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International Cooperation Administration . December 29, 1958

815 Connecticut Avenue, N. W. : Reference: TEC-234
Washington 25, D. C.

SUBJECT: SUCGAR PRODUCTION POTENTIALS IN
THE REPUBLIC OF THE SUDAN

Attention:: Mr. Norman E. Thompson
Gentlemen:

On June 27, 1958, ICA issued Task Order No. 234 requesting that
an investigation be made of the sugar production potentials in The Republic
of The Sudan.

The Tudor Engineering Company engaged the services of Harold A.
Wadsworth, Irrigation Specialist eand team leader, Hector E. Gandila; Sugar
Mill Design Engineer, Luis R. Marques, Consultant in Sugar Cane Culture,
G. Donald Sherman, Consultant in Tropical Soils, assisted by Forest G.
Warren of the U. S. Department of Commerce. The consultants left Washlngton,
D. C. on October 3, 1958, and returned in the early part of December.
R

The accompanying report, prepared by the consultants after their
return to Washington, is based on a review of all-available reports and data,
observations in the field, and their owm studies, analyses and computations.
Tae Tudor Engineering Company provided the essential backstopping in the pre-
paration of this report. .Certain parts of the report were drafted by individual
consultants, but all have concurred in the final presentation.

Robert W. Kitchen, Jr., Director, USOM/Sudan, indicates in a
foreword the impoxrtance of industrial development in The Sudan.

This report finds thet it is feasible and economic to undertake
the development of sugar cane and the production of sugar therefrom in The
Sudan.

Very truly yours,

TUDOR ENGINEERTNG COMPANY

JCGM:ebf
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. UNITS OF MEASURE AS USED IN

THE REPUBLIC OF THE SUDAN

AND THEIR EQUIVALENTS

1 feddan =
1 £S5 (Sudanese Pound) =
1 &S =

1 piastre (P)

It

1l metric ton¥* ) =

1 gallon (Imperial }¥

"100 cubic meters =

1 meters/sec

1 kilometer =

1 millimeter =

*¥Unless otherwise specified, the unit "tons" when used in

this report refers to metric tons, and the term "gallons"

refers to Imperial gallons.

1.03é acres

$2.87

100 piastres

2.87 cents

1.1 tons

1.2 gallons ( U. S. )
0.97 acre inch

35.32 £13/sec

0.621 miles

'0.03937 inch

First printing, December 1958.

Second printing, September 19509.
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UNITED STATES OPERATIONS MISSION
TO SUDAN

Khartoum, Sudan

The Republic of Sudan has focuseﬁ upon the qﬁestion of accelerating its econ~
omic development soon after the.achievement-of independence.. In that connection,
conéiderable interest has been manifest in both the feasibility and suitability
of private investment as an adjunct to Govermment of Sudan capabilities and
external assistance projected f;om various international and bilateral agencies.

From the first contact with The Sudan, the International Cooperation Adminis-
tration has fel% that considerable advantage, not only.in the form of capital flows
but in obtaining additive administrative, managerial, ‘and technical talent, woulé
accrue from exhaustive and successful efforts to enlist the support of the private
*sector. Tt is further felt thab a substantial part of the USOM/Sudan program should
properly be tﬁat of‘serving as a catalytic agent in bringing together responsible,
competent potential investors and appropriate agencies of Government and private .
business within The Sudan.

| The work of the Sugar Survey Team which is now presented represents the first
in what we hope will be a continuing Series of feasibility studies which will "at
: once assist the Government in developing policy decisions with feferencé to indus-
'_trial effort and provide banking, industrial énd governmental circles with a thorough
‘pre-project evaluation. If these efforts can be conducted with competence and
Imagination, it is our continuing conviction that the results isswing from cooperatio:
between private and public sectoré wiil in all probabilitly ﬁrovide a greater

enhancenent of the Future of The Sudan than would either sector funcetioning’

independently.
|
Robert W. Kitchen, Jff%
Director
November 22, 1958 _ United States Operations

Mission to Sudan
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SUMMARY OF FINDINGS AND RECOMMENDATIONS

The Republic of The Sudan offers great possibilities for the economic
production of cane sugar. The climate in many parts of the country is ideal,
except for rainfall deficiencies, which can be offset by irrigation. In
general, the soils are heavier and more difficult to work than would be
desired. TIn some areas internal drainage is poor. Tn view of the extremeiy
flat surface, some difficulties with surface drainage might be expected.i
But it is felt that these disadvantages can be ¢ffset by a careful selection
of the location for the enterprise and by caréful agricultural management.

An area south of Kosti and on the west side of the White Nile is recom-
mended for ?irst consideration. TIits advantages are listed in the report.
Other areas worthy of serious consideration are at Sennar and Abu Na ‘Ama on
the Blue Nile, at Mongalié in Fguatoria Province, and Jebel Moya on the Sennar
Junction~Kosti rail line.

A sugar plantation of sufficient size to carry 9000 feddans of sugar
cane and a sugar mill capable of providing 34,000 metric tons of suzar per
yeér offers the possibility of a return of .about T per cent on the capital
invested. Estimates made in The Sudan in the Fall of 1958 indicate that an
investment of about ES 4,150,000 ($11,900,000) would be required for such an
enteéprise.

A profit and loss statement has been prepared for a hypothetical sugar

cane plantation at Semnnar. This study indicated that an investment in excess

of ES 4,000,000 would be required for the necessary field equipment, in pur-

chase and erection of the sugar factory and the providing of essential auwxiliary

Tacilities. Vhen this investment is made and working capifal for salaries and

supplies aro provided, a profitable enterprise seems assured. The cost figures

=10~



uged ére consefvative, since no means of evaluating tax concession that might
be made by the government, undeq the authority of its policy to encourage new
enterprise, particularly those,financed by foreign. capital, were available.

" A Business Profit Tax of 40 per cent has been included as an item in the cost
schedule. K

No immediate use ié_evident for the molasses which 1s an inevitaﬁle by-
product of a sugar cane érocessing plant. Tﬁe usual outlet, as a catile feed,
does uot exist at this time. Fermentation into industrial alcohol is féasible
but costly. The market for such a product is dubious, Molasses, as a fuel,
1s a possibility. ¢

Sugar beets do not present as encéuraging a picture. A long series of
trials would be required.to demonstrate that an adequate yleld of recoverable
'sugér might be secured. A yield of 20 tons of beets per feddan and an average
.gugar content of 16 per cent, at the factory, should be assured before a sugar
beet enterprise is established.

It is recommended that serioué, immediate consideration be given to #he
éstablishing of a sugar cane plantation and sugar factory at Kosti or at Sennar.
The cost and profit figures given in the body of the report should be inviting
to foreigu capital.

~As 1is indicated in Chapter V of £he report, the total sugar imports into
The Repuﬁlic of The Sudan in 1957 amounted to 106,800 tons. A single enter-
prise of the size recommended as an efficient economic unit might be expected
to” produce 34,000 tons per year. It is evident that several units of this size
would be required before the entire demand could be satisfied by local

production.
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CHAPTER I

[

FOREWORD

The Sudan in North Central Africa is an ancient land. The Republic of
The Sudan is a recent addition to the family of nations. The early history
of the area, including as it does the accounts of waves of conquest as they
swept across the ancient land of Kush from Egypt and from the Red Sea and
the stories of the slave-raiders of more recent times, is not important for
the present purpose, buit those stories provide interesting reading.

The modern period, begimming with the reconquest of The Sudan by com=

e

bined English and Egyptian forces during the last years of thg nineteenth cen-
%ury, is signifieant. For, after the battle of Omdurmén, there has been a
. continuing introduction of Eurqpean cultures and institutions into the ares.
The finael result was the establishment of a government of foreign dominafion ?
unde? the authority of a Condominium Agreement between Britain and Egypt.

Although this foreign control resulited in marked advances in the govern-
mental processes and physical prosperity of ‘the area, it was unacceptable to
the proud people of The Sudan. By 1951, an agreement was reached, afger
peaceful negotiations, by which a thrée-year.period_of self-government was
established as a trial of Iocal competence. ZElections to a self-governing
Parlia%ent were held in 1953. The Republic of The Sudan assumed full independ-
ence on Januaff‘l, 1956,

"As might be expected, the long influence of both British and Egyptian
interests has léft a pattern which is important in the present study. Gﬁvern-

mental concepts and economic processes are in large measure patterned after



those in Britain.. But, the ties witﬁ Egypt are étrong, partly Eecause of.
geographicél‘location, and partly bécause of the large number of people who,
due to ancestry or political inclination, find an interest in Egypt and its
policiest The political situation iﬁ the Near Bast at present makes these
considerations of great_importance.

Land Use Patterns

Fewr countries present such a wide diversity of land usages'as those
found in The Republic of The Sudan. Nomadic tribes traverse the deserés and
near-degerts with their herds of camels, goats and cattle as they did a thousand
years ago. In the Gezira area, between the Blue and the-White Nile, where the
Sennar Dam aéds the benefits of irrigation water, the agficultural practices
are as-médern and as productive as anoy intensively farmed area in the wdflq:-
Betweenythese two extremes lies a wide range of agricultﬁral practices. These

. *
practices have been described by Tbthill‘s) to which the reader is referred.

The turning point is wvater. Where the Nile can be drawn upon, either
by modern diesel-driven pumping plants, or by ancient water wheels, intensive
bQoduction can be expected and is to be found. In the absence of this resource,
rainfall in some areas makes the production of dura, the great grain crop,
possible, although sometimes precarious. 1In drier areas, grazing is possible
if the animals are moved with the natural grass that Tollows the pattern of
the rains.

The Sudan is a land of great contrast. In the northern desert, near the
‘ancient village of Dongola, an annual rainfall of 23 millimeters {less than 1

inch) per year may be expected. South of the great swvamp between Malakel and

Juba, an average annual rainfall of 970 millimeters (38 inches) is reported,

*¥M1]). references to published material shown thus ( ) refer to "References"
cited in Appendix V.
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with such a wniform distribution with'respect to time that most of the crops
of the tropics can be grown without benefit of irrigation, although even here
irrigation facilities add securiﬁy. -

éimilar contrasts can be found in the daily temperatures over the wide
expanses of the country . Tab16:1 presents temperature, rainfall and
relative humidity data from several typical areas of asgriecultural interest.
The figures are from the excellent records of the Suﬁan lieteorological Service.
More detailed data with respect to some of these areas will be found in sub-

sequent sections.

TABLE 1

COMPARATIVE CLIMATOLOGICAT. DATA FOR SEVERAT

LOCATIONS OF AGRICULTURAL INTEREST

Temperatures °C Annual  Average
Average Daily Period of Rainfall Relative
- Avg. Records, (Milli~-  Humidity
Station Latitude Max. Min. Range Years meters ) %
Dongola 19.2 N . 36.9 18.5 18.h 6 23 32
Shendi 16.7 N 37.2 21.9 15.3 9 136 35
Wad-Medani kN 37.0 19.8 17.2 10 . 381 L3
Kosti 13.2 N 35.9 2l.h 14.5 8 Lo7 . k6
Roseires 11.8 N 36.2 19.9. 16.3 26 802 - 56
Juba h.oy  33.6 20.9  12.7° 24 970 73

Source: Sudan Meteorological Service

Tt is to be noted that all the stations listed above are on or near the
Nile or one of its great tributaries. Except for a few relatively small areas,
where local sources of water have been found, the agricultural economy of The
Republic of The Sudan is dependent upon the wise and conservative use of the

waters of this Great River system.
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The Government's Inte-*s: in Land Use

The Sudanese su-sorities have been active and constructive in establlsh-‘

ing procedures‘by whic: e watef of the -great river and the land it serves
may be used, but not w=-zirly. Any new activity such as a sugar enterprise
will, in all probabilizy. de governed by these procedures,-although certain

modifications or excepzions, particularly in the case of sugar cane, may be

hoped for.

Most of the jntensively irrigated land in the Nile Valley is prlmarlly
devoted to cotton growing. Due to British influence, a rlgld_system of rotation
is established and adhered to. The pattern of the rotation may vary somewhat,
but the planting of cokton is limited to one yéar in three, or one year in four.
During other years, the land is devoted to the production of dura, lubia, a
populér legume, or allowed to remain fallow. It must be admitted that this
practice has been successful. Yields are maintained with a minimum use of
costly imported fertilizers. Moreover, pest and disease problems are more

readily controlled.

But the basic concept of -rotation does not lend itself well to the produc-
tion of sugar cane. When this crop is growm, it is anticipated that the planting
will remain in place for four or five years, and that three or_four crops will
be harvested ﬁithout benefit of replanting. Such a practice is in common use
in all sugar cane producilng areas. For experience has shown that the savings
in such inffequent plantings, with the high costs of lend preparation associated
with such plantings, are more than enough to pay for the additional fertilizer
nécessary'to maintéin acceptable yields. .In Cuba, Puerto Rico and Hawaii, areas
ha;e feen,in sugar cane continuously for seventy years. During this period,
yields have continucusly increased. It should be said, however, that agricuitural

management has been_éooa.and mineral fertilizers have been generously applied.
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Purpose of Study and Composition of- the Team

A firm determination for ecqnomic independence by a new and relatively
undeveloped area, particularly an area of no long history o6f industrial and
agricultural'diversification, demands an exhaustive search for possibilities
_ for inereased products which may be exported to the markets of the world or

for products which will satisfy local demands and so save the expenditure of

" .precious foreign exchange. This search is now underway by the Sudanese Government.

The brewery which is now in operation in North Khartoum and the cotton textile
mill which has been authorized are examples of successful efforts to reduce
imports and to conserve foreign exchange. The possibility of producing sugar

for local consumption deserves attention.

In an effort to explore this possibility, the International Cooperation,

‘Administraticn (IGA), under a contractual arrangenent with tﬁe Tudor Enéineer—
ing Company (TEC) ofrwashington, D. C., sent a team of five_specialists to
The Republic of The Sudan in October 1958. This-team consisted:of:

H. A, Wadéworth, Irrigation Specialist and Team Leadexr

¢. Donald Sherman, Consulfant in Tropical -Soils

. Iuis R. Marques, Consultant in Sugar Cane Culture
Hector E. Gandia{ Sugar Mill Design Engineer
Forest G. Warren, Chief, Middle East Section, .U. S.
Deﬁartment of Commerce -

The party remained in the field until the end of November 1958. This
teqm'was instructed to investigate and to report upon the factors involved in
the possible success or failure of a sugar cane or sugar beet industry in The

Republic of The Sudan. The team was specifically instructed to report upon:
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1. The possibilities of growing either or both sugar
crops on the many soils .and climate zones in The Republie;

2. The agricultural practices best suited for the
areas studied; .

3. The-avallability of labor and suitable methods for
the local or foreign training of supervisory personnel;

k., The mill design best suited to each possible location,
together with an estimate of the cost of producing and milling
a unit of commercial sugar;

5. The economic climate for such a venture, including
legal limitations, the tax structure and their effects upon
such an enterprise;

6. The available markets for sugar and the by-products
from a cane or beet enterprise; and

7. The posaible effects of insects and diseases upon
the crops.

The findings of this team make up the body of thig report.

Duration of Study and Methods Used

In preparation for its field work, the team'exhausted ‘the possibilities
of source materials in the cffices of governmental agencies in‘Kha;toum.
Officers of the Ministry of Finance and Economics, Ministry of Commerce,
Industry and Supply, Ministry of Communications, Minigtry of mineral Resources
and the Faculty of Agriculture at Shambat; North Khartoum,.were consulted and
their advice used in the formulation of & program of field trips. As a
result of many conferences, three field trips were undertaken. One of these
was-up the Blue Nile as far as Bunzuga; the second was north from Khartoum
to Kerma; and the third was south to Juba, across the great swamp-like area
of The Sudd, and to the area between Mongallé and Genmeiza. The expeditions

were arranged to provide for an investigation of the several apparently most
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-~onising sites for sugar enterprises. The tentative identification of these
£ ron

arcas resulted from the many conferences in Khartoum. Sayed A. M. Hamadto,
co-missioner for Development, Ministry -of Finance .and Economics, Sayed Hassam

wptwakil and Sayed Yogoub.el Hilu of the Ministry of Agriculture were of

great help in the identification of areas of evident potential and in arrang-

ing for these field trips.

Tasic Reguirements

Cane and beet sugar crops, like all others, present a series of require-
ments for satisfactory and economic production.

1. The soil shouwld be permeable to both air and water. It
should be of such a character that it can be worked easily by -
modern tools. It should be relatively free from excessive
accumulation of saline or toxic materials. Natural fertility is
a great attribute, but modern technology permits the continuing
use of non-fertile soils. It should be said, however, that the
skill of the operator must increase rapidly as the soils under
cousideration lose their natural fertility.

2. Water should be readily and economically available during
a large part of the year, particularly with sugar cane. If
irrigation is resorted to, controls with respect to frequency of
application and the equivalent surface depth of water applied at
each irrigation are essential,

3. Sugar cane is essentially a crop of the tropics. High
temperatures can be tolerated and seem to be essential. Not
much is known aboub the necessary length of day for maximum
economic production. Day length is important in the formation
of the flowering inflorescence which resulis  in the loss of
stored sugar in ‘the flowering stalk. ~

L. Cane sugar can be produced in many areas of the world.
-Tne most favored areas, from a standpoint of over-all economy
if other things are etual, are those favored with a market close
to the point of production and in equal measure, areas that enjoy
low base prices and minimuan. freight costs on the supplies that
must be purchased. -

5. The sugar beet, on the other hand, is generally considered

as a crop of the temperate zone. It was Tirst used as a source of
refined sucrose in Eurcope immediately after the Napoleonic Wars.
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Since that time, intensive breeding trials in temperate zone
experimental stations have expanded its usefulness. There is

no record of & commercisl sugar beet plantation for sucrose
recovery in the tropics. (4) The crop seems to mature best
when there is promise of frost and when the days begin to
shorten., The elaborate breeding studies leading Lo new varieties
have tended to expand the beet areas in the Continental United
States to the north rather than to the south. This is not to say
that sugar beets should not be tried in The Sudan, but such a
trial should be considered as exploratory. Several years spent
in experimentation might elapse before economic fea51bllity of
this crop on a commercial scale could be proven.

The Republic of The Sudan covers & wide area. It extends from the
southern boundary of Ezypt on the north in a latitude of about 22°N to the
northern boundary of Uganda and the Belgian Congo on the south to a latitude
of 4° N (see Frontispiece). In the other direction, it reaches from the
" deserts of French ﬁquatorial Africa on the west to the mountains of Ethiopis
and the Red_Sea on the east. -

Such a wide expanse, which is 1grger than all of the Unitedtstates

lying east of the Mississippl, must and does cover a wide variety of soil

types, water supplies and other ecological situations.
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CHAPTER 11

THE NATTONAL, ECONOMY

The economy of The Sudan is almost entirely an agriculitural economf.

The poptlation census shows that 85 per cent of the gainfully employed males
over the agé of puberty are engaged in farming or caring for herds of cattie,
goats, or other-animals. Those who are engaged in fayming are largely on a
subsistence basis. They cultivate irrigated, as well és rain-grown, crops.
Principal agricultural crops are cotton, lubia, dura, millet, sesame, corn and
some wheat. ' A

Livestock, amounting to 21,000,000 head of cattle, sheép, goats and camels,
with an estimated value of &S 183,000,000, constitute a great wealth in The
Sudan. (12) However, nearly 60 per ceﬁt of the value of livestock is in catile.
and should not presently be considered as a major sourcé“of income because of
the local habits and customs of the people. In some areas, cattle are con~
sidered as tokens of personal'prestige end are infrequently sold. However,
the government recently established a separate Ministry of Animal Resources
"due to the growing importance of animal products, both as es;ential factors
in raising the standard of living of the people and as exports of increasing
value." (12}

The main product of irrigation-farming is cotton. This crop is grown
on from 60 to TO per cent of the land under irrigation each year. Other
irrigated land is planted to dura and lubia. Cotton is thus‘the life blood of
agricultura; production and, since The Republic of The Sudan is dependent on

—
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its agricultural economy, it is the iife blood of ‘the nationél ecconomy of the
country. Here rests the basic reason for the gfeat need for diversification
in agriculture.

at ?he present time, The Sudan has little industrial-activity‘outside
of the railway system centered in Atbara, and the cement plant, also at Atbara.
In addition, there are several small plants in Khartoum, including & soap
factory;'a brewery, a shoe factory, and a black syrup factory. In Wad-Medani
there is a new clgarette factory. In the south there is a small textile fac-
tory and a small cigarette factory. However, these and several other small
plants provide employment for less than 200,000, or less than seven per
cent of the total gainfully employed males over puberty in The Sudan.

Foreign Trade of The Sudan

The Sudan being a producer-of agricultural products is compelled to
trade largely with thbse countries that have a demand for more raw agricultural
materlials than can be produced. Fo; this reason, the United Kingdom, India,‘
and Egypt have historically been the major markets for Sudan exports. These

$three countries provided the market for 50 per cent of Sudan'é exports in 1957,
and. were the source of 46 per cent of her imports (Appendix I, Table 23).
The United States purchased only %S 1.2 million in The Sudan, or 2.7 per cent
of'Sudan's total exports. The United States was-the source of Sudan imports
in.the amount of &S 2,1 millicn, or 3.3 per cent of her total imports. Sudan's

primary export to the United States is gum arabic.

The Balance of Trade
Since 1948, the total foreign trade of The Sudan, i.e:, exports plus
imports, has increased from LS 45,000,000 to &S 112,000,000 in 1956 and

LS 111,000,000 in 1957. (Appendix I, Table 2h.) This healthy increase is
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vartly due to increased prices an@ partly to an increased volume of trade.
The Sudanese government is to be commended on its continuous efforts to
increase its domestic production to secure the Foreign exchange needed to
pay. for the goods which it must import.

The Shrinkage of Foreign Exchange

The reliance upon cotton as the major foreign exchange earner has
created a situation which makes the fbreién exchange availability constantly
vulnerablé. For example, in 1955 cotton constituted nearly two-thirds by
value of the total exports. In 1955, cotton accounted for approximately 60
per cent of the foreign exchange received from exports. A schedule showing
the values of exported produéfs by years is given in Appendix I, Table 25.
These cotton returns have resulted in a favorable foreigh exchange situation
for The Sudan over the past years, but the vulnerability of a one~crop economy
becape not only apparent but serious in 1957 when the value of the cottoﬁ
exports fell nearly 50 per cent below the 1956 level with a reSUlting unfavor-
able trade balance of &S 14,85%,000. This unfavorable balance has continued
into 1958 with an unfavorable balance of £5.10,611,000 for the first eight
months. - .

Efforts to Reduce the Outflov of Money

» The Sudan govermment is well aware of the current situwation in regéid

to the unfavorable balance of trade. Several significant steps have been taken

to improve the situation and to remedy the basic cause. As an emergency measure,

the export price of cotton was adjusted to make Sudanese cotton more competi-
tive on the world market, and the bank credit restrictions, vhich initially -
were imposed in September 1957 in an effort to reduce imports, were further

tightened in September 1958. 1In addition, import permits have been issued only

for essential items.
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More baslc than the emergency measures taken to conserve-ﬁoreigﬁ exchange
and to close the gap in the unfavorable trade balance are-the actions taken
by the gavernment to diversify its agriculture, to increaée domestic industry
and so reduce the drain on foreign ;xéhange. Research projects arelbeing car= .
ried out to find improved varieties of dura and millet to increase yields.
New crops are also being tested in an effort to édd‘diversity to the agricul-
tural program. Tests have been conducted for several years on growing sugar
cane. Sugar beets have also been grown. Sever;l test plots of castor beans
have been established. Consideration is also being given to the soybean.

In the industrial field, the govermment has recently issued a license for
the establiéhment of a $24,000,000 textile plant. The government is also
interested in the éstablisﬁing off a new cement plant.- The possibilities of
a sugar industry are the subject-of this ecurrent study. ‘

The 1957 imports of cotton piece goods alone amounted to ovéf s 6
million and sugar to Jjust under LS’6 million. Ag indicated in Appendix I,

these account for 20 per cent of the total 1957 imports (Appendix I, Table 26)..

Government Versus Private Inveétment

Apért fram railways, public utilities, and ordnance works, The Sudan
government is actively encouraging private investment in industrial fields.
However, in all uﬁdeveloPed countries, the governments play an‘important role
in new industries. Mhe Sudan_government, if it feels it appropriate, ﬁight‘
enter into an industrial scheme as a state enterprise. Eﬁis, however, is not to
'be interpreted as meaning thdt the government desires to nationalize ény
given iqdustry. Government officials have clearly stated that The Republic
of The Sudan desires participatioﬁ of private capital to the fullest extent
ppsgiﬂle in its development programs . Because of the importance of this

statement, it is reproduced in Full in Appendix ITI, together with the imple-

menting legislation.
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Banking, Insurance Facilities and Interest Rates

Banking Facilitiss. Complete banking facilities are available in

The Sudan. The following seven banks, located in Khartoum, have been auth-
orized by the Sudan government to deal in foreign exchange:

Arab Bank Limited
Bandue Misr S5.A.E.
Barclays Bank (D.C.0.)
Credit Lyonnais
National Bank of Egypt
Ottoman Bank

State Bank of Ethilopia

Many of these banks have branches throughout The Sudan. For example, Barclays
Bank ‘has teh branches throughout the country from Juba in the south to Atbara

in the north, and from El Obeid in the west to Port Sudan and Kassala in the

east.

Dealings by banks in The Sudan in forelgn currency are carried out

through the National Bank of Egypt, Khartoum, for sterling and by the Barclays

Bank D.C.0., Khartoum, for U. S. dollars.

lnsurance Facilifties. The commonly writien typesof life and property

insurance are available through iocal representatives of 27 British, Italian
and Egyptien insurance companies. The leading type of insurance from the
gtandpoint of premiums is automobile insurance. Workmen's compensation legis-
lation is in effect and provides that the government may declare insurance to

be compulsory for employers in particular industries.

Interest Rates. The commercial interest rate for working capital is 6
per cent for cotton production and 6% per cent for other commercial loans.

Availability of Iocal Capital

Commercial Capital. Due to the limited industrial development and the

recent poor cotton crop, the availability of local commercial capital is currently
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very limited for any new major undertaking. This is reflecteﬁ ngt only- in
the shrinkage-of avallable foreign exchange, but also in the level of domestic
loans and advances and the relati;nship of such loans and advances to total
bank deposiis. |

As of December 3i, 1955, the loans and advancgs by banks amounted to
Tl per cent of the total bank deposits. .The percentage increaged to 87 per
cent by the .end of 1957 and to 99 per cent by 3ﬁne 30, 1958. The-June 50,,
1958 percentage of 99 per cent compares with 93 per cent forza&ear earliér and
68 per cent for June 30, 1956. The actual loans and advances increased
“from &S 22,289,000 on December 31, 1955, to &S 26,331,000 on December él; 1957,
and to %S 27,986,000 by June 36, 1958. (Appendix I, Table 27.)

Investment Capital. There are no data. on available savings by individ-~

. uals in The Sudan since most of the savings are invested in animels, real estate,
gold ornaments, and grains. The savings which are made available in form of
cash are limited. Actual savings by the majority_of the peoplé are 1iﬁited
due to the relatively low incomes which prevail and te the tendency to spend
Slightly in excess of income. An unofficial estimate placed the average
irdebtedness of the Sudanese worker at three_times his monthly income. Indi-
cations are that it would be impossible to raise sufficient local Sudanese
capitél for any major industrial development scheme of the magnitude envisioned
in the sugar production program.

The Tax Pattern

The specific taxes which a new enterprisé is required to pay in The
Sudan are determined by the official policy of the government toward new
enterprises and foreign capital. If an enterprise qualifies under the special

law for encouragement of capital investment in the field of industry and thus
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becomes an “approved or pioneer enterprise", tax concessions are made by the
government according to the "particular requirements of the industry”.

(Appendix III.)

The regular taxes which an industrial activity is subject to in The Sudan,

not taking into consideration any specisl tax concessions which an approved
enterprise may be granted, are of three general types: (1) local taxes, (2)
direct taxes by the central government, and (3) business profits tax., There
i8 no regular income tax. -

Tocal Maxes. (a) General tex.- This tax is & local ‘tax which is
assessed sgainst the owner of occupied property and is b;sed on the actual
rental value. (b) Iatrine tax. 'This tax is assessed on each latrine +o pro=
vide sanitary service. (c¢) Special tax. This fax is assessed according to
need to provide for public services such as street lighting, and paving.

The local taxes vary from community to community. It is, tﬁerefore,

impossible to give specific rates. In the Sennar areas, these rates are:

(a)} General rate 11% of assessed rental value
(b) Tatrine rate negligible
(c) Special rate_ 33% of assessed rental value

Direct Taxes. The direct taxes are those which are assessed directly

by the-central government and are as follows:

(a) Custom duties: Tae general rate of import dﬁtf.is 25 per cent ad
valorem. Alcocholie bevefages carry specific duties and foodstuffs and
clo?hing are assessed at 20 per cent ad valorem, machinery and equipment are
assessed at 10 per cent ed valorem, self-propelled road paQSenger vehicles,

omnibuses of 9 seats and over and ambulances and bodies and chassis thereof
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afe assessed 60 per cent on ES 500 or less, and 100 per cent over LS 500; all
other vehicles for operation on ;oads,_including tractors, fork trucks, farm
wagons and the like are assessed at 25 per cent; and office business machines
are agsessed 50 per cent.

