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SUMMARY

The Democratic Republic of Sudan, situated in northeast
Africa, is the largest country on the continent. Sudan spans
three major ecological zones, from very arid desert in the
north to savanna in the south. The southernmost highlands even
include small patches of rain forest. Three major regions are
usually distinguished geographically, also: the northern
desert, the plains, and the Sudd or swampy region in the
south. The few highland areas scattered throughout Sudan are
sometimes considered a separate region, as is the Nile Valley.

Sudan is still in the very early stages of development. The
economy is heavily oriented toward agriculture, and a very
little industrial base has been developed. Accordingly, the
major environmental problems concern areas such as agriculture
and public health. The most important of these are noted
below.

Desertification and accompanying phenomena pose a major threat
to Sudan's environment. Monitoring over the last several
decades has shown that the desert is shifting southwards at a
rate of five to ten km per year. Substantial agricultural
land is lost along the fringes of the desert, as well as in

other areas of Sudan where severe erosion or salinization
destroy productivity.

Major human causes behind desertification include over-
intensive cultivation, overgrazing, wood cutting and
deforestation, depletion of aquifers, and burning of
grasslands, scrub, and forests. Expansion of cultivated area
in wet years is particularly dangerous. When the inevitable
dry years follow, the soil is wvery wvulnerable to wind and
water erosion because the nautral ground cover has been
eliminated. Soil depletion has also increased as population
pressure on the land rises. Traditional fallow systems which
allowed soils to recover are being rapidly abandoned in
attempts to harvest crops annually from the same field. Rising
water demands have also led to depletion of water tables.

Land 1is abandoned to the desert when water supplies are
exhausted.

Yields on agricultural land have declined drastically in many
areas, and some lands have been abandoned entirely because the

soil will no longer support cropping. In other cases, mobile
sand dunes have covered productive land.
o

The pastoral sector also contributes to' desertification as
herd sizes increase and overgrazing becomes widespread. The
number of livestock in the mid 1970s was six to seven times
greater than in the mid 1920s, and this has often led to rapid
depletion of ground cover. Wind and water erosion then remove

vii



the topsoil and the carrying capacity of the range is
permanently reduced. Removal of tree and brush covex for fuel
wood is also widespread. Nomads alone uproot an est imated 548
million acacia shrubs annually, but wood is also the primary
energy source for the more numerous cultivators.

Environmental health problems are widespread. Deve. lopment of
surface water resources, especially irrigation networks, has
often led to increased incidence of malaria and bilharzia.
Efforts to control these two diseases have not= been as
successful as have programs to eradicate several o-ther major
diseases. Other health problems stem from the inawailability
of  uncontaminated water supplies. Over half of Sudan's rural
population does not have access to safe water. Low income
areas in cities likewise <face this problem, and rapid
urbanization is straining urban water and other f£acilities.
Lack of adequate sanitation facilities is actually a dgreater
problem in urban areas, because population densitiess are high.
Only the three cities area has central sewage systems, and
only a small proportion of houses are actually serveed by these
systems.

Plant and animal pests are of serious concern in the Sudan,
particularly water hyacinth. The entire stretch oXf the Nile
from Juba to the Jebel Aulia Dam has been infested by water
hyacinth, which causes a water loss of up to sevren billion
cubic meters annually, about one-tenth of the normaal yield of
the river. In addition, water hyacinth clogs irrigation pumps
and canals, disrupts river transportation and the operation of
hydroelectric plants, and improves the envircnment for
mosquitos and freshwater snails. Other plant pests also
infest cultivated fields, and animal pests, such as locusts
and Quelea birds, may destroy substantial areas of cITOPpPS.

Wildlife is under severe pressure in many parts of Sudan.
Surveys in the Darfur and Rassala Provinces indicate that
large mammals may not inhabit those areas by early :zAn the 21st
century. Hunting and poaching have caused major declines in
the population of a few species. Most wildlife, however, is
under pressure primarily because of habitat dest-ruction as
agricultural and pastoral activities expand « or as
desertification proceeds. Sudan has established & system of
game reserves and sanctuaries, as well as several national
parks. Protection is practically non-existent on r eserves and
sanctuaries and in many cases the animals for which these have
been established are no longer found in them. Wiildlife has
fared better in the parks, which still: preserve relatively
large populations and undisturbed habitats.

viii



Introduction

This draft environmental profile summarizes information
available in the United States on the natural resources

and environment of the Democratic Republic of Sudan. The
report reviews the major environmental problems of Sudan

and the impact of the development process upon resources
and the environment. This draft report represents the
first step in developing an environmental profile for use
by the U.S. Agency for International Development (U.S.
AID) and Sudanese government officials. The next step in
this process should be a field study to evaluate the
information presented here, obtain additional
information, and idefine the issues, problems, and
priorities in greater detail. This entire process should
help provide direction in future efforts to deal with the
management, conservation, and rehabilitation of the
environment and natural resources.

The information and interpretations in this report are
preliminary and are not intended to attain the detail and
accuracy required for development planning. The report
represents a cooperative effort by the Man and the
Biosphere (MAB) project staff of the Arid Lands
Information Center (ALIC). The primary research,
writing, and analysis of most of this profile were done
by Mark Speece, through the resources of ALIC and the
University of Arizona Library. Steven L. Hilty did the
work on sections pertaining to fauna and conservation
measures. The cooperation of James Corson, AID/MAB

Project Coordinator, and other AID ©personnel is
gratefully acknowledged.

Arid Lands Information Center (ALIC)
MAB Project Staff

Charles Hutchinson Director, Arizona Remote Sensing
Center; Profile Coordinator

Mark Speece Profiler )

Steven L. Hilty Profiler :

Mercy Valencia Profile Editor

Robert G. .Varady Profiler )






2.0 General Description
2.1 Geography and Climate 1/

The Democratic Republic of Sudan covers an area of
approximately 2,506,000 sq km in northeast Africa. The
country possesses a coastline on the Red Sea, with one
important port (Port Sudan), but is actually not
particularly seaward oriented. Bordering countries
(clockwise from the Red Sea Coast) are Ethiopia, Kenya,
Uganda, Zaire, Central African Republic, Chad, Libya, and
Egypt. According to O'Conner (1978), Sudan spans three
major African ecological zones: desert, semi-desert,
savanna. The northern half of Sudan is classified as
arid to hyperarid by UNESCO (1977). Most of the rest of
the country ranges from semiarid to subhumid in UNESCO's
classification. Only the southwest corner does not
suffer from any significant moisture deficit. Figure 2.1
gives an overview of climatic regions in Sudan.

Sudan has few highland areas, and most of these are found
on the fringes of the country. 1In Darfur, Jebel Marra's
elevation is nearly 3,100 m, and Mt. Kinyeti on the
frontier with Uganda reaches nearly 3,200 m. The Red Sea
hills range from between 2,200 to 2,700 m. Aside from
these three areas of highlands, only Jebal an-Nuba is
particularly distinctive in Sudan's relief, but the
highest point is only around 1,450 m. The vast majority
of the country is under 800 m, and most of the Nile
valley lies between 300 and 400 m (Figure 2.2). Several
geographical regions are usually distinguished, based on
a combination of climatic 2zone and topography. They
inélude:

Northern Desert region (approximately D1.1, Dl.2, D2 of
Figure 2.l1) is nearly uninhabited except for the densely
populated Nile Valley which runs through it.

Plains include most of the country outside of mountainous

regions, the Nile valley, and the northern desert region.
These plains are relatively featureless, characterized by

1l sources: Buursink. 1971.
Europa. 1981.
Nelson. 1973.
Oliver. 1965.
Oliver. 1969.
Thimm. 1979.
el-Tom. 1969.
U.S. AID. 1981la.
Whiteman. 1971.
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low rolling hills or stabilized sand dunes. Savanna
vegetation varies from relatively sparse on the fringes
of the desert to fairly lush in the south.

Mountains include those highlands described above. The
Red Sea Hills are arid and inhospitable to human
settlement. The Jebel Marra area 1is somewhat better
watered, and supports sedentary agriculture, as does the
Jebel Nuba region of Rordofan. The Immatong and
Dongotona Mountains along the southern border are

relatively sparsely populated, and are covered partially
by rainforest.

The Sudd swamp region of southern Sudan is sometimes
distinguished separately, as is the Nile Valley.

Rainfall averages 1less than 25 mm annually in the
northernmost part of the country (Figure 2.3). It
generally increases toward the south, averaging 200 mm
annually around Khartoum, and 800 mm on the northern
fringes of the swamps. The southern borderlands receive
over 1,400 mm annually. The rainy season lasts from
April to October in the south, decreasing in length
toward the north. At Atbara July and August are
generally the only months to receive substantial
rainfall. The reliability of rainfall also decreases
rapidly from south to north.

Mean daily temperatures are fairly high throughout Sudan
(Figure 2.4). Mean daily maximum in the hottest month is
above 40° C throughout the northern half of the country,
and generally in the high 30s throughout the rest of the
country except the highlands along the southern border.
The mean daily minimum generally ranges from 10° to 20° C
except in Jebel Marra, where it is about six to eight

degrees C (cf Figure 2.1, legend). Additional climatic
data may be found in Appendix I.

2.2 Population Characteristics 2/

U.S. AID (1980) estimates, which agree fairly well with
most other figures, placed Sudan's population at
approximately 18,340,000 in mid 1980. The growth rate is
apparently unknown; estimates range from 2.1 (U.S. AID
1978) to 2.6 (U.S. AID 198la) to 3.0 (U.S. AID 1980).

LY

2 sources: el-Bushra and el-Sammani. 1977,y
Europa. 1981. b
U.S. AID. 1978.

U.S. AID. 1980.
U.S. AID. 1981a.

World Bank. 1981, °
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2.2.1

2.2.2

3 Sources:

Distribution

Based on the 1973 census, which has not been
officially accepted, 17 percent of Sudan's
population was considered urban in that year.
Urban growth rates averaged around 7.2 percent
annually, so that by 1978, 24 percent was urban.
A projected 31 percent of Sudan's 20.3 million
people will live in urban areas by 1985, according
to U.S. AID (1978). The proportion of urban
population is usually higher in the north than in
the south (Tables 2.1 and 2.2). Principal urban
centers are noted in Table 2.3.

Average population density is estimated at about
seven persons per sq km with rates rising to 55
persons per sq km on arable land (U.S. AID 1980).
The areas of highest concentrations are around
Khartoum and along the Blue Nile south of Khartoum
(Figure 2.5). The northernmost part of the
country is nearly uninhabited except for villages
along the Nile River.

Composition 3

The 1955/56 census listed 56 separate ethnic
groups, subdivided - into 597 subgroups. The
results also indicated that 115 different
languages were spoken in Sudan. BEthnic group and
language do not always coincide, and distinctions
are often confusing between similar groups or
languages. A rough division can be made between
Arabs and arabized northern Sudanese, and the
African southerners. Differences have been so
great that civil war broke out along these lines
in the mid 1950s. The conflict was not resolved

until 1972, when a negotiated settlement was
reached.

Arabs had been migrating to Sudan at least since
the first century AD, but only moved into the
region in great numbers after the decline of the
Nubian Kingdoms in the thirteenth century. They
soon spread throughout the area north of the Sudd,
and mixed with indiginous ethnic groups. They now
form the largest single _ group in Sudan,
constituting 38.8 ©percent of the population
according to the 1955/56 cg?sus (Table 2.4).

Buropa. 1981.

Nelson, et al. 1973.
U.S. AID. 198la.

10



Table 2.1. Population, Urbanization and Growth

1955/58 373
Pooulazion Pomulacion Sroweh
100U 3) Jarcant (2CQ's) Jarzent lacs
Noreharn 2rovincess
Jrbdan 590.4% 9% 2,213.0 19% 5.9%
Rural 5,789.0 3ls 3,3520.4 31% 2.0%
Toral 7,479.4 11,733.4 2.86%
Southern Provincas
Urdan 46,7 2% . 274.7 I } 1 10.7%
Ruzral ’ 2,736.4 38% 2,750.2 31% -
‘1
Total 2,783.1 3,024.9 5%
Toral Sudan
Jzban 737.1 7% 2,487.7 17 7.2%
Rural 3,325.4 93s 12,270.5 33s 1.3%
Total 10,282.5 14,758.3 2.1%

Source: U.S. AID. 1978.

Table 2.2. Projection of Urban/Rural Population in the Sudan

1973 1378 1385
Urban Populaticn
Towns 20,000+ 1,854.2 2,795.0 4,380.9
Towns 10-20,000 4L2.86 586.8 930.0
Towns undar 10,000 170.1 587.1 324.7
Total Urkan 2,736.3(18%) 3,978.9(24%) §,345.5(31%)
(Growta Rate} (+7.2%/vTy (+7.3%/yx) (=6.9%/yT)
Rural Population 12,082.1(82%) 12,898.0(76%) 14,002.3(69%)
(Growth Rate) (L.33%/vx) (+1.387vz) (+1.2%/vr)
\ﬁ
Total Sudan 14,3819.0(82%) 15,876.9 | 20,348.3
(Groweh Rata) (#2.1%/vy7) (#2.8%/y7T) (#2.7%/yr)

Source: U.S. AID. 1978,

11



LADLE LeJde

itz {(Province)

<hartoum (Xhartoum)
Omdurman (Khartoum)
Khartoum North (Xhartoum)

*Greater Xhartoum Urban Area

*Port Sudan (Red Sea)

*Wad Medani (Gezira)

*vassala (Kassala)

*=l Obeid (Northernm Xerdefan)
*Gadarsl (Xassala) A
*atbara (Nile)

*Nvala (Southern Dariur)
*osti (White Nile)

Juba (Eastern Equatcria)

*2] Fashir (Northern Darfur)
wau (Bahr el Ghazal)

*2]l Genaina (Northern Darfur)
Malakal (Upper Nile)

Sennar a2l Medina (Whits Nile)
*El Nahud (Northern Xordofan)
*Duiem (White Nile)

Halfa el Gadid. (Xassala)

(O]

1 Gezira Aba (White Nile)

[}

1 Deain (Southern Darzfur)

Total 22 Urban Cantars

yrpan canters Ranked oy L3973 Population

Res.ident 2oCcul3tlion Annual Srowth face

(200's) 1333, 30 T

1953-36 1964-55 1973-74 1964/65 1973/7
93.1 173.5 349.1 5.3% 3.6%
113.5 185.4 300.5 5.3 5.8
46.9 30.0 150.2 5.3 7.7
253.5 438.9 799.8 5.9% 7.3%
47.5 78.9 135.1 5.3 3.5
47.7 53.7 118.0 3.1 7.3
40.5 53.1 100.5 5.5 1.7
52.4 52.6 92.2 1.9 4.7
17.5 45.1 56.2 10.53 1A
36.3 48.3 54.3 3.1 3.4
12.3 26.2 52.8 3.3 10.8
22.7 37.9 0.5 5.5 3.7
10.7 19.8 56.7 5.7 13.2
26.2 40.3 54.5 4.7 3.6
8.0 14.8 53.4 a.7 16.3
11.8 20.7 38.5 6.1 7.8
9.7 17.9 37.1 5.7 2.0
8.1 17.5 32.5 3.3 7.5
16.5 19.3 27.6 1.9 4.9
12.3 15.9 26.3 2.7 5.3
3.7 12.1 24.3 3.5 3.5
1l.4 16.7 22.3 4.1 3.3
5.3 8.9 20.7 3.7 10.4
560.4 1074.4 1894.1 5.3% 6.9%

*The 13 citiss given priority in the Six Year Plan

Source:

U.SQ
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Table 2.4. Major Ethnic Groups

in Sudan,

1955/56 Census

Principai Percentage
Location Number of of Total
Ethmie Grouv (bv. provincs) P Popul
Northern Region °
APRDS. ..o Blue Nile )
Northern |
Khartoum b 3,990,000 38.8
Kordofan i
Dartfur )
Nubians.......................Northem 330,000 3.2
Beja.. ... . ... ... Kassala §46.000 8.3
Nuba...... ... Kordofaa 373,000 3.5
Far. ... . ... Darfur 170,000 1.8
Zaghawa. . ....................... do. . 60,000 0.6
Darfung peoples. . . ............. Blue Nile 173,000 1.8
West Africansé.................. Kassala )
f 602,000 5.8
Blue Nile
Other.............c.ccoiiiiiiii.. Various 936,000 9.0
Southern Region )
Dinka.......coviiiiiiiiaa. Bahr el Ghazal 1,152,000 1.2
Nuer. ... ... Upper Nile 460,000 4.5
Shilluk. ... do... 100,000 1.0
Bartd. .. ... . Equatoria 211,000 2.0
Lotuko. . ....oovviniei do..... 116,000 1.0
Toposas.............ciiiiii... do 120,000 1.2
Didinga.......................... do..... 51,000 0.5
Azande. . ... ... do.. ... 212,000 2.0
MOFUS. . do..... 110,000 1.1
Bongo and Baka................ Bahr el Ghazal-
Equatoria 47,000 0.5
Ndogod. . ... Bahr el Ghazal 71,000 0.7
Other................couiii... Various 133,000 0.1
Total. ... 10,263,000 98.23
! Africans originating in countries west of Sudan.
? And reistad DeoDies.
* Does not total 100 because of rounding.
Source: Nelson et al. 1973.
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Arabs are still found in all areas of Sudan north
of the Sudd, but still have not penetrated the
southern provinces in any great numbers (Figure
2.6). Arabic language is even more widespread;
over half the population of Sudan uses Arabic as
their primary language, and everywhere but in the
southern provinces it serves as a linga franca.
Arabic is one of Sudan's official languages.

The Nubians were concentrated primarily in the
Northern Nile Province along the river. However,
a tendency to migrate for better work
opportunities as well as resettlement schemes to
compensate for land lost to Lake Nasser has spread
them to many other areas. Khartoum, Kassala, and
Khashm al-Girba are three areas of particularly
high Nubian concentrations. Nubians
enthusiastically adopted Islam after the
thirteenth century, and remain thoroughly Muslim
today. Their continual striving for education,
combined with a willingness to migrate has given
the Nubians somewhat more influence in government
and the economy than their 3.2 percent of the
population would lead one to expect.

The Beja are another northern Muslim people found
mostly in the Red Sea and KRassala Provinces.
While Nubians are mostly sedentary cultivators,
Beja are mostly nomads. The third major non-Arab
northern people'’ are the Nuba, who are mainly
sedentary and inhabit Rordofan, particularly the
southern part. Like the other northern peoples,
the Nuba are Muslim. Darfur, in western Sudan,
also contains a number of peoples who are included
in the overall category of northern Muslims,
although they are generally less Arabized than
most other non-Arab northerners. The Fur and the
Daju are sedentary, while the Zaghawa are nomadic.

While the southern non-Muslim peoples often have
little in common, they may be contrasted with the
Muslim and fairly Arabized north. Southern ethnic
groups are often grouped into Nilotes and
"Sudanic" peoples. Both groups are more closely
related to the Black African cultures in
surrounding countries than to:the Arabized Muslim
culture of the northern part ‘of Sudan. Various
African religions predominate, with some Christian
_influence. Arabic is not widely understood, and
there is fairly great resistence to importing
Arabic or other aspects of northern culture.

15



30

18

]

.l
|
e |
. ] ‘.
) 1 1 \
5 ' DARFUR L

-
|
|
|

I

71
NQRTHERN

} A

x ﬂf

I ARAS: REPUBLIC. OF EG

LN\,
L._H 8AHR EL GHAZAL T
T
AFRIEA:
REPUBLIC
6 r— ey
L ~ D A\,
J %‘\.., X 3 1 EQUATORIA 12 ,’?z
-‘-\. \‘\ 4 b M) /{ -
ZARE LI CPTIN | KENYA Qz \
E I \x" *TGANDA.
24 30
A Arabs 15 Gule 30 Nyangbara
1 Nubians 18 West Africans 31 Mandari
2 Beridd 17 Dinka 32 Toposa
3 Midob 18 Nuer 33 Didinga
4 Hill Nubians 19 Atuot 34 Beir
5 Beja 20 Shilluk 35 Murle
8 Nuba 21 Anuak 38 Azande
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Figure 2.6. Principal Ethnic Concentrations in Sudan, 1972

Source:

Nelson et al.
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2.2.3

Since the negotiated end of the civil war in 1972,
English has been given semi-official status in
Sudan in deference to southern wishes.

Major Nilotic peoples include Dinka, the second
largest single group in Sudan after Arabs; the
Nuer; and the Shilluk. Numerous other smaller
groups are also classified as Nilotic. Dinka are
primarily found along the Bahr al-Arab, Bahr al-
Ghazal, and along the White Nile north of Malakal.
The Nuer primarily inhabit the area around the
Bahr az-Zaraf, and the shilluk inhabit the area to
the north near the mouth of the Sobat. The
economy of all of these tribes is based on various
combinations of cattle herding and cultivation.

The Azande are the largest Sudanic group. They
inhabit the Western Equitoria Province, but most
Azande are found in Zzaire. Other Sudanic groups
also found in the border regions of the south,
likewise inhabit both Sudan and neighboring
countries. Most practice various forms of
cultivation.

Migration and Urbanization 4/

As noted in Section 2.2.1,  urbanization is
proceeding quite rapidly in Sudan. The three city
area of Rhartoum, Rhartoum North, and Omdurman
forms the largest urban cluster, and projections
indicate a population of over five million by the
year 2,000 (Table 2.5). The three cities area may
be the largest urban concentration in Sudan, but
other cities are growing much faster. Juba and
Waw, in particular, showed very high growth rates,
and in general the urban growth rate is higher in
the southern part of the country (Figure 2.7; cf
Table 2.3; Appendix II, Table 2).

Migration from rural areas is clearly the primary

factor, but a significant proportion of migrants
in some cities come from abroad. Sudan is on the

4 sources:

el-Bushra. 1979.

el-Bushra and el-Sammani. 1977.
Heinritz. 1981la. '
Heinritz. 1981b.

Nelson et al. 1973.

U.S. AID. 1978.

U.S. AID. 1981a.
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Table 2.5.

Khartoum

{3 Cisy Area)

Port Sudan

ELl Cbeid

Juba

Projection of Population in Selected Cities (thousands)

1973 1978 1988 . 1990 2000
800 1,050 (1) 1,740 2,300(1) 5,130
(+7.3%/vr)  (+5.8%/yx) (+7.5%/yr) (+7.3%/yr) (+7.3%/yr)
135 250 (2) 388 330 1,000
(+6.5%/yx) (+13.1l%/yz) (+6.5%/ r) (+6.3%/yr) (+6.5%/y¥)

92 107 (3) 138 165 245
(4.7%/yz)  (+3.5%/yx)  (+3.3%/yT) (#4.0%/yr) (+4.0%/yT)
57 30 (4) 150 213 440
(+13%/yr) (+9.6%/yr) (+7.5%/yr) (+7.3%/yr) (+7.3%/yr)
Source: U.S. AID., 1978.

18



t 1 T T R T i N
.h./
. !
. -
» o e e e o . o o - 1 = o - Jb-’ --—--—‘\' »f'
| B -
|
i ;
L I
PR
rORY SUDAM
| O rerma
| ooNaQLA ©
|
- i
| o
! r
! (Y snenor v
[ ; \
. . ‘ J -
,—./'\! OMOURMAN ,"» 'Lurouu s} .
5 UK HORTH 9 ™ assaLs
,/ . xmaaroyum HNYE \}}t [s) \
B S N \
\, o ’ . @* WAD MEDANE )
nd R U A . —va
¢ ; ‘l EL GEDaner
VD e seneina L ragHen (o] . sENman o /
Kkl o €L osEmin '0 ? !
( ' ® 2 N {
"“( TN NaNUD @ (2] D x0$T 3 =
- o . /
) mvaya o ‘ »
( Doreuinae c @® € "otniees
? L @ sananocusa 9 i/
N ‘ © raousus -~
\ 4
s \ /s -t 10
) !
e AL AKAL {
!
|
K.Q.J
./ -t
euuu e SRV N i
\
-
: -
\ N
-~ i ~¢
N N\
Siigpt Osecline. \ v \( }
i
\_\ @JUAA \ i :
. IR e+ s e i
INMARITANTS in 1979 \~..,-F el \ e H
. —~— 300000 \. 4 - l
=385 N |
= 39093 !
- ’oogg ? . 100 N 490 KmS ‘
f T T : v ] ¢
] tao 2150 MmitLes !
L 1 i
230 ¢ 2a : o S : . . u
o I Ter

Figure 2.7. Main Urban Centers and Growth, 1965-75

Source: el-Bushra and el-Sammani. 1977.
19



2.2.4

pilgrim route for West Afrcian Muslims traveling
to Saudi Arabia. A sample survey of migrants to
the Khartoum area revealed that nearly 30 percent
were from abroad, nearly all from Chad, Nigeria,

Niger, and Upper Volta (Table 2.6). Within Sudan,
the majority of migrants in the Khartoum area come
from Darfur and Kordofan.

Public Health 3/

Sudan has! given health care high priority since
independence in 1956, and many experts consider
Sudanese health planning activities to be an
excellent example of health care development at
its best (U.S. AID 1976). Rapid progress has been
made in combatting many diseases, such as typhus,
plague, vyellow fever, cholera, and small pox.
Nevertheless, the overall health situation still
requires much progress, and many serious problems
have yet to be overcome. The crude death rate was
estimated at about 18 per 1,000 in 1978, an
improvement from 25 per 1,000 in 1960. Death
rates among children one to four years of age were
about 31 per 1,000 in 1977, also down from 46 per
1,000 in 1960. The infant mortality rate in 1973
was around 132 per 1,000 and life expectancy at
birth in 1978 was about 46 years. Poor health
conditions, particularly outside the major urban
areas, may be partially attributed to
malnutrition, lack of sanitation facilities, and
absence of knowledge about personal hygiene or
preventive health measures. Shortages of medical
personnel and facilities further exacerbate public

health problems.

Diseases (Table 2.7). Malaria is endemic
throughout most of Sudan, with sporadic epidemic
out-breaks. Once largely seasonal in incidence,
malaria now occurs year round, due to irrigation
development over the last several decades. Sudan
was one of the first countries in the world to
institute malaria control programs over 30 years
ago, and by 1960 was receiving substantial aid

5 Sources:

Hasseeb et al. 1972.
Nelson et al. 1973.
U.S. AID. 197s6.

"U.S. AID. 1980.

U.S. AID. 198la.
U.S. AID. 1981b.
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Table 2.6. Birthplace of Migrants in Khartoum by Province

Region/Province Numbers %
West 98 29.3
by Province
Northern Darfur 16 4.8
Northern Rordofan 26 7.8
Southern Darfur 34 10.2
Southern Kordofan 22 6.5
South 35 10.5

by Province

Bahr el Ghazal 26 7.8
BEastern Equatoria 1l 0.3
El Buheyrat 1l 0.3
Jonglei 3 0.9
Upper Nile 1 0.3
Western Equatoria 3 0.9
Central 55 16.5
by Province
Blue Nile 17 5.1
Gezira 11 3.3
Khartoum 10 3.0
White Nile 17 5.1
North 46 13.8
by Province
Rassala 46 13.8
Red-Sea 0 0
Nile 0 0
Northern Province 0 0
Foreign 98 29.3
Nigeria 15 4.5
Upper Volta, Niger 6 1.7
Chad 75 22.4
Zaire 1. 0.3
Central African Republic 1 0.3
SN
Unknown Origin . 1 . 0.3

Source: Heinritz. 198la.
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Table 2.7.

Common Diseases in Sudan, 1972

Disesse

Mode of Transesiasen

Area of Greawmt [ncdense

Bilharziasis (now called
schistosominsis or snail fever) . . .

Cholera. . ... ..
Diphtheria. .

Dvsentery
Amebiosis. .
Shigeliosis . .
Filariasis (including loiasis
and onchocerciamis
Hookworm. . ... .
Kala azar (visceral leishmaniasis). . . .
Leprosy . .

Malaria. .
Meningitis. .

Sandfiy fever. ... ... ... ..........
Sleeping si

Typhoid and paratyphoid fever. . . . ..

Venereal diseass
Gonorrhes... ... ........
Syphilis, . . L .
Yaws (nonvenereai treponematosis) .

Yellow fever. .

Infeetion acquired from water contaminated with
iarvai forms (cercanae) dertved irom snails.

Ingestion of contaminated watar or food. ... .. ..
Contact with a patient or carmer. Ras mulk can
serve 23 a vehicle.

Contaminated water. . L .

Contaminated food, milk, water; direct contact;
spread by fies.

By bite of fected
infected biack fly.

Inieeted larvae on the ground penetrate the bare
skin, usuaily the ioot.

e s dv,” or

By bite of infective sandflies. ... ..... . .. ..

Spread (p bly) through close h
contact with infectious patients.

By bite of infective mosquite. . ... ... ..

By direet contace.... . ........ ... .

By bite of infective sandfly. . . .

By bite of infective sandfly. .. ... .. ... .. . ..
By bite of infective tsese fly.... ... ... ... .. ..

By close contact with patient. . ....... ... ...

By direet with discharges of or
materials soiled therewith.
By contact with infected pemon....... ... ... ..

By direet or indi
tieat or carmer.

with

of pa~

Sexual contsct. .
.do. .. .. R .
By direct contact with skin lesions oi injected
persons.
By the bite of an iniective mosquito. .

Mainly in the north along the Blue Nile and
White Nile and in Jasirah. Qadarif. and some.
parts of Darfur.

No major outbreak since 1898.

Mainiy northern and eastern provinces.

Prevalent throughout.
Do.

Nuba Mountains and southern provinces.

Serious in the south, especially Bahr al Ghaszal
and Egq i very d in Northem
Province.

Hassaia and Fung districts, in the southeast, and
in Darfur.

Widespread in the south. especially in the south-
weast,

Prevalent throughout.

Southern haif of country, especiaily Nuba Moune
tains.

Bair sl Ghasal and Equatoria.

Prevalent throughout.

Almost di d th h i
but outbreaks oceur in Jazirah and along travei
routes in Darfur. Kordofan, and Kassala.

Endemic in wideiy distributed areas.

Limited to b borders of E and
Babr al Ghazal.

Oceasional outbreaks through constant exposure
to immigrants along major lines of uwaffie.
Ersdication was swarted in 1963, but according
to Worid Heaith Organisation. Sudan regise
tered five or more cases per 100,000 inhabitants
in 1971,

Northern provinces.

Widespread, predominaatly in the north. but ine
creasing in south.

Prevalent, heawviest in urban areas and main
traffic routes.

Urban areas. increasing in the south. Prevaient,
especiallv in Darfur and Kordofan.
South. mainly Bahr ai Ghazal and Equatornia.

Endemic in southern haif of country, but edec.
tiveiy controiled since iaat severe epidemuc in
1940; rare in urban areas.

Source: Nelson et al.
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from UNICEF and WHO in its programs. Success has
been mixed however, and in 1974, one million cases
of malaria were reported. The true incidence is
believed to be much higher due to inaccurate
reporting. Recently, eradication efforts have
tended to focus on areas Oof major economic
importance, such as the Gezira.

Schistosomiasis accounted for six percent of all
visits to health facilities in 1974. The number
of reported cases per 100,000 population had
increased by 33 percent from 1965 to 1974. The
former Blue Nile Province (now Blue Nile, White
Nile, and Gezira), with the major concentration of
irrigation schemes, by far leads Sudan in total
incidence (cf Appendix II for incidence of
schistosomiasis and other diseases).

Enteric diseases are probably one of the three
most serious health problems along with malaria
and schistosomiasis. Children are particularly
vulnerable, and represent 63 percent of all
reported enteric disease cases reported annually.
QOf reported cases, about 25 per 1,000 require
hospitalization. The case fatility rate of
hospitalized cases is the third highest cause of
death reported in hospitals.

Onchocerciases (River Blindness) is a water borne
or riparian related disease, occuring primarily in
the Southern Region of Sudan. An estimated
160,000 were affected by the disease in the mid
1970s, with approximately 37,000 (17% percent) of
young males (15-24) suffering from "economic
blindness™”. The trend in incidence is climbing
rapidly, with a projection of 200,000 youths (5=
14) being infected and 49,000 cases of economic
blindness by 1984, unless the present trend is
interrupted.

Trypanosomiasis (Sleeping-sickness) represents one
of the major endemic parasitic diseases affecting
the Southern Region of Sudan. It is an important
human health problem although the actual incidence
in humans is unknown. Trypanosomiasis also
represents an economic problem due to its effects
on animals, particularly livestock.

Pulmonary tuberculosis decteaééd .by 35 percent
‘between 1968 and 1974 (from 404,000 to 263,750
reported cases). Sudan has carried out a program
of B.C.G. vaccinations which seems to be achieving
some success, although 11,666 children with severe
cases of TB were hospitalized in 1974.
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Cerebro-spinal meningitis, although a major health
problem, probably represents one of the lowest
causes of hospital admission. Reported incidence
is fairly stable, but sporadic outbreaks may occur
during the hot dry summers.

Other common diseases are noted in Table 2.7.

Diet and Nutrition. Many health problems in Sudan
are exacerbated by inadequate or unbalanced diet.
Diet wvaries greatly with ethnic group and
livelihood. The nomads of the north and west, for
example, get nearly half of their protein from
milk and clarified butter. Their diet is high in
protein and fat and low in vitamins, minerals and
carbohydrates. Southern pastoralists add fish to
their diet in the dry season, and some wild fruits
and vegetable roots, but otherwise have similar
patterns. Sedentary cultivators, on the other
hand, eat mostly sorghum and millet. Their diets
are high in carbohydrates and low in protein.

Malnutrition seems most prevalent in the eastern
districts of the Red Sea and Kassala Provinces,
and in western Darfur. Severe cases of
malnutrition throughout Sudan constituted 43 per
1,000 of all reported cases in 1974. One survey
of children revealed that 1,567,352, or about 50
percent, suffered some degree of malnutrition,
including 31,352 severe cases.

2.3 Economic Characteristics 8/

The economy of Sudan is still heavily oriented
toward agriculture and pastoralism. Agriculture,
including forestry, livestock, and fishing,
contributed 39.2 percent of the GDP in 1977/78
(Table 2.8). It accounts for over half of
government revenues, employs about 80 percent of
the labor force, and contributes nearly 95 percent
of all exports. Per capita GDP is around US$ 320,
and Sudan 1is generally considered one of the
world's least developed countries.

Agriculture is still largely subsistance oriented
for the majority of the population. There are

6 Sources:

-Buropa. 1981.

MEED. 1977.

Nelson et al. 1973.
U.S. AID. 198la.
U.S. AID. 1981lb.
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however, several major commercial farming schemes,
including the state run Gezira/Managil and Khashm
al-Gerba areas. The major commercial crop 1is
cotton, but  groundnuts, wheat, fruits and
vegetables, gum arabic, and sesame are also
important. Sorghum is the principal grain and the
main subsistance crop. Livestock contributes an
estimated ten percent to GDP, and an estimated
1,427,000 metric tons of milk and 408,000 tons of
meat were produced in 1978. Livestock products
accounted for about five percent of total exports
in that year, but exports are expected to decline
because domestic demand is increasing faster than
production.

Industry's contribution to GDP has risen from
practically nothing two decades ago to 9.6 percent
in 1978. Sudan has concentrated its industrial
efforts to date on light industry, stressing
import substitution of basic consumer goods and
processing of Sudan's agricultural output.
Commerce, finance, and services account for 34.5
percent of GDP. Pigure 2.8 indicates major
economic activity.
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3.0 Environmental Resources

3.1 Geology and Mineral Resources

3.1.1

3.1.2

7 Sources:

Geology

The following discussion is based on Whiteman
(1971), who presents a very detailed account of
Sudan's geology. Excluding superficial deposits,
the most extensive formations in the country are
those of the Basement Complex (Table 3.l1; Figure
3.1). Basement formations are thought to be mainly
Pre~Cambrian in age, and consist of igneous,
metamorphic, and sedimentary rocks. According to
Whiteman, various basement formations occur in
different regions of the Sudan, and a satisfactory
comprehensive classification has not yet been
established. :

Paleozoic formations occur in Sudan only in a few
limited areas. The major areas are found near el-
Obeid in Rordofan and along the western border
with Chad and Libya. Nubian Sandstone formations,
possibly of Late Cretaceous age, occur widely in
northern and central Sudan, and small outcrops of
the equivalent Yirol Formation are found in the
southern part of the country. Nubian Sandstone is
probably the mest important water bearing
formation (cf Sec. 3.2.2). Also important in
groundwater considerations are the Umm Ruwaba and
el Atshan Formations (Quaternary-Tertiary), which
are extensive in the southern half of the country.
Lavas and chert formations are not very extensive,
but occur especially in the extreme southeastern
corner, along the eastern border with Ethiopia,
and in Darfur.

Mineral Resources ./

Sudan is not currently a major producer of any
mineral, and minerals constituted only a few
percent of the country's exports by value in 1980.
Nevertheless, a number of minerals are known to
occur in the country. Copper, iron, mica, -and
chromite are currently expor ted in small

Ahmad. 1972.

_Buropa. 198l.

Nelson et al. 1973. .
U.S. Bureau of Mines. 1976.
Whiteman. 1971.
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Table 3.1.

Major Geological Formations

Name of unit Age Surface area

(%

Superficial deposits Quaternary-Terdary Not differenriared

Continentai-marine formatons Quaternary-T erdary- <1

Red Sea Lirtoral Mesozoic

Gezira Umm Ruwaba and Quaternary-Tertiary 19

El Atshan Formations

Volcanic and intrusive rocks, Quaternary-Tertiary 2

mainly lavas (undifferenriared)

Hudi Chert Formadon Tertiary ? (Oligocene ?) <1

Nubian Sandstone Formadon L. Cretaceous? 28

Yirol Formation ( ? equivaient L. Cretaceous? <ot

to Nubian Formation)

Gedaref Sandstone Formacon Jurassic (pre-Oxfordian) Included in

Nubian estimare

Nawa Formadon Palaeozoic? <t

Palaeozoic Formadons Palaeozoic? <0§

(undifferennated)

Basement Complex Group Pre-Cambrian mainly 49

Saource: Whiteman. 1971.
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quantities. Sudan also plans further development
of mineral extraction capabilities, although it is
unclear whether most deposits are sufficient for
economic exploitation. Table 3.2 gives a partial
view of production in 1974, while Figure 3.2 shows
locations of major deposits. More detailed data
is available in appendix IV. The following
discussion of individual minerals is based on
Whiteman (1971).

Table 3.2. Mineral Production

(Thousand mecTic tons, unless ocherwise specified)

Map : 1974 Estimatad shaTe Shu'idof teserves :i:? w::ld
symbol Major commoditias production o: x:::::::ig’m; aé.’;:: - reocarans (%)
Com | CAMBOL.coecceenvseossoasaorassassns 300 Q T (L) NA iﬁ)k
Cr CHTOMLER OTResecvveonnennaenonnnnns 20 100 (@8] 1,500 El)
Gy GYDBUme v« tevvtocosnoncnooccscoonons 30 0 L Madix;; 0
Mg MAGNESICA e e treirerioorscosrssronn 0.1 0 (L) 2,5 “
SAlL | S@lLe ettt eieeiiortonioneroncannnae 50 1 (1) NA Y
Tale | TAlGoereeoeoarorcaooanarooonosnones 5 - (1) Small (
um products (thousand
¢ P:tz:f;;‘l bbi)l ...... ( ............... 5,000 2 (1) NA_ NA
NA Not applicable. (1) Lass than 1%.

Source: U.S. Bureau of Mines. 1976.

Coal. No workable deposits of anthracite or
lignite were known by the early 1970s. Small
deposits of lignite and low=grade coals are known,
particularly in the Dongola region. Graphite
frequently occurs in small quantities in many
Basement Complex formations.

Qil and Gas. The geological formations throughout
most of Sudan are very unlikely to contain oil or
gas, and areas with any potential actually
constitute only about one percent of the total
surface area. Exploration has largely
concentrated on the Red Sea Littoral, where
conditions appear similar to those in the Gulf of
Suez and Egypt's Red Sea coast. Jebel Uweinat, in
the northwest corner on the borders with Libya and
EQypt, has also received some attention because of
discoveries in Libya.

International interest after 1973 resulted in
exploration concessions covering .’1,360,000 ha on
the Red Sea. Coast and offshore. ‘Most of the
international companies involved were Amer ican.
Chevron announced an economically exploitable - find
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in 1980, which is expected to produce about 12,840
barrels per day. Several other companies are
still searching in the region (Europa 1981).

Gold. Sudan has been a source of gold for several
thousand years. It is known to occur in a great

many localities scattered throughout the country,
but deposits are small. Peak production in recent
decades appears to have occurred around 1960, when
over 2,000 ounces were produced annually.
Production had fallen to under 1,000 ounces

annually by the mid 1960s and more recent data is
unavailable.

Copper. Copper deposits are also widespread, but
as of the early 1970s, only one deposit was known
to be large enough for economic exploitation. The
Hofrat en-Nahas Mine in southwestern Darfur
exploits this deposit, but production figures are
not available. Estimates of copper ore reserves
made in the late 1960s varied widely, from one
million to 400 million tons.

Lead and Zinc. Lead is known to occur in several
areas, including Darfur, while zinc was known only
in the Darfur Mountains as of the early 1970s.

Iron. Iron ore deposits occur in a number of
areas, notably the Red Sea hills. The Fodikwan
deposit may contain reserves of from 239,000 to
six million tons, with iron contents ranging from
45 to 70 percent. Fodikwan was the major working
mine in the early 1970s, but other deposits may be
much larger. For example, Jebel Abu Tulu,
Rordofan, may contain total reserves of nearly 36
million tons of ore with 55 to 65 percent iron.
The Sufaya deposits, which are currently worked,
contain an estimated seven to eight million tons
(approximately 60 percent iron). Sudan produced
about 28,500 tons of iron ore in 1965.

Manganese. Major deposits known in the early
1970s were clustered in the northeast along the
seacoast and in the Red Sea hills, although some
deposits are scattered in other areas of the
country. Reserves are dgenerally thought to be
small, although figures are -‘unavailable. Peak
production apparently occurred\}n the late 1950s,
with 7,000 to 9,000 tons ahnually. By 1965
‘production was down to 500 tons. '
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Chrome. Probably the most important mineral
currently exploited, chromite ore is nearly all
exported. The major deposits are in the Ingessana
Hills on the Ethiopian border. Approximately 30

tons were produced in 1965, and about 20 tons in
1974.

Qther Metals include molybdenum, tungsten,
arsenic, magnesite, uranium, columbium, titanium,
barium, aluminum, and silver. There is not yet
any indication that any of these are present in
sufficient quantity to allow economic
exploitation.

Non-Metallic Minerals currently exploited include
gypsum, salt, talc, and sulphur, as well as a
number of building materials such as limestone and
clay.

Minerals Policy

Because minerals are such an insignificant
contributor to the national economy, and prospects
for future development are uncertain, very little
discussion of Sudan's mineral policy is readily
available. U.S. Bureau of Mines (1976) contains
the following brief discussion of Sudan's mineral
industry organization:

Sudan has demonstrated an interest in attracting
foreign investment through more liberalized
investment incentives provided by the Industrial
Investment Acts of 1972 and 1974. Under the 1972
Act, all minerals and quarried materials found in
Sudan belong to the State, which has exclusive
right to dispose of them. The Mines and Quarries
Board issues licenses for prospecting and mining,
the terms of which are negotiable. Under
agreements with oil-prospecting companies signed
in October 1975, 70 percent of any oil production

is to belong to the Government for a five-year
period.

Energy §/

Commercial energy consumption:. in Sudan accounted
for nearly 23 percent of all'energy consumed in

8 sdurces:

Europa. 1981.
U.N. 1981.

U.S. AID. 1981b.
U.S. Bureau of Mines. 1976.
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1979/80. About 98 percent of this commercial
energy demand is met by oil. At present, oil must
be imported, but domestically produced oil may
eventually be able to supply 30 to 40 percent of
demand. One million tons of crude o0il were
imported and refined in the Port Sudan refinery in
1979/80, and another 200,000 tons of processed oil
were also imported. 0il consumption has been
increasing by 6.3 percent annually since the later
half of the 1970s.

Electric power contributed two percent of total
commercial consumption in 1979/80. A total of 892
G.w.h. was generated; 233 G.w.h. was thermally
produced by 17 stations, and 659 G.w.h. was
hydroelectrically generated by three stations.
Table 3.3 indicates installed capacity. Sudan's
current capacity 1is considered inadequate for
current needs and 1is a major constraint on
industrial productivity and growth. The
government plans to double electrical capacity by
1983, a target well ahead of the annual 10.5
percent growth of the later 1970s. Section 3.2.4
discusses hydroelectric development further in the
context of surface water management.

- Non-commercial energy, primarily in the form of
woodfuel, agricultural crop residue, and animate
power, contributed Jjust over 73 percent to total
estimated energy consumption in 1979/80. The vast
majority of this was fuel wood (69.13% of total
energy usage), followed by charcoal (5.99%). Crop
residue, animal refuse, and animate power together
accounted for 2.22 percent of total energy use.
Table 3.4 indicates that most fuelwood usage is in
residential contexts. Section 3.4.2 contains
further discussion of fuelwood and charcoal.
Sudan also conducts an active solar energy
research program, and hopes for solar energy to
make a significant contribution to some energy
needs by the beginning of the 2lst century.
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Table 3.3. National Grids and Thermal and Hydro Stations
Installed Capacity and Energy Created in 1979 - 1980

lational Grids and Installed .
Zlectricity Statioms Capacity Energy Generated 1979 - 80
uw - ?_.W.h-
Hydro Thermal Total
Blue Nile Grid 229.3 | 637.5 | 110.7 748.2
Sastern Grid 0.4 a.3 — 2.3
Duein 0.9 — 3.7 3.7
Kassally 5.1 -— 5.6 56
itbarra 13.0 - 21.4 21.4
Dongoella 0.4 - l.2 1.2
Shendi 1.2 - 4.3 4.3
Port Sudan 141 - | 329 32.9
Malakal 0.9 - 1.0 1.0
Wwau 0.9 -— 1.0 1.0
Juba 6§40 - 36.8 3648
El Obied 5.1 - 5.3 Se3
Uarcata 1.3 -— 2.8 2.8
21 Fashir 1.3 - 2.5 245
Nyala 0.9 — 3.9 3.9
TOTAL 3009 65848 233.2 892.0

Source: U.N. 1981,
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3.2 Water Resources

3.2.1 Surface Water 3/

Potential evapotranspiration (cf Appendix I,
Figure 3) greatly exceeds rainfall throughout
Sudan except in the extreme south. Values range
from 828 mm annually at Nagishot near the Uganda
border to 1,907 mm annually at Kassala, but exceed
1,450 mm in most areas. Accordingly nearly all of
Sudan suffers an annual water deficit (cf Appendix
I, Figure 4), and the perennial surface water
originates outside the country.

