quotas,
panicky selling might cause an unwarranted decline in price. In
order to premote orderly marketing, the Secretary may allocate the
quota among processors in each area based on past marketing history.

Assigmment of Proportionate Shares

The Secretary may also divide the quota for a domestlic area
among the farmers producing beets or cane. This allotment, known as
a "proportionate share,” may be expressed in acres, tons of cane oi
beets, or in tons of sugar. This provision adjusts each area's pro-
duction to its marketing quota and insures that each farmer's share
is equitably distributed in the adjustment. The basis of the share
is usually past history of production, but the Secretary is instructed
to oonsider the interests of smaller growers and of new producers.
Producers are not required to abdde by the assigned share but must do
80 in order to receive "conditional payments." (See below.)

Other Provisions

In addition to the benefits from price maintenance and
stabdilization, legislation insures that the growers and workers are
able to share in these gains. Growers' incomes are augmented through
"conditional payments," which are made at a basic rate of $0.80 per
ton of sugar produced, raw value. (This amounts to about $2.20 per
ton of beets.) The rate decreases progressively after the first 350
short tons refined value, to a minimum of $0.30 per 100 pounds for
tonnages in excess of 30,000 tons. Recelpt of these conditional pay-

ments 1s contingent upon the grower of beets or cane (a) complying with
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the proportionate share restrictions, when such restrictions are in
effect, (b) paying his hired workers in full and at not less than the
minimm rate (which is also set by the Secretary of Agriculture), and
(c) abiding by the minimum age restrictions for juvemile workers.

The program also makes provision for compensation of growers for
disaster losses. Payments can be made in case of reduced yields
(deficiency payments) or in case of actual loss of the crop (abandon-

ment payments).

Results of the Progranm

No attempt will be made here at evaluation of the sugar
programs. No lack of such analysis is to be noted. (See references
cited on page 25, footnote 2.)

The level and stability of the domestic sugar price under the
sugar program has apparently achieved the stated objectives of main-
taining the domestic industry. Prices to consumers have probably been
somewhat higher than would have prevailed had the quota system not been
in operation. As is shown in Table 2.6, the price of sugar is advanc-
ing about as rapidly as is the index of prices of all foods but not as
rapidly as the index of disposable consumer income. Substantial
premiums over existing world sugar prices were received by the insular
cane areas of Puerto Rico and Hawaii, the Phillipine Islands and, until
recently, by Cuba.

E. International Markets in Sugar
Timoshenko and Swerling have commented that the "gradual erosion
of the 'free' market, characterized chiefly by the expansion of preferential



31

TABLE 2.6. WHOLESALE PRICES OF SUGAR COMPARED WITH INDICES OF PRICES
OF ALL FOODS AND OF PER CAPITA DISPOSAELE INCOME, 1935-621

e e e—— ———

- ~: Wholesale Sugar t Prices of : Per Capita

Year ¢ Price Net Cash : All Foods : Disposable
: Northeast : _Wholesale : Income
Cents per Pound Index Numbers, 1935-39 = 100
1935-39 (Average) 4,67 100 100
1940-44 (Average) 5.13 118 163
1945-49 (Average) 7.03 186 232
1950-54 (Average) 8.32 201 293
1955 8.42 22 323
1956 8.59 212 39
1957 8.97 218 351
1958 9.08 230 355
1959 9.14 219 370
1960 9.24 223 376
1961 9.21 22?.22 385
1962 9.37% 22) 3973

1source: Sugar Reports No. 126, October, 1962, Table 19.
2Janusry-September only.
3Jamary-July only.

cane sugar suppliers, has been the outstanding feature of the world
sugar economy of the Twentieth Contury.” They define the "free market®
as that part of international trade in sugar which enjoys no special
privilege or protection in the country of destination. The Umited
States, which represents nearly 20 percent of the world's consumption,
has almost entirely insulated its sugar market from world econcmic