The government policy towvard the encouragement of local and f&reign
capital states that appr;ved or pioneer enterprises may be given assistance by
& reduction of import duties on raw materials. (Appendix IIi.) No re%grence
is made to other impor£ duties; however, the listings in the appendix are only
11lustrative of the type of assistance which may be given.

(b) Quay dues: In addition to the import duties, quay duties are
assessed at Port Sudan on all imported goods at the rate of 1.2 per cent ad
valorem. -

(c) Langd tax: The iand tax, which ie collected by the local governors,
is an annual tax in the Blue Nile (Gezira and Managil) Kassala, Khartoum,
Kordofan, and Northern Province on all cultivable land except land subject to
ushur. fThe tax is calculatéd by either of the following procedures: (l? a
m;ximum rate of £S5 1.50 per feddan or (2) a meximm of 12.5 per cent of the
value of the crop (except dates)’or less if it is with consent of the Minister

for Local Government.

(d) Ushur: Ushur is an annual tax on all rainiands which pay no land tax
or rent. This is in lieu of the laﬁd tax and is leviable in amounts up to 15
per cent of the crop value.

(e) House tax: The house tax is assessed at 1/12 of the annual value

of an assessed rent on all dwelling houses, hotels, stores, shops, factories

or other bulldings.
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(f) Animel tax: ALl animale (camels, cattle, donkeys, goéts, horses,
mules, and sheep) are taxed at the rate of 5 per cent of the local market
value: ' . .

(z) Date tax: In the Northern Province, each male date tree which has
reached the flowering siage and each female tree which has begun to bear frult
13 taxed at LS .06 per year. Tﬁis amounts to 15 to 18 per cent of the crop

value.

Business Profits Tax. The business profits tax is assessed as follows:

-t Profits Per Cent
o7
on first ES 500 ’ 12
On next &5 500 15
_On next &S 4,000 20
On next S 5,000 25
on next %S 10,000 30
On next &5 10,000 35
On the remainder Lo

Caleulation of the Business Profits Tax. Tmport duties, quay taxes,

and local taxes are treated as business expenses in:deterﬁining profits of
an industry. The business profits tex is calculated using the rates indicated.
Féom the tax thus calculated is deducted all of the various direct taxes which
have been-paild to arrive at the net business profits ftax which is payable.

An exact evaluation of the tax liabilities of the hypothetical planta-
tion is impossible until the concessions offered under the goveranment's policy
towafd new entefprises and forelgn capital can 5; detenniﬁed. Some taxes will
undoubtedly be payable.

. . A tax 1iability of 4O per cent of business profits has been used in the

profit and loss statement, This arbitrary allowance for taxes is probably

more than will be required after negotiation.
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Population Distribution

The potential market for the products from a local sugar.enterprise must
be measured by the current and expected population in,The'Sudaﬁ, for there is
no thought, at present, that the product will enter the highly competitiﬁe
world market. Moreover, any sugar enterprise requires & labor force of con-
siderable size with a wide variety of skills énd experience. Since this
labor force should come in large measure from the population of The Sudan,
the census figures as distributed by residence, schooling and occl}patj:on are
important -considerations in the evaluation of economic feasibility.

As a result of a government census made during the year b;fween July

11955 and July 1956, the popuiation of The Republic of The Sudan was given
as 10,262,536, fThis population consists of two basic groups.

One of these groups includes the residents of the provinces of Kassala,
Darfur, Kordofan, Khartoum, the Blue Nile and the Northern Province. They
are, in general, Arabic-speaking lioslems. The other group includes the
residents of the southern provinces, Bahr El Chazal, Upper Nile and Equatoria.

They are largely Pagan.’

The populations of these provinces and the population densities are
given in Table 2. }
i+ The Sudan as a vhole is very sparsely popwlated, but the overall figuyes
. Tor population density may be deceiving. The popwlation is largely concen-
trated along the Nile rivers, particularly in the Blue Wile and Khartoum
provinces. These two provinces, which include the three towns of Khartoum,

Khartoum North and Omdurmen and the Gezira area, account for only 6.5 per cent

of the total area, but include 25.1 per cent of the population (Table 2).
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TABLE 2

POPULATION DENSITY BY PROVINCE (9)

Population
Per Sg. Mile

vince Population Area .
P (number ) (sq. miles)
Yiorthern Provinces: )

Northern” 873,059 184,151
Kassala 91,039 131,493
Darfur 1,328,765 191,598
Kordofan 1,761,968 146,891
Khartoum 504,923 8,095
Blue Nile ' 2,069,646 54,865
TOTAL 7,579,500 . 117,093
Southern Provinces: )
Bahr E1 Chazal 991,022 82, 508-
- Equatoria 903,503 76,475
Upper Nile : 868,611 91,165
TOTAL 2,783,136 250,148
967,241

TOTAL (ALL PROVINCES) 10,262,536

(number)

k.

The majordity of the people of The Sudan live ‘in villages and towns.

The largest concentration of vopulation is in the Khertoum-Khartoum North-

Omdurman ares with a total population of 245,736, Omdurmen is the largest city

of the three in this district with a population of 113,551l. Khartoum has

93,103 and Khartoum North 39,082. TPopulation of the remaining principal cities

is as folloﬁs:

El Obeid (205 miles south of Khartoum and
approximately 190 miles west)

Wad-Medani (in the Gezira area 110 miles from

Khartoum) .
Port Sudan (on the Red Sea)

Kassala (due east of Khartoum approximately

270 miles)
Atbara (212 miles north of XKhartoum)
El Fasher (370 miles west of El Obedi)
Kosti (205 miles south of Khartoum)

The 10 principal citles have a population of

cent of the total population. An additional 335,000, or 3 per cent, live in

58 other major towns.

-30-

52,372

hr,677
7,562

Lo,612
36,298
26,161
22,686

519,106, or 5 per

- b e e e

ke e e AP b

+ g vvelman

N v e > n

» biimfran

AL R e b e e A b

v sty

L g i



) Education‘ .
Thé-l955—56 cénsus revealed that 80.9 per cent of the children in The
‘Sudén between the age of 5 years and under puberty had received no schéolingu
éevénty-two per cent of maleg had received no schobling, as compared with G2
per cent of the women. (9) In the Blue Nile and Khartoum Provinces, which
incluée,ES per cent of the ﬁopulation, only 64 per’ cent of the men in the Blue
Nilé had recelved no education and only 39 per cent of the men in-Khartpum-had
receive@ no éducation. |
The trend in the field of education in The Sudan is revealed by a com-
‘parison of the percentage of people-over puberty who have received no educa-
tion, -with those in the age group of § years and under’puberty. For the
country as a whole,‘88.l per cent of the population over puberty have received -
no schooling, compared with 80.9 per cent of the population falling within
the ége bracket of 5 years to under puberty. Although ‘the census figures
iﬁdicate that an increased percentage of the population is receiving school-
ing, the trend is most pronounced in the northern provinces, particularly in

Blue Nile, Northern and Khartoum Provinces (Table 3)..

TARLE 3

PERCENTAGE OF POPULATTON WITHOUT

SCHOOLING IN THE SUDAN BY PROVINCE (9)

. 5 years of age and over

Province to under puberty Ovér Puberty
‘ . Both . Both .
Sexes Male Fennle SBexes = Male Pemale
Bahr F1 Ghazal 25.2 92.7 98.3 ‘ ' 97.9 96.5 99.4
Blue Nile 75.3 64 .2 89.8 . .~ 83.6 70.9 96.2
Darfur 8r.1 78.0 97.5 83.7 65,0 98.7.
" Equatoria 83.7 76.4 92,7 90.3 84h.6 95.4
Kassala - 79.4 71.2 - 91.2 : 85.9 T7.0 95.8
Khartoum 50.6 38.9 65.9 ' 66.8 ho,6 87.0
Kordofan 80,1 82.9 96.9 93.7 88.0 99.1
Northern 63.1 Lhh,2 87.8 83.4 65.5 97.5
Upper Nile aT7.7 96.4 99.1 98.7 "97.7 .99.7
Sudan as a whole- B0.9 71.8 2.k 88.1 TO.% a7.3
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cultural Backgrounds

éulturally, as well as geographiéally, The Sudan shares in ﬁoth
African and Middle Eastern c;vili;ations. The population of the northern
provinces are culturalla part of the Islamic world. TFor centurles, nomadic
%ribes, in the scant rainfall area of the north, have been content to follow
the seasonal rains north with their camel herds and to return yearly. Large .
numbers have settled along the Nile. The people of the central province of
Kordofan, just south of‘the northern desert area, are now well settled,
although the 8 to 9 month drought limits their agrlcultural activities. (8)

The ‘southern tribes speak central African languages in contrast to the
Arabic speasking northerners. In generai, the southern populatibn is less-
developed, culturally, than the northern. It seems clear, however;‘ﬁhat all
the people, regardiess of theif origin and places of residence, can be trained
for agricultural work. This is evident in the labor force now employed in
‘the private pumping schemes along the Nile, the Gezira scheme, the limited
industry in Khartoum, the beginning of mechanized farming in the Blue Nile
Province and the developments now taking place in Equatoria which require

trained laborers.

. Occupational'Employment of Iabor Population

The 1955-56.;ensus showed that there were & total of 2,752,166 male
laborers, over age of puberty, in The Sudan. (Table 4.)  However, of this
ﬁumber, only 3 per cent are craftsmen, 1.6 skilled workers, and 2.6 per cent
laborers other than farm laborers. This means that any new industry coming

to The Sudan would have to recruit its labor force largely from the 68 per

cent of the labor force classified as farmers, hunters and Tishermen, as



well as from the 5 per cent classified as animal owners and 10 per cent as
shepherds. 'These three classifications make up 83 per cent of the male

labor population.

TABLE 4 ) . -

OCCUPATTON AND DISTRIBUTION OF MALE POPULATION

OVER AGE OF PUBERTY (3)

Number
Occupation ) Employed. Per Cent
Professional~Non-Technical o ' 2,621, .1
Professional-Technical 1,108 a/
Managerial Commerce and Industry 1,486 - a/
Farm Ovners and Farm Managers 196 )
Semi~Professional-Non=Technical : - 38,148 1.k
Semi-Professional-Technical 6,765 - .2
Shops and Workshop Owners : : " 65,765 2.k
Clerical Vorkers, Senior 3,669 .1
Clerical Vorkers, Junior : 20,026 .7 .
Craftsmen - Mechanics 79,518 2,9
Skilled Workezrs - - k3,051 1.6
Farmers, Hunters, Fishermen 1,868,316 67.8
Animal Qwners : 150,025 5.4
Machine Operators 32,663 1.2
Personal Services . 36,781 1.3
Taborers, Except Farm Iaborers 72,275 2.6
Farm laborers, Forestry Workers -35,680 1.3
Shepherds 277,21k 10.0
Protective Services 16,859 1.0
Total Geinfully Enployed 2,752,166 100.0
Students, Unemployed, Beggars, Unknown 98,843
Total 2,851,009
Percentage of Gainfully Employed Total 96.5

a/ less than 0.1 per cent

The population in the northern area from which a new industry of the
magnitude under consideration would have fto draw its labor supply would be

the settled popuwlation along the Nile from Wadi-Halfa on the Bgyptian frontier
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down through Dongola, Kareima and on éo Atbara, but particularly in tﬂe aresa
betwaen ﬁadi-Halfa and Kareima. There is currently surplus population in
this irrigatéd‘;rea from which much of the.labor for the Khartoum area is
drawvn. ., In addition,.large numbers.ﬁigrate to Egypt to seeﬁiwork. _

The c¢aliber of the iabor force 1n the northern Nile region is. perhaps
the best in The Sudan. Local govérnment officials report that a labor force
of from four to fiVe‘thousand would be readiiy-available. 'The census shows
over 29,000 laborers, including craftsmen, machine operators, and non-farm
lsborers, currently in the Northern Province (Eab;e 5). A large éor%ion-of
these laboreré are employed in cotton schemes and by The Sudan Railways at
Atbara. These sourceé of employment are not adequate to prevent the migration
of labor froﬁ the area.

As one moves south from the northern Nile area to Khartoum, the Gezira -
Schemé?and'Southern Kagsala 1abpr is less readily available due to the demsnds
in Khartoum and in the Gezira area because of the increased agricultural

activity. In addition to the local labor, this area relies on migratory

' labor and seasonal employment. Any new industry would have to pay sufficiently

high weges fo attract local farmers from the relatively low paying rain-crop
farming for part time employment or ﬁb interest outside surplus labor on a
permanent basis. The most evident source of such labor is in the north.

The number of craftsmen and mechenics in the‘Khartoum-Gezira-Southern
Kassala area equals half of those in The Sudan, and the farm labor force equals
86 per cent of the total. Nevertheless, there is currently a shortage of
laﬁoy. It seems apparent that to attract an adequate force from other occupa<

tions, additiongl inducements in one form or another will have to be made.

-;écheme used interchangeebly with word .Project.
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TABLE 5

CENSUS OF MMALE LADOR POPULATION OVER FUBERTY DY OCCUPATIONAL GROUPS

. 1955-1956
\
P R 0 v I N c B
. lorthern} Kepogla] Darfur {Kordofan]khartoum| BDlue {hahr El jEquator-| Upper
Occupational Croup 1/le [Chazal 1a, Kile Total

Craftsmen, Mechanlcs 10,62 6,661 6,270 | 6,762 | 22,307 | 18,h28 | 2,289 5,293] 1,041 79,518
Famers, Hunters, Fichermen 111;:,225 the, k53 jo3e,h56 375,162 | 33,701 1388,L48°|1gs,346 | 193,612)203,905 | 1,868,316
Animal Ouners 3,682 | 3,608 | ke,500 | 38,167 { 3,883 | 9,62k | 17,382 o7l 3,063 150,025
YMachinery Qperators b4 T h007 | 1,109 1 3,139 | 8,369 | 9,M9 g5 1,180 b1k 32,663
Laborexrs; except Farm

Laborers 1h,287 | 9,867 | 1,00h { 3,318 | 12,555 | 22,178 903 7,255 9808 72,275
Farm Laborers and

Forestry Laborers 880 | 2,236 538 739 | 1,h65 { 29,348 kg 718 307 35,600
ghepherds 13,137 | 87,254 | 31,433 | 29,004 | h,0b7 | 21,799 | 44,053 | 235,kko] 20,158 277,214
Others 28,812 | 28,591 | 21,6k | 27,228 | 57,951 § k4,565 | 7,999 | _12,666] 7!22:1' 236,475
Tutal Ewployed 185,806 [283,037 |336,803 [%03,500 {1hs5,199 {543,857 (269,036 | =2hh,207l255,113 | 2,752,156
Students, Unemployed, -

Deggars and Unknown 10,678 | 9,052 110,636 | 10,407 | 12,300 | 16,588 | 11,002 | 11,5011 8,507 98,843
Total 200,454 {292,099 |3h7,430 {493,956 |157,500 fs6o,hbks |280,838 | 255,708 261,620 | 2,851,009

Bource; Compiled from dota in "First Population Census of Sudan 1955/56 Last (9th} Interim Report”,
The Republic of The Suden, l{lnistry of Social Affairs, Population Census Office, (Khertoum,

May*1958).
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In the Eguatorial regions, & new industry would be faced'ﬁiﬁh not only
a current shortage of available labor for field work, as well as mill iabore?s,_
gt slso with local customs which ‘are not inductive to an_expenditure'éf
energy beyond the amount necessary to ‘satisfy the most immediéte personal. .-
needs. Such needs are not many. The warm climate and the availability of
native fruits decreases the need Tor outside income to provide the minimum
essentials of life.

The proposed sugar ;ndustry woul@ require from 4,000 to 5,000 laborers.
Tn Fguatoria Province,  there are currently. only 14,000 craftsmen, machine
operators and laborers, including farm laborers. They comprise only 6 per
cent of the total gainfully employed-male population. This compares with
79,000 or 15 per cent of the 544,000 gainfully employed in the Blue Nile
Province. A new industry in the srea would have to rely either upon import-
ing lgbor from the north, vhich is not likely in view of the differences in
the habits, customs and racial‘origin, or upon training additional loeal
farmers and shepherds. It would probably be possible to secure the 4,000 to °
9,000 labore;s required, but it would be a greater problem in Eguatorisa-than
in any other region of The Sudan. It seems evident, too, that the cost per

unit of labor would be greater,

~36-



v

CHAPTER TIII

‘THE ENVIRONMENTAL AND ACGRTCULTURAL LIMITATIONS IN THE SUDAN

The area within the boundaries of The Repubiic of The Sudan embraces
a wide range of agricultural practices and possibilities. In soﬁe districts,
such as the deser%s in the north, the land, without irrigation, is of little
agricultural value., When water from the Nile is available, dates, citrus
fruits and grain are ﬁfoduced. But the land used for these pufposes in the
north is a nafrow non-continuous fringe along the great river.

Farther south, vhere the annual rains are greater, although highly'
seasonal, some natural vegetative cover occurs. Here during short seasons
there is a limited possibility in livestock production, provided_thé animals

are moved to follow the rains and so take full advantage of the short~lived

‘grasses that occur. In some favored locations, quick-maturing grain crops

can be grown by careful conservation of the rainfalls. Such possibilities
increase rapidly as the annual rainfall increases toward the south. In

Equatoria Province, annual rainfalls are sufficient for the production of

-many crops without benefit of irrigation.

These broad belts of agricultural practices run from east to west in
general, and across them, from south to north, runs thé great Nile River.
Diversion from this source of irrigation water provides for the intensive
production of coffon which has been described. There are undoubtedly cppor-

tunities, too, for other crops as well.
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Ueneral Soil Groups

ihe soils of The. Sudan have developed under the effects of a hot and
usually a dry climate. Although the area ex%ends from & latitude of about
4° N in the south to 22° N on the Egyptian frontier and enjoys a rainfall
varying from 4O inches a year in the squth to essentially no rain in the north,
there are relatively few general soil groups in the are'at. Soil forming pro-
ceéses have been retarded in the north by low rainfall and in the south by
the effects of impeded internal drainage and surface flooding.

The soils fall into three broad systems:

1. BSoils developed on sands under dry or ‘semi~-arid,
but tropical conditions; )

2. Cracking clays developed generally on trans-
ported materials; and

3. Ferruginous ironstones - red, iron-rich, goils
developed on old geclogical materials.

As in other areas, the nature of the parent material, the climate, drainage
and age are the major factors responsible for the genesis of Sudanese soils.
Another grouping gives a view of the natural soil association. This
classification, vhich inciudes groups that are much broader than those used
in the American system, gives seven groups which, together, include all the
s0ils in The Sudan. These broad groupings are as follows:
l. Deserts - bare sands almost barren of vegetation.
A. Fixed deserts: These soils have a stable surface
which may be due to the removal of fine material by
winds or to the stgbilization of the gands which may
be brought about by the cementing action of dehydrated
iron oxide.

. B. Abraded deserts: These are shifting soils. They
are characterized by the occurrence of sand dunes.
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2. Desert Soils -~ these soils present a weakly develoﬁe&
A horlzon but present little evidence of a B horizon of any
kind. ’

A. Red deserts: In the formation of the soil, ferrugi-
nous sandstone aggregates have protected the weathering
soil from desert winds. Such soils are usually reddish
in color.

B. Desert alluvial soils: These soils are located along
the drainage systems of the intermittent desert streams.
Such soils usually carry enough silt to permit their eclassi-
fication as sandy loams. Remains of vegetation have
darkened the surface. The soils are developed from sea-

- sonal deposits by the action of streams and wind.

C. Desert clays: Desert clays are found in depressions
in the desert vhich ay hold suflicient -rater, after
floods, To perwit a si;jnlificant deposition of silt and
clay. Tne clay content Is usvally sufficient to cause
the soils to crack upon drying, but they contain much
more silt than those discussed later as "clays".

3. River Delta Complexes - these occur in desert alluvial fans
such as those in the deltas of the intermittent rivers in Kassala
Province., These streams carry heavy loads of sands, silt and
clays during their short periods of freshet flow. These are
deposited on the level plains; little of the water reaches & sur-
face drainage channel. The changing courses ¢of the river result
in mixed deposits of sediments. There is no profile development.
Salinity is & problem in some of the lower deltas.

h. Riverain (Riparian) Soils - freduent, possibly annual,
floodings of the lands adjacent to the Nile and its tributaries,
as well as lesser streams, have resulted in silt and clay
deposits on the flat lands adjacent to the river. Such soils
are high in their silt content; they would be classified as
silty clay loams. OQne explanation for the great width of these
plains of deposition is to assume that the Wile was at a much
higher elevation in ‘the geological past than at present. Soils
have developed on these recent and ancient silt deposits. The
young soils show no profile development due to the intermittent
flooding and the constant addition of fresh silt. The oldest
gediments lie beyond the currently culiivated areas. They have
developed into saline, cracking clays with weak profile
developments.

2. Semi~Desert Soil Complexes ~ these soils occur in the
Nuba lountains and on the slopes of Jebel Marra in the Kordofan
and Darfur Provinces. In the region of the Nuba Mountains,



large areas of solls, classified as fine gravels ox sandy
loams, have been formed through the residual weathering of
the rock. They were terraced and intensively cultivated in
the past, In the Jebel Marra area, at the lower elevations,

there are alluvial deposits along the channels of the.inter-.
mittent streams.

6. Cracking Clays - these soils occur over a large ares’ .
in The Sudan. Their greatest development 'is to be found
between the Blue and the White Nile and from Khartoum %o The
Sudd on the White Nile. They are to be found as well east of
the Blue Nile from Khartoum to Kassala snd the Ethiopian border.

These soils may be classified in four‘groups upon the basis of their
salt contents, their exchangeéble sodium contents, the presence or abséence of
calcium carbonate and the degree of internal drainage that may exist.
| In general, soils in-all these sub—groéps have developed on similar
" parent material. This material 'is the transported clay, laid down during
the flood stages. of the rivers and probably dried out during the dry seasons.
A1l of these elays are montmorillonite clays. These develop gregt cracks
during the dry seasons. They were- undoubtedly deposited under conditions of
higher rainfall than exist today. Most of these clays lie directly over ﬁﬁe
basal complex. But at Sennar, and around The Sudd, they are in direct contact
with lateritic materials. This fact, too, indicates a significant Ehange in
climatic conditions. - ‘

The four main groups of cracking clays are:

8. Saline - alkali cracking clays. -The soils of this .
group carry a salt content sufficiently high to affect
the growth of plants, and an exchangeable sodium content
vhich is capable of producing a dispersed condition in
the soil with concomitant difficulties. Such soils are
found in the lower and central portion of the Gezira, (2)
the area bordering the Vhite Nile north of Kosti and the

residual clay accumalations in the scattered depre551ons
in the semi=-arid sands.

b. Alkaeldi Cracking Clays. These soils along the Blue
Wile ecarry a moderate szlt content, but they do not
ordinarily have the high sodium content thac produces a
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poor physical condition in the soil. There are no gypsum

aggregates in the profile. These solls along the Blue

Wile are more permeable to water than are the saline~

alkali cracking clays and are betbter suited to irrigation

farming. Alkali cracking clays along the White Nile,on

the other hand, have a higher content of sodium in the.

third foot than those along the Blue Nile. A soil reaction
" of pH 10.0 is quite common.

¢. Alkaline Cracking Clays. These soils, as distinguished.

from the alkali cracking clays, are characterized by their
high clay content, their non-salinity, and their lack of
exchangeable sodium. These soils represent some of the
best agricultural areas in Tie Sudan. Unfortunately, their

full uwtilization must wait for the completion of the proposed

dam at Roseires on the Blue Nile. This dam will deliver
gravity water at such elevations that the largest area of
these soils lying between the Blue and the White Nile may be
served., Other areas with soil of this type are to be found
in southern Kassala Province. The caleareous clays ‘west of
the White Nile, the ironstone impregnated clays -on the
lower slopes southwest of The Sudd and areas adjacent fo

the White Nile in the Mongalla area are other examples of

alkaline cracking clays. Typical profiles. of these soils show

the following hydrogen ion concentrations:

1lst foot ~ pH 8.3 to 6.9
2nd foot - pH 8.7 to 8.9
3rd foot - pH 8.7 to 9.1

d. Hydromorphic Clays. The most important of these clays
are those of the "Toich" areas along the White Nile. These
areas are flooded seasonally for a perdiod sufficient to
prevent tree growth. These clays are water logged for long
periods. They are used mainly for grazing. - )

T. Ironstone Scils -~ these soils are to be found only in the
three southern provinces where they practically blanket the lands
at higher elevations. Ironstone soils fall into two general
classifications. One of these includes the lateriites which will
lndurate on exposure; the other is a ferruginous ironstone vhich
will not harden under the same exposure. The laterites occur on
the slopes of ‘the hills. Their value depends entirely upon the
depth of the friable loamy surface that covers them. If this
depth is 18 inches or more, profitable agricultural production
can be expected. If the surface accumilation is less than this,
the greatest value lies in forest cover. The red ferruginous
clays cover the top of the plateau beginning near Yambio and
extending westward. This soll carries red, friable kaolin in
varying depths over an ironstone subsoil. It xrepresents the
most promising agricultural soil in the southern provinces.

-
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Climate in The Sudan _

Despite the fact that Ehe.Republic of The Sudgn fronts on the Red Sea

for a small part of its eastern border, the climate is typically continental
. 1 T

in charactexr. As has been previously suggested, the country consists of one

great plain, and this plain to the north and west extends far beyond the

frontiers.

The Rainfall Pattern. .The geﬁef&l patitern of wind flow is easily defined
in general terms although local or temporary sbnormalities may occur. There
are two main lines of flow in the atmosphere. Since ‘the pattern of rainfall °
is associated with these winds, they are important.

The northerlies, which originate in Arabia or in the Sashara are dry
winds,'and'dominate‘the magnitude and distribution of rainfall in The Sudan.
During the summer, moisture-laden southerly winds from high pressure areas in
the Indiaﬁ Ocean and South Atlantic tend to replace those from the north and
by doing so bring rains. The Sudan is an areé of summer rain and winter
drdughts. Such a statement is probably an over-simpliTication. The Sudd is
esgentially an inland sea vahich provides atmospheric moisture in an unmeasured
amount, while the Nuba plountains in the west undoubtedly distort the flow of
winds that has been described.

In the northern latitudes, the dry noé%herlies prevail and the area is
dry almost to the point of being rain free. Farther south, the effects of the
séutﬁrwinds become more and more apparent as the summer advances. The seasonal
distribution of rainfall follows the migratién of the boundarf between the
dfy northern winds and the m&istureuland winds from the south. This boundary
moves to the north during the swmer and back egain in the fall. The rainy

season is shortest in the north and longest in the south.

oo



Despite the inevitable year-to-year variations, the annual precipitation
at a specific location shows less deviation from normal than is usually

encountered with 8 ceontinental climate.

TR 'I L e T

Temperatures. The Republic of The Sudan lies entirely within the

tropics. - The temperatures are within the range normally associated with such

a location, but the area does lie near the center of a large land mass. Low

i

temperatures are sometimes encountered. The lowest temperature ever reported 2

in The Sudan was +2.0°C. This occurred at Wadi-Halfa in December, 191l7. Other
below freezing temperatures have been reported at EL Obied. The highest tem-
perature ever recorded in The Sudan was 52:500. This Waé reported in April,

1903, again at Wadi~Halfa.

Despite these occasional extremes, the mean daily temperatures for all i
the repbrting stations are surprisingly similar. This figure, computed as the
average of the mean daily maxima and mean daily minima shows a loné time
average temperature of 29.6%¢ for Khartoum and Bh.TOC for Yambio. Other
stations fall between these limits. (5)

Such generalities as those given with respect to rainfall and tempera-

b A

tures may give basié information, but they are inadequate for the identification
of a suitable location for a sugar cane plantation. Additional and more specific
‘information concerning ﬁhe.four sites offered for critical consideration is
offered under the heéding "Potential Areas for Sugar Cane Production" in

Chapter V. ' ' b ;

Water Supplies . ) ;
Without the Nile River, there would be little life and activity in The

Sudan, and ithe government with great wisdom has been alert to the necessity of

-)',3... 3



conserving this great resource. Sayed Mirghani Hamza, Minister—of'Irrigatiop
and Hydro-Electric Power, discussed the importance of the great river in his -
introduction to "Sudan Irrigation". (7) Here he writes;

"But the country as a whole is a dry and thirsty orne. Only
in less than one-fifth of its area can the farmers rely on a
rainfall of 30 inches in three years out of four.. In the northern
third, the rainfall averages less than 6 inches and only by
artificial irrigation is agriculture possible at all. XEven in the
central zone, the rains are so variable and unreliable that at
least supplementary irrigation is necessary to mature most types
of crops. Much the most imporitant source of supply of water for
irrigation must always be the River Nile as it flows through the
country. But all sources must be used to the utmost."