Rivers. The Nile and its tributaries are, of
course, the most prominent surface water feature
of Sudan, and the majority of the country lies
within the Nile drainage basin (Figure 3.3). The
river has two main tributaries, the White and the
Blue Niles (Figures 3.4 a & b). The White Nile
originates in the lakes of equatorial Africa, and
drops rapidly, reaching the Sudanese border at
Nimule. In the first 168 km in Sudan, the river
continues to drop 180 m until it reaches Juba.
The Bahr al-Jabal, as the Nile is known in the
south, then merges into the Sudd, a giant papyrus
swamp covering much of the southern provinces.
The Bahr al-Jabal discharges about 29 billion
cubic m annually into the swamps, but loses nearly
half (14 billion cubic m) to evaporation before it
reemerges.

On the northern fringes of the Sudd, two important
tributaries join the river, after which it is
called the White Nile. The Bahr al-Ghazal drains
southwestern Sudan and discharges an average 14
billion cubic m annually into the Sudd. Nearly
the entire supply is lost to evaporation, and the
Bahr al-Ghazal actually contributes only about 3500
million cubic m to the White Nile. The Sobat
River, which rises in Ethiopia, joins the Nile
from the east near Malakal, where its contribution
is 13.7 billion cubic m annually. Daily discharge

9 Sources:

Balek. 1977
Berry. 1968.
Bannage. 1980.
FAO-UNDP. . 1968
Newhouse. 1939.
Waterbury. 1979.
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fluctuates widely from eight million cubic m in
April to 66 million cubic m in November. Total
water losses to the swamps of southeastern Sudan
reach about eight billion cubic m annually.

From the Sobat, the White Nile flows northward and
for 800 km receives no additional sources of
water. Total annual average flow at the Jebel
Aulia Dam, just south of Khartoum, is 30.9 billion
cubic m. Flow ranges from 54 million cubic m per
day in April to 114 million cubic m per day in
November.

At Rhartoum the Blue Nile joins the river, which
afterwards is known simply as the Nile. The
principal source of the Blue Nile is Lake Tana in
Ethiopia, but two other tributaries to the Blue
Nile also rise in Ethiopia and flow through Blue
Nile Province before joining the river north of
Sennar. Annual average discharge of the Dinder is
about three billion cubic m, flowing mostly from
June to December. The Rahad, which flows mostly
from July through November, supplies 1.09 billion
cubic m annually. The discharge of the Blue Nile
at Rhartoum is about 50.7 billion cubic m annually,
with flows fluctuating between 11 million cubic m

per day in Aprll to 535 million cubic m per day in
August.

At Atbara, the Atbara River supplies an additional
12 billion cubic m annually, mostly from June to
December. No other significant tributaries enter
the Nile, although occasional flash floods in the
usually dry wadis may reach the river. Table 3.5
summarizes the water balance of the Nile basin,
and Appendix IV contains additional data on the
river system in Sudan.

wadis. A number of seascnal watercourses do not
drain to the Nile. Some of the most notable are
the Gash, Baraka, and several in Darfur. The Gash
rises in Ethiopia, enters Sudan at Rassala, and is
lost in the desert north of Rassala. Total annual
flow varies between 200 to 800 million cubic m.
The Baraka also rises in Ethiopia, but drains to
the Red Sea south of Suwakin. Flow estimates are
not available, but irrigationtutilization suggests
that the Baraka flow is S1m11ar to that of the
Gash. . ‘3

The Jebel Marra region of Darfur receives from 600
to 1,000 mm rainfall annually, and a number of
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seasonally flowing wadis fan out in all directions
from the highlands. Total annual discharge of
these wadis has been estimated at 75 million cubic
m in the piedmont zone and 255 million cubic m in
the lower valleys (Bannage 1980). However, other
sources indicate somewhat larger flood flows (FAO-
UNDP 1968; Table 3.6).

Other wadis are scattered throughout the country.
The government has established gauging stations on
44 of these wadis, and estimates a combined annual
flow in these 44 wadis of around 756 million cubic
m.

Swamps. 10/ Much of southern Sudan is covered by
swamps, usually all grouped together and called the
Sudd (Figure 3.5). Balek (1977), however,
distinguishes several swamps (Table 3.7), without
apparently covering all swampy areas in southern
Sudan. He lists Bahr al-Jabal/Bahr al-Ghazal
swamp as the largest in Africa. The entire area
is flat and featureless, and can be divided into
permanent swamp (about 10,000 sq km on the Bahr
al-Jabal), seasonally flooded swamp, and some dry
ridges rising a few meters above highest flood
levels. The water entering the southern swamps is
greatly slowed = and spread widely, which
drastically increases surface evaporation. Water
losses by the Bahr al-Jabal average half of the
flow entering the Sudd (Table 3.8).

10s0urces: -Balek. 1977.
Newhouse. 1939.
Rzoska. 1974.
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Table 3.6. Summary of Measured Flood Discharges in Jebel Marra Area

River Station Catchment 1963 1964 1965 | 1966

kmd 108 mm 108 mm | 108 mm 108m3 mm
wadi Toro Dam site 765 — — 70 %0 21.1 28 | 9.5 12
wadi Bala 34 - - - - 11 s 1.3 38
Wwadi Nyertete Nyertete 81 — _— 10.7 132 42 52 42 52
wadi Golol Dam site 120 - - — — 6.65 “ 35 5.45 46
wadi Gendi Kalckitting 146 — —-— - —_ - V- 3.5 24
Wadi Aribo ! Zalingei 1 300 — - 160 123 77 55 52 0
Wadi Azum ‘Adjakari 7385 214 29 240 33 109 l B P 15
Wadi Barei L Murnet 11 650 — — 227 19.5 102 9 P (130 (n
Wadi Azum Dereisa ; 22 605 —_ —_ — -— 193 9 | 286 13
wadi Debarei ! Talanga 2920 - — 23 5.9 3.5 1.4 ‘ 4.3 1.2
Wadi Saleh L Anjikotti 2 300 — - (250) L 39 70 § 25 ;e 16

i i
NoTE: Figures in parentheses are provisional estimatces. * Stations wittr foat measurements oniy: resuits are very apmroximate.

Source: FAO-UNDP, 1968.

Table 3.7. Area of Main Swamps

Swamp Area (km2)
Bahr al-Jabal/ 64,000
Bahr al-Ghazal
Kenamuke/ 13.955
Kabonen .
Lotagipi 12,937

(partially in Renya)
Albert Nile Swamp 5,200

(area east of Malakal
not noged)

Source: Balek. 1977.
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Table 3.8. Losses in the Swamps
3 1/2 menths' lag
Discharges in tillions of cubic meters per annum

(Feb. to Jan. at Mongalla; June to May at Malakal)

Mongulla Swamps

Toar Discharges Discharges Losses
1906-08 35-9 12:8 23-1
190607 39-3 137 258
1907-08 35-1 13-4 217
1908-09 29-6 148 14-8
1909-10 319 16-3 15.6
1910-11 30-1 141 16-0
1911-12 248 13-2 11-6
1912-13 23.2 13-4 08
1913-14 23.2 13-4 0-8
1914-15 25-9 139 12:0
1915-16 27-8 13-2 14-6
1916-17 * 39-3 16-4 329
1917-18 571 18-4 39-3
1918-19 447 19-8 251
1918-20 30- 16-0 14-8
1920-21 249 12:5 124
1921-22 16-1 111 5-0
1022-23 152 104 48
1023-24 20-1 113 86
1924-25 20-3 12:9 7.4
1025-26 187 12:1 68
1926-27 25-8 12:8 130
1927-28 25-8 13-2 12+4
1928-29 26-4 13-9 12:5
1929-30 211 13-5 7.8
1930-31 23.2 133 07
1931-32 29-4 141 15:3
1932-33 329 14:0 18-0
103334 30-2 16-2 140
1034-35 - 25.8 15-3 10-5
Mean : 28-50 14-02 14-48

1905-22: Swamp discharge = White Nile at Malakal nunus
Sobat minus Ghazal.

1923-35: Swamp discharge = Zerai + White Nile at Abu Tong
minus Ghazal.

Source: Newhouse. 19 3?‘.
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3.2.2 Ground Water 11/

3.2.3

In general, the Nubian Formation is the best
aquifer in Sudan. These sandstones contain non-
flowing artesian water which is usually of better
quality than most other aquifers in the country.
Recharge in the west is thought to come from the
Ennedi (in Chad) and Darfur highlands. In the
east, infiltration from the Nile is mainly
responsible for recharge although south of
Khartoum soils are too clayey for any significant
infiltration. The Umm Ruwaba Formation in the
southern half of Sudan also contains significant
storage. However, due to poor stratification of
the sediments in the Umm Ruwaba, permeable layers
are often interspersed with impervious clays. In
addition, water quality is often poor. Figure 3.6
indicates water level in Kordofan, which contains
both Nubian and Umm Ruwaba Formations.

The Gezira Formation, mostly geologically recent
unconsolidated clays, silts, sands, and gravels
which overly Nubian sandstone, is the major aquifer
of the Gezira. Figures 3.7 and 3.8 show water
levels and well vyields in the Gezira region.
Additional data on groundwater appears in Appendix
Iv.

Water Quality 12/

Extensive surface water quality data is not
readily available, although several government

llsources:

12s0urces:

Bannaga. 1980.

el-Boushi. 1972.

FAO-UNDP. 1968.

Ishag. 1965.

Iskander. 1967.

Iskandar. 1972.

Saeed. 1968.

U.N. Dept. of Economic and Social Affairs. 1973.
Whiteman. 1971.

Bannaga. 1980.
el-Boushi. 1972.
Boutros. 1972.
Buursink. 1971.
Jahn. 1977.
Rarkanis. 1966.
Rzoska. 1974.
Saeed. 1968.
Whiteman. 1971.
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3.2.4

agencies sporadically collect data. The suspended
sediment load, as well as the dissolved solids,
can also vary greatly by season. During the flood
season, the Blue Nile in particular becomes
extremely brown and turbid. At peak flood in
August the river commonly carries as much as 8,000
mg/l in suspended solids, compared to less than
100 mg/l during the dry season. A few
measurements have recorded even higher levels
(50,800 mg/l in 1974), but these are uncommon.
The Gash River in Kassala Province similarly
carries a silt load of 8,000 to 16,000 mg/l during
peak flood season. FPigure 3.9 indicates the
fluctuation in silt load carried by the Nile. The
annual total is estimated to be around 100 million
tons. Dissolved solid load is indicated by Table
3.9. Water quality in the Sudd area is indicated
by Table 3.10 and Appendix IV, Table 8.

Groundwater quality 1is generally best in the
Nubian Sandstone aquifers. Soluble salts range
from 200 to 500 ppm on the average. Salinity
levels in the Umm Ruwaba Formations average 400 to
640 ppm. Figures 3.10, 3.11 and Table 3.11
indicate groundwater gquality in Rordofan, the
Gezira, and the Gash River Basin, respectively.

Appendix IV contains additional water quality
data.

Water Use and Management 13/

The vast majority of water used in Sudan is
surface water. Little data is available on water
usage away from the Nile, but at any rate, the
Nile supplies water requirements for a large
proportion of the population. Table 3.12
indicates that on the Nile, agricultural demands
accounted for 13,692 million cubic m in 1975,
compared to only 275 million <cubic m for
industrial and household use.

l3Sources:

Allan. 1948.

Bannaga. 1980.

el-Bushra and el-Sammani. 1977.
Jahn. 1977.

Lebon. 1967.

Muller. 1976.

Osman and el-Bag. 1972.

. Thimm. 1979.

Simpson. 1970.
Sudan. 1975.
U.S. AID. 1981la.
Waterbury. 1979.
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Table 3.3.

Chemical Composition of the Dissolved Load of the Nile System

River [ocation Date Parts per miilion Author
sampied
Dissolved
solids Ca Mg Na K HCO, SO, <Cl NO, SiO,
Blue Nile Wad Medani  1936-37 _— 244 5.3 9.9 — — 9.4 — - — Greene H. and
Snow O. W., 1939
Khartoum 1904-07 _— 202 7.1 7.5 2.0 - 6.3 2.4 — 19.5 Beam W. in: Greene H.
and Snow O. W, 1939
? ? 184 238 6 7.1 1.7  108.6 7.3 2.8 0.14  26.7 Livingstone D. A., 1963
White Nile Khartoum H 249 174 3.2 307 11.8 1492 044 8 0.44 25.6 Livingstone D. A., 196]
Nile Giza 1924-26 — 251 7 _ _ 102 9 1.6 .003 141 Livingstone D. A., 1963
Cairo 1933-.36 167 23 9 20 — 127 10 12 _ 21 Hurse H. E., 1952
Cairo 1957-58 152-181 22- 8-9 15-22 4 55=-66 13- 7.5- — - Abdet Bar in:
258.3 14.5 154 Hassan F. M. H., 1967
Source: Buursink. 1971,
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Table 3.11l. Chemical Analyses of Some Groundwater Samples from the Gash Basin

3 ) g H g
- n =
tell 23 P4 . g =, = 3z = &
o, Location L 2& .8 35 5 & & " 2 ¥
2 9 3 o 2 g€ I X s bt - el
=¥, £, 27 sF 2% 37 2z 3 3
32 28 it 2 3+ g 2 s = 3
833‘. 23 33 22 ﬁg A A = 3 P
277 Police 7.8 228 90 36 20 . 25 25 2.4 25 -
Garage
292 Halab 7.8 222 100 26 17 - - nil 2.7 23 -
Area
497  Gash Board 7.5 260 90 16 26 40 15 18 2.0 16 0.24
Water Yard
502 Halab Area 8.3 220 80 20 10 50 30 10 ail 20 0.60
606  Halanga 8.0 180 130 35 10 30 - ail ail 10 0.30
Area
44 Halab 7.6 260 150 40 12 50 40  ail 0.58 20 0.40
Area
1095 Nersery 8.2 220 156 30 20 36 20 10 1.8 12 0.40
1135  Nersery 8.3 196 92 21 10 35 18 10 1.6 10 0.52
1834 Garb El 7.6 220 130 35 10 50 20 50 ail 25 0.64
Gash
1836 EL Gash 8.3 200 % 25 10 40 10 35 ail 25 0.32

Source: Saeed. 1968.
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Table 3.12. Water Supply

and Demand from the Nile, 1975-76 and 1385-86

. 3
(bill. m7)

Supply 197376 1988 <46
Acquired rights 20.3 20.3
Jongiei, Phase [ - -4

Totai 20.5 2.9

Demand
Agricuiture 13.692 27.151
Conveyance loss 10% 1.369 2.715
Househoid & industriai 275 330

Storage Losses
Jebel Auiliya 1.000 1.000
Sennar/Roseires .700 1.000

(atter herghtening ot Roserres)
Khashm ai-Girba .190 190
TOTAL 17.226 32.606
SURPLUS/DEFICIT -3.274 -9.706
Source: Waterbury. 1978.
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Sudan is constrained by its obligations under a
1959 treaty with Egypt to withdraw no more than
18.5 billion cubic m as measured in the flow at
Aswan. (This is equivalent to 20.5 billion cubic

m measured upstream at Sennar and Malakal.)
Because of this, Sudan is expected to run into a
deficit by the mid-1980s.

Tables 3.13 and 3.14 indicate total irrigated area
and water consumption. Table 3.14 also indicates
the major irrigation types in Sudan, and shows
~ that gravity irrigaéion is most prevalent. The
two major gravity irrigation schemes are the
Gezira and the Rhashm el-Girba (Figure 3.12).

Large scale irrigation began in the Gezira after
the completion of the Sennar Dam, although some
smaller scale development had taken place earlier.
Irrigation expansion was rapid and the ceiling on
water use under a 1929 agreement with Egypt was
soon reached. The 1959 treaty increased Sudan's
share of Nile waters however, and the Managil
extension was added to the Gezira scheme. The
Rhashm el-Gibra scheme on the Atbara was conceived
earlier, but the dam was actually completed in
1964. Many nomads were settled on the newly
reclaimed land, but the emphasis was resettlement
of people displaced in the Wadi Halfa region by
the creation of Lake Nasser.

Pump irrigation schemes refer primarily to water
pumped from the Nile system. No single pump
scheme approaches the major gravity irrigation
projects in area, but in aggregate pump irrigation
accounts for about one third of Sudan's irrigated
area. Flush irrigation (sometimes called spate
irrigation in other regions) is practiced
primarily on the Gash River and in the Tokar delta
of the Baraka River. The annual flood waters are
diverted to fields, which receive only one heavy
watering. The contribution to Sudan's total
irrigated area is only 2.6 percent, but it is
practically the only irrigation method in many
local areas.

Basin irrigation is practiced primarily in the
northern reaches of the Sudanese Nile. When the
annual flood arrives, water 'is channeled to the
fields. It remains standing‘gp the fields until
.the river 1level begins to fall, and 1is then
drained. Two traditional. water lifting devices
are also still used in many areas along the Nile
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Table 3.13. Irrigated Crop Production Schemes in the Nile System

Ares Wamer
Sector 1000 CONSUMPOON
feddans miilions m*

Blue Nile
Downstream Sennar 164 976
Gezira-Managii 2,052 7.598
Pump Schemes Upstream Sennar 452 1,595
Rahad, Phase [* 300 1,139
Evaporation, Sennar Reservorr 669
White Nile
Pump Schemes incl. Melut Asalaya. Kenana® ] 620 2.840
Main Nile ‘
Pump Schemes, downsaeam Khartoum 420 1,603
Atbara
Khashm ai-Girba n 1,700
Evaporation Khashm ai-Girba Reservoir —_— __1_3_9_

TOTAL 4,380 18.289

*projects still partially under execution. Note that
no estimates are made for storage losses at Jebel
Auliya and Roseires Reservoirs.

Source: Waterbury. 1979,
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Table 3.14.

Existing Irrigation Schemes

Irrigarion NeT commanded Source
meThod Schemes arsa (feddans) § of Torai of warer
Gravity Gezira 1,114,000 26.5 8iue Nile
Managi | 946,000 22.5 Blue Nile
Ranad (stage !) 150,000 3.6 Slue Nile
New Hal fa 390,000 3.2 Atparah
Sub=trorai 2,500,000 81.8
Pumop Xenana 40,000 1.0 White Nile
Hagar Asaiaya 18,000 0.4 white Nile
Abu Na'ama 30,000 0.7 SBlue Nile
g€s Suki 35,000 2.0 Blue Nile
NW Sennar 49,000 1.2 8lue Nile
Hurga=Nursi Oin 22,000 0.5 3lue Niie
Guneid 35,000 2.0 Slue Nile
Narionaiized schemes 435,000 10.3 white Nile
(805,000 f) 270,000 6.4 S3lue Nile
100,000 1/ 2.3 Main Nile
Privare schemes 2/ 63,000 1.5 8iue Nlle
PrivaTe schemes 233,000 3.6, Main Niile
Sub=rotai 1,432,000 34.0
Flush Gash deitTa 50,000 1.2 Gash R.
Toxar deita 60,000 1.4 Baraka R.
Sub=rotai 110,000 2.5
Sasin North. Prov. Sch. 50,000 1.2 Main Nile
Tubewei | Sag ai Na'‘am 3,000 0.1 Groundwater
PrivaTe schemes 13,000 0.3 Groundwater
Sub=totai 18,000 9.4
Grand Torai 4,165,000
1/ 35,000 f. wers airsady Government scnemes.
2/ uUncertain, astimares given (+ or - 3%).
3/ "Sstrimare (+ or - 20%).
Source: U.S. AID. 198Qa
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(Table 3.15). The sagiya, a water wheel, and
shadouf, a long lifting pole with a bag or petrol
tin on the end, are also occasionally used to lift
groundwater. Tubewells have also become important
in many parts of western Sudan.

Rural domestic water requirements are estimated in
Table 3.16. Nile water is used near the river,
and villagers have several traditional methods of
purification (cf Jahn 1977). Away from the Nile
system, some 800 small catchment ponds had been
constructed and 4,000 wells sunk by the mid to
late 1970s. Urban water use is noted in Table
3.17. Most urban areas, except for Khartoum, do
not have any extensive water system, and
conditions are similar to those in rural areas.
There is very little industry in Sudan, but even
what exists has been constrained by the lack of a
water delivery system.

Sudan's major water development efforts are
partially directed toward building a network of
dams, both to store irrigation water and to
provide hydroelectric power. Major current and
planned dams are indicated in Table 3.18. Other
smaller dams are also planned in a number of areas
on the upper Nile. A second focus of water
development i3 the construction of major canals
through the Sudd. It is anticipated that faster
passage through the swamps and less spreading will
greatly reduce evaporation. The current Jonglei

l Canal (Figure 3.13) is expected to provide a net

water benefit to Sudan of about 2.4 billion cubic

m when completed. The proposed Machar scheme (the
Machar swamps are just north of the Sobat) would
provide Sudan with another 2.0 billion cubic m

annually.
and Agricultural Land Use

Soils 14/

The UNESCO-FAO soil map includes Sudan on its
Africa sheets (UNESCO-FAO 1977). Nearly 100

3.3 Soils
3.3.1
l4gources:

Buursink. 1971.

FAO-UNDP. 1968.
Greene. 1948.

" el-Tom. 1970.

UNESCO-FAO. 1977.
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Table 3.15. Shadouf and Sagiya Qutputs

Cubic metres '
R ks
Shadouf per hour emar
One man 3 The maximum lift for one
Two men 5 Shadouf is about 2.5 metres.
High-lift Sagia
Lift 6 - 8 metres 9 The draught snimais for both
Lift 4 -6 metres 12 type of sagia may be either
Lift 2 - 4 metres 15 camels or bulls (oxen).
Lift 1 - 2 metres 24
Low.lift Sagia .
~ One draft ax_:iuul 40 The lift does not in practice
Two draft animais 80 much exceed 1.5 metres.

Source: Osman and el-Hag. 1972.
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Table 3.16.

and Animal Populations in Rural Areas,

1975

Oatiy Annusi Total Total snnual
requer reqQuIr PO water require-
Kind in gailona inm3 in miitions ments in
per hasd per head millien m3
Humans 7.2 12 86.4
Camets 2 s s 13.0
Cattia § 10.8 13,3 144,8
Oonxeys, horses
& mules 4 7.2 2.5 18.0
Sheep 2 18 12.2 44.2
Goats 1.6 1.0 28.8
Total - 338.0
Scurce: el=-Bushra and el-Sammani. 1977.

Minimum Annual Water Requirements for Human

Table 3.17. Water Consumption in Selected Towns, 1974-75
Poouistion Consumotion of water Consumption of water
Town size Aenk in m? per day in lilers per hasd par day
Xhartoum 3%0.000 1 76,500 219
Cmdurmen 300.000 2 35,500 118
™ North 150,000 1 22.500 150
? Sudan 135,000 4 15.000 111
wad Medani  112.000 5 13.000 118
Crssale 100.000 8 6.000 50
£1-0beid 92.000 7 5.000 55
<as1j §7.000 8 3.000 119
£1-Gedarat 56.000 9 5.000 75
Atoars 54.000 10 12.000 188
Nvata 83.000 7" 1.000 53
Juom $7.000 12 §.000 108
El-Fasher 55.000 13 4,000 73
Ve 53.000 14 4,500 35
E-Genaina 19.000 15 750 o 19
Vetaxai 37,000 18 2,300 78
Senner 33.000 17 4.500 o0 N 138
En Nahud 28.000 18 1.080 a8
€4 Bueim’ 27.000 19 4.500 187
Naw Haifa 24.000 20 4,500 188
Scurce: el-Bushra and el-Sammani. 1977.
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Table 3.18 Major Dams

Area Capacity Hydroelectric capacity MW

Site Completed  km<2 109 m3 Installed Short Long
term term
Blue Nile
Roseiris Dam 1966 290 3.0 90 120
Sennar Dam 1925 160 .9 15 15
White Nile
Jebel Aulia 1937 600 3.5 25
Dam

Bahral Jabal
Nimuli-Juba p* 100 400
Reach

Main Nile

Sabaloka P 107
Gorge

Fifth P . 250
Cataract

Fourth P 250
Cataract

Dal and Third P 200
Cataract

Atbara
Rhashm 1966 150 1.2 13
el-Gibra
Dam
Upper Atbara P 20

*P = Planned

Sources: Bannaga. 1980.
Waterbury. 1979.
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categories are distinguished within Sudan, which
may be broken down into the following broad
categories:

Yermosols cover vast areas of the Libyan and
Nubian Deserts in the north (Figure 3.14, Table

3.19). Such soils are usually not suitable for
either traditional or modern agriculture. Neither
are they particularly productive for livestock
pastures. Even when water can be made available,
agricultural development is limited by stony,
lithic, or petrocalcic soils, salt crusts, and the
presence of shifting dunes.

Lithosols in various associations are found along
the southern fringes of the Libyan Desert,
throughout the Jebel Marra and Jebel Nuba areas,
and in the Red Sea Hills. Agricultural potential
is also wvery 1limited ©because of dissected
topography with steep slopes, and by the rockiness
and stoniness of the substratum.

Regosols are found scattered throughout Sudan.
Butric regosols occur in and on the fringes of the
Libyan Desert, in a bank -along the west bank of
the central Nile, and in the southern Red Sea
Hills and fringes of the Bthiopian highlands.
They are also the most common associate with
lithosols. Eutric regosols are generally not
suitable for agriculture, but do usually produce
sufficient pasture to serve as winter ranges for
nomadic herds, except in extremely arid areas.
Dystric regosols, found in the Bahr al-Ghazal
region, are extremely acid, but can sometimes
support a few crops such as cassava.

Xerosols occur in a band across Sudan south of the
northern deserts. Although occasionally used for
growing a few cereal crops, in most cases they are
utilized as grazing land. Xerosols with deep
profiles and medium texture (uncommon in Sudan)
can be developed with irrigation, but usually the
soils contain impermeable petrocalcic or argillic
B horizons that prevent drainage.

Arensols are found throughouﬁgwest central Sudan
in the provinces of Darfur and Rardofan. All are
subclassified as either cambic or 1luvic, and
- generally occur in level or undulating terrain.
These arenosols are generally poor in organic
carbon, nitrogen, exchangeable bases and P05, and
are rarely utilized for cultivation, except where
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Table 3.19 Soils in Sudan

APprox. aArea

Associated Inclusions in Sudan
soils (>20%) (<20%) Phase (1,000 ha) Region

ac8=2b* Se, I 139 Jebel Marra

Bc9=-2b* Ve 160 Jebel Marra

s3d3l-2c* Bh Lithic 61 Southern Red so;
Hills

Be9=3c* e e 54 Southern Ethiopian
border

se45-2a* Th 173 Jebel Marra

3e51-2a Be, Ve Xk, 20, Je 1,961 Bthiopian horder
north of
Blue Nile

shi2=3¢ AQ Ja Lithie 211 Bthiopian border
north of Sobat R.

Fo2-2ab Qt Petric 340 Southwest border

Fo28-3ab Ga 1,723 Southern border

Fo48=-2ab* -] Ap, Ve 41 Southern border

Po50-2a* Ap, Vo 14 Southern border

Fp8=-2ab Af, Rd Gd, I, 24 Petric 13,436 Westarn Equitoria

G3s-2a* Ja 82 Westarn Equitoria

Ge23-213a Gm, Vp 343 Dinder, Rahad
Rivers

GmlS=2a Je, Qe Ge, Vc 3,194 Southeastern
swanps

I 476 Scattered Darfur

I Rock debris 184 Libyan border

I-8¢=Twv=213be* 532 Jebel Marra

I-Ba=be 2,515 Jabal Nuba

I-lc=Re=b Stony 3,310 Jebel Marra

I-R v 269 Southeast border

I-R=bc* Stony :‘ 146 Southern border

I-Ra* - 306 Western Darfur

I-Rd-so* 68 Western Darfur

I-Re 3,643 Jebel Marra

I-Re-p* Stony 48

I-Re-be Rock debris 5,818

Red Sqa Hills
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Table 3.19 Soils in Sudan

(continued)

Approx. Area

Associated Inclusions in Sudan
soils ( 20%) { 20%) Phase (1,000 ha) Region
I-y Stony/ 5,471 Northern Kordofan
shifting sands
I-y=ab Stony 411 Libyan Desert
I-y=ab Shifting sands 890 Libyan Desert
Je2-2a Ge 2 2,573 Nile Valley
Jed=2a v 387 Gash R. Basin
Je5-2a X Re, Zo Saline 741 Tokar Delta
Jc26=2/3a Ge, Gm saline 3s Northern Nile
valley
Je28-2/3a W, Ve 771 Jebel Marra wadis
Jc2%9=2/3a ve 445 Jebel Marra wadis
Je30=la Ve, Zo SQ6 Wadis in northern
Darfur
Je30-2/3a Ve, Zo ) 252 wadis in northern
desert
Je32-2a Zo saline as Wadis in Red Sea
: Hills
Je23-a* ve 68 Upper Blue Nile
Je2%=a Ge, Gm Ve 2,613 Scuthern Nile
valley
Lell-la Qe Be, Bv 822 Cantral Rordofan
Lfl8-la Re Petzric 1,009 Southern
highlands
Lfl8~-2a Re Lithic 1,699 Southern
highlands
LE28=2/3b Af, Lg Be 496 West of Malakal
L£30-2a 71 1,054 Southern swamps
L£32-1/2ab I Petroferric 901 Western Darfur
Lf4l~-1/2ab g, I Petric 316 C.A.R. border
Lgé6=-2/3a LEg, Ve Ge, Oe 758 Just northwest
of Juba
Nel3=-3b Ve Be, I, Lp 334 Southeast border
- with Ethiopia
Ne27-2b Nh, R4 I 833 Southern border
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Table 3.19 Soils in Sudan

(continued)

L
Approx. Area
Associated Inclusions in Sudan
soils ( 20%) ( 20%) Phase (1,000 ha) Region

R

geé=la Ql 14,001 Darfur, Kordofan

qels-1a* Re S, A 258 Western Darfur

qel7-1a* 8, Ws 54 Western Darfur

qe2l~la Ql, Re Ge, Lk, So 6,742 Central Rordofan

Qlll-1b Re 2,263 Southern Darfur

ql22-la* LL 173 Southern swamps

Ql23~-ia* I, Je 73 Western Darfur

Ql24=-la* LL G 2,267 Southern Darfur

rdl2-2be BE, I 792 C.A.R. border

rdl8-3ab I, g G4, J4 Petrolithice 11,061 Bahr al-Gazal,
Bahr al-Arab
cegion

Rel-la 173 Northern Darfur

Rel-la Shifting sands 8,217 Northern desert

Rel6=-b* Je 3

Re24-2c I Lithie 272 Southern Red Sea
2ills

Re59-2b I, Je Lithie 1,098 Southern Red Sea
Hills

Re39=2¢ I, Je Lithic 788 Bthiopian border
near Blue Nile

Re64-2a 2g, Je 336 Southern Red Sea
Coast

Re65-la Qe 2,590 Just west of
Cantral Nile

Vel-2/3a* 37 Southern Darfur

Vel3=3a» Bv 65 Western Darfur

Vel4=3a» Re Stony 116 Westarn Darfur

Ve26-3a* Je, S0, 20 37 Southeast border

Ve28-3a Je, Ge, Oa 11,792 Jonglei Prov.

Ve29-3a A0 Stony 982 Southeast border

Vedl-2/3a Lo, So Le 1,665 Cantral Rordofan

Ved2-3a Ge, Je 197 Central Kordoran

Ved3-1a Ge 1,533 Jabal Nuba

S ———_—
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Table 3.19 Soils in Sudan (continued)

Approx. Arsa

Associatad Inclusions in Sudan .
soils ( 20%) ( 20%) Phase (1,000 ha) Region
Ve34=-3la Ge LE, Re 1,570 Southeastern
SWamDs
Ve3S=3a Be, Vp w0 5,128 West of
White Nile
|
vels=3a - X, G 17,229 Setween Niles,
east of 3lue Nile
Tp7-la* Ge ' o138 Western Sudd
VplO=-3a* Bv 14 7estern Darfur
Vpl3=3a e, Ga Je 6,800 Sudd
Vol6=3l Qe, Re 2,039 Western Sudd
Vo20-3a Ve Sodic 2,738 Geziza
Vo24=2a* we 258 Northern Darfur
X8=2a Re, 20 204 Red Sea Hills
thli=ab Re ve, It Shifting sands 1,087 Atbara River
hli-la Re ‘ ve, sStony 21,242 sand across
counery noreth of
thlS-a Je, Xk Stony 3,028 West of Red Sea
3ills
X1l4=2a ve 531 South of Xassala
tS=la I, Re sStony 45,463 Northern deserts
Yll-ab I, J R, ¥Y., 2 Stony 7,850 Northern deserts
hilsS-la Re, Yk Saline 1,227 Red Sea Coast
Rock debris or 2,344 Scattared in
desert detritus north
Dunes or 408 Northern borders
shifting sands
Textural Class Slope Class
1 coarse 2 lavel to gently undulating
2 medium b rolling to hilly

3 fine e

Nots on intscprstation:
Luvisol.

tabulation purposes on the UNESCO-?A0 map.

end (ab) refsr to slope class.

strongly dissected to mouncainous .

In the example Lf41-1/2ab (on the C.A.R. border) Lf{ refers to soil type Perric
The number immediatsly following the soil type (41) is an arbitracy classification for

[t aids in looking up associated 3oils and

inclusions.
Numbers following the hyphen (1/2) refsr to textural class (coarse to nedium).

Small lattscs at the
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they border valleys. They do support savanna
vegetation and extensive animal husbandry.

Vertisols are probably the most widespread soils
in Sudan, occurring throughout the eastern part of
the country south of the northern desert.
Vertisols are very heavy and difficult to work by .
traditional methods, so that they are more often
used for livestock raising. wWith proper attention
to drainage however, irrigation development can
make vertisols fairly productive.

Fluvisols are found throughout the Nile valley as
well as in major wadis throughout the country.
With irrigation they are well suited for
cultivation. They are well endowed with
exchangable bases and with total Pj0s. The
adsorbing complex is sometimes mildly saturated
with sodium, but is offset by extensive organic
matter. Salinity can become a problem without
proper management.

Ferralsols are found in Western Equitoria;
subdivided into plinthic and orthic categories.
They have 1low adsorbing complex and are often
highly desaturated and possess no mineral reserve.
Fertility is 1limited, and their main wuse and
potential is for grazing.

Gleysols are found in the swamps of southern
Sudan, luvisols are found along the southern
border and scattered in Rordofan and Darfur.
Cambisols occur in the fringes of the Ethiopian
highlands along the eastern border, and nitosols
in the highlands along the southern border.

Table 3.19 lists all the Sudanese soils which are

distinguished by UNESCO-FAO (1977), and =soil
profiles of some areas may be found in Appendix V.
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3.3.2 Agriculture 15/

Nearly 292 million feddans, or almost half of
Sudan's surface are classified as suitable for
agriculture in Waterbury (1979; Table 3.20). Many
other sources give about 200 million feddans as
cultivable. Only about eight percent of this

cultivable land (less if Waterbury's figures are
accepted) is currently utilized for agriculture.
About 17 million feddans were under cultivation by
1980. However, because a large proportion of
these cultivated lands depend upon rainfall, the
amount actually cultivated in any particular year
can vary dgreatly due to fluctuations in
precipitation. The 1970 figures in Table 3.20,
for example, are taken during a particularly bad
year when total acreage had declined. Irrigated
acreage does not fluctuate much, but has shown
steady increases. By 1980, about 4.5 million
feddans were irrigated.

The major crop in Sudan in terms of total
production and acreage planted is sorghum (Table
3.21). Sorghum (durra) has traditionally been the
country's staple cereal, and most farmers prefer
to grow some in order to avoid having to buy it
with cash. Irrigated sorghum may typically yield
around 430 kg per feddan, but only about 500,000
of the total six million feddans were being
irrigated by 1980. Yields of non-irrigated
sorghum are not available, but Table 3.22
indicates they may be between 16 and 26 percent of
irrigated yields, depending on rainfall.

Wheat has traditionally been grown along the Nile
north of Rhartoum. Most was under basin f£looding,

15Ssources:

Europa. 1981.
FAO-UNDP. 1968.
Hale. 1966.

Lebon. 1967.

Lee. 1970.

MEED. 1977.

Nelson et al. 1973.
Simpson. 1970.
Thimm. 1979.
Tothill. 1948.

"U.S. AID. 198la.

U.S. AID. 1981b.
Waterbury. 1979.
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Table 3.20. Present and Proposed Land Use in the Sudan

(in 1,000 feddans)

1970 1985
Oiwtnbution of surtace 1.000 % of 1,000 ¥ of
Feddans ol Feddans wowl -
Total Surface Area of the Sudan 596,383 100
Not suited for agricuiture:
total: 304,595 51
of which water courses (30.895)
swamp, desert (273,700)
Suitabie for agricuiture
total: 291,788 49
of which: forests (212,335)  '(35.7) (202,594)  (34.1)
permanent pasture (54.400) (9.1) (49.520) (8.3)
arable land (25.083) (4.2) (39.674) (6.6)
Arable land breakdouwn
[rrigated 3.218 .54 4,438. 7
Nonirrigated _ 21,835 3.66 35,236 5.9
Areq harvested .
[rrigated 2,348 .39 3,548 .6
Nonirrigated ' 8.734 1.47 15,856 2.65
Cropping intensity
Total 4% 19%
[rrigated 73 80
Nonirrigated 40 #4

Source: Waterbury. 13979.
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Table 3,.21.

Principal Crops

(1,000 metric tons)

1977 1978 1979
Wheat 3oI 317 266
Maize 43 6 so*
Millet . . 518 557 370
Sorghum (Durra) 2,200 2,400 1,870
Rics . 9 6 20°
Sugar cane . 1,549 1,650 1,700
Totatoes 22 25 2%
Sweet potatoes . 40° 407 45
Cassava (Maaioc) . 115 rro® rro*
Other roots and tubers . rr3* rise 113
Onions . 20° 20 20°
Water melons 8g* 8g* dge
Dry beans . . T3 3*
Dry broad beans . 20° 20t 21°
Chick-peas . 3 3* 3*
Qther puises . 54° 54° 55°
Oranges and tangerines 44° 45° 45
Lemons and limes 36¢ 36° 37°
Grapefruit . 53* 53 53
Mangoes . 6t® o1® 61¢
Dates . 106* 110 rro*
Bananas . . 83 83* 83
Groundnuts (in sheil) 1,000t 830 1,110t
Seed cotton 302 643t 361t
Cottonseed 256 420 230t
Cotton lint . 136 223 131t
Sesame seed 24§ 226 210t
Castor beans bd 0 to*
Tomatoes 143* r45° 145
Pumpkins, stc. 57* 53" 53+
Aubergines . 76 76* 76
Meions ro* ro* to®

¢ FAQ estimate.

Source:

Europa.

t Unotficial estirnats.

198l.
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Table 3.22. Trends in Total Area, Production and Yield
of Main Crops

Total Area Total Production Average Yields
(1000 feddans) (1000 metric tons) (kg/feddan)

Rainfed
1965/66-=1969/70 6,729 1,731 . . 257
(5 yr. average) .
1972-73 10,498 1,948 186
1973-74 11,064 2,135 193
1974-75 (est) 11,563 2,856 247
Irrigated
1965/66-1969/70 1,685 1,657 983
1972-73 1,994 . 2,385 1,196
1973-74 2,210 2,565 1,161
1974-75 (est) 2,480 3,165 1,276
Plooded
1965/66-1969/70 123 46 .. 374
1972-73 149 54 362
1973-74 144 45 312
1974-75 (est) 181 55 303

Source: adapted from Waterbury. 1979.
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but pumps have been increasingly utilized.
Consumption patterns have been changing in favor of
wheat, and it is now also an important commercial
crop, particularly in the Gezira and Khashm al-
Girba schemes. Yields have generally been fairly
low; averages have varied between 400 to 650
kg/feddan over the past decade, except in
irrigated areas.

Cotton is the most important crop from an economic
viewpoint. Sudan produces three types of cotton.
Most important is long staple cotton, which
accounted for about 70 percent of total acreage up
to 1974/75. Long staple cotton is grown mainly in
government irrigation schemes in the Gezira (about
75% of production), and in the Gash and Tokar
delta areas. Short staple cotton accounted for
about 12 percent of cotton production, and medium
staple (which 1is often classified with short
staple) for about 18 percent. These are
occasionally grown on pump schemes along the Nile,
but usually are found on rainfed land in Rordofan
and the Equitoria area. Much is consumed locally
rather than exported. Total acreage was about 1.2
million feddans until 1975, but fell to about one
million afterwards, as policies stressing more
food production were implemented. Within the last
few vyears, however, there has been renewed
interest in increasing production again.

Groundnuts are nearly all grown on rainfed land,
although the small proportion of irrigated
groundnut area (500,000 feddans) accounts for
about one-fourth of production. About two-thirds
of production ig exported.

Sugar has also become important. In 1981 Sudan
officially opened one of the world's largest sugar
processing complexes, and was planning several
smaller plants which should be already operating.
The government hopes eventually to completely
supply through domestic production the 400,000 ton
annual demand for sugar. Sugar cane is primarily

grown in the Gezira area on government irrigation
schemes.

Traditional Agriculture. According to Nelson et
al. (1973), who are followed, here, cultivation
_techniques in Sudan- vary widely according to
differences in physical environment and culture.

Along the Nile in the north, where modern
irrigation development is more limited, the old
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traditional forms of irrigation survive. Most of
the cultivated land along the river is perennially
irrigated, either by natural flooed, by diesel
pumps, or by shaduf or saqgiyya irrigation. North
of 149 N cultivation 1is generally impossible
without irrigation of some kind. Unlike the
perennially irrigated land farther south, however,
the irrigated land in the desert Nile economy was
producing chiefly for subsistence rather than for
commercial use in the 1960s.

The area most readily irrigated by traditional
shaduf or saqiyya is the alluvium terrace, or
natural level, at the river edge. As the longest
‘cultivated and most valuable land, ownership has
been greatly fragmented through Islamic
inheritance law, and is now subdivided into minute
holdings. Alluvial terrace that is well above the
level of the highest floods was formerly beyond
reach of irrigation but can now be irrigated by
means of diesel pumps. Pump projects have
proliferated along the desert Nile region since
the 1950s, and more are planned. Slightly lower
alluvial areas, or basins, are divided into much
larger units of holding and cultivation than the
older saqiyya lands and usually have but one crop
a year, whereas the sagiyya lands have an
elaborate succession of crops. Some alluvial land
also forms part of the Nile channel but is exposed
during the low-water season; this is known as
seluka land.

Date palms are very numerous along the Nile in
this region, declining in number and date yield
toward the south. However, they are so little
cared for by the inhabitants as scarcely to
qualify as a cultivated crop. The doum palm also
springs up naturally on the cultivated lands in
this region and is used both in subsistence and in
commerce. The nuts are used for carving buttons
and other ivory substitutes, and leaves and trunks
are used for matting and building.

For the most part, traditional cultivation is
rain-fed cultivation. Before the inauguration of
large-scale cotton growing, much of the grain was
produced in the Gezira area,: Since the 1940s,
however, most of the country's food crops are
grown away from the Nile by rain-fed cultivation.

- Rain cropping without irrigation is generally most
important south of about 14° y.
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The traditional forms of rain-fed cultivation are
practiced largely in the central clay plains, the
goz regions, the Ironstone Plateau, and the flood
plain (Figure 3.15). The flood plain proper is
used chiefly for grazing after the waters retreat:
but there are villages of sedentary cultivators on
higher ground in parts of the southern clay
plains. shifting cultivation, in the sense of
shifting village location, is for the most part
practiced only in the southern provinces. Even
there, a village is abandoned only after all the
surrounding fields have been exhausted, perhaps
after ten or twenty years. The predominant form
of sedentary land use in the central economic
region is that of rotating fields within walking
distance of the permanent village, use of a field
being resumed after the 1land has rested for
several years.

The principal crops in the central economic
regions are the drought-resistant durra sorghum
and dukhn, or bulrush millet, along with sesame
and beans. Maize is grown where sufficient
moisture is available. In the southern provinces
eleusine millet and cassava are also commonly
grown, and the climate and soils permit a far
greater variety of supplementary crops. Within
the central regions the Nuba Hills and the Jabal
Marrah, with their silt-depositing streams and
more varied temperatures, form separate economies
with a greater range of crops, including some
temperate~-zone crops.

The chief granary of the country in the early
1960s was the eastern portion of the central clay
plains. Settlement here, as in the goz sands,
tends to be more dense along the railway line,
which coincides roughly with the area of higher
rainfall. Cultivated land has been expanded in
this area by the promotion of rainland
mechanization projects, but traditional
cultivation has also been assisted by the
excavation of reservoirs by the government. The
prevalent land-use system is rotation with
unimproved grazing, and harig (the burning of
grassland for cultivation) is widely practiced.

Harig cultivation is practiced extensively in
Kordofan, Blue Nile, KRassald, and Upper Nile
- provinces, in areas of well-watered <clays,
wherever almost pure stands of certain dense
Jrasses occur. A thick mat of coarse dead grass
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is allowed to accumulate for two to four years,
protected by fire lanes, and is then fired after
the first rains have fallen and the grass seed has
germinated. The burning enriches the soil and
destroys the young seedlings.

Other distinct cultivation practices prevail among
the Nuba and among the Fur of the Jabal Marrah
area. A government-sponsored cash-cropping scheme
for the growing of cotton has been operating in
the Nuba Hills for some years, and an elaborate
regional development scheme is under preparation
fér the Jabal Marrah. The lowland Fur raise
durra, dukhn, groundnuts (peanuts), maize (corn),
sasame, and bamia (okra) as well as cash crps,
such as tobacco, wheat, and barley. The upland
Fur have a long tradition of terrace agriculture
and practice traditional irrigation from the
streams from considerable distances to water their
fruit orchards and barley fields. The Nuba also
once maintained an extensive system of terrace
agriculture on the hills, and are sedentary
cultivators by tradition.

Most of the flood-plain economic region is ill
suited to cultivation, but the Nilotic inhabitants
maintain their permanent cultivating villages from
May to October on the areas of high ground or on
the edge of the adjoining Ironstone Plateau. The
lands are prepared for crop cultivation by cutting
and burning the grass during the dry season.

Except along the northern edge, the prevailing
form of land use in the Ironstone Plateau economic
region is defined as shifting cultivation. This
pattern may, however, be merging into simple land
rotation in many places, especially where an
economy of land abundance has given way to denser
population. Along the northern edge of the
plateau the Dinka cultivate during the summer
months, and the land use is the Nilotic type of
land rotation with grazing.

The highest incidence of shifting cultivation is
in the western part of Equatoria Province, between
Yei and VYambio, an area :9of <closed savanna
woodland. It is also practiced in the western
part of Bahr al-Ghazal Provche, which is very
_ sparsely populated. .

The stable crop in most of the area is durra
sorghum, but an indication of the potential for
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diversification offered by the climate and soil is
suggested by a partial 1list of other crops:
eleusine millet, cassava, maize, groundnuts,
sesame, sweet potatoes, pulses, dukhn, cotton,
tobacco, cucurbits, chilies, mangoes, bananas,

yams, papaya, tomatoes, pineapples, rice, coffee,
castor beans, and shea nuts.