5 Lrmoshenko, V. P., Swerling, B. C., The World's Sugar, op. cite.
Ppe 32.
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forces since 1934. Another example of such policies is the United
Kingdom which, through the Commonwealth Sugar Agreement, has arranged
to acquire most of her import needs at a negotiated (premium) price
fromn Commonwealth sources. As a consequence of arrangements of this
mature, the free sugar market represents only a fraction (of the order
of 10 to 20 percent) of total world production. It supplies only
residual requirements of importing countries.
Prices in the free market tend to be rather unstable. This
characteristic has been attributed to the low short-term elasticities
of demand and supply, such that small changes in the balance of produc-
tion and consumption in the residual market are associated with
relatively large fluctuations in price. The narrowness and the
residual nature of the world market also are important contributing
factors. Timoshenko and Swerling also point out that importing countries
respond to cheaper sugar by increasing protection afforded to domestic
producers, rather than by increasing eonsumpﬁon.l
The volatility in world market prices was well demonstrated in
early 1963, when reduced supplies to the free world from Communist Cuba
and two years of short crops changed the supply picture such that world
prices for raw sugar skyrocketed from a 20 year low of just above 2.0¢
per pound (F.0.B. and stowed, Greater Caribbean ports) in late Jamary

1962, to a 40 year high of over 12¢ in May 1963.

International Agreements in Sugar
A new International Sugar Agreement was negotiated in 1953 in

o9 Peo 3‘500
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order to cope with some of the problems of the "free" world market.
It provided for export quotas, with the objective of keeping prices
within a target "zone" of stabilized pricos.l The refusal of certain
of the signatories to the agreement (particularly the recent Cuban
regime) to abide by the export quotas has made the Agreement
ineffective.

1mid., p. 323.



The stated purpose of this dissertation is to analysze the
effects of changes in various technical, economic and political

relationships on the prospects of the Eastern Beet Sugar Industry.
This and the following chapter will contribute to these objectives
by making an analysis of production response of sugar beets in the
region. '

"Preduction response” or "supply response® are economic terms
which refer to the relationships between the total supply of a given
product and the factors or forces influencing that supply. In the
static theory of production, the supply relation is completely deter-
mined by (a) the production functions (the relationship between
resources or factors and output) for the product in question and all
relevant competing products, (b) prices of the products and the compet-
ing products, and (c) costs of inputs or resources, given the usual
statioc assumptions of & profit maximizing competitive firm operating
under conditions of perfect knowledge.l

This provides a useful conceptual starting point. However, the
real world situation is much more complex, and accordingly, difficult
to approximate. A nmumber of factors reduce ocur abdlity to measure

15¢e Heady, E. O., "Uses and Concepts in Supply Analysis,” in
Hw. E. 00. !E. ﬂo. OdS.. Su ° h.s.
Iowa, Iowa State University Press, lﬁ. for a concise summary of the
theory

34
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precisely the production response for a particular commodity. Among
these are uncertainty and lack of knowledge, capital rationing, non-
monetary objectives, technical changes, fixed factors, complementary
and supplementary relationships among products, and many others.

The problem of production response is of both practical and
methodological interest in the case of sugar beets. As was noted earlier,
the acreage of sugar beets supplied to processors in the Eastern Region
has not always been sufficient to fully utilise existing plant capacity.
Hence, any proposals for expansion of the industry through investment
in plant facilities must demonstrate that the present production relation-
ships will undergo a sufficient shift to fully employ both present and
prospective capacity.

Mothod of apalysig.--A precedure comsonly employed in production
response analysis is the application of statistical regression procedures
to time series data, to measure statistically the influence of selected
variables upon output. However, the facts presented in justification
of the study seem to rule out such an approach. These facts imply that
the underlying structure being investigated is undergoing shifts, and to
attempt to predict the future on the basis of historical relationships
would be somewhat mppropriatoql

An alternative procedure is to construct a detailed static micro-
economic model of representative farm situations, make the necessary

assumptions, judgments and projections about factor supplies, competing

l‘n::ls type of approach was applied in Perreault, R. P., The

Response of Michigan Farmers in East Central o8 to
Relative Prices of Sugar Beets and Field Beans. (Unpublished Ph.D.
dissertation, Department of Agricultural Economics, Michigan State
me’ 19%0)
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demands, technology, and institutions, and determine the effect of
varying prices on output and return to resources under these assumptions.
This technique has been applied using budgeting procedures by Mighell
and Hlack! and by Schuh,?