In most parts of The Republic of The Sudan, the Nile is two rivers
rather than one. These two Niles, the Blue and the Vhite, join at Khartoum -
and continue northward through the virtual deserts of the Northern Province

to the Fgyptian frontier, and then on to the Mediterranean.

The Nilg and Its Tributaries. The two main tributaries to the- lower

Niie differ greatly in character. The White Nile is a stream of relatively
constant flow: The Blue Nile is a stream of widely varying discﬁarges from
month to month; it is a stream of little character. The White Nile is
navigable for many miles above Khartoum. The Blue Nile is rarely used for
this purpose. In general, the Blue Nile contributes most of the heavy silt
load carried by the Main Nile to thé flood pléins of Egypt.

This wide difference results from the sources of the two streams and
the character of their channels. The White Nile finds i%s gource in Iake
Victoria, which, in itself, acts as a regulating reservoir. Shortly after
the river crosses the southern boundary of The Republic of The Sudan, it
enters a papyrus swamp (The Sudd) which, %ithough it may permit the loss of

large amounts of water by evaporation, provides still anothexr control to the

bl



river as the water drains away from the area and starts its long journey to
Khartoum and the sea. The Blue Nile finds its origin in Lake ian; ﬁn Eéhigpia
and the western plains of that coﬁntry. Here a multitude of tributaries drain
an area of high but intermitteﬁt rainfall. "he seasonal cﬁaracter of such
rains and the lack of natural settling reservoirs contribute to the erratic
character of the stream flow and 1ts high silt load.

Arnother tributary of minor significance in irrigation planning is the
Atbara River Wﬁich rises in the northern part of the Ethiopian platean and
joins the Nile nortﬂ of Khartoum. The Atbara is more erratic than the Blue
Nile and is often dry during parts of the year.

The table below illustrates the discharge characteristics of these
streams during the year.

TABLE 6

CONTRIBUTTONS TO MATIN NILE FLOW (10)

High Flood %  Iow River %

From the Blue Nile 68 17
From the Vhite Nile 10 83
From the River Atbara - 22 0

Tnese streams, together with some possibilities of wnderground uvater-
in the Nubian sandstones in the Northern Province and in the Seleim Basin,
provide.the irrigation resources of the Eountry. Recent stream flow records
are superior. Records, with ever increasing precision, cbvgr the period from

the earliest times to the present.

Underground Water Supplies

The evident possibility of supplementing the water resources of The
Sudan by tapping underground supplies has received continuous attention for

many years. A few twelve~inch wells have been driven to a depth of 500 feet
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in the Nubian sandstones near El Fagher in the Darfur Province.- Yields have
been small, approximating 2,000 gallons per hour, and {the salt cdhtent is
generally high. Some have been too saline for human coPsumption.

“Gibb (1) makes no mention of the possibility of underground water- as
an irrigation resource. Nor is there mention in Hamza's "Sudan Irrigation"”. (7)
Apparently, 1f adequate underground water from deep sources exists, they have
not, as yet, been discovered.

Ogéasionally, however, shallow wells, which inerease in depth as the _
site moves away from the river, are t0 be found. Here fhe source is undoubtedly
seepage from the Nile. In general, such seepage. is slow because of the heavy
s0ill through vhich the great river runs for most of its length. Some possibili-
ties of Irrigation wells exist, in favored locations near the river. A few afe
" in successful operation.

A recent development in the Seleim Basin, opposite Dongola in the Northern
Province, will add interest to the possibilities in underground water. A series

of six wells to an average ertﬂ of 300 feet have been drilled at some distance
3

t

from the river. Each is equipped with an eight-inch deep well turbine pUp .
Pover for each is supplied by—a gasoline engine. 'The pumping lift is about
100 feet. - -

A typical discharge is'reported to ?e 45,00Q gallons per hour, or about
" 750 gallons per minute. Although the cost of each instailation is great, the
development of this resource makes the intensive development of the Seleim Basin
a real possibility. .

The Geological Survey Department seems convinced that the water‘is the

result of seepage from the Nile and not the result of precipitation on remote
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areas and the conveyance of “that water through porous rock, far below the
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surface.

So far, the resources under the Seleim Basin should be classified as

unproven.
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CHAPTER IV

REGULATIONS RELATING TO LAND AND WATER USE

Many- of the attributes of the patterﬂ*of land‘holdings‘which prevail
in The Republic of The Sudan stem from the ancient occupation of the riparian
lands of the Nile and the intermittent and temporary use of the land beyond
the influence of the river by nomadic herdsmen.

In general, but not universally, lands fronting on the rivers are
privately owned. Subdivision.of an original holding among several heirs for
many generations has créated the common probleﬁ of small ownerships. Such
holdings, small as they may be, are jealously held. "Land in towns, in the

Gezira area, along the main Wile north of Khartoum and in certain othér areas

" has been officially settled (i.e., ownership legally decided ) and registered

under the Land Séttlement and Regis£ration_0rdinance." (10)

Jo other areas, title is still undetermined. In some cases,.land use
is regulated by local or triﬁal customs., Waste and unoccupied lands are
deemed to be government property. The burden of proof to the contrary lies
on the shoulders of the claimant who pxjoi;ests the overriding title in the
goverrment.

Consequently, fhe titles to an area large enougﬁ to be considered for a

sugar cane enterprise might be confused. It should be said, however, that the

government has a long and powerful arm when, in its -opinion, private titles and

title claims run counter to public policy.
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http:Subdivision.of

The Attitude of the Government Toward Land Use by Tenants
-There“is much evidence of the gerrnment‘s sympathetic 1lnterest.in the
rights and opportunities of the small farm operator. It 1is usuallf impractical
'to provide fee simple ownership to a large number, but a good substitute is
found in the tenant agreements that run from the pump scheme operator to the
tenant who undertakes the day-by-day operation of a sméll ac;éagg irrigated
by the facilities of the pump scﬁeme, or from the g&eat Gezirs gravity -
diversion. l
When this plan is followed, the tenant, usually without ;a@ital, is
granted the right to famm a restrichd area. Expenses for operating may be
provided by the scheme operator. A share of the returns goes to the tenant,
with deductions for advances that have been made. Tﬁgre are many variants to
this general plemn; they do not need attention here.
‘It should be said that this consideration by government for the well
being of the small farmer has been highly successful. It will undoubtedly
be a firm feature of future policy toward land use.
Buﬁ it is not spplicable to‘sugar cane agriculture. Here an overall
administration of the farmed area is essential. The policy would be perfectly
appfopriéte for sugar beet cutture.

. Water Licensing

As might be expected, the CQovernment of The Republic of The éu&an exerts
‘a Jealous and complete jurisdiction over the waters of the country. Diversions
by river pumps may be permitted upon proper applicatioﬁ and, the.payment of
specified fees to the Nile Pump Control Bpard. License fees for.the_usg of
water, when the petition to pump is granted, vary with the diametér of the

suction pide of the pump.

i ITe



The Pisp Ordinance. (6) The fee for a license to pump varies-with the

character of the license. There are three categories:

1. A perennial license provides permission to pump
wvater throughout the entire year;

2. A flood license provides permission to pump
water from July 16 to December 31;

3. A restricted license provides permission to
pump from July 16 +to November 30.

Ihé Nile Pump Conitrol Ordinance stipulates the following fees for some

pump sizes:
: TABLE T
LICENSE ¥EES FOR NILE PUMPS
in Sudanese Pounds per Year
Size of Pump Perennial Flood Restricted
Suction Diameter License License License
ju 1.50 1.00 .50
24" 57.50 34.50 23.00°
Lo 160.00 96.00 64.00
L8 : 230.50 138.00 g2 .00

Costs for licenses for other sizes are iisted in the Ordinance.
Perennial licenses for the operation of pumps larger than ten inches are
valid for fifteen years, calculated from May 1 next following the issuance
of' the lfcense. Such licenses may be renewed by the Board for & period of an
equal length, when they expire, after appropriaﬁé application to the Nile
Pump Control Board:
It should be noted that the Nile Pump Control Ordinance specifies that
thé applicant for a license must satisfy the District Commissioner "that he

owns or can obtain rights of cultivation over or can enter into water renting

or cultivation agreements with the persons owning or having such rights over

the land......" (6)
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Ja view of the widé expanse of‘governmeﬁtal l‘na holdings and. the fre-
éuently expressed interest in the sugar proposal by JTficials, it seems
probable that land would be made available for the hypothetical sugar venture.

The water licensing program has been most effective. Conservative con~
trol of the ﬁaters of the Nile is maintained in the hands of govermment
officials. Pumping projects have lncreased rapidly in number. Two hundred
and forty~four projects, or schemes, had béen authorized by 1939: By 19§f,
this number had increased to 2,229. The area'irrigated under the authorlity of

such pumping licenses in 1956 was 695,000 feddans. (10)

International Agreements and Complications

Like other streams draining and serving more than one sovereign govern-
ment, the 1-;aters of the Nile have been subject to international st1:1dy and
agreement. The Nile Water Agreement between (Great Britain-and Egypbt, based
upon a reéommendation of the Nile Water Commission of 1925, proxided-that
the Anglo-Egyptian Sudan might not, without the consent of Egypt, construct
works which would affect the arrival of Wile water in Bgypt. Egypt, on the
othgr hand, might not undertake construction work ;n the river without adequate
measures to safegvard interests in The Sudan.

Officials of The Republic of The Sudan suggest that the new Reﬁublic
might not feel itself bound b& the conditions of this early agreement, but no
statement of policy has been issued.

Gravity Developments

The outstanding gravity diversion is from the Sennar reservoir on the
Blue Nile about 200 miles upstream from Khartoum. Water from this great
reservoir 1s carried by gravity canals to the Gezira Irrigation Scheme. Here

cotton is grown, in rotation with other crops, through a complex but highly
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effective cooperative agreement between tenant farmers, the Sudan -Gezira"
Poard and the Government. Plans are underway for the extension of the area
irrigated from the Sennar dam.

Additional acreage will be served if thegix proposed dams are constructed
on the Blue Nile. Each of these dams would be a major engineering undertaking.
If international egreement can be reached and financing provided, the agricul-
tural resources’ of The Republic of The Sudan would be greatly lncreased through
such works.

These possibilities are men-tioned here, in some detail, since sugar-
growing potentials would be correspondingly increased. The current study is
limited to areas in which irrigation wvater is readily available through the

use of pumps operating on the Nile or by gravity diversiom which are either

in use or wnder counstruction.
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CHAPTER V oo

POSSIBILITIES WITH SUGAR CANE

Except for the wide expanse of deserts to the west of The Republic of
fhe'Sudan, adjacent countries have recently embérked upon programs for sugar
productlon to satisfy the needs for local consumption or, as in the case of
Egypt, to inerease the possibilities in sugar export.

The long history of successful sugar cane produc£ion in Bgypt is well
known, but it should be said that present plans call for a significant
increase in this activit&.

Ethiopia to the east expects a production of moxre than 32,000 tons
during the 1957-1958 season. .

The Belgian Congo reported a production of 15,650 tons in l955l

A svgar factory for cane processing was erected in Kenya in 1857.

Uganda and Tanganyiks are Jjust beginaing to produce cane sugar for
their own needs.

Judging by experiences in countries nearby, it would appear that The
Republic of The Sudan could confidently look forward to a successful -sugar
cane enterprise. )

Sugar statistics, Tmports and Consumption

In i957, the total sugar imports of Sudan of &S 5.8 million constituted
9.2 per cent of the total imports of £8 63.0 million (Appendix I, Table 26)
into The Sudan. In 1956, the import value of them was &8 4.6 million and ~

constituted 10.2 per cent of all, imports. Upon the basis of value, the imporis
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of sugar were exceeded ifn 1957 only by cobton piece goods amounting to LS 6.}

million énd machinery amounting to LS 11.1 million. In l956h the value of sugar

imports was exceeded only by cotton piece goodé and machinery. Sugér; cotton

piece goods and machinery thus constitute the heaviest drain on the availgble

foreign exchange.
i

Per Capita Iﬁpbrtsi In 1956, The Sudan imported 1X5.0 tﬁousand metric

fons-of sugar of all sorts or 11.1 kilograms per capita. The average yearly
impo;ts for the period from 19%2 through 1957 have been lOl.é metrié'tons or
9.9 kilograﬁs per capita (Table §). Due to the variation in consumption habits
by reéions, this per capita import figure does not represent a realistic per
capita conéumption figure over the country as a whole. This-is discussed
fully in the sugar consumption section in this chapter.

Imports by Type of Sugar. The Sudan imports crystal sugar almost

entirely. Out of 106,800 metrie tons imported in 1957, all was cry-stal sugar
except for less than 600 tons. Since 1951, there has never'been more than
3,000 tons of non-crystal sugar imp&rted in any year. Crystal sugar is not
the vhiite réfined sugar cdmmonly referred to as table sugar in Furope and
America. -Crystal sugar i; not as white as refined sugar and it has a—coa;ser
grain. It possesses the same qualities in regard to sweetness, but has not
gone-through the finalirefining process to give it the fine grain and vwhite

.color.

Imports by Country of Origin. TIn view of the relative insignificance
of the non-crystal suggr in The Sudan's imports, the crystal sugar imporis only
will bé discussed by sourég. The Sudan bﬁys sugar on the open market on apbid
basis. Therefore, tﬁere gs no agsurance that any one country will be a continu-~
ing source. However, during tﬁe seven;year period 1950 through 1957, 37.9 per

—
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: ' TABLE 8
QUANTITY AND yﬂLUE OF SUGAR IMPORTS BY TWFPE

1.951-1957

ey

Types of Sugar

By e

Year Crystal __{ Confectloner's Other Total
Quantity (Thousands M Tons)

1951 4 59.7 . 1.8 a/ . 61.5
1952 99.9 . 2.7 0.1 ‘ 102.7
1953 96.9 1.9 0.1 98.9
195k 100.4 1.9 0.7 103;0
1955 80.3 2.2 0.2 82.7
1956 114.3 0.3 RS 115.0
1957 S1e6.2 0.6 b/ 106.8

Value (Thousands Sudanese Pounds )

1951 3,731.3 3133 0.3 h,olk.9 -
1952 | 6,15@.1 © ket 3.5 © 6,655.3
1953 3,880.7 345.2 3.7 h;227.6
1954 3,65h.2 316.9 3.6 - 3,97h.7
1955 3,200.3 340.1 8.3 3,549.0
1956 h,637.7 39.6 19.2 h,696.5
1957 - 5,779:0 122,1 b/ 5,901.1
| -Value (Thousands U. S.SDDllars)
1951 10,71k.6 899.7 0.8 ' 11,615.1
1952 17,6719 1,429.2 10.1 19,111.2
1953 11,143.7 985.5° 10.6 -12,139.8
1954 10,493.2 '910.0 10.3 11,413.5
1955 9,189.9 1 oms 23.8 10,191.2
1956 13,317.k 113.7 ' 55.1 14, 486.2
© 1957 16,594.7 350.6 b/ 16,945.3

a/ 1951, 3.2 M Tons.

h/ Hot separately classificd. 55
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cent of the crystal susar has come f;om the United Kingdom and 16.4 Per cent
from Taivan (Table 9). These two ﬁajér_supplying counfries provided The

Sudan With-Sh.B per cent of her sugar imports and were major sources of supply
six out of the seven years (Table 10). Poland, Netherlands and Fratice have
been sources of supply only threé years out of the geven; Qther countries
whilch have suppliedxsugar irregularly include Czechoslovakia, Argentina, Egypt,
both Fast and West Germany, Spain, India and Italy..

6f the total 106,2 thousand tons of crystal éugar smported in 1957,
41.5 thousand tons were imported from the United Kingdom, 36.8 thousand from
. Taiwan, 14.8 thousand from India, 9.8 thousand from Italy and 3.3 thousand from
France. India and italy, which supplied 24.6 thousand tons or 23.2 per cent
of the total 1937 iﬁporﬁs, had not previously been a' source of supply during
the seven-year period from 1950 through 1957 (Table 10).

Even ﬁhougﬁ a major portion of the imports of sugar into The Sudan are
from the sterling area, the release of foreign exchange reguired for sugar
imports, amounting to a yearly average of %S4,433,900 for ﬁhe'period 195i
through 1957 (Table 10), would ease pressure -on available foreign exchange and

would also release exchange for other needed imports.

Sugar Consumption Per Capita by Provinces. As might be expected, the
per capita consumption of such a product as éugar varieS'Wiéely anong the .
Provinces in The Sudan. - A national averége of 11.1hk kg per capita is reported
for the year 1956. During this year, 114,349 metric. tons were imported.
The per capita consumption for 1956, for individual provinces, varies
from 26.081 ke per capita f0¥ the Province of Khartoum to 0.76 kg per capita

in Equatoria. The details for these provinces and others are shown in Table 11.
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SUGAR IMPORTS FOR THE PERIOD 1951 THROUGH 1957

TABLE 9

PERCENTAGE DISTRIBUTION DY COUNTRY OF ORIGIN

Country of Origin .

United Kingdom
Taiwan

Poland
Czechoslovakia
Netherlands
ﬁrgeﬁtina

Egypt

France

German&, Eastern Zone
Spain

India

Italy

Federal. Republic of Germany
Other |

Total

¥ Less +than 0.1 of one per cent.

Source: Calculated from Trade Statistics in Table 10 .

Freduency of Source
Number of Years

6

oW N oW ()

W

Per Cent

37.9
16.h
8.6
6.6
5.1
5.0
h.5
h,2
3.k
3.4

2.2'

1.5
12

S

100.0
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TABIE 10

OQUANTITI AND YAINE OF CRYSTAL SUGAR IEURTS-

15511057
o
i 3 P 1] &
g s | 3 a | & ¥ 3
<] = N > 3 S
i 2| 2| ¢ | & - I S R N - N PR - I O A
H < 2 i} o & = 2 |
B 4 5 E & g B a B % & g 3 3 B
Quentity (Thousands-tetric Toos)
v | -- - -- - - - - - 3.8 - . 92 | k6.7 - 9.1
1952 - - — -— &L - . - ah.k as - i2.5 6.6 &f 93.9
1953 -- -- - - .- 7 | - - 5.3 - 225 | aoa | aus - 9.9
295k - 18.2 - - 16.2 - - -- - hz.5 ~— 1.5 2%.0 af 100.4
1955 | -32.8 - 2.5 17.0 -- - - - - 8.0 - -- -- LI Ba.3
1955 - 27.0 7.0 | T.k - - - - - 6.0 . 17T 9.2 - 1143
2957 - - - 3.3 -- - 1.8 9.8 - - .- 5.8 | a5 - 106.2
valug {Thousanda Sudanese Founds)
195L - - - - - - - - 267 - - 609.2 }2,851.3 - 3,731.2
1952 - - - - 3g2.6 - - - 1,670.0 - ~- T02.8 | 3,308.7 1 6,154.1
1953 - .- - - - i320.3 - - 218.2 - &s.2 11,1059 {1,360.0 - 3,8%.7
195 - 835.9 - - 5716.3 - -- - -~ |1,55t.0 - 4,3 | 69e.6 o/ 3,650.2
1955 1,377.1 - 98L.0 £69.0 - - - - e 209.5 -~ - — b/ 3,200.4
155 e 2,020.1 262,5 | 2842 - - - - - 228.6 - 660.6 |2,161.7 - 4,837.7
13957 -— - - 2.5 - - Big.2 hs0,6 -— -— - 1,662.7 §{2,6kh.0 - 5,779.0
i valua (fthousands U, 5, Dollara}
1951 - - - - - - - - 760.2 - -- 1,749.3 |9,205.0 -~ |0,71%.5
1552 - -~ - - 1,127.3 -- - -- 5,795, -— - 2,018.2 19,730.9 &/ {7,6n.9
1953 - -~ -- -- - 9199 - -- 626.6 —- 2,06.1 |3,175.7 |3,905.1 -~ f,ahag
195h - |85 - - |3,654.9 - -- - - k539 - 130.6 |2,563.4 o Jobosa
1955 3,667.2 - 2,768.1 |1,923.3 - - - . - 8.2 — - - ef 9,18.8
1956 - 2,929.3 753.8 K6 - - - - - 656.5 - 1,896.9 |6,264.9 - |3,311.5
1957 - - -~ 5014 - - 2,35.5 [3,294.0 - - - byTikS [T,592.4 --  |15,55%.8

a/ Loss than 500 M fTona; b/ Less thun IS 500; ¢/ Less than 3500,

Source: 1951 throush 1955 "Annual Forelgn Trade Meport 1955, Mindstry for Socilal Alffeirs, Drpartnent of Statistfes, The Republie of The Sudan.

1956 and 1957 "Foreign Trade end Internel Statistice”, Minlstry for Socdsl Affairs, Department of Statistics, The Republic of The Sulan, January 1958.
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TABTE 11

SUGAR CONSUMPTION PER CAPITA FOR EACH PROVINCE

FOR THE YEAR 1956%

Province Population
Bahrel Ghazsl 991,022
Blue Nile 2,069,614
Darfour 1,328,559
Equatoria 903,718
Kassalm 9k, 379
Khartoum 505,157
Kordofan 1,762,760
Northern 870,765
Upper Nile 889, 700
Totals 10,262,674

Total

Consumption
Metric Torns

5,463
Lo, k79
7,089
686
10,863
13,175
18,870
15,666

22058

114,349

Congumption
Per Capita

Kilograms

5.512
19.56

5.34
T LT6
11.5
26,081
10.7
17.99

2.31

11.1h

¥ Egtlmates of consumption by provinces, based upon estimated yearly .shipments
to govermment warechouses in different parts of the country, as per information

given by th? Sudanese Customs Department.
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Local Prialg with Suga} Cane

Qlthough sugar céne has been produced in neighboring countries.for
some time, interest in this crop in The Republic of The Sudan is recent.
It is probably true that the availability of cane svgar from Egypt during
the effective life of the Condamindm Agrcenent suppressed erploratory work
with this crop; wietlher this was the sole reason is lmnaberial. fhe fact
remains that nearby neighboring countries are now ope£ating sugar cane enter-
prises. Those in E:ypt, Ethiopia, and Tanganyika, Kenya and Uganda are
examplés of sugar cane developments in the same geographical and ecological
areaz.

Trials at Mongalla, Equatoria Province. Recently, since the beginning

of thé negotiations which led to the creation of The Republic of The Sudan,
explqratéry work and the beginnings of commercial developments have been
rapid.' By 1951, the Boxall Company, Ltd. had begun extensive sugar cane
trials on the east bank of the ﬁhite Wile, between liongalla and Genmeiza.
These trials were continued for about six years and resulted in a vast amount
of information concerning the proper management of cane and the probable cost

of sugar production in Eguatoria Province,

The North Khartoum Plantation. More recently, a comﬁercial sugar enter-
Drise was begun by the M'ddle Bast Agricultural Compény cn the east bank of
the File about 25 miles north of Khartoum. Sugar eane, mostly of Indian
varieties, is growing under conditions which require irrigation during its
entire 1life, except for the ripening period. PFertilization is a vital part
of the operation.

Yields of about 50 tons of cane per feddan for the plant crop are

reported with some evidence of reduced yields in the ratoons that follow.
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No refined sugar is produced. The extracted Juice is boiled in open'ketties,
to a specified concentration,-and so0ld as sugar syrup.

The Agricultural Research Stations have recently'become active in supgar
cane investigation. Small cane plantings have been made, mostly with seed
pleces from the Worth Khartoum enterprise on the lands of the Faculty of
Agriculture at Shambat. The Agricultural Department of the Blue Nile Province
made plantings of both sugar camne and sugar beels for sbout fhree years in
Wad-Medani. Work with these crops has not been active recently.

Triels at the Vad-Medani. At about the same time, the Experimental

Department of the Sudan Gezira Board began work with both sugar cane and
sugar beets, near the Barakat Headquarters in.Wad-lMedani. éhese experiments
are continuing with growing enthusiasm by Mr. A. M. Toms, an Agriculiurist
for the Board. Mr. Tom's results with sugar beets will be referred to in

subsequent sections.

Chewing Cane, Artesian or Panela Sugar. In addition to these formal

records of agricultural research with the sugar crops, there are many accounts
of small plantings, mostly to supply chewing cane, in diverse areas. Most

of these are in regions of abundant rainfall or on stream beds, where the
small plantings secure water from the rivers, without benefit of formal
irrigation works.

Apparently, the most ektén;ive of these is in the Yambio aistrict near
the Belgian Congo border in Equatoria Province., Here juice has ‘been boiled to
Crystalization and cast into molas. This crude sugar manufacture is a common
forerunner to more refined methods in underdeveloped countries. It 1s the

- Ortesian sugar, reported in the Fnglish literature, and panela in Spanish

Teports,
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. Buch diwverse experiences over such a geographic range suggest that
sugar cane can-be grown: through 8 wide area in The Republic of The Sudan.
The case for sugar beets is not so well documented; but in the regions tried,

.tliey seem promising.

Potential Areas for Commercial Sugar Cane Plantings

Criteria for Selection. It is evident that a -sugar cane plantation

will ﬁrosper if it is located in an area in which all the factors contributing
to its'operation are ideal. Such a combination rarely or never exisis.

" The factors which contribute most directly to a successful operation

are:
1. An adequate area., The-area mist be adeguate in size to
provide the cane necessary for successful and economic mill
gperation. Moreover, additional area should be available te
permit the orderly expansion of the planting in the future ©o
the economic limit of the milling facilities.

Tu addition, land should be-available for other activities
associated with the’operation- of a cane sugar enterprise. These
" include land for the mill and the mill yard, rallroad facilities
and roads, housing facilities in the mill area and space for
labor villages in more remote areas: A modern sugar enterprise
normally is a self-contained community. This involves space
for parks, playing fields, schools, churches and markets.

The: proposal is that an original planting of about 9000
feddans would be required. With the expected increase in mill
capacity, an additional 4000 feddans of cane ‘would be necessary.
Tais future demand, together with community needs, suggest that
an area of 20,000 feddans should be avajilable for the enterprise.

2. A’'suitdble soil. An ideasl soil for sugar cane was not
encountered in The Sudan. Such a soil would be relatively
light in texture, deep and free from impervious subsoil strata,
and free from excessive salt accumulation., The surface would
be relatively smooth, but would carry a slope of from 20 to 30
centimeters per 100 meters to facilitate irrigation.

3. An adequate water supply. Some susar cane, in an
enterprise of the size considered, would reduire irrigation
every month of the year unless timely rains made it unnecessary.
Irrigation facilities are essential. .
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4, Transportation facilities. A productive sugar enter-
prise requires flexible transportation facilities to a major
center for distribution. The need for a constant flow of pro- .
ducts to market and materials and personnel to the area must
not be underestimated.

5. Availability of field labor. A sugar.cane operation
regquires many hands. A location in which there is a gupply of
resident labvor nearby is ideal., If this is not possible, living
facilities must be provided for labor recruited from a disgtance.

6. Tiving conditions for skilled persomnel. A& rural activity
runs most smoothly if the morale of the operating personnel is
high. This can best be secured if the enterprise is close enough
to a major center of population to provide the personnel with
frequent contacts with others of similar background and training.

Promieing Areas for Sugar Cane Production

A close inspection of many areas, vhich were suggested by officialg in
the Ministry of Finance and the Ministry of Agriculture, indicated that four

of the general locations were suitable for economic sugar cane enterprises.

, These four, described below, are given in the order of their apparent

priorities.

Kosti Area, White Nile (West Side). This site, on the west side of
the White Nile and south of Kosti, is recommended for first consideration.
Here.an adequate area is apparently available. Gibb (1) cites an area south -
of the Umm Hani Pump Scheme which seems appropriate. The area has been sur-
veyed;fo; the projected Zuleit Irrigation Scheme.

The so0ils of this area are silty clay loams and have an excellent
physical structure. They have developed on an old, extremely level slluvial
flood plain. The subsoil shows little horizon differentiation. An absence
of clay layers in the subsoil will permit excellent root penetration.

The soils contain a moderafe salt content in the subsoil. The physical

condition is maintained by the dominence of calcium in the exchange complex.
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Infiltration is slow due %o the high content of swelling clayée Hb%ever,
the rate of water penebration is greater than that experienced in the Gezelra
area.

An adequate watér supply can be assured if a Perennial Pumping License
can be ;ecured. It is probable that the results of a detailed engineering study,
if this area is ugsed, will specify that a canal from the river deliver water .
to a forebay from which heavy-duty pups will deliver the water to canals which
carry it to the polnts of use.

Transportation facilities are excellent. The proposed site is -on the
railroad line from Khartoum to EL Obeid. Kosti is currently the northern
terminal for barge transportation on the Nile.

It is reported that field labor is available, but there may be some-
competition for that labor from the existing cotton schemes in the area.

Living conditions for skilled personnel would be better than are normally
found in wxural areas. The nearness of Kosti, with its markets, is a declded
advantage. Social and scientific contacts with the research personnel at Wad-
Medanl give an added advantage.