Commercial agriculture has largely been developed
through government efforts in public projects, and
has been more or less synonymous with irrigation
‘development and cotton Jgrowing. Since the 1960s
increasing areas or rotation periods of other
crops--notable groundnuts and other oilseeds, but
also cane sugar and forage crops-~have been added
to the major improvement schemes, and allotments
of acreage for food grains such as durra have
always been used to attract tenants. Groundnuts
are the most profitable of the alternative crops
and provide the advantage of leguminous rotation
with cotton to restore soils. Both existing and
proposed areas of irrigated agriculture, however,
are often reserved for cotton since it is the most
profitable exportable cash crop.

The Gash and Tokar desert deltas were the first
areas in the «country to be exploited for
systematic growing of a commercial cotton crop.
The idea was introduced and flood control canals
on the Gash River were built between 1924 and
1928. The Baraka River at the Tokar delta has
never been harnessed by definite channels and
regqulators, as it is judged that the local
duststorms would make maintenance too costly:
natural ' flood irrigation continues to be wused
there. Gash and Tokar consist of intermittently
cultivated, flush-irrigated cropland, in contrast
to the perennially cultivated, gravity-irrigated
cropland of the Gezira and associated schemes.

The extensive tableland of the Gezira slopes
gently toward the north and west, permitting
natural gravity irrigation from the dam at Sannar.
The land is very flat, so that it is easily
reached by a small canal system and minor
distributory channels; and it consists of cracking
‘clays well suited for irrigatibdn.

Conceived in 1904, with \}cropping actually
- beginning in 1925, the Gezira ‘Scheme and its
Managil extension were still accounting for much
of the aggregate output of the modern agricultural
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sector by 1970: 60 percent of the cotton and

.about 50 percent of the wheat. They even
accounted for a sizable portion of more
traditional crops: 12 percent of the vyear's

output of durra and 30 percent of the lubia crop,
for example (lubia is a forage bean).

Private irrigation schemes using diesel pumps
began to develop in Rhartoum Province in the
19208, raising crops to supply the Three Towns--
Khartoum, Omdurman, and Khartoum North--with dairy
products, fruits, and vegetables. The completion
of the Jabal al-Awlia Dam in 1937 permitted
acceleration of the development of local pump
schemes. However, it also caused the annual
flooding of a large area of tribal grazing and
cultivation land, extending upstream for some 180
miles. The riverine tribes involved had to be
compensated by the construction of seven pump
schemes known as the alternative livelihood pump
schemes, which were financed partly by a payment
from the Egyptian government. Although the
tribesmen had considerable difficulty in adapting
themselves to this enforced change in their way of
life, the schemes eventually came to produce large
surpluses of cotton and durra.

Schemes were stimulated by the high cotton profits
during the worldwide boom in the 1950s; in the
five years from 1953 to 1958 the total area under
cotton of private estates in Blue Nile and Upper
Nile provinces increased from 91,000 feddans to
197,000 feddans.

Sharp drops in cotton prices in 1959 led to the-
failure of many private schemes and drastic
cutbacks in new development. Because of the high
rate of failures and for other policy reasons, the
government in 1968 decided that it would gradually
take over ownership and operation of the private
pump-irrigated estates. A new body, the
Agricultural Reform Corporation, was created for
this purpose. The larger estates were taken over
in 1968, and thereafter the private pump schemes
along the wWhite Nile were brought under the
control of the corporation as their leases
expired. In May 1970 the remaining leases were
revoked, and the land involved was placed under
the corporation. By the time -the 1970/71 crop was
- planted, therefore, the government had assumed a
monopolistic-position in cotton growing.
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Sudan has also pursued the establishment of large
mechanized areas throughout the zone where rainfall
is sufficient, but particularly in Kordofan and
Kassala, where much short staple cotton is grown.

3.4 Vegetation

3.4.1 Native Plora 16/

Detailed discussions of vegetation may be found
for various Sudan regions as follows: the
Northern Nile valley (Frankenberg 1979); Khartoum
Province (Halwagy 1961 and 1962; Obeid and Mahmoud
n.d. and 1971; Mahmoud and Obeid 1971); Blue Nile
Province (Bunting and Lea 1962) Kordofan and
Darfur (Wickens and Collier 1971); and Darfur
alone (Wickens 1976). Comprehensive summaries of
the whole country may be found in Andrews (1948),
and Bari (1968), from whom the following summary
is taken.

Vegetation in Sudan may be divided into five main
zones (compare PFigure 3.16).

Desert Zone (located north of 17° N and excluding
the Red Sea Hills): Annual rainfall less than 2
inches (50 mm). No vegetation except for what
could be found in Bayuda and Atbai deserts. A few
ephemeral herbs and grasses grow after the scanty
rain and form the "gizzu".

Semi Desert Zone (located between 14°-17° north,
including the Red Sea Hills): The vegetation is
made up mainly of annual or perennial grasses and
herbs with or without woody vegetation. According
to soil types and amount of rain this 2zone is
subdivided into 5 subzones named according to the
dominant species in the area or the type of soil.

1l6sources:

Andrews. 1948.

Bari. 1968.

Bunting and Lea. 1962.
Prankenberg. 1979.
Halwagy. 1961.

Halwagy. 1962.

Mahmoud and Obeid. 1971.
Obeid and Mahmoud. n.d.

- Obeid and Mahmoud. 1971.

Wickens. 1976.
Wickens and Collier. 1971.
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1. Acacia tortilis - Maerua crassifolia
Desert Scrub, found mainly in the east, forms
about 78,000 sq km of the total area.

2. Acacia mellifera - Commiphora Desert
Scrub, found mainly in the west.

3. Semi Desert Grassland on Sand (in the
west), a vegetation of mixed grasses and herbs
alternating with Acacia-Commiphora desert scrub
plus a few trees along "khor" beds and drainage
lines.

4. Semi Desert Grassland on Clay (in the
east), a vegetation of mixed grasses and herbs
with trees along water courses. The Butana, which
lies between the Blue Nile and Atbara, is a
typical area (16,000 sg km).

5. Acacia glaucophylla - Acacia etbaica

Desert Scrub, found in the Red Sea Hills (8000 sg
km) .

Woodland Savanna 2Zone (monsoon rainfall ranging
between 300-1500 mm): Here, because of the
presence of tall grass, fires play an important
role in determining the climax vegetation. Most
plants are fire resistant and the vegetation is of
mixed grass and bushes with or without trees.
According to the amount of rain Low Rainfall and
High Rainfall Savanna types are found.

(a) Low Rainfall Woodland Savanna has a
vegetation of thorny low stature trees:. (acacias),
thickets of Acacia mellifera, few broad-leaved
deciduous trees, few herbs, few perennials . and
some annuals. This type of vegetation is found
mainly in Central Sudan. In East Central Sudan,
where dark cracking clays occur, either Acacia
mellifera thornland associated with Commiphora
africana (102,000 sg km), Boscia senegalensis on
hill sides, or Acacia mellifera-Commiphera desert
scrub are found. On dry areas Acacia mellifera
could be found as pure stands. On wetter areas A.

seval-Balanites savanna (105,000 sq km)
alternating with grass areas occur and A. seyal
is dominant throughout. On.:more wet areas A.

Senegal is dominant (48,000 sq km). On lowlands

A. camplyacantha is common witile on areas liable

. to flooding A. fistula and A. drepanolobium are
widespread. '
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In West Central Sudan, where sandy soils
predominate, the following savanna types occur:
A. senegal; Combretum cordofanum~Dalbergia-
Albizzia sericocephala (30,000 sq km) ; and

Terminalia-Sclerocarya-aAnogeissus schimperi mixed
deciduous woodland (19,000 sg km).

(b) High Rainfall Woodland Savanna 1is a
vegetation of mixed deciduous woodland of
anogeissus-Khava senegalensis and Isoberlinia
(106,000 sq km).

Flood Zone: According to the amount of water,
three types of vegetation may be distinguished,
with a total area of 116,000 sg km.

(a) Highland (rarely flooded). On sandy
soils the vegetation is mainly palm type.
Hyphaene thebaica is generally dominant, Borassus
aethiopum locally dominant, few acacias with A.
sieberiana most common. On clay soils A. seyal-
Balanites savanna type occurs.

{(b) Intermediate (flooded during the rainy
season). The vegetation is mostly grassland with
Byparrhenia rufa and Setaria incrassata as
dominant with few areas of A. seyal-Balanites
savanna.

(¢) Swamps, either permanent (13,500 sg km)
in areas flooded by rain, rivers and inland
"khors” where the most dominant species is Cyperus
papyrus, or seasonal with Echinochloa stagnina, E.
pyramidalis usually dominant. Other common swamp
species- are: Phragmites communis, Hyparrhenia
rufa, Vetiveria nigritana, Pistia stratiotes,
Ipomoea aquatica and recently Eichhornia crassipes
which is very widespread.

Montane Zone: Areas with high altitudes where the
vegetation changes with height.

Immatong Mts. and Dongotona Mts.: Podocarpus
milanjianus (50 sq km) is dominant. At 5500-7000
ft. Olea hochstetteri, 0. welwitschii and
Syzygium-aff. S. gerrardii,, which forms pure
stands, are dominant. Other-~common species are
Protea gaguedi, Hagenia .abyssinica, Acacia
xiphocarpa, Albizia gqummifera and Maesa

* lanceolata. '
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Didinga Mts: podocarpus, Juniperus procera
and Olea chrysophylla are dominant.

Red Sea Hills: Juniperus procera, confined

to Korora Hills and Olea chrysophylla on Jebel
Elba.

Jebel Marra: Open grassland with areas
dominated by Olea laperrini and Acacia albida.

Miscellaneous. One should mention, besides the
main zones, the Gallery forests (150 sq km) which
are a type of rain forests with Rhava grandifolia,
Cola cordifolia, Erythrophleum guineense.
Mitragyna stipulosa and Syzygium guineense as
common species. Also, rainforests (20 sq km) with
Celtis zenkeri, Chrysophyllum albidum,
Mildbraediodendron excelsum and Entandrophragma
angolense. Lastly, Acacia nilotica and A. arabica
found as pure forests in areas, N. of Lat. 100,
flooded annually by the Nile.

Some additional data may be found in Appendix VI.
Forestry and Wood Use 11/

Figures on the total amount of forested land are
inconsistent, at least ©partially because of
differing definitions currently used. Waterbury
(1979) indicates that 212,335,000 feddans of land
classified as suitable for agriculture is actually
forested (cf Table 3.20). This corresponds fairly
well with the 200 to 220 million feddans that
gseveral other sources classify as forest (e.g.
Bayoumi n.d.; U.S. AID. 198la), and represents
around 36 percent of Sudan's surface area. About
2.5 to 3.0 million feddans are designated as
protected Forest Reserve Estates, which are
government owned. The majority of wood utilized
from Sudan's forests is for fire wood (Table
3.23). Another major use of forests is in gum
Arabic production (Table 3.24).

Fuelwood and Charcoal. As noted in Section 3.l.4,
the majority of energy consumed in Sudan is from

l7Sources:

Anon. n.d.

. Bayoumi. n.d.

Buropa. 1981.
U.N. 1981.

U.S. AID. 198la.
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Table 3,.23.

Roundwood Removals

('co@ cubic metres, all non-coniferous)

1972 1973 1974 1975 1976 1977 1973
Sawlogs, veneer logs and logs for
sieepers . . 38 90 o 93 30 35 4t
Other industrial wood‘ . . . 1,190 1.2%4 1,295 1,319 1.30¢ 1.405 £.450
Fuel wood . . . . 19,800 18,700 20,250 20,925 25,245 27,002 27,502
TortaL . . . . 21,078 20,044 21,608 22,337 26,636 28,442 28,993
* FAQ estimate,
Source: Europa., 1981.
Table 3.24. Gum Arabic Production
(tons)
1972/73 1973/74 | 1974/75 1975/76
Gum kashab 32,418 32,410 19,697 43,030
Guam talh . 2,649 3,804 1,107 8§88
ToTAL 35,067 36,214 20,804 43,918
Source: Europa. 1981.

93



3.4.3

wood or charcoal. Total wood consumed in 1979-80
was an estimated 10.65 million tons, and charcoal
accounted for an additional 550,000 tons. Nearly
all firewood was obtained from natural forests and
desert scrub. Fuelwood plantations contributed

about 1.3 percent of total requirements. Table
3.25 presents data on current and projected

fuelwood demand.
Range Use and Livestock 18/

Much of Sudan's surface area is more suited to
livestock grazing than to cultivation. Cattle,
sheep, goats, and camels are all herded in various
combinations by the nomadic groups of the country,
who account for approximately 11 percent of the
population. In addition, settled people often
keep some animals. Total herd size is over 17
million for cattle and sheep, over 12 million
goats, and 2.5 million camels (Table 3.26).
Generally camels are found in the more arid north,
while cattle are the main grazing animal in
central and southern areas. Few figures on

carrying capacity or stocking rates on rangeland
are available.

3.5 Fauna and Conservation Measures

3.5.1

Zoogeography of Native Terrestrial Fauna 1/

The fauna of Sudan belongs to the Ethiopian
zoogeographical region. This region encompasses
all of Africa except the northern part between the
Mediterranean from Morocco to Egypt. It also
includes the southern part of Arabia. Because
Sudan lies near the northern extremity of the
Ethiopian 2zoogeographical region, its fauna shares
affinities with that of southern Europe, which is

part of the Palearctic Region, and with the fauna
of the Oriental Region of southern Asia and India.

The diversity of the vertebrate fauna in Sudan
particularly mammals and birds, is surprisingl
great. This is due to several factors, inecludis

18sources:

19sources:

Europa. 1981
Khogali. 1979.

- Nelson et al. 1973.

Happold. 1967a.
Hallwagy. 1962.
Wilson. 1979, 1980.
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Table 3.26. Livesteck and Livestock Products

LIVESTOCK
(‘000 head, year ending September)

1977 1978 | 1979
Cattle . . . .| 15,302 15,208 17,300
Sheep . . . .| 15,248 17,358 17,200
Goats . . . .l 11,592 12,088 12,200
Pigs* . . . . 8 8 3
Horses* . . . 20 20 20
Asses* . . . 675s 678 680
Camels . . . 2.813 2.408 2,500
Chickens* . . .| 34,000 25,000 26.000

* FAQ estimate.

LIVESTOCK PRODUCTS
(FAQ estimates, '000 metTic tons)

1977 1978 1979
Beef and veal . . 180 188 155
Mutton and lamb . 72 73 77
Goats' meat . . 38 40 42
Pouitry meat . . 4 1S 16
Qther meat . . 78 78 78
Cows’' mik . . 88s 900 93%
Sheep's milk . . 121 123 122
Goats’ milk . . 370 370 380
Butter and ghee . 1.4 1.7 1.9
Cheese . . . $0.$ §2.1 53.6
Hen eggs . . 26.1 20,6 24.0
Wool: greasy . . 15.0 5.0 15.0
clean . . 6.2 6.2 6.3
Cattle hides . . 28.2 26.3 27.3
Sheep skins . . 10.3 0.5 11.0
Goat skins . . 7:2 7.6 8.0

Source: Europa. 1981.
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3.5.2

1) the broad range of habitats found within
Sudan's borders, 2) its very large north-south
latitudinal span, and 3) its proximity in the
south, to the east African refugia, which is
historically one of the two most important centers
of species diversity within the Ethiopian Region.

Because of the great latitudinal span of Sudan
(about 49 N to 239 N) and marked differences in
climate, the vertebrate fauna of arid northern
Sudan differs sharply from that of the humid
southernmost part of the country. Por example,
characteristic mammals of the desert-like or rocky
regions of the north included, at least formerly,

Barbary Sheep (Ammotraqus lervia, Addax
nasomaculatus), and Scimitar-horned Oryx (QOryx
dammah) . Characteristic species of the south

probably included Cheetah (Acinonyx jubatus),
Giraffe (Giraffe camelopardalis camelopardalis),
Rippopotamus (Hippopotamus amphibius), Warthog
(Phacochoerus aethiopicus), and African Elephant
(Loxodonta africana). Many species whose
distributional center lies in eastern equatorial
Africa, in fact, reach their northernmost range in
the forest or grassland -and savanna zones of
central and northern Sudan. Similarly, many
species characteristically associated with the
arid zones of northern Africa reach their southern
and easternmost limits in northern Sudan.

Mammals

There is a large body of literature dealing with
the mammals of Sudan. Specific works treating
Sudan, or a portion of the country, or a
particular taxonomic group include, Carlisle and
Koss (1970), Hashim and Nimir (1977), Happold
(1966a, 1967a, 1967b), Ghobrial and Hodieb (1973},
Nimir and Hakim (1979), Mackenzie (1954), Owen
(1953), Setzer (1965), Watson (1975), and Wilson
(1980). Surveys dealing with the combined region
of Ethiopia, Somalia and Sudan include
Brocklehurst (1931) and Van Rosen  (1953). General
works on the African continent, which include
Sudan, are Dorst and Dandelot (1970) and Meester
and Setzer (1971-1977). In -.addition there are
several general works that cover east Africa and

also have information relevant ‘fo Sudan.

Setzer (1965) lists 159 species of mammals,
excluding bats (Chiroptera) in Sudan (Appendix
VII), and Happold (1967b) adds many additional
species to the 1list. Unfortunately, during the
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last several decades human and domestic livestock
populations have increased rapidly in Sudan. This
has resulted in more intensive land use, and at
least as far as herbivores are concerned, has
resulted in a drastic reduction in the numbers of
many species. In the north both the addax and
oryx have suffered sharp reductions in numbers,
especially since 1950. These reductions are
believed to be a direct result of increased
numbers of domestic livestock. Their plight has
also been made worse by a lack of rainfall during
the last quarter century. This has caused the
virtual disappearance of the "gizu"”, an ephemeral
winter vegetation that occurs as far north as 17°
N and provides valuable, if temporary grazing.

The U.S. Department of Interior (1980) lists 1l
endangered or threatened mammals in Sudan (Table
3.27). Three of these are not shown on the IUCN
(1978) 1list. IUCN lists 12 species, 5 of which
are not listed by the U.S. Department of Interior
(Table 3.27) bringing the total to 15. It is
likely that even this combined total does not
adequately reflect the serious deterioration of
wildlife in Sudan. For example, Nimir and Hakim
(1979) state that " the wildlife conservation in
northern Sudan is very inadequate and that
wildlife habitats are deteriorating at an alarming
rate. They indicate that competition with other
land-uses is affecting many wildlife habitats.
Several species, such as Oryx, Addax, Addra
Gazelle (Gazella dama), Sommering Gazelle (Gazelle
someringi), and Leopard (Panthera pardus) are
threatened with extinction in Sudan. Two of these
species, the Addra and Sommering Gazelle, do not
appear on either the IUCN or the U.S. Department
of Interior lists, despite the fact they are
threatened with extinction according to Nimir and
Hakim (1979). IUCN data on listed mammals and
reptiles is given in Appendix VII.

Wilson (1980) provides a recent and valuable
review of the distribution and status of larger
mammals in northern Darfur Province. This region
covers some 250,000 sq km and includes habitats
ranging from desert to dry broadleaf deciduous
woodland. More than ‘Ralf of the area receives
less than 100 mm of rax.nfall per year, and about
90 percent receives "less than 400 mm and may be
classified as arid. as might be expected, the
results of the review are not encouraging. Of the

31 species of larger mammals for which there are
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Table 3.27.

and the U.S. Department of Interior

Vertebrates Listed by the IUCN RED DATA BOOKS

Status
Scientific Name Common Name IUCN U.S. Dept.
: Interior
MAMMALS
Manis temminckii Scaly Anteater E
Equus asinus African Wild Ass X E
Acinonyx jubatus Cheeta X T
Dugong dugong Dugong E
Loxodonta africana African Elephant X E
Gazella leptoceros Slender-horned Gazelle X E
Addax nasomaculatus Addax X
QOryx dammah Scimitar-horned Oryx X
Alcelaphus buselaphus tora Tora Hartebeest X E
Panthera pardus Leopard X B
Cerathotherium simum
cottoni Northern White Rhinoceros X E
Diceros bicomis Black Rhinoceros X
Equus grevyi Grevy's Zebra T
Pan troglodytes Chimpanzee X
Lycaon pictus African Wild Dog X
BIRDS
Falco peregrinus Eurasian Peregrine Falcon E
REPTILES
Crocodylus niloticus Nile Crocodile v E
AMPHIBIANS
None
FISH
None
X = listed (status not given); V = vulnerable:‘T§= threatened;
E = -

endangered
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definite records in northern Darfur, only six were
seen in an aerial survey in late 1976. A small
number of others still survive. According to
Wilson (1980) the status of four species are of
international <concern because they are near
extinction in northern Darfur. These are the
Scimitar-horned Oryx, Addax, Barbary Sheep, and
Addra or Dama Gazelle. Of these only small
numbers of Addax and Dama Gazelle are certain to
still occur. Wilson attributes the drastic
decline in wildlife numbers, and restriction of
their ranges, as fuch to competition with
increasing human and domestic livestock numbers,
as to hunting pressures. The estimated numbers of
livestock in the province are indeed staggering:
according to Watson (1977 in Wilson 1980) almost 1
million cattle, 1.5 million sheep, 1.2 million
goats, 226,000 camels, 150,000 donkeys, and 40,000
horses! Large carnivors, according to Wilson
(1980), have suffered greatest declines as a
result of systematic hunting during the 1940s and
early 1950s.

Data from Wilson's (1980) review are summarized in
Table 3.28. During the November 1976 aerial
survey of northern Darfur, only five species were
seen, Patas monkey (Erythrocebus patas), Jackel,
and three species of Gazelle, including Dorcas
(Gazella dorcas), Addra (Gazella dama), and Red-
fronted Gazelle. The survey estimated 24 Addra,
7,423 Dorcas, and 3,492 Red-fronted Gazelle. In
contrast to the very impoverished fauna of
Northern Darfur, 18 species of large herbivores
were seen in the more wooded southern Darfur
Province during an aerial survey carried out at
approximately the same time. An average biomass
estimate of 28 kilograms per square kilometer in
Southern Darfur Province is more than 28 times
that of Northern Darfur Province. Unfortunately
there are few early records that quantitatively
document animal numbers in Northern Darfur
Province. Almost certainly, numbers there were
never very great, although prior to the 1950s when
human presence increased markedly, populations
must have been far higher than today.

The prognosis for wildlife ‘in Northern Darfur
Province is bleak, accordingy to Wilson (1980) .
_ Continual human presence and " increasing domestic
animal populations will cause even further
reductions to the low numbers of range species
still surviving. Unless reserves are set aside

100



Table 3.28.

Status of Selected Large Mammals of Northern
Darfur Province

Lion

Leopard

Cheetah
Spotted Hyaena
Striped Hyaena

Common Jackal

Fennec Fox
Ruppell's Fox

African Hunting Dog

Elephant

Giraffe

Greater Kudu

West African Rorrigum
Red~fronted Gazelle
Dorcas

Addra

Barbary Sheep

Buffalo

Lelwel Hartebeest

Roan Antelope

Fairly numerous as recently as 1940s.

Probably fairly common
isolated records to 1950.

formerly;

Widely scattered records.
Still occur; no precise information.
Still occur; no precise information.

Probably
information.

occurs; no further

Recorded; no further information.
Recorded; no further information.

Once widespread and common, scattered
records through 1930s, 1940s and
early 1950s. ‘

Records confusing; no records in last
3-4 decades.

A few records in 1940s and in 1950.
Scattered records.

Scarce; reported at least to 1951.
Still fairly common.

Still fairly common.

Formerly widespread; now very rare.

Fairly common in
records; rare.

1900; scattered

-
X

One record 1945. °*
RN
"Great Numbers" (1947); now?

Fair number prébably.
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Table 3.28 continued

Scimitar-horned Oryz

Addax

Waterbuck

Bushbuck

Hippopotamus

Oribi

Warthog

Grimm's Duiker

Baboons

Patas Monkey

Aardvark

Porcupine

White Rhinoceros

Nubian Ass

Now threatened or extinct.
Now threatened.

Occurs in western Darfur (Wilson

1979).
No definite records but possible (See
Wilson 1980).

No definite records but possible (See
Wilson 1980).

No definite records but possible (See
Wilson 1980).

Certainly present Cformerly. No
recent records.

Certainly present formerly. No
recent records.

One referencé te 200 in 1938;
probably formerly common and
widespread.

Few references in literature;
formerly probably common.

One record (shaw 1936 in Wilson
1980).

One record (Shaw 1936 in Wilson
1980).

No  modern records but probably
occurred. Excavated bones indicate
presence within Recent Period.

No  modern records but probably
occurred. Excavated bones indicate

presence within Recent Period.

Source: Wilson.

1980.
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and adequately protected both from hunting and
from encroachment by domestic livestock and human
interference (an unlikely event), there will
probably be no large range wildlife in Northern
Darfur Province by the end of the century. In
fact, Wilson believes that with the exception of a
few especially favorable areas such as the Jebel
Marra uplands (for Kudu) and the catchment of the
Wadi Howar (for a few gazelle), wildlife will not
even last that long.

The status and distribution of wild mammals in
Southern Darfur Province were reviewed by Wilson
in 1979. Compared to Northern Darfur Province,
this province is smaller (160,000 sq km), and
somewhat less arid (400-900 mm). The results of
the review, which included on-site investigations,
are similar to those found in Northern Darfur
Province. Of the 49 large mammals discussed, most
have undergone a severe reduction in numbers and
have suffered severe contractions in range during
the last 75 years. However, only a few species
that were previously in the province have become
extinct. As in Northern Darfur, the decline is
attributed to the indirect effect of man and his
domestic animals causing habitat destruction. The
only major exceptions to this are the elephant and
giraffe which have suffered from poaching and
traditional hunting respectively, and the large
carnivores which were systematically exterminated
as a means of protecting livestock. Wilson
summarizes by stating that because of the
continuing influence of large numbers of domestic

animals, further reductions in the numbers and
range of wildlife can be expected.

The only other province in Sudan for which
information on the mammalian fauna is available is
Khartoum Province. Happold's (1967a) work on this
province is now somewhat out of date, although
there are few other publications on mammals of
Khartoum Province. All species reported by
Happold were definitely reported during the period
1963-1966 and it is significant that there is only
one large species, the Dorcas Gazelle. All other
species are bats, rodents such as rats and mice,
and small carnivors such as foxes, weasels and
mongooses. These are Species that would be
* expected to coexist with man, ‘or at least be
tolerant of him. The gazelle, the only species
that requires significant open and undisturbed
areas, was considered to be "very rare" (Happold
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1967a). Increased human population, shooting, and
degraded habitat are the factors listed as
contributing to their decline. According to
Happold (1967a) a few gazelle still occurred in
the western part of the province.

Information is not available on the status and
distribution of mammals in other Sudanese
provinces, although results of these three reviews
suggested that serious declines in population of
larger mammals. are likely over much of Sudan.
Data to be discussed under National Parks (Section
3.5.6) may suggest that more larger mammals
survive in southern Sudan than in the northern
region.

Birds

There is a considerable body of literature on
birds of sudan, and of regions adjacent to Sudan.
Early works on Sudan birds include the following:
Note on a collection of birds from the Sudan
(Phillips 1913), A List of the birds of the Anglo-
Egyptian Sudan (Sclater and Praed 1919-1928), and
Catalogue of Sudan Birds. (Bowen 1926). Recent
works include Macdonald and Cave (1948) and Cave
and Macdonald (1955). The latter titled Birds of
Sudan, is the most exhaustive to date on Sudan
birds. Publications useful in portions of Sudan
include, those of Shelly (1872), Jackson and
Sclater (1938), Etchecopar and Hue (1967), Urban
and Brown (1971) and Williams and Arlott (198l).
Continent-wide volumes that include relevant
information on birds in Sudan include Bannerman
(1930-1951), Hall and Moreau (1970), MacWorth-
Praed and Grant (1950-1970), Moreau (1966) and
Snow (1978).

The U.S. Department of Interior (1980) lists only
one endangered species in Sudan, the Eurasian
Peregrine PFalcon (Falco peregrinus peregrinus).
No Sudanese species are listed by the IUCN Red
Data Book (1969) on birds although information
from the updated 1979 edition was not available.
As in many parts of the world larger species such
as waterfowl, waders, raptors' and game species are
often sensitive to human pressures and should be
monitored closely. No recenty information on any
of these groups, or others such as Ostrich
(Struthio camelus), bustards (otididae), or
hornbills (Bucerotidae) was available.
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3.5.5

Reptiles and Amphibians

The Nile Crocodile (Crocodylus niloticus) is the
only species listed by the IUCN Red Data Book
(1975). It is classified as vulnerable. No
Sudanese reptiles or amphibians are listed by the
U.S. Department of Interior's 1980 list. Relevant
information on the status and distribution of the
Nile Crocodile can be found in Appendix VII.

Fish and Invertebrate Fauna

No fish that occur in Sudan are listed by the IUCN
Red Data Book (1969) or the U.S. Department of
Interior (1980), although information in the Red
Data Book 1is rather out-of-date. It is also
likely that because of the large extent of the
Nile River watershed drainage system in Sudan, the
status and distribution of Sudan's ichthyofauna is
still incompletely survevyed. The effects of
increased human and domestic livestock populations
on fish in Sudan is unknown.

The World Wildlife Fund (Oryx 1973; p. 161-162)
has begun an urgent compaign in an attempt to
divert sportsmen and fishermen from activities
that damage the coral reefs, ranging from
mechanized spear-fishing to underwater
photography. The Cambridge Starfish Research
Group has described the damage that is being done
in the Red Sea, and especially by tourist divers
based at Port Sudan. According to Oryx (1973; p.
162)....

"Fish are killed purely for fun, with enormous
wastage, and the reefs denuded. They point, too,
to some serious but not immediately obvious
effects, as for example the ignorant killing of
the inedible (because poisonous) puffer fish
Arothron hispidus. Quite tame and so an easy
prey, the puffer fish is however an important
member of the reef community in that it is a
predator of the invasive and destructive crown-of-
thorns starfish Acanthaster planci, which has
killed off large coral reefs in many parts of the
world, including the Red Sea. * By destroying this
predator spear-fishing is cantributing to the
destruction of the coral. - Shell and coral

"collecting for souvenirs .are also damaging--the

Group's report describes 37 coral colonies seen
drying on the Red Sea Hotel veranda in Port Sudan;
collected by nine sport divers they represented
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10-20 years of growth. The Group urges the Sudan
Government to ban all these activities in the
Sudanese Red Sea. As in the Seychelles, where the
Government has done this, the result could be a
positive encouragement to tourism. It might at
least ensure that the coral reefs and their fish
were still there for the tourists of the future
who are certain to come in increasing numbers."

Because of its economic importance and long
association with civilization, the Nile River and
its fish and invertebrate fauna have been the
subject of considerable investigation. The most
important modern ecological document is the
Jonglei Investigation Team Report of 1954 (Anon.
1954). This study reported on the probable impact
of the Equatorial Nile Project on the ecology of
the Upper Nile swamps. Other studies that treat
fish, invertebrates or plankton in Sudan include:
Cloudsley-Thompson (1964), Mahdi (1973), Green et
al. (1979) and Beshir and El-Moghraby (1980).
Most are of a technical or highly specialized
nature and do not contribute information that is
readily useful to this environmental profile.

National Parks and Existing Legislation

Sudan today has three national parks and fifteen
game reserves (Cloudsley-Thompson 1973; see
Appendix VII). There are also a number of
sanctuaries and forest reserves where hunting is
prohibited. Unfortunately, present legislation on
wildlife and national parks in the Sudan is not
adequate to preserve what remains. The wild
Animal Ordinance of 1935, amended in 1971, is the
basic legislation under which the wildlife
administration operates. This ordinance provides
that national parks, game sanctuaries and game
preserves may be set aside, and prohibits hunting
in national parks and game sanctuaries. Hunting
is permitted in game reserves by special permit
from the Director of Wildlife Administration.

Conservation in all protected areas in Sudan is
unsatisfactory, and enforcement of game laws 1is
inadequate, Some game reserves and sanctuaries
are no longer worthy of their name because all
game animals have disappeared from them and their

_natural habitat has been destroyed (Nimir and

Rahim 1979).
A new wildlife and national parks legislation was

drafted in 1974 but has not yet become law. This
proposed ordinance would establish! better
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guidelines for parks and protected areas. It
would also permit a new national park to be
established in the Radon area of Southern Darfur.
Unfortunately, it does not improve the situation
of game reserves and sanctuaries.

The Wildlife Administration is the governmental
body that oversees the management of wildlife and
parks, and enforcement of the Wild Animals
Ordinance of 1935. It is primarily a licensing
and policing body. Little progress has been made
toward organizing the wildlife department as a
technical, natural-resource-conserving body
concerned with management of habitats and animal
populations (Nimir and Hakim 1979).

The Wildlife Administration currently has 80 game
officers and inspectors; few have scientific
training in game management. There are also 214
game scouts in the Wildlife Administration. All
have had military training and some introduction
to the Wildlife Animal Ordinance: none have had
formal scientific training. According to Nimir
and Hakim (1979) the wWildlife Administration lacks
adequate transportation and equipment to perform
its function.

Conservation Status of Game Reserves and Game
Sanctuaries

The status of the game reserves in Sudan is
uncertain. Information was available on three
reserves in northern Sudan, the Rahad Game
Reserve, Sabloka Game Reserve, and Tokar Game
Reserve (Nimir and Hakim 1979). The Rahad Game
Reserve has been extensively settled by humans;
its trees have been cut and it is believed that
most of its wild animals have disappeared.

The Sabloka Game Reserve was established primarily
for the protection of wild sheep (Ammotragus
lervia) but it is believed none exist there now.
Tokar Game Reserve is reported to be deteriorating

but little informaion was given by Nimir and Hakim
(1979).

5
2

Problems in the game reserves stem from many
sources, but most can be traced to a lack of funds

“and poor administration. _There is no patrolling

system to guard the game reserves, and because of
vast distances, poor roads, and lack of transport,
attempts to survey or patrol are impossible. Some
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game reserves have not been visited by any
representative of the Wildlife Administration
during the last five years (Nimir and Hakim 1979).

The status of game protection in game sanctuaries
is little better than for the reserves. There are
no protective measures, signs are not maintained
and there is much evidence of deterioration of the
environment. Serious damage is reported in the
Erkowit Sanctuary, Sinkat-Erkowit Road Sanctuary,
and Omdurman Gordon's Tree Sanctuary. Desert
regions of Northern Kordofan and Northern Darfur
still contain some wildlife; for example the
Dorcas Gazelle and ostrich occur in small numbers
throughout the region, and the Red-fronted Dama
Gazelle is present in many localities. The
presence of Barbary Sheep is now very local.

In the Red Sea Hills the Nubian Ibey is found in
many localities. Dorcas Gazelle and ostrich are
scattered along the Red Sea coastal plains (Nimir
and Hakim 1979). Large numbers of Dorcas Gazelle
are also still reported in areas from the
extensive deserts west of Omdurman through the
north to the Nile Province's southern boundaries.
Jebel el-Dair, south of el-Rahad in Northern
Kordofan, has a good population of Greater Kudu,
but this population is subject to poaching and the
habitat is deteriorating as a result of tree
cutting and pasture burning. :

Problems in Sudan's National Parks

Dinder National Park covers 7,120 sq km (2,750 sq
miles) and lies 406 km (315 miles) south-east from
Khartoum, near the Ethiopian border in Blue Nile
Province. Its fine assemblage of game includes
elephant (during the rains), hippopotamus,
giraffe, buffalo, roan antelope, waterbuck, tiang,
greater kudu, red-£fronted and Soemmering's
gazelle, reedbuck, bushbuck, oribi, duiker, Salt's
dikdik, warthog, bush pig, lion, leopard, cheetah,
hyaena, wild dog, grivet and red hussar monkeys,
and baboon. The status of tora and lelwel
hartebeest is uncertain. It has been decided not
to reintroduce hippopotamus as poachers would be
the only gainers (Cloudsley-Thompson 1973).
N

. Dinder National is the only national park in

northern Sudan. In terms of economic, aesthetic
and scientific value it holds great potential.
Unfortunately, during the wet season many animals
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migrate to wet-season ranges outside of the park.
Currently, the expansion of unlicensed agriculture
into areas adjacent to the park has created
problems in wildlife management. A 400,000 ha
farm north of Jebel el-Gerri is expected to have
serious impact on the animals because it is

diminishing the area of wet-season habitat (Nimir
and Hakim 1979).

Nimir and Hakim (1979) maintain that during the
last six years upon which they report, there has
been a significant decline in the population of
Tiang (Damaliscus korrigum) and waterbuck (Kobus
defassa), amounting to 60 percent and 25 percent
respectively. They claim the declines are due to
mechanized agriculture on wet-season ranges, and
livestock trespassing into the park during the dry
season. In addition, the food competition between
livestock and wildlife and trespassing in the park
has caused outbreaks of rinderpest (1972) and
anthrax (1974) among the wild animals (Nimir and
Hakim 1979). 1In addition, stage two construction
of the Rahad Canal to transport water from the
Roseires Dam to the Rahad River is expected to
block the migration route of the Dinder Park

animals. The Sudan government has been advised of
this problem.

Southern National Park, coversing 16,835 sq km
(6,500 sg miles) in Bahrel-Ghazal Province,
comprises mainly wooded country and the animals
include elephant, white rhinoceros, hippopotamus,
giraffe, buffalo, giant eland, roan antelope,
waterbuck, tiang, lelwel hartebeest, reedbuck,
bushbuck, oribi, duiker, warthog, 1lion, 1leopard,
serval, hyaena and wild dog (Cloudsley-Thompson
1973). No additional data is available on
development in this park.

The following account of Sudan National Parks is
taken from Cloudsley-Thompson (1973). Some

additional information can be found in Appendix
VII.

"Nimule National Park, 260 sg km (100 sq miles) on
the Uganda frontier in Equatoria Province, is
famous for its enormous herds of elephant. White
rhinoceros, hippopotamus, buffalo, Uganda kob, and
waterbuck are very common. Smaller species, such
as bushbuck, lelwel hartebeeSt, oribi, duiker,
- warthog, hyrax, and baboon, are "less plentiful,
but the aggregation of bigger game is remarkable.
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This superb park lies in an ideal setting between
mountains on the west and the Nile, with the Fula
Rapids, on the east, where, for a distance of
nearly a Kkilometre, the great river hurls itself
through a gap not more than 30 metres wide. Since
1961, owing to the rebellion in the south, Nimule
has not been accessible to visitors. The game
scouts were withdrawn two years later, after which
the park had no supervision. According to
unconfirmed reports, however, the rebels did not
greatly interfere with the game; indeed, the army
is likely to have been a far greater menace in
this respect. On the other hand, there was no
control of poachers from Uganda, although these
may have been deterred by the danger of operating
S0 close to the scene of armed conflict.

The Southern National Park is even more remote
than Nimule. It has only a skeleton staff and has
not been developed in any way. Nearly all the
efforts of the Ministry of Animal Resources and of
the Tourist Department are being directed towards
Dinder National Park. When my wife and I first
went there in 1961 the only other name in the
visitors' book was that of. Professor K.N.G. McLeay
who had been in 1959. By contrast, in 1971, 265
visitors used the park accommodation. There are
even plans to build an hotel at Galegu, just
inside the northern boundary of the park, but
these will probably not be realised in the near
future. At present, accommodation for visitors is
limited to some well constructed straw huts with
electric light; meals are served in a pleasant
dining room, and showers have been installed and
latrines dug. An airstrip permits a twice-weekly
schedule by Sudan Airways, and there is an
excellent rest camp at Guweisi, where the railway
crosses the Dinder river, 155 km (96 miles) north.

Dinder is completely inaccessible during the rains
and the park is open to visitors and staff for
only four or five months of the year. Poaching is
consequently a great problem. In 1970, several
waterholes were poisoned by 1local poachers--
possibly as a protest against the Government
decision to abandon the Rahad :canal scheme which,
they hoped, would bring wealth--and many animals
died. The project to buildvy a canal from the
- Roseires dam on the Blue Nile to ‘the Rahad river,
which would cut the game migration routes between
dry season and wet season ranges, and could be
disastrous, was opposed by both the Game
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Department and Sudanese members of the Department
of Zoology in Khartoum University. A new pumping
plant at es-Suki, further north on the Blue Nile,
was started this year. The future of the park
must inevitably remain in jeopardy while an
economically hard pressed government invariably
gives priority to irrigation schemes without
considering the 1long-term interests of the
country.

In an article on the future of wildlife in the
Sudan in Oryx, December 1966, Dr. D.C.D. Happold
outlined some of the many problems facing the
staff of the Game Department, but he did not give
credit for what these sorely pressed officers have
actually managed to achieve, despite lack of
government support. Nor did he mention that what
makes Dinder outstanding amoung the national parks
of eastern Africa is not so much the rich fauna as
the wealth and beauty of the forests, where chalky
white Acacia fistula are interspersed with the red
ochre of A. seyal, with groves of dom palms, wild
fig trees alive with grivet monkeys or baboons,
and guinea fowl calling all round."

Future of Sudan's Wildlife_

The following summary is taken from Cloudsley-
Thompson (1973).

"Outside the parks and reserves, the traveler does
not see much wildlife in the Sudan, apart from the
occasional monkey, gazelle, waterbuck (whose meat
is said not to be good eating) and ostrich; that
is, unless he makes a special effort to go to the
best places. Except for hunters, few people
bother to do so since game can normally be seen so
much more easily inside the parks, especially
Dinder.

The extent to which the game of the Sudan has been
destroyed during the last century is amply
documented, the result of human activities which
are likewise responsible for an extremely rapid
expansion of desert. Bird life is still
surprisingly rich, although a sharp decline in the
numbers of cattle egrets of Trecent years may be
associated with the increased 'uge of insecticides,

_especially in the Gezira. IR general, however,

agricultural development seems to be less harmful
to birds than to mammals (other than rodents) and
the construction of reservoirs is beneficial to
aquatic species such as pelicans.
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The future of Sudan's wildlife depends on how long
it takes to build up a profitable tourist trade.
This, in turn, depends on the establishment of
stable government, the relaxation of immigration
formalities, competitive costs and the provision

of facilities. These objectives will probably
take many years to achieve.

The national parks and game reserves of the Sudan
are still relatively inaccessible. They preserve
a wild aspect and the game is not unnaturally
tame. They cannot hope ever to compete for the
massive tourist trade of East Africa. But they
have a potential appeal to the more adventurous
traveller who is prepared to stand considerable
discomfort and innumerable frustrations to see a
part of Africa that is, as yet, little affected by
modern civilisation."
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4.1

Major Environmental Problems
Desertification

Desertification is one of Sudan's most pressing problems.
The debate still continues on whether desertification is
primarily a natural phenomenon or caused by man. There
is, however, general agreement that man's activities have
some impact, even if just to aggravate the problem. At
any rate, the desert has shifted southward at a rate of
five to ten km per year in Sudan, as indicated by shifts
in vegetation belts. The shift can be well illustrated
in the area of Wadi el-Milk in northern EKordofan.
Research in 1958 showed that the boundary between the
desert and the Acacia mellifera-Commiphora scrub occurred
where the wadi turned to the northeast near el-Ain. By
1976, wWadi el-Milk left the scrub zone 110 km south of
the el-Ain escarpment (Sudan 1976).

According to U.S. AID (198la), substantial agricultural
land is being lost. Sheet and gully erosion are
widespread, and approximately 240,000 ha in northern
Sudan are affected by salinity problems. About 1.2
million ha of land are cleared annually; 800,000 ha for
mechanized crop production and 400,000 ha for traditional
agricultural and forest products. Current rainfed
mechanized agricultural techniques generally require land
abandonment after five years, while only within forest
reserves (0.5% of total land area) are good forest
practices observed. Overgrazing is common and 500,000 to
800,000 sq km are burned each year, removing about 300
million tons of foliage; nomadic tribes annually uproot
millions of acacia trees for firewood. Such pervasive
deforestation has caused substantial erosion and reduced
water retention capability along many water courses in
central Sudan.

Desertification is the environmental problem receiving
the most attention from the Sudanese National Research
Council's Committee for the Environment. The problem has
been under study for several years, and a Program of
Desert Encroachment Control and Rehabilitation (DECARP)
was prepared in 1976 by a team of specialists from the
Ministry of Agriculture's General Administration for
Natural Resources and from the National Council for
Research working in collaboration with the United Nations
Environment Program and the Food and Agriculture
Organization. This study (Sudan\?1976) contains a
detailed discussion of factors behind desertification as
well as the phenomenon's impact, and is followed here.
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4.1.1 Factors Behind Desertification

The major destructive features of human activities
leading to noticeable change in aridity and desert
areas are: overgrazing; over and irrational
cultivation; wood cutting and deforestation;
uprooting shrubs; lowering of the water table due
to increased water use; and burning of grasslands,
forests and scrub. Observations show that damage
is steadily increasng, which is not surprising in
view of the present practice of land use in the
Sudan. There is generally no regional integration
between pastoral and agricultural activities and
thq. same area could be used for both purposes.
Some nomadic tribes are involved in cultivation,
some cultivators in pastoralism, and all are
competing for resources. Some major areas of land
misuse are noted in Figure 4.1.

Cultivation in marginal areas during periods of
higher than normal rainfall is especially
dangerous and perhaps the main cause of
desertification. When dry years follow a wet
year, ploughed soil or soil from which the sparse
cover of natural plants has been eliminated by
cultivation is subject to wind and water erosion.
The fine clays and silts are carried away as dust,
and sand drifts into dunes.

This desertification in situ from intensive
agricultural activities that rapidly exhaust soil
fertility and binding properties is the real
danger on the fringes of the desert, not the
southward advance of sands.

Systems of cultivation may also contribute to
desertification. For example, in the past, Acacia
senegal gum gardens formed parts of extensive
areas over which there was a well defined
rotational cultivation - bush fallow system. The
cycle was started by cleaning a gum garden in
order to grow «crops like millet, sesame,
groundnuts, hemp and melons. The older gum trees
were cut down to kill the stumps, but younger
trees and seedlings were pruned back close to the
ground so as to keep them alive throughout the 4-6
years of cultivation. The " resulting coppice
shoots were cut back during ‘qeeding operations,
_but new growth continued even during the early
months of the dry season.
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LAND MISUSE IN SUDAN

Overstocking on semiarid grazing by camel owning
tribes.

Overcultivation on Gedaref Ridge and vicinity.

Overcultivation and overgrazing of Blue and White
Nile Riverain zones.

Overcultivation and local overgrazing of central
sand zone, El Fasher region and Dar Masalit.

Eroded upland and pediment soils of Nuba Mountains.

Grazing losses by fire on tribal lands of Hawazma and
Aulad Himeid.

Overstocking and grazing losses by fire in Beggara
and Ragaba Catena.