In the last decade or so, the linear programming framework
using variable pricing techniques has been increasingly applied to this
sort of problem. This is a mathematical techmique which finds the
maxims (or mipims) of a particular linear function under certain
specified restraints. It is possible, under certain assumptions, to
represent the elements of the static theory of the firm by a linear
programming model. Solution of the model for given product prices
determines the organization of resources and the amount to produce of
each commodity which maximizes profit. Solving for several prices of
& particular product provides estimates of the optimmum ocutput of that
product under each of the various prices; that is, a supply response
funotion.’

Time period of the analysis.--The static model developed is
based on projections of technology, product prices and resource prices
for the 5-year period, 1964-1968. For convenience, the projections are
referred to as for the year 1966, the center of the period.

Ly ghell, R. L. and John D. Blaok,
ip Agriculture, Harvard Umdversity Press, Cambridge, Mass., 1951.

23chuh, G. E., The Su the Detroit Shed as
Affected by Cost of Production. lﬁehigan Agricultural Experiment
Station Technical Bulletin 259, East Lansing, 1957.

3500 McKee, Dean E., and L. D. Loftsgard, "Programming Intra-
Farm Normative Supply Functions," in Heady, E. O., gt. al., eds.,
S TIowa State University Press, Ames, 1961,
for a discussion of the method.
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The order of procedure in the remainder of this chapter is as
follows:

(a) Some previous studies of production response in sugar

beets will be briefly reviewed.

(b) The past, present and future trends in sugar beet produc=-

tion technology wdll be discussed.

(c) Estimates of ourrent resource inventories on "typical®

sugar beet farms wlill be presented.

Chapter IV will continue the discussion of production response
with a presentation of the assumptions, results and interpretation of
an analysis utilizing the linear programming technique.

Qther measurements of supply response.--The Sugar Division of
the Agricultural Stabilization and Conservation Service, Department of
Agriculture, has from time to time published measurements of responses
of planted acreage of sugar beets to relative prices of sugar and all
other crops. The analysis is in graphic form, and no statistical
measures are presented. However, the graphic analysis suggests fairly
close relationship between sugar beet plantings, on the one hand, and
the relative price of raw sugar (raw sugar price, New York, 6 months
prior to time of sugar beet planting, divided by the index of prices

recedved for ALL Farm Crops).l

The work by Porrunltz for Bastern Michigan Counties is the

lupelationships Between Sugar Prices and Sugar Beet Plantings.®
101, September, 1960, Commodity Stabilization Service,
U.S. D.pto of Amculm. Wm' D.C.

szomlt.Ro
QUNLles to W
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only knomm study of supply response of sugar beets for the Eastern
Region. Perreault, using a recursive statistical model, treated the
planted acreage of sugar beets in the East Central Counties of Michigan
as a function of (a) the intended acreage of field beans, (b) the price
ratio of sugar beets and field beans the preceding year, (c) the price
ratio of sugar beets to livestock products the preceding year, (d) the
cost of fall beet labor per year adjusted by the percentage of the
acreage mechanically harvested, and (e) a dummy variable representing
weather conditions at planting time. The period under study was 1928~
1954, with some years omitted. These variables explained about 56
percent of the variation in planted acreage of sugar beets, but only
the ratio of prices of beets and field beans was found to be statis-
tically significant at the 5 percent level. The analysis indicated that
a 10 percent increase in the ratio of sugar beet to field bean price
indices (1935-39 = 100) resulted in a 3.1 percent increase in planted
acreage of sugar beets. Other variables were tested, including the
yields of both sugar beets and field beans, the acreage of wheat, and
the abandomment of sugar beets in the previous year. None of these were
found to significantly affect the acreage of sugar beets planted.
Although it was not possible to measure their effects, weather varia-
tions at planting time and uncertainties regarding labor supplies were
najor disturbances affecting the acreage planted to sugar beets.
| The low proportion of variation in planted acreage explained
(B2 = .56) suggests that there are many other factors, each with
relatively small influence on planted acreage. Perreault lﬁpothulaos
that among these are extremely adverse harvest weather in the previous
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season, relative prices of crops other than beans, acreage allotments
on other crops, and distance to the factory. The long period of price
uncertainty before final settlement is one of a group of more subjective
factors, which also includes the effectiveness of processor fieldmen in
making contracts for acreage, and the unmwillingness of producers to
sacrifice leisure and other satisfactions for the additional income

of beets when returns from other crops are at generally prosperous
levels, or when opporturities for off-farm work are available.