Climatic conditions at Kosti are summarized in Table 12,

Sefinar Area, Blue Wile (East Side). The area proposed for second con-
'sideration is on.the east bank of the Blue Wile at the Sennar» Dam. :Adﬁaﬁent
or nearby land in the vicinity is used for a productive cotton scheme. Infor-
mation received on the site indicates that adequate government land is gvailable
Tor the sugar project.

The soils of the area are the most promising of those inspected. -Although’
they are characterized by the presence of "eracking clays", the presence of

calcium carbonate close to the surface provides and maintains an excellent tilth.
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TARLE 12

Climatic -Conditions at Kosti

Month Temperature(c®) Rainfall (mms) Relativs Humidity (%)
Aversge |Average Hax.for) DoF° |
Maximum [Minimum | Total [One rag HMaxdimum —6 A | Noon 6 p
January 32.5| 16.8 0 o| -- 36| 2k Lo
February 33.7 .lﬁ.2 0 0 - 28 17 33
March 37.5] 195 1 5.0 | 15~1949 23 13 23
‘April_ uq.a 22.§ 3 2.5 | 11-1950 21 12 23
May 39.9 2k, 6 ‘ 23 33.2 | .30-1948 39 21" 31
June 37.8f 25.0} "53| 36.Lh ] 9-1948 56 31 Lo
July 35.0 23.4 116 75.0 18-1§hu 71 43 58
August 33.0f 22.6 | 145 | 80.5 | 9-1943 79 51 70
September bl 22,6 57 43.5 5-1950 73 hs 65
October 37.2] 23.3| 28| 91.3| 1h-29u6 57| 30 50
November 36.2|  21.0 1 5.6 | 8-1945 36 2L 31
December 33.5] 7.9 0 0 - 37 20 -45
Total
1_\v8¥age 35.9 21.h hot - - 46 27 43
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The soils have dark, grayish—b?own,‘silty clay gurche horizons. These
are underlain by very calcareous, gray subsoils of the same texture. These
subsoils contain numerous agéregaﬁes of caleium cérbonate. ihis high concen-
tration of calcium near the surface reduces the effect of the sodium ppesent
and provides improved infiltration and internal-drainage.

- ﬁﬂese soils carry a lower total salt content than others which were
studied.

The water for irrigation would be gecured from fhe Blﬁe Wixe after a
Perenniai‘Pumping License had been secured. In view of the character of the
river, the pumping 1i£t at some seasons wouid be relatively high, :but other
‘advantages seem to offset this "objection.

The position of Sennar, at the junction of the railwoad lines to Port
Su&an,'to Khartoum and-to Kosti, promises excellent facilitiés for the-distri-
bution' of the product of the mill and for the expedient delivery-of incoming

supplies.

- - P

-Labor is available in the vicinity as is evidenced by the cotton scheme.
A suéar enterprise might encounter some competition fof field help, but it is
believed that this situation would be rectified by immigration of seasénal'
_labor.,‘

Technical help, par%icularly that imported from.foreign lands, would be
reasonably close to the desired scientificicontacts to be found at Wad-Medani.

Climetic conditions at Sennar are sumarized in Table 13.

Wad en Nail aund Abu Na'- Ama Area, Blue Nile (West Side). An adequate
area might'be gecured north of Wéd en Nai1; if several of the closely defined
areas in the Gibb (l) report—were combinéd. 1t seems reasonable %o suppose
that a single area of adequate size might be loéated with a small addition to

the pumping 1lift.
) ~ 66 -
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TABLE 13

(Mimatic Conditicns at Semar

Month Temperature (C°)] Rainfall (mms) Relative Humidity®
' Maximom | Date )
Average |Average ) for of .
Maximum {Minimun | Total [One Day | Maximum 6 A Noon 6 P
January 34.9 15.1 0 0 - h3 | - _—
February 36.3 §  15.7 o] o - 36 | -- -
March 39.4 18.3 o) 0.8 |21-194% 30 | - —
April hl.5 2L.6 4 43.8 |29-194k 29 I .. -
May %0.9 23.5 30 |' 66.5 {19-1937 R .
June 39.01 234 1 55 | 77.0 |27-1940; 56 | - -
July 3k4.9 21'.7 135 91.0 |12-1937 Th — -
August 33.1 21,1 | 160 | 105.0 | h-1942 80 | =~ -—
September { 370 | 21,0 65| 64.3 | 7-1927] tH | -- -
October 3821 213 20 | 47.5 la7-1941 59 | -- -
November 37.6 18.9 1 5.5 1-1933 43 | a-- -
December | 35:5 1  16.0 o] -- -- b5 | - —
Total .
or e oy - et
Average 37_'2 . 19.8 ¥10 ol

*Relative hwid.dity readings are not reported forxr noon and 6 pm at the
Semmar Station.

awna

"
g ey F 64

i N

J O P R



As with other areas, an adequate supply of water will be available vhen’
the necessary pumping license is secured. and the necessary pumps installed.

The soils of the Wad en Nail area occur on a flat, clay plaid which
still carries its native vegetation. This is typically an acacia=tall /erass
savannah. The clay content is greater than that at Sennar and 1s more com--
~ pletely disperse@. The plain is exiremely flat, except.fo? areas ‘hear the-
Rlue Nilé, where the developwent of surface drainage channels has resulted
in gome mndulationg. Thése channels provide outlets. for drainage ditches
vhich might be necessary in some areas remote from the river.

The soils of this clay plain are complex. Manf areas are characterized
by cracking clays, bub théy vary widely with respect to internal arainage. éhe
best soils are those with a dark, grayish-brown surface horizon. Such soils .
are to be found in areas favored with better surface aﬁd internal drainage.

" They occupy, approximately 80 per cent of the area under consideratioﬁ. The

] pooreéﬁ g0ils are those with gray surface horizons. They occur in the poorly
drained depressions. Such areas can be readily identified by the presence of .
the white barked Acacia fistula which grows -upon them. Such poor soils occupy
agout 10 per cent of the area. The remainder .of the area carries intermediate
scils which grow excellent crops of dura, céﬁton and coxrn at the Tozi Rainland
" 8tation in the neighborhood.

Reasonable transpgrtation by rail would be proéided’bn the new line that
Tuns from Sennar to Roselres, but Wad en Nail is far from Khartoum, which would
be the natural distribution center for the product of the mill.

This same distance might add difficulties. as far as the contacts of the

skilled, scientific employees are concerned. It should be said that fhe‘
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scientists at the agricultural research station at Tozl would reduce the
jsolation of the personnel at a sugar enterprise at Wad en Nail.
Mable 1k gives a summary of the climatic factors at-Singa. This station

is about 32 miles northeast of Abu Na' Ama.:

Mongalla Area, White Nile (East Side). The area between Mongalla and

Cenmeiza presents a great expanse of land which could readily be made available
to & competent sugar enterprise. It lies along'the east bank of the White Nile.

An adequate vater supply would be available from the river after appro=-

priate licenses had been secured. The pumping 1ift is relatively small and

would remain fairly constant throughout the year.

The soils of the Mongalla area ere coarse, sandy clay loams in general. A 7"

The surface carries slight undulations. The sandy clay loams occur on the
higher elevations. Heavy cracking clays are to be found in the depressions or

t
in poorly drained areas. Even the sandy clay loam scils show some evidence

of poor internal drainage.

cuiva 310 2 ]
.

The profile description of the soils on the higher elevations is as

follows:

sk ks e

TP P O R

0~14", black, coarse sandy clay loam. This soil is quite porous.

14-30", light;, yellowish, coarse sandy clay. Dark rust colored
and gray mobtling increases with depth. This characteristic is :
associated with restricted drainage. : .

[PV 9 )

"

The seoil is underlain by laterite which probabl& presents an impervious

Pt
f

layer to percolating water and so contributes to impeded internal drainage.

N P

This sandy clay loam soil on the slight elevations are acid in reaction.

it ok

fov e o

rr . . o
e heavy clays in the depressions are very alkaline. -

L

2 ey

Soils of this sort can be developed for sugar cane production, provided

JUPEEPPIE SFIE L

Certain gpeciael attention is given to drainage and fertilizer practice.
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TARLE 14

"Climatic Conditions at Singa
(For Use in Abu Na'Ama Analysis)

Month .| Temperature(c®) Rainfall (mms) Relative Humidity (%)
) Max. Date
Average |Average for of
Maximum {Minimum | Total {One Tay|Maximum®] 6 A | Noon 6P
January 35.2 _15.5 0 0 -- ho 23 ha
February |  36.5| 17.3 0 0 - 36 " o0.] .3k
March 39.7 19.8 0 4.0 | 20-1926 311 AT 2k
April bkl 22.81 7 5 | 30.0 29=15kh | 33*f 17 o7
May Lo.1f 2k.2 31 | '65.0 | 27-192h} L3 2h. 1 32
June 37.6 23.3 69 63.3 { 29-1923 59 34 by
July 33.9 22.0 167 | 100.0 | 13-1941 ‘ T2 v | 63,
August 32.1 21.h 199 | 130.0 | 16-1950 791 . 56 76
September 33.9 21.h g2 91.2 8-19h4 751 © 51 70
October 37.5] 21.3 26 | k.3 | 6-1933 62 3 | 58
Novenber 37.91 19.5] 1| 4| 7-0es|  u3l. 22 | 39
December 35.8 17.5 0 0 - 45' . é3 35
Total
or .36.8 20.6 590 . 52 31 L5
Average -
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The outstanding difficulty with the district is its remoteness f%om a
distributing center for the sugar and from the markets from which supplies must
come. 'Transportation of bulky materials is only available. by river boat and
the distances are great. Air transport is available to and from Khartoum.

A relatively large population is to be found in the neighborhood, but

most of the residents have had litile need to work and no experience in the

day-by~day activities required by a sugar enterprise. It is doubtful if Moslems -

from the north would be interested in emigrating to Bquatoria Province.
Another disadvantage of the-site is its remoteness from the scientific
contacts vhich trained scientific personnel seem to reguire for continued
productivity.
Climatic factors at Juba are presented in Table 15. Juba is about 30
miles south of Mongalla.

Areas of Great Fubture Potential

Jebel Moya. The most promising soil type encountered was found near
the spation, Jebel ldoya, on the Sennar Junction-Kosti rail line. Here the soil,
although somewhat heavier than sandy loam, would give fewer problems in the
cultivation and in internal drainage than most of the soils studied. Moreover,
the surface,'although smooth, carries a significant gradient that wouwld be of
great value in the distribution of irrigation water.

The area is of adequate size for a sugar enterprise such as is proposed.
It is on a main line of The Sudan Railway and so is linked with distiibuting
centers for sugar and for supplies. Kosti, the downsitream terminal of White

Nile navigation, is not far amy.

The great limitation is irrigation wmter. Two future sources are possible.

One of these is the proposed Roseires Reservoir; the other iuvolves major engineer-

ing construction.
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TABLE 15

Climatlc Conditiouns at Juba
(For Use With Mongalla Analysis)

Month Temperature (C°)|  Rainfall | Relative Humidity (%)
" Maximm Date | ‘
Average | Average for of )
IMaximum | Minimum | Total [Oone Day fMaximum 6 A | Noon 6P
January . 36.1| 20.1 4 | 33.1 | 28-19h0[ = 52 2k 3
February 36,61 214 | 111 s50.0 | 9-1936] 531 o5 | e
Marech 36.3 22..3 39 ; 55.0 | 19-194k 61 31 50
Aoril 3.7 226 | 1o | 110.8 | 7-1939k 2] 4k 62
May 32.9{ 21.9 ‘ 151 | 109.5 | 19-1945 . 80 55 75
June- 31.6{ 21.1 | 137 | 89.2 | 26-1934i 83 57 78
Jﬁly ) .30.1 20.h - 140 \ 86.1 | 27-19451 88 g2 | 83
-Avgust - éq.h . 20.2 | 130 | 91.9 | 24-1950 871 60 83-
September 31.7 20.3 107 95.5 | 14-1939 83 '5&- 19
October 33.3{ 20.5 95 | 76.2 2?-192& 79 Y7 T7
November 3.5 20.7 33 | 55.4 9-1941 73 36 65
December 35.1 19.@ 13 50.0 21~1936' 61 '31. 54
Total or . - ’ . . ‘
Average 33.6 20.9 970 § 7 - 73 Ly 66
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The location studied is about éo miles northeast 'of Kosti and, reputedly,
about 40 meters above the river at that point.” An exhaust;ve cost study
involving the analysis of many proposals for location of ditéhes and pumping
plants would be necessary before the economic feasibility of the area could.

be determined, but, from a crop production aspect, it seems ideal.

" Area to Be. Served by the Mgnag;} Extension. The Managil Extension of
the distribution facilitieé of the Senn;r dam will provide gravity wate} to a
large area of land similar to that now farmed in the Gezira Scheme. Although .
this land is heavier'than would be ideal for sugar cane culture, it would be
productive. The soils have a moderate salt content in the subsoil. This,
" however, will not be Aetrimental to sugar cane, as has been shown by Gezira
Board's experiments near Wad-Medani.

tThe great advantages are that a large area is-available and that the
high costs of pump installation and opération would be avoided. It should-be
said, however, that sugar cane regquires irrigation fac;lities throughout the
year, although during some rainy ﬁonths, those facilities might not be used.

The' current regulations with respect to the timing of withdrawals from the

Sonnar Reservoir do not make this possible.

Limiting Conditions for Areas Not Recommended

The éreas recommendea for furthe£ study by officials of the Government or
by interested individuals were szlected after visits to many possible locations.
Each had distinet advantages and disadvantagesp The areas recommended carried
© values great enough to override the limitations.
The other areas visited are listed below, witﬁ a brief commeﬁt upén

the reasons for their exclusion from the 1ist of immediate importance.
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On the Blue Nile: Bunzuga. This area is too remote from a major distri-

bution center to deserve' serious consideration at this time. It seems probable,
too, that field labor would be secured with greater diffiéulty than in other
areas. It is clear that skilled personnel would be held with difficulty.

On the Nile below Khartoum: Khartoum North. The plantation of the

Middle East Agricultural Company indicates what good management can do in sugar
cane culture in this area. The soil is sandy to sandy loam in the first foot,

.but tends to cafry_more elay in the subsoil. There is evidence of salt accuw
midation on and near the surface. The outstanding disadvantages are the high
irrigation costs and the scarcity of labor. This labor problem is probably
aggravated by the nearness of the plantation to Xhartoum.

Bergeig. The soil, a silty clay loam, in this area far north of Khartoum
would lend itself well to sugar production, but transportation difficulties
éliminafe it as an immediate possibility. i

El CGhaba. This area is too small to permit the establishment of an
enterprise of the proposed magnitude.

On the White Wile above Kosti: El Jebelein-Er Renk. ‘This great area ds

ruled out of primary consideration because of the heavy soil found in the
region, the evidence of salt, the extremely alkaline reaction and the descrip-
tions of the soil given by Gibb (1). Moreover, transportation difficulties
" are greét and labor éiffi;;itiés might be expected. It is anticipated that
skilled, technical labor would not be permanent.

Melut. Here again, the area was temporarily discarded because of an
extremely heavy clay soil. Drainage difficulties, both internal and superficial,
might be anticipated. The difficulties with labor and transportation, mentioned

for Tl Jebelein and FEr Renk, apply to the Melut area.' N
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The discussion of the areas under the caption "Limiting Conditions in
Areas Not Recommended" is not to be considered as a sweeping indictment against
the locations included. They undoubtedly have high agricultural potentials.
The-Sugar Investigating Team searched for a few localitieé in which the

possibilities for the success of g sugar cane industry would be greatest under

the current conditions.

Modern Sugar Production Practice

A well integrated cane sﬁgar plantation is & complex organization. It
involves the intensive cultivation of a large area and, in addition, it must
operate a complex factory which transforms the raw materials from the field
into a product of high value. The managerial skill required and the basic com-
petence ;f the supervision should not be minimizéd. ,

- Ehg problems are complicated by the fact that the product from the field
i1s 8 perishable commodity. It should be processed at once after harvest. To

keep the will operating continuously during an operating period or campaign of

about 150 days each year, the fields must be started at such times and cultivated

in such wvays that areas of appropriate size, carrying sugar cane at maximum

sugar content, are available for harvest every day during the . campaign.

. A redeeming feature is that the sugar cane plant will producé for several

years after it is once well established. When cut at ground level; new shoots
appeér.and, after a year or so, can be cut again. In geheral, from three to
8ix such crops can Ee harvested before reduced yields indicate that the sugar
Cane should be plowed out and replanted. In the current study, it is assumed
that four crops will be taken before the field is started afresh.

' Such a practice provides some flexibility in the ripening’ of fields for

harvest, but it also requires expert care of the fields. For the loss of one
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field or a part éf it through bad navagement would result either‘iﬁlthe;stopu
. ping of the mill or the complete disruption of the harvesting schedule.

It is evi@ent that this essential practice of growiﬁg and harvesting -
makes the concept of crop rotation inapplicable. Experience with this crop
indicates that good management and judiclous fertilization can substitute for
the values of crop rotation with other crops.

Field Operations

Many of the operations involved in sugar cane production are similar t
to those used for other erops. The principal differences are that the areas
_involved are usually larger aﬁﬁ the power tools are heavier and perhaps more
numerous.
Due to the lack of experience in the planting, culture and harvesting
of sugar cane in The Sudan, the managemeut of a new plantation will be con-
fronted with difficulties due to the scarcity of tfained personnel and experi-
.enced labor. For this reason, experienced personnel will have to be brought
from nearby forelgn or overseas counfries.
~ It would appear that the various opérations reguired in sugar cane cul-
- ture sholld be mechanized from the outset. Such mechanization will ultimately

be required. With appropriate mechanization and proper cultural méthods, high

Yields and low costs may be obtained.

Land Clearing, Plowing and Furrowing. The first operation, if the proposed
sitg carries % significant stand of trees, is defo?esti;g. In land carrying
about one hundred acacia trees per feddan, as at Sennar, a power bulldozer,
such as a Caterpillar D-8 with wide tracks, and proper attachments for up-

rooting trees, should be able to clear from 25 to 30 feddans during a working

day of from 1k to 16 hours. TYor this operation, an extra crew of one truck
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driver and from 9 to 12 laborers is needed to cut away branches aﬁd take out
small trees which may stand alone. This accumilated material can then be burned,

As deforesting should be started during the dry season, the burning of
grass and small shrubs should precede actual clearing. When this is AOne,
the tractor operator can work with more ease and efficiency.

Deforesting should be started a year before work on th; erection of the
sugar mill begins. Using threé.crews and two shifts, the total area cleared
during the first year should be about 3,500 feddans. Such an area would allow
10 per cent of the areé for canals, roads and railroads, and 3,150 feddans
would remain for planting.' | .

Since the dry season may be expected ﬁo begin in early November, 136
working days are mvailable before mid-April. If 30 feddans are cleared during
14 working hours, using one bulldozer, 4,080 is‘edda.ns could be cleared during
the seasoﬁ.

During the same period, another bulldozer, equipped with a root cubtter
(V-knives with a coulter ), should be'removing roots from the deforested land
to a depth of 10 inches. The cutting sction of the V-knives loosens ép the
801l and leaves a better surface for subsequent operations. If the root cut%ing
crew works two shifts per day, the output will be around 30-40 feddans daily.

Ehi; operation is fol%oyed by plowing, using the same tractor and =
Roﬁe 10, 36 inches diameter, disec plow. Total manpower used will be four
tractér drivers. The total area plowed will be about 3,360 feddans in G6
working days.

Furrowing is started after the small or secondary canals are located by
an engineer. fThis furrowiﬁg is done by wheeled tractors, One operator may
easlly finish 8 feddans per day. - If two shifts and two crews are employed for

96 days in the work, an area of 3,072 feddans is covered. Furrows should be

5 Tt apart,

ria

nora

T T T
"

LGl R o Sk

.,."-.!l



Seed Cane Production. As has been stated, deforesting should be started

one year before the erection of the sugar mill begins. One of the reasons
for this is that sugar ;ane seedlings mﬁst be available when planting-ﬁn a
large scale begins and they must be grown. -

A seedling area of about 100 feddans should be started as.séon as the .
area is chosen. The yield of seed will be around 25 tons per feddan and 2,500
tons should be available. If 5 tons of cane seed per feddan is used, enough
seed would be on hand for the planting of 500 feddans. If this éeed is mui-
tiplied as quickly as possible, there will be a seed supply, after 15 months,
sufficient for the planting of 3,000 additional feddans. The procedures neces=
_sary for the production of seed cane are discussed in some detail, sincé a
large supply of well grown seed 18 essentisl if a reasonable planting schedule
-is to be maintained. It cannot be purchased. It must be érown on, or near,
the site of the commercial planting.

Plans for the continuous production of seed cane must be = vital part
of fhe long time plamning, for relatively large areas must be replﬁnted eve}y
year.

Cane- Planting. One crew of 7 workmen and cne tractor operator should

be able to plant 5 feddans daily. Employing two shifts and five crews, fifty
" feddans can be planted daily. By plenting sugar cane at this rate, a total

of 4,600 feddans should be available when grinding operations start. A total

of 6,600 planted feddans should be available for the second year of mill érind—‘

ing operations, and 9,000 feddans for the third year.
The cane seed i1s brought from nearby seedling areas on rubber-tired
steel carts, each pulled by a wheeled tractor. A man on each carit throws cane

seed into the prepared furrows. In this way, the seed is distributed rapldly
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and economically. An additional crew aligns and cuts the canc seed intéipiéces
gbout 12 inches long, as it lies along the bottoms of the furrows. Fertilizer
is applied mechanically. The cane seed and fertilizer then are covered by a
tractor with cultivating discs. Tt is then irrigated. Fertilizer is applied
again 60-70 days after sowing.

Irrigation. During the first stages of sugar cane growth, water has to
be applied frequen£ly in order to achieve maximum g;owth. The interval can
only be determined by observation. High tonnage and high sucrose yiel@s are
to be expected 1f irrigation is carried out properly during the entire period
of growth. As the cane grows, and its root system develops, less frequent
applications may ?E\possible. The interval must be carefully determined by
observations and experimentations. Irrigations are discontinued from o to
threé months before Harvesting. '

Harvesting. Cane cutting in The Sudan should be done by hand. O©One man
should be able to cut at least one ton of cane every eight hours. As time goes
on and the cutters gain experience, the output of cut cane per day may increase.
The cane cutters should place the cut cane across the tops of the ridges to
facilitate the.operation of the loading machine.

‘Loading may be done with a Thompson loading machine, or one similar to
it. ‘The rated output of a Thonmpson loading wachine is 300 tons per déy, if
0peréfed by an experienced man. In The Sudan, we might expect an outéut-of
about 200-250 tons at the start of operations. After the operators are more
experienced, an output of 250-275 tons daily should be expected.

Such cane loaders work in conjunction with a trajin of five rubbered-tired

eteel cane carts which are pulled by a Caterpiliar D-4 tractor. As the loader
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Ppicks up cane and moves forward, so w;ll the cane carts. The loader keeps on
lo;Eing the carts until all five are loaded. The train is then taken to the
tranﬁfer-station, where the cane from each cart is transferred to the rallroad
vagons, and then taken to the sugar mill..

The cane is delivered to the mill carrier or stéred for night grinding.

It is evident that cutting and loading operations near the sugar mill
do not need a transfer station. In such cases, the train of carts is taken
directly to the sugar mill.

Three tractor drivers and a crew of five men should remain in the field
to collect cane during the mechanized loading. This gleaning operation saves
a considerable amount of cane. In addition, it is a first step in preparing
_the-field for its next crop.

As the tonnage of cane per feddan is expected to drop considerably after
%hree or four cuttings, provision should be made to clear extra land. This
would permit planting of an additibnal acreage to replace that plowed out
because of falling yields.

This end would be attained by planting 2,250 feddans during the third
and fourth year of mill operations.

Irrigation Methods and Vater Requirements

fhe flat lands of the agricultural areas visited make the usual methods
-of irrigating sugar cane of“questionable value in The Sudan. In general, the
land slopes slightly in the direciion of the river's floﬁ and toward the river.
But the flatness of the plain and %he small rate of slopé:are seldom found
in other sugar producing areas. As an example, the grade of the main Gezira
Canal which taps the Blue Nile at the Sennar Dam ané carries water through the

lands of the project is built on a slope of 7 cms per kilometer. Such topography
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makes ditch éEéign relatively simple, although constru;tion costs may be high
per unit of volume carried. But that same topography mayicreate difficultles
in the actual-distribution of water to plantg that are not ordinarily irrigaﬁed
by flooding. _ ‘

The same problem, however, confronts the cotton grower. Here the crop
is planfed in straight rows running down the greatest:slope available. With
lines of economic length, some flooding between adjacent rows seems to be
inevitable. Acceptable cotton yields have been secured and sugar cane which is
as wvell, or better, adaﬁted to temporary flooding will probably prosper under

such intermittent flooding. The method is most unusual with sugar cane.

Trrigation ILayouts. [The general irrigation layout is simple to plan and

to construct. In most casesd,. no surface leveling would be necessary. The cane

lines would be straight and parallel and run down whatever grade is available
from a supply ditch along the higher edge of the field. Water should be -
admitted to permanent furrows between adjacent cane liﬁea.

In such an arrangement, only two variables remain in the hands of the

irrigator. One of these igs the length of the lines which is the distance

between supply ditches. The other is the rate at which water is admitted to

each furrow. From experience in other areas, it may be assumed that the
tendency to flood, that is, to have water escape from the furrow, would increase
as the lines become longer and as the amount of water introduced into the furrows

increased.

What the proper length of line might be to assure acceptable distribution

can only be determined by triél. Some evidence is already at hand from experi-

ence at the Gezira area. Variations in the amotnt of water introduced into each

furrow can best be regulated by a tube or light wooden box through the bank
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of the supply diteh. A cub with a shovel is not permanent and does not permit

close adjustment.

Possibilities in Overhead Sprinkling. Overhead sprinkling, which i3

alvays mentioned when irrigation methods are discussed; does not seem to be
turrently suitable for sugsr irrigation in The Sudan. This method finds its
greatest usefulneég in areas of high land and water costs and with costly labor.
It chould be said, too, that even moderate winds distort the pattérn-of coverage
Yo such an extent that adequate distribution cannot be secured. The flat lands
and heavy soils to be found south of Khartoum would tend to minimize this

AT iculty.

It may be said, however, that the added costs for sprinkler equipment and
the power requirements for its operation wouvld be unjustified at the present
time. VYhen a sugar enterprise has been in successful operation for a feﬁ years,
and specific cost figures for conventional irrigation are at hand; the case
for overhead sprinkling may well be reviewed,

Water Requirements. TFew local data are available with respect to the

watoyr requiremgnts for irrigated sugar cane in The Sudan. One study relates
t0 a small plantation operating on relatively pervious soil a few miles north
- of Xhartoum. |

Here s ih—inch centrifugal pump provides water for 150 fe@dané-of cane.
Thids pump 15 said to deliver 3,500 (Imperial) gpm or 9.3 cubic fee£ per second.
IN this example, 1 cfs (for eight hours per day) supplies water for 16 feddans
02 suvgar cane. If this ratio is expressed in the units of the country, the
Xerorted duty of water is 1 cubic meter per second for 570 féddéns.

As usual in reports of water requirements, the units used vary widely.

Nox axample, one worker in Egimtoria reports that B60 cuhic meters of water
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Are required per feddan. This must refer to.a single application. If so,
" the appl%cation is gt the rate of 11 féddanggms per feddan. |
Gibb_(l) in‘his comprehensive analysis of the irrigablellands iﬁ Tpe
Sudan uées an emplrical device Tor the dete¥mination of *‘water requirements.
Through the use of weather.records and empirical constanfs, he coﬁcludesvﬁhat’
the baaic annual %ater requirement ‘for a single crop at five locations from Mala-

xla, on the south, to Wad-Medanl in the north, vary from 1900 feddan-millimeters

per feddan in the south to 2600 fedden-millimeters per feddan in the north.

In the present study, it is agsuwed that the crop will be irrigated for
10 months 'and that the planting on the level, relatively impérvious soii of
the Gezira area will require a gross .application of 75 millimeters at 10-day
in?ervals. About:2250 feddan-millimeters per feddan should be provided. during

" the 1ife of a single crop.

It. is recognized that this is only a rough approximatién. No allowénce_'
is made for rainfall. Futu?e studies may indicate that no-adequate distribution
can be secured with an gpplicatiop 'as smell as has been: mentioned. Hovever,
even these rough approximations bring‘the"gross duty of water reasonably close
to those made by the empirical approach.

Mill Operation and Design

A sugar mill should be so designed and so operated in close co;rdination
with field operation that when once started it will operate continuously day
and night, until the campaign is. finished, five or six months later. TIn order
Yo accomplish this, thg mill must be well serviced before the beginning of
operations and experienced and resourceful men must be in cénstant attendance.
The idle time between campaégns is spent in mill inspection, cleaning and

replacement.
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Despite such~off-sea§on‘inspecfions, occasions may arise &uring which
the mill must be shut down. The skill-af the mill engineer and his crew is.
measured by the amount of continuous ruming time, after operations begin.