Overstocking of riverain zone of Bahr el Arab.

Overstocking and overcultivation on "high" land of
Nilotes.

Erosion and degradation of high savanna by overcultivation
and fire in the Green Belt, Western Equatoria Province.

Country Boundary

------ Original Province Boundaries

Railway

— . Rivers

Non-Perennial Rivers

AY

o Towns
Ay \\
A Limits Low Woodland - Savanna

Scale: 1 : 8,000,000
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This went on throughout the crop cultivation
cycle, after which the land was left to revert to
bush fallow. The new gum gardens, attaining their
maximum yield in 7-10 years, were cleared again
for cultivation after 10-15 years. However, with
the increase in population, the rotation periods
have become shorter in order to meet increased
demand and to provide more income from exportable
cash crops. Such crops are given preference to
gum gardens as they take less time to produce and,
in years of good rain, give more income per unit
area than that anticipated from gum gardens.
Hence, over-cutting of gum trees for cultivation
and firewood and overcultivation has caused.
deterioration of the vegetation cover followed by
sand movement, soil deterioration and desert.

The normal system of cultivation includes one or
more years of fallow which contributes to
overcultivation by expanding the area ploughed.
Worse, however, is the trend towards year after
year cultivation which provides no environmental
protection at all.

Overpopulation and overcultivation also cause the
lowering of water tables which 1is a critical
factor in desert encroachment in the Sudan. This
situation can come about through the pumping of
ground water for drinking or irrigation purposes
or the demming or diversion of water courses. The
indiscriminate and unregulated installation of a
large number of tube wells throughout the Sahel
region is triggering an advancement of the desert
onto agricultural lands. Better planned water
development programs are required so that
agricultural field improvements through irrigation
are not offset by land losses to advancing sand.

The cutting of wood by pastoralists and
cultivators also is a major cause of desert
encroachment in the Sudan. Vegetation is
harvested for feed, to build homes and enclosures
for animals, and for fuel. With brush or tree
cover eliminated, the micro-climate is invariably
more arid, the dry season more accentuated, and
there is a probable - but not. yet demonstrated -
reduction in total rainfall.* Nomads alone may

uproot at least 548 million acacia shrubs annually
. faor cooking (Sudan 1977).

While some overgrazing has undoubtedly occurred in
the Sudan for centuries, it has only become
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widescale and acute during the past few decades
(Table 4.1).

In Rordofan, the 1livestock population increased

nearly four-fold from 1957 to 1966 and there have
been further increases since. This rapid increase

in livestock numbers has broken down the dynamic
equilibrium that once existed between livestock
and the natural grazing resources. This leads to
rapid devegetation, removal of soil cover, and
increased wind and water erosion with consequent
reduction in human and livestock carrying capacity
of the 1land. In one area surveyed, the actual
stocking rate during certain seasons reached eight

times the estimated carrying capacity of the range
(Table 4.2).

Fire 1is also an influential factor causing
desertification in the Sudan. In addition to
destroying potential forage, fire induces
remarkable changes in the botanical composition of
the predominent vegetation formations and
individual plant communities. Desirable perennial
grasses which are susceptible to repeated burning
are being replaced by less desirable fire-
resistant annual species. As a result, 60 percent
of the floristic composition is already annual, a
manifestation of desertification. In many cases,
burning is intentional with the idea that it
increases grass palatability. In others, it is
accidental and is usually associated with clearing
land for cultivation by the use of fire, which
often escapes (Table 4.3).

Effects of Desertification

Food production has declined and is declining on
the cultivated lands within the Programme Area
(mainly northern Darfur and northern Kordofan)
because of soil deterioration associated with
desertification. Data in Table 4.4 indicate that
the acreage needed to produce 73,000 tons of
groundnuts in 1978 was almost five times larger
than in 1961. Also, the decrease of sesame
production was approximately .in the proportion of
20 to 1 during the same périod. In terms of
productivity, sesame producerg have lost during
twelve years 19 feddans out of 20, and groundnut

" producers have lost four feddans out of five.

Dura (sorghum) production has declined from 424
kg/feddan in 1961 to 191 kg/feddan in 1973 (Table
4.5). Maize and dukhn (millet) yields have
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Table 4.1. Number of Livestock in the Sudan for Selected Years

Type 1924 1964 1974

Cattie 1,500,000 10,000,000 12,897,720
Camels 418,000 2,000,000 3,090,000
Sheep 1,966,800 10,000,000 11,484,000
Goats 1,840,000 7,000,000 8,794,000

Source: Khogali. 1979.

Table 4.2. Sustained-Yield Carrying Capacity and the Number of

Livestock at Areas of Animal Concentration at Dar Rezeigat, 1975

Livestock units at Observed live-

Seser ueanedze ok
July and

October/November 180,000 1,440,000
August-October 180,000 640,000
December 180,000 600,000
Japuary 209,000 600,000

February-June 209,000 280,000

Source: Khogali. 1979.
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Table 4.4. Groundnut and Sesame Production
of the Kordofan Province 1961/73

Groundnuts Sesame

Total Total
area Total Av. yield area Total Av. yield
cropped production (m. tons/ cropped production (m. tons/
Year (feddans) (m. tons) feddan) (feddans) (m. tons) feddan)

1961 184,000 73,000 0.400 112,000 38,000 0.339
1964 200,000 59,777 0.297 2§9,200 30,719 0.102
1967 211,200 45,657 0.216 362,000 31,560 0.083
1970 300,000 69,728 0.232 450,000 43,268 0.097
1973 810,000 73,690 0.090 778,940 14,722 0.019

Source: Sudan. 1976.
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declined from 333 kg and 542 kg to 154 kg and 71
kg/feddan respectively during the same period.
The reduction in yields was at a proportion of
about 8 to 1 during the twelve year period. Since
food crop production is so quickly decreasing, the
region is on the verge of disaster and there are
signs of progressive abandonment of agriculture in
many areas.

Meat and milk production is only a fraction of the
area's potential. While percent offtake is
slightly higher for sheep (about 15%), it is only
about 6 to 8 percent for cattle. Sudan has the
potential to be self sufficient in meat production
and at the same time supply other countries. Yet,
it is hardly meeting local and national demands.

Declining Wood and Gum Production. In 1974,
extensive dying off of Commiphora africana
occurred in the Sodiri area. In most of the

Acacia tortilis -~ Commiphora belt there was a
selective death of Commiphora species and the belt
is gradually changing into a pure Acacia tortilis
zone characteristic of areas further north. Also,
in the area between Umm Bader and Mazrub, along
latitude 149N, extensive death of Acacia senegal
was observed. The northern limit of this species
appears to be shifting south over wide areas and
Acacia senegal is being replaced by Leptadenia
pyrotechnica, especially on relatively loose sandy
areas.

Sudan is the world's major producer of gum Arabic,
which 1is extracted from Acacia senegal. The
product amounts to about eight to nine percent of
the value of the country's total exports. The
death of these trees over large areas has not only
adversely affected Sudan's foreign exchange
balance, but has also reduced the supply for
worldwide use.

Sand Movement and Dunes. A reconnaissence team of
the National Council for Research and assisted by
the UNEP/UNESCO in November 1975 documented the
advance of sand from the extensive Libyan desert
and the Jebel Abyan plateau which is being blown
southward on a broad front by the steady northern
winds. The team reported -that striking evidence
. of the large-scale southward drift of sand is the
covering of the bed of the Wadi Howar by loose
sand over its whole 1length. The area in the
immediate wvicinity of the wadi Howar, and the

124



Wadi Howar itself has become sandy desert, except
where some of the old Acacia tortilis trees are
still standing.

In several Northern Kordofan areas, sand
encroachment has moved rapidly ahead of the
southern boundary of the desert and loose sand is
accumulating over the formerly consolidated sandy
clay soils. Shallow sand encroachment appears to
have killed all the vegetation as far south as
13ON, except the trees Acacia tortilis and

Salanites aegyptiaca and a small number of dune-
adapted shrubs.

The UNEP/UNESCO ecologist in describing desert
encroachment in the northern Nile Valley, stated:
"From about 50 km north of Khartoum, the Nile
flows through the arid zone and is surrounded by
almost total desert. A discontinuous narrow band
of irrigated alluvial soil along the Nile is
cultivated and is very productive. This alluvial
area includes the Kerma Depression, a former
depression, a former course of the river lying to
the north of Dongola and to the east of the Nile.
The surrounding desert -areas are beyond all
reasonable hope of rehabilitation because of the
climate and the loss of top soil. The alluvial
strip along the river and in the nearby
depressions is being steadily reduced by the
encroachment of the drifting sand from the north
and the east. Settlement and agriculture are
limited by the extent of the alluvial soil, by the
capacity (and authority) to irrigate it from the
river, the capacity to irrigate from boreholes
and, finally, the extent of sand encroachment.
The latter limiting factor is becoming
increasingly serious."

The team noted that the whole length of the Nile
between Dalgo and Karima, the greater part of the
east-west loop, is subject to serious sand
encroachment along the north-facing bank. Over
long stretches, sand dunes have reached the river
and have oblitorated cultivation and extensive
settlement. In other areas, moving sand dunes are
in the process of covering agricultural land and
villages. The reconnaissange team visited the
Kerma Depression Land Reclamation Scheme where
- large areas of agricultural land on alluvial soil
have been abandoned due to sand accumulation with
an average depth of only 7 cm.
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Wildlife. Wildlife, once abundant in desert and
semi-arid areas, is slowly vanishing because of
deterioration in the wildlife habitats and
continuous hunting. The above mentioned team
reported small herds of dorcas gazelle in the Wadi
Howar, but along the 220 km of the course of the
Wadi that were searched, no signs of oryx or addax
were seen. Also, no signs of oryx were seen in
the vicinity of Nukhoila and el-Atkon Oases or in
the desert to the west of them.

The Kababish and Camel Rezeiquat nomads stated
that the addax had not been seen in the vicinity
of the Wadi Howar for about 15 years. The oryx
were thought to be present in small numbers, but
the team found no one who had seen any since 1973.
It appears that many of the former wildlife
species are now extinct in the area and those that
remain are highly endangered.

4.2 Soil salinization

El-Rarouri (1979) has summarized salinization problems in
Sudan as follows here.

With the rapid expansion of irrigated agriculture, the
question of soil salinity is becoming more and more
urgent, not only for putting naturally salt-affected
lands under cultivation, but also for maintaining the
productivity of existing irrigated areas. At present,
the total area of irrigated land in the Sudan comprises
about 1.6 million ha but there are several new irrigation
projects under construction. These could increase the
total irrigated area to perhaps 4 million ha. Thus in
the near future problems of soil salinity are likely to
be encountered on a larger scale.

Work on soil salinity in the Gezira area may be traced
back to the turn of the century, when it was established
that there were potential salinity and alkalinity hazards
associated with the Gezira Scheme. Many workers
expressed concern about the possible deterioration of the
soils of the Gezira, the first and largest irrigation
enterprise in the Sudan, when it was put under
irrigation. Some advocated the installation of a sub-
soil drainage system if the rapid deterioration of the
Gezira soils was to be avoided. . This view was not
accepted by all because of the poor -Permeability of the
soil and - the restricted lateral movement of water, which
are prerdquisites for an efficient drainage system.
However, because of the high-quality irrigation water
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with its low salt content (less than 200 ppm) and high
Ca:Na ratio, as well as inclusion of long fallows in the
rotation during which salts moving to the surface can be
washed down by rains, in addition to growing salt-
tolerant crops such as cotton, no visible signs of soil
deterioration have been observed in the Gezira Scheme.

Although no signs of so0oil deterioration were detected,
efforts were directed towards improving the inherent
properties of the Gezira soils, particularly soil
permeability. In the 1930s gypsum was used in reclaiming
Gezira sodic soils, but leaching following gypsum
application was insufficient to effect any profound
change in soil productivity. Attempts at using sodium
accumulators (Atriplex spp.) also failed to significantly
lower sodium levels in the soil, quite apart from its
depletion of plant nutrients, particularly nitrogen.

Unlike central Sudan and the Gezira area, the soils of
northern Sudan are affected to a greater degree by soil
salinity, particularly from Khartoum northwards along
both banks of the Nile. The area affected by salinity in
the Sudan can only be estimated, since few systematic
surveys have been made. However, the areas which are
potentially irrigable but where- salinity is the main

limiting factor for its development cover more than
200,000 ha.

The soils of the two northern provinces are derived
largely from the alluvial deposits of the Nile mixed with
some nonalluvial sands from the Nubian Sandstone. They
are divided into two main groups, soils of the Recent
Flood Plain and soils of the High Terraces. Soils of the
Recent Flood Plain, which are a mixture of entisols and

vertisols, include the Gerif and Gureir (local names) and
the basin soils.

The Gerif soils are distributed along both banks of the
Nile and contain high amounts of silt of fairly recent
origin. Crops are dgrown without irrigation, after
subsidence of the annual flood. The moisture-release
curve of these soils indicates that plants could utilize
most of the moisture in the profile.

The Gureir soils, which occur near the river bank and
adjacent to the Gerif soils, are subject to flooding by
moderately high flows. They are similar to Gerif soils
in many aspects, but have a finer texture. They are rich
free-working alluvial loams and, when irrigated, are one
of the most productive soils in the Sudan.
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The soils of the basins are alluvial deposits which vary
greatly in age and nature. It is believed that the
basins are the remains of former channels of the Nile.
They are flooded only at very high flood stages. Basin

soils are characterized by a high clay content, low
salinity, and occasionally by high sodicity.

Most of the soils of the Recent Flood Plain, particularly
the Gerif and Gureir soils, are fully exploited for
agricultural production, and any envisaged agricultural
development in the two northern provinces will depend
mainly on the utilization of High Terrace soils. Besides
some of the topographic and physical drawbacks, the main
factors limiting the development of High Terrace soils
are salinity and sodicity.

High Terrace soils occur on the landward side of the
Recent Flood Plain. They could be classed as aridisols
which have a weak structure and a texture which varies
from sandy loams to sandy clays. Table 4.6 demonstrates
considerable variation in salt content and composition,
not only between different sites but also with depth,
reflecting the diversity of parent materials within any
one profile. Electric conductivity (EC) and exchangeable
sodium percentage (ESP) values range between 0.2 and 49.5
mmhos/cm and between 1 and 100 respectively. Sodium is
by far the dominant cation, and the dominant anions are
chloride and sulphate. Therefore, the main salts are
generally sodium sulphate or sodium chloride.

Little information is available on the reclamation of
High Terrace soils. However, experience at the Gezira
and other work have revealed that fine-textured soils are
difficult to reclaim. On the other hand, it is expected
that light-textured High Terrace soils can be reclaimed
fairly easily. Preliminary investigations pertaining to
the use of gypsum as an ameliorant on light-textured High
Terrace soils have indicated its effectiveness in
improving the permeability of these soils. Table 4.7
compares EC and ESP from two sites of High Terrace soils,
one from virgin land and the other from a plot cultivated
and irrigated from a surface well. It shows the effect
of irrigation on 1leaching the salts and reducing the
level of exchangeable sodium. One cannot, however,
overlook the importance of carrying out more intensified
studies and pilot projects before :‘gmbarking on large-
scale project developments. )
\\‘

Similarly the area south of Khartoum between the Blue and
the White Nile and extending ‘as far south as the
northwest boundary of the Gezira Scheme is predominantly
saline and/or sodic. The total area is estimated at
81,000 ha. Due to salinity problems this area has never
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Table 4.6,

e

Chemical Analyses of Saturation Extract in High Terrace Soils

Sample Depth oH EC Soiuble cations and anions meg/|
mmhos/ ESP
No. (cm) paste
cm Na K Ca Mg o} SOs HCO,
1 0-30 8.0 08 7.7 0.1 0.9 0.6 3.9 3.0 1.4 11.0
30~-60 8.1 1.3 12.8 0.1 0.8 0.2 5.8 3.5 0.5 20.0
60—90 8.1 5.4 63.5 0.4 4.0 2.3 52.0 12.0 4.1 34.0
_90-120 8.2 4.5 48.0 0.2 3.1 0.9 '28.0 21.0 2.5 33.0
2 0-30 7.6 18.5 56.0 1.6 186.0 120 §7.0 150.0 1.1 7.2
30-60 7.5 20.1 51.0 0.5 175.0 1.0 64.0 160.0 0.8 6.3
60-90 7.5 10.6 42.0 0.2 68.0 4.0 40.0 75.0 1.0 8.4
90-120 7.8 7.3 35.0 0.2 35.0 0.2 28.5 32.0 1.3 11.9
3 0-30 8.1 0.9 15.0 03 28 0.7 0.7 8.6 2.2 14.0
3060 8.1 1.4 13.0 0.1 0.8 0.2 0.4 7.6 4.2 17.5
60—-90 7.9 54 39.0 0.1 2.0 0.6 2.0 60.0 1.4 128
90—-120 7.5 176 80.0 0.3 9.0 820 95.0 98.0 1.2 11.9
Source: el-Karouri. 1979.
Table 4.7. EC and ESP of Virgin and Cultivated Plots

EC mmhos/cm ESP
Soii
depth o o )
{em) Virgin  Cultivated Virgin  Cultivated
0-30 27.0 3.0 62 2
3060 18.5 6.0 3 : 12
60—-90 5.9 3.5 12 10
\\\‘
Source: el-Karouri. ‘ 1979.
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been utilized agriculturally in any form except for a
short-lived animal fattening scheme which was established
in an area of 4,000 ha. Low productivity of the land was
one of the factors that contributed to its failure. Soil
and land classification studies undertaken in the area
have confirmed that most of the soils are unsuitable for
development and that the two limitations of these soils
are salinity and sodicity. Four main soil types have
been identified.

" Bsailat Sodic Series. These constitute about 46 percent

of the surveyed area. The clay content is variable,
ranging from 13 to 51 percent. The soil matrix is
calcareous throughout. In the top layer salinity is

light to moderate and electric conductivity ranges from
0.5 to 6 mmhos/cm. The subsoil is more affected by
salinity, and EC ranges from 4 to 30 mmhos/cm.
Similarly, ESP varies with depth and ranges from 8 to 71,
with the lower values being associated with the surface
horizons.

Eilafun Series. This is a brown clayey soil that forms
deep cracks when dry, and surface cracks are common but
often covered with a thick surface mulch. Clay content
varies from 25 to 61 percent. The occurrence of soluble
salts and exchangeable sodium is rather variable. EC
ranges from 0.5 to 17 mmhos/cm, and the ESP from 4 to 42.
Both EC and ESP are generally lower in the upper layers,
but are present in moderate to high amounts lower down.

Gureir Series. This has a loamy texture, with the clay
content ranging from 15 to 39 percent. Excess amounts of
exchangeable sodium are contained in the lower horizons.
Soluble salts content is low at the top of the profile
but is moderate to high at greater depths. EC ranges
from 1 to 16 mmhos/cm, and ESP from 15 to 43. '

Bageir Series. This has a light texture, with a clay
content that ranges from 9 to 36 percent. Generally it
is non-saline but sodic. EC ranges from 0.5 to 6
mmhos/cm and ESP from 11 to 68. The lower values are
those of the surface horizons. The chemical analyses of
four profiles representative of the four soil types
(Table 4.8, a-d) show the magnitude of salinity and
sodicity in the area.

Recently the Ministry of Agriculture, Food, and Natural
Resources in the Sudan has recogmized the need for
applied research in the field of soil salinity in order
to permit the development of the -area south of Khartoum.
Thus the Soba Research Station for soil salinity studies
was established. The programme of work at this station
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Table 4.8. ‘Chemical Analyses of Four Soil Types South of Khartoum

1 A, Esailat Series

) . Exch ;
5. a sug mw?ot:;‘ Soluble ions mea/! sat. extract
2 T3 O ~-
&% 33 9%ss esp
; € € Na K Ca Mg Na K G Mg G SO, HCOy CO,
0-35 89 29 38 22 o038 8 0.9 03 113 .30 08 583
35-90 85 51 S0 22 0.9 51 40 09 164 20 0.4 431
90-120 388 3.2 38 20 07 33 20 05 128 22 05 518
B. Eilafun Series
S P § o § E;:/?ot‘;m‘ Solubie ions mea/| sat. axtract
§5 53 33 WS g gsp
a~ a g Qg
€ & Na K Ca Mg Na K Ca Mg O SO, HCO, CO,
0-5 88 06 S¢ 80 12 7.4 04 0.4 1.1 25 1.0 158
s-45 8.8 08 57 140 1.1 9.0 08 02 21 1.9 1.3 2458
45-55 83 8.7 56 160 1.0 75.4 142 7.1 24.0 08 05 8.2
65-105 8.0 7.4 43 14.0 10 80.0 298 19 272 0.7 0.0 323
106-135 8.0 58 43 128 0.9 61.0 94 49 24.7 08 05 300
C. Gureir Series
& Exch. cations .
.g_g. =3 0§8§ mea/100 g Solubie ions mea/! sat. extract csp
a= 23 w 5 -]
€ E Na K Ca Mg Na K C Mg C SO, HCO, CO,
0-~18 8.7 1234 50 06 10.0 08 04 1.9 1.3 1.4 147
15-35 83 183 34 135 04 136.0 214 55 265 09 05 400
35-60 85 8235 150 0.3 87.2 98 29 728 05 068 430
§0-90 85 6527 83 03 68.0 59 13 558 0.7 08 307
%0-120 87 34 14 43 02 33.0 16 1.6 300 08 05 307
D, Bageir Series
g Exch. cations )
g,g. -2 § 8 g mea/ 100 g Solubla ions meq/! sat. extract esp
82 *ivsoy
€ £ Na K Ca Mg Na K Ca Mg ‘L:} SQ¢ HCO, CO,
0~5 84 08 19 21 08 6.0 1.0 04 719 30 05 110
5=20 9.0 14 43 240 09 14.0 13 03 34 B 40 1.2 58.0
20-55 86 5.7 38 243 08 712 33 04 88 ) 24 08 675
S5-95 87 23 29 19.0 05§ 28.0 16 '0.8 70 ' 20 09 555
90 23 9 115 04 300 07 03 59 25 13 1280

Source: el-Karouri. 1978,
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4.3

covers a wide range of research pertaining to the field
of saline and sodic soils reclamation, such as the
assessment of leaching and drainage requirements, water
needs of crops, use of organic and chemical ameliorants,

establishment of a salt-tolerance index, economics of
reclamation and management, etc.

Although only a short time has elapsed since the
establishment of Soba Research Station in 1974, some
useful findings have been made. In a four-year
experiment chemical and organic ameliorants were compared
using wheat, maize, fodder sorghum, beans, and broad-
beans as indicator crops. Resulting crop yield indicated
the superiority of farmyard manure to gypsum and green
manure. Although gypsum improved the soil physical
properties (increased hydraulic conductivity and reduced
mechanical resistance and crust strength) and increased

seedling emergence, it did not result in any substantial
increase in crop yield.

In a series of experiments more than 25 crops were
screened for salinity tolerance under field conditions.
The yields of these crops were found to range from 20 to
70 percent of the normal productivity of non-saline soils:
in the region. The magnitude of. the reduction in yield
depended on the type of crop and its level of tolerance
to salts. The crops that gave fairly moderate yields
were beetroot, radishes, cucumbers, onions, fodder
sorghum, alfalfa, sunflowers, safflower, soybeans, etc.
On the other hand, peas, beans, broad beans, lentils,
lupins, watermelons and jojoba performed rather poorly.

Cultural practices and management could modify to a great
extent the performance of crops grown on saline soils.
It has been found that planting on ridges or beds
increases seedling emergence and plant populations
significantly, particularly in areas where crust
formation is a hindrance to seedling emergence.

Public Health Issues

Health issues in Sudan may be divided for convenience
into several categories. Development of surface water
resources, particularly irrigation networks, may cause
the spread of certain diseases such as malaria and
bilharzia. Rural areas, and occasionally sections of
urban areas as well, often lack elementary water or
sewage treatment facilities. Housing \is often inadequate
and crowded. In some areas of the country, an influx of

refugees has exacerbated the difficulties in improving
health standards. Major problems include:
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Water borne disease. 20/ The implementation of major
irrigation projects has wusually been accompanied by
increases in incidence of malaria and schistosomiasis.
The Rahad irrigation scheme (east bank of the Rahad
River), for example, lies within a hyper-endemic malaria
zone where malaria was originally transmitted primarily
during the rainy season. Peaks in transmission still
occur during the rainy season, but transmission now
occurs throughout the year. A similar pattern has been
found in the Gezira/Managil, schemes. Plasmodium
falciparum is by far the predominant parasite species.
In 1975 malaria outbreak reached epidemic proportions in
the Gezira (parasite rate in children aged 0-9 years was
19.7%). Emergency measures had|reduced this rate to 5.2
percent by the following year, and improvement continued
through 1978.

Similarly, schistosomiasis has increased, both because of
the expansion of the vector's favored environment and
because of the labor influxes to irrigation development
areas. These migrants may bring the disease from other
areas. The effects of bilharzia are severe throughout
the entire Gezira area and incidence of the disease is
increasing. Hospital admissions for schistosomiasis at
the provincial hospital increased- rapidly during the mid
1970s, and in 1978, half of the patients in the general
ward were bilharzia cases.

Over 33,000 cases were diagnosed in the Province during
1977 but the prevalence is estimated to be from 50 to 70
percent in the Scheme. One of the occupational groups
most severely affected is the men who clear weeds from
the canals and the disease probably affects most of the
labor force in the Gezira, causing disability and even
death. Table 4.9 shows the prevalence rate of the
parasite S. mansoni in a sample of Gezira residents,
while Table 4.10 notes the main vectors and parasites.

Water Supply. The availability of an adequate supply of
uncontaminated water is wvital to the health of any
population. U.S. AID (1980) estimated that in 1975,
about 43 percent of rural inhabitants and 96 percent of
urban inhabitants (total Sudan 50%) had access to safe
water. U.S. AID (1978), however, stated that the supply
of water remains inadequate or hardly existent in many

2050urces: . Anonymous. 19787

Bannaga and Pickford. 1979,
Waziri. 1978.
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Table 4.9 Prevalence Rate of S. mansoni Infection
in the Gezira

Age Male Female
No. examined Percent No. examined Percent
0-4 120 8.3 128 2.3
5-9 163 45.4 177 45.2
10-14 160 76.3 137 7%.6
15-19 65 82.2 121 79.3
20-24 25 68.0 8l 51.9
25-29 27 55.8 72 45.8
30-34 25 64.0 67 44.8
35-39 27 51.7 56 48.2
40-44 31 32.3 38 21.1

Source: Waziri. 1978.

Table 4.10 Snail Species and Parasites in the Gezira

Snail Parasite Relative Frequency

Biomphalaria pfeifferi S. mansoni Abundant
B. sudanixa S. mansoni Common
B. alexandria S. mansoni Common
Bulinus truncatus S. haematobium Abundant
B. Forskalii non-transmitter Common
Lymnaea natalensis Fasciola hepatica

Cleopatra ferruginea non-transmitter

Melanoides tuberculata non-transmitter

Sources: Anonymous. 19787
Waziri. 1978.
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low income residential areas. In the three cities area
water supply in 1978 was provided by four treatment
plants with a capacity of about 116,000 cubic m/day.
Average usage in 1977/78 was 1less than 95,000 cubic

m/day. Problems of blockage, pressure lapses, and
inadequate maintenance are common in all urban areas.

Sanitation. According to U.S. AID (198la) only Khartoum
and Khartoum North have a central sewage system.
Khartoum's treatment plant capacity of three million
gallons per day (MGD) was far below usage of 6 MGD in
1978 (U.S. AID 1978). The plant provides service to less
than 30 percent of the city's population. The Khartoum
North plant had a capacity greater than usage in 1978,
but only 15 to 20 percent of housing units were
connected. Houses in both cities, as well as in
Omdurman, which are not connected, usually utilize septic
tanks. Much of the low-income housing, however, has no
sewage provisions, particularly in shanty town areas.
Maintenance of drainage systems, usually covered ditches,
is often poor, resulting in blockage and flooding
problems. Garbage collection is usually available only
to some of the middle or upper income areas. In low-

income areas garbage is often dumped in the center of the
neighborhood. )

Housing. Housing is detailed in U.S. AID (1978), and
summarized in U.Ss AID (198la), which follows here.

Over 13 million people, or 75 percent of Sudan's
population, are estimated to be 1living in rural areas.
Of these, 4.4 million people live in permanent houses
made with local materials such as mud, timber, and straw,
and another 8.6 million people are either nomads with
portable light-weight shelters or seasonal migrants
living in houses built for temporary occupancy. Because
of the differing and sometimes ambiguous definitions of
"household”, the average occupancy per house may vary
from 5-10 people. :

Housing density is very low in a typical rural village
settlement. Cattle herdsmen cluster a number of huts
around fenced areas where they keep their cattle.
Farming communities have a tendency to build shelters at
the edge of their farmland, where cattle areas and huts
are placed side by side. o

The design and materials used for‘\?rur,al housing vary
depending upon local raw material availability. In the
northern and western parts of the country, the rural
shelters are made mostly with mud and have thatched or
straw roofs and walls plastered with manure. In the
southern region, the circular one-room house, :called a
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toukal, has mud or straw walls and a conical, layered
straw roof. This type of unit requires constant
maintenance and creates a fire hazard.

Proximity to a water supply, whether from a river,
spring, or man-made well, is the most important factor in
choosing a site for permanent settlement. Sanitary waste
does not present a significant problem in rural areas,
due to low residential densities. In general, rural
housing meets the basic needs of rural residents and
improvement of housing and services is given low priority
compared to housing in the major urban areas.

According to the 1973 census, the "average household"” in
urban areas had 5.4 persons living in two rooms. Forty-
three percent of dwelling units had only one room, and 40
percent of those households with 5-6 members lived in
only one room.

Only a small portion of urban houses were built of
"permanent materials"; 4.7 percent of homes had walls of
brick or stone, and 12.7 percent of homes had roofs of
zinc sheets or concrete. Walls of mud were used in 47.4
percent of homes. However, the combination of mud walls
and baladi roofs was by far the predominant housing type
throughout urban areas of Sudan; 30.9 percent of homes
were of this type. In addition to the traditional
building materials, the most commonly used building
materials for housing construction are bricks, cement,
lime, lumber, and reinforced steel bars. Tables 4.1l and
4.12 indicate building materials and housing
characteristics according to the 1973 census.

Refugees. According to U.S. AID (l198la), one of the most
immediate issues in Sudan 1is the estimated 450,000
refugees who have sought a haven there. Refugees have
been entering Sudan since the mid-1960s from 2Zaire,
Ethiopia, Uganda, and Chad. In coordination with the
United Nations High Commission for Refugees (UNHCR) and
World Food Program (WFP), the Government of Sudan has
consistently accepted refugees on a humanitarian basis
and has attempted to assist in settling them away from
the borders. Such efforts have often been at the expense
of applying the same financial and human resources to
address the needs of its own citizens. The strain on
Sudanese resources (food, housing, medicine,
transportation, education, etc.) has been pushed even
further in the past year with aniotheér large influx of
refugees =~ fleeing from the most recent fighting in
Ethiopia. To avoid greater social and economic tensions
between refugees and local populations, Sudan has adopted
a new policy aimed at integrating the refugees into the
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Table 4.l1ll. Urban Building Materials, 1973

Roof Material

Zinc Con=-
Wall Material Baladi Wood Sheet* crete Other Total
Grass .4 .1 18.0 18.5
Brick 4.6 4.7 - 6.5 1.4 1.4 18.6
Mud 30.9 2.6 1.8 . 12.1 47.4
Stones .1 2 .8 5 .5 2.1
Wood .1 4.1 .1 .2 4.4
Muddy Brick 2.0 .2 .3 .4 2.9
Other .3 3 -9 .3 4.2 6.1
Total 38.4 12.1 10.5 2.2 36.8 100.0
* Permanent material
Source: U.S. AID. 198la.
Table 4.12. Housing Characteristics from 1973 Census
Sudan Khartoum Por+t El
Urban 3 Cities Sudan Obeid Juba
Total number of
dwel I fng units 471,490 132,726 29,143 15,783 9,836
Average number
of rooms 2.0 2.2 1.7 2.3 1.6
Percent with 43 39 55 38 66
only one room
Persons per e 5.6 5.4
household 5.4 5.9 ‘ 4.5
1."‘
Persons per - ‘ 3 2.4 3.4
room 2.7 2.7 . z-

Source: U.S. AID. 198la.
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country's long-range development plans. The government
now believes that refugee resettlement must be done in
concert with general economic development and must
emphasize production-oriented activities. If this
program is successful, the energy and resources currently
being expended on the refugees might be available to
address some of the environmental and development-related
problems, which in the meantime hinder self-sufficiency
for all of Sudan.

Refugees in the wurban areas, particularly Khartoum,
Kassala, and Port Sudan, live in crowded squatters' huts.
These single-room huts, with no access to water or
sanitation facilities, often hold as many as four
families. The government's solution is to move the
refugees into organized settlements outside the towns.
Understanding that many refugees who came from an urban
background do not want to live in rural areas, Sudan
hopes to provide vocational training so they can get
urban jobs later.

Sudan has set up several successful refugee resettlement
villages where each family is given a small plot of land
to farm. However, at the present most refugees in Sudan
live in poor conditions. Temporary shelters (tents,
tarpaulins, plastic sheeting) are common and many people
must walk several miles for firewood and water.
Generally, these relief camps have no storage facilities,
so each family receives a two-week supply of food, soap.
and cooking oil at a time. However, Sudan is making
progress in alleviating these conditions.

Water Hyacinth and Other Weeds

The water hyacinth (Eicheria crassipes) problem is
summarized in U.S. AID (198la), which is followed here.

The unchecked outbreak of water hyacinth in the Nile has
been called "one of the environmental disasters of the
century." The water hyacinth is a South American plant,
first seen in the Upper Nile region in 1958. By 1962,
the plant had succeeded in infesting the whole stretch of
the White Nile from Juba to the Jebel Aulia Dam as well
as other rivers and lakes (Figure 4.2). 1In the period of
April to October, vast amounts of waker hyacinth plants
drift north toward the Jebel Aulia Dam where they
accumulate, completely covering - the water surface.
During -this period wind and water current action compress
them into a thick carpet that people can walk on.
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The accumulation of water hyacinth on the Nile has caused
a water loss of up to seven billion cubic meters per
year, or one-tenth the normal yield of the river.
Besides reducing the water supply, water hyacinth blocks
irrigation pump inlets and canals, hydroelectric power
plants, and water supply channels for settlements.
Difficulties in water transport such as damage to boats,
delays in service, and increased fuel consumption have
been reported. Fishing along the river banks has become
difficult or impossible since many side channels are
completely choked up. Water hyacinth also provides good
breeding sites for mosquitos (causing an increased
incidence of malaria) and freshwater snails, which are
intermediate hosts for the parasite that causes
schistosomiasis.

The Sudanese government has launched a control program to
limit the spread of the plant at a cost of US §$2.5
million per vyear. However, researchers have expressed
concern over the limitations and dangers of |using
herbicides. Efforts made in South America by a team of
entomologists to select insects that live on and destroy
water hyacinth are being investigated. These and a

number of other possible control programs are discussed
in Sudan and USA (1975). .

Hamdoun and Babiker (1972) discuss weeds which impede
cultivation. Typha angqustifolia, another water weed,
often establishes itself in drains, and can completely
block them. Ishaemum afrum and Sorghum sp. infestation
is very serious in some fields, particularly in the Kashm
el-Girba scheme. Other major problem weeds include
Striga hermonthica, Cyprus rotundus, and Cynodon

dactylon.

Pest Infestations

A number of infestations are briefly mentioned in U.S.
AID (1981la):

Migratory Locusts. In 1930 migratory locusts appeared in
the Sudan for the first time since 1899. Between 1930
and 1940 they returned every year and caused heavy damage
to crops. In 1968, migratory locusts appeared in the
eastern Sudan, where they ate 1,214 hau of sugarcane.

Red Locusts. Sudan is on the very no}thqrn edge of the
red locust's range. The only record of the red locust
having penetrated into Sudan was in 1937 when a swarm

appeared and travelled north as far as 17° N, near
Atbarah.
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Desert Locusts. The coastal region of the Sudan is part
of the desert locust breeding zone along the Red Sea and
the Gulf of Aden. Kassala Province in particular has
been hard hit by all four of this century's major desert
locust plagues. There was significant desert 1locust
damage in the Sudan in 1967, but the plague did not last
beyond 1969, largely due to control efforts by the Desert
Locust Control Organization/East Africa {(DLCO/EA) .
DILCO/EA was also responsible for controlling the plague
of 1978-79, when desert locusts in Sudan were restricted
to the coastal area, and no major damage was reported.

Testse Flies. Tsetse flies are endemic in southern
Sudan. A government control problem exists, but most
people 1living in this area have adapted by not keeping
cattle. :

During the summer of 1980 a serious Quelea bird
infestation was reported by the Sudan Ministry of
Agriculture. DLCO/EA assisted in a spraying operation in
the southern, central, and eastern parts of the country.

Further discussion may also be found in Abdel-Nur (1972);
Allam (1972); and el-Amin (1972).

Flooding

Clary and McKelvey (1978) and U.S. AID (198la) have
summarized flooding problems in Sudan as follows here:

"Floods are an annual and generally welcome event which

provides water for drinking and irrigation. However,
every three or four years major flooding occurs that
causes structural and agricultural damage. In 1975

extensive flooding in central and eastern Sudan inundated
more than 66 million ha, destroying approximately 7,000
homes and leaving 100,000 people homeless. In 1978 flood
waters caused severe damage in Gezira, White Nile,
Northern Nile, and Kassala provinces. Some 200 villages
were badly damaged and up to 80 were totally destroyed.
There was heavy water damage to the Gezira Scheme
irrigation system and an undetermined quantity of crops
and livestock were lost. The total dollar value of the
damage was estimated at $25 million by the Government of
Sudan.”

Miscellaneous

Rodger (1972) discusses dust problems, and notes that
dust may so reduce visibility at Khartoum that somtimes
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the airport must close. Machinery and electronic
equipment wears much faster in an environment with high
levels of dust. Respiratory problems are also more
prevalent in such environments. Workers in some
industries are particularly susceptible; for example,
workers in mines and quarries, or in some factories such
as sugarcane refineries. The level of industrial air
pollution, however, is very low in Sudan because of the
lack of extensive industrial development.

Pollution by pesticides is somewhat of a problem,
according to Mohamed (1972). About 85 percent of
pesticides used in Sudan are allocated toward controlling
cotton pests, but some are used to control the OQuelea
bird and other agricultural pests. In addition,
insecticides are used in residential areas to control
malaria. Mohamed presents data which indicates that a
small number of people and domestic animals have died

because of accidental poisoning (five humans near Kasti
in 1970).

Hamdoun and Babiker (1972) briefly discuss herbicide

pollution, and note that many crops have suffered from
soils that had previously been treated. Detailed data on
the problem, however, are not available.
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Geography and Climate
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Figure 2. Rainfall and Moisture Regions

Table 1. Average Monthly Rainfall
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Table 5. Average Monthly Solar Radiation at Khartoum
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Figure 4. Annual Water Deficits
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Table 1. Average Monthly Rainfall

Month j F M A Mg j A S O N D
Station

Atbhara . . 0 0 0 1 4 1 20 38 7 1 0 0
Shendi . . 0 0 t t 3 2 43 64 20 3 0 0
Khartoum 0 t t 1 5 7 48 72 27 4 t 0
Wad Medani 0 0 t 2 20 34 123 138 60 16 0 0
Sennar . . 0 t 1 + 29 47 146 170 63 21 t 0
Singa 0 0 t + 26 73 171 198 95 28 1 t
Roseires 0 t 1 11 58 126 166 221 152 36 5 0

Source: Buursink. 1971.

Table 2. Average Number of Raindays (210mm) during the Rainy Season

Month " May June July August September  October
Station

Atbara . . 0 0 1 1 1] 0
Shendt . . 0 0 1 2 1 0
Khartoum 0 0 1 3 . 1 0

Wad Medani 1 1 4 5. 2 0
Sennar . . 1 2 5 6 3 1

Singa 1 2 S 7.8 3 1
Roseires 2 4 5 7 - 5 3

Source: Buursink. 1971.
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Table. 3. Frequency of Rain Days and Heaviest Daily Falls (1931-60)

i
!

MEAN VEAN NO ’ FALLS = 1.0mnm: : FALLS 2 10.0mm. HEAVIEST
STATION RAINFALL OFRAIN | nNo. oF PERCENT g op PERCENT = DAILY
) ; OF ALL OF ALL RAINFALL
(mm.) DAYS RAIN RAIN RAIN RAIN
« DAYS . DAYS | {mm.)
, ; ! DAYS DAYS
abu samed 7 35 3.0 86 0.6 17 52.5
arima - 18 6.0 4.8 30 I 18 60.0
s0rt Sudan 10 15.6 12.8 32 13 8 1115
Tokar 88 14.3 12.5 37 2.4 17 50.0
atbara 72 10.6 9.0 35 20 i9 981
Shendi (36 10.9 10.9 100 4l 45 5.0
Khartoum ALIport 164 213 19.7 92 5.3 28 9.9
zassala 341 335 30.4 91 1.0 33 95.5
zl Fasher %7 343 3.8 93 9.1 17 93.0
Zl Obeid 418 41.6 36.7 88 13.8 33 9.7
Z1 Geneina 49 57.6 525 91 19.0 33 7.
#ad Medani 373 429 38.1 39 12.5 29 9.6
xosti 406 421 38.7 92 12.5 3 193.0
Zr Roseires 776 71.4 68.3 96 26.9 18 116.4
aweil 943 69.3 9.0 . 39 30.0 43 163.7
Malakal 783 78.0 69.8 90 234 30 176.1
& I A A
. . ) 4 40,
farole '3;3 lg.;.g I lg.n 37 gseﬁ; 40 121).(;
Suna 2 102, 93.1 1 0. 30 1o,
Torit g
ot 994 96.1 93.2 97 323 34 108.0
Vagis L1161 105.3 104.2 99 437 ) 75.0

Source: Oliver. 1969,
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Table 4., Variability of Annual Rainfall

: . COEFFI-
: - STAN- . ,
ANNUALi ANNUAL DARD . Clgng
STATION  MEAN ' MEDIAN! DEVI-

VARIA-
rmmy) L mmy) ATION * “110n
. | (mm.) ‘(Per Cent)
Abu Hamed 19 7 10 158
Zeidab 70 63 30 71
Sallom 35 79 39 69
Tokar D] 80 52 38
Atbara 74 67 46 67
Khartoum 144 143 77 s3
{Shambat)
Kassala 327 333 87 27
El Fasher 103 301 128 42
£l Obeid 188 369 -107 28
Wad Medani 181 RI) 105 28
Ed Dueim 332 129 37 26
Er Roseires 803 773 133 17
Malakal 817 7175 166 20
Bor 858 827 169 20
Wau 1127 1080 173 15
Juba 971 975 179 18
Torit 989 965 133 13
Nimule 1188 1211 170 14
Yambio 1418 1438 231 16
Source: OQliver. 1969.
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Table 5. Average Monthly Solar Radiation (cals/cmz/day) at Khartoum

470 518 564 581 570 537 522 524 518 489 473 445

Source: Buursink., 1971.

Table 6. Average Daily Temperature ( C)

Month ] F M A M ] ] A S 0] N D
Station

Atbara . . . 22,6 23.5 26.7 30.7 337 350 33.7 329 339 320 275 241
Shendi . . . 23.1 236 27.1 305 335 350 331 322 332 316 279 238
Khartoum . 23.7 24.7 279 315 337 341t 317 1334 320 323 282 249
Wad Medani 241 251 281 311 324 32,1 293 "27.7 288 301 274 247
Sennar . . . 23.0 26.0 289 315 322 312 283 271 280 297 283 28.7
Singa . . . 259 269 297 32t 32.t 305 279 267 27.7 294 287 2.7
Roseires . . 26.3 275 298 32t 30.7 285 267 261 26.7 280 277 26.6

Source: Buursink. 1971.
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Table 7. Average Annual Water Balance (mm)

Station Open- Potential Rainfail “Water deficit
water evapo-
evaporation transpiration

Atbara . . . . . . . . . ... 3120 1806 72 1733
Shendi . . . . . . . . . . L. — 1797 136 1661
Khartoum . . . . . . . . . . . .. 2555 1837 164 1656
Wad Medani . . . . . . . . . . .. 2810 1783 373 1402
Sennar . . . . . . . . . . ... 2519 1806 481 1337
Singa . . . .. ... 21171 1844 596 1254

Roseires . . . . . . . . . . . . .. 1916 . 1798 776 996

Source: Buursink. 1971.

Table 8., Mean Relative Humidities, 1931-1960

Khartoum (30 years) Jebet Aulia (10 years)
0800 1400 2000 1600 0800 1400 2000
: (1901-21)

January .. 36 20 27 15 33 34 45
February .. 29 16 22 13 45 28 39
March . 23 13 18 8 41 26 34
April .. 20 12 18 7 38 24 34
May .. 27 13 22 11 37 24 31
June .. 38 18 25 16 47 26 34
July .. 38 31 41 23 63 37 47
August .. 68 41 33 30 73 49 63
September .. 36 30 41 25 64 40 31
Qcrober .. 38 20 29 17 29 31 44
November .. 34 20 28 16 30 32 45
December .. 38 22 29 18 36 38 50
Year .39 21 29 16 31 - 32 43

Source: Oliver. 1965,
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Table 9.

Resultant Wind Directions and Steadiness, Khartoum (1901-~1916)

Resuit. Directions from True N.

Relauve Steadiness per cent

0800 1400 | 2000 | Daly | 0800 1400 | 2000 | Mean

hours hou_rs hours | Mean | hours | hours | hours
January 3 17 3 10 39 37 92 89
February 12 18 7 12 87 83 89 37
March 21 18 13 17 33 80 82 82
April 31 20 6 18 72 66 68 68
May 33 15 7 16 23 33 37 31
June 209 231 197 212 34 28 28 36
July 204 224 211 213 77 68 66 70
August .. 208 222 208 212 78 66 38 67
September . 212 218 186 204 48 30 42 37
October 11 35 20 23 26 33 31 29
November .. 16 14 7 12 84 72 80 78
December .. 12 15 3 10 91 85 .92 91
Year 7 6 0 E

Source: Oliver. 1965,

Table 10. Fregquency

of Haboobs* at Khartoum Airport (1916-1929 and 1949-1955)

‘Average Maximum
Total Number of Haboobs Number of Number of
Days with Days with
(a) 1916-1929 | (b) 1949-1955 Haboobs Haboobs in any
1949-55 year 1949-55.
April 18 2 0.3 1
May 48 20 2.7 5
June 82 20 2.6 6
July 64 28 37 7
August . 32 14 2.0 4
September .. 35 11 1.6 3
October 10 5 0.5 2
Tortal 289 100 Ly
*vyiolent dust storms
Source: QOliver. 1965,
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Appendix II

Population and Public Health

Miscellaneous Demographic Features

Provinpial Boundaries, 1976
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Table 1. Miscellaneous Demographic Features

Population 18,340,000 mid 1980
Density per sg. km. 7.0 1977
Density per sq. km. arable land 55.0 1978
Growth 3.0 1969-79
Crude birth rate (per 1000) 46.0 1979
Crude death rate (per 1000) 18.0 1978
Life expectancy at birth (years) 48.6 1973
Average daily caloric consumption 2247 1976
(% of estimated requirement) . (93%) (1977)
Population per practicing ﬁhysician 9857 1976
Percent literate 20 1975
Per capita GNP (U.S. §)1 . 370 1979
Total labor force (1000) 4443.0 1973
$ of women in labor force 10.6 1975
% of labor force in agriculturel 78 1979

Soufces: U.S. aIp. 1980.
lworld Bank. 1981.