B. Technical Aspects of Sugar Beet Production
in the Eastern Region

Gonaral

Sugar beets have but one profitable market, the beet process-
ing factory. The sugar beet factory has but one profitable use, the
processing of raw beets for sugar. In order to protect the investment
both parties have in the crop, marketing is effected under terms of a
contract between grower and processor. The agreement makes provision
for the mumber of acres, the conditions of delivery, method and time of
payment, and numerous other details relating to seed, advances for
expenses against the proceeds of the crop, labor procurement and the
like. Some of the major provisions are discussed below. (There are
some variations in contract terms between companies in the region so
that all ef the following statements may not apply in specific oases.)

The grower agrees to deliver to the processor all beets grown
on the acreage contracted. Upon delivery, they are weighed and tared.
(To arrive at a net tonnage, the gross weight is reduced by the amount
of soil or other foreign matter in the load, and by deductions for
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improper removal of tops and crowns.) The processor agrees that all
beets so delivered and accepted at the factory will be processed into
sugar, beet pulp and molasses; such products to be sold at the company's
discretion.

The company agrees to pay the grower a fixed proportion (usually
about 50 percent in the Eastern Region) of the "net proceeds® from the
sale of sugar, pulp and molasses. The "net proceeds"” is defined as the
amount received by the company (less any differential received from sugar
packed in other than 100 pound bags) after deducting actual cost of out-
bound freight, brokerage, taxes (including the federal processing tax of
$0.535 per cwt.) and certain other specified marketing expenses. The
sugar per ton of beets may be determined by sampling each load, or more
comonly, by the average of all sugar for each factory district.

The grower receives an initial payment, usually in December,
which is based on "the highest rate the company deems Justifiable,"
taking into consideration the expected production and returns from the
sale of the products. Other payments may be made, and final settlement
1su§nanydnovdthin15daysamrallproductsfromthatmpmm
sold, or on some specified date (usually in October of the year follow
ing harvest) in the event all products are not sold by that time.

The share feature of sugar beet contracts appears to be umique
to this crop. The arrangement originated in the Thirties when proces-
sors were caught between falling sugar prices and a fixed price contract
for beets. The original intention was not that the 50-50 share remain

permanent, but few changes have been made since that ta.no.l'z

Yoviatt, C. R., Sixty Years in Sugar, ope cit.

2An example of a typical Eastern region ocontract may be found

in Jackson, Donald, Economjcs of Sugar Beet Marketing, ERS-49, U.S.
Dept. of Agriculture, Washington, D.C., March, 1962, Appendix.
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The primary raison d'etre of the sugar beet is the relatively
large amount of sucrose stored in its roots. Sugar beets may be growm
on a wide range of soils and in an equally wide range of climatic condi-
tions. Actual location of production of any crop is, of course, deter-
mined by the interaction of a number of natural and economic factors
such as climate, soils, topography, competing crop and livestock enter-
prises, and cost of transportation to and extent of potential markets.

Sucrose is produced in the leaf of the beet as a product of the
process of photosynthesis. Most of it is subsequently stored in the
beet root. The sucrose content of the root averages in the neighborhood
of 14 to 16 percent at harvest time. High sugar content is of consider-
able importance to the processor, and thus to the grower, since a higher
percentage of sugar can greatly increase the efficiency of the factory
operation. Also important to the processor of beets is "purity,” the
percent of sucrose in the soluble solids of the beet. A high level of
impurities reduces the proportion of available sugar in the beet which
ocan be economically extracted. A high sucrose content is typically
associated with a high degree of purity so that when large quantities
of sucrose are in the beet, a relatively larger proportion of that
present is extracted. A number of climatic, soil and management factors
are known to affect both sugar content and purity and, hence, the most
economic location of sugar beet production.