Due to the lack of any former experience in suvgar cane growing and
sugar manufacture in The Sudan, no large scale processing units should be con-
templated at the start of such an industry. Economic and sﬁccessful milling
operations require that there be a constant daily supply of sugar cane at the
factory site during the grinding season, as the cost of the equipment and the
fixed costs of factory operatiﬁn are high. It is advisable that for any single
area to be devoted to sugar cane growing in The Sudan, the sugar factory should
be designed to have a noxmal daily grinding capacity of 2000 tons. 'The relation-
ship between this minimum requirement and the area to be planted to sugar cane
is iﬁportant.

fhe original designs<should be so planned that the grinding capacity
could be increased at least 50 per cent with a minimum of new equipment. If
the original operation is successful, such flexihility will be of Qreat vélué,

The latest milling and sugar processing practices shouldnbe incorporated
in the design of the sugar factory. The absence of any trained labor, and of
sugar technicians for mill operation, makes it advisable that, vhere possible,
automatic or semi-automatic @evices be installed to control the many operations
énd procésses in the facto;;.i fhis will save maﬁpower, and consequently lﬁver
the cost of processing each ton of sugar produéed.

The design of the sugar factory for any site should incorvorate the

following general modern practices:
!
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1. Automatic Sugar Cane Weighing Scales with Printomatic Devices. This.
type of scale will give an accurate weight and make a record of it. It is very
important for sugar house control work that reliable records of the exact
weights of the cane entering the mill be available every day.

2. Cane Handling Equipment. A tilting table, operated either hydraulic-~
glly or electrically, i1s required for the efficient unloading of railroad cane

cars. Such cars must be designed for this type of unloading. It is the most
economical way of feeding the cane to the cane carrier. :

One hammer-head, self-supported, revolving-type crane with at least
10-ton capacity, and a 65 foot working radius and a clear 1ift of U5 feet,
should be installed to unload rubber~tired wheel cane cars or lorries. The cane

can be stored by this crane for grinding when required, or it can be fed directly
to a cane table which feeds it to the carrier.

3+ Preparation of the Cane. Two sets of cane knives, electrically driven,
and installed in the cane carrier, are reguired to prepare the cane properly
before it enters the mill, This will ensure better feeding of the cane to the

mill, better sucrose extraction, less sucrose lost in bagasse and consequently
high milling efficienty.

4. The Mill Tandem. The mill tandem must have at least five three-roller
mills. Each mill should be driven independently by its own steam turbine.
The mill tandem must grind 2000 tons of cane per day at a normal circum-
ferential speed of the rollers of 45 ft per minute. But it must be designed so
that, when required, the turbines have power sufficient to inerease the circum-
Terential speed of the rollers to 60 ft per minute. The mill must be of all
steel construction, with the gears having cut teeth and running totally enclosed
in a bath of lubri¢ant. An automatic system of lubrication similar to the
Farval pressure system is reguired to lubricate the journals of the rollers.
For applying hydraulic pressure independently to each one of the two journals
of each top roller, a system similar to the Edwards system is required.

Provision should be made in the general design.of the factory so that in
the future a sixth mill can be installed. This, coupled to the flexibility in
circumferential speed mentioned above, will make it possible to increase the
grinding capacity in the future to over 3000 metric tons daily. The expense
required to'obtain this future increase in grinding capacity of the mill tandem
¥ill be small compared to the initial cost of the original mill installation.

5. The Boiler Plant. The boiler plant should, preferably, consist of
three identical steam generating units, each designed for a least 250 pounds
per equare inch and 100° supexheat. Any two of these should be able to supply
the total steam demands of the factory when grinding 2000 tons of cane daily

&nd using bagasse only as fuel. The third unit would be a stand-by unit. This
frrangement will supply enough steam generating capacity for future expansions

in grinding capacity, to 3000 tons of cane daily.

. Each boiler must have an appropriate, modern bagasse furnace, steam super-
eater, air pre-heater, and a forced draft fan for supplying thz air required 3in
the furnace, In addition, an induced draft fan for exhausting the gusses of
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of combustion through the boiler proper and the air-preheater, and discharging
. them to the atmosphere through the stack should be provided. Iach boiler must
be supplied with fuel oil burning eguipment as a stand-by for emergencies.

Automatic control instruments, with provision for auxiliary menual
control, should be provided for the operation of each boiler.

6. Sulfitation and Defecation of the Juice. A continuous process- for
the liming, sulfitation and defecation and clarification of the juice should
be used. Beveral sulphur burning units should be provided to ensure a continu-
ous supply of sulphur dioxide wvhen any of the burners in use is being cleaned
or repaired.

T. Juice Heaters. The juice heaters should be designed to use vapors =
at from 3 to 6 pounds per sguare inch, from the evaporator for heating the
Jjuice. Provision should be made for the use of exbaust steam when required.
One spare heater should be provided to allow for the cleaning of any one of the
heaters that might get fouled with scale vhile grinding.

8. Evaporator. A multiple effect evaporator consisting preferably of
five separate bodies or effects, connected in series, should be used to concen-
‘trate the clear defecated juice into syrup. Steam economy will be obitained by
withdrawing vapors from the-first and second bodies and using these vapors in
the vacuum pans and juice heaters. The design of the multiple effect evapora-
tor, it based on these prineciples and on a carefully calculated heat balance
for the factory, will result in overall fuel economy.

Automatic control for the liguwid level in all the bodies and for the
admission of live steam to supplement the exhaust steam when so required should
be provided for the efficient operation of the evaporator.

In designing the evaporator, careful consideration should be given to
an expected increase in daily grinding capacity to 3000 tons in the future.
If this is done, the addition of ‘one or two more bodies to increase capscity
can be obtained with a minimum of cost.

9..Vacuum Pans. The vacuum pans should be of the calandria {ype, designed
" to use vapors from the evaporator at from 3 to 6 pounds per square inch, with
provision for the use of exhaust steam when necessary. It is genersl practice

in designing vacuum pans, that use vapors, to allow at least 2%—square feet

of heating surface for every cubic foot of -Pan capacity. Provision should be
made in the pan floor for installation of additional pan capacity for any -
future expansion in grinding capacity up to 3000 tons of cane daily.

10. Condensers. 'The evaporator and vacuum pans should have jet condensers,
so that no vacuum pump will be required.

11. Crystallizers. The crystallizers should be water cocled by ﬁeans of

rotating coils in vwhich the cooling surfaces are part of the stirring mechanism.
Each crystallizer should be large enough to take one whole strike of the vacuum
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pans. Provision should be made on theé crystallizer floor for installation of
additional ceapacity in the future to handle an. increase in grinding capacity
up to 3000 tons of cane daily.

12, Centrifugals. The centrifugals for "A" and "B" sugars (the finished
product ready for drying and packing) should be of the latest type with 30"
high by 48" diameter baskets, turning at 1200 rpm. Fach machine should be
driven by its own vertical motor. All phases of the centrifugal cycle should
be automatically controlled by a combination electric-air control. They can
be either fully automatic, ineluding charging of the basket for continuous
operation, or the charging can be done by a manually operated air valve which
actuates air pistons attached to the charging gate. All other operations should
be automatic once the machine is starited by appropriate operations in the
control box. The battery of centrifugals for "A" and "B" sugars must have its
owvn mingler. This mingler must have a rotating coil wvhich also serves as a
stirring mechanism. By this device, hot water can be circulated to keep the

massecuite at the proper temperature for purging. The temperature of the cir-
culating water must be automatically controlled.

The centrifugals for "C" sugars (low-grade massecuites) should also be
of the latest type with 30" high by 40" diameter baskets, turning at 1800 rpm.
Each machine should be driven by its own vertical motor. All phases of the
centrifugal cycle are to be automatically controlled by a combination electric-
air control. The charging of the centrifugal basket should be by an air operated
gate valve manually controlled, and the discharging by an air operated dis-
charger, also manually controlled. Once the centrifugal is started, all other
phases of the time cycle will be gutomatically controlled. As in the A" and
"B" machines above, the mingler in the "C" sugar centrifugal must be provided
with a rotating coil through which hot water is circulated to keep the

massecuite at the proper temperature for purging. The temperature of the
cireulating water will be automatically controlled.

Additional space should be provided for each battery of centrifugals
for the installation of additional machines to handle future increase in
grinding capacity up to 3000 tons of cane daily.

13. Power Plant. The power plant should have two steam turbo-generators,
either of which must be capable of supplying the total electrical power demands
of the factory. Space should be left in the power plant building for the
installation of an identical -third unit to take care of future increase in
grinding capacity up to 3000 tons of cane daily.

The generators should be designed for 4600 volts AC, 3 phase, 60 cycles.

A1l the motors in the factory should be 440 volts AC, 3 phase, 60 cycles.
Transformer stations, 4600/Lh0 volts AC should be installed at convenient places
in the factory to supply power to adjacent motors. A1l lighting circuits should
be 230/115 volts AC, single phase, 60 cycles. An auxiliary diesel generator
_ OF approximately 250 kv capacity, 480 volts AC, 3 phase, 60 cycles, should be

installed. This generator will supply all lighting and power requirements
Quring erection of the factory, and can be used to supply all power and light-
ing demands during the dead season when the factory is not grinding.
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1L, vater Treatment Plant. A water treatment plant should be provided
for make-up water for the boilers, for cooling purposes iin the factory, and
for human consumption. Provision should be made to reclaim the codling water
used in the factory and return it to the system.

15. Cooling Pond. A cooling pond using water spray nozzles and natural
alr cooling and aeration should be used for cooling the water used in the
jet condensers of the evaporator and the vacuum pans. “Two sets of pumps will
be used Tor this system. One set will pump the cool water from -the cooling
pond to the condensers; the other set will pump the hot water discharged by -

the leg pipes of the condensers through the spray nozzles into the cooling
pond.

This system will require a minimum amount of fresh water 1o replace.
the water lost by evaporation and that carried away by the wind from the spray
of the nozzles. fThe saving of water in The Sudan, where fresh water is at a
premium, should be given careful consideraton in the design and installation
of any industrial enterprise.

16. Pumps. A spare pumping unit should be installed for each and every
one of the pumping units in the factory.

7. Motors. One spare motor should be supplied for each one of the sizes
and speeds up to 25 hp. Spare coils should be supplied for all motors larger

‘than 25 hp.

The Values in Unified Eield-Mill Manaéement

| Sugar cane enterprises the world over have developed‘along two lines.
In one type of enterprise, the sugar compaﬁy conecerns itself only with the
milling of cane brought to it by independent growers who‘operate under con-
tractual agreements with the~éugar cCompany .

In the other type, a single company operates the-mill and grows-the
cane. . It is generally recognized that the close control over planting and
‘-harvesting dates, which is'provided by this organization, makes the flow of
rip2 cane to the mill more secure and so results in more productive operafion.

In general, the great sugar mills in Cuba buy cane, as a result of
. eontracts, from a multitude of relatively small growers. Sugar beet féctories

in the continental United States operate on the same pr1nc1ple. In Hawaii, on

the other hand, the field operations and the mllllng are under unified managenent.
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mhat management has complete control of every operation from the prebarafion
. of the fields to the selling of the sugar. _

It is the firm belief among modern opérators that a-program of unified
management makes for most economical production. This practice is recommended
for the proposed sugar cane industry in The Sudan. The case for this type of
management with sugar beets is not so0 clear in view of the need for rotaﬁion to
pecure continuing yields of accéptable magnitude.

This discussion of the values in unified management applies only to
sugar cane.

The successful operation of a sugar mill calls for the daily délivery
of fresh, newly~cut cane. The sucrose built inﬁo the svgar stick through
careful field management is subjected to loss through the process éf inversion
as soon as the stick is cut. The‘products of this inversion, although some of
them chemically are 5till sugars, camnot be sold. Moreover, they hinder the
commercial recovery of the valuable sucrose.

For this reason, harvesting operations should be so scheduled that cane
reaching the mill during tpe eight or ten hours available for field work can
be ground and processed during a twenty—féur hour period. Any surplus results
in loss througﬁ deterioration; any deficiency results in an idle mili, or a

shut-down mill, if the shortage it serious enough.

These scheduling problems are compounded by the fact that the proposed
date for harvesting a cane field should be determined three or four months in

pl

8dvance. If the schedule established for the ripening of a field is broken,

nore losses occur,.

T4 is apparent that the problems involved in ripening the cane on a

9000 feddan plantation in such a sequence that 2000 tong of ripe csne will be
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delivered to %he mill every day are great. Unplanned-for shut-~downs at
the mill duwe to accldent or mechanical failure may not be frequent, but
tﬁey do happen. When this occurs, the harvesting schedule must be quickly
modified to hold the inevitable losses of sugar %o a minimum. Experience
indicates that this cen best be done with a unified management of mill

and field operations. When such a system is used, a general manager has
complete and immediate. controel of all operations.

The sugar investigating team gtrongly recommends that tenancy be
avoided as fér as sugar cane production is concerned. Experience indicates
that the establishment of a program of unified management in an area where
a previous program of tenancy had exigted is exitremely difficult.

It should ﬁe said that this argument, like the previous one, relétes
only to sugar cane operdations. ﬁugar beetvéperations are usually based ‘
upon the purchase of beets grown by contractwal growers who, except for the
fact that they wsually are iundependent operators, would have a status

similar to that of tenants in the local scene.
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Sugar beets suffer the same logses after harvesting as does sugar cane,
put the administrative difficulties in unified management over the great area
vwhich 1s reguired because of needed rotation, whi;h is essential with sugar
beets, .makes 1t impractical to strive for the advanbtages of unified management
with this erop.

The Cost of Sugar Production at Sennar }

Sugar cane growing and processing are costly activities, 5ut under
favorable circumstances they may be highly profitsble. An analysis .of the
cost figures for a hypothetical plantation at Sennar, Blue Nile Province, is
given below.

It is recognized that somewhat different figures woul& result if ancther
area were used. TFor example, freéght charges and labor costs would vary
between possible areas, but these differences would be relatively small.

It is believed that the Sennar district is indicatiwve of what might be expected.

Like other large enterprises, a large capital investment is required
before income is significant in a sugar cane enterprise. The capital invesi-
nents required for the efficient operation of such a plaﬁtation are listed

_under two headings. One of these includes the capitéi costs vhich are neces-

sary to establish and to operate the fields economlcally, the other deals with

the Capltal necessary for the erection of the suger mill and its adherent

facilities.

Other sections of this chapter deal with the cost of operation, and the

labor, both technical and manual, that is required.
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A possible profit and loss statement for the hypotheticél plantation
during the first four years of the mill's operation is included. Tt should
be said that these prqfit and loss statements make no allovance for savings
in production costs that may result from the qualification of the plantation
as an "approved" or "pioneer" enterprise under the terms of the policy of the
government to encourage new industries and to encourage‘the advent of
foreign capital. A complete statement of the policy and a copy of the Approved
Ente£prise (Concession) Act of 1956 is enclosed as Appendix IIT.

In this regard, it should be said that specific concessions can only.be
secured through negotiations with appropriate officers, of The Republic of-The
Sudan. Tt would appear that such negotiations camnot begin until a formal
proposal is made., The profit and loss statements made herein are conservative
since the governmental concessions when secured would reduce costs in a

measure that cahnot now be determined.

Capital Costs. The cost figures are based upon the establishment and
operation of a plantation of such a size that 9000 feddans of cane can be
harvested each year. The mill ;s assuned to be of sufficient capacity to
process 2000 tous of cane a day with facilitles o inecrease this to 3000 tons
per day without great expense. The necegsary capital costs are listed in
Table 16.

ﬁhe salary requireﬁé;%;'for field and mill operations are given in Egble 17.

For the purpose of the followving computations, né distinction was made
between local and foreign expenditures, since this division is subject to

ad justments, when and if foreign interest can be developed in the sugar project.
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TABLE 16

CAPITAL REQUIREMENTS FOR ESSENTTAL

SUGAR CANE PLANTATION OPERATIONS -

To Establish <2 Fields 1/

Builfircs BS 346,000.00
Field Zzuipment 238,930.00-
Railrcz3 Equipment 198,580.00
Roads z=2 Telephone Lines .20,000.00
Irrigzsion Pumps 14k, 000.00
Main I==igation Canal 16,800.00
Deforzztation and Clearing 31,500.00
Contizzsocies, 15% of &S 995,810 149,371.00

LS 1,145,181.00

(Use LS 1,150,0C0 as capital requirement for field development.) .

* Mo Construct ize Mill (2,000 ton factory)

Complets Factory 2/ £S 1,830,000.00

Transperiation to Port Sudan 3/ 164,700.00
Transpsiation to Sennar Site 4/ 66, 500.00
Erecticz 5/ 660,000.Q0
Buildirzs other than Factory 6/ . .105,525.00
RailrcsZ Yard, Cane Yard, Roads o~ 26,000.00
Contirzsucies, 5% of 2,852,725 17/ 142,636.00

&3 2,995,361.00

(Use =8 3,000,000 as capital requirement for mill operation.)

: l/ For details of capital requlrements for Field Operation, see Appendix TT,
Table 2§, !

2/ Based upoz <he price of a similar completed factory installed in 1956 at
Barguisimets, Venezuela.

§/ Transporia=icn cost based on data furnished by 1mporters of heavy machlnery
from Englz-si,

4/ Transportzimn cost per ton, by rail from Port Sudan to Senmar (1OM5 km),
Turnishea =7 importers of the diesel-driven pumps installed at Senmar.

5/ Based on exsciion costs for factory cited in g/ above, but adjusted to the
site in "“== Sudan. ;

6/ Building resuirements other than factory are shown in detail in Appendix TIT,
Table 29.

1/ If tests o the soil at-the "proposed site show that piles are required to carry
the load oF *he mills and the stack, the estimate should be inereased by
£S 70,000. '
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TABLE 17

REQUIRED PERSONNEL AND NECESSARY
SATARTES TOR TLELD AND MITL OPRRATTONS

For Field Operation

Job Title - Annual Balaries
1 Chief Supervisor =5 2,100
2 Assistants to Supervisor ‘ 3,360
1 Agricultural Engineer -t . 1,560
1 Irrigation Engineer 1,680
2 Pump Attendants ' 1,320
"1 80il Chemist 1,920
5 Chief Farmers (foremen) ‘ 1,560
2 Clerks 1,4h0
2 Mechanies in Shop - i T20
L Mechanics in Shop - 1,200
4 Shop Helpers ' 720
Total Fixed Salaries ' 8 17,580 per year

For Mill Operation

Job Title i ) Monthly Salaries
Administrative Persomnel B3
1 General Manager ~ 300
1 Assistant General lManager ) 175
1 -Chief Accountant 150
6 Bookkeepers ) . k2o
2 Correspondence (Clerks 120
1 Sugar Warehouse Storekeeper : 60
1 Factory Materials Warehouse Storekeeper 60
1 Assistant Factory Materials Warehouse Storekeeper 40
1 General Stores Storekeeper 60
2 Telephone Operators b0
1,k25
Fabrication Personuel
1 Superintendent of Fabrication 250
1 Assistant Superintendent of Fabrication. 175
3 Shift Assistants to Superintendent of Fabrication 300
3 Foremen for Sulpho-Defecation and Heatlng 150
3 Foremen for Evaporators 150
6 Sugar Pan Boilers L50
3 Foremen for Centrifugals 150
3 Foremen for Dryers, VWeighing Scales and General
Handllnﬂ of the Suoar 120
1,785
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Table 17 Continued:

Job Title c . - Monthly Salaries..

Engincering and Factory Operating - -
and Maintenance Personnel ,

1 Chief Engineer: . -LS:

1 Assistant Chief Engineer

"3 Bhift Assistants to Chief Engineer

1 Draftsman )

1 Chief Electrician

3 Shift Electricians

3 Mill Tandem Foremen

3 Boiler Foremen

3 Centrifugal Foremen

3-Overall Mechanices (one for each Shlft)

1 Machine Shop Foreman .

2 Welders

2 Machine Tool Operators (for lathes, milling
machine, planer, etc.

Laboratory Personnel
~ X Chief Chemist

Total Monthly Salaries L5

Yearly Salaries (LS 5,185 x 12) - ' £S
Traveling Expenses, Wélfare;.eﬁc., 25% . #S
| L8
. Bay LS.

. ’ ) I3
Required Paily Workers for Effective Mill Operation.

250 -
175
300
5
175
150
150
150 .

. 150

125

5,185
62,220
15,555

T7,TT5
78,000 .

The non-salaried

" workers required for the effective operation of the mill are divided into two

classes. Some of these are hired for the grinding season only; others are

employed durlng the dead season. They are necessary to repair

the mill and

to get it ready for the next campaign. Manning tables are shown in Tables 31

and 32 of Appendix IT.
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The Costs of Growing Cane

In an analysis of the factoré making up the costs of growing cane;'
the several operations, such as plowing and planting, fertilizing and others.
are conside?ed in turn. Tn each case,.the eguipment and labor reduirementé'
ﬁre lisfed,“together with a statement of the area that might be covered in one
day with such facilities. The final cost for each operation per feddan is _
given in Table 18. The derivation of these costs is given in Appgndii 1T,
Table 30. ‘ '

For convenience in the preparation of the profit and loss statement,
another general operation,. involving several of those listed in Table 18, has
been added. This operation may be called "growing cane. It embraces the
several field activities which are necessary every year to keep the cane grow-
ing vigorously. ‘

These operations are:

ggeration

Fertilizing the Crop s 16.532
Insect Control .850
Hoeing 915
Trrigation 2.480

S 20.777

Profit and Loss Statements. for Hypothetical Sugar Plantation

N\~ Teble 12, consisting of four parts, contains profit and loss —
statements for a hypothetical sugar plantation at Sennar. Part One appliés
to the pgriod extending from the begimming of fleld work to the end of the
first year's operation of the ﬁill. Parts Two, Three and Four apply to the

second, third and fourth years of operation respectively.

. ‘.96_

Cost per Feddan per Year
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TABLE 18

COSTS 'OF UNIT FIELD OPERATIONS

Harvesting Costs

Cutting Cane

Carie Loading st

Transportation

SENNAR AREA -

Operation - - Cost 4S5 per -Feddan Total Cost ES. per Feddan
‘peforestation and (learing ‘

Tractor Operation 0.947 !

Clearing -Operations . 1.000

Clearing Field of Roots 0.813 - 2. 760
Planting Operations

Plowing 0.813

Furrowing Out 0.334

Making Canals 0.323

Planting of Cane 0.939 . y

Covering Cane 0.305 - 2,71k
Fertilizding the Crop

Fertilizer Purchased 16.120

Labor, let Application 0.206 .

Labor, 2nd Application 0.206 16.532
Insect Control 0.850 0.850
Irrigation‘

Tabor 1.500 .

Fuel for Pumps’ 0.980 2,480
‘Hoeing - - 0.915 , 0.915

1st ¥r. 2nd Yr. 3rd Yr. 1st Yr. 2nd ¥Yr. 3d 11
9.500 7.880 7.000
2.123 2.059 2.059
7.125 5.910 5.250 18.748 15.849 14.309

, The data given above, and others related to them, are assembled in

profit and loss statements in Table 19. In the preparation of these statements,

1t was assumed that the marketable sugar for the first year vould be 23,890 tons,

for the second year, 28,600 tons, and for the third and fourth years, 3k,650.

An average price for the product was assumed to be LS 46.85. This is the -

Average price for the last seven years.
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TABLE 19

PART CNE

PROFIT AVUD LOSS STATEMENT FOR A HYPOTHETICAL SUGAR PLANTATTON

AT SENNAR FROM THE BEGINNING OF FIELD WORK TO THE END-OF'

Income

THE FIRST YEAR'S OPERATION OF THE MILL

23,8900 tons of sugar at LS 46.85

Field Costs

Planting, growing and harvesting
7,000 feddans planted @ 2.71h
5,980 feddans harvested @

18.748
8150 fedden~years. growvn (1) @
S 20,777

Maintenance (2 )

Fixed Salaries (3)

Depreciation (L)

Interest (5)

Pump Ticenses, 4 @ L. 160- (6)

Total Feld Costs

Mill Costs

Sumngry

Chemicals and Materials (7)
Bags Tor Sugar (8)
Maintenance Materials (9)

VWorkmen's Wages
During Campaign (125 days)
During Dead Season ' (120 days)

Annual Salaries (3)

General Administrative Qverhead,
Depreciation (4)

Interest (5)

Total Mill Costs, lst year

Income

Costs
Field 533,698.00
Mill 616,496.00

First Year Ioss

-98-

LS 1,119,246.00

18,998
112,133

169,332

300j 1}1}3 + 00 .-

38,891.00
17,580.00

118,6LL .00

57, 500.00
640,00

. 533,698.00

12,000.00
26,400.00
15,000.00

17,600.00

5,496.00
78,000.00

©..12,000.00

300, 000.00
150, 000. 00

615,496.00

LS 1,119,246.00

Total Cost - 1,150,194 .00

£5

30,948.00
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PABLE 19

PART TWO

PROFIT AND 1.08S STATEMENT FOR A HYPOTHETTCAL

SUGAR PLANTATION AT SENNAR, SECOND YEAR

28,600 tons of sugaf at &5 46.85

Field Costs

Planting, growing and harvesting
2,000 feddans planted @ 2.714
7,000 feddans harvested @ 15.849
7,000 feddans grown @ 20.777

Maintenance

Fixed Salaries

Depreciation

Interest -

Pump Licenses

Total Field Costs

Mill Costs

Summary

Chemicals and Materials
Bags for Sugar
Maintenance Materials
Worlmen's Vages
During Campaign (150 days)
During Dsad Scason (135 days)
Ammuzal Salaries
General. Adninistrative Overhead
Depreciation
Tnterest

Total Mill Costs, 2nd year

Income
Costs
Field
Mill
Total Cost
Profit before Taxes
For Business Profits Tax (40%)

Second Year Profit after Taxes

-00-

5,hé8
110,943
145,439

~ 593,323
626,727

55 1,339,910.00

261,810,00
38,891.00
17,580.00

- 118,644.00
55,756.00
640,00

s 193,323.00

15,000.00
: 31,460.00
17,500.00

21,120.00

6,183.00
73,000.00
12,000.00
300,000.00
155,464, 00

626,727.00
1,339,910.00

1,120,050.00

219,860.00

131,916.00
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TABLE 19
PART THREE

FROFIT AND LOSS STATRIENT FOR A HYPOTHETICAL
SUGAR PLANTATION AT SENNAR, THIRD YEAR

Income )
34,650 tons of sugar at &S 46.85 . &S . 1,623,352.00
Fleld Costs
Planting, growing and harvesting (10)
2,250 feddans planted @ 2,714 T 6,106
9,450 feddans harvested @ 14.309 135,220
9,000 feddans growm @ 20,777 186,993 328,319.00
Maintenance ‘ 38,891.00
Fixed Salaries ) 17,580.00
Depreciation - 118,64k, 00
Interest . 53,928.00
Pump Licenses . 640,00
Total Field. Costs _ 588,002.00
.Mill Costs
Chemicals and Materials 15,000.00
Bags for Sugar ‘ 31,460.00
Maintenance Materials 17,500.00
Workmen's Wages (11) ,
During Campaign (180 days) 25,34%4.,00
During Dead Season (150 days) : ) 6,870.00
;! Ammual Salaries ; 78,000.00
’ . General Administrative Overhead 12,000.00
Depreciation . ‘ -300,000.00
Interest 140,701..00
Total Mill Costs, 3rd Year ‘ ' - 626,875.00
Summary
Income 1,623,352.00
Costs
Field 588, 002
i1l : . 626,875 )
Total Costs 1,18h,877.00
Profit before Taxes 138,575, 00
For Business Profits Tax (40%) 175,390.00
Third Year Profit after Taxes s 263,085.00
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TABLE 19

PART FOUR

PROFIT AND T0OSS STATEMENT FOR A HYPOTHETTCAL

- SUGAR PLANTATION AT SENWAR, FOURTH YEAR

34,650 tons of sugar at LS 46.85

Field Costs

Planting, growing and harvesting
2,250 feddans planted @ 2.71L

9,000 feddans harvested @ 14.309

© 9,000 feddans grown @ 20.777
Maintenance
Fixed Salaries
Depreciation
Interest
Pump License

Total Field Costs

Mill Costs

Summarg

Chemicals and Materials
Bags for Sugar
Maintenance HMeterials
Workmen's Wages
During Campaign (180 days)

During Dead Season (150 days)

Annual Salaries .
General Administrative Overhead
Depreciation

Interest

Total Mill Expense, 4th year

Income
Costs
T Field
Mill
Total Cost
Profit before Taxes

‘For Business Profitis Tax (40%)

Fourth Year Profit after Waxes

-101~

6,106
128,781
186,993

' 5ho,6k2
621,87k

s 1,623,352.00

321,880.00
38,891.00
17,580.00

118,644.00
52, 007 .00

640,00

519,642.00

15,000.00
31,460.00
17, 500.00

25,344.00
6,870.00
78,000.00
12,000.00
300, 000.00
135,700.00

621,874.00

1,623,352.00

1,171, 516,00

51, 836,00
180, 734,00

271.,1.02.00
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Footnotes for Table 19, Parts One, Two, Three, and Four

{

(1) It is anticipated that the first seed-cane will be plented at
least two years before the mill starts its first grinding season. This is
required by the fact that sugar cane seed is heavy and cannot be imported in
‘the smount necessary for the anticipated area. It must be grown; this is a.
time-consuning operation. .