168



Northern Nile

Red Sea

Khartoum
Northern Darfur Khartoum /iy

K assaia
Northern Kordofan

Siue Nile
Southern Darfur Southern Kardofan

Upper Nile

Behr ¢i-G haz_ll

Jonglei

Western Equatoria

Eastermn Equatoria
“internationat
Soundary

Provincial
Soundary

9 50 1000
O —
Milas

Figure l. Provincial Boundaries, 1976

Source: Waterbury. l97§$

A

169



Table 2. Population, Urbanization and Growth by Province

13973
1973 Annual Zrhan Annual s
Popula~ Growth ?opulé— Grewta faercent Urban”
tion Since =ion- Since 1953~ 1964- 1972-
(000's) 53/56 (000's) 55/56 56 86 74
Northern Provinces )
Red Sea, Kassala 1,547 2.3% 326 5.0% 12.1% 1l4.53% 21.6%
Nile, Northern 958 .S 54 3.2 4.2 4.9 5.9
Khartoum 1,146 4.7 500 8.5 30.2 57.4 71.9
Gezira, White & 3lue Nile 3,740 3.2 260 5.3 3.0 3.7 7L
North & South Kordofan 2,202 1.3 120 3.1 3.9 3.4 5.7
North & South Darfur 2,140 2.7 177 5.3 4.3 8.3 8.5
Total Northern 11,733 2.0% 1,77 5.3% 3.4% NA 14.9%
Southern Provinces
Upper Nile, Junglel 836  -.4 37 7.7 1.l 1.6 4.9
, e
Suneyrat, Bahr el Ghazal 1,397 2.0 53 11.1 3 1.2 4.c
Nest & East Equator:ia 792 -.7 57 9.7 L2 1.7 7.9
Total Southern 3,025 3% 147 9.6% 1.0 NA 4.9%

Total Sudan 14,758 2.1% 1,894

[0))

.0%

[0)]

.4% 8.3% 12.3%

1 . ) , . o )
Urban population is nere defined as resident population in urban

20,000 inhabitants or more in 1973. N

Source: U.S. AID., 1978.
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Table 3. Population by Nationality (1973 Census)

Khartoum Greater Port zl

Khartoum Omdurman North Xhartoum Sudan 0Obeid Juba
Zgypt 2,938 3,482 . 558 6,976 315 146 8
Cchad 1,656 2,149 717 4,522 211l 38 1
zaire 128 10 4 142 3 1 10Ls
Ethiopia 1,300 486 454 2,440 302 28 2
Vigeria 4,404 1,092 131 5,627 1,566 860 5
Other Africa 481 552 w: 1,062 47 12 41
Total Africa 11,105 7,771 1,893 <u, 169 2,444 1,105 1,074
Yemen 283 518 439 - 1,240 305 6 -
India o 1l42 483 3 628 456 - 8
Other Middle 619 o4 31 714 130 ) 17
East/Asia A
Total Middle 1,044 1,065 473 -2,382 891 12 23
Bast/Asia '
Greece 392 10 13 415 21 17 35
Other Europe 857 60 76 993 75 30 15
Total Eurcpe 1,249 70 89 1,408 96 47 50
Other 87 1 3 91 1 2 18
TCTAL FOREIGN 13,485 8,907 2,458 24,850 3,432 1,166 l,lA65

TCTAL SUDANESE 320,418 290,490 148,311 759,219 129,444 88,886535372

NOT STATED 3 2 220 225 1 21 -=

TOTAL 333,906 299,399 150,989 784,294 132,877 90,07356,737

;\‘

Source: U.S. AID. 1978.
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AGE AND SEX COMPOSITION
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Table 6.

Incidence of Diarrhoeal Diseases

Gastro-Enteritis Bacillary Paratypboid
& Other & Amoebic Fever & Other Typhoid
Age Diarrhoeal Dysentry Salmonella Faver
Diseases Infections
M 1,220
0-—1
F _ 1,818
_ M 16,820
2—4 "
___F, 14,220
514
F 120.000 111_,000 1,317
M 1.820 920,110 6,172 7,208
15—44 ’
F 1,914 980,000 7,914 8,418 |
M 1,115 158,000
45 &
OVER
. F 1,810 148,000
M 139,195 1,097,924 6,172 8,628
TOTAL
F 139,762 1,239,000 7,014 i 9735 |
- |
GRAND A i
TOTAL 278,957 2,336,924 14,088 18,363

'.\‘

Source:; Hasseeb et al., 1972.
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Table 7a. Incidence of Pulmonary Tuberculosis (per 10,000)

No. of Cases
Year Cases Admissions Deaths

per 10,000
1960 7864 60 337
1961 ‘ 8768 67 399
1962 , 8466 65 403
1963 8635 66 316
1964 | 7693 59 330
1965 12009 110 ' 305
1966 8194 58 285
1967 9690 59 261
1968 14654 100 950
1969 - 14654 104 1075
1970 13929 120 1069

Source: Hasseeb et al. 1972.

Table 7b. Incidence of Cerebro-Spinal Meningitis, 1958-1968

Year Attack Rate | Percentage of | Death Ratio

per 100,000 Admission | For Admission
1958/59 4 73.3 1:7
1959/60. 59 68.6 1:3
1960/61 43 85 {:10
1961/62 13 71 1:7
1962/63 15 73.6 1:;11
1963/64 23 88.3 1:12
1964/05 16 72.1 - 1:11
1965/66 100 65.9 . 1:26
1966/67 21 65 1:17
1967/68 22 85.7 1:17

Source: Hasseeb et al. 1972.
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a. Incidence of Small Pox in 1970

Province Cases Deaths
Bahr el Ghazal| 104 4
Blue Nile 18 1
Equatoria 119 3
Darfur — -
Kassala 83 3
Kbartoum 246 3
Kordofan 32 —
Northern 9 -
Upper Nile 32 1

Source: Hasseeb et al. 1972.

b. Incidence of Infective Hepatitis

Year Cases
1063/64 2440 -
1964/65 7072
1965/66 11771
1966/A7 21481
1967/68 9142
1968/69 31059
1969/70 8476
197071 10699

Source: Hasseeb et al., 1972.

¢c. Incidence of Kala Azar

Year No. of Cases
1961/62 4693
1962/63 2486
1963/64 4206
1964/65 327L
1965/66 5050
1966/67 2019
1967/68 1 1594
1968/69 1846
1969/70 1267
1970 1823

Source: Hasseeb et al. 1972.
179



Table 9. Health Care Personnel and Facilities

{(mid 1970s)
A. Personnel
Physicians 1287
Dentists 54
Medical Assistants 1645
Technicians 514
Pharmacists 307
Health Visitors (nurse-midwife) 23
Health Statisticians - 50
Dental Technicians 27
Social Workers 4
Nutritionists 19
Senior Public Health Inspector 62
Public Health Inspector 151
Public Health Officers 271
Sanitory Overseers 11,120
Nurses 4,438
Village Mid-wives ??
B. Facilities

Hospitals 133

Hospital Beds 15,670
Health Centers 144
Dispensaries 634
Dressing Stations 1505
Blood Banks 22
Specialty Hospitals 38
School Health Units 11
Nursing Schools 54
Village Mid-wives Schools 18
Health Visitors Schools 3
Medical Assistant Schools 5
Public Health Laboratories 4
Public Health Offices 225
Endemic Disease Units 3

Source: U.S. AID. 1976.
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Table 1. World Bank Economic Data Sheet

SUDAN

Economic Data Sheet 1 - Population, National Accounts, and Prices
GNP Per Capita - 1977 (US$) 330

1950 1955 1960 1968 1968 1967 1968 1968 1970 1971
Popuiation
{Total, midyear, thousands) 9322.0 10210.0 11256.0 12533.0 12832.0 13138.0 13451.0 13772.0 14100.0 144849
GDP by industrial origin At current factor cqy
Agricuiture .. .. 294.8 314.8 249.8 276.0 292.8 298.4 358.2 393.4
Mining .. .. 0.4 0.4 2.7 2.9 3.4 2.8 2.9 33
Manufacturing .. . 24.2 39.3 52.9 58.0 60.8 71.0 87.8 903
Construction B . 32.2 33.8 34.5 31.3 35.8 36.9 40.2 404
Electricity, gas, and water .. .. 22.0 24.8 24.0 23.7 24.5 27.0 28.5 299
Transport and communications .. .. 38.1 48.3 43.9 45.8 49.3 53.8 87.3 912
Trade and finance . . 52.5 121.8 151.4 185.0 186.0 194.7 133.8 1404
Public administration and defense .. . 40.0 88.7 58.8 672 75.4 1272 133.0 1529
Other branches . . 8.7 9.4 40.0 41.0 43.9 23.7 19.7 20.8
GDP at factor cost .. . 512.9 658.9 639.8 710.9 7719 8373 891.2 9624
Net indirect taxes . 17.8 22.8 29.0 29.1 31.3 34.0 36.9 39.3 424
GDP at market prices .. 416.6 535.5 687.9 888.9 742.2 805.9 874.2 930.5 1004.3
GDP by industrial origin
(constant 1975 prices) At constant factor cost
Agricuiture .. .. . .. . 351.7 374.0 407.8 380.4 3904
Mining* . . .. .. .. .. .. .. .. .
Manufacturing . .. .. .. .. 108.1 118.7 108.3 123.8 1346
Construction . . .. .. . 70.2 84.3 73.8 83.9 609
Electricity, gas, and water . .. o .. . 20.6 28.8 30.3 27.5 313
Traasport and communications . . o .. .. 80.0 82.9 76.2 101.8 104.1
Trade and finance . .. N .. . 287.8 294.1 341.7 253.8 2570
Public administration and defense . . . .. . 141.8 144.4 152.9 1924 2207
Other branches .. .. .. . . 0.2 .. 0.4 . 0.1
GDP at factor costé . .. .. . N 1060.2 1125.0 1193.4 11432 11991
Net indirect taxes . .. .. .. .. . . .. . .
GDP at market prices . 392.9 842.0 1012.4 1110.5 1093.7 1060.2 1125.0 1193.4 1143.2 1199.1
Resources and expenditures At current market prices
GNP .. 415.9 333.7 683.0 683.0 737.4 799.8 867.5 9253 9987
Factor payments to abroad (net) .. -0.7 -1.8 ~4.9 -5.9 -4.8 -8.1 -8.7 -32 -5l
GDP - 416.8 335.5 887.9 888.9 742.2 805.9 874.2 930.5 10044
Imports of goods and N.F.S. .. .- 83.1 93.7 103.3 107.2 122.2 108.8 104.9 1350
Exports of goods and N.F.S. .. . 65.8 82.3 89.0 93.4 103.4 103.5 115.8 1234
Total resources .. 400.9 333.0 699.3 703.2 756.0 824.7 879.5 919.8 10184
Private consumption .. 364.0. 456.1 573.2 534.0 5778 831.8 661.8 676.5 7614
General government consumption - 212 - 307 63.2 93.6 105.2 112.1 132.8 147.7 1590
Gross domestic investment . 15.7 46.2 62.9 75.8 73.0 80.8 85.1 95.8 89.8
Resources and expenditures
(constant 1975 prices) At constant market pricet
GNP . 840.2 1008.9 1103.4 1084.1 1053.4 1117.0 1183.3 1136.7 11930
Factor payments to abroad (net} -1.8 -3.3 -71 -9.8 -8.8 -8.0 -9.9 -8.5 -8l
GDP 392.9 842.0 1012.4 1110.5 1093.7 1060.2 1125.0 1193.4 1143.2 11991
Imports of goods and N.F.S. . . 171.8 247.9 316.8 249.3 284.2 253.0 218.5 2598
Exports of goods and N.F.S. . .. 107.1 128.5 159.8 79.6 198.8 198.0 210.2 1959
Total resources . 810.3 1077.1 1231.9 1250.7 1129.9 1210.4 12474 1131.3 1252%
Private consumption .. 733.8 827.3 859.5 7238 673.9 736.7 7914 730.5 798
General government consumption . 12.8 101.9 1773 253.7 250.4 271.9 283.5 287.3 2824
Gross domestic investment .. 31.7 147.9 195.1 271.2 205.6 201.8 192.5 153.7 181
Investment financing At current market P"“;
Gross domestic investment - 15.7 6.2 62.9 75.6 73.0 80.8 85.1 95.8 8.
Gross national savings (excluding .
net current transfers from R v
abroad) . 30.7 16.9 46.8 55.4 54.4 55.9 73.1 101.1 73
Net balance of goods and services . 15.0 0.7 -18.3 -20.2° |, -18.8 -24.9 -120 . 33 -18

Gross national savings (including
net current transfers from - . ) -0
abroad) . .. .. . D 34.9 33.2 72.5 101.2 '

Domestic price indexes (1970=100}
Consumer price {or retail price)

index 46.4 88.4 717 84.0 85.4 94.9 85.3 96.0 100.0 10;';
Wholesale price index 85.8 85.2 78.5 81.8 84.1 98.3 88.2 95.1 100.0 ‘9)2'9
Implicit GDP deflator NS 80.8 85.0 76.0 774 868.0 88.0 90.0 100.0 10&

' Sudanese pounds per US d"":;
Foreign exchange rate .. .. 0.348 0.348 0.348 0.348 0.348 0.348 0.348 &
2. 1980. b. Finance is inciuded in other branches. «c. inciuded in other branches. d. 1970-75, e. Inciuded in ing. f. Stati i pancy. g GDP at s

prices. h. 1955-80,
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Table 1. Continued SUDAN
o 1973 1974 1975 1978 1977 1950-60 1960-70 197077
— Average annual growth rate (percent)
14837.0  15220.0  15612.0 160150  16461.0  16919.0 1.9 2.3 2.6 (Total, midyear, thousands)
illions of Sudanese pounds)_ . _As percentage of GDP
401.5 436.1 516.4 585.3 640.5 836.7 57.5* 45.3 40.4¢ Agricuiture
3.5 3.7 4.1 4.6 11.9 11.8 0.1 0.2 0.3¢ Mining
84.0 91.3 107.2 138.3 109.0 118.7 .7 6.9 9.0¢ Manufacturing
42.7 46.3 61.0 65.0 55.4 63.4 6.3 5.4 4.4¢ Construction
27.9 30.4 18.6 20.9 43.0 43.8 4.3 3.6 3¢ Electricity. gas, and water
84.7 92.2 74.8 89.4 159.9 167.3 7.4* 72 7.8 Transport and communications
242.1 263.1 2715 354.4 248.3° 273.4° 10.2* 18.0 21.1¢ Trade and finance
152.7 165.9 127.9 151.2 L L6 7.8* 10.4 13.3¢ Pubiic administration and defense
12.8 13.3 12.1 12.9 404.5 455.0 L7 3.0 1.4¢ Other branches
1051.9 1142.3 1193.6 1422.0 1672.5 1968.1 100.0* 100.0 100.0 GDP at factor cost
46.3 50.3 52.8 88.8 104.4 122.9 4.4 4.4 5.3 Net indirect taxes
1098.2 1192.6 1246.2 1510.8 1778.9 2091.0 104.4* 104.4 105.3 GDP at market prices
(millions of Sudanese pounds) Average annual growth rate (percent)
413.2 300.1 480.4 585.3 345.3 336.0 . . 6.2 Agricuiture
. - . . .. .. . Mining*
135.8 103.8 129.4 160.9 180.7 193.1 8.6 Manufacturing
71.4 66.9 101.4 73.4 80.7 94.3 5.7 Construction
26.4 26.9 17.7 21.0 22.0 23.3 -4.7 Electricity, gas, and water
98.7 101.8 109.3 100.3 108.6 118.1 L5 Transport and communications
283.1 293.8 316.3 369.3 396.2 419.3 8.1 Trade and finance
212.2 213.7 220.9 200.8 201.9 244.2 1.3 Public administration and defense
- . 103.3f . . . . Other branches
1240.6 1307.0 1478.7 1510.8 1535.4 1626.3 5.4 GDP at factor costs
. . . . . . .. .. . Net indirect taxes
1240.6 1307.0 1478.7 1510.8 1535.4 1626.3 5.3 1.3 5.4 GDP at market prices
imillions of Sudanese pounds) As percentage of GDP
1091.8 1184.9 1235.8 1491.3 1742.4 2051.7 99.7% 99.3 98.8 GNP
-6.4 -7.7 -10.4 -19.5 -34.3 -39.3 -0.3" -0.7 -12 Factor payments to abroad (net)
'1098.2 1192.6 1246.2 1510.8 1776.9 2091.0 100.0* 100.0 100.0 GDP
134.2 195.0 306.8 418.6 434.0 519.5 13.8 20.9 Imports of goods and N.F.S.
125.8 172.0 159.5 179.3 242.3 272.3 . 12.5 12.8 Exports of goods and N.F.S.
1106.6 1215.68 1393.5 1750.1 1988.6 2338.2 98.1h 101.3 108.1 Total resources
889.5 944.9 983.7 1277.3 1440.5 1784.2 86.1" 79.9 80.8 Private consumption
141.0 183.5 180.5 207.8 231.4 253.0 5.5" 11.1 13.7 General government consumption
78.1 105.2 229.3 265.0 316.7 319.0 6.3" 10.3 13.8 Gross domestic investment
millions of Sudanese pounds) Average annual growth rate (percent)
1233.7 1299.2 1466.0 1491.3 1506.0 1595.4 .. 1.3 5.2 GNP
-6.9 -7.8 -12.7 -19.5 -29.4 -30.9 . . . Factor payments to abroad (net)
1240.6 1307.0 1478.7 1510.8 1535.4 1626.3 3.5 1.3 5.4 GDP
220.0 270.8 374.1 418.8 407.0 447.0 L7 12.0 Imports of goods and N.F.S.
187.8 215.0 184.4 179.3 237.3 192.5 6.6 -0.1 Exports of goods and N.F.S.
1272.8 1362.8 1688.4 1750.1 1703.1 1880.8 0.7 7.5 Total resources
913.5 969.6 1212.9 1277.3 1240.3 1432.3 -1.2 10.2 Private consumption
212.2 215.0 204.5 207.8 186.6 202.3 12.1 ~-4.8 General government consumption
147.1 178.2 271.0 265.0 278.2 246.2 -1.3 9.5 Gross domestic investment
millions of Sudanese pounds) As percentage of GDI
76.1 105.2 229.3 265.0 316.7 319.0 100.0" 100.0 100.0 Gross domestic investment
Gross national savings \exciuding
net current transfers from
61.3 74.5 71.6 6.2 70.5 32.5 125.4* 80.1 32.8 abroad)
-14.8 -30.7 -157.7 -258.8 -246.2 -286.5 25.4* -19.9 -67.2 Net balance of goods and services
R Gross national savings (including
e net current transfers from
63.7 75.3 78.8 22.0 7.5 39.5 . 33.4 abroad)
Average annual growth r;a,_te‘ (percent)
i . Consumer price (or retail price}
115.0 132.8 167.2 207.2 210.8 246.0 4.5 2.8 15.3 index
104.3 120.8 1533.7 1774 o . -0.9 2.3 13.5° Wholesale price index
108.7 112.0 103.6 122.9 142.1 138.0 3.7 6.3 Impiicit GDP deflator
'annuai average)
0.348 0.348 0.348 0.348 0.348 0.348 Foreign exchange rate
Source: World Bank. 1980. !
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Table 3.

(quantity in 1,000 tons, vaiue in £5 miilions)

Exports of Selected Crops

Crop Cotton Dura’ Miilet Groundnuts Sesame Gum Arabic
Year v Q v Q v Q v Q v
1965 117 31 112 2 5 164 19,9 71 5 38 75
196 143 35 79 18 6 180 108 7 167 6 36 7
197 172 41 5 0 7 .03 109 6 75 6 52 8
1968 18 48 35 11 2 05 88 5 8 6 51 8
1969 172 49 2 4 12 037 %2 6 12 8 49 9
1970 232 65 2 6 26 116 6 5 82 9 4 9
1971 241 69 37 L1 17 077 121 9 8 8 43 8
1972 ° 48 74 55 17 56 214 114 .9 8 9 4 9
1973 26 81 102 31 6 214 138 13 104 11 36 8
1974 103 58 98 48 4 174 130 18 108 21 31 14
1975 14 66 48 24 3 133 206 M4 57 12 15 7
*Oura = sorghum.
Source: Waterbury. 1979.
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Table 4. Composition of Labor Force by Sector, skills

(From 1973 Census; All Numbers in Thousands)

3v Economic Activizy

Urban Totali Sudan
Agriculture 140 18% 2,253 5%
Mining and quarrving 1 - 3 -
Manufacturing 30 2 135 1
zlectzicity, gas and water 19 2 35 1
Construction 38 3 69 2
Wholesale, retail trade, restaurants and hotels 107 14 186 S
Transport, storage and communications 80 11 129 4
Financing, insurance real estate and business services 4 1 4 -
Community, secial and personal services 229 30 380 11
Not adequately classified 53 7 259 3
Total 761 100% 3,453 100s%
B8v Skill Tvwe
Professiconal, technical and related workers 32 7% 92 3%
Administrative and managerial workers 5 1 12 -
Clerical and related workers 35 ) 48 1
Sales workers 77 10 l44 4
Service workers 148 19 241 ?
Agricultural workers 127 18 2,210 34
?roduction and related workers 211 28 . 366 11
Workers not classified by occupation 106 14 342 10
Total - 761 100% 3,453 100%
3v Emplovment Status
Zmployer 17 2% 98 3%
Self Employed 243 32 1,914 S5
Employee 451 60 907 26
Unpaid Family Worker 9 1 328 10
Unpaid Other A ' 1 - 2 -
Unemployed . : 40 S 207 5
Total ! o 761 100% 3,453 100%
By Marital Status
Married 254 33% 335 24%
Unmarried 459 80 2,335 68
Widowed 21 3 162 5
Divorced 26 4 120 3
Unknown ' 1 - 1 -
Total 761 100% 3,453 100%
Bv Education
Uneducated 343 45% 2,413 70%
Xoranic School , 79 10 379 11
Primary School . 211 28 479 14
General Secondary Y 63 8 9l 3
High Secondary . .42 8 84 2
University ' 14 2 16 -
Post Graduate 6 1 7 -’
Cther 2 - 3 -
Unknown 1 - 1 -
Total 761 100% 3,453 1003

Source: U.$. AID. 1978.
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Table 5. Estimated Size and Urban-Rural Composition of Labor Force -~ 1973

(thousands)

Narrow Concept

Broad Concept

Parcent Urban
Narrow Broad

Low 15.4% 11.2%
digh 15.6%  11.7%
Source:

Percent Male

1n Urban Areas

Narrow Broad
92% 82{
89% 85%
‘&
U.S. AID. 1978.
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Male Female Total Male Ffemale Total
Low Estimate

Urban: Age to 15 51.5 10.9 62.4 64.3 27.3 91.6
Qver 153 515.8 48.0 663.8 615.8 60.0 675.8°
Total: 667.3 58.9 . z8.2 580.1 87.3 767.4
Rural: Age to 1S 572.8 38.7 731.3 731.3 440.1 1l171l.4
Qver 15 2927.1 323.0 3250.1 2327.L1 1937.7 4864.8
Total: 3599.9 381.7 3%8l.5 3638.4 2377.8 6036.2
TOTAL: 4267.2 44Q0.6 4707.8 4338.3 2465.,1 5803.6

High Estimate ) ,
Urban: Age to 13 77.2 27.3 104.5 96.5 54.5 151.0
Over 15 629.8 60.0 689.8 _629.8 72.0 701.8
Total 707.0 87.3 794.3 726.3 126.5 852.8
.Rural: Age to 15 731.3 146.7 878.0 789.8 586.7 1376.5
Over 15 3022.6 387.5 3410.1 3022.6 2066.9 5089.5
Total 3753.9 534.2 4288.1 3812.4 2633.6 6466.0
TOTAL: 4460.9 621.5 3082.4 4538.7 2780.1 7318.8

Summary of ILO Data shown above

Percent -Male

Uverall
Narrow Broad
31% 643%

88% 62%



Table 6.

EXTERNAL TRADE

{£S million)
! i
1971 } 1972 1973 t 1974 l ‘ 1976 1977 i 1978 | 1079
i
imports ¢.i.f.* 123.7 ] 123.1 151.8 228.4 l 32.9 | 341.4 3765 t 449.5 * 4773
Exports f.0.b.t 5.2 i 125.5 152.2 122.0 i 52.5 , 193.0 230.2 ’ 202.3 232.7
1
* Excluding imports of crude petroleum (£S31,120,000 in 1976).
t Excluding exports of camels (£S2.420,000 in 1971).
PRINCIPAL COMMODITIES
{£S 'oo00)
IMPORTS 1977 1078 1979 EXPORTS $ 1977 1978 ! 1979
Sugar . 13,440 18,930 20,479 Animals . 4.538 8.310 i 7,102
Tea . 6.551 17.398 6,185 Cotton, long-staple 100,044 71,200 | 93,658
Coffee. 1,095 5 1,508 Cotton, others 31.518 33,723 ) 37.502
Wheat 6,490 8,825 22,007 Cottonseed . \ srpe . 1635
Textiles 28,232 37.360 26,723 Cottonsesd cake and me'li yo S At
Footwear 160 38 50 Sorghum {Durra) . 4767 2,664 13,524
Sacks and jute 3,577 $.544 5,300 Groundnuts 23.503 20,725 9,956
Fertilizers 3.370 1433 5,969 Groundnut cake and me'll 2.927 3,773 4,307
Machinery 125,619 | 111.955 | 100,796 Groundnut oil 3.138 7.479 3,556
Tyres . 6,500 9,657 11,173 Gum arabic . 13.007 13,9960 13,247
Petroleum products 44,354 19,953 71,389 Hides and skins 4.361 3.900 3.68¢
Pharmaceuticals . 10.156 14,527 10,531 Sesame seed . . 13,258 19,182 6,278
[ron and steel 8,327 8,750 8,759 Sesame cake and meal . 2.182 1.330 1,338
Transport equipment 39,659, 57,510 70,956 Sesame oil 34 1,223 460
Metal manufactures 20,759 32,855 42,217
Source: Europa. 1981,
Table 7.
PRINCIPAL TRADING PARTNERS
(£S 'o00)
IMPORTS EXPORTS
1977 l 1978 l 1979 1977 1978 1979
Beigium . 12,436 12.271 10,638 2,517 2,210 | 2,100
China, Peopie’s Repubhc 10,288 22,349 19,623 19.597 21,032 | 40,748
Egypt 4,816 9,043 15,228 2,399 12,445 | 5,179
France . . 29,710 36.454 33.524 12.993 13908 8,455
Germany. Federal Repubhc . 44,311 44,126 50.900 16,842 8,813 9,578
India . 17,097 21,356 10,993 20.504 7.940 785
Iraq 39.459 | 33,212 5,899 708 349 | 49
Italy . 16,754 24,573 19,725 28,376 27,159 36.672
Japan . 39.980 29,317 30.445 )| 17,960 16,578 16,278
Netherlands 10.705 14,085 8,417 1> 5.829 4,988 3,259
Poland 1,351 1,516 4.274 5,036 4,782 2.959
US.S.R. . . 1,943 339 397 7.048% 6.859 10484
United Kingdom 53,005 71,705 67,772 b 7.375 4,992 6.315
us.a. . . 24,349 | 32,086 | 39.439 | 5068 4,642 5,683
Yugosiavia . 3,010 4,07 7.470 13.537 12.207 14,545
TorTaAL (incl. others) 376.484 | 449,464 | 477.318 | 230,181 i 202,341 | 232,667
Source: Europa. 1981.
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Minerals and Water Resources
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1834, Gash River Basin
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Chemical analysis of groundwater in Darfur and
Kordofan
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Table 1. List of Minerals and Number of Recorded Occurrences in the Sudan

Minerals and non- No.in No. of
meailic minerais Fig. L  localities
Precious merais
Gold 174 74
Silver 7576 2
‘Non-ferrous metals
Copper 77-108 32
Lead 109~115 7
Zinc 109 1
Tin 116-117 2
Aluminium
Iron and ferro-alioy metais
Iron 118-131 14
Manganese 132~139 28
Chrome 160-166 7
Molybdenum 167-169 4
Tungsten 170~173 3
Minor metals
Arsenic 2 1.
h esium 174~176 3
Uranium 177-178 2
Columbium 179 1
Ticanjium 180 1
Barium 181-183 3
Non-metailic minerais and substances
Clay
Kaolin 184-185 2
Fluorspar 186 1
Tale 187-189 3
Building stones 100~10% 6
Sand and gravel 196-197 2
Cement 198199 2
Gypsum 200-211 12
Lime 212 1
Magnesite 213~214 2
Vermiculire 215-216 2
Wollastonite 217 1
Asbestos 218-219 2
Pumice 220~221 2
Diatomite 222-223 2
Mica 224~228 3
Salt 236~330 ‘2
Natron 231-233 "%
Abrasives
Quarez 234-235 2
- Glass sand 236 1
Paints and pigments 237 1
Phosphorite 238 1
Gemstones 239~240 2

Source: Whiteman. 1971.
190



H w > ., X
A Gaidf £ Fiveesont
“a Suver s it
« rante
s Congunt » Sosewr
~ loss » Sone ave grovel il
In Time o Compnt
e S w Gy
= Omgorman 4ime
o on e Buisavny sionvs
- g e bl
@ Cavame b2
o Mutyopsu < do barmcste
= fungsion e monsse
A8 ALRODIOS
- AL SN - Pumre
g Mopnesin O Glatamite ~r
e » ica
o G " Son
Ti Lianoonn A Nodres
4 Sorivn ) etz
 Poin aag sproonis
a K@tlen * Somesenss
T T HiON FUNEY HERIEE wARtwn
2 1 N _/ N i
i y‘ %, f
f N g {
-' s £, X
hig® ' . nah | o0 s 16
™ 2 & /
) / e PKHARTOUM N
s I
; J P
o - rod R
: e / R— L)
it (_/ / e, N4 o
\ Ot Pessar -~ o2 £ 2N e, e !
J 2 r 1 N e /
/,/ £ Olyweat \‘ ’/
[P w0 2] 2 TR0 {
-y 2 t 20 .
) tome L \>\7e
i /
otz 8 ONyele \( 1704
{ o] & “ [
~ fet?? i
3 e N atap
./\ mym G .
\ e
ud \ (8 "
Nn‘l-r - 7 B At
%,
Tl - Al
] G Coore
~——
/
\A‘_.
ot \,\_\ 4
) !
S, ~ }
\\ »/V-‘? /
Ny N
7 . (/
\. 7 )
N /
bose N A o
~ {
Y
Wa
g
" \
Miles
£ 100 1% 200 ~
100 200 300
Kilomewes
bt rd
2 »
Figure 1.
Source: Whiteman. 1971,

191



1878.79

Meen 3 92.8

A

giwns of
»
o
A s

80 ¢

50»

1913.14

'870-71 75.78 90-81 8588 90.91 96.96 1900.01 0508 0.N 15.18 20.21 25.26 30.31 35.36 404! 4548 50.51 55
Yeers of record

58 60-81 6566 70-N 75.78

Figure 2. Natural Yield of the Nile at Aswan by Hydrologic Year, 1870/71-1975/76
Source: Waterbury. 1979.

Table 2. Discharges of the Nile and Selected Branches

Annual Totals in Mililons of cubic metres
Milliards of Cubie per day (from 10-day meaua)
3ite Pertod Metres

Mean | Absolute

Min. | Mean | Max.

Min. \ Max. | Min. ‘ Max,

Lake Albert . .l 1908-34 | 12:0 ) 28-0| 45-41 54-7{ 75-1] 27-8 | 163-8
Bahr el Gebel at

Mongalla . .| 1906~34 | 15-3 | 28-5| 55-8( 58-6y115-0{ 26-8 | 243-0
Bahr el Gebel at

Mouth . . 1924-34 3-6 9-4 10-1| 23-0[ 28-0{ 195 292
Balir el Ghazal at ‘

Mouth . .l 1923-34 05| 06 1-0f 0-05) +43{—1-3 78"
Bahr el Zeraf at

Mouth . .1 1908-34 281 45 9-1 9.4 16-0f 47| 29-2
Swamps Discharge| 1905-34 | 10-4 | 14-1 | 20-7] 32-7] 47:1) 20-9 | 68:1
Sobat River at N

Mouth . .| 1906-34 96 (139 | 231 53] 734 2:2]108-0
White Nile at .

Malakal . 1 1905-34 | 22-6 | 28-4 | 44-4| 43-6 114‘(3_‘ 28-3 | 168-0
Blue Nile at. B

Khartown. . 1900-34 |257|53-2| 79-2| 8-86070f 37 934.0
Main Nile at

N Tumaniat . .| 1911-34 | 46-2 | 77-4 | 107-0| 50-5]| 649-0{ 28-7 | 880-0

River Atbara at

Mouth . . 1903-34 +9112-4| 27-0| Dry | 241-0] Dry | 547-0
Aswan Natural .

River . .| 1871-1932 | 45-5 | 96-2 | 139-0{ 47-5{861-0| 23-9 | 124-0

Source: Newhouse. 1939

192



Table 3. Percentage of Total Flow Passing Salient Points

Percentage oif Maximum Supply
. normally passing Site
Site
Sumrner ‘ Flood

Mongalla. . . . . . 1 12
Bahr ol Ghazal at Mouth . . . '3 1
River Sobat at Mouth . . . 14 7
Mulakal . . . . . . g& 12
White Nilo at Mogren . . . 33 10
Blue Niio at Khartoum . . . 17 70
River Atbara at Mouth . . . 0 20
Muiu Nile at Atbara . . . . 30 100
" ,»  Wadi Halfa . . . 78 95

. ,»  Aswan . . . . 100 91

' . Delta Barrage . . 69 83
Rosetta Branch at Sea . . . 0 40
Damietta Branch at Sea . . . 0 19

t

Source: Newhouse. 1939.

Table 4. Annual Discharge of Lake Albert at Mongalla

(billions of cubic meters per annum)

Annual Annual

Year Discharge Year Discharge
1904 326 1918 154
1905 29-7 1919 27-2
1906 320 1920 21-9
1907 31-0 1921 16-5
1908 25-1 1922 120
1909 27-0 1923 13-8
1910 24-8 1924 17-5
1911 20-4 1925 156
1912 17-8 1928 18-4
1913 19-3 1927 240
1914 19-8 1928 20-2
1915 22-8 1929 : 17-9
1916 28-1 1930 ‘ = 19-7
1917 44-9 1931 N 244
1932 27-1
1933 - N 27-3
1934 21-8
Mean 1904-34 240

Source: Newhouse. 1939,
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Table 5. Lag Between Mongalla and Malakal of Maximum and Minimum Discharges

1

Mon- Maximum Minimum
galla: t
Year | Total Interval Inter- i
Mu‘h Date at Date ut in Date at Date at val in
m Mongalia Malakal 10-day | Mongalla Malakal [10-day
Periods, Periods

1905 | 36 200 | Novw. 21-31 Jaféoel-m' 1 Mar 21-31 June 11-20 s
1006 | 38 930 | Yent.11-20 | Nov. 21-30 7 Mar. 11-20 | May 21-31 7
1007 | 35920 | Nov. 1-10 | Jan. 1-10, [ Apr. 1-10 | July 21-31 11
3
3

1908
1908 | 29 810 | Aug. 21-31 | Sept. 21-30 Apr. 11-20 | June 11-20

1909 { 31 910 | Sept. 21-30 Fe?éml-m' 1 Mar. 11-20 | June 11-20
1910 | 30 390 | Sept. 11-20 hfél%l—al’ 13 Apr. 1-10 | June 11-20

tull {25270 | Sept. 11-20 | Dec. 21-31 10 Mar. 1-10 | May 1-10
1912 [ 33 440 | Sept. 11-20 | Dec. 21-31 10 Mar. 11-20 | June 21~30
1913 | 21 000 { July 21-31 | Nov. 21-30 12 Mar. 21-31 | July 1-10
1914 | 253520 { Nov. 11~20 | Jam., 21-31, 7 Apr. 21~30 | July 11-20

1915
1916 | 27880 | Oct. 1-10 J'An6 81-10' 9 Mar. 11~20 | June 21-30 10
191 -
1916 | 37 390 | Sept.21-30 | Dee. 11-20 7 gf&r. _l;}-ég June 11-20 8
ar. cl-
1817 § 35 310 | Oct. 1-10 l\llll'9 11-20,| 16 Mar. 21-31 | July 11-20 10
’ 1

8 Apr. 1-10
1918 | 47130 | Jan. 1-10 | Apr. 1-10 9 Dec Malyélél-zo, 14
1910 | 31 200 | July 21-31 | Dec. 11-20 14 Mar. 21-31 | Sept. 21-30 18
1920 § 25800 | Aug. 1-10 | Dec. 21-31 14 Mar. 21-31 | July 21-31 12
1921 | 18 620°| Oct. 11-20 | Dec. 21-31 7 May 1-10 | July 1-10 8
1922 | 15260 | Sept. 1-10 | Dec. 21-31 11 Feb. 21-28 | June 1-10 10
1023 1 19320 | Aug. 1-10 | Dee. 21-31 14 Mar. 11-20 | June 1-~10 3
1924 | 20 450 | Nov. 1-10 | Jan. 11-20, 7 Mar. 21-31 | July 1-10 10

1925
1925 | 18 870 | Nov. 21-30 | Jan. 81-10. 4 Mar. 11~20 | June 11-30 10
1926 | 24850 | Aug. 11-20 Fell.’§27 1-10,; 17 Mar. 21-31 | July 21-31 12
1927 128030 |" June 1-10 | Aug. 11-20 7 Dec. 21-31 | Feb. 21-20

8
1923 | 26 600°] May 21-31 | Aug. 11-20 8 Mar. 11~2 May 21-31 7
1026 121300 ; May 1-10 | Aug. 11-20 10 Apr. 1-10 | July 1-10 g

]

——
WOOS N WO

1830 | 22700 | Nov. 1~10 | Jam. 11-20, 7 Feb. 21-28 | May 11-20
1931

1981 | 29 000 | Sept. 1-10 Juiléagl-‘?ol. 14 Feb. 21-28 | May 21-31

1932 | 32600 | Aug. 1-10 Jan.sll—‘ZO. 16 Feb. 2129 | June 1 ~10 10
1933

1933 | 30 600 | Sept. 11-20 | Dec. 21-31 10 Apr. 2130 | Aug. 1-10 10
1934 | 26 300 | Aug. 21-31 | Nov. 21-31 9 Apr. 1~-10 | Aug. 1-10 12

Total . . . 205 231
Mean . . . 98 94
General Meun . . X )

Source: Newhouse. 1939
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Table 6. Assumed Open Water Evaporation and Rainfall in the Sudd

(monthly totals in mm.)

Monthly Totals in mm.

Mean Mean Net ] Weighted

Month Evapora. | p . oy | Evapora. | Weight | Net Eva-

tion tion poration
Jan. . . 158 o - 158 30 142
Feb. . . 168 3 158 80 125
March . . 148 19 127 80 102
April . . 108 51 56 70 38
- May . . 74 99 —25 70 ~18
June . . 56 121 - 68 70 — 46
July . . 44 148 — 104 80 — 83
Aug. . . 41 158 - 117 90 — 105
Sept. . . 48 120 - 74 100 ~ 4
Oct. . . 50 77 — 19 100 - 19
Nov. . . 94 12 — 82 100 82
Dec. . . 131 3 128 90 115
1112 811 301 — 259

Source: Newhouse, 1939,

Table 7. Gecgraphy and Hydrology of the Main Swamp Rivers

White Nile
B. el Gebel Zeraf Ghazal Sobat
Origin Lake Victoria Swamps at Jonglei L. Ambadi  Ethiopia and East
swamps
Length in km 1000 km on entry About 293 as About 200  About 200 as joint
627 km in swamps distinct channel from Jur river
entry into
Ambadi
Discharge. mean Swamp head 27 Included in Gebei 0-63 13-0
1913-1942 discharge
(milliard m®) Swamp tail 143
: Altitudes and Bor 419 398-4-384-5 388-3~386-2 About 400-383
slope (m) L. No 386 a.s.l.
0-052 m/km 0-047 m/km 0:008 m/km  0-085 m/km
Current Bor 1-13 mjsec 0-635 mfsec~ 002~ Not calculated
L. No 0-61 mfsec 0-61 m/sec ) 0-2\0 m/sec
Depth V:am'ng, not exceeding Unkoown in detail  1-5-4-0 m No details, site
© 10 m (Monakov, 1969) sites investigated investigated was
up to 10m 10m

Source: Rzoska. 1974,
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Table 8.

Limnological Characteristics of Swamp Rivers

A, Bahr el Gabel (Upper White Nile)
Distance
from Trans-
L. Victoria Datc and Conduc- parency  CQO= Oxygen
Site (km) investigator pH* tivity (m) (mg/) (mg/h) %
{umho/ satura-
cm, 20°C). tion
Near Bor 980 Talling, Junec 1954 7-8 —_— 0-17 3-00 5-10 &5
Talling, December
1954 7-9 270 0-40 - 2-80 6-20 77
Gay, March 1958 — 350 _ — —_ —_
Kurdin, Dee.-Jan.
1963/4 7-35 —— 0-75 6-00 4-81 61
Kurdin, Apr.-May
1964 7-25 - 065 7-10 3-82 50
Near Shambe 1210 Talling, June 1954 7-2 255 0-53 17-0 0-8 10
Talling, Dec. 1954 7-05 208 © 0-53 18-0 3.0 37
Bishai, Dec. 1960 6-8 250 — 26-0 0-28 3
Gayed, Dec. 1961 — 250 —_ —_— —_ -
Kurdin, Dec.-Jan.
1963/4 7-10 - 1:25 9-8 230 29
Kurdin, Apr.-May
1964 7-0 - 110 12-4 0-66 9
River Post 70 1283 Chadwick, Apr.
1961 —_ 340 — -— —_— -
River Post 59 1340 Gayed, Dec. 1961 - 170 - — — -
River Post 30 1480 Gay, March 1958 - 350 - - - -
River Post 12 1583 Pyle, Jan. 1949 — — — - 2:45 43-5
Talling, Jan. 1954 7-8 - 045 - 5-00 64
Talling, Dec. 1954 7-15 202 0-58 14-5 4-50 55
At Lake No 1633 Talling, Jan. 1954 7-8 — 0-45 —_ 5:00 65
Talling, June 1954 7-8 250 0-32 3-8 4-40 6
Talling, Dec. 1954 7-2 202 0-60 13-0 4-70 57
Gay, March 1958 —_ 360 — — — —
Bishai, Dec. 1960 7-4 550 — 150 1-40 17
Gayed, Dec. 1961 7-1 190 — —_ _ -
Kurdin, Dec. 1963 7-25 _ 1-30 9-60 3-76 45
Kurdin, April 1964 7-17 — 0-85 9-90 243 32
At Khor Atar 1745 Pyle, June 1949 - —_ — -— 3-23 S8
Talling, Febr. 1954 §-2 — 0-40 —_ 72 87
Talling, June 1954 7-8 — 0-25 3.5 — —
Talling, Dec. 1954 7-15 237 090 18-0 2.1 24
Rzoska, Dec. 1956 —_ 235 -— — —_ —_
Kurdin, Dec. 1963 7-25 — ¢ 190 10-2 1-35 22
Kurdin, April 1964 7-35 — Y110 98 2-57 34
At Sobat Mouth 1756 Pyle, Jan. 1949 — -y = — 4-7-5-3 48-61
Talling, Dec. 1953 7-4 — 035 —_ 6:0-6-6 71-75
Talling, Dec. 1954 6-8 112 - 18-0 3-4 41
Rzdska, Dec. 1956 — 125 — —_ — —_
Kurdin, Dec. 1963 6-8 — 0-55 7-0 4-31 352
Kurdin, April 1964 7-15 - 0-30 36 6-20 81
* Temp. (not given) lie between 22-28°C.
Source: Rzoska. 1974,
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B.

Bahr el Ghazal

Distance from Qxygen
origin of
Site Bahr cf Glazal Date pH d iy Transp {m) {mg/) Satn (%)
Entrance of Jur 0 Jan. 1954 6-8 — — — —_
L. Ambadi [ Jan. 1954 6-4-6-9 40 2-50 in reeds
(to bottom) 1:3-1-8 £5-21
Open water 33-93
7-5-8-0
Nyakong s Jan, {954 6:4-6-6 — 1-80 Reeds
2:6-3-1 3040
open w.
43 50-52
Wangkai 53 Jan. 1954 — —_ 2-50 -— -
Beatiu 103 Jan. 1954 7-0 175 112 46 53
Apr. 1961 66 228 — — -—
Dec. 1962 — 100 1-60 54 3]
River Post no. § 178 Jan. 1954 7-5 — t- 10 5:7-6-3 10-18
River Post no. | 198 Jan. {954 75 -— 120 60 75
Dec. 1961 15 370 - - -
Mouth of Ghazai
into L. No 203 Dec. 1953 15 — 104 4-9-5-8 38-70
Lake No — Dec, 1953 §-4 200 0-47 8-5-9-0 {10-120
Source: Rzoska. 1974.
C. Bahr el Zeraf and Sobat
Oxygen
Distance from . . Alkalinity cl- SiOn
* Site origin (km)  Date pH Cond y (m) (N 10~9) (mg/)  Sain (%% (mg/y  (mg/D
Zeral River
Zeraf cuts 60  Dec, 1960 71:5 245 0-70 92 12 28 — -
Downstream 200 Jan. 1954 7-6-7-9 —_ -— 160 4:8-5-0 55-57 —_ 0
ditf, site 7-8 — — 160 54 61 —_ -
River Post § 268 Feb. 1954 —_ - 0-65 — — —_ — _
15 km from
mouth 278 Jan. {954 8-0-8-4 — 0-55 166 5-6-5-9 65-69 — 3
5 km from
mouth 287  Dec. 1961 71 370 — — —_— - — —
Mouth 2193 lan. 1961 80 350 0-85 150 44 52 — -
Sobat Rt\'z-r
Near mouth Over 200 Dec. 1949 — — - - 4753 48-61 - -
Dec. 1953 74 — 0-35 34 60 70 3 2
Dec. 1954 6-8 12 Q9-35 t5-2 34 44 0-06 26
Dec. 1956 - 123 o - - - —
Murch 1958 - 120 — - — - - —-
June 1961 7-8 1{0 0-45 50-0 45 53 0-15 —
Dec. 1961 7-3 280 o N Y — - — — BN
Feb. 1964 6-8 - 0-55 — 43 52 - —
. ~ May 1964 715 — 0-30 - 62 81 - —_
Source: Rzoska. 1974.
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Table 9. Recharge Estimates and Transmissibility Calculations in Kordofan

A. Formations in Southwestern Kordofan

Central Kordofan - Wadi Elghalla
Average annual rainfall = 400 mm/year
Amount of runoff = 100 mm/year
= 34 ft/year
Catchment area, 30 miles radius = 2820 square miles
Volume of runoff = 2820 x 640 x .34 = 6.1x l(_)s acre ft/year

E
=(>.l>':lo x .89

6
= 5 0
500 ) 543 x 10 gals/day

Percentage of recharge increment
from total runoff = 30%

Total (Q) or volume of recharge

. 6 , .
a 232_§T%%_3L22 = 16.3 x 10 gals/day

= .25 in/yr or 6 mm/yr

Using the ground water equation
Q=TIL

16.3 x lO7 x 1100

T= 0% 5380 X 1 = 200.000 gals/ft/day

Source: Ishag. 1965.