Climatic requirements.--A growing season of 150 to 200 days is
required to achieve adequate beet tormage and sugar content. Some
observers indicate that the longer days in northern areas can offset
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the shorter growing period there. Rainfall requirements in non-irrigated
areas are about 15 inches during the growing season.

The critical condition for the economical production of sugar
beets is that the environment (be it controlled or natural) is such that
a relatively high level of sucrose is stored in the beet root during the
last several weeks before harvest. These conditions are provided
naturally where there are relatively cool, rainless autumns. The growth‘
of the beet is apparently inhibited by the cooler temperatures, but in
the presence of adequate sunshine, sucrose will be produced and stored.
Rainy, cloudy and warm weather in September and October (which are
occasional hazards of beet production in Michigan and Ohio) are conducive
to rapid growth of the beet, which draws off energy rather than increas-
ing sucrose. In hot, arid climates, such as the Central Valley of
California, sucrose storage is induced by limiting irrigation water in
the late weeks before harvest of the crop.

The beet seed can sprout at alr temperatures near to freezing,
but it does so so slowly as to produce a weakened seedling susceptible
to "damping off®" or "black root" organisms. Temperatures above 45 degrees
allow a healthy emergence. After a period of conditioning, the plants
become nearly as cold hardy as small grad.ns.l

Soil requirements.--The beet survives in a wide variety of soils,
Beets are most often found on solls which are deep, well-drained, and
have good moisture holding capacities. On these soils high ylelds are

lBrandos. E. Ws and G, He Coons, "Climatic Relations of Sugar
Cane and Sugar Beet," Umited States Dept. of Agriculture, Yearbook of
Agrioculture, 1941, Washington, D.C., Govermment Printing Office, 1941.
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obtained without excessive management problems. In the Michigan and
Ohio areas where irrigation is not typically practiced, the heavier
mineral soils with high moisture holding capacities have an advantage
over the lighter soils during periods of insufficient rainfall. Soils
with properties which inhibit deep root penetration, such as high water
tables, repellent soil structures or poor aeration, tend to produce
beet roots of undesirable size and shape.

Climate in the Study Area

In the course of a discussion about difficulties with the beet
crop in the spring, a man with long experience in the beet industry in
Michigan was heard to remark, "This has certainly been an umsual spring.”
After a moment of reflection, he added, "But all springs in Michigan are
wmsual.' The weather data in Table 3.1 are notable as mmch for their
range as for their means.

The climate in Lower Michigan and Northwestern Ohio may be
characterised as being humid and continental. Rainfall averages about
30 to 35 inches annually, with somewhat more than half ocourring during
the growing season. Length of the frost-free period averages around
150 days, but with considerable local variation. For example, the
eastern portion of the Michigan factory districts in Samilac, Huron
and St. Clair Counties have a somewhat later spring and somewhat more
rainfall. Most of the present growing areas are close to one of the
Great Lakes and so enjoy some moderating influences and longer frost-
free periods. The high variation in both rainfall and temperature data
which are shown in Table 3.1 are important for the evaluation of the
adaptabdlity of the beet crop to the area. Bad weather in the plant-
ing or harvest seasons may delay or complicate these field operations.