The figures used in the profit and loss statements are for the first
year based upon the following schedule of plantings:

Mme before First

Mill Qperation in Years Feddans Planted Feddan Growth Years
24 100 250
2 500 1000
14 3000 1500
1 1400 1h00
% 2000 : 1000
Total B150

Feddan growth years as listed for the second, third and fourth years
in the profit and loss statements were established in a similar manner.

(2) Maintenance charges are computed as follows:

1. Main canal, &S 16,800 @ 5% : ~ 8ho
2, Buildings, 31;6 000 @ 3% . 10, 380
3. Roadvays, ‘telephone lines, railways, 218,580 @ 5% 10,929
k. Irrigation Pumps, 144,000 @ 3.33% lp,795
5. Agricultural Equipment, 238,930 @ 5% . 11,97
Total asnnual malntenance charge . 38,3913

(3) For details of necessary personnel and annual salary account, see .
Appendix IT, Table 17.

{(4) Depreciation.
For Field Operations

1. Agricultural equipment, ES 238,930 @.20% br,786
2, Buildings, 346,000 @ 10% 34,600
3. Railroads, telephone lines, etc., 218,580 @ 10% 21,858
4, Trrigation pumps, 1h4,000 @ 10% 14,400

Annual depreciatilon charge iigfgﬂﬁ

For Mill Operation
Total investment of LS 3,000,000 @ 10% 300, 000

(5) Interest. Interest charges were computed upon the basis of
a 20-year period of amortization with interest on unpaid balances at 5%.
Thea aum of interest and principal payments is constant.
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'(6) Pump licenses were computed upon the basis of charges given in
Te Laws of The Sudan, Volume 5, page 14T.

(7) This item includes the necessary materials for processing, such as
sulphur, lime, lubricating oil and grease. 7The estimate is hased on experi-
ence elsevhere and local prices.

(8) The cash requirements for Jjute sugar bags was based on a CIF Port
Sudan price of L3 100 per ton. One ton carries approximately 1,000 jute bags.

) {9) Spare parts and materials for general repairs and upkeep axe included.
Anmnual cost based upon experience and observations of local prices.

(10) Details of planting costs are shown in Table 30, Appendix IT.

(11) Workmen's wages were computed by applying current wage rates to the
Manning Tables, Tables 31 and 32 in Appendix IT.

The Cost of Growing Sugar and the Possibilities of Profits
The cost figures presented in the following summary are in terms of
pounds (Sudanese) per ton of sugar and in cents (U.S.) per pound. Such

figures are necessary for comparison with other producing aresas.

Bummary of Yields and Costs per Unit

of Productlion on the Hypothetical Sugar Plantation

. Expected
Year Sugar Cane  Assumed Yield of Cost of
of Mill Tons Yield  Sugar Sugar Produc- Cost of Production
Cperation Per Feddan Yield % (Tons) tion (LS) &S per Ton Cents per Lb.
ist W7.5 11 23,890 1,150,194 48.15 6.27
2nd 39.h 1y, 28,600 1,120,050 39.16 5.10
3rd 35,0, 1w 34,650 1,184,877 34.20 R

bt 35.0 11 3h,650 1,171,516 33.81 k.o

=103~

o




Sugar Cane By-Products

ALl sugar cane mills produce two major by-products which, because of
their great volumes and low values, may present disposal problems. One of
these, bagasse, the dried fiber of the cane stick, is usually used for fuels
for t@e factory;l The other, molasses, presents a more serious problem.

Alﬁﬁough molasses may vary in composition from mill to mill and even
from month to month in the same mill, it consists mainl& of sucrose, which
has escaped crystallization in the operation, glucose and other simple sugars,
and inorganic salts which the sugar cane plants had -absorbed from the soil.

There is also an appreciable amount of organic matter. Molasses as it appears

after the last step in sugar separation in the mill should not be considered

—~

LS

as a human food.
' Possible uses for these sugar mill by-proéucts are discussed below.
Bagasse. It 1is aSsuméd that the gagasse resulting from a svugar mill
in The Suden will be used for fuel in the boiler room. If this is not done,
imported fuel oil would be required with an éxpenditure of foreign exchange.
In favored marketing areas,'somé bagasse is made into fiberboérd. In Peru,
a Pair quality of paper, for éeneral use, is manufactured frﬁm this materiéi.
In such cases, the value of the fiber product is sufficient to permit the use
of oil as a fuel. Such a condition does not see; to exist in The éudan. The
evident use is as a,fuel;
Molasses. The problem of molasses disposal is more serious. The suéar
mill described in this report will produce approximately 12,000 gallons of
molassgs‘per day. Unless some economic ﬁse caﬁ be found for this material,

and 1t can be changed economicaelly into a useful and saleable product, the

mill would soon be confronted with a disposal problem of considerable ﬁagnitude.

~10%-



Conventional uses of molasses from cane sugar processing planté..
include the following: '

. Cattle Feeding. Tﬁe mills in Hawaii and some of those in Cuba
and-elsewhere dispose of thelr molasses through livestock feeding enterprises.

The heavy concentration of easily digested carbohydrates in the molasses

makes that material a valuable component of livestock feeds designed primarily

for the fattening and finishing of beef cattle. When used in this manner,
the molasses is in competitioﬁ with low priced feed graips- Moreover, the
daily intake of molasses is strictly limited. 1In moderate amounts, however,
the molasses is a valuable constituent of a beef catfle ration. Although
most of the molasses uéed in livestock feed is used by beef cattle finishers,
it does find use in dairy feeds and in chicken rations in limited degree.

Tt is not used as a commercial hog feed.

This material is rarely used 6n the ranges. Some attempts to keep
molasses avallable to cattle and dairy cows in open troughs at strategic
loeations have not been overly succe;sful. The rate of acceptance by the
aniﬁals has been low; it is difficult to keep the troughs clean; in some
" ecases, Termentation gquiekly makes the material uwnacceptable. . Bub, when
used aé a cons%ituent of a carefully devised ration, in which other materials
are used, the feeding values of mdlasses can be, and in many cases afe, Tully
realized. ©Such a program requires carefully penned animals. Barn feeding
is common with dairy co%s and fattening pen practices are used where molasses
is incorporated in the feed for beef animals. |

The livestock industry in The Sudan presents unusual problems if this

method of using the large supply of molasses is contemplated. Cattle

~1.05-
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are not Pen-fed at present, and the development of a'program by which
migrating cattle would be assembled at an appropriate age for that operation-

would be difficult. Despite its evident value in incremsed retes of "gain’

eud imprevement in meat.quality, the program is contrary to age~old praciices.

It neceSSary, the hypothetical cane sugar company could establish its
own beef prodﬁction enterprise; If-ﬁhie were done, yearling animels would
be bought, if possible, from the owners of migrating herds ‘and established
in well eesigned feed lote where molasses in combination wi%h other local:
feeds, such as locally produced cotion seed meal, dura, chopped lubia, and
possibly alfelfa, would be fed.. )

As has been indicated, it seems doubtful, 1f yearling animals, in
sufficient nurbers, could be purchased from cattle ovmers Ffor this purpose.
The possibility of_exyandinéhtHe‘opération_of the molasses fee@ing enterprise
to include a-preeding herd still remains,. This would increase therscepe_
and ‘cost of the activity, but perhaps, due to quality control in_the‘feeders,
. would be mucﬁ more profitable. It ie evident that a marketing outlet for
a large supply of well finished beef would be:essentlal for flnancial success.
The possibility of exporting chilled sides of beef to southern Furope immediately
suggests itself. -

It should be said at once that the establishlng of & beef feedlng subu
51dlary to the hypoﬁhetlcal sugar cane enterprise would be a costly venture.
It would also demand competence and experience in the management. It is,
however, a logical way of disposing of a large supply of a %y-product which,
‘upon accumulation, would prove 10 be & decided liability. In other areas, -

such activities have been most profitable.
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An exhaustive gnalysis of such a proposal would be necessaﬁy before -
animal. feeding shéuld be considered as a solution to the molasses problém%_
gut the proposal does offer a possible solution. ’

2. Molasses Fermentation. In Puerto Rico and in the Philippines,
large gmounts of molasses are profitably used by fermenting them into beverage
alcohol. The rum of Puerio Rico is famous. This fermentation process has
turned what might be an embarrassing surplus of molasses into a valuable
product which enjoys worldwide distribution. Because of the cultural back-
groumd of the people of The Sudan, the comm;n practice of fermenting molasses
into a beverage seems a remote and impractical possibility.-

Tndustrial alcchol, another product of molasses fermentation, 1is
another possibility. The efficient fermentation of the .daily yield of molasses
from the sugar factory would yield 6650 gallons of 100° proof industrial |

alcohol. This product has a wide range of uses. 1In continental United States,

it is abundantly and economically obtained from the processing of natural gas.
There may be some opportunity for the exportation of industrial alcchol
secured by fexrmentation of molasses in The Sudan, but its most apparent use

in The Sudan is in the form of a fuel additive. A minoxr adjustment of the car-

buretor on a‘motor vehicle permits the addition of gignificant quantities of
industrial alcohol to the gasoline vhich is used as a fuel. Promising as
this uge might appear, in view of the necessity of importing gasoliﬁe ﬁnﬁo
The Sudan and the consequent outgo of foreign exchange, the aleohol has énly
58 per cent of the fuel value of an equal volume of gasoline. Moreover, the
Production of- industrial alcohél, assuming that molasses were available at
no cost, would cost & 0.18lt per gallon. qasoiine at Khartoum sold for‘

L 0.190 per gallon in 1958. fThere seems to be no economic reason for the
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produétion of indusfrial alcoﬁol as a fuel additive unless the govefnment
Teels that the saving in-foreigﬁ exchange, resulting from curtailed gasoline

. imports, Justifies a subsidy, in some form or‘other, to the fermentatisn
plant. . o K

- The :capital investment required for an alcohol distillery adeéuate,'

to acc&mmbdate the molasses from the sugar mill, is gi;en in Table 20: ¥Factors
determining the cost of a unit volume of industrial alcohol of 1900 proof are
given in Table 21.

3. Molasses és é Fuel. Although molasses has a relatively high -value
as a fuel, it has rarely, if ever, been used as & source of ﬁeat on sﬁgdi
plantations. ?he-abundance and more immediate availability of bagasse has
probably contributed to this practice. Moreover, certain modifications of
the convéntional fire box aré necesséfy, andispecially designed burners are
req.uiﬂredm., ) '

But in areas 4n which significant demands for power outside'tﬁe mill .
might be anticipated, the additional fuel value of the molasses should be
considered. The hypothetical sugar plantation seems to be such*s case.’

Hérg—four forty-inch centringal_pumps are ﬁp be installed. it is
initially proposed that éach be equipped with a 400 horsepower diesel engine.
The proposal is that tﬂ?ee-of them would operate for eight hour; a day; the
Tourth would serve as a standby installation.

If it were possible to incréase the generator capacity at the mill to
such g degree that the pumps could be operated by electric power, the savings
wotlld be great. This possibility should be carefully explored by the mill engineer
vhen the plant is designed. If the bagasse is supplemented with the fuel poten-
tial in the molasses, there shoﬁld be no scarcity of fuel for the increased

power reguirement.
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TABLE 20

_ CAPITAL COSTS ¥OR INDUSTRIAT, ALCOHOL, DISTILLERY

Daily Capacity 3500 Imperial Wine Gallons
.- 1900 Proof Industrial Aleochol

. Complete Distillery, including all apparétus,

machinery, equipment and distillery buildings, . .
FOB point of origin ’ © BS. 315,000

Transportation to Port Sudan, including packing,

freight and insurance 26,500
Transportation by rail to Semnar site o - 12,000
Erection, including foundétions . . IM0,00Q
Buildings, other than distillery - .. 30,100
Distillery yard, roads, water system and ) . '

lighting, other than distillery .- 115,000
Total ' _ - : ‘ 538,600
Contingencies, 5%- of 538,600 _ 26,930
Total - 5_‘65,530,
-Spére parts and materials for maintenance _ i5,000
Total Capital Requirement . _ 18 580,530
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TABLE 21

FACTORS DETERMINING THE COST OF ONE GALLON

oF 190° PROOF ‘INDUSTRTAL, ALCOHOL

(First Year of -Operation)

Annusl Fixed Expenses

Depreciation: 10% of cost of distillery .
plus contingencies ’ %8 56,553

Interest on total cost of distillery and ) -
spares for first year of operation 1/ - 29,026
Total fixed expenses for first year 85,579

Operating Expenses

Yearly salaries for personnel - 23,925
General administrative overhead L, 000
Costs of materisgls: ammonimm sulfate, ammonium T
superphosphate, sulphuric acid, lubricants, ete. 5,000
Fuel o0il for use during periods in which the
sugar mill is idle i - 7,302
Diesel 0il, during periods in vhich the sugar
mill is idle . 1,200
Spare parts and maintenance materials ) 3,000
Workmen's wages (210 days operation) ' 5,040
Workmen's wages (70 days dead season) - 532
Total operating expenses _ ) 49,999
TOTAL OPERATING COST o 5 135,578

1/ Interest at 5%.
Annual production 190° proof industrial aleohol, 735,400 gallons

Unit Cost of Production . - IS 0.18Lk per gallon
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Such a device, if appropriate analysis indicates that molasses may

act as an economic fuel supplement, would disfose of the molassésaand;.at
the same time, contribute to the solution of one of the significant
operating problems.

The possibility of disposing of the molasses by burniryg it din the mill

furnace deserves serious consideration, whether or not the additional energy

is required foxr pump operation.
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Training and Responsibilities of Supervisory Personnel

In well established sugar cane éreas, a program of in-gervice training

provides s steady flow of young men from beginning jobs to positions.of respon-

sibility and trust. The local training is often interrupted in the case of

exceptional young men to providg intengive fu;l time trainingfin an experi-_
méﬁtal station devoted to sugar production, or in a laboratory mﬁll. It is

interesting to note that these programs have trained men for forelgn service
in the sugar business. -

. 'The p?oposed sugar industry in The Sudan must face.a difficult situa-
tion as far as qualified men is concerned fo£ a few years, at least. fhe most
evi@ent soiution is %o provide for the impo#tation of competent ‘technicians
for serviée in the fields and in the mill. If this can be done, and it sbould
be recognized that the inducements will have to be substantial, a program of
internal training can be quickly established and the foreign technicians énd
supervisors ultimately replaced by lccal men.

o If this scheme is followed, and there seems to be no alternative,

supervisors for field operations should be at hand when the first cane is

planted. Mill technicians should he on tﬂe job when mill erection starts. -

Field Supervisors _ .

-

Fileld Superintendent. The occupant of this important position
should be a college graduate with undergraduvate training in agron-
omy or soil science or plent physiology. In addition, he must
have had several years! experience in sugar cane production. At-
least five of the years should have been spent as manager or
assistant manager of a progressive sugar plantation. It should
be understood that such men could only be secured with much
difficulty and with substantial inducement. But it may be true that
the success of the venture would depend upon the competence of this
key Tigure. ) :
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Assistant Fleld Supervisors. Two experienced assistants ‘
to the Field Superintendent should be provided at the beginning
of the field operation. These men should have college train-
ing and some experience in sugar field operation, but their
period of responsible management may be less than that required -
for the Supervisor. ILike the Superintendent, they should be -
imported from a progressive sugar producing area.

Other imported technicians sghould dnclude an agrlcultural
engineer and an 1rr1gat10n engineer.

Responsibilities and Training of Mill Personnel

Chief Mill Engineer. This important officer must be respon-
sible for the sugar manufacturing processes from the time the cane
arrives at the will uvntil the finished product, sugar, is ready
for bagging. He should be a man with a college degree in mechanical
or electrical engineering. He must have wide and long experience
in the milling of sugar cane and & complete Iknowledge of sugar
house machinery. He should have occupied the position of Chief
Engineer in a progressive sugar factory for from three to five
years. Such experience will not only eguip him with a knowledge
of new techniques of sugar milling, but will also give him
confidence in organizing, directing and controlling labor.

Superintendent of Fabrication. The Superintendent of Fabrica-
tion must be a college graduate with & degree in chemical
engineering. In addition, he should have previous experience in
sugar house work. This should include responsible work in a sugar-
mill control laboratory. Here he would become familiar with the
application of principles to the methods and problems of sugar
manufacture and become acduainted with the details of processes that
contribute to the effective operation of +the mill.

Assistant Superintendent. The first assistant to the Superin-
tendent should have had experience as a chemist in a sugar mill
laboratory. In his position as Assistant Superintendent, he would

work an eight-hour shif't, and carry all the respon31b111ty of the
sugar house. .

The three positions described above must be filled with men of compet-

ence and experience, otherwise, the sugar house, no matter how modern, or how

well designed, will not be successful.

The success or failure of any sugar factory can rest entirely.in the

handé of these three men.
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Ae has been indicated, the eight positions, five|in the field operations

end three in tpe mill, should, at the outset, be filled by.experienced nen,
selected upon the basis of their experience. ' R

Such imported technicians occupy & difficult position in the community.
Ehey should be adaptable to the goclal scene, in addition to being technically
competent. T™ey should he gble to lesd an acttve 1ife in the area. They should
keep themselves informed on community problems and be able to asgociate with
neighbors in a friendly and outually helpful way.

Valuable as. these important technicians may be, steps should be taken
to replace them with Sudenese natlonals as soon as this can té done without
Jeopardieing the program. ‘

Training of Sudanese Personnel

It 18 urgently recommended that a number of young men with a reasonable
educational background be sent abroad for appropriate training as soon as. the

sugar producing program has operated long enough to provide the necessary
-~ .

. evalustion of the young men who might be candidates for such work.

Some of the young meo,might well be sent for traininé in modern; well
managed sugar mills; others might serve 1n the fleld organizations of a 1arge
end.productive sugar company. 5t111 others with an adequate educational backe
ground might be sent to an American university for graduatevor undergraduate

work in sugar plantation oﬁerations. The University of Puerto Rico and the

. University of Hawali would be appropriate for this purpose.

The Unlted States Govermmeni, through its ICA program, offers facilitks

“for such training to forelgn nationals from selected countrles. Such training

programs mey be either in an sppropriate university or in industry.

11k



Another effective device for the training of local personnel in the
complicated processes of sugar growing and manufacture is illustrated by a

recent undertaking in another Middle Eastern Aresm.

.The Kingdom of Iran recently faced the problems that confront The Republic’

of The Sudan in its effbrﬁs to establish a sugar cane industry for local
consumption. In th§ solution reached in Iram, a foreign, well~eqﬁipped_sugar
corporation wes authérized, and will be paid, to establish and operate a plgnta-“
‘#ion of appropriate size in Iran, using proven key personnel from its home
area. Thié authorization is strictly limited with respect %o time; when the
K4

authority expires, thé foreign corporaéion must withdraw, anﬁ the plantation,
as a going concern, is to be delivered to the Govermment. of Iran for opeiation.

- One of the strong arguments for such a scheme lies in the reéuirement-
that cépable young men from Iren will be écreened on the new Iranian plantation
end the most promising will be trained in the theory and practices of modern
sugar production on the modern, well run plantations of the foreign contractor.

When this plan is used, excelient training is provided for young men

under ideal circumstances, It should be said, howevér, that this device fof
training young men would be a relatively expensive one, for it is a by-product
of a costly contfactual arrangement between the Iranian govermment and the

Toreign corporation.

. Bugar Cane Varieties

Sugar cane is a broad botanical species. It embraces varieties developed,
either naturally or by skilled plant breeders, for a wide array of troplcal
501l and climatic conditions. Some of these varieties are best suited for

aumid lowlands, others for hot dry areas where irrigation must be resorted to
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and gtill others. to wet mountain slopes where irrigation is unnecéséary er
unJustifiably-exéensive. In some cases; varieties have been deveioped
‘primarily for resistancé to disease and insect attack and in others fothigh
sucrose content. .
These varieties. are ca?efuily maintained-in gardens throughoui the
world. They are carefullf catalogued. The greatest Americén‘garden 1s at.

Canal Point, Florida. Much research in sugar cane genetiecs, aimed toward

improving the varieties. currently available, is being done by the U. S. Depart-

mént of Agriculture at Beltsville, Maryland. Other research stations, both
public and private, are engaged in the same work.

Varietlies are nmmed in such a way that the originating station, as well
as the varietal-cross number gifen by that station, is evident. These variety
-nﬁmbers are _recognized throughout thé cene suger world.

In géneial, varieties have become.well known when, because of theif
genetical composition, they become important in particular ecological -areas.
It might be said in passing that only u small percentage of the varieties
created by thé sugar cane breeder become commerqially imﬁortant.

. In a.relativeiy mtried area, such as The Republic of The Sudan, a start
;an best be made with proven varieties from neighboring areas or from areas of

similar environment. Selection and local breeding ean narrow the choice and

provide nevw varieties better suited to the local situmtion than any now existing.

But it should be sald that such a breeding program is costly and time-consuming.

A catalog of appropriate varieties, bgsed upon experlences elsewhere,

1s given in Table 22.
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.- .. mTABIE 22

POSSTELE FIRST TRTAL SUGAR CANE VARTETTES

* ECOLOGICALLY APFROFRIATE FOR THE SUDAN . . - ~ -

Area in vhich the Varlety Is

Variety ] T o Commercially Tmportant -

azul ) - - - Peru S = 7
B = Barbados ] - . : . : :
B 3hoh : . . West Indiles . ':
B 37161 ‘ o West Indies and British Guiana
B 37172 . - _ f . . West Indies . e
B, Log8 L West Indies ) ) .k
B-h1211 . - e e West. Indies - .
B L1227 SRR West Indies and British Guiana
B h362 i ‘ ‘ ' West .Indles : : -
B h?l}h . _ . B West Tndies -, %
Co. = Coimbatore, Ind:La . . o " - ko
do. 290 : _ v Tndia and Eeypt .
Co. 301 ; o India - i
Co. 312 o . . " India ’ y
Ca. 313 ' . India i - :

- Co. 331 S : “India - R -
Co. 113 - : e India and Egypt i M
Co. l19 ' S " India _

Co. k2l : . " India .
Co. 453 ‘ L ‘India
Co. .513 - . India . : i E
Co. 527 ' . India : -
CP = Canal Point : s : X o . w
CP 29-116 - o . ] Louisiana, New South Wales,
.- o . ] . . Philippines : 5
E -(Ebene) 1/37 ) ‘ Mauritius B A
F (Formosa) 180 . _ Formosa 3
F 134 - -7 Formosa
M 134/32 C - Mauritius -
Mayaguez 336 ’ ” ) Puerto Rico : ’ -
N. Co. 310 (N. Co.. = Natal -Coimbatore) . Natal, Formosa, Lou:r.s:.ana £

* Pindar . Q,ueensland .
-PQJ 2725 . ] L L Various countries "’

-POJ 2878 . Many cowmtries, including Egypt L -
POJ 2883 _ . _ " . Philippines
POJ 3016 - o Java, Philippines 3
POJ 3067 o N ) Java - 3
Q 50 . ' . . Queensland -
Trojan - S .- - Queensland %!

. . )
i

4

3
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Seed cane, in small lots, for ﬁhese varieties can be secured ffom‘%hé'
Canal Point veriety station. Tn view of the untried enviromment in The Sudan,
ag far as sugar cane is concernéd, it is sﬁggested that a wide arxyay of these
variétieé, and possibly others, be secured and planted in abservation and mul-
tiplication plots at the location of the proposed plantétioﬁ; Considerable
time is requlred for seed multiplication. "Such a variety garden skould be
begun as soon as 30551ble after the decision as to location is made.

As has been said, the best local variety may be used as a start.
Although a sugar cane planting is a relatively long time enterprise, the

varietieg can be gradually changed when experlence indicates that Improved

Y

varieties are at hand. AT

Sugar Cane Diseases and Their Cpntrol

Sugar cane 1s attacked ﬂy a wide-a;;ay of pesés and diseages, and the
difficulties increase a; the concentration of plants.in a-limited 'area increases.
Some of these diseases are caused by bacteria which are dispersed from infected
plants by the wind, rain-splash or iﬁsects. Others, such as Fiji disease, are
caused By a virus. Cerdospoéaxot is an example of a fungus disease. There
a:e'many other diseases in each of these categories.
f The attention of skilled plaﬁt pathologists has been directed toward
these diseases for many years. An easy cure for a diseased sugar cane.field,
;s rarely, if ever, found: In some cases, the use of fungicides héve glven
some measure of ¥elief; in others, dipping the seed pleces in hot water helps
retard the spread of certain infestations. Bu%, in‘general, the gugar cane
industry has maintained itself through an energetic cane breeding progxam.

As a result of this effort, resistant varieties are now available for most of
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the gerious diseases to which sugar cane is susceptible. There is no -eénd- in
this attack, for disease. organisms can apparently change with time and varieties
which are resistant now may not be resistant to the organisﬁs and viruses in

the future, '

Some of these diseases may he carried in the seed piece and seed imported
into a clean area may start an infestation that can be eradicated only with
difficulty. Consequéntly, progressive sugar cane areas insist upon an adequate
quarantine for newly imported seed. The seedling areas used to receivg such
imports are geographically far removed from the commerciel area in which the
seed 18 to be planted. Imported seed is usually growﬁ for two years in quaran-
tine before it is released for field use. During this period, %he plants are
closely inspected by competent sugar cane pathologists. Plants sﬁowing disease

symptoms are destroyed. When imported varieties are released from guarantine,
thgy are taken to the commercial aresa and multiplied as raplidly as possible.

The great distributing center for sugar cane varieties.at Canal Point,
Florida, U. S. A., has excellent quarantine facilities. It'may be éssumed that
varieties releaséd for planting by this station aré free from disease.

A suga; cane breeding program.is an essential part of any progressive
sugar cane grpwiﬁg enferprise. Ip most cases, the cure for a serious threat
by disease has been met by-the g§neticist who has succeeded in developing a-
variety which is resistant to if. The pathologist and éeneticist form a
valuable team in any commercial sugar cane enterprise. The safety of thé enter-
Prise may depend upon them.

The Need for Sugar Cane Research in The Sudan

In oxder to maintain a progressive end successful sugar industry, a
competent rasearch program in the problems related to management and improve-

ment of sugar preduction must be established. A1l industrial enterprises,
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whether private or pﬁblic, have come ‘to realize that they can only maintain

. their position by establishing a compreﬁensi%e research program in the pro-
ce;ses of production, manufacturing and distribution. A.sug;r indugtry in The
Su@an will require the same aggressive, progressive and sound research program
ag is currently provided for cotton growing. "For a maximum rate of develop~
ment and security; the Sudan vaernmént should immediately initiate & research
program in the problems basic o the establishment and maintenance of a sugar
industry. This research program should include the following fields of
research.. .

Studies Iecading to'Improved Varieties. Work should be begun in ‘the

development of éugar cane and sugar beet varieties aaapted to the env;ronmehtal
conditions in The Sudan. This ﬁrogram would ineclude the introduction of varie-
tles from other countries and the‘development of new varieties in the local
scene by established breeding methods.

- Necessary VWork in Management. TIn view of the lack of local experience,

‘research in thé cultural management of sugar cane should be included in the
program to devélop fhe highest yields at the lowest costs of production. This
vould Include studies in field menagement, methods of irrigation, the applica-
tion of fertilizer, weed control, and in harvestiné mechanizatiog vhere feasgible.

Mill Control and Tmprovement. Résearch should be conducted to improve

the methods of milling the sugar cane and the recovery of sugar. Thils should

include studies in quality control.

Proposed Research Station. In order to meet this need, the investigating

team recommends the establishment of a research station with its essential

laboratdfiés, in the most promising sugar producing area. This station should
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devote its entire effort in the investigation of problems of a growing sugar

industry in The Sudan. In its beglnning, funds for the establishment and

operation of the research facility might weil cone. from the Government of The

" Budan, After the_iﬁdustry has become established, the research station might

well be supported by an assessment on each ton of gugar produced. A general

schedule of the projects which should be included in the prbgram1of a sugar

research station are as followe:

1. Genetics: the breeding and selection of varieties suited to
The Sudan, with special reference to necessary disease resistance;

2, Fertilizer Research: the investigation of fertilizer require-
ments with respect to kinds and amounts for sugar cane or sugar
beets In various 3011 types;

3. Cultural Research; development of néw methods of cultivation,
planting, and harvesting;

bk, Weed Control: investigation in the merits of chemical weed
‘control,

5. Disease Control: development of essential disease control
practices and the development of disease resistant varieties; .