L
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B. Nubian Aquifer in Northern Kordofan

Average annuai rainfall (from &g. )

Amount of runoif

Catchment area. 20 miles radius
Volume of runoff = 1250 x 640 x . 16

- i2:8x 107 x .89
1000

Percentage of recharge increment rom
total runoif

Total (Q) or volume of racharge

200 mm/year

50 mm/year

.16 ft/year

1250 square miles

4
12.8 x 10 acxe f£/yr.

114 x 10° gals/day

40%

45.6 x 10° gals/day

= .07.inchor .5 mm/yr.
Using the ground water sgquation
Q=TIL

= o -
om 5.0 x 10 x 3280

= 150,000 1s/f2.
. 300 x 5280 x | 150,000 gals/f:/day

Source: Ishag. 1965.

C. Umm Ruwaba Aquifer in Eastern Kordofan

Northern Nuba Mountains - Khor Abu Habil

Average annual rainfall (from fig. 7}

Amount of runoif

Catchment area. 30 miles radius
Volume of runoff ®= 2820 x 640 x . 67

]
- l:2x10 x .89

1000

Percantage of racharge incremant rom
toral runoff

Total (Q) or voiume of racharge

< 1068 x 10% x 30
100

ﬁsmq the ground water 2quation
Q=TIL

7
32 x 10 x 700

L L. ALY
200 x 3280 x L

Source: Ishag.
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600 mm/year

200 mm/year

.87 ift/year

2820 square miias

1.2 x 10° acre it/yr

1068 x 10° gais/day

30%

32 x EL'OL gals/day
o

.4 inch or 10 mm/vr.
A2 =01 M=) WA LA A XY

s

N

210, 000 gais/ft/day

1965,



Table 10. Residual Drawdown and Recovery Data for Well No. 1834, Gash River

Basin

200

: ; A Residual Calculated
Time Since Pump Time Since Pump Depth to
Test Started Tea:vStopped l‘:?:%o Water level Dr?:d,‘)”m R?if:?‘)'y Remarks
t min. in. i .
(t min.} (t' min.) (in £t.) (im £e.) (in fe.)
600 0 0.00 32.50 4.03 0.00 Static
X watet
601 1 601 29.58 L1l 2.92 level is
602 2 301 29.35 0.88 3.15 28.47
504 4 150 29.18 0.71 3.32 fe.
607 7 86.70 2914 0.67 3.36 @ ;zg
610 10 61.00 29.09 0.62 3.l
613 13 47.13 29.00 0.53 3.50
618 18 34.30 28.93 0.46 3.37
623 23 27.08 28.83 0.36 3.067
631 31 20.35 28.68 0.21 3.82
640 40 16.00 28.64 0.17 3.36
645 a5 14.10 28.60 0.13 3.90
650 50 13.00 28.57 0.10 3.93
660 60 11.00 28.54 0.07 3.96
670 70 9.60 28.51 0.04 3.99
680 80 8.30 28.49 0.02 4.01
Source: Saeed. 1968.
Table 1l. Specific Capacities of Some Wells in Gash River Basin
Specific Transmis-
Capacity sivity =
Location Area Oumer Dl?chl\)'gc D';::z"“ (gpm/fe.) Cs x 2000
gpm of draw- gpm/fe.
down
Garb El Cash Municipality 250 4,03 61 122,000
B, H.No. 1834
Garh El Gash Municipallty 250 4.50 55.35 111,000
A, H. No. 1834
Tukrof West Mohamed Kidet 210 2.00 105 210,000
Dunbalab
B, H. No. A
" Mohamed Kider 200 5.00 40.00 30,000
Dunbalab
8, . No. B
" Mohed. Osman 192 16.00y+ 12.00 24,000
Wagie o
" Abdel Rahim 192 10.0Q 19.20 38,400
Mahgoub . N
-
Tukrof . . Ibrahim fad 192 2.00 96 192,000
El Mola -
" Mohed. Babiker 180 10.00 18 36,000
Atta
Source: Saeed. 1968.
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Table 12,

Chemical

Analyses of Groundwater in Darfur and Kordofan

ore liols L0 499 500 Sl 536 558 oLl 616
Humber pom pym ppm ppm ppm ppR ppm ppm
Alics 20 24 ] 30 20 20 10 50
Calofum 120 Lo 28 28 4O 40 19 L6l
Magnestium 66 15 10 16 a1l 15 25 570
Sodium - - - - il L5 103 2663
Aoarbonate - - - - - 182 uo7 536
Chloride 1164 2a a 121 5 60 1N 4060
Sulphate 1k 2 13 99 nil 1 10 2750
Nitrate >3 0.2% ndl W32 ail nil 2.9 5.8
Fluorids 1.9 Oubils .96 645 a1l 48 046 .20
Total
dissolved 3872 208 235 us2 150 330 130 11620
solide
liardness ae 40 12 ] 90 100 160 150 3300
Cac03y
pH (Lab.) 4.8 8.8 1.6 1.3 6.8 7.h 8.2 8.1
Table 12. Continued

f
fore liole 617 618 666 775 314 843 847 850
Thamber ol prm pem PP pr™ P ppm ppm
Silica 20 20 80 1o 25 ﬂo 30 10
Caleium 18 17 86 3 2 13 sk 39
Magnestum L b ug 17 3 1 8 1
Sodium 135 24 139 L9 53 89 57 66
Moarbonate 257 1N 260 290 256 256 231 232
Chlorids 2 26 216 N 16 72 2% 32
Sulphate ho 1 100 20 10 53 58 10
Hitrste 19 .8 23 5 ¥4 17.4 1.2 1.5
Fluorids N .6 .8 .5 2 Y. ol 3 1]
Total '
gﬁ:ﬁm u50 120 900 260 0 N 600 400 260
gz?.. as - 60 -~ 60 hlé t 150 130‘ - 240 166 156
pit (Laba) 7.5 1.0 7.2 8.3 8.4 7.8 7.9 8.3
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Table 12, Continued

Sore Hole 368 509 958 319 311 398 1002
thmber pm prm PP o opm pom ppm
lica 15 8 10 15 10 S 10
Calodum 7 28 %0 18 1 3 78
Vamrestm 9 8 3 8 5 12 2
Sodiue 10 38 5y 2 25 W6
Aloarbonate 122 207 a9 109 85 150 207
Chioride).. 16 2 22 | 18 U 26 180
Sulphate 10 10 10 10 W % 125
itrate L 2.6 9 5 .4 . l.0 1 2
Fluoride .5 2 9! .6 6 3 .5
Ii“..hm 100 200 210 120 %0 220 600
solids
Hardnese as 104 10L L % 52 130 20l
CaC0y
pii (labe) 7.2 7.8 8.2 8.1 8.1 8.0 7.9
Table 12. Continued
fora iols 1008 1038 105 1169 o6 S fi] m2s
“tmbor pm i ppm Fin) e e prm
51lica 10 8 10 b %0 10 4
Caleium 2 Ls W 59 &9 b1y 81
Hagnoalum 12 17 26 13 7 10 10
Sodiiea n 29 66 I 81 L7 33
{Acarbonata 110 23 n 293 18 261 I
Chloride 8 22 92 28 0 10 4
Sulphata 19 19 29 72 38 U 10
1itrato 1.J 1 3 J il S g
Fluorida J .1 1 ) N .1
::::ilm 100 20 o 360 250 .+ 200 250
solida - ‘\
lardness aa 100 ° 100 168 20 202 28 C uh
CaCo4 .
pH (T20.) 8.3 8.3 3.0 8.0 8.3 3.0 3.3

Source: Karkamis. 1966.
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Table 1. Temperature Data of a Khartoum Soil

A, Soil Temperature Means in OC, 1958~-62

Month ] F M A M ] J A S 0] N D
Depthincm N
) 31.0 328 378 432 443 449 395 38.0 40.6 41.1 37.2 327
2.5 ... 30.1 31.2 36.2 40.8 42.7 434 384 36.6 387 39t 355 32.0
S ... 29.3 30.6 354 403 420 429 383 36.2 381 384 350 314
0o .. .. 290 29.7 341 38.6 40.4 412 373 355 371 376 342 30.7
20 .. .. 278 281 31.7 376 376 39.2 357 344 360 361 331 299
50 .. .. 29.0 293 31.8 352 37.2 384 36.5 34.7 358 361 33.6 30.6
100 . . . . 30.2 29.8 314 340 359 371 363 346 353 358 344 3138

Source: Buursink. 1971.

B. Soil Temperature Variation in °C, 1958=62

Depth Yeariv Monthiy mean Absotute Ditference
incm meuns

Highest [.owest Maxima Minima

ar .o L .. ... . 296 33.7 23,7 . 477 5.2 42.5
1. 383 65.3 20.7- 73.0 12.0 61.0
2.5 . 37.0 36.2 20.5 65.5 _12.7 52.8
5. 36.3 52.9 20.9 61.0 13.5 47.5
w. . .. ... ... 353 46.6 22.7 50.5 17.2 33.3
20 . . . ... ... 338 0.9 25.4 44.3 22.0 22.3
) £ XY 3835 28.8 3j9.8 25.8 14.0
w0000 339 372 29.8 385 279 10.6

Source: Buursink. 1971.

Table 2. Soil Moisture Storage at Three Stations, 1957 (in mm)

Vionth ] F M A M ] J A S o N D
Station N

Seanar . . . 3 2 1 0 ] 0 0 \ll‘ 9 [ 3 4
Singa . . . 7 + 2 1 0 0 4+ 38 46 29 1711

Roscires . . -19 ° 12 4 1 ] 0 28 s 127 83 3t 32

Source: Buursink. 1971.
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Table 3.

Selected Soil Profiles along Nile

Sample Site Landform Vegetation

15 1 Foot of inselberg Few Dalbergia melanoxylon, few: Acacia
mellifera

16 1 Foot of inselberg Dominant Acacia mellifera,‘verg‘few
Acacia seyal, very few Balanites
aegyptiaca _
_—— : 1

! i

21 2 Nile terrace Sparse Hyphaene thebaica, Calotropis
procera, and short grass cover

22 2 Nile levee Few Balanites aegyptiaca, Adansonia
digitata, Acacia seval

32 3 Nile levee Sparse Acacia seyal

33 3 Backswamp Dryland cultivated

41 4 Nile terrace Dryland cultivated

42 4 Nile levee Short grass

51 5 Lower Nile terrace Desert scrub

67 6 Nile terrace Sparse Acacia tortilis

71A 7 Lower Nile terrace Sparse grass

77 7 Upper Nile terrace None

Source: Bursink. 1971.

212



Laboratory Data Profile No. 15

Depth, Horizon e Particie size distribucion (z2) ",
cm >2mm sand silt clay
2000- 200~ 30— 20~ 2-
200 30 20 2 <2 02 <0.2
0~ 10 Al 1N 30.8 19.8 12.4 8.6 28.7
10~ 25 A2 20 19.3 20.7 7.2 8.7 44.1
25~ 65 Bt 25 18.0 123 7.5 3.7 53.3
65-105 Bt 25 13.9 13.3 6.7 7.8 58.3
105-150 B2 25 120 107 7.1 14.7 55.3
150-190 Ceu i1 10.2 9.9 8.3 10.0 61.6
B.D. Organic CaC0O, Gypsum pH  Clayminerais
(= macter equiv. ",- 135 Me Mi Vm Chi K Q
per C "o

ce) o, C/N

1.33 20 — 6.7  xxxx

X XX t
1.18 22 — 6.8 XXXX X XX t
0.62 14 — 6.8 XXX X x t
— 6.9 XXX X xx t
— 7.0 XXX X XX t
3.4 7.9  xxxx XX t
Cation Extractable cations, meq 100 g Kxch. Saturation extract, [.C.
exch. Sum Ca Mg -}: - Na Na soluble (meq/1) mmhaos
cap. "u Ca Mg Na per em
28.1 20.5 13.3 6.7 0.3 t —
363 259 16.2 9.4 .3 t —
37.2 28.1 18.0 9.7 n.+ t —_
300 30.7 19.7 10.3 0.3 t -—
41.2 33.3 21.6 11.2 0.3 t -—
+6.7 41.2 274 13.3 n.3 t —
Waterextrace 1 : 3, soluble (meg/100 ) k.C..
cations anions mmhos
Ca Mg K Na Sum Sum €O, HCO, C! S0, N, Perem
% TR ¥ t 0.4 04  — 04 a5 ' 0.1
0.1 0.1 t 0.1 0.3 n.2 — 0.3 ot t t 0.1
01 0.1 t 0.1 0.3 0.1 — 0.1 0 ¥ e t 0.1
n.1 S T 0.1 0.3 n.2 - 0.2 ot oo 0
0.1 0.1 t 0.1 0.3 0.4 — 0.4 t t t 0.1
0.4 n.4 t n.2 1.0 1.2 — 1.2 t t t 0.2
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Laboratory Data Profile No.

16

Depth, Hortzon RN Particle size distribution () %
om >2mm sand silt clay
2000- 200~ 30- 20~ 2-
200 50 20 2 <2 0.2 <0.2
0~ 15 All 18 8.6 6.9 9.8 13.7 61.0
15- 50 A12 16 7.8 7.9 6.2 18.5 62.6
0= 80 AC? 12 9.5 7.4 6.5 14.8 61.8
]0-110 AC? 8 9.1 6.6 6.8 13.5 64.2
110-150 AC? 4 6.3 3.3 3.3 14.8 68.1
130-17% C —_ 6.2 32 ‘)1 13.1 66.0
B.D. Organic CaC0, Gypsum pH  Clayminerais
(2 matter equiv. ™, 113 Me Mi Ym Chi K Q
per %
ce " C/IN
0.98 32 - 7.0 XXXX Xx t
0.73 27 - 6.8 XXXX XX t
—_— 7.2 XXXX XX t
— 7.4 XXXX - XX t
— 7.8 XXXX XX t
— 7.9 XXXX XX t
Cation Extractabie cations, meq/100 g Exch. Saturation extract, E.C.
exch. Sum Ca Mg K Na Na soluble (meq/1) mmhos
cap. % Ca Mg Na per cm
49.0 36.0 16.9 18.6 0.5 t —
49.1 36.1 18.2 17.6 0.3 t —
49.5 36.8 19.0 17.3 0.2 0.3 0.6
49.1 39.4 21.3 17.3 0.3 0.5 1.0
52.4 441 24.8 18.3 0.4 0.6 1.2
36.2 49.7 28.1 20.5 0.4 0.7 1.3
Waterextract ! : 5, solubie (meq/100 g) E.C,
cations anions mmhos
Ca Mg K Na  Sum Sum CO, HCO, C1 SO, NO, °¢ cm
0.1 0.2 t 0.1 0.4 0.3 —_ 0.3, t t t 0.1
0.1 0.1 t 0.2 0.4 0.5 - 02 L 0.1 0.2 t 0.1
0.1 "0t ¢ 0.3 0.5 0.3 — 0.3 Tt t t 0.1
0.1 0.1 t 0.4 0.6 0.6 - 0.5 t 0.1 t 0.1
0.1 0.2 t 0.6 0.9 1.0 _ 1.0 t t t " 01
0.2 0.4 t 0.7 1.3 1.3 — 1.3 t t t 0.1

214



Laboratory Data Profile No.21l

Depth, Horizon " Particle size distribution (1) %
cm >2mm sand silt clay
2000- 200- 30~ 20~ 2-
200 50 20 2 <2 0.2 <0.2
0N- 25 At —— 1 7.0 41.3 23.7 26.9 31 23.8
25~ 43 C1 —_ 0.1 8.1 377 330 274 37 23.7
43~ 70 C2 —_— 0.1 0.9 38.2 4.4 26.4 . 3.6 22.8
70-124 C3 - - — 272 500 228 23 20.5
124-190 C4 _ 0.1 0.2 311 38.5 30.1 0.8 29.3
Elemental composition
S50y ALO; Fe,0, TiO, CaO MgO K,0 Losson Ba Co Mn Ni Se  Zn
. ignition
weight percentages ppm
51.0 14.5 10.8 2.1 6.7 2.6 14 82 270 32,5 1080 37.0 276 105.0
45.5 15.2 1.1 2.1 6.7 26 1.2 83 570 32.0 100§ 37.0 276 104.0
44.6 15.5 1.3 22 67 26 13 74 375 470 1220 47.0 357 975
42.5 15.4 113 2.2 71 25 14 77 445 45.0 1240 53.5 276 1115
48.9 15.3 t1.1 2.2 6.7 24 1.4 77 $10 310 1240 68.5 282 112.0
B.D. Organic CaCO, Gypsum pH  Clayminerais
(g matter equiv. %, 1:5  Me Mi Vm Chl 174 Q
per 5
ce) CIN
1.34  1.41 13 3.8 8.3 XxXxx t xx t
1.32 098 13 4.9 84 xxxx ¢ xx t
1.47  0.90 3.8 8.5 xxxx ot xx t
1.27  0.83 4.6 8.5 XXX ¢ xx t
1.26  0.62 47 85 xxxx t xx t
Cation Extractabie cations, meq/100 g Exch. Saturation extract, E.C.
exch. Sum Ca Mg K Na Na soluble (meq/1) mmbhos
cap. %% Ca Mg Na per cm
33.8 35.1 28.5 5.2 1.4 t -
36.7 396 333 5.4 0.9 t —
36.0 37.5 31.2 5.2 1.1 t —
37.7 38.2 n9 5 0.6 0.1 0.3
36.9 40.4 33.5 5.8 1.1 t —
Waterextract | : 3, soluble (meq/100 g) o E.C
cations anions mmhos
Ca Mg K _  Na Sum Sum CO, HCO, C1 SO, NO, P°™
0.7 0.2 ot 02 1t 1.2 ¢ 0.8 ¢ 0.4 ot 0.3
0.7 0.2 t 0.3 1.2 1.1 t 0.7 t . 0.4 t 0.3
0.4 0.1 t 0.1 0.6 0.8 t 0.6 0.2 t t 0.2
0.4 0.1 t 0.1 0.6 0.6 t 0.6 t t t 0.1
n.4 0.1 t 0.1 0.6 0.6 t 0.6 t t t 0.2
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Depth, Horizon " Particle size distribution (/2) °4
em >2mm sand silt clay
2000« 200- 30- 20~ 2~
00 30 20 2 <2 02 <n2
0- 18 At — A9 24.1 4.0 2.2 4.3 1.7 3.1
18- 38 A2 — 61.2 24.4 5.1 0.6 8.7 2.9 3.8
8= 60 Bel — 33.2 15.9 4.6 2.3 24.0 1.8 22.2
A= 90 Be2 —— 54.2 14.4 6.6 0.1 4.7 2.2 22.5
20-120 B2 — 33.9 20.6 3.6 2.8 17.1 2.4 14.7
120-150 B2 — 2.4 18.9 3.1 3.7 179 1.9 16.0
130175 C — 41.7 15.3 5.2 3.3 34.3
200-250 — +0.6 16.8 +.2 4.7 33.7
Waterextract 1 : 3, soluble (meg/100 g) E.C.q
cations anions mmhos
Ca Mg K Na  Sum Sum CO; HCO, C1 SO, NO, Perem
t t St 0.1 0.1 0.1 t t t 0.1 t 0.1
t t t 0.1 0.1 0.1 t t t 0.1 t 0.1
t t t 0.2 0.2 0.3 t 0.1 t 0.2 t 0.1
t t t 0.3 0.3 0.5 t 0.2 t 0.3 t 0.1
t t t 0.3 0.3 0.4 t 0.2 t 0.2 t 0.1
t t t 0.3 0.3 0.5 t 0.2 t 0.3 t 0.1
t 0.1 t 0.5 0.6 1.0 t 0.4 0.2 0.4 t 0.1
0.1 0.1 t 0.8 1.0 0.9 t 0.8 t 0.1 t 0.2
\lemental composition
Si0s  AlOy Fe,0y TiO, CaO MgO K40 Losson Ba Co Mn Nij S 7n
ignition _
weight percentages ppm
82.6 6.6 1.7 0.6 0.7 02 1.8 1.0 770 5.5 184 12.0 288 143
77.9 6.9 2.2 0.7 0.9 0.3 1.8 1.1 625 140 315 12.0 339 17.0
7.7 99 39 0.7 n9 0.5 1.+ 27 425 155 220 35.0 359 245
74.6 10.6 3.9 0.8 08 04 1.6 2.7 7 240 210 21.5 291 2835
74.5 9.3 3.7 0.9 0.8 04 1.7 2.0 700 240 0930 260 265 243
73.1 9.6 4.1 0.9 0.7 04 1.7 22 480 17.0 610 27.5 240 2.0
B.D. Organic CaCO; Gvpsum pH  Clayminerais
(% matter equiv. " 15 e Mi Vm Chl K 0
per C %%
cc) 7 C/N
1.59 0.24 13 - 6.5 XXX X 3
1.62 0.14 12 - 6.2 XXX < X
.93 0.23 12 —_ 6.9 XXX ot X t
1.92 — 7.7 wxx ot X t
.74 — 8.4 wxx ot X t
1.81 — 8.5 xxx ot X t
1.84 — 8.8 XXXX . x t
- ]38 ey :'.\* < t
) . ’
Cation Extractabie cations, meq/100 g Exch. Saturation exeract, E.C.
exch.  Sym  Ca Mg K Na Na sotubie (meq/1) mmhos
cap. ™ Ca Mg Na per cm
2.7 1.7 1.1 0.5 0.1 t —
4.0 2.3 1.6 1.0 0.2 t —
14.6 12.6 8.1 40 0.5 t -
15.5 12.9 3.1 42 0.6 t —
9.4 8.5 5.6 2.4 0.5 t —
11.5 10.7 7.1 3.0 0.6 t —_
19.6 17.8 11.8 5.2 0.7 0.1 0.5
19.6 17.3 12.3 4.7 0.8 t —_
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Laboratory Data Profile No. 32

Depth, Horizon ", Particle size distribucion () %,
cm >2mm  sand stlt __ dlay B
2000~ 200~ 50— 20~ 2-
200 50 20 2 <2 0.2 202
0- 12 Al 12 25.8 17.4 14.2 10.8 31.8
12- 44 Bt 9 23.4 9.7 10.3 14.0 +2.6
44~ 85 B2 —_ 22.8 7.7 11.4 13.9 4.2
85-123 B2 — 22.8 7.8 10.4 15.6 43.4
123-178 C 2 20.8 71 13.1 10.7 48.3
B.D. Organic CaCO, (Cypsum pH Clayminerais
(g matter equiv. °, 1S Me Mi Vm Chi K (9]
per C %
A C/N
1.29 1 4.6 7.7 XXXX X t
0.73 12 3.9 7.9 XXXX X t
4.3 t 7.6 XXXX X t
4.2 0.8 7.2 XXXX X t
1.9 7.6 XXXX X t
Cation Extractable cations, meq/100 g Exch. Saturation extrace, E.C.
exch. Sum Ca Mg K Na Na soluble (meq/1) mmbhos
cap. Y Ca Mg Na per cm
27.5 24.4 18.1 3.7 2.3 0.3 1.1 1.3
38.0 - 3ty 2.7 6.4 n.7 2.1 5.5 2.9
35.4 39.8 26.2 8.7 n.9 1.0 11, 3.3
36.8 33.2 20.7 7.5 n.4 1.6 12.3 3.8
429 36.0 213 9.1 0.4 5.2 12.1 2.3
Waterextract 1 : 5, soluble (meq/100 g) E.C.
cations anions mmhos
Ca Mg K Na  Sum Sum CO, HCO, €1 SO, NO, Perem
07 04 03 04 18 21 — 19 - Y 03 ¢ 0.4
0.5 0.4 Lt 3.3 4.2 46 @ — 32 0.9 0.5 t 0.7
1.0 0.7 t 6.1. 7.8 79 - 3.2- 0.9 3.1 0.7 1.4
6.3 3.4 0.1 3.1 18.0 2., — 0.8 0.8 18.2 1.7 3.5
0.5 0.4 5.4 6.3 6.0 — 0.6 0.6 2.5 1.6 1.4
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Laboratory Data Profile No. 33
Depth, Horizon %5 Particle size distribution (u) °%
cm >2mm sand silt clay
2000- 200~ 50- 20~ 2-
200 50 20 2 <2 0.2 <0.2
0- 10 Ap —_ 8.8 5.6 5.4 11.9 68.3
{0- 42 All — 8.0 4.9 5.0 13.2 68.9
42~ 89 AlZ+Alth? ~— 3.0 4.4 7.6 12.9 67.1
89-146 Al2b? — 5.0 3.6 3.5 12.7 73.2
146-180  AC 0.8 2.8 3.2 8.6 13.5 71.8
B.D. Organic CaCO, Gypsum pH Clayminerais
(g matter equiv. 7, 1:5 Mt Mi Vm Chi K Q
per C 7
cc) N CIN
0.56 20 4.7 8.0  xxxx XX t
0.55 20 3.7 8.0  xxxx XX t
0.54 5.3 8.5 XXX XX t
.56 4.4 8.2 xxxx XX t
10.0 0.7 7.6  xxxx xx t
Cation Extractable cations, meq/100 g Exch. Saturation extract, E.C.
exch, Sum Ca Mg K Na Na soluble (meq/1) mmhos
cap. " Ca Mg  Na  percm
70.9 65.3 51.5 10.3 0.9 2.6 3.7
70.9 . 64.7 57.8 10.9 0.7 5.3 7.5
71.4 63.0 44.3 11.6 0.5 3.6 12.0
72.0 66.3 41.9 15.1 0.4 89 12.4 3.0
66.6 63.0 J9.4 14.5 0.5 8.6 12.9 4.7
Waterextract 1 : 3, soluble (meq/100 g) £.C.,
cations anions mmbos
Ca Mg K  Na  Sum Sum CO, HCO, :G1 SO, No, Perem
0.2 0.1 t 1.4 1.7 1.6 —_ 1.6 "ty t t 0.2
0.1 0.1 t 1.8 2.0 1.7 — 1.7 e t t 0.2
0.1 0.1 - 1.9 2.1 1.9 0.1 1.8 t t t 0.3
0.2 0.1 t 4.7 5.0 4.9 — 2.3 1.0 1.6 t 0.9
4.6 2.7 t 3.3 16.6 18.4 — 1.1 0.7 16.6 t 2.6
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Laboratory Data Profile No. 41

Depth. tHonzon " Particie size distribution (2 "«
cm >2lmm sand stit clay
2000~ 200~ 50- 20~ 2-
200 30 20 2 <2 0.2 <0.2
0= 1 Al —_ 149 37.6 22.0 8.2 17.3 2.4 14.9
10- 33 {TAlh — 36 10.8 26.7 26.3 326 6 27.0
33-105 e - ns 10.2 40.3 19.0 29.7 5.2 4.3
108-173 ez — n.2 124 7 98 212 Jad 73 29.1
Elemental composition
Si0;  AO, Fe,0p TiOp Ca0 MgO K0 Losson Ba Co Mn  Ni St 7n
ignition
weight percentages ppm
hd.4 9.3 5.9 1.2 44 16 14 41 415 265 360 32.0 366 835
57.6 14.7 10.1 2.0 64 2.4 13 .5 515 26,0 1210 49.5 417 1120
35.7 15.3 104 2.0 69 2.5 1.3 6.5 610 350 1210 A1.0 456 130.5
344 16.0 0.7 21 69 25 1.4 66 415 370 1320 745 378 139.0
3.D. Orgunic CaCOy Gyvpsum pH  Clayminerais
(g matter equiv. 153 M Mi Vm Chi K Q
per  ( "
cc) " CIN
1.41 058 12 .4 8.3 XXXX X t
L 1.29 099 14 2.8 8.4 XXX xx t
117 0.69 2.7 3.5 XXXX xx t
1.13  0.48 2.6 8.5 XXX XX t
Cuatinn Exteactable catinne, meqy 100 ¢ Fxch. Saturatinn extract. €L
exeh. Sum Ca Mg - l\i - ”__\;3 Na _so_luﬁle_( meu/ l')_ . mmbos
can. ' Ca Mg Na per cm
1h R 19.0 15.1 2.9 o t —
12.0 139 28.5 49 N3 t -
.7 347 28.9 33 0.4 0 0.3
33N 374 a2 6.0 ol n1 23
-'-\L‘
Ay \‘
Waterextract | : 5, soluble (meq/100 ) L DR
cations anions mmiwos
Ca Mg K S Sum sum COn HCO, C1 80,  NO, PN
oA (18] n.1 n.1 n.8 “7‘ t n.6 t 0.1 t 0.2
s 0.1 t 0.1 N7 0.7 t (LX) t 0.1 t n2
n4 0 t 02 n7 n7 t n.e t 0.1 t 0z
"4 01 t 0.2 n7 an t .6 02 0t t n2
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Laboratory Data Profile No. 42

{Jepth, Horizon Particie size distribution (2¢) .
cm 2 mm sand silt clay
00— 200- 50~ 20- 2
200 30 20 2 <2 .2 n2
- 10 All i 38.6 3.0 5.t 5.1 19.2 3.0 16.2
10~ 28 Al2 ) 340 0 334 .7 4.8 424 22.0
28- 33 Btt - 330 282 2.1 4.7 J20 28 9.2
35- 83 Bt —_ 321 21.7 1.1 6.1 330 29 30.1
83~ 99 Be2 — 340 300 1.7 5.0 287 32 253
19-160 [ — 183 377 1.1 4.4 18.5 6 16.9
{lemental compostion
Si0,  AlLOs  Fe,04 TiO, Ca0) MgO K, l.osson Ba (o Mn  Ni Se Zn
ignition
weight percentages ppm
49.8 6.3 34 03 55 15 08 6.0 190 145 1230 27.0 396 355
7.0 3.5 3.8 0.8 23 05 1.3 32 228 125 635 2.5 775 493
724 93 5.0 1.0 22 06 1.5 41 208 7.0 488 340 675 260
4.1 9.0 4.7 0.9 43 06 1.4 34 190 10.0 440 100 450 430
6.5 8.7 4.6 0.9 41 06 13 50 220 125 330 360 324 190
71.8 8.3 4.3 0.9 1.3 44
B8.0. Qrganic CaCOy CGvpsum pH  Clavminerais
(x macter equiv. S ove M Vm Chl K Q
per "
el N
1.80 0.18 16 10.2 9.1 XXX XX ¢
1.7 0.6 12 1.7 9.1 xxxx ot xx t
1.83 0.13 16 1.9 9.3 XXXX xx t
1.88 5.7 9.5 XXXt xx t
1.90 6.1 9.3 XXXX XX t
1.74 6.3 96  xxxx xx t
Cation IExtractable cations, meq/100 ¢ Exch. Saturation extract. E.C.
exch. Sum Ca Mg K Na Na soluble (mea/1) mmhos
cap. T Ca Mg Na per cm
14.4 16.3 14.5 1.2 0.6 t —_
4.7 17.0 14.6 1.6 0.8 t —
19.6 219 17.4 2.6 1.9 t —_
4.3 25.4 20.2 3.3 1.6 0.3 1.2
22.0 23.2 18.0 3.1 2.0 0.1 0.5
15.3 17.4 14.1 2.3 0.9 0.1 0.7
Waterextract | : 3, soluble (meq/100 g} . E.C,
cations anions mmhos
Ca Mg K Na Sum Sum CO, HCO, GN =0, No, Perem
[ R t 0.1 0.4 0.5 0.1 0.4 t t t 0.1
0.4 t t 0.2 0.6 0.6 t 0.4 0. t t 0.1
0.2 t 0.1 0.6 0.9 0.8 t 0.8 t t t 0.2
0.2 t 0.1 0.7 1.0 0.9 0.2 0.7 t t t 0.2
0.2 t 0.1 0.7 1.0 0.9 0.2 0.7 t t t 0.2
0.2 t 0107 10 09 02 07 t t ' 0.2
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Laboratory Data Profile No. 51

221

Deprh, Horzon - Particle size distribution (/1) "
cm ~2mm sand silt clav
2000-  200- 30— 20- 2-
200 in 20 2 <2 n2 <0.2
n- 11 At —- 7.7 328 16.2 3.1 332
- 26 [S3] — 7.3 20.7 14.1 13.1 4.8
26~ 46 e 0.6 47.2 +2.0 1.6 1.1 s
46— 36 1Mes3 n4 1.3 29.2 12.0 6.7 0.8
36-110 f1C+ 0.6 37.6 0.9 1.3 1.3 89
=150 nics N6 252 35.2 +.7 95 25.4
130170 Hes 0.6 18.5  42.6 77 8.3 227
Flemental composstion
' Si0, Aal)y  FelOp 1O, CaO MeO Ky Losson Ba Co Mn Ni St Zn
ignition
weight percentages ppm
395 25.0 00 39.0 405 1203
335 42.0 820 47.5 324 810
355 25.0 350 28.5 312 305
385 21,5 880 315 342 300
310 165 380 310 324 280
B.1). Organic CaCO; Gypsum pH  Clayminerais
'S matter equiv. ", 1:3 Me Mi Vm Chi K Q
per C "
et N CIN
n.73 12 0.7 7.3 xxxx XX t
n3g 14 0.4 7.5 xxxx XX t
n.06 13 0.2 7.4  xxxx xx ¢
n.28 N4 8.0 XXX xx ¢
n.0s n.1 8.6  xxxx xx t
n1o
Cation Extractable cations, mey/100 g Exch. Saturation exemer.  B.C.
exeh. Sum Ca Mg K Ny Na woiuble (meq/ 3] mmhos
cap. Ca Mg Na  percem
29.2 26.6 211 36 1.3 ns 1.7
4.1 38.3 J2.2 46 1.1 n.4 1.0
6.6 6.4 5.3 iX} 0.2 0.1 1.5
354 3.4 240 6.1 n.4 1.9 3.1
6.6 5.7 +.0 1.2 n.1 n4 6.1
Waterextract 1 : 3. soluble (meq/100 q) \;‘ E.C.
cations anions mmhos
Ca Mg K e Sum  Sum CD, HCO, C1 SO, No, P
N4 01 01 01 o0& LD — n.9 t 0k n.2
nl n n1 0 n.6 n7 — n.6 ot n1 t n2
n2 n1 t n.1 N4 ne _ 0.4 0.1 n1 t 0.1
N1 t t [1%.3 0.9 1.0 —_ nsg n.1 na t n.2
t t t [LX.] ne ng - n.6 18| N t n2



Laboratory Data Profile No. 67

Depeh. Horizon .- Particle size discribudon (je) )
cm >2mm sand silt
2000- 200~ 0= 20-
200 30 20 2 2 0.2
0- 16 Bt -_ 299 33.7 13.5 2.6 20.3 3.4 16.9
16= 46 B2 - 224 303 17.6 7.1 2.6 33 19.1
46~ 86 Ct - 28.8 45.3 12.3 2.3 11.3 1.7 06
$6-124 Ct 9 247 +4.1 12.0 6.4 12.8 1.9 0o
124-170 11C1 -_ 17.6 27.3 1.9 20.0 23.2 38 19 4
iilementat composition
Si0,  ALO, Fe,0, TiO, CaO MgQ Ky ) f.osson Ba Co  VMn  Ni Sr Zin
ignition
weight percentages opm
73.3 6.7 3.7 0.8 +.9 09 30
70.8 7.9 3.2 0.9 3.0 1.0 64
21.9 5.3 2.9 0.7 4.0 ng 1.7
734 6.0 3.6 0.8 3.7 09 3.1
a4l 9.5 6.0 1.1 4.4 st
B.D.  Organic CaCO, Gypsum pH  Clavminerais
2 master equiv. ", Li8 e Mi Vm Chi K 0
per C "
¢e) " C/N
1.73 012 8 7.1 9.5 XXX x t
.74 0.10 26 8.7 9.0 XXXX xx t
1.91 4.0 . 002 9.3 XXX x t
1.87 7 0.02 9.6 XXXX x t
1.90 4.2 0.02 9.3 xxxx x t
Catton [ixtenctable cations, meq/100 g Exch. Saturation extracr, E.C.
exch. S‘u;n Ca My K Na Na solubie (meq/1) mmhos
cap. - Ca Mg Na per cm
.o 2.1 ns i0 28.6 39 1.0 748 90
00 2.3 n3 97 471 248 122 2826 310
12.8 163 hb 3 0.2 3n 62.5 15.1 3.6 208.7 196
15.3 17.8 39 19 0.2 a8 LEN] 3.0 2.3 1300 136
n4 06 70 4.3 n4+ 18.7 ALS .n ns A3.2 7.2
Waterextract | : 5, soluble {meq/ 100 ¢) L 15.C.y
cirions anions " mmbos
Ca Me K Ns  Sum  Sum CO, HCO, Cl S0, NO, P¢™m
01 t t R 3.9 +.1 n.é 0.7 2.5~ 0.2 0.1 ng
A3 N1 t 14.1 143 1+.0 n2 0.9 119 01 0.9 3.0
0.2 t t 1na 103 0.1 0.2 ns 42 47 0.4 2.0
0.1 4 t 3.0 3.1 7.4 0.3 0.4 34 32 nt 1.7
a1 t t 8.5 8.6 83 0.4 1.4 3.7 28 .t 1.7
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Laboratory Data Profile No. 71A

Depth, Horizon s Particie size distribution €2¢) "
cm >2mm sund silt . clay
000- 200- 50- 20— 2-
nn 30 20 2 <2 n2 <0.2
0= 25 Al - ns 6.1 7.8 14.2 714 t1.6 598
25- 55 Al —_ n4 6.1 7 4.4 1.4 13.0 R4
53~ 90 C1 1 n6 6.9 8.6 142 49.7  11.2 385
90-128 C1 1 n7 8.4 10.8 12.8 67.3 1.2 561
125-150 c2 _ 1.0 9.1 3.6 13.9 67.4 1. 563
[‘lementai composition
Si0s  AlO, Fey0, TiOy CaO MaO K0 Losson Ba Co Mn NI St Zn
ignition _
weight percentages ppm
52.6 16.8 9.3 1.2 32 1t 13 78 305 48.0 1180 42.5 300 1025
3.7 169 9.4 1.5 32 L2 s 77 24§ 385 1120 32.0 330 930
334 164 9.4 1.5 35 13 12 70 295 22,5 1270 325 375 805
55.7 7.1 9.2 1.6 33t 12 k8 295 385 1120 72.0 318 RS
55.7 16.7 9.4 1.6 3.2 to L2 69 515 43.5 960 80.5 1170 K25
B.D. Orgenic CaCOy Gvpsum pH (| Jayminerals.
(g matter equiv.  °, 1:3 Ay Mi Vm Chi K Q
per  C "
ced % CIN
036 20 1.2 9.1 XXX xx t
0.37 19 1.0 9.0 xxxx xx t
0.7 0.1 8.4  xxxx XX t
0.6 1.9 82 xxxx t xx t
1.3 0.1 8.3 XXXX t XX t
Cation Exteactable cations. meq/100 ¢ Exch. Saturntion extrace, E.C.
exch. Sum Ca Vg K Na Na soluble (meq/1} mmhos
e Ca Mg Na  perem
2.8 332 413 7.7 1.7 2.3 47
33.7 524 3309 7.9 1.3 9.3 17.3 1.3 04 239 28
32.4 S4.6 28.7 7.1 1.6 17.2 32.8 19.8 3 117.4 128
48.9 534 28.2 7.7 1.3 18.0 36.8 25.0 37 1511 154
505 st 16.9 7.9 1.7 245 49.0 12.8 6.1 133.7 13.4
.'-\;-
Waterextract | - 3, soluble (meq/100 «) \ E.C,
cations anions - N mmhos
Ca Mg, K Na  Sum  Sum CO, HCO, Cl1 SO, N, P&m
0.1 0.1 t L1 1.3 Lot 0.8 0.1 [ B n2
0.2 n t 32 3.5 32 01 1.0 1.8 n3 0.7
1.7 0.4 n 16.1 18.3 18.4 t 0.4 6.4 11.4 0.2 36
3.8 19 n.2 286 395 384 ¢ 0.2 635 316 N1 59
1.5 6 11 22.8 25.0 243 t 0.5 7.0 16.7 0.1 +.4
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Laboratory Data Profile No. 77

Depth. Horizon kA Particle size distribution () %
cm >2mm sand siit clay
2000~ 200~ 50— 20~ 2-
200 50 20 2 <2 0.2 <0.2
0- 1§ At - J20 138 4.6 2.6 273
18- 33 Bt 9 2zt 29.5 2.5 5.2 30.7
55- 70 uct 50 473 4.8 3.4 2.5 20
70-120 {1c2 4 345 319 7.3 1.2 25.1

Elemental compomtion

S5i0y  AlyO, FesOy TiOy CaO MgO KO Losson Bs Co Mn Ni Se Zn
igmtion
weight percentages ppm
14 03 600 17.0 1000 450 420 400
16 04 165 140 1450 30.0 237 4.5
1.8 04 150 21§ 905 335 26t 310
41.7 0.4 300 18.5 670 435 171 145
B.D. Orgunic CaCOy Gypsum piH  Clayminersis
(g matter equiv. "4 1:5 Me Mi Vm Chi K Q
per %
«) CIN
180 022 3t 0.9 72 xxxx ¢t x t
190 025 1.0 7.4  xxxx xx t
1.6 70 xxxx t XX t
51.2 t 70 xxxx ¢t xx t
Cation Extractabie cations. meg 100 ¢ Kxch. Ssturation cxreuct, O
exch. Sum Ca Mg K Na Na sotuble (meqy1) mmbos
cup. " Ca M Na precm
27 26.0 23 1.7 0A 0.6
32.3 30.6 7.0 T 20 03 1.2 .
2.4 212 18.5 2.0 n 0.6 2.7 2
1.3 12.8 ny 1.4 0.1 N4 13 R
Waterextrnet 1: 3, soluble (meq/100 ) B B [N
cations anions . mithos
Ca Mg K Na  Sem  sem €O, HCO, €1 80, Np, Prem
ot - [ t n.2 n3 n.7 — n.3 n na t i 0t
01 t t 0.9 Lo 1.2 - n: " on4 0 n2 3
Lo 02 e 6 28 34 - 0.3 W03 ay 0o
[ 0.3 t 4 2.7 4 - N3 L& nR 03 1Y
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4 Junayd 15 Lake Nasser
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Figure 2. Leocation of Principal Improvement Schemes,

Existing and Proposed, Sudan, 1971

>

Nelson et al.

Source: 1973.
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Desert : average rainfall less than 75 mm per
annum. and the vegetadon, if any, confined to
the seasonai watercourses.

Semi-desert scrud and grassiand

on lithosols : average rainfall from 73 to 250 mm
per annum. Scrub vegetadon includes such
species as dcacia tortilis subsp. loralis. Leptadenia
pyrotecmica, Salvadora persica, with drisidaspp. as
the dominant grasses ; Panicum tur aum occurson
the sandv soiis.

n ciay souls: average rainfall from 735 t0 y00omm.
Scrub vegetation inciudes .dcacta metlifera,
Cappans decidua, iziphus spina-cansit and Balanutes
degyptiaca aiong the drainage lines, with
Schoeneyeidia graciiis and Sehima ischaemoides as
the dominant grasses.

Thorn savanna and scrud

on sandy soils : average rainfall 280 to ¢50 mm.
Acacta senegai is the dominant tree with Anstda
sieberana and Eragrastts spp. as the domnant

grasses.

on clay souls : average rainfall 400 t0 Soomm.
Pure stands ol dcacia meliifera scrub occur -
between 400 and 500 mm with (éaca seval and
Baianites aegyptiaca dominant in the higher
rainfail areas. The major grasses include
Schoenefeldia graciiis, Cymoopogon spp. and
Brachiana ootusiiora.

v Decidu Yland

V1 Lowiand forest: average raintall ovef

A "C" {asosols : average rainfail 450 to (300 mm. Consisting of smaii refic forest aren
;"”::T glunnaswom. Anogerssus letocarpus. Laboni, Talanga, Azza andAloms
erminaiia brownn. A{bizia amara subsp. Celtrs zenkert. Chrysophyilum aibidem,:
sertcocephala. Khava senegaiensts and [sooeritma including areas derived from fores.
doka are the major tree constituents. with ga, Vitex dontana, Terminglia glu"
Anstidaspp.. Eragrostsspp.. Pomsetum spp. :
and AHyparrhema spp. among the important vt Hill vegetation : regarded as isolated
grasses. savanna and woodland vegetation:
8 onclay soils. average rainfall 800 t0 000 mm. hill slopes in areas where similar c¢
The major tree species are Combretum are no ionger to be tound in the sut
hartmannianum and .inogerssus letocarpus. with lowiands.

Hyparrhemia spp. as the dominant grasses.
vt lontane vegetatton : upland areas ofi
v 1:" {ood regton temperate and tropical species thu§
Swamp and wetland savanna : average rainiall 8o xnown from similar upland areas iy
to tooomm. {nciudes the perenmial Ciperus ' '
pagyrus swamps ot the ‘sudd’ and the seasonaily
flooded ‘toich’ area with Hvphaene thebarca. '
Borassus aethiopum, Acacia seyal, A. sieberqna and
Balanites aegyptiaca among the tree specibs present
see Jongiei [nvestgadon Team. 1954 for
further details. LTy
8 Grasstand: average rainfall over 1000 mar.
Knoyn as the Toposa area, with Avparrhema sppl,':
Setaria spp.. Chrysopogon plumulosus t = C. auchert
var, quinqueplumts), Bothriochloa tnsculpta. etc..
among the more important grasses. with thickets
of .icacia meilifera aiso present.