TABLE 3.1 SELECTED mmm

IN EASTERN BEET

PRECIPITATION DATA-~THREE STATIONS

Mean Tem e, °F
.Sagimw. Michigan: Sandnsky. Mich. ¢ Findlay, Ohio
Month : (],9_&-55) : ( 2-6 889-196
H (] ¢ Range @ t Range
¢ Monthly 8 of 8 Monthly ¢ of : Monthly ¢ of
H : Moans 3 Moans ¢ H s
Decenber 27.2 21.2-34.0 26.9 22.5-32.6 30.1 20.5-42.0
J‘mm 2305 1507-3"'02 2303 1607-3004 2805 12.6—3806
r‘brw 2307 120“‘3000 244 1900-3103 2901 1805-3806
WINTER 24.8 4.9 29.2
March 3203 %.Ms.l 5209 2204-"601 37.2 2‘&.‘4—‘&9.‘&
April b4.,8 37.9-52.6 45.6 39.8-52.3 #48.2 40.8-51.6
w 5603 5000-62.3 5504 5008-6009 5907 5209-6901‘
SPRING 44t 5 51.3 48.1
June 6609 6200-7109 “05 6101.7101 7002 63.7‘7704
July 71.8 67.4=76.1 70.3 67.4-75.6 74.2 68.0-80.4
Mst 69.6 650007500 69.7 6602-7“‘.2 7203 6600-7802
SUMMER 69.4 68.8 72.2
September 61.7 56.8-68.5 62.3 58.1-67.0 65.1 57.3-71.2
October 5101 “&.1-58.2 5204 4509-5908 5307 Mo9-6108
November 37.9 29.9-46.8 38.7 31.7-43.3 40.4 34.7-50.2
AUTUMN 50.2 51.1 53.1
YEAR 47.3 47.4 50.7

Excessively warm, humid weather prior to harvest has encouraged top
growth at the expense of sugar storage and provided the preconditions

for infestations of the fungus disease, Cercospora leaf spot.

Soils of the Study Area

Soils of Lower Michigan and Northwestern Ohio are generally

formed from primary materials of glacial drifts.

1

Sugar beets have

lﬂniversity of Wisconsin Agricultural Experiment Station,
Bulletin No. 544, Soils of the North Ceptral Region, June, 1960.
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proven to be especially well adapted to certain of the Humlic-Gley
solls. This group of solls was formed on glacial material in the
more humid areas of the North Central region on sites that were poorly
drained but not wet enough for the formation of orgamic soils. These
solls were deposited on what were then lake beds during the glacial
periods. The Humic-Gley soils tend to be level, fertile, well supplied
with orgamic matter, but rather poorly drained. With the application
of practices directed toward maintenance of adequate drainage and
tilth, they are among the most productive of soils. In the North
Central region, large bodies of such soils are found in Eastern North
Dakota, Western Minnesota, along the Southeastern portion of the Lower
Peninsula of Michigan, and in the Northwest portion of Ohio.l

The Department of Soil Science, Michigan State University, has
classified Michigan soils into a number of "Soll Management Groups,®
based on the properties of surface texture, slope and degree of erosion
or stonminess of the soll profile to the depth of 3 to 5 feet. Soil
management groups are identified by mumber denoting texture (ranging
from 0 for clay to 5 for sands) and the letter, a, b, ¢, denoting good,
imperfect, or poor natural drdnago.z Expected yields of sugar beets
and competing crops on selected soil management groups are shown in
Table 3.2, It must be emphasized that these yield estimates refer to
improved practices (including tile drainage) by a grower who has the
nQeoua.ry equipment and experience and under "average® weather conditions.
No irrigation is assumed.

]m.’ Pe 320

ZCoopu-ativo Bxtansion s.m«. Michigan State University,
: atior Crops, Extension Bulletin E-159,
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As would be expected, most sugar beets are grown on the 2¢
solls. The reader is urged to note the difference in expected yields
of sugar beets on 2c and other soils in comparison with such differences
in ylelds of other crops in Table 3.2.

ances ) Bee

A considerable amount of published work on sugar beet production
practices is now avd.lable.l However, in order to set the stage for the
specification of the predicted production relationships, we shall review
in detall the more important aspects of technological advance, both
accomplished and projected.

Soll management.--The size and shape of the beet can be adversely
affected by improper drainage. Tile drain lines at 4 to 6 rod intervals
in the heavy clay loams common in the Eastern Region are very effective
in reducing damage from excess moisture, as well as favorably influenc-
ing the timeliness which certain field operations may be performed. The
analysis of Cook, M..z in Michigan indicates that the average yleld
of sugar beets on tiled land exceeded that from untiled land by 3.4 tons
per acre over the three seasons, 1958, 1959 and 1960. This amounts to
an additional return in excess of $40 per acre per year. The proportion
of beets grown on untiled land in the region will probably be well below
10 percent in the current (1963) season.

]'Soe for example U.S. Dept. of Agriculture, Farmer's Bulletin No.