6. Insect Control: development snd esftablishment of efficient
pest and insect control practices;

T. Sugar Technology Research: research program involving the
_Improvement of mill operation and sugar recovery; and

8. Irrigation: research to‘develop the most economical and effic-
ient irrigation intervals and methods of water distribution.

.The staff of this research siation should consist of a Director who would

be responsible for the coordina%iod of the entire reseaxrch program. He would

also be responsible for the allocation of funds to support each research projeét.

The other professional staff members should include an irrigation engineer, a

-

soil scientist, a sugar crop agronomist, a plant phféiologist, a geneticist,

an agricultural engineer, an entomologist, a plant pathologlst and a sugar

technologist.

For effective work, this staff -must be- supplemented with adeguate
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assistants to insure energetlic prosecution and the completion of eﬁe&y approvgd
research project. ﬁhe senior staff members should be encouraged tq partiﬁipate
in the Intérnational Sugar Society. The exchange éf research findings from
other experimental stations of the world is facilitated by ?his international
organization.

The benefits derived by the establishment éf a sugar research program
are many. First, it is the surest me%hod t6 secure and maintain-a successful,
sugar’ industry. Secondly,-it will Srovide a ﬁeans of solving current problems
occurring in the industry; thirdly, It will provide the solution of problems
before they arise, such as a disease resistant variety before the disease
appears in serious concentration; and, lastly, it will provide a basis for the
‘orderly expansion of the sugar indusfry. -

Need for Sudanese Journal of Agriculture. The development and continued

pragress of a well planned scientific research program should include facilities
for the publieation of the research findings. In order to provide for the
fublication of these scientific findings which should include not_only suga;
productlon research, but all fields of agricultural sciences, the Government

- of The Sudan might well establish a Journal for agricultural science. BSuch a
Journai would publish articles presenting scientific facts and f;ndings,
established by the research programs, in all fields of agriculturél:écience,
including sugar crop production. The government might then ask for foreign sub-
seriptions to this journal. 1In %his way, findings of Budanese scientists would

be brought to the attention of scientists of comparable fields of interest

throughout the world. This would facilitéte the exchange of ideas and materials
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vhich would facilitate and enhance the progress of any research {program. The
government of The Sudan could also use the subscription to this journal in
exchangé for subscriptions for foreign scientific journals, thus ‘providing the
gudanese sclentists access to foreign published scientific findings from the
entire world without loss of exchange currency. :

It is apparent that the Sudan Govermment has full appreciation of the
value of fesearch in its owm agricultural and iﬁdust?ial devé}obment. HWe feel
that a greater contributioﬁ ofifhe Sudanese scientisté to world knowledge would

enhance and stimulate the progress of agricultural and industrial development.
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CHAPTER VI

POSSIBILITIES WITH SUGAR BEETS

The possibility of growing sugar beets for The Sudan Sugar Industry

‘was given serious consideration. The reasons are as follows:

1. Sugar beets require a much shorter growing season snd for

this reason do not reguire as much irrigation water DPper feddan per year'

as Bugar cane.

2. The growing of sugar beets would coincide more nearly with
the months during which ample water is available on the pump schemes
of the lower Nile than does the production of sugar cane.

3. There is similarity in the field operations for sugar beets
and cotton.

4. Sugar beets must be rotated with other crops and, therefore,
would fit into present rotation schemes. Sugar cane could not do
s0 because of 1ts longer growing season. .

5. The by-product sugar beet pulp is an.excellent cattle feed
and would be available during the short-feed months of April and

) May.

6. Sugar beets would offer seasonal labor to workers in other
agricultural crops without conflicting with them.

“=perate Zone Origin of Sugar Beets

Sugar beet culture has been limited to the more temperate climates of

“rthern and Central Eurcdpe and the Northern and Western states of the United

Itates,

‘% quite temperate.

Slifornia under irrigation.

The crop is grown in several countries, but always where the climate
However, sugar beets gre grown in very hot areas of

The chief difference hetween the California area

N

¥ The Sudan is the length of day in the two.areas and the period of the year -
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in vhich the beets are growm. Californie has winter and spring rains and the
beets are grown to fit this seagon, while in The Sudan, most of the rainfall
comes during-Ju1y and August.

The‘Pléce of Beets in a Rotétion

Sugar beets would fit into present systems of rotation used in Tpe Sudan.

i

Unlike sugar cane, sugar beets cannot be grown successfully by continuous
eropping.. They can fit into a system of rotatibn,rhowe§er, where they can be
followed by dura, maize or wheat. They could also be used in a cotton-dura-
lubia rotation. 'the cultural management of this crop would be similar to
cotton in the éarly stages, since it would be plaﬁted, thimned, cultivated,
fertilized and irrigated in a similar manner; The point being made is that
esteblished and well understood cultural '_prac:ti‘ces will be adeguate for sugar
beets. Tﬁe crop would require irrigation in practically the same schedu}e as
that for cotton. Sugar-beets are mormally grown with frequent irrigation for
4 months. Irrigatibn is then stopped and the soil allowéd to dry out. This
practice forces the sugar beets inta.a ripening procéss.

Sugar Beet Trials in The Sudan -

Sugar beets have been grown experimentally in the Barakat area in the

Gezlra by the Gezira Board. These trials have béen largely exploratory to date.

Certdin facts, however, hgvg_peen b&ought out by these preliminary experiments.

1. Yield: The experiments indicate that a falr yield can be
obtained on the Gezira soils. 'These ylelds cannot be considered
as completely satisfectery for commercial operation, but it would
appear that they could be 1ncreased.

2. Sugar Content: The sugar contents of the beets were low.

' According to the conclusions of the experimenters, this was not
due to inadequate ripening, to improper restriction of irrigation
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wvater, to variety, or to moisture and nutrient deficiencies. The
opinion expressed was that day~length was responsible for low
sugar content. .

It seems doubtful if the experimenters have adequately considered all

of the possibilities. The great variation which the experiments suggested

betweenfthe'sugar content of several varieties of beets does not point to

length of day as being the only physiological reason for the low sugar content.

" The extremely vigorous vegetation groﬁth of the beets described in these experi~

ments indicates that the high level of nitrogen in Gezira soils, coupled with

high water refention in the sub-soils, might mitigate against the storage of

sugar in the beets. BSuch factors retard the ripening process which is essential

to maximun sugar storage in beets.

' Another explanation for the low sugar yleld in the beeté lies-in ‘the
high rate of inversion of the stored sucrose dus to high temperature at the
time of harvest. Often chemical process is stimilated by high‘temperaturés
and results in the loss of sucrose and the accuﬁulation of non-marketahble
sugars. This possibility should be carefully explored. If such rapid inver-
sion is involved, the beets sﬁould be processed immediately after harvest.
Thg-need for fast transport from field to factory is evident.

The Gezira Board has conducted field studies for two seasons on the-

suitability of sugar beets on the Gezira soils. The experiments established

the following facts:

1. The yields of some varieties do approach 20 tons per feddan
vields, but were quite variable. The reported range is from 4 to 19.5
tons. It is feasible to obtain the 20-ton yield minimum.

2. The sugar content of beets was very low, rangiog from 8 to 1h
per cent. Tere is some question as to possibility of meeting the
minimum acceptable sugar content of 16 per cent. -

AS
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3. Damping off, a fungus disease, limits-the growing period.
It 1s impossible to take full advantage of the rains due to pre-
gsence of this disease. It is difficult, if not impossible, to -
control this disease in moist alkaline soils. Because of this
disease, seeding must be delayed until surface soils are dry.
The disease, when present, will always cause variability in
yields, other things being egual. Experiments indicate that seed-
ing should be delayed until approximately November 1, to afford
protection from fungus atback. 'This would limit the growing
season to I months, before beets would have to be thrown into a
ripening program for harvest.

" b, Sugar beets are hosts to insects and nematodes which
could affect cotton, the major cash crop. .

5. Even with the listed disadvantages, sugar beet culture could -
be economical, as the cost of production might be sufficiently low
to provide a profitable enterprise. A yield of 2.8 tons of sugar
per feddan appears to be feasible.

The Diffusion Process in Sugar Extraction

The process used in the recovery of suerose from sugar bee%s differs
"mérkedly'from that used in sugar cane. When cane is being prbcessed, the
stick is chopped and pressed between heavy rollers operating under great
. pressure. Tﬁe juice carrying the sugar is forced out by mechanical means.

The fibrous material, the bagasse, which remains, is a waste préduct and is
normally used for fuel.

Such a“treatment is impossible with beets. To prepare beets for process-
ing, the.rooﬁs are cut into small pieces and these pieces are packed in£o large
diffusion cells. Water is:foréed back and forth through the beet chip. Sugar
gtored in the cells in the beet chips is extracted by the-process of diffusion.
The sugar-bearing water, when the process is completed, is treated to much the

same processes that are used in the manufacture of sugar from erude cane juices.

Need for Abundant Clean Water

The diffusion process requires a supply of clean water for 1ts successful

operation. Well water, such as that found In the Seleim Basin, would be entirely
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suitable. An attempf to use river water for this purpose would require the
installation of a water cleaning plant.

Suzar Beet Pulp as a Tivestock Feed

The material remaining-in the diffﬁsion cells is;a vﬁluable animal feed.
It is removed{'drie&, and made available to livestock men who use it in “their
feed lot procedures. It normally contribufes significantly to the profits of
a sugar beet factory.

Some Factors in Sugar Beet Culture

As has been indicated, sugar beets are grown in a wide range of temperate
zone locations, and varieties have‘been developed through wvarietal cross;s to
satisfy the immediate needs for each location. Which of these many varieties .
would be best suited to the appropriaté areas in The Sudan cannot be determined
without field trials.

Samples of beet seed, in an smount suitable fb; a plot of reasonable
size, perhaps 10 meters wide by 50 meters long, should be secured from areas
in which sugar beets are grown. It would appear that seed developed in low
latitudes would offer the greétest possibllities of success.

Tt seems highly doubtful that any existing strain or variety would be
ideal for The Sudan. Improvement can undoubtedly be made through a local
breeding prpgrém.

As with sugar cane, a breeding program is a costly activity, buﬁﬂﬁhe
time required for the making of each crossing and the testing of the progency
is much shorter with sugar beets than with sugar cane. The cost per variety

created is consequently much less.
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Harvesting by Machines

Harvesting of the sugar beets should be done with one of the newly
devised harvesting machineé, designed to loosen the beets and 1ift them out .
‘of the soil, The beets might well be topped by hand in The Sudan, although
mechines are available. The portion of beet root above the soil has a low sﬁgar
content and a high mineral content and must be removed along with the leaves,
After topping; the roots are tragsported as rapidly as possible to the factory
for processing. . -

Requirements for an Adequate Sugar Beet Location

In the selection of a site for sugar beet production, there are several

contributing factors which must be considered. They are:

Acreage Requirements. A successful sugar beet industry in The Sudan

wéuld require that the minimum yield of beets would be' 20 metric tons per
feddan and that the sugar content would be in excess of 15 per cent. This
would give a minimum yield of approximately 3 tons recoverable sugar per feddan.
A sugar beet mill with the capacity of handling 2,000 tone of washed

beets per day would require 7,000 feddans for & T0-day mill operation, 8,000
feddans for 80-day mill operation, and 9,000 feddans for 90-dsy mill operation,
Preliminary estimates indicate that there is 1ittie saving in bﬁilding a sugar
beet processing plant with a capacity of less than 2,000 tons per day. A mill
with 500 ton per day capacity would cost approximatély 2 million pounds &g
against 3 million poundé for a mill with a capaeity of 2,000 tons of beets
per day. If a 1000 ton sugar beet mill 'were installed, the area of plan£ings
required woﬁld be one half those given for a 2000 tons per day mill.

* "Area. An economic sugar beet factory will require a minimum of 8;000

feddans of sugar beets per year. This means that an area must be found where
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at least 24,000 to 32,000 feddans of tillable land is available to provide
for the necessary rotation. Although the entire area does not need to be in

a single block, parcels contributing to it should be within a strictly limited
‘distance from the site for the proposed beet sugar plant. What this distance
1s depends upon the method used to haul the beets to the plant and the costs

1
involved. -

Transportation Requirements. Suvgar beet roots are a bulky, heavy,

perishable Eommodity which will reguire rapid and dependable means of trans-
portation to the factory. This includes heavy duty Toads within-the lands de-
voted to sugar beet growing and good roads to the factory or to a 1oading‘site
if rail transportation is involved. If 8,000 feddans of sugar beets are growm,
the harvest would involve a minimum need for the transportation of 160,000
tons of sugar beets. If trucks, with a capacity of 5 ‘tons per load are used,
32,000 truck loads would be required to transport the sugar bests to factory
or railroad. Since the factory would require 2,000 tons of sugar beets per
day, 400 truck loads per day would be .required. 'The actual number of trucks
needed for the operation cannat be detérmined until the area is specified.

If trucks are used to transport beets to the factory, first class main roads
must be established and maintained. Good secondary_roads would be required to
pro;ide ready access points for loading the grower's sugar beets. Since sugar
beets must be considered as-auﬁériéhable crop, once they are removed from the
ground, field roads would be reguired to facilitate the rapid movement of the
crop from the field to the factory in an orderly fashion. Sugar beets must

be processed within 48 to 72 hours in a hot climate. Fast movement is iﬁperative.

Since the proposed sugar heet industry would probably be integrated

into an existing agricultural crop management system, it is probable that the
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sugar beets would be grovn in geographically separated areas. The beets could

then be loaded in railroad cars, if a rail line exists, and shipped to a Tactory

located at a.central point. If this is done, the railroad would have to have

the facilities to move the beets promptly from their 19adiﬁg points at the

daily rate of 100 wagons carrying 20 tons of sugar beets. This would require )
at least 400 wagons on the following ﬁasis: 100 wagoné at f;ctory being
unloaded; 10O wagons in transit, loadéd with the next days factory redquirement;

100 empty wagons in transit to loading points, and 100 wagons being loaded with

thé third day‘s'tonnage requiremenf. If we aésume train loads of 40O tons,

‘ thg rgilroqd would have to provide 5 round ﬁrip'train movenents daily QB move
the empty cars to the field loading-points énd fér the movement of loaded ca;é
to the factory. This would require 5.locoﬁotives and 5 train crews daily. All
of these aTe minimum requirenents and assume aimogt perfect performance on the
part of the railro;a. A safety margin would require at least & third more

" equipment to insure an adequate movement of sugar beets to the faectory and the
maintenance of a supply at the factory.

Since the grower will probably be unable to purchase the trucks (trans-

ports), it will be necessary for the Tactory to be responsible for the entire

movement of the sugar beets to factory. The investment in trucks may be reduced

- by exténding.feeder railrgéd_trgcks into the area on a temporary to permanent
bagis. The trucks would then.concentrate on the pick-up of sugar beets in the
fieid and the movement over sb;rt distances to these 5ranch railroads. The
movement of rail wagons, from branch railroadg to main rail pick-up points,
mighﬁ‘be done by rubber wheeled tractors. The loading on railroad wagons

might well be by mechanical loaders at the railrosd loading point. In areas

where no railroad exists, the entire movement of sugar beets to factory would,

-131-

LT P 7 W WU e

[

[T

dren o My e m b s ot

L N P Py ¥

e = ey

P

Aoy =



¢

of necessity, be by truck transport. - This could only.be feasible in:aﬁ area
where the distance to the factory is relatively short. To make this practical,
_ the 24,000 to 32,000 feddans or more would have to be in one solid area of
about 50 square miles.

Soil Requirements

Sugar beets are adapted to slightly acid to alkaline séiis.& They' are
very salt-tolerant-due to the fact that they need sodium in their nutrition.
While suzar beets will grow on the very alkaline cracking clays, they will do
far better on the more friable neutral silt soils found along the Nile River.
The damping off fungus 1s far more severe in its attack on wét alkaline soils
such as the Gezira soils. Since it will be & rotation crop in a minimum area
of 24,000 to 32,000 feddens, it is essential that every. feddan of the area be
irrigable.

ILabor Reguirements

The labor requirement for the field culture of sugar beets is praétically
ﬁhe same as that for cotton. 'The assumption is that-the tenants would prepare
the land, fertilize, seed and cultivate, using practically the same methods as
are employed for cotton culture. The harvest season for sugar beets would ‘
follow the Fotkon harvest season, thus, the labor force available for ihe entir;
field operations should be adequate when %hose operations are incorporated igto
present‘systems.

The location of the sugar.mill should be at a site convenient to the
fiéld area and at a point vhe?e a supply of labor would be avail;blg.: In case
of the areas served by a railroad, the mill might be some distance away from
the sugar beet fields. In such a ca;é, the location of mill could také full

advantage of the local supply of labor, especially technical labor.
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Fotential Areas Tor Sugar Beet Production

Aliab~-Mutmir Area, Northern Province. This area was considered to be the,

best potential area for an initial sugar beet venture. The soi}s are ideally
sulted for sugar beets. Tey are mostly alluvial silt loams and silty .clay

loams. The following factors make this area an excellent one for the first
* ]

trial sugar beet industry in The Sudan:

1. Excellent friable soils are well adapted to the growing of
stgar beets.

2. The soils are adequately dry, so that beets can be seeded
during the last week of September.

3. Damplng off disease would not be severe, due tc the possi-
bility of keeping a dry soil.

h. The area lies adjacent to the railroad line. Thus, suger
‘beeks could be grovn in smaller areas scattered from Shendi to
Atbara and shipped by rail to the factory.

5e Adequéte labor is available for field harvest of beets
because that harvest followvs the harvesting of other agricuitural
crops in the area.

6. The 9,000 feddans necessary for a sugar beet enterprise
can be obtained by adding new areas and adjacent areas to exist-
ing schemes and thirough modification of rotation systems throushout
the entire area, from Shendi to Atbara.

. T- Tere is a seriocus shoxrtage of livestock feed during April,
May and June. Sugar beets would relieve this shortage by first
providing fodder from the tops and secondly by the sugar beet
pulp produced in the factory. This is an excellent feed. This
could either be sold or,rsturned free to the growers for their
livestock. '

Experiments should be initiated at omce to determine whether or not
sugar beets grown in this area will meet the minimum yields in tons of beets

and sugar coantents which are essential to a successful development of a sugar

" beet industry in The Sudan. ) ot
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The Seleim Area. This area has the compactness of available,'suitable

land essential to the possible'developmént of a sugar beet industry in a_reéion
having serious transportation difficulties. ALl suppiieézfequired by fhg ‘
factory and all shipments of sugar to market wouwld depénd on river transporta-
tion to and from Kareima where it would connect wifh the railroad system.

All. sugar beets grown in this area would have to be‘transpofted té the_
factory by trucks: This area is compact and of the required size.f This would
mininize the distance which trucks would travel in hauling sugar beets to |
the factory;

The soils in most of the Seleim-Borgelg areas are well suited to sugar
beet culture. They consist éf silts and silty clay loams of present flood
plains and basin areas. An additional érea lying to east has a shallow léyer
of_#ind blown sand over Seleim silty clay soils. The latter soils will pérmit
the growth of suzar beets if an adequate supply of water can be supﬁlied by
deep wells. Wind breaks should be planted to protect sugar beets from‘ﬁhe
ravages of desert sand storms.

The main disadvantage of this area lies iﬁ its long di;tance from the
market and the difficult transportation systems used in getting sugar to market.
On the oth?r ﬁand, this area needs an industry to provide an outlet for its
surplusllabor and & crop wﬁich will bring an additional cash income to.the area.
Sugar-beets seem ideal for thié'purpose. o

At present, a portion Qf'thisslabor'supply in'this area ‘tends éo migrate
to and seek employment in a neighboring country. Thus, The Sudan goyefnment,
in sponsoring a sugar beet industry in this area, might find itself_in a Eosition

where it would be willing to encourage a marginal economic venture for social

regsons.,
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For example, such an industry would enhance the greater exploitétion
of the overall agricultural potential by proviéing_outiets féf horticultural
cr;ps through the medium of fruit processing. Mangoes, for instance, grov’
well aiong the Nile River. Canned mangoés could be précessed for the domestic
and the European markets. The f;uit‘processed from 300 feddans of full bearing
mango trees wovld require 2,000 tons of sugar. fhe productién of Jjams from
fruits and the pickling of cucumbers would make it possible to utiiize the sugar
from a sugar factory in this area.

It is recormended that experiments be conducted to determ&ne the adapta-
tion of sugar beets to this area. If such trials prove successful, it is

suggested that, in'the total planning for this area, consideration should be

given toward the inclusion of sugar beets to promote the maximum development of

- .4___)’-’
.the Northern Province.

. Cost of Production

The cost of producing sugar from sugar beets has been given preliminary

study. The cost of field production, based upon hypothetical yield of 3.0 tons

of sugar per feddan, was found to be &3 21 per ton of sugar. The cost of recover-

igg the sugar, upon the assumption that the beets would carry 16.0 per cent
;ecoverable sugar, wvas &8 ih-pgr ton ofdsugab. The total cést was &3 35 per ton
of sugar prodﬁced, or 1.59 piaséges per pound of sugar. These preliminary’
flgures for the estimated cost of production indicate that, if commeTC1al plant-
ings can attaln the minimum yield and sugar content which have been specified,

a sugar beet 'industry would be justified. The cost of producing sugar beets
will be comparable to that of sugar produced from sugar cane, if the minimum

requirements can be met.
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Recommendations with Respect to Sugar Beets

The fiést step in the development of a sugar -beet enterprise should be
the immediate installation of variety trials in a promising location, preferably-
the Aiiab-Mutmir area in the Northern Province. Concurrent studies of the rateE
of' sugar inversion in sugar beets under the climatic conditiofs in the same
locality should be underﬁaken. If the results of these trialé indicate that the
ylelds in ‘tons of sugar beets per acre and thé recoverable sugar in egph ton
of' sugar beets delivered at the proposed factory site meet or exceed those )
suggested, detéiled plans for a sugar beet enterprise in The Sudan should be
prepared. It has been suggested that a yield of EO‘tons of‘heets per feddan
and a sucrose percentage of 16.0 per cent at-the factory should be required
for the economic security of the venture.

If‘trials of this sort at Aliab-Mutmir are successful, the possibilities
in the Seleim Basin should be explored.

Ifla sugar beet industry is established; it is suggested that a contract
ber made between the sugar beet factory and the growers (tenants) which would
specify the cultural practices to be utilized by the grower. This should include
detailg with respect to the preparation of land, provision for seed and fertili-
zer, the methods éf,gpplying them to the soil, and the irrigation program to bé
followed.. In addition, the coqﬁract should éstablish & base price for the sugar
beets‘based on a minimum sugar content. A bonus should be added to this base
price for sugar content above the minimm. This can be on a sliding scale so
as to reward the good grower for his good husbandry. It should be said that
this ié standard practice in progressive sugar beet areas. ‘The final return

paid to the grower will have all advances to the grower . for seed, fertilizers,

transportation and other approved items deducted from it. This may include the
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requirement that the grower éccepts the factory pulp as a livestock feed at a’

nominal charge to cover the cost of returning it to him.

n
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requirement that the grower éccepts the factory puip as a %ivestock feed at a’

nominal charge %o cover the cost of returning it to him.

o,
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TABLE 23

(Value in Millions of Sudanese Pounds)

GEOGRAPHICAT, PATTERN OF TRADE, 1953—1957
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APPENDIX I

TABLE 2h

BALANCE OF TRAVE 1948-1957

(Thousands of Sudanese Pounds)

Eports and Re-exports | Total 1/
N Exports Balance

Year -} Imports | Cotton Other Re-exports| 20+ 3 + 4 5 -1

(1) (2) (3) (1) (5)

1948 22,ho8 16,016 7,234 629 23,879 ' sl
- 19kg 23,870 ‘ 19,022 7,413 1,001 27,436 3,566
_ 1950 27,056 22,868, 9,21k 1,031 33,113 6, 057

1951 k1,966 47,450 14,708 1,7H 62,778 . 20,812

-1952 61, 696 28,967 12,198 1,606 Lo, 771 «18,025

1953 50,776 26,753 | 16,285 1,381 44 hag -6, 357

1954 48,1490 21,681 17,221 1,493. k0,395 ~8,095

1955 L3, 804 30,122 18,779 | 2,73 | 51,37k | 2, 570

1956 h5;2u8 41,691 23,650 1,448 66,789 21,541

1957 -65,987 21{2h7) 2,335 - 2,551 13,133 “-1hi§5h

1/ Prior to 1953, export values were recorded free along ship (f.a.s.). This did
not include export dutles, profit of exporters, guay dues and handling charges
at the port. BSince 1953, however, export values sre £.0.L., but are still ex-
clugive of exporters' profits. It is officially estimated that f.o0.b. figures
are on the average 10 per cent higher than f.a.s. values. An informal estimate
by Gorgls Marzouk in his Sudan's Balance of Payments, 1938-53, puts it at 16%.

Source: "fnnual Foreign Trade Reports", The Republic of The Sudan (Ministry of
Social Affairs, Department of Statistics).
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VALUE OF EXFORTS DY MAJOR COMMODITY GROUP AND PRINCIPAL COMMODITIES
{Tiousonds of Sudaenese Pounds ), 1954-1957

LY

. Year
Commodity 1954 1955 1956 1957
Food Products, Heverages and Tobacco k. 085 2,962 3,625 b, 587
Live Animais (1,178) (o1k) | (1,520) | (1,908)
Meat and Meat Preparations . (383 2203) (128 {123)
Salted Fish 133 137 (110 {135)
Cereals, lLargely Dura and Mailz {1,310 EQT9 (584 (111*09;
bates : 257 262 205) 272
Vegetables, Largely Beans 672} (966) 71;2; 560)
Chilles . (109) (1k2) 191 126)
Animal Feeding Stuffs g72 gl 968 8o7
Cotton and 01l Cake hsE) (292; Eseh) (1&6‘5;
. Besame Ol1 Cake 349) (k01 286) (286
0i1 Seeds, Huts pnd Kernels 6,306 7,92k | 11,367 12,252
Groundnuts . (1,1h4%) {2,380) | (3,768) (263 g
Groundnuts Shelled - - - Eh,lOl
Cotton Seed, Sakel (2,695 | (2,459) | (4,253) h, 540
Cotton Seed American (275) (523 haz (445
. Sesame (1,530) | {2,79%) | (2,050) | (2,632
Fats and 011s, Animal and Vegetable, and Waxes 522 501 636 727
Cotton Beed 011 ) (438) ) (357; Euhlg (662)
Groundnut O {26) (&3 100 b/
Chemlcals and Fertilizers ' 8 9 8 xa N
Hood, Cork and Manufactures ‘ af s/ 1 a/
Hides, Skins and Jeather 1,102 995 1,076 980
Textile Materisls 21,68k 30,367 b, 702 21,262
Cinned Sekel Cotton (18,131; (26,702 (38,5873 (19,639
American Rain Grown (2,987 (3,139 (2,391 (1,01
American Trrigated (345) (276 (k89) (112
Cinned Scario Cotton ] ) (217) {238) (224) (95)
Textile Products . ' 2 b 10 8
Conmon Selt 37 58 60 63
Cement ’ T36 51 T 1
Manganese - -— 63 Th
Miseellaneous ° b, o077 k939 5,716 I, 752
Hother of Pearl - (33) . (39) (86) E!rrg
Trochars :Shell {109) 27) (1l7) 68
Raw Tvory 10} (5} i) (63
Siana 55) (35) 30} (4
- Oum Arabic ) (3,633) (4,680} | (5,368) (4, 488)
Miscellaneous Manufactured Itema 8 8 12 7
Returned Goods mnd Special Transactions 22 19 29 33
Gold HMetal and Specie ! 5 11 13
Total Domestlc Exporia 30,902 49,036 65,31 hs, 52
Reexports 1,493 1,673 1,h48 2,551
Total All Exports ) 40,395 50,509 | 66,789 48,133

a/ Less than & 500. -
_'9/ Not enowm separately.