Figure l. Vegetation Regions of Sudan

Source: Wickens. 1976
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Table 1. Vegetation of Khartoum Province

a Floristic Composition of 6 Stands Representing the Western
Clayey Desert Plains

b Floristic Composition of 6 Stands Representing the Eastern
Sandy Desert Plains

¢ Floristic Composition of 3 Stands Representing the Gravel
Desert '

d Floristic Composition of 6 Stands %Representing the Khor
Terraces )

e Schrub Composition of 9 Stands on Khor Terraces

£ Floristic Composition of 6 Stands Representing the Jebels
(Hills)

rare
occasional
common
abundant

a very abundant
dominant

A pMOOoOn

Source: Halwagy. 1961.
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Table la. Floristic Composition of Six Stands Representing

the Western Clayey Desert Plains

Presence 5%

Trees and shrubs
Acacia chrenbergiuna Hayne. .. ............ a o < d < 100
Cupparis decidua (Forsk.) Edgew........... o r ¢ ¢ d 33
Ziziphus spina-christi (L) Willd, ........... - - - r r 50
Acacia seyal Del.. ............ ... ... ... - - la ¢ r 50
Leptadenia heterophyiia (Dei.) Decne........ - - - - r 33
Acacia torrilis (Forsk.) Hayne............ . - - - r - 17
Acacia raddiana Savi. ............ ... .. .. - - - - r 17
Undershrubs and herbs
Chivris prienrii Kunth, . ... ... oo va r vi o va 100
Eragrostis pilosa (L.) Beauv................ va Q ¢ < va 100
Sporobolus humifusus

var. cordofanus Stapf ¢x Massey.......... a < va ¢ va 100
Dacryloctenium aegyprium (L.) Beauv. ...... va r va ¢ - 100
Schoenefeldia gracilis Kunth............... - d va ¢ Vi 33
Trianthema sedifolia Vis................... - a o 67
Aristida adscensionis L.................... r c r - 67
Panicum hygrocharis Steud. ............... r - r - - 50
Corchorus depressus (L.) Christens.. ........ r - - o] r 50
Aristida hordeacea Kunth. ................ - a o - - 50
Corchorus tridens L....................... r - - o - 33
Boerhavia diandra L. ..................... r - - - o 33
Euphorbia granulata Forsk.

var. glabrara (Gay) Boiss.. .............. r - - - r 33
Cassia senna L........................... - ¢ - r - 33
Cyperus rotundus L....................... c-la - - - - - 17
Cyperus bulbosus Vahl.. .................. c-la - - - - 17
Tribulus terrestris Lo ... ..ooovviiii .. r - - - - 17
Polygala erioptera DC. ................... v - - - - 17
Eragrostis cilianensis (All) Link ex Vign. Lut.. - - r - - 17
Aristida mutabilis Trin. & Rupr............ - - - va - 17
Panicum turgidum Forsk, ................. - - - ¢ - 17
Tragus paucispina Hack................... - - - r - 17
{ndigofera oblongifolia Forsk............... - - - 0 - 17
Bergia suffruticosa Fenzl. ................. - - - r ~ 17
Psoraiea plicata Del. ... ... ... .. ..... . - - - r - 17
Hibiscus obeusilobus Garcke. ... ... ... .. - - - c - 17
Crataiaria saltiana Andr. ................. - - - o - 17
Sesbania microphylla Harms

ex Phillips & Hutch.. .................. - - - o - 17
Solamumn dubium Fresen................... - - - ) - 17
Sprorobolus glaucifolius (Steud.) Hochst.

ex Dur. & Schinz.?. ... ... ... ... - - - le - 17

*+ Species recorded with no indication of frequency.
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. the Eastern Sandy Desert Plains

f Precence 7%
Trees and shrubs
Acacia torrilis (Forsk.) Hayne.......... .. .. d d d d 0 cod. 100
Acacia raddiana Savi. .......... ... .. ... a N - ¢ - - 30
Capparis decidua (Forsk.) Edgew........ - c - N d - 50
Acacia ehrenbergiana Hayne. .. ... ...... .. - ~ - - cod. 30
Muaerua crassifolia Forsk. .. ............... - - 0 - - - 17
Undershrubs and herbs.
Schoenefeldia gracilis Kunth............... va va < va va va 100
Eragrostis pifosa (L.) Beauv................ < a va c ¢ a 100
Aristida funiculata Trin, & Rupe. ... .. a a < a 100
Aristida murabilis Trin, & Rupr............ c o G va va - 33
Aristida hordeacea Kunth. .............. .. c c - o - o 67
Sporobolus humifusus

var, cordofanus Stapf. ex Massey....... .. ¢ a - ¢ ¢ - 67
Dactyloctenium aegyptium (L.) Beauv..... .. - N N N ¢ - 67
Chioris prienrii Kunth. ................ .. - r o c - r 67
Trianthema sedifolia Vis.. . ............. R o - < < r 67
Trianthema polysperma Hochst. ex Oliv. ... - r r - o < 67
Eragrosuis cilianensis (All) Link ex Vign. Lut.. - r va - - c 50
Euphorbia granulata Forsk.

var, glabrata (Gay) Boiss.. .. ............ - - r - r - 33
Tragus paucispina Hack. .................. - - - r [*] - 33
Eragrosus tremula Hochst. ex Steud. . ... .. = - r - - - 17
Corchorus depressus (L.) Christens,......... - - - - ¢ - 17
Boerhavia diffusa L.

var. viscosa (Choisy) Cuf................ - - - - c - 17
Limeum viscosum (non Fenzi) Broun &

Massey. . ... oiiiii e - - - - r - 17
indigofera cordifolia Heyne ex Roth. . ...... - - - - - r 17
Euneapogon brachystachyus

(Jaub. & Spach) Stapt.. ................ - - - - - r 17

Table lc. Floristic Composition of Three Stands Representing

the Gravel Desert

i
- Presence T

Herbs )

Enneapougon brachystachyus (Juab. & Spachy Swapf.. .. a < a 100
Aristida mutabidis Trino & Rupe ..o 2 ¢ a 100
Aristida funiculata Trin, & Rupr. ... ... ... ... ... ¢ = < 100
Erugrostis cilianensis (Al Link ex Vign. Lut.. .. ... ... .. o < r 100
Qoertavia diandra L. .. . . r < - 67
Aristida adscensionis Lo o 0 00 L . = r 67
Indigofera arenaria A. Rich.......... .. ... ... ... . .. ... .. :‘\ r -~ r 87
Aristida hirtigfuma Steud. ex Trin. & Rupr. .............. .. .. .4 - - 33
Erugrostis tremuia Hochst. ex Steud. .. ................ ... oY - - 33
Heliotropium strigusem Willd, . ... .. ... . ... ... .. ... e - - 33
Tephrosia victoides A, Rich. ... ... ... o oo o 0 r - ~ KR
Cymbopogun excavarus (Hochst.) Stapi.?............ ... ... .. r - - 3
Schoenefeidia gracifis Kunth................................. - N - 33
Boerhavia diffusa var. viscosa (Choisy) Cuf.......... ... ... ..... - ¢ - 33
Tragus paucisping Hack. ... .............oouiii i, - 0 - 33
Tragus berteronianus SChull.. .. ... .. ... ... ..o .. - - r 33
Eragrostis pilosa (L.} BeaUV.. ... oo i, - - r 33




Table 1d.

the Khor Terraces

Trees and ~hrubs
fedcid nubea Bendh. L.

Acaciu ehrenhergivna H

ayne.. ..o

Capparis dedidua (Foesky Edgew. ...

Ziziphus spina-chrisei (L
Calotropis procera (Ait.
dcaciu rorrifis (Forsk.)

Muerua crassifoiia Fors

Undershrube and herbs
Schuenefelidia gracilis K

OOWIllde oo
YA DL
Havae........... ...
Koo

anthe ..o

Eragrostis pifvsa (L) Beauv... .. ... ..
Dacryivctenium aegyptium (L.) Beauv.. ... ..
Eragrostis cilianensis (All) Link ex Vign. Lut..
Aristida hordeacea Kunth. .. ..............

Aristida mutabilis Trin.
Aristida adscensionis L.

& Rupro...........

Panicum turgidum Forsk. .......... ... ...

Aristida funiculata Trin,
Chloris virgata Sw.. . ..

& Rupr. ..........

Indigofera huchsterteri Bak. ... ... .. ...

Cyperus rotundus L.. . .

Corchorus depressus (L.} Christens..........
Solanum dubium Fresen............. ... ...

Boerhavia diandra L. ..
Cenchrus biflorus Roxb.
Cussia italica (Mill.) La

Moo

Seshania nucrophylla Harms

ex Phillips & Hutch..

Tribuius terresteis L. ..o o

Dichanthium annulatum
Celosia argentea L. ...
Kohautia cuespitosa Sch

(Forsk.) Stapf. ... ..

migho ..o

Crotafarie saltiana Andr. .................

Triamthema sedifolia Vis

Cassia senna L. ..o oo e

Tragus poucisping Hack. ... ... ... ...

Punicum hyvgrocharis Steud. ...
Ipamoeu verticelluta Forsko.. ... ... ... ..
Digera alterntfolia (L.) Aschers. ... ... ...
Hibiscus obtusilobus Gureke. .. ... ...

" tadigofera stenaphyiia

Euphorbia granalata
var. glubrara (Gay) B
Indigofera viscosa Lam.

Limeum viscosunt

(non Fenzi Broun &
Buerhavia diffusa

var. viseosa (Choisy)

Cenchrus pricurii {Kunthy Muire, .

Trianthema crystallina (
Fagonta parviflora Boiss

OI8S. . . ...

Massey. . .

Cutl. oo o

Forsk.) Vabl, .......
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Table le. The Shrub Composition of Nine Stands on Khor Terraces

S0l clayey sand (O sandy ciay S sand, someumes slightly oamv

Presence "o Presence e
Acacia ehrendergiana .. ... ... I d o d 100 ro- = ¢cud. o Y
Acacia nubica ... ... ... ... .. N 100 d - - - d <0
Acacia tortilis. ... ... ... ... - - = - ) r d d cod. a 10
Calotropis procera . ... ........ T 75 - - - - - U
Capparts decidua. .. ........ ... N 75 o - - - r 40
Ziziphus spinaschristi . ... ... ... R a - o0 75 < : - - r fid

- species recorded with no indication of frequency.

Table lf. Floristic Composition of Six Stands Representing

the Jebels (Hills)

Shrubs
Capparis decidua (Forsk.) Edgew......... .. r - r r - - S0
Acacia ehrenbergianag Havne. .. ..o - r . r - - AR
o daera R Beoex Benthe oo i - - 17
Caduda rotundifeiia Forsk................ ~ r - - - ~ e
C. farinosa Forsk. ........... .. ... ... - - r - - - i7
Ziziphus spina-christi (L) Willd. ... ......... - - - r - - t7
Undershrubs and herbs
Aristida adscensionis Lo....... ... ... ... d d a c < - 33
Aristida mutabilis Trin. & Rupr......... ... o o a d - a 83
Eragrostis pilosa (L) Beauv........ ... .. c < ¢ < a - KR
E. cilianensis (All) Link ex. Vign. Lut...... < < < r - o 33
Baerhavia diandra L. .. ... ... .. .. ... .. ... - o r t r a7
Schoenefeldia gracifis Kunth. .. ........... o 0 < - - - 3
Panicum turgidum Forsk. .............. ... - r r r - - 0
Cussia senna Lo . ... 0. .. r r - - v - NY]
Aerva tomentosa Forsk.............. .. ... o o - - - - 33
Abutifon fruticosum Guillem, & Perrott.. .. .. r r - - - - 33
Euphorbia granulata Forsk.

var glabruta (Gay) Boiss. ............... r r - - - - 33
Solanum dubium Fresen. .. .......... ... ... r ¢ - - - - 33
Aristida hordeucew Kunth. ................ - - r r - - i3
Chioris prieurii Kunth, . ... ... ... ... .. ... - - 0 - < - 33
Euneupogon brachystachyus

(Jaub. & Spach) Stapf.. ............. ... - - - 0 - a 33
Aristida funicuiata Trin, & Rupr. .. ........ - - - o - ¢ R
Indigofera hochstertert Bak. . .............. - - - r r - 33
Eragrostis tremuia Hochst. ex Steud. . ... .. - - - - < o 33
Blepharis edulis (Forsk.) Pers. ............. - - la - - - 17
Tetrapogon sparhaceus (Hochst.) Hack. . .... - - P - - t?
Citrutlus colocvnthis (L.) Schrad............ - - ¢ - - - 17
Sporobolus humifusus ‘ <N

var. cordofanys Stapf ex Massey.......... - - e - - - 17
Trianthema crystallina (Forsk.) Vahl. ....... - - o - - - 17
Tragus paucisping Hack. . ................ . - - - r - - 17
Echinochloa colonum (L.) Link.. ......... . - - - - r - V7
Cenchrus pennisetiformis Steud. & Hochst.. .. - - - - r - 17
Dactyloctenium aegyptium (L.) Beauv...... . = - - - r -. t7
Aristida hirtigiuma Steud. ex Trin. & Rupr. . - - - - - a’ 17
Tephrosia vicioides A. Rich. ... .......... .- - - - - r 7
Indigofera arenaria A. Rich.............. .- - - - - : 17
Heliatropium strigasum Willde . ... 0oL .- - - - - v 17
Cymbopogon excavarus {Hochst.) Stapt.?.. . = - - - - r 47




T
AN

NN

AN NI

—~

o
SENNAR 1_ A
i i

[CS

Acacia meliifera
Cagaba rotundifolia
thicket andg bushana

11
Acacia short/long
grass zcotone

N s
Vs

Vit
CAcac.a seval
| woodland

!

Acacia tistuila

A, gresanooprim
woogtana

! Mixeqd 4acac:a

: broadicaved

| ceciducus wood -
ilang on ctays

= - =1

- .- - -‘
. 3roacizaved
cesiduous wood -

and on sedentary

)
|
'
|

{ - SIS
. F
xiomerres %
o 20 ) o) 30 100 == .
Mixed vcgzcamon
of the xerrd siopes
Figure 2. Vegetation Map of the Fung (Scale 1:2,000,C

Source: Bunting and Lea, 1962.

234



Table 2. Check List of the Flora of Tozi

(15 km east of Wad an Nail)

Trees and Shrubs
Acacia campyiacantha Hochst. ex. A. Rich.
A. drepanolobium Harms ex Sjostedt.
A. fistuia Schweinf.
A. meilifera (Vahi) Benth.
A. nubica Benth.
A, senegal (L.) Willd.
A, seyal Del.
Adansonia digitata L.
Balanites aegyptiaca (L.) Del.
Cadaba farinosa Forsk.
C. glanduiosa Forsk.
Calotropis procera (Ait.) Ait. f.
Cupparis decidua (Forsk.) Edgew
Clerodendrum sp. near C. hildebrandtii Vatke.
Combretum aculeatum Vent.
C. hartmannianum Schweinf.
Dichrostachys glomerata (Forsk.) Chiov.
Ficus abutilifolia (Miq.) Miq.
Maerua obiongifolia (Forsk.) A. Rich.
Ziziphus sp.

Gramineae
Aristida adscensionis L.
A. hordeacea Kunth.
Beckeropsis nubica Fig. et De Not.
Brachiaria deflexa (Schumach.) C. E. Hubbard ex Robyns.
B. lata (Schumach.) C. E. Hubbard.
Chloris gayana Kunth.
C. virgata Sw.
Cymbopogon nervatus « Hochst.) “hiov.
C. proximus (Hochst.) Stapf.
Cynodon dactyton (L.) Pers.
Dactyloctenium acgyptium (L.) Beauv.
Digitaria gazensis Rendle.
Dinebra retroflexa (Vaht) Panz.
Echinochioa celonum (L.) Link.
E. pvramidalis (Lum.) Hitche. ¢t Chuse.
Eleusine indica (L.) Gaertn.
Eragrostis aspera (Jacq.) Ness.
E. cilianensis (All.) Link ex Vign. Lut.

boivemaby Thochine on Nicndd

Eriochbon aubien eStemdo frack. o St s Tl .
Fvparrhenuead P contos CHoch~i g Anderss. -+ vachers ¢f Schwamn!t
o peudocymbarin estemd) Aschers, et Schwe of
Ischaemuny afruns (4 FL Goael.d iandy.

Optuucos papiblosus Hochst,

Panicum porphyrrhizos Steud.

Pennisctum polystachion (L.) Schuit.

P. ramosum (Hochst.) Aschers. ¢t Schweinf.

P. tetrastachyum K. Schum.

Rottboctha exaltata L1

Schuna ischaemoides FForsk.,

Setaria incrassata (Hochst.) Hack.

S. patlide-fusca tschumach.) Seapf et Hubbard.

S, verticillata (L) Beauv.

Sorghum purpurcosericeunt (Hochst) Aschers. ¢t Schaweini
Sorghum sp.

Sporobolus humitusus var. cordofanus Stapt ox Massey.
Tetrapogon spathaceus (Hochst.) Hack.

Urochioa trichopus ( Hochst.) Stapf.
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Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Bombacaceae
Simaroubaceae
Capparidaceae
Capparidaceae
Asciepiadaceae
Capparidaccae
Verbenaceae
Combretaceue
Combretacesue
Mimosaceae
Moraceae
Capparidaceae
Rhamnaccace



Table 2.

Continued

Herbs

Abutiion figarianum Webb.
Acalypha crenata Hochst. ex A. Rich.
Alysicarpus giumaceus (Vahi) OC,
Amaranthus angustufolius Lam. )
Ammania sp. aif. A. auriculaw \illd.
A. baccifera L.
Aristolochia bracteoiata Lam.
Bergia ammannioides Heyne ¢t Roth.
Borreria phyteumna (Schweinf.) Dandy.
Caperonia serrata (Turcz.) C. Presi.
Cassia mimosoides L.
C.tora L.
Celosia argentea L.

. C. trigyna L. :
Cephalocroton cordolanus Hochst.
Chiorophytum? tuberosum (Roxb.) Bak.

Chrozophora plicata (Vahl) A. Juss. ex Spreng.

Cleome viscosa L.

Clitoria ternatea L.

Commelina forskalaei Vahl.
Corchorus fascicularis Lam.

C. oiitorius L.

C. tridens L.

Coreopsis borianiana Schuitz Bip.
Crotalaria sp. aff. C. impressa Nees.
Cucumis melo L. var. agrestis Naud.
Cyanotis lanata Benth.

Cyperus latifolius Poir.

C. longus L.

C. tenuispica Steud.

Dalechampia sp. ? nov.

Datura metal L. -

Desmodium dichotomum (Klein} DC.
Digera aiternifolia (L.) Aschers.
Dolichos daltoni Webb.

Eleocharis atropurpurea (Retz,) Kunth.

Emilia sp. ? nov. aff. E. coccineae (Sims) G. Don.

Eruca sativa Mill.

Euphorbia aegyptiaca Boiss.

E. hirta L.

E. indica Lam. )

Foeniculum vulgare Mili.

Gloriosa simpiex L.

Glycine borianii (Schweinf.) BBak.
Gynandropsis gynandra (L.) Bnag.
Hibiscus escuientus L.

t1. rhabdotospermus Garche.
Hybantnus enneaspermus (L.) F. Mucil.
Indigofera hochstetteri Bak.

I. parvifiora Heyne ex Wight ct Arn.
{. subuiata Poir.

ipomoca cordofana Choisy.

[. eriocarpa R.Br.

{. repens Lam.

Justicia palustris {Hochst.) T. Anders.
Oldeniandia grandiflora (DC.) Hicm.
Lactuca taraxacifolia (Willd.) Schumach,
Leonotis africana (Beauv.) Brig.
Leucas martinicensis {Jacq.) Ait. f.
Melothria maderaspatana (L.) Cogn.
Momordica tubcrosa (Roxb.) Cogn.
Nesaea ? dodecandra Koehne
Ocimum basilicum L.

Oxygonum atriplicifolium (Meisn.) Martelii.

Pancratium trianthum Herbert.
Peristrophe bicalyculata (Retz.) Nees.
Phaseolus mungo L.

Phyllanthus maderaspatensis L.

P. nirunt L.

Physalis divaricata O. Don.
Portuiaca oleracea L.

P. quadrifida L.

Malvaceae
Euphorbiaceae
Paptlionaccac
Amaranthaccae
Lythraccae
Lythraccue
Aristolochiaceae
Elatinaceae
Rubiaceae
Euphorbiaceae
Caesalpiniaceae
Caesalpiniaceae
Amaranthaccae
Amaranthaceac
Euphorbtaceae
Liliaceae
Euphorbiaceae
Capparidaccae
Papilionaceac
Conuneliinaceae
Tiliaceae
Tiliaceae
Tiliaceae
Compositae
Papilionaceae
Cucurbitaceae
Commelinaceae
Cyperaceae
Cyperaceae
Cyperaceae
Euphorbiaceae
Solanaceae
Papilionaceae
Amaranthaceae
Papilionaceae
Cyperaceae
Compositae
Cruciferae
Euphorbiaceae
Euphorbiaceae
Luphorbiaceae
Umbciliferae
Liliaceac
Papilionaceac
Capparidaceae
Malbvaccae
Malvaceae
Violaccae
Papilionaceae
Papilionaceae
Papilionaccae
Convolvuluccae
Convolvulacecac
Convolivulaccae
Acanthaceae
Rubiaccae
Compositae
Labiatac
Labiatae
Cucurbitaceae
Cucurbitaccae
Lythraccac
Labiatae
Polygonaceae,
Amaryltlidaceae
Acanthaceae
Papilionaceae
Euphorbiaceae
Euphorbiaceae
Solanaceae
Portulacaceae
dprtuiacaccae



Table 2. Continued

Rhynchosia minima (L.) DC. var. prostrata Harv.
Sclerocarpus africanus Jacq. ex Murr.
Sida aiba L.

Soianum incanum L.

S. nigrum L.

Stemodia serrata Benth.

Striga gesneriodes (Willd.) Vatke.

S. hermonthica (Del.) Benth.

Striga sp.

Tenagocharis latifolia (D. Don.) Buchen.
Tephrosia bracteoiata Guillem. et Perrott.
T. unifiora Pers.

Thunbergia annua Hochst. ax Nees,
Tragia ? cannabina L.[. ex Cooke.
Trianthema pentandra L.

T. portulacastrum L.

Tribulus terrestris L.

Trichodesma ? africanum (L.) Lehm.
Vahilia digyna (Retz.) Kuntze.

Vernonia kotschyana Schuitz Bip.

V. paucifiora (Willd.) Less.

Vicoa leptociada (Webb) Dandy.

Vigna pubigera Bak.

V. vexillata (L.) Benth.

Withania somnifera (L.) Dunal.

Source:. Buntinq and Lea.
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Papilionaceae
Compositae
Malvaceae
Soianaceae
Sulanaceae
Scrophulariaceae
Scrophuiariaceae
Scrophulariaceae
Scrophulariaceae
Butomaccue
Papilionaceae
Papilionaceae
Acanthaceae
Euphorbiaceae
Ficoidaceae
Ficoidaceae
Zygophytlaceae
Boraginaceae
Saxifragaceae
Compositue
Compositae
Compositae
Papilionaceae
Papilionaceae
Solanaceae

1962.
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1 .dcacia mellifera- Commiphora africana on indurated soils

Acacta meilifera on hill soils of the basement compiex

Acacia mellifera— Anogeissus leiocarpus mosaic on basement
complex soils

Acacia seval— Balanites aegyptiaca on clay soiis

5 .dcacia sevai— Anogeissus lelocarpus mosaic on basement complex
sotls

Anogessus lefocarpus on basement compiex soils

Anogeissus letocarpus— Boswellia papyrifera on basement complex
hill soils

[+]]

8 .dcacia albida— Balanites aegyptiaca on alluvial soils
9 .icacta albida on ash piedmont soiis
to Cumbretum glutinosum— Terminalia laxiflora on ash piedmont souls

[

Acaca metiifera on voicanic soils of cthe Jebel Marra massif
Anogetssus leiocarpus on volcanic soils of the Jebel Marra massif
Upland grassiand and upland meadow on voicanic soiis ot the
Jebet Marra massif

The lollowing two associauons are too smali to be mapped:
Acacia senegal - Caméretum gluunosum on aeolian sands, 25 km Nw
ot Dereissa

Combretum glutinosum—Gutera senegalensis on Nubian sandstone.

5 km w ot Garsila

(2

B3

bl

Figure 3.

Source:
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Table 3.

Classification of Vegetation in the Jebel Marra Region

Formation-type

Formauon

Subeformation

Association

lropicai thornland

Thorn scrub

Acacia mellifera
thorniand

I
1
84

Acacia mellifera~ Commiphora africana on indurated soils.
Acacia medlifera on hiil soils of the basement compiex.
Acacta meilifera hiil thorniand on volcanic soils of the Jebel
Marra massif.

Thorn savanna

dcacia senegal thorn
savanna

Acacta senegal ~ Combretum gluzinosum on aeolian sand.

Acacia seyal— Balanites
thorn savanna

Acacia seval - Balamites on clay soils.
dcacia seval - Anogerssus on basemnent complex soil mosaic.

Thoen woodland

Acacta aibida thorn
woodland

.icacia aldida on piedmont ash soiis.

Riparian woodland

=R

Adcacia albida on alluvial soils.
Balanites aegyptraca on ailuvial soils.

Tropical savanna

Savanna woodiand

Combretum - Albizia -
Terminaiia savanna
woodland

=

Combretum glutinosum — Guiera senegalensis on Nubian sandstone
soils. _
Coméretum giutinosuwm - Terminalia (axiflora on piedmont ash soils.

Anogetssus letocarpus
savanna woodland

1]

Anogetssus letocarpus on {owland basement complex soils.
Anogeissus lewocarpus - Boswellia pagyrifera on hill soils of the
basement compiex.

Anogerssus levocarpus hill savanna on volcanic soils of the Jebet
Marra massif. ‘

Tropical forest

Lowiand forest

Gallery forest

Trema-Syzygium gallery forests of the Jebel Marra massif.

Montane

Afro-montane
vegerauon

Montane grassiand

Upland grassiand and upland meadow on voicanic soils of the
Jebel Marra massif.

Source:
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Figure 4. Schemic Diagrams of Vegetation in the Jebel Marra Region

A. Zalingei Area

B. Transect from Basement Complex to Alluvial Soils
at Adjakari, near Zalingei

C. Riparian Vegetation near Nyertete
D. Riparian Vegetation near Kibi-Wadi Keira
E. Transect across Jebel Tia

F. Transect across a Valley between the Mountain
Slopes to the North of Deriba

G. Distribution of Herb and Grass Species at
Tereng, 2450 m.

Source: Wickens. 1976.

Acacia albida Acacia seysl ' Bosweilia papyniers

stonty hiil

ciay plain siope

plain slope

A——— A aviad SOLls B ‘ C tex Soik

A. Zalingei Are:
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G. Distribution of Herb and Grass Species at Tereng, 2450 m.
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Table 1. Mammals of Sudan

Arinaceidae . Sciuridae
Atelerix pruneri Tamiscus emini
Paraechinus aethiopicus Heliosciurus gambianus

Buxerus erythreopus

Macroscelididae
Cricetidae
Elephantulus fuscipes
E. rufescens Lophiomys imhausi
Gerbillus bottai
G. lowei
Soricidae G. mackilligini
' G. muriculus
Crocidura bicolor G. principulus
C. butleri G. stigmonyx
C. hedenborgiana G. watersi
C. hildegardeae G. agag
C. marita G. sudanensis
C. nyansae G. haneillus
C. pasha G. pyramidum
C. sericea G. rosalinda
C. turba Tatera benvenuta
T. flavipes
T. macropus
orisidae T. robusta
T. soror
Galago senegalensis Taterillus congicus
T, emini
Desmodilliscus braueri

Cercopithecidae Meriones libycus
, Psammomys obesus

Papio doguera
Cercopithecus aethiops

C. mitis Muridae
Erythrocebus patus
Colobus polykomos Grammomys macmillani

Qenomys hypoxanthus
Mylomys cunninghamei
Manidae Dasymys incomtus
Aryicanthis niloticus
Manis temminckii Lemniscomys barbarus
L. dunni
L. lynesi
Leproridae . - L. macculus
L. striatus
Poelagus mardjorita Aethomys kaiseri

Lepus capensis Mastomys kulmei
L. victoriae M. natalensis
Praomys albipes
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P. butleri

P. fumatus

P. stella

P. tullbergi

Mus bellus

M. musculoides

M. tenellus

M. triton
Lophuromys aquilus

L. sikapusi
Acomys albigena
A. cahirinus
A. hystrella
intermedius
lowei
percivali
wilsoni

Cricetomys gambianus
Dendromus mesomelas

D. pumilis
Steatomys aguilo
S. gazellae

S. thomasi
Qtomys orestes

| | |

Gliridae

Graphiurus murinus
G. orobinus

Dipedidae

Jaculus jaculus

Hystricidae

Atherurus turneri

_Thryonomyidae

Thryonomys gregorianus
T. swinderianus

Bathyergidae -

Cryptomys ochraceocinereus

Canidae

Canis adustus
C. aureus

C. mesomelas
vulpes pallida
V. ruppellii
Fennecus zerda
Lycaon pictus

Mustelidae

Ictonyx striatus

Poecilicitis libyca
Mellivora capensis
Lutra maculicollis

Viverridae

Genetta genetta

G. tigrina
Civettictis civetta
Herpestes sanguineus
Dologale dxbowskii

Mungos mungo
Ichneumia albieanda

Hyaenidae

Proteles cristatu
Crocuta crocuta
Hvaena hyaena

Feiidae-

Felis caracal
P. libyca

F. serval
Panthera pardu
B. leo
Acinonyx subat.

‘Brycteropodidae

Qrycteropus spP.



Elephantidae

Loxodonta africana

Procaviidae

Heterohyrax brucei
Procavia habessinica
P. ruficeps

-Equinae

Equus asinus
E. burchellii

Rhinocerotidae

Ceratotherium simum
Diceros bicornis

Suidae

Sus scrofa
Phacochoerus aethiopicus

Hippopotamidae

Hippopotamus amphibius

Giraffidae

Giraffa camelopardalis

Bgvidae

Tragelaphus scriptus
T. spekii

T. strepsiceros
Taurotragus derbianus
Syncerus caffer
Cephalophus caerulus
Sylvicapra grimmia
Kobus defassa

Adenota leucotis
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Redunca bohor
Hippotragus equinus
Oryx damman

Addax nasomaculatus
Damaliscus korrigum
Alcelaphus buselaphus
Ourebia ourebi
Rhynchotragus guentheri
Gazella dorcas

G. leptoceros
G. rufifrons

G. dama
G. granti
G. soemmerringii

Capra ibex

Source: Setzer. 1956.
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Mbarizunga Game Reserve.
Bire Kpatua Game Reserve.
Tokar Game Reserve.
Rahad Game Reserve.
Mongaila Game Reserve.
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Figure 1. Protected Areas Listed by IUCN (13971)

Source: IUCN. 1971.
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Table 3. National Park and Game Reserves Information

Generai Introduction :

The legal basis of the Parks and Reserves of the Sudan is provided by the
Preservation of Wild Animals Ordinance and Reguiations, 1935 and the National
Parks, Sanctuaries and Reserves Reguiations 1939 L.R.O. No. 23.

In addition to the three Nationali Parks, some fifteen game reserves in ail piay
an important part in assuring the protection of the country's wiidlife assets, which
include many interesting and some very rare species. With the concurrence of
the authorities in Khartoum, a perhaps somewhat arbitrary choice has had to be
made of the six of these for inclusion in the List. as generaily satisfying the criteria
of effective management laid down by the [.C.N.P. [t has nevertheiess been
deemed appropriate to give a fair amount of detail about the nine other Reserves,
when listing them in Section V.

Administration : responsibility of the Ministry of Animali Resources (Game and
Fisheries). It is noted with regret that at the time when basic work on the present
edition of the List was approaching compietion (January !966) political troubles
were hampering effective administration of the five areas situated in the southem
Provinces, nameiy Nos. [, 3. 5, 6 and 9 on the List.

Land tenure. ail the land is State-owned.

Research : largely sponsored by the University of Khartoum; in [962, the
protected areas were visited by a qualified ecoiogist.

I. SOUTHERN NATIONAL PARK.

a) Status: total protection; a generally uninhabited area, but. occasiona.lly
at the beginning of the rains a few nomadic herdsmen with their stock find
their way into the Park; no cultivation.

b) Area: 1.60(1.000 ha.

¢) Staff : 15 units, which is far below the criterion requirement. But the
Park deserves a piace in the List in the light of the total absence of permanent
inhabitants and the known intention of the Government to reinforce the stafl
(60 men have been requested), as soon as the politicai troubies of the region
permit.
d) Budget: U.S. § 12,000 (as against a criterion requirement of $ 30.000.
but the same consideration as above apply). The actuai allowance for staff
. salaries is $ 6,000. compared with S 20.000 for the Dinder and $ 6,000 for
the Nimule Nationai Parks. but a further provision of about $ 28.000 under
4 budgetary heads is made available for the generai running of the three Parks.

Date established : 1939.

Tourism : when political conditions ailow, a great deal will have to be done
to attract and weicome tourists to this remote area, where roads and hotei
accommodation are scarce. The intention is to deveidp. such facilities as soon
as those for the Dinder National Park are compieted.'

Altitude : 600 m. TN

a) Fairly flat country, covered by bush and with some gallery forest.

b) Elephant Loxodonta africana. white rhinoceros Ceratotherium  simum,
giraffe Giraffa camelopardalis. giant eland Taurotragus derbianus. hartebeest
Alcelaphus buselaphus, kob Kobus kob. roan anteiope Hippoiragus equinus.
hippopotamus H. amphibius, giant forest hog Hylochoerus meinerizhageni, leo-
pard and lion Panthera purdus and leo. colobus monkey Colobus polykomos.
crocodile Crocodylus nilodicus.

¢} White rhinoceros.
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2. DinNbER INATIONAL PaRK.

a) Status : total protection; exploitation of gum arabic is ailowed in the
western sector, but under strict control; measures to suppress poaching have
been taken, but the biggest threat to the area stems from an agricuitural deve-
lopment programme which was being put into effect in January 1966, and
involves an irrigation canal liabie to cut an important annual migration route
of various wild unguiates, which are aiready siaughtered in large numbers when
they venture outside the Park.

b) Area : 650,000 ha.

c) Staff: 42 units, including a game warden and assistant game warden;
it was intended to raise the staff to 70 units as soon as possibie.

d) Budget: about U.S, 3 35,000 (criterion requirement § 32.500).

Date established : 1935.

Tourism : a motor road crosses the Park from north-west to south-east and
a dozen branch roads lead to the good game areas; a rest-camp with 50 beds
at Galegu in the west of the Park, and three other camps; look-out posts
(hides); an airstrip is planned (1965).

Altitude : 700-800 m.

a) Acacia seyai{Balanites uegyptiaca thornbush savannah in the north, and
Combretum hartmannnianum woodiand in the south; clayey flood piain of the
Dinder and Rahad rivers, with dom paim FHyphaene thebaica or gallery forest
of Acacia sieberiana, Tamarindus indica and Ficus spp. along lhe banks and
swampy arcas (reeds, Nymphaea spp. and [pomoea spp.).

b) Giraffe, hartebeest, reedbuck Redunca arundinum. roan antelope, bush-
buck Trageluphus scriptus, oribi Ourebia oribi, waterbuck Kobus ellipsiprymnus,
greater kudu Tragelapitus strepsiceros, several species of gazelle, dik-dik Mado-
qua sp.; buffalo Syncerus caffer; lion; ostrich Siruthio camelus. Black rhino
ceros Diceros bicornis, leopard, cheetah Acinonyx jubatus. elephant (during
rains), hyaenas H. hyaena and C. crocuta and jackal Canis mesomeias also
recorded,

¢) Black rhinoceros (?).

3 Nmut_z NATIONAL PARK.

«) Status : fuil protection, entry by permit only; there are no inhabitants
or domestic livestock; a little fishing is ailowed in the Fula Rapids; the Park
is of course in an areas which is at present in a disturbed state politicaily.

b) Area: 25,600 ha. _

¢) Staff : 10 units, inciuding a game ranger, responsibie to the Scnir
Inspector of Game Preservation at Juba; this more than satisfies . the criterin
but. due to the proximity oi the Uganda frontier, the area needs ciose supe
vision. o

d) Budget: U.S. § 12,000 (criterion 3 1250).

Date established : 1954, previously a Reserve since 1946.

Tourism : not yet developed, but this Park couid be a great attraction ..
the animais are not shy; easy access could be pfowded from Ugan_da by railw.;.
and river steamer to Nimuie and there is a ferry across the Nile.

Altitude : 500-800 m.

a) Plains bordering the Nile. with the lllingua mouritain chain on the we.
cut by “khors” or vaileys, through which smail streams flow; Fuia Rapuis
bush and savannah with a sprinkiing of Tamarindus indica. ~

5) White rhinoceros, elephant. buffalo, waterbuck. reedbuck. hartebeus:.
oribi, kob, hippopotamus, warthog Phacochoerus uethio picus.

¢) White rhinoceros.
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4. SaBaLOoKA GaME RESERVE.

a) Status : full protection of fauna and flora, though there is a very smull
human popuiation on the western border and a narrow strip of cuitivation

along the Niie; aiso some risk of poaching because of the proximity
Khartoum.

b) Area: 115,000 ha. -

¢) Staff : only two guards, but frequent assistance given by a neighbouring
Game Warden and his 5 scouts.

Jd) Budget : no details, but criterion shouid. be covered by staif salaries and
allowances.

Date established : 1939.

Tourism : no special organisation but a inw™her of visitors come from
Khartoum.

Altitude : 800 m. !

a) Roiling hilly country for the most part, on the left bank of the Nilu:
vaileys with scattered Acucia bush and Panicym turgidum grassiand; suitabie
habitat and an assured water supply in the nearby river for the wild sheep
and ibex which the Reserve is specially designed to protect.

b) Aoudad or Barbary sheep Ammoiragus lervia. ibex Capra ibex (reintro-
duced in 1948, after having vanished at the end of the last War).

5. MBaAR1zUNGA GAME RESERVE.

a) Status : protection of fauna and flora: uninhabited region. with v
poaching, but situated in the zone which is unfortunately at present in a disturbed
state.

5 Area: 15,000 ha. ~

¢) Staff : one game guard under the supervision of the Game Preservation
Officer at Yambio and assisted by Forest Department staif.
d) Budget : provision for salartes covers criterion.

Date established : 1939.
Tourism : not yet developed.

i : m.
:)mr\mdrea;hzgo flat area, though near the Congo-Nile watershed; woodland
derived from equatorial rain forest; gallery forest; pagyrus. "
b) Bongo Tuurotragus eurycerus. yellow-backed duiker Cephalophus siivi-
cultor, giant forest hog, chimpanzee, colobus monkey.

6. BiRE KrPaTUA GAME RESERVE.

a) Status : protection of flora and fauna; no human occupancy; the Reserve
is in the presentily disturbed zone.

b) Area: 12,500 ha.

¢) Staff : 2 game guards. ‘

d) Budget : provision for salaries covers criterion,

Date. estabiished : 1939.

Altitude : 800 m.

a) Like No. 5 above is fairly flat country, though near the Congo-Nile
watershed; rain forest with dense undergrowth.

b) Bongo (it is of interest that this animal is left alone by the local Zande
people, who believe it carries leprosy !); yellow-backed duiker. eiephant, buifalo.
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7. TokaR GaME RESERVE.

a) Status: total protection of flora and fauna, but a few peopie live in the
area. which is free from poiitical troubles and not far from the Red Sea;
used for grazing domestic cameis.

by Area: about 12,500 ha. but another contradictory report gives the much
larger figure of 650,000 ha.

c) Staff : a Game Officer and five game scouts are stationed not far away
at Sinkat and devote more than half their time to this Reserve.
J) Budget : salary provision covers criterion.

Date established : 1939,

Altitude : 200 m.

a) Desert salt-marsh area near the Red Sea, including the periodicaily
ﬂooded Tokar deita, with some Adcacia rortitis scrub and part of the less arid
Karora hiils with relicts of dense Olea sp.. Juniperus procera and many inte~
’resting plants.

b) Ibex. a few gazelles including Guzella rufifrons and G. soemmeringi.
-iroan anteiope, greater kudu. leopard.

t

8. RaHAD GAME RESERVE.

a) Status : total protection: an uninhabited region adjacent to the Dinder
National Park and near the Ethiopian frontier.

b) Area: about 12,500 ha, but again there are contradiciory reports giving
a much larger figure.

c) Staif : benefits from the proximity of the Dinder National Park mq
fact that a Game Officer and five game scouts are based not far away
devote about 3 weeks per month to supervising this Reserve.

d) Budget : salary provision covers criterion.
Date established : 1939.

Tourism: a few people come to this Reserve when they are vtsmng ..
Dinder National Park.

Altitude : 700 m,

a) Savannah; Terminafia laxiflora, Sclerocarya birrea, Combretum harm..:
nianum.

b) Giraffe, hartebeest, reedbuck, oribi, ibex. roan anteiope, bushbuck. Soui
mering's gazelle, waterbuck, greater kudu, lion; ostrich. Black rhinoceros uj..
reported,

¢) Black rhinoceros (?).

9. MonGaLLa GAME RESERVE.

a) Status : free from human occupancy and exploitation, aithough situatc.
in a strip of country 40 km long and 2 km wide between the Juba-Mongails
road and the Nile; the only disturbance comes from footpaths leading from
villages on the other side of the road down to the river. but the Reserve i
of course in the zone which is at present politically troubled and extensive
seasonal poaching has been reported. IS

b) Area: 7,500 ha. ™

¢) Staff : one Game Scout and two game guards reseonsible to the Game
Protection Officer at Juba. R

d) Budget: salaries of staff would cover criterion.
Date esiablished : 1939, )
Altitude : 500 m.

a) The Nile riverine plain; weil-scattered large trees, inciuding dom paim
Hyphaene. with no undergrowth, open grasslands in seasonaily flooded areas:
n0 obstruction to game-viewing; a favourite watering-place for wild ammnh
during the dry season.

b) Elephant. buffalo, black rhinoceros; giraffe. zebra Equus burchelli bohm.,
eland Taurotragus oryx, roan antelope. kob. reedbuck. waterbuck. bushbuck.
lion, leopard. cheetah, hyaena: ostrich.

¢) Black rhinoceros.
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Areas excluded.:

As indicated in the Generai Introduction, it is probable that some of the ninc
Reserves detaildd beiow deserve to be in the List as much as some of the six
chosen, but the reasons for their exclusion are briefly mentioned.

I. Zeraf Game Reserve (1939).

675,000 ha; no permanent staff, but an annual patrol is undertaken by the
Senior Game Oificer at Malakai: designed for the protection of the Nile lechwe
Kobus megaceros popuiation between the Bahr ei Jebei and Bahr el Zeraf and
of the sitatunga: Tragelaphus spekei.

2. Numatina Game Reserve (1939).

250,000 ha, but oniy 2 wardens; lies to the north-west of the Southern Nationai
Park and has a simiiarly good selection of large animals. )

3. Bengaigai Game Reserve (1939).

150,000 ha, but oniy 2 wardens: thick forest with fauna similar fo that of
No. 6 Bire Kpatua, e.g. bongo.

4, Buma Game Reserve (1960).

135,000 ha, but only 2 wardens; a mountainous area on the Ethiopian frontier,
north-west of Lake Rudolf, with exceptional concentrations of game animals tending
to migrate into Ethiopia; there is a village on the piateau and grazing of domestic
livestock; inaccessible by road during nine months of the year.

5. Shambe Game Reserve (1935). i

100,000 ha, but only 2 wardens; near Lake Shambe, papyrus marshlands wit!
some Hyparrhenia/Setaria grassiand and savannah woodiand; habitat of the Ni)
lechwe (now scarce); other large animals including a few black rhinoceros, giraifi
eiephant, buffalo, etc.

6. Badigeru or Bandingilu Game Reserve (1935).

50,000 ha, but oniy one warden; marshiand near the Nile, with poor Acac
seyai thorn savannah; situated north of the Mbarizunga Reserve, No. 4, and sou
of Bor; biack rhinoceros, eiephant, gix:affe. buffalo, zebra, eiand and lion.

7. Juba Game Reserve (1939).

30,000 ha, but lacking proper supervision except for visits of inspection from
the Juba headquarters of the Game Department (Southern Region); remnants of
deciduous woodland bordering the Nile, now mainiy grassland with many water
channels; aiso many villages in the Reserve; white rhinoceros, clephant, buifalo.

8. Ashana Game Reserve (1939).

30,000 ha, two guards, but the Dinka tribesmen use the Reserve to pasture their
cattle; grassy piains, with some gailery forest and woodland savannah; designed
specially for the protection of the giant cland,

9. Fanyikang Game Reserve {1939).

13,000 ha, but without proper supervision; situated on an island in the Nile
sudd region, a little to the east of Lake No. lechwe, sitatunga.