2060, Sugar Beet Culture 12 the North Central States, Washington, D.C.,
Gov't. Printing Ofﬁcog 19 » and COOk. R. Lo. J. F. Daﬂs. and M. C.
Frakes, 0 Produc actices of Michigan Sugar Beet ers,
Michigan Agr. Exp. Station Quarterly Bulletin Art. 38, Feb. 1962.

2C«.'mk. Re L., et, 8l., 1958-60 Productjon Practices of Michigan
S e owers, op. cit., Table 3.
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Tillage.--~"Minimum tillage"” as developed by Michigan State
University's soll scientists has had the happy result of increasing
yields while reducing the number of field operations, thus reducing
costs. Yield of sugar beets was shown to decline sharply as number
of tillage operations (after plowing) exceeded two.T

Fertilizer.--Relatively large quantities of fertilizer are
applied to the sugar beet crop. Typical recommended application rates
might be in the range of 600 to 800 pounds of 5-20-10 analysis fertilizer
per acre, plus additional nitrogen side dressings in amounts depending
upon previous crop history and manmuring applications.

It has been shown that a high rate of application in nitrogen
fertilizer can have detrimental effects on sugar content and purity
of the sugar l:»ee't..2 The problem is complicated by an apparent effect
of the level of soil molsture upon the relationship. A preliminary
hypothesis by Snyder’ suggests that relatively warm and rainy late
season weather combined with current levels of nitrogen application
(at a rate of 100 to 120 pounds per acre) serves as an explanation for
low sugar contents in the 1959 and 1961 seasons in the Eastern area.
Relatively lighter rainfalls and cooler temperatures in 1960 and 1962
were associated with more "normal" sugar contents in the beet deliveries

those years, which suggests that recommended levels of nitrogen

1In4d., Table 8.

2See for example, Haddock, J. L., et. el., "The Influence of
Cultural Practices on the Quality of Sugar Beets,® Journal of the

American Socjety of Sugar Beet Technologists, Vol. X, No. 4, Jan. 1959.

3Sm]der. F. N., "The Influence of Nitrogen Fertilization on
Yield and Sucrose." American Society of Sugar Beet Technologists,
pding he Twelfth Ea ozl ¢ Meetings, 1963 (forthcoming).
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application should be tempered by possible large adverse effects of
atyplcal weather conditions.

Stand establjshment.--The seed of the sugar beet is character-
istically a "multigerm" form; that is, each seed ball contains several
viable germs. When such a seed germinates, several seedlings sprout
from each seed ball. Experience over the years has shown that the
beets should be spaced approximately a foot apart in the row. There-
fore, hand field operations were required to bring the resulting groups
of seedlings to appropriate stands. These operations are and were
started when the beets were about 4 weeks old. The first step was
"blocking® which was the removal of soll and beets from the row with a
hoe, leaving beet-containing blocks at the desired interval. Then the
weeds and excessive beets from this block were removed by hand and hoe,
which was called "thinning™ or "singling.® Such operations required as
much as 34 man hours per acre, in the 1946 study by Johnson and Wright.l

Experimental work has been done on a number of methods to
reduce the heavy work load for thinning. The first approaches were
aimed at mechanical modification of the seed ball to reduce the number
of germs per segment of the plant. The resulting "segmented" seed was
a major advance as the improved stand often permitted the worker to
operate wdth a long handled hoe in an erect position rather than on his
hands and knees. Another approach was that of genetically modifying the
seed so that it would have the one germ. This was made possible by a
discovery of plants with true "monogerm" characteristics in 1948. The

Lyohnson, C. E., and Wright, K. T., Reducing Sugar Beet Costs,
Michigan Circular Bulletin 215, Michigan Agricultural Experiment
Station, East Lansing, Michigan, 1949.
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original stock lacked many of the necessary qualities of yield, sucrose
content, and disease resistance, so a decade of laboratory and green-
house development was required before the first commercial scale
plantings of a satisfactory monogerm variety were made.

The successful modification of the beet seed has not resulted
in the complete elimination of hand labor as had been hoped. Uncer-
tainties<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>