Source: 1056 and 1957 "Foreign Trade and Internal Statisticsa",
Te Republie of The Sudan, January 1958,
195k and 1955 “Annual Foreign Trade Report", The
Republic of The Sudan, 1950.
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APPENDIX I
TABLE 26

VALUE OF TifPORTS BY MAJOR COITIODITY CROUP AIID PRINCIPAL OMFIODITTES
(Thousands of Sudanese Pounds)

195%-1957 ' -

Year
Commodity 1954 1955 1956 1957
TF'ood Products; Beverages, lobacco 13,815 12,995 12,083 16,183.
Coffec (1,878)1 (1,508) | {1,921)c/1 (2,052)c
‘fea E3,5h5) 53,17h3 (1,7313g/ $2’782§9/
iheat Flour 1,324) 1,732 (1,318)=/| (2,0h7)a/
Sugar (3,650) 1 (3,200) (h,ésagg/ (5,77933/
Tobacco (749) (707) (680 (715
Fats and Vaxes, Animal and Vepgetable 212 20k 328 789
thewlcals and Pharmaccuticals 2,262 3,2h9 2,595 3,6h5
Soap . (hok) {512) (194) (122)
Fertilizers (kh2) (979) (908) (1,361)
Rubber and Manufactures ¢/ 189 66k 623 73h
lood, Cork and Manufactures £/ g5h 1,052 1,101 1,h22
“Pulp, Paper apd Cordboard HManufacturers 366 Wi hgl 909
ilides, Skins and Teather 9k 90 6o 02
Textlles 8,759_ 8,719 8,747 10,925
Artificial 811k Pliece Coods (1,628) 1 (3,713) | (1,798) (2,13h)
Piece Coods of Artificial Silk and Gotton (795) (581) (511) (MhG)
Yfoolen Piece Goods (101) (13%) (69) (295)
Grey Colton Piecc Coods (2,551) | (2,526) | (2,896) |13,192)
Cotton Picce Goods Bleached (1,229) | (2,393) | (1,224) (1,769;
Cotton Piece Coods Dyed {1,052) (9lk1) (797) (966
Cotton Piece Goods Printed (270) (194) (311) (220) .
Clothlng and Hade-Up Textiles 2,h37 3,0h7 3,058 3,790
Products Tor Heating, Power and Lubricants 3,101 3,h21 3,190 %, 608
ton-tetallic Minerals 1,282 797 8or .| 1,612
ase Hetals and Manufacturers 5,271 4,032 3,071 5,327
Hachinery, Apparatus, Vehicles 7,221 8,257 6,046 11,087
Migcellaneous 2,217 1,773 1,848 1,863
Total ’ { 8,h90 | 48,802 |i5,248 62,996

gf Ilargely from Australia and the Federal Republic of Gezi'many‘.

2/ Largely from U. K., Taiwan and France.

¢/ Largely from Usanda, Delgian Congo and Ethiopia.

d/ Largely from Ceylon, India and Indonesia.
¢/ largely from Tris and Tubis.
i‘/ Almost entirely Tiniber.

Source: 1956 and 1957 "Foreign Trade and Internal Statisties",
The Republic of The Sudan, January 1958.
1954 and 1955 "Annual porelgn Trade Report”, The Republic
of The Sudan, 1956.
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TARLE 27

('Jhousands of Sudenesge Po‘u.nds)

* APPENDIX L

Government Deposits Other Deposiis Lcans-and Perdent Laong

. Advances and, Advances

Tate Current Deposit Current | Deposit Totel, Discounted, Are of Total
Accounts | Accounts Total Aecownis | Accounts Total Deposits Hopotiated, Etec. Depasite
Decerber 31, 1953 1,608 - 1,680 | 10,594 2,864 13,858 15,546 8,801 56.6
Decemver 31, 1954 1,118 6,500 7,618 1 14,0712 2,939 17,011 21,629 18,7l T6.L

s
December 31, 1955 3,266 9,000 12,256 15,901 3,072 18,973 31,239 22,209 71.3
L ]

' becember -3, 1956 2,727 2,500 5,227 |. 20,262 L,625 2k, 0867 30,114 22,957 6.2
Decedver 31, 1957 3,32 £,500 9,042 | 15,080 5, b 20,564 30,h06 26,331 05.6
Barch 3, 1956 - 1,712 8,500 10,212 | 16,563 4,932 21,005 32,307 22,118 68.9
June 30, 1956 k, 515 5,000 9,575 | 20,930 5,83 26,113 35,988 2h,632 68,4
Saptember 30, 1956 2,188 6,000 8,488 | 17,00 5,022 22,111 30,599 20,814 68.0
Dzcember 3L, 1956 2,727 2,500 5,227 | 20,262 4,625 2n, 887 30,11k 22,957 76.2
Match 31, 1957 2, kol 8,000 1o,k § 1h,167 4, ke 18,60k 29,163 23,3k0 80.0
June 30, 1957 5,061 - 5,061 | 18;926 h, 607 23,613 268,674 26,589 g2.7
September 30, 1957 | - b,208 l3,163 I9,hEs -1'5,7_&3 LT3 19,47k 28,940 2h,1h1 83.L
Dacenber 31, 1957 3,32 6,500 9,842 | 15,c00 5,404 20, 564 30,h06 26,331 85.6
ffarch 31, 1950 3,010 k, 500 7,520 | 18,778 5,925 21,703 32,213 29,334 91.1
June 30, 1958 1,948 2,500 Lo 17,963 5,817 23,7% 28,228 27,586 99.1

Sowrce: "Foredgn Trade end Tnlernal Statistics", Ihe Ropublic of e Sudeon,
(Department of Statiotics, HMinistry of Secial Affaire), Jonvary 1950 and August 1959
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APPENDIX IT

DETAILS OF CAPITAL REQUIREMENTS FOR FIELD OPERATIONS, TABLE 28

BULLDING REQUIREMENTS OTHER THAW FACTORY FOR EFFECTIVE
MILI, OPERATTON, TABLE 29

UNIT OPERATTON COSTS IN SUGAR CANE PRODUCTION,
SENNAR AREA, TABLE 30

MILL MANNING DURING GRINDING SEASON, TABLE 31

MILL MANNING DURENG DEAD SEASON, TABLE 32
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PABLE 28

DETAILS 6F CAPITAL, REQUIREMENTS FOR FTELD OPERATIONS

A. Buildings and Houses L.
8 houses for technicians 3
25 houses, 5 rooms, for chief farmers
1 office building
192 houses, 5 rooms, for temporary imported labor,
each room houses 2 workmen 1/
200 houses, L rooms, for families 1/
4 stores for general goods
Total cost of buildings

B, Field Equipment '
D Caterpillar D8 tractors with 725 double drum control
1 Fleco model #8 tool bar S/NIB 135 with sheave blocks
: and Fleco AKS "A" Frame S/NﬁF 249
Fleco root rake for D8, 10 tooth, 5 top guards;
10 plain blade shoes
SA Angle-Dozer
Root cutter, V-knives with coulter
Heavy duty cab guard
furrowers
sets hoeing discs
high clearance wheel tractors, 3 point hitch
Welklust ditching plow, GF 2
Weklust ditching plow, GP 1
1 Rome 10 x 36" plow
8 Caterpiliar DI tractors ..
8 Thompson cane loaders machines
9 4-wheel traction tractors, 3 point hitch
120 rubber tires, steel cane carts, 4! high, 5' wide
at bottom, 7' wide at top, 12' long
1 work shop, equipped with mechanlc s tools, including
repalr parts
120 transfer cranes
trucks
6 fertilizer machines
Total field equipment

el

H 0 O

C. Railroad Eguipment
I locomotives
15 kms of railroad
60 wagons, 15 ton capacity each
Total railroad eguipment

-1 45

Total Cost

20,000

20, 000.

6,400

. 153:600
140,000
6,000
346,000

‘ 29,638

1,200 .

1,100
,766
1, 063
332
1,350
680
4,800
2,050
1,200
2,000
"~ kY, 800
32,000
14,625

 5h,000

28,866
7,000

LX) _lO‘,OOO
460
238,930

41,800
. 52,260
104,520
198, 580

oy b e e



Table 28 continued:

D. Roads and Telephone Lines -

E. Irrigation Pumps

P, Main Canal

G. Deforestation and Clearing

11,250 feddans

H. Contingency
15% of &S 995,810

I. Total Capital Cost

..;]_116_
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20,000
14k,000 -

16,800

31,500

149,371

1,145,181

1,150,000
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- TABLE 29

BUILDING REQUIREMENTS OTHER THAN THE FACTORY

FOR EFFECTIVE MILL OPERATION

* Mein Office . £5 10,450
Guest House . 5,225
Manager's House 5,225
Chief Engineer's House - ) . 2,825
Superintendent of Fabrication's House - 2,825
Assistant Chief Engineer's House . 2,250
Assistant Supevintendent of Fabrication'!s House . . 2,250
3 Shift Assistants to Chief Engineer's Houses 3,500
3 Shift Assistants to Superintendent of Fabrication's Houses 3,500
Accountant's House : 2,250
15 Duplex Houses for Specialized Personnel 25,000
15 Houses of.lt Dwellings Each for Married Workmen 10,000

. 25 Houses of 5 Dwellings Each for Uamarried Workmen 18,000
General Store . 7,000
Small Hospital 5,225

"ES 105,525

~147-
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- TARLE 30

UHET OFERATTON COSTS IN SUGARt CAIE PINODUCTION, SENTAR ASEA

Costs per Todlan

Operation Tools and Hethods.and Rates of Perforrence 1st:¥ear +|*2nd Tiear 3rd Year
Deforesting and Clearing of Area to bo clearcd is 15 Fsfday, using tvo chifts with the same tractor. Hork -

Land to be done by Coterpillar DY troctor with root rahe attachments (1) (2} (3), .

. 2 ohifta, ot Gi7 o7
Clearing of Deforcasted Land Coot ES 6,000/day, area cleared = § feddens (1) {2) {3} 1.000 | 1.000 1.000
Propavation of IMelds {a) Clesring of rcots done by Caterpillar DD amd Y-Knives with coulter attachmnt.,

output 17.5 Fefday (1} (2) (3}, 2 shifts. 813 .813 L0813
{b) Ploushing it done by Caterpfller D8 troctor and a-Rome 10 % 36" dfac plough, .
qubput 1o 17.5 Fs/day (1} {2) (3}, 2 shifts. J£13 ok .3
Purrauing One trector operator doeo 73 Isfday. Usc 2 shifts, 3 crews/dey-(1) {2} {3). .33% 33k .33h
Iaing Coenzls Caterpillar D3 avd ABUKK dltehdng machine (1} (2) (3) | 323 323 323
Tanting of Canc ) 50 Tedians dafly, 2 shifts/day nt, 5 Fedds, 5 crew, O(me tractor operator and .
T worimen (1) {2) (3). . . .530 339 -939
Covering of Planted Cane One tractor eperntor. Use 2 shifts and 3 crews, output 43 Feddans/day (1) {2} {3} .305 .305 L 305
Cost of Fertilizer 431 ¥zs. sulfate of srmonie 20.5% I2 is d.G2
. . 1% Kge. triple swior phosphate W50 B205 1S 3.53
159 ¥gs. eulfatc of potash k3 K205 15 3.97 = LS 26.120 16.120 15.120 16.220
First Application of Fertilizer output 15 Fsfday, 3 erevo, {1) (2) {3} 206 205 «206
Second Application of Fertllyzer (1) 2) (3) 206 206 205
Application of Inzecticlde Cost of insecticide included. B850 Oso 850
Irrigation 2 Feddansfday/man at 20 P/dwy, epplying 1% waterings {1} 1.500 1 500 1.5C0
Irrigation Cast of Tunning pumpo 1960 080 9%
foeings 3 hoeingc/Feddan 8t IS 0.305 per hoeing, using-vhecl tractor and hoeing dises,
(1} (2) (3} 915 95 915
Harvesting B> penses . (a) Cutting of sugar enne: one man cuts one ton/day ad 20P/day; List vear = LT.5
- tons/Feddan; 2nd year = 39.h T/Fedd.; 3rd year = 35 T/Fedd. (1) (2} (3) 9.500 7.08%0 T.000
- ) (b) loadinz of cone into Tubber tire cane certs is done by loading machine; N -
. transport to tmapsfer cranc included. 2,123 2,059 2,059
- ) {c)} Transportation of cane froo transfer erane to sugar mill storsge yard by 1-- -— -
ratlrond, 5P/ ton/mile: -7 )
© 1ot year = (67.5x 5x 3) 7.125
2nd year = (39.4% x 5 x 3), average distance from cane fiecld to fectory = 3 miles 5.910
3rd year = (35.0 x 5 x 3) 5.250

Totc+ L300 feddans for first year
5400 reddans for second yesr
S000 feddnns for third year

. =148-
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Bailrond Cone Yard
3 Foremen
3 Lecemotive Trivers
6 Locomotive Iriverc® Helpero
9 General Yorkmen

Handling Cane at Mill Cane Yard
3 Foremen
3 "Mlting Table Operntors
6 Helpers
2 Yonmrer-heséd Crone Operators
2 Feed Tuble Operators
15 Laborers

" gane Welghing Scales
3 Welghers
3 Helpers

MiL1 Tandem
3 Auxiliery Cans Carrder Cporutors
3 Main Cana Caxrrier Gperatars
3 Nechanica .
3 Mill Turbine Qperatoro
3 Odlers
9 Juice Pon Abiendants
. 3 Row Juice Pump Attendnnte
& Yorkmen (General)

Boilers
3 Feed. Woter Attendants
3 Firemen
& Fircmen Helpers
3 Bagasse Fecder Attendants
3 Feed Woter, Induced ood Denft Fan, Attendents
12 ilen for DIagoase Storage and Hondling

Faw Juice Scoles
3 Veighers

Juice Heatars, Sulpho-Defecation, Sulphur Bumners,
Clarificaiion, ete.
3 llorknen
6 Yorlmen

15 Laborern

TAELE 31

MELL WANNING DURING GRINDING SEASON

Evaporation i
Evnporator Cporators

3 Helpers
6 Labvorern

Vacuun Pang
Sugar Boller’s Helpeis

Syrup ond Molaspes Tanka
© Attendants

gmuru_e;g
Attendants

Centrifugnle
Centrifugal Operators
3 Auxillary Mechonics
3 Ollexs
3 Pump Attendanta

Dryers and Sugar Elevntnm
3 Cperatora
6 Nelperc

Bogering ond Welghing
3 Sugar ifeighers
3 Qpexatora Bag Sewing Hachine
& Eelpera

Bugar iareliouse

3 Foremen

3 Operators, Main Sugar Bag Conveyor
6 Operatars Muxiliary Conveyors

12 Yorkera Stacking Sugar Bags

Power Plant

=3 Tirbo-Alternatora Operatore
3 Ueldpera
3 Electricions (Generad Maiotenttice Work)
3 Helpers

Ceneral Factory Puomps
9 Attendanto

3 Attendants
3 Helpers
6 Laborers

Tactory Spares and Materdals Warehouss
3 [len
5 Hen

Lavoratory
nlyote
v 6 Annlysts' Helpero
9 Men for Taking Semples to the Iaboratory

'i‘imekac eTs
g Timckeepers

Factary Machine Shop
1 Hlagksmith

2 Carpenters
k Helpers
6 General Worlmen

¢

Repairs 4o Wogons
2 Auxilinry Mechanics'

1 Blacksmitk
L Melpers

Field Railvny Mointenance
1 Foxcman
1 Assistant Foreman
8’ Laborers

oA i

Sundry Jobs, fatermen, Gardenera, Sweepers, ebc.,

““for Faectory and Grounds N
tien [

9 Meri
L5 tlen

TR [y M—



IABLE 32 .

P

Cane Aandling Eguipment (Tilting Table, Hemmer-hesd
Crane, Cane Carriers, Kalves, Feed Table, etc.)
2 Hen
' 3 Men
3 Men

Mill Tandem
2 Mechanics
3 Helpers
b Workmen

Bollers
3 Bricklayers (for General Furnmce Repairs)
2 Auxiliaery Mechanics
2 Helpers
5 Workmen

Heating, Sulpho-Defecation, and Clerification Deparimeni
2 Hen
3 Men
3 Men

Sugar Boiling Department {Imcluding Evaporators, Vacwum
Pans, Syrup and Molasses Tanks, etc.}
2 Auxlliary Mechanics
2 Helpexrs
I Vorkmen

-

. Centrifugels Department (Including Centrifugals, Sugar
Elevators, Dryers, etc.)

3 Auxiliary lMechanics -

3 Helpers

4 Workmen

~1c

MILEL MANNING DURING DEAD SEASON

Pumps
2 Awiliary Mechanics
2 Helpers
2 Workwen N

Power Plant Department (Including Motors,
Iighting System, etc.)
I Electriciens (Genersl Maintenance Work)
3 BHelpers

Machine shop (Main Factory)
"1 Blackemith * .
2 Carpenters . -
2 Helpers for Weldera ‘
2 Helpers for-Machine Tool Operators -
4 General Workmen

‘Railway Equipment Repair Shop (Cane Wagons, efc.)

2 Auxiliery Mechanics
1 Blacksmith
5 Helpers

Field Rajlwvay Maintenance .
1 Foreman
1 Aspiatant Foreman
6 Laborers

i Timekeepers

3 TElmekeepers -

Sundry Jobs {Watchmen,® Gardeners, Sweepers, etc.
for Factory and G'otmd.a
3 HMen
6 Men
15 Men
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GOVERIENT POLLCY TOWARDS THE ENCOURAGEMENT

OF LOCAL AND TOREIGN CAPITATL, IN THE FIKELD OF INDUSTRY

AWD ITS ATTITUDE TOWARDS FCOREIGN CAPITAL IN GENERAL
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APPENDIX ITIT
i

GOVERNMENT POLICY TOWARDS THE
ENCOURAGEMENT OF LOCAL AND FOREIGN CAPITAL
.IN THE FIELD OF INDUSTRY AND ITS ATILTUDE

TOVARDS FOREIGN CAPITAL IN GENERAL

An all-round development of the Sudan in every field
with a view to securing the material and moral progress of the
people is in the forefront of the Sudan Government's Objectives.
This requires coordinated and integrated plamning in every field,
€.8., Agriculture, Multi-purpose projects dealing with Irriga-
tion, Power and Flood Control, Industrial Development,
Commumications, Transport, Education, Public Health etc. with
due regard to all physical human and monetary resources that are
available and can be tapped.

2. So far as the Industrial field is concerned, it
may be stated that in this country Railways, Ordnance works
and certain public utilities are already very largely State~
owvned and State-operated. This arrangement will naturally
continue. Govermment will give a high priority to the develop-
ment of the Hydro-Electric power which is the only means of
substantially making good the handicap of absence of .coal and
0il in the Sudan. Apart from Railways, Ordnance works and
Public Utilities, the Government, may, if it considers it
desirable and if resources permit, embark upon Industrial
schemes as State enterprises without any implication that .the
State intends to create a monolopy or nationalise those partic-
ular Industries. In an undeveloped country where private
enterprise, ipitiative and knowledge are wanting and private
capital is either shy or not forthecoming such participation by
the State has been proved by the experience of other countries
to be one of the means of making the people industrially-minded. -
It is, however, the intention of the Government of the Sudan that
all Industries other than Railways, Public Utilities etc. re-
ferred to earlier, should be open to private enterprise.
. Government has already indicated on several occasions its intenw
tion to encourage private enterprise and development activities
which are in the public interest and also to create conditions
which attract foreign capital to this country for such
enterprises.
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3. Having given the matter careful consideration the
"Government is now in a position to be more specific about its
intentions and the purpose of this statement is to make these
known to the public.

4. ‘The Covermment intends to set up an Advisory
Committee .to which all applications for Government assistance
from private enterprise, wvhether local or foreign, will be
referred. The Committee which will include some members from
outside the Civil Service, will forward its recommendations to
the Govermment.

5. The Committee will make an assessment as to vhether
each application is worthy of classification as an ‘'approved! or
'picneer! enterprise. In making assessments, the Committee will
be guided by such criteria as are considered appropriate. In
particular, to qualify as an "approved" or "pioneer" enterprise
. the enterprise must pass the following tests:

(1) It must be beneficial to the public
interest, for example by increasing
the national income, by saving foreign
exchange or for strategic reasons.

(ii) It wust have a favourable prospect of
‘successful development.,

(iii) Its function must not already be
adequately performed W1th1n the
country.

(iv) Initial assistance is shown to be
. necessary.
(v} Adequate capital and efficient mange-
pment will be availlable.

. Once an enterprise has been clasified as an ‘amproved!
or 'ploneer' enterprise the manner in which the Government will
give assistance will depend on the particular requirements of the
enterprise. But in all cases, the ‘approved! or 'pioneer! enter-
prise will be entitled to Business Profits Tax relief.
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6. This relief which the Government proposes to give
to an 'approved! or 'pioneer! enterprise may be summarlsed as
follows: \ -

The period during which relief will be given will '
vary according to the capital employed:

(1) If the capital employed is less than
Es. 20,000 at the end of two years the
period of relief will be two years.

(ii) 1If the capital is greaber than Ls. 20,000
at the end of two years, the peridod of
relief will be three years.

(iii)} If the capital is greater than Es. 100,000
at the end of three years, the period of
relief will bhe five years.

In the period of relief, the following easements will
be given for the purpose of assessing Business Profits Tax:

(a) Depreciation at double the normal rates.

(b) " Profits up to 5 per cent, of the capital
employed will be exempt with additional
profits taxed at half the standard rates.

(¢) Any net loss incurred over the period of
relief will be regarded as a loss in-
curred in the last year of the period of
relief,

(a) Any leldend paid in ‘the period of rellefl
will be exempt from tax.

7. ‘Approved! or 'pioneer' enterprises may also be
glven assistance in one or other or several of the following forms
(the list being informative rather than exhaustive);

n
(i) Reduction of import duties on raw
materials.

(ii) Preferential railway tariff rates.

_:]_55_
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(1i1) Assured Govermment orders for a
prescribed period. )

(iv) Facilities for entry of necessary

gualified technicians and other : . -

foreign employees.

(v) Provision of commercial intelligence
; and expert advice.

(vi) Protective duties on competitive
articles from abroad on the basis of
the recommendations of an impartial

expert body.

8. It is the Government's intention to put before _
Parliament such legislation as is reduired to give effect to the
arrangements outlined above which will apply equally to local
and to foreign enterprises. (Please see Pages 5-8.this Appendix.)

9. TForeign Industrialists must undertake to provide
reasonable facilities for the training of Sudanese personnel and

for the progressive participation of such personnel in their
establishments. . ’

10. The guestion of assoéiation of local capital, whether
Government or Private, with foreign capital will be a matter for
negotiation at the commencement and not for compulsion.

11. PForeign employees will be permitted to remit bona
fide savings to their country of origin.

12. Goverument accepts the principle that foreign
Industrialists should have the right to remit profits to the country
of the origin of the capital and furthermore, it would give an
assurance in respect of the payment of fair and equitable compensa-
tion in the event of acguisition of any property for nationalisation
and will grant facilities for the repatriation of such compensation.
It would further give an assurance of non-discrimination between
foreign and local enterprise.

13. The conditions described in this statement refer to
nev enterprises but the Government is also prepared to consider
applications from existing enterprise if it satisfies the criteria
described. The assistance or relief %o be afforded in such instances
will depend on ‘the merits of the case.
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“THE APPROVED ENTERPRISES (comcnssxoms)
ACT 1956,

(1956 Act No. 8)
Assented to on 11.2.1956.
An Act to encourage and- assist certain industrial and other
similar enterprises in the Sudan.
Be it hereby enacted by Parliament as follows:-
THitle.

l. This Act may ve cited as the Approved Enterprises
(Concessions) Act 1956.

Definitions.

2. In this Act, unless the context othexrwdse reguires:
"Approved Enterprise" means a2n industrial or other similar
undertaking or a future industrizl or
other similar undertaking in the Sudan,
which, in the opinion of the Minister,
ig such an enterprige.

"Advisory Committee” means the Committee established under
Section 3 of this Act.

"Minister" means the Minister of Commerce Industry
and Supply.

"Prescribed" means prescribed by rules made under
this . Act. . } :

Establishment and Constitution of Advisory Committee.

3. (1) The Minister shall estaollsh an Advisory Committee
for the purpose of this Act.

(2) The Advisory Committee shall consist of:-

(a2) Director, Minlstry of Commerce, Industry
and Supply.

(b) P.U.S., Ministry of Finance and Economics

(¢) P.U.S. Ministry of Interior,

(d) Director of Agriculture.

(e) Commissioner of Labour.

(f) Mwo persons nominated by the Minister.
) 157
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Powers and Duties of Advisory Committee.

k., (1) Any person desiring to obtain the concessions

aunthorised by or under this Act shall make an application in writing ’

to the Minister setting out such details and giving such other in-
formation, and in such form as may be prescribed. '

(2) Upon receipt of an application under subsection (I),
the Minister shall arrange to have the same considered by the
Advisory Committee who ghall recommend to the Ministry whether or
not the enterprise concerned is to be classified as an approved
enterprise.

(3) No enterprise shall be classified as an approved
enterprise unlesg:-

(a) its promotion is in the interest of the
general public.

(b) it has reasonable prospects of successful
development.

(c) its Tield of activities is not already
sufficiently covered in the Sudan.

(d) it has sufficient capital and managerial
resources Tor entering upon its proposed
aetivities. .

(4) When the Advisory Committee is of the opinion that an
enterprise should pe classified as an approved enterprise, it shall
forward its recommendation to the Minister along with their opinion
as to the extent of the manner in vhich and the terms and condition
on vhich any concession or assistance is to be provided to if%.

(5) Upon receipt of the recormendation of the Advisory
Cormittee in relation %o auy enterprise the Minister may accept,
alter or reject the same, and make an order accordingly, which, in
cases vhere an gpplication is not rejected, shall have effect not-
withstanding anything %o the contrary contained in any other law
for the time being in force concerning Business Profits Tax, Import,
Export and Excise Duties, Railway Tariff rates, entry into Sudan of
foreign technicians, or any other similar law which, in the absence
of this Act, would in +the opinion of the Council of Ministers
operate as a restriction on the enterprise; and such law shall to
such extent and in relation to such enterprice be deemed to have
been amended by this Act.
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(6) The Advisory Committee shall have the power to invite
any person to assist them in their deliberations, provided that no -
such person shall have.the right to vote.

(7) ™e opinion of the Minister as to whether or not an
enterprise 1s an approved enterprise shall be final and shall not
be called into gquestion before any court or any other authority. -

Relief,

5. (1) Te Nature and measure of the relief to be given to
an approved enterprise shall be as follows:-

Under the Business Profit Tax Ordinance:- .

(a) profits up to five per centum shall be exempt
" from taxation, and those in excess of the
sz2id percentage shall be taxed at half tke
rates that would apply but for the provisions
of this Act.

(b) depreciation shall, on application, be allowed
at a rate double of that which would be
alloved but for the provisions of this Act.

(Q) any net loss incurred over the period of
relief shall be deemed to be a loss incurred
during the last year of such period.

(2) The period of relief under sub-section (1) shall be:-

(a) two years, if the capital employed is less
: than &s. 20,000 at the end of two years.

(b) three years, if the capital employed is
more than Ls. 20,000 buit not more than
Es. 100,000 at the end of two years.

(¢) five years, if the capital employed is more
than &s. 100,000 at the end of three years.

(3) The period of relief shall be computed as commencing
from the date of the order sanctioning concessions or from the
date on which an approved enterprise begins to operate in the
Sudan, whichever occurs on a later date.
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No Discrimination.

6. For the purpose of clagsifying an enterprice es an
approved enterprise no discrimination shall be made againsty
foreign enterprises. ' '

Tmposition of Conditions for Relilef.

T« Any ‘relief that may be given by or under this Act may be
subject to such conditions as may be specified by the order of the
Minister granting concessions under this Act.

Repatriation of Compensatiorn. .

8 If at any time any property belonging to an approved
foreign enterprise is compulsorily acquired by the Sudan Govern-
ment in furtherance of nationalisation of any industry, fair and
equitable compensation shall be paid for the same and the said

_compensation shall be permitted to he remitted out of the Sudan.

Rules.

9. The Minister may make rules for the proper implementation
of any of the provisions of this Act.
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v APPENDIX VI
TASK ORDER

OFFICE OF INDUSTRIAI, RESOURCES " ICA NO. 234
INTERWATIONAL COOPERATTON ADMINISTRATION
Washington 25, D. C.

Date: Jﬁﬁe 27, 1958 .|

TO: Tudor Engineering Company

ICA Project No. and Title: Sudan Sugar Development
Country: Sudan

"Project Engr./Msr.: Clifton H. Day/S. H. Manian
Phone Extension: 3882 - 482

Assignment: To make an investigation of the possibilities of the development
of sugar production in The Sudan. Such survey and report shall
include but not be limited to:

1. An investigation of the suitability of the soils and climate
for such an Industry.

2. Relationship of such industry fo the overall economy of The
Sudan.

3. Investigation of market for sugar and by-products.

Target Pate:
Remarks: Cost Estimate: Approximately 3 monthg and approximately $37,500.

Due date: 3 months 'after approval of team members and departure
Tor. The Sudan.

Acknovledged: - ‘AA
/s/ John G. Mary /s/ N. B. Thompson
Tudor Engineering Company, ©/27/58 Normen E. Thompson
(Please return one signed copy to ICA) Chief, Tndustrial Engineering Division

Tudor Project No. 234

Task Engineer:
Phone: Sterling 3-5313

ICA-10-70
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Task Order 234 continued:

4. Recommendations as to the extent of development as to acxeage,
g8lze of facility and use of by-products. ."7

5. An analysis of the possible production costs and the profit-
gbility of the recommenged facllities. .

To accomplish this task order, three consultants particularly qualified
in analyzing the conditions, and in developing the possibilities for sugar
production and refining shall be employed by Tudor BEngineering Company and
sent to The Sudan in company with a representative of ‘the Department of Commerce.
These consultants shall include a team leader, who shall be responsible for the
coordination of the team effort and in the preparation of a final report, en.
agronomist and soils specialist, and an industrislist who is skilled in the
design, operatlion of a sugar refinery and in the efficient production and use
of by-products. *
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