Source:

Appendix VIII

Sudan Sections in:
Environmental Policies
in

Developing Countries

Johnson and Johnson.
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Appendix IX

U.S. AID Projects in Sudan

Source: U.S. AID Computer Data Files



~QALINAISKOD N OSTY TTIA SenONHI SE® So8UD oz

¥WOa2 SASUNOD NANSTWNIAW AVA-0t OF ANV INNEEIS U1ITH 2WOSTANENS TVIDAIAOANA OZL & ¥OJ ADNA AHLI WO SHOISS3AS ROIEVINITHOIY
1va-01 {z SERWOISSINRNOD HITH IMVISISSY 9§ IINddd 9¢ WO0d RIIVIN D1190d NI DREL IBINNOD ARE HOL-LHYS TTHRASHIA

HOW ZL W04 SYIBY GALATIEISAN N1 ONEL SO ¥UI-IBNS ‘SIEYANFINACD HOW € B804 INOW/SOTISIHOT 3 MLIVER Uuum:a~mkdkn

WI 9nNI SN WEAI-9N0T (L :STANTONT INYEO X6 UIDNVAIL ONINIVYELE -SOONA HIIVIN SINLO 3 STTLIATLOV JOU4 0 18044n0S
9AINN-SY JATAOWJ OI INVYHD ANL WHANN gHAWNNA 39 TTI8 SUOSIAGY HN1L-I8ONS “vIva INI JO HIOW OMTHINIVD nod JIHd

ang SZITIIN TT1IA IVHLI HOW IAI WINIIA WIISKS OINI SIVIS BIIVAW TIYN ¥ J0 INSWIOTAAIA ANL AIIA ISISSY TITA JUFdX3
SITISTIIVIS IVLIA Y ~JdONd "Nl 804 WILISKS 114a0S/SH711STH0T Y JOTIARA 3TN TTIN IWIAXA X14aNS/SOILSTIH0T ¥ “IDAVISISSY
HI1YAH WONOO WIHIO JO WOIIIIWISEA Y ONY ‘SRYE9OBd HITVYAN TIVN SO? ¥INJO 9 JONd IAL OL AONYLSISSY NIV JHNINA

404 SNOIIVARIWWOOIFW FA0TINI TIIR NOINA 1W0AFY ¥ FUY3IIRd OSTY TTIN WOSIAQY SIANX ~dORNIF 3INL A0 HOTLDANTT KDIT04
TIVHIA0 IULI DITA’HOR’ SUIVAAY IVIDNIAOHA 9 TVHOH HO4 IYUANTY BOLDINIA SHI ISISSY TTIA MOSTAGY RLTYAN KLINNAHOD

WM I-9N0T Ye -SIYAN03INod FA04Y FAL J0 1¥04ans NI S.mOHd 40 NOIIDNWISNOD ANY’STTITAOHROD " ORINTIVHI ADRVISISSY

NOFL a¥nd TTIA AIVY ~QDINd ANL 1V GIZIT10 SIITA4NS 3 I EAATTIA SADITAYAS ‘SHATAONS NLTVIN JHL HO YiYa 123717100

T1I8 HOIHR WILISKS WOIIVWYOIANI IWOW 9 NLIvan vy SenIN3 9 S HHIN°SAHD HAL O SATTAANS I SONRA’ LRINIIN0A I ATAOHL
TIIN UDINA RIISKS E13dNnS/sH11s1901 vig *Smos®Id 000w J0 SNOT1YTINJOd FAHAS TIT8 NOTAN S, AND X¥ AFIAVIS SATLITIDW

- ALTIVAN TTYUS -~ (S 0ONI) STIND FUYD HITVIN AYRIBA (Z {SHUVEDOUS RLIVAN FAYIOWOHA WX HIVATOILNNG TIIN ARY STITAUIS
FATINTAREA 2 FATLIYEND FTIWIS FATAONA TTIA oun (S BUON) SHANEOR HITYEHN ALINAWROD AVHON 9 (S, AND) SHANYHOR NLIVIN
11xmnuwod (1 TAGNTINI 4OHA ¥NI A0 SINANOIROD IAL “NOILIVIIIIINVI ALINNNNOD NO SITTIN anyY’sayron 9 HOO4d TVUNY ANE
HOYEE Ol QINOISI0 ATIVDIATIIIS AISVH-XLINNNWOD ST HOIUA RILC IS IHIAITIA BLIIVAH ARISHANANANOD ¥ ST JOHA °NVAOS 40,

NOTOAN AAANIHON ANL AT {3DNJ) RYHD0EY AWYD NITVARN REVRIHG Y IRTWIT1JUI OL WNVAnS 8HL 40 1409 ANL O 1IAIA08d ST LEvHD -

1 YYD ALTVHR QDIVHTAS NVANS RYFNLHON

. 001 L00099
NYans

~I0aANT SATIVOTIYAT HOANS RO 43Isvd

1UVSSADAN QEWITd SNOISTAHE FIVUOIWOOWI TIIS ORI ISYRI ~and SN VYI 1V GT3H 39 TTIN SFONATEIAXA 1J3Ar0A3 SSASSY OF
JOHSYSOR ¥FWIONY ~IDACOWI FUE 40 §I073SY TTV N1 ¥YOVY4a3%d DIITNALISES E¥9 O GINDISHA WALISIS ¥ ansy a3d0TAAA0 79 TIIA
SINAWNEISAT ~FIVE OF SIITTAIIDV SSHSSY GRY SSADSIA OF SHOLVEISINIWNAY OGNV SUANNYIJ WIRIVY O JONSYHOA Y 12n0N0D
T1IA WOIIVINAX GTHOR ‘UVEI-AIN IY "SHIITALLDY ONIIVEINIO-SUWOONI anY 3T1aN-F19S ESIBL W04 SIANAID0Hd ONIIVRTVAA
W9ISAd ANY ‘SANNd ISENESIC ‘SIVS0J0Nd HATADIW TTIN AJWLS avduyY °‘samnd ONIATOASE aNY JTIN-JTAS oR1ISANASIA

W04 SAANAIDI0EI ARY YIEAITED ONIHSITAVISH HIXAV ~SKIABOS INANSSASSY RO AISYE STVIBALYW ONTRUVIT ANY ¥inJ>184ND
WOISAN GNY GENNYIZ ONIAG FEY STIITAILOV HDINA BOA SALIS NI SUIAN SSHESSY TIIA JAVIS. AVANY AR “HOIIVIAOJSAVEL
ONIZINYOHO ARY “ONINYYId FTNAIUIS ‘SROIINIILSNT 30 SHEOIHIWIA ANV SEAAYIT AOVITIA HIIA WOSTYIT °WOILDINAS

S11IS NI QFATOANY AT TIIA NIWOBSSYIINIAA0 FSAUL ~SINIA0NLIS AVAR H1WNOd ANY GFINI 30 SAIITATIDY NOISNILXI HLIA
AALYWORINT ATASOTD ¥9 TITA NOIIVINAN NOISWNALIN JO SATOALVNIS ONY *canDIANDII °SSIDONA HHAL WO SISANOD ~XHILVUIS
S,AYANY IAINDISHA NI SANVISIH FSOHI GIOAY Ol ¥HAWO &I SEIINTOV I9EATITAd WOISNIIXd ¥IUIO IO STTINIIDIAINSNI
10nIS O SJONSANON HIIK NIHEE TIIA STIIITALIIOV INO FASVHAE - GJONSNNON ONINIVEL NI FLVIIDTINYI O AITTANY

a4 TTIA STTONAOY FIVAING ONY SHTHISININ INFWNHAAOD ISANVANS 2 J1TIVNOISYID0 “SAXIS NOISHNFIXA Ol SIISIA ONTHNG
aNY SAONSXNON ANY SASHONOD GINDISIA XTAAN HONOEHI 4AQIA0Bd 3d TITA ONINIYEL “INIHAOVYAYH WYHDOOHA ANV ‘SITIIAILOV
MIIVEINIO-SHOINT ONY JTEH-ZTIS ‘MOIIYNTVAY ‘ININIOTIAEG STVINGIVE WANUYZT ‘INAWSSASSY SOAAN RI ganNIveL

99 TTIA SINIANIS AONY ZAVIS AVIAVE “SYIYY TvgnY ANV WNY4En N1 {(nIwon XINIYH SIINAY BOO4d O NOTLVONGE WOISNALXA
TYHROI-NON GITVHOIINT WIATIT1ZA Ol NIWOA WNIVNI OX RIITIAVAVY) 3IHI RS 1747153 OX {avany) nauon 804 A9TITTIOD IIISUAAIRN
avany oL FONVISISSY AHOSIAAY FATADAA Ol ROTIYONAE ATHOA NLIA IDYELINOD SIY0dANS INVED HYEOOAd TYROILIVHILO

0514 NYHNH ¥WOd 9NUL ONAT ROISKILXI-NVANS

0001 00059

Nvans

“ANVHHOS IDAroud
T1IL13 ID3IC0Ud
gaAqunN IDIc04d
OvINNa/XHINN0D

AHYHWOS 1DACOBA

F1LT1 1IDAroud
yINNNR 103co8d
nvINA/ INLRN0D

274



*$3174405 ON1ATING 9 TVROTJONBISAI

SOOINYA ANV’ STINYSHIICIA ONIIISIA WITHA SINFAISAY X9 QIS 3¢ O STIIH ONTARIND HNOA’SHOSTANIANS HIAUL 3 S.AHD

nO4 SITIIDIY 009'SIARA HITR IYIDNIAOWI XIS Ol SHYAOHANYI FAWHL’SHIIRID O4NI KAD ANIO FAIJI 0 HOVE O SUAAOHORYT

© GATA'AYENS WI HYNI IDI00WI JNUWI FUL HOZ BIAONGNYY Y X'I44nS TTIA GIVSH’NOIZTAAY NI ~COWJ #YANS FHL ONISTABIINS
AT 24YIS YOGOWNIWVN Iu1 K¢ INYAS INIZ FHI J0 X0Z GNOX OSIV TTIN GLYSH “VIREX “IGONIVN #1I WOTIYZIRYOHO TVNOIIVHIZO

9 SASIAYN0AYAN OHIVITIAAY S,JNUY°SROILVANOOA HOUYISHE 9 IVIIAAW EYIINAY INX POUNI IH0JANS AATIVAISINIWNAYI

AN FAINDAN TIIN SUVIL FONAE FNT ~IBVANILANOD HOW V¥ FAYH TIIA SWOSIAGY WOSL 3ASEAL 20 WOV - {WALSKS 17144nS

onEd 9 TYOHICIW V A0TRAFA T1IMn onn) ¥IDTAI0 SITTIANS WOINAIS ¥V any’ {STINVSHIASIA HITIH TVENY FHL ROX WALSKS ONTIIWOJdH
1YH1I0YW ¥ BSTTAVISE TTI8 OUN) eVIOHINADIL SANOIYN TVOIaUR ¥ (9083 INRWAOTHAR] WINOINYY S.HOW INL NI ISISSY

TIIN OHM HIFSHIAO XUVIINYS ¥ ANY USHANR HITH DIT90d V'EEDIAJ0 TEOTAIV ¥ 20 ONIISISNOD) ZAVIS oMUY ¥ AGDTIORY TIIA
19MN0SER CONd ANRY “SATLITIONI ASHANI 20 FONUYNIINIVE 9 ASN YNI §0d AITIIGISNOISAN ITVUILIN 3avA TIIe (ROW) RITvan
20 XELISININ WSHNVYANS ANY “IVXY IY AVAY WX00S I7In8 3d TTIA WAH1IO0 JUL GEV’ YEAC 4O ISVE WROL'VINIT IV GAIONELISNOD
99 TTIA INYSHAASIA/WILNED 9AEI ANO ~COH3 AL 30 TAXIT WUL WHAQ SAYINED OREL FNI IV TRLID0ON0D 30 TTIA SINVISISSY
IYITAIR 3 SGAND 0999 OYNIATOANI SHSHNOD WUHSHBIAN YUIA-UNO 9G J0 TVIOL ¥V "SIAVISISSY TWINAN KXHOSIABIINS 0L

9 (and) cHAYHON BITN ILINAUNOD OCY FINAONA O CILIIFAXY JUY SHAINTD ONEL GINAVIE ORI FHI ‘SUAINGD ONEL/SITEVSNAISIA
OAL BOJZ SISOD ROIIDOWISNOD GRY*SATOIINIA’SHINHOR NITVIN WOJ SASNN0D HNINIVELEN 9 ONINIVAL TANROSHAd

INOJINE 9 TYDINNIAL IONTNTA TTIN 930 AN -EVANS NWIAINOS WI WYHDOSA AWYD RIIVEN IAVRINI VAN ¥ 0 ROTIVINIRITIWY
anL WY ISYSSY Ot (AnNY) MOIIVANNOS MHNVISAN 9 TYIIARY JIVNINY BT Ol AFAIAONE ST IWVED HORJ TVROIIVEAJO

; WYROONS THYD HLTIVAN KEYWIHJ

0061 00069

RYans

“§23Y340 ONINNYIA OV INFHIOTNYH

YIYG Y 20 INTRUSITAVIST AWV “SANNE 114340 “ROIIINEISNOD * (STYNOISSHIONT O SWIAING BOIDVAL WOHI) TIRROSHAS

40 SHgONNN HOEYT J0 SNINIVEI “TONYISEISSY TYIINRIAL ADNVAI4A OSTIV TTIA AIVSOE “SIHIANES II0AND ARV NOIIVZINVHDAW
HOA XITTIOTISWNOISIN TVIDNYNIZ ARV INEUIOVAVR IWUNSSY TI1IM “Ioarodd SHL J0 ANF HAI X@ “HOIAM TI¥SY IV GANSITEVLSA

T2 03 »WOIND FATIVETIOODw TVEAIRID ¥ JO SININVEG SY IDY TIIA S400) ASAUL “SA00D HOVTIIA L AONOBAL JETINRYHD Id TIIN
I109%D ONY SEOIAWYS WINEVIC “INSNNOUNYH HONYNE OAY ‘NOIIDNAONS “HITVAH TYNIAY O IDFJISHE HIIM SADILOVES A1AOWINE
O¥IDJNAOUINT BO4 FIDIHAA ¥ SY O¥ZINYODNO 3€ TIIA SNOTIVIDOSSY OAIZVED AGVHON 10TIde "YRIANIHUS DAV GAY ‘NAHVAN NAAVHN
‘11953 IV SIDTANIS NOISNIIXT OGNV SWUYL NOIIVAISAONAG MIN HONOENI A¥DNUONINT N9 T1IA I¥BL ‘0FI0OTIAAA FWY SADVNING

. ROIIDNAOE TYDINHINT AHI YONO -QI4S 40 XIXTIVND BIIIIN any SATIATAVA BAN IINC0BI OL GAY WOILVAIIIOND HORHAOS

ARy gRYSES OL ORIIVIAW SADTIDVRI DIVONOEOV FAOBINI OI HSYA gAn3 IV AYNSITAVAST A4 TTIA WEY3 STIVAL ROTIVOIATHAA

ve "HATIVAZ AY184A8-7 Y ORV “X0U ¥MAQIAS AIIA NSIA TAATI-IOIA ‘HOIDVEL AN-G9 ¥ A0 ONIISTSROD SIIND IRINIIN0A

0L 9HI X744NS TTIR AIVSA “YIAY IVINL TIYRES ¥V NI SHSWEVA 0001 OL TIFSE IV DAV A4l IM 4I0IAONd 34 TIIA SIDIANES
NOIXVZIVRUONH® “YRIGAWHS NGY IV FOILVIS NIIVHH YDOISEAIT ¥V SY T148 SY ‘REEYHN WIWWAN ONY T13ST RI AALYIOT A4

0L (5430Y) WSEAINND INANIOTIANG TYENITODINOV, OAL NONOWHI GAINIWITIUY Rd TIIA SITTIIATIIOV GTATd “ININIOVNVYW IDICOH4
TIVEIAO FAIAOEI OF GANSTTAVISE FG TTIA (DSTE) WIINGD FDTAWAS IVENLINDINOY FTIN I0TA Ve ~TIAIAD GAY ‘STALIVERIOOD
‘INENAOYNYN YDOISTATT ‘SAIIIIVEE DIHONOESY JO INSWIAOWINI “NOTIVZINVHOSH 1VSOITODTHEOVY FUNTONY SININOINOO WOCVH
“SIDUCOHd WO-ROT104 ONINNG SYFAY WIOAV] WHAO NOIIVOITATY HOJ F1GVIINS 94 TITA ‘WIARAON ‘qFJOTIANA SHALSIS UDIAHAS
GAIVEOIINT FUL "ADINTAONS HIIN ANTA WINIIA SITTIUVS GVHON DOE’'E ANV SAYTTINVE WAYL 005°Z TATOAAL T1IM IDICOBA

AUL “WYANS JO HOIDES-UNS WOIXIDNAONd QAINIVE TYNOIXITQVHL FHL ¥1 SAINUAN DTGYHOR GRY SYANAVYI TIVHS JO NOTIIANOD
JTHONOOY ANL SRIAONANT O HNOVORJAY SHAISIS FATIOAIAA NV J0TIATd o ($09) MVANS 30 INFNNGIAOD IHL OX GAATAOHI LNVED
. ) INANIOTIARG TYUNLINDIHOV RTIN In14

008100059

wVais

AAYWANS IOYCOHA
s 31113 IDIrond
- #geuan IdDIcona
NYIING/ KN INNOD

rawmNns Joiacoua

41311 1D3roud
"IAGHOR IOodcowa
nvIIna/ X9 ILAn0D



Y BEVID AW T WO SwdT BTN awer seceans wwe " S8 tow T ESHSNIN L T TN I WL NOTEFUNE W ore e
AAY HOWYRSHYE 40 1430 OYAIW WHI WINLIIA QGEINIWATANI OGNV GALVINWEOX 74 v TIIN YUGHNR gRY OIUNVX IV SISINOTSNALXA
gORY SAVIDINWOSI U0V 40 ONISIVAZ AHE OINT NOIZINAOW ¥OY CAAOCEIWI A0 SIDFASY TVIIAADEL GAY IINONODT-0INOS INI RO
EOCITAONY FLVAOATOONY OF AYId ¥ - NOISNILXT IO 1330 TFHT WINIIN TIININATANT OGNV GTIVIONHOZ I8 TIIA SALVNGVED yIaung
GNY OIGHYX 40 WOILVZITIEN GAY INFUWIOVIA AL 803 AVId V' vANC 1Ve” ROTIDNAOWA YIQGLSIAIT OGNV JoWD ATAONIWI 40 5312345V
914II93S ONTATOANT SISTIVAOISVA/SHANAYA W04 GHZINVONO §¥ T7IN WYX ¥I3 SAVO ATIAIL OZ anY ‘QansTIAYISI 39 OSTV TILK
LNANOJHOD WOINIVHI Q191d QRAWAIXS BY "AVQAS WESAINOS NI SINIUNOWIANT BAWKVA TIVHS Ol FIVINJOHAIY STITNS HIIM HVAR
#3d SISINOTSAILAA TVEATINDIIEOV 1IA3T-FOVITIA 0ZL O an NIVALI O GFJ0TAANA Fa T1IA ALIDVAYD SeHTINAD ANL RIGROA
IVe-VENC 40 AT ARY SYNIW SN1 6 GI1D38I0 INGT ORIONIINOD GNY ORINT VAL IDTAWIS-NI 4O qYEOO0Ud ¥ OINT AAIVADIINT ¥
T1IM FINITISHI OIARYI SULI “GAGIAONA 46 T1IA STVIAIIVE ONIADVII KAVAIAINRTINOD ANV ‘EIYSTIIVLST AM OSTV TIIA RAVYID]
¥ -SASWN0D LNOHS UNY SWNOL XAN1S WINOHUL GRAVIDAN A6 T11IA JIVES INIRIVIL ANL 40 SROTIVITATTIVND TVHOISST JOUT

ARy ‘SaINIVAL ININJOTAANC WOV WHUOM JO SAASIN IBI LIIN OL GINIHIONIALS 31 TTIA WNINDIIREND “NOTLIIAV NI “SWILSKS
ONIWNYI TYNOILIAYEL IO SIDFISY JIWOROIF-OIN0S ANY IVERLINDIEOY THI NO ORISAI0A AINSTIAVISA A7 TTIA WVHOOHd
TVAOIIDORLSAT QIIVAOAINT RY ‘OTUNYA JLve-VQ0C IV ¥OY 30 KUISTNIR HHI JO XIIDVAVD ORTNRYTd UL ONTNANLONIIS (€

: ANy Sy¥Aguny IV S3INYD ONIRIVEL TVEAITADIADNT WL ONININIINTALS {Z !SAVIDINNDIL TVHALTIADINOVY JO FINJITISHI
OIAWYI ANL 40 XIIDVAVD ONINIVEL AHI ONINIAIONFELS (L *FINTONI SININGINOD LIACONd -GHARAYY TITHS HLIA X8O TTIR

HO YHOA OHA -TANNOSHIA 1YHALITOIIAIY JO NOILIVZITILN GRY ONINIVEL TAL W1 SINIWIAOHINI go008HI MNOLIIS TYAALTADINOV

ANL AT ASYA FOANOSAW AVEAN ANE WIHIONINLS O NUANS A0 LAOD IUL O AIATIAOHI QY ADIAVLSISSV TUOTNHDIAL aRY LRYNY 7 AHYNENS 1DICOoTd

: 111 IOTrc08d
nIMUNN 1OIC0Ud
avanna/ R4INnod

INFRIOTAATA NINOANVH aMmInLNos--Yvians

001 700057 .

' HYTIRS

-S1S097 NOIIONEISNOD FIOAVAIZ TT1I8 SO SUL 3 GWET “SISOD 1YNOTLVBIJ0 TIV ORY {SFLVATARYD
ATH9AC-NON Lt ONV’STLVAIANYD SW S’ S3ILYAIANYD ORJY) SIAVAIDILAVE ISINVAAs g7 BOS INBL SVISHYAAD AONVAII OSTV

ITIA GIVSN -GIVSO X9 UAGIAONS F@ OSTY TTIA ADNVISTSSY WEIL-18ONS 20 SOU-WYw RINITH -ISTIVIDNALS ISKS NOILDHOQOHA
J09W/¥J0ISAATT ¥ GRV HAINTONS TUOY MY ISIWONODA IWOW WHYA v'1S19070100S Y°N0o1D381qg rowd xindid ¥’ HINNY14/3DF LTHOUY
AV'ROSIAQY TYAS 9 ORRTd HDUSH V'WOSTAQY HOWSH WOINAS Y FAOTIONT TTIN SISITVIDIAS RITTROA gALINMIT-AIV

ARL "SISITVIDASS WOIHNOA 0f 2 FSHAVANS XIS 40 GYSOAVOD 3¢ TTIA JAVIS IA¥ AHI "1DACO8I AL 01 AIWOISSY 34

11IM Z4VIS 180JANS HIAL 66 9 SEOIVEISINIWOY HOINIS 9 SISIINIIDS 9% XOWIdVe - SITLITINWIVD HEYISAT AIARVIXT S OUY
4nT HIIB GNOJSAUEOD OF AIHSITAVISY 79 TITA (IINN WOISKALXT 9 ONINIVEL ¥ GAV IINA WOIIYOIVAT 3 ORIRRYIA V/IINA
19043nS roud v) SLINN FATIVAISTININGY ASW ° VIV IV W3LRID COHJ WHI HOWJS qEID38IT 99 TTIA Iuou asn ARY1 3 BILMA

N0 MOEVASHW “WANSYA 13 0 §ONIWI I¥ASHA GTEY FHI WO AOIAVISIE XDOLISAAIT ANVIITONAYY 1V STIOS AV1D 9RINDVED INL

%0 gEY QIO T IV TI0S RXV]D ONINDOVAD-NON MO HOEVISIE JOHI/NIOISIAIT GILVEDAINT ROILIVLS wovY3 1V genod s3Ikl T10S
SNOTHUYA ANE SSYANOINT TTIA GNY SNOILIVIS HOHUVISTE AYART INT IV GALDINANOD A4 T1IA D0¥d NOILONAOHd dO§D/NIOISIAIT
AN “HHOAYASHYW IWINADOYNYH IS0 GAY1 9 HAIVA ONY ADAVASTN SHAISAS NOIIDOGOHI d0¥I/¥D01SIATT FINTONY TTLA

9084 HOIUVASHE GINNYTA AHL “ONISOON JIVIS GNY’SONIGTING WEVA ‘SATEOIVEOGVT G1313°SII14I0 40 ISISHO) TT1IM SROTIIVLS
HOEYASAN ANL ~OWISNON AIVIS ANV ROOE FDNIWIINOD V' BILNID NOLLIVINIWNDON ¥’ S3T901Iva0av1’ SIITI40 HILNTD HOIVISIRY
FANTONT T1IA VIVIN IV §3183D £O¥d TAI “I19nAYY CRY'CIIA0 13 ‘HINSYS 17 IV GHIINBISNO) a9 1T1IM SNOILVYLIS ROQVASAN
SN 9 AYANS WNIISIR NI VIVAN IV G3IDNEISNOD 3G TTIA WILNID IJAr0¥I ¥ "STTLITIOVL AoHYASAY 40 ROILINUISROD

9HI TATOANT TTIA CO¥3 3BL J0 ISYAJ ISHIL Fnl - (DHV) JHOD HOAVISAE TVENITINDIINOV FSINVANS ML 10 SITITTIAVID
1YNOIIDZITISHT TUI ONIGAYIXH 7 ONINGHIONTEIS kY IWVJ NI'WYAOS NEILSEAS J0O sTI¥nosIA 1Y NIVR ANL FIVIITIGVHIA

9 AAWASAOD OL RVANS 4O JAO9 AHI O GAUIAOCHJ A7 TTIA SATLIGONROD ANV ORINIVAL INVIIDIIAVACISISSY HOAL’ INVHD
AHAYISAN TYANLINDIYOY RVANS RATLSIAA

000200053
nYans

AHYRHNS 1DACO0Hd

FTI1I IDAC08d
gIguan 1D1Ico8a
avAanna/1aLAnod

274



“IIINNWHOD SAJIVERJIOO0D S VIIVH IQVA RIIN SDORANROD OLNT STOVORY OUHN UNOINY OL ¥WOOAY ANY INIR XOTIHI

AATAONS TIIN ONILIANAYR (RY ONISSHIONI IVAW OAY KNIV ‘1UGAYASON TYNIAY ‘I¥0JSHVEL ‘ONIIIXAVH OAY ORINOVI I TIVIADIA
aNY TINBA SY HONS SHAIIIATIOV JOOASAA0 IVHI GAIDIJXN SY 1I€ “WOIDAJSNI STATIIVETA00D ISOI-NO AHL 40 STIIAYIS
TYDINNDIL HITA IINTO0S FATIVEZI00D S.ILINOHNOD AHI HONONHLI GAIINBYW Hd TIIN FDINCONI “VHVALY IV NOILVIS InAWIOTIATG
. Uy UDUYSSAE TYRALTONDIEOY S.EVANS JO INTUNNIAOD AWL WOWI GISVHOUOS ¥ TIIA SONILIND ARV 4IIS " IITIROWROD

901 W1 GYDDCONINI 39 TIIA WIISIS NOIINAINISIA GEHY NOIXVOITJIZING GHAS V ‘QATATINAGT AWV SITITIIWYA FATLONAOHI

ISOW WAL WALIVY °STIVIAYL J08D SNISIANIANS NI ISTIVENITOOIIHON ZAVJEAINNOCO SIH HIIN XTIASOTO NUOWN TITA ISINONONIV
NOIIVOINNI HHI® “JASHA0D IWIZ-IAV3 EVII-ORI ¥V WO SHINOXI 0GZ AHOSAY TIIN OAY ‘SWVAIRI 0 J0 HOVY ‘(NOTLVOTNET ANVINI
gRyY JYONSANYT) WYVI AULI J0 SWNOILDES OBI MO ¥d TIIN SIOTE ANL ~“SATAVIIOEA WRNO NIAAL ROWNY OF SIOTd TIWS WO N0
TTIA SINEANIS “SINJEYI WYANI HIIS YWOR T71IN QINIVELI ONISE STHIH GRVY SXOUE ~¥T0W HONIW ¥V IVIJd ISWIA IV 17118 S40WD
BN O NOTIONAORINT “SAONIAN NOIIVAIXIND OGNV NOIIVOINAY DIWONODA ISOR ANE XJTWHA O3 SJ08D TYNOTLIAVYI JO SIATIFIUVA

QT II-NOIN IWIDNGORS HO CIIVTJ 9 TIIN STSVIINT “WANNGNIN ¥ gy ggandI0id SNL QWNOKY GILNYTS 30 TTIA SIFTYL BIAHIL

GguY AAVYHS °“SAVIVS ONY ‘SAOIVIOI ‘SAVIO ‘SY3Id ‘Agvnaqy) ‘siaan *cnoINO SY NONS SFTAVIADIA BIINTA ANV {D 2IVIHN GRV -

‘ANYD UYONS ‘XATYVE BOJ SNOTLVION HALNIA(R SANML AIVQ awv yrnpg 40 SESHL INIATOANT SELRIVT BAAN TYHNLTNOTINON (¥

ISNOTLIDIS FTGUT OINI NOXIVIHTEAY AGNVINI ANL FATIATG ARV §ampg TIvLSHI TIIN EFIINATOA ISIROROUDY NOTIVOTHNTL SAT,

NYE "ONIISII GTAIJ WODOHNL SHINOX MOJd HNINIVHL GOC-INI-NO ONIgnA1 'ANNIIND TTOUAY GRY “IENITNITIHON “NOTE¥HIBYL
NI 04SN §9 TTIA AINVISISSY ABOSTAGY GAY TYDINHDAL SAT ‘XITAItoyans gneddS ARL HIGNA °AYANS °VATVH TAVA W1 LOICOEd
INANIOTINAZG KLINNUFOD INVA-XIS ¥ INOJANS TIIA (SAT) SEITABAS, raygan1oA TYNOTIVAUTINL OL IAVED RVENOHA TVAOIIVEILO
NIVAL HINOK:T7AAN XLINNWHOD VATIVA IAYN

209200059

Nvans

“g1YA ONVANVIS ¥ IV 4TONISNON

AT O TTOYHONYAD “SIVE NIIVA V ED0JOAINT TTIA TIJNDOD S,T1doga valvh ITAVA AEI “IIINNEHOD HOVI OL AINIAOBA on13A
ST 1133nS WILYA GIDRYIVE ¥ YIRO °WAAIMOW °¥I3N WA SENOW 9w HRINEON °T1ADA TISIIA NI WNARY AAd (xona9gnDd) saAnod

: 09¢ XTIIYHIXONJAV ISOD TTIN BOTAN °HALSES ONILETXg gnd OF SINIONF TISTIG ONI SAAY IHTIr0FIENS stiie
-GAZITINOD THY SYNVI TITHINCD WAHE WOIIVAS Q70 FWI WOWA GIOVATYS ASOHL 30 TIIA AITTIDVI ONIJNNd GNV NOILVEITLA nan
gni 907 IS0 A9 OL SHEVI BALTIA ANV ROTIVINAWIG3S "WOIIVLS AN smi 40 RINOS WEOILVI NOIIVOTL ¥ WO GITIVLSHI 4
SANZ TTIN J¥Nd BIW V -WOISAYJXS FEOINZ BOA ROTIV ARV WHISIS AN InoRONOURI FENSSIEA GIONVIVA ANV HOIH FATAOTA TIIA
SINI “NITW ONTE WONI-XIS INI OLNT I1IDFEI0 ON1AAFS “FTBNL XITANAENOD 20 WEINOS GATIVISAL 3N TIIA KIITIDVd DRIJANd
ONY ROTIVHITIA TYNOILIQAY NY -XIS GAY “W003 ‘FI8HI SATLINNNWOD HOZ SWNSSHAA ROIINATRISIA WIISRS 71vnd3aY AAYA0HA
0L SANIT 8ATITA WONI-OBI RIIA AEIVATINE 84 TTIN SANIT AHAAIJ WOWL JTVA-FNO GRY ‘WILARNYIA NI SAHOAT XIS OF aong3n
T1IN WIVH ONIS HONI-TAOIY AAT °ISOD VEIXT ON IV JITS 1D3C0WJ NI IV FTUVIIVAY STLI TIVE J0 GAIDNFLSKOD 19 TIIN
SUHOJIVIJ - SROTIVAS JUL WOWd 0FJNNd 39 ¥IONOT ON TIIA BIIWN gui IONIS GAVS BIIA SANNJ INJ ONITNOA GIOAY TITN aWV
2caIV0IONTZ THAZT BILVA 3HI AWIL AOVE JWNA INI ONIAOW WOJ qsin FNL JLYNIUITE TTIA SIHL “ONVIAI 0341d WANL gaLYN
HIIN ‘ANTTHILYA FNI WOWI SHYLIN 0 OF Of WBOAIVIA ORILVOTA ¥V RO GETIVISEI 39 TTIA aNng THONSANVT AIR Ve NI WS INOA
Juna 40 150D API IA0JINSTIIA INVED FHL °000°0f 40 WOIIVINIOd 9861 TIIONIXT NV HOA OGNV NOILVINIOd INIFHM)

20T 704 WONONT ‘XVA WAd SWIAW OIGNI 000°0t A0 KITOVAVD V OF WALSKS KTJaNS ¥IIVA ONINAIBRG AAL ASYARINI O dISN

90 TIIN SIHIABAS IBOSTIAGY QXY TYOINYIAT SAT °IITATIONENS KEYHIAJ ONY ISAIA IAI WIGNO °NVANS °VATVA T0VA RI 5oarou

NWROD LMV3-XIS ¥ IHOJINS TTIW (SAT)SHDIABAS XNVINNTOA TYNOIIVNUSINT O LAVAH WYEH0HI TVROL ZY4340
INANIOTAARAD RLIN A1ddnS BYIVYNTTAAIA KIJIANUNOD VATITH IGVA

109200059
RYANS

IHYHaS IDAcond

FTLIL Ioacoud
gdduon I0Arodd
nvaNnda/ 4 INN0D

AHYRHEOS JIOACO0Hd

1111 1D3aroud
nIgunN J1O3Iroud
NYIHNA/EHINNOD

277



“vA1YH TGV RI WIDTJJ0 HIIVER JIT19nd WAL Gn¥ AADIII0 TYIIA3R
YOINES HHI HITN ROTIVEZJO00D RI ANINIWITINT 94 TTIA ROIIVONAA BLIVAHE “SIAIVIJ D119nd TIV R1 Q3IDVIJ SHIISOd UONOAHL

J1Tand IVERFID AHI O WOYIVEBOaRI (D ¢SwAVId SHILISO0J NHNOBHI DITINd TVEANI9 Ful O LR 4 & 2
OX TIDRNOD S,31404d EHI HIONOWAL WOIIVRIWISSIA FIHI HONOUNL AIIVNINASSICO Ithnth"MM“QMMWMMAMW JMMNQHMMR"WM"““"NW
40 STARAYAD YAWHI “GISIAAC WY TIIA ROIIYONAGY J114n3 J0 HYED0Bd ¥V ‘IIINNNAOD ZHI OX ITAINIY DLTVAH ST149ISS0d
oﬁ=8-48 T9nSEY Ole °“SHNNIINNLS ¥TANIS FSHUL J0 @h A0 ADAVRAINIVH AV ROLIIDNWISROD FWVIWAAWNM TIIN TIDNNOD KRAOL AHI
HORIIOIY IYAOSHYI WOJd WILVN FOIAOW TTIA JVI ¥ ~SIO0NW NOWI GILVONENOD HIIA GRY ‘YITHU-ANTIR J0 39 TTIIA SAUNIDONULS
ININIVT “AdIT RICOON ¥ HIIA GIIITIA GBY o’SINTEJII003 RIIN €VIS INAWAD FTaWIS ¥V X€¢ 433407 89 TTIR HOVR °S3OVIA O1T90d
HOrYE WI SANIHIV] Ld08d 9V0Te 30 SAIHAS ¥ TIIBA O 4iSH 24 TIIA OSIV ROIIVHIANI Y TOR3NOE HOJ AASA 918 HNITI18]

NOISSNOW3d HTICGOW HAXI Q0% OORYd AN *SAONITN ZUVIINYSAN FIIVIIW O SATITTIODVY IVS0JSTA A1SVN RVAOH ac*w:mnﬂ\

0L aiSN F9 TTIA ADNVISISSY ANOSTAGY ARV TYOIINMDOII SAYI ‘XZIAILOVANS NIWNOZ ANL WAGAN “AVANS ‘ Y4I¥R TaV¥m NI 1H3roud
INARAOTINANG XIINNWHOD LIAYI-XIS ¥ INOJAINS TIIM (SAT)SHOIAUAS ZUVINRTOA TYNOTIVARAINI Ol IRYAY HYEO0Hd TYROTL IVEAI0
! WOIIVIIAYS :TIARd XLINNNRNOD VITIVYR 1AYA

%09700059

nYans

“N01L¥INA0d

9RIANVIIE AL JO Sq¥¥w ERI BIIA 331D O IHEEUM ROILIVIINYS ENn: AdNYaxXd Ol giso 39 OS1V TI1IW lIe 4TI YHOAVYA

ST RUNZIINULS TYHINOTONS FNL FETHA JAV] SHL ONOTY SH1IS AAIIVANELIV RO OILYHOIAXA WIIVA ssgIAnd "od agso ad TIIA
914 INXI “SAvVAEIaA 00S 1IU VvViAY YEOHSINYT UL OAVYIIT O QRSO ¥9 TIIA ASYHOUNG SIHT 404 GNSYROINg SaWUnd INX ‘35 VD AHL
94 SIUL GINONS °“INNTOA INRIDIAANS NI QGRNNOA 39 IOR AN W3LIVS I YSIW ¥V SY §BaANLe “vFIvHm IO0VA IV anin 9RYTTIVAZHE
Y ST g93A1 SY ‘Jund 0IURAO0d TIIWANIN TYINIRINGAYY RY HIIA AFILIIA ITIR AT0H ENO -dWnd ROTIID0S G3IVAR04 13STIA

Y HYIN 91113 39 T1IA SATOWANOE FAYTE OX ane ~cgITTING 7Nl WNIVEL TIIN ONY 918 3Inl 40 A4S0 A1 T0UIN0D AWNY ASTARAINS
TIIN BATRTIONY WILYN SAT SHE ~3IDACO8d AL JO FJAI1IT BEAL #90088X 918 INL RIVIAIVE aGuV J1VEA40 TTIR SHATITHA FFnTVEL
Wn0d -“ANOISANYS IJI0S ARY ‘I110S ‘ARYS HONOWANL 3334 00S Ol 007 TI1¥d O gASN A4 TIIA 9INW 9RITIIRG ROISSNADAAA ATIMON
g41X 00h OguYd Ve “XISNOHRVITONIS HIYId ONTYVYI SIVIAX J08D FAX1I WIJ00D HIIA J0¥LNOD URY ININIOVAVE AOWHOD ga3IaN0N
0> 11IM (amyImY ARY gUONSHYYT) SYSEY NOIIVAILITIND ORI FWX ~0ISVIXD AT Z1ISVA 99 1118 ARY1 STAYEY KTIVIINA 104 40
YIgY AAL ‘SNIdRd TTAVEHAODEN IV ¥AIVAONONOED INSIDIJA0S 40 RITTIGVIIVAY ERE HAOH4 1S9X AAI AINOHS °“FTITIS FNONSINYT
a8% IV NOIIVYHINAY JuUNd 9RISN SI HOIBA ‘RTIATIDVY WEVS Ih:On\‘:nhﬂanhOQQ N3 03 IBYINIWATIANOD S1 INERJO0TAAIA
ITINONEOD YAIYH IAYR 40 INSNOARNOD Icmkdwnmﬂn SINT Y98V SUEONSIAVI JHI RVAL 211100 ®¥ALII3G ITIVRIODAYW 40 SI 4118
STINZ IV 1T0S ANI - vaWY FAWOBMSTNVT HPLI WONI ANYINI HIYS NOILIVAILIND WYAA3Id 0G ¥ HIVvOINEI O ROTIVOIHYNI ATOHAHOEG ISAL
01 agsn 89 TTIN SORVISISSY XUOSIACY ARV IVOIMNDAL SAT ‘SIIATIOVAAS AWIHl ABL ¥ACEN TAYIAS ‘YAIYH IAYA RY 1240084
INFHJOTIVAYd IITINANWOD IWVI-XIS ¥ IHOJINS TIIN -m:m—anNDﬂﬂm BAA JNANTOA Jdlcnhdlﬂ&hlu Ol INYMY HYNO0HA TYROILVERIO
NOIIVOIEANISTAAAA KIINNEHOD VYAIVH 1avn

£09200059

nYans

AUYNENS 1D3C0Ud

41111 DACONd
a3quon 10dcodqd
NYIYNL/ IHLNNOD

AAVYHYNS 1DACONd
415113 10Arond
gaaunm 103acodd
oviNNA/ IHINNOD

<)

o



~g3yY Ixoyyapyw pur gbnip yyya peddynbe oq ITIA 9IpeD Yjfvey eoyg -gguyIajee fuyuyei) TIYA paddinba pue PoIDIDIISUOD
oq T{IA S{ooyds buruyel) ANA Osl “~(eAS] IPTIISTD 973 I¢ pouyeiy oq [TTA FIULPUIIIN 31N [RUOTITPRIL PU® “SeNHA
‘S.MWD ueqIn pue [eInI Q00°H £3UDd 9Y) OYUY SIDTAISS Dy ojviHfoluy O} weiboid s3ITITATIOY woyyeyndog JOJ pung

-g-n @ q3IA Kygnuyjuod ui@-SOaOTAION jueyyedyno BuyIoyIo 8,NIN4 JO WOFIDNIJSUOD peods o3 papiaoid aq [IIA sirvid)ew
fuyprIng ‘woyyyppe vl -{g.0083) SITuQ 23%) YIfeen Liewrig oe1qd 19200 TLYA YO®9 tgayddns 1aqjo pue sbniap

977A popyacid pue pPaIINIISUOD 2q TILYR ‘s8IfA1eS mow) wytesy pryyo/[ruieres se [[@A Se ‘eJjed a-maau50\aauaaw=aum
otdwts HGuypyaocid ‘yjynos aq) uy XIS pue qj10u 9Yy uy mauuaaaamnuc xISEe-91vD PIIYD pue ‘woyyeyTues ‘yjreay

jnoqe uwojjyewiojuy tesryoead qowsy YOYYA peonpoird oq [TIA SeAND 10} gee1boad oTpel [YUOTIWONPO ‘pPUOIIS - suoyysanb
fue 1oasue oy Kkyyeorpoyiad sduoab oqy 3IFSIA [1IA sI3pEOy Iytunuwod 310 S, AHD PUC *gueibord 3y SSNOIYP pue
Fygespeodq 9y} 0) U9 IS O} Iyavgnbol joom [IIA sdnoib ebegira yrews “~euwydIpow oayjueasid ojomord o3 saoutaold
ui19qInos ony uy sweiboid orpex oonpoad [TIA SAND °ISIfa - sypa(eIp 12201 oAy Uy pajyseopuolq pue poonpoad aq

1ty1a sodily oay jJo gsuviboid oypea uoange-[2uvosIad ejes YIfesy msu Joyny 03I woy) eYqeus o3 pue ‘SITIAS I puedxs
pue ojyepdn 03 Jjeys buyysyxos 103y popraocad aq T1Ia ssuiboxd woyjyeonpe fbuynuyjuol " YI[vey aatjunanid burzyseydws
K{buo1ys ‘buyuyeiy yuedgoyyaed pue {1junoo—uy w191-13104YS ©ATHDLI [(IA (9, AWA) SOATAPT® obegria pue (34 AHD) SI3XIOA
q37eoq KAjyuoweoDd g9g‘y °OwoS -peddynbe pue pe3d’NIISUOD ©q [{TA si10YI0R q)feey 10J SOTIY[Idv} fuguye1y XIS YINOT
oY) Uy uorjepUNOS YOIvoSoy puv [eITPIN uenyayy ay) Kq pue gyzom 8y} WY J0IDEIJUOD oyeavid v Aq worjejuamoydey
199fo1dqus osyazedns [IIA SO9 - {3on3) weiboag eie) yigeey Kiewyig 9,509 o943 Jo saoinosaa Kyrgyoey puv gaaﬁwmuaax
oy) oaoidey frra suo Ioefoidqns -gy79[o1dqns oay Jo sISYSuod efold - geouyaold uwiogINOS puUR WINYIIOW g, 13un00
o9y 03 21ed yygesy Liewyad opraoid o3y Kyrrrqeded st as01dwy 03 (509) UEPNS JO JUSWUIDIA0D B 03 poprAoad ST jneInp
' H0d4ans HITVIA 1VHOH

1 00£000G69

nvans

N -c¥7 19 SINaNI WARIO GNY °HITVEN JO IBISININ FuL X4 awnoq

SIS0D 1INNOSHYA GNY ‘INOISNYNI GVINI ‘FONVEVITD 30 T1IA INTVA WYEOO0MJ ¥ui OL (IqAV ~7GS’LSS ST GOTHAd WYIX-TRO

v §1 V1Y T0VA OI HATAOHA TIIA S¥D IVHL FINVISISSY GO0 JUL J0 ANTVA Ful “WACIIRD 000°t WO q3svae “LTIRVI FNi oL
ATV SINORODT WY AA(D GNY *NOTITHION IN0AY SHIDION ONILIVINGT J0 SAVAY V A (g LINIQ S.dTIED ¥ A7 INTUITI TAILDTNBOD
v ma{v 0L LISTA DIAIT) WOVE RO QTIHD FHI O NYAI9 39 171a (110 JO OTI¥ RO ARV ¥TIW X350 IVIROR J0 SOTIN

ons) ©Q003 XYYINREA1IANS -MOLVINAE NOILIWINN INI XA SHABIOR TT1V O WAAIO 39 TTIA WOLLVALSNORIM HITVIH HO NOIITHION
Y 0 SHNIDFT 4NOE9 Y “WYIDISIRA BIINGD BITVAW JNL O GTUBAASHVEL 37 TIIA SISYD TTI 11SNOINAS ~SIRINTIV JOAIW

g07 GAIVAAL TNY TTAVIIVAY FAY SANIIOVA WARA SISVASIA SNOTIDIANT ISNIVOV GIZINOWRI 3G TIIA NIRGTIND -wIsOH9 BIJ0BJ
G.O1IND Y SHOSKI OL XAVSSIDIN AWV SAFIS SATIOALHOD IVOA RV SALYIS HITVAN SeATIRD RAL NAVIT 0L SNOIIVITINSKOD
FIYATAHd SATIORN T1IA SEANION GEVARVIS IANOND GHVARYH FHI 40 SUNIL NI SNLVLS TIOTSIAA SeqTIH) v anuEALIq

ITIA gSHOR IR -AYGQ EYINDIIAVA ¥ WO BIINID IHL ONIORAILY WINGTIHD TIV HOJ SIAOIAA OHODIN TITA MDY ANy

‘QINOTAN QNY CANIVYXA 78 TIT8 GTIRD HOVA “NINOW ¥ IDNO ISVAT IV WIINID IWI ITSIA TIIA SHIANION WYANL ARV RINATINOR
" _fva OL XIY0 WYHOOHA ANI 3STAENANS TTIA WAIIAJ0 TVDIIOAN S,NAOL ANL ~FWII-TINd ISHAN MITval 1N AL ISTISSY

7118 ONINTVEL HIH SNIIFTIV0D WO GAY ‘ROTIVONGS WOILIAINE NI FSENCO HINOW-HAOJ Y QRAILIV T1IA 4ANDVIL TOOHDS VAN
IO¥S v ‘OS1Y ~NOTAVINATEO 40 SYJFA ORI NOJ WNOLAYNY OL 09 TIIA GAY HITVIR GTTHO-TVRYILIVE AT AANTYHL NATE IAWH

TTIR FSHEON ARL -ASANN RNITVEN DIT90d SeRAOL INI 19 FIISHTAO RTLOAAIA A4 TIIA STILTALIDN WOTIVINAT NOLLTHINNE ~HLIROW
494 RARGTIND 000°L NMOVSW OF HYEOOHd NI SIDAIXA SED “VITVR IGVA NI WANQIIRD TOOHIS-FUT HOI HOTIYONGT WOLLTHLON
aAY HITVAR 40 RYN9N0%3 ¥ FIVILINI O RITVAY 20 IEISINIRN AVAAS JNT ISTSSY OL SANOI 930 0 10O (s92) SADTANAS

191148 JITOULYD LHOJANS T1IA SAI °XIJATIOVGNS RIJTd ANL HIAGHN “RYAOS VATV TAVA AT 1D3C0Hd IRAWIOTRAT]

LLINNHROD LAVA-XIS ¥ 1H043nS TTIA (SAT) SaDTAHIS KEVINNTOA TYNOTIVNEILNI OF (940) INVAD GYHOOHI TVNOTIVHALO

NAE HIONZTAATT KLINONWOD VAN 1ave

: 509200059

HYans

ARVYHHNS 1D3ACOoHd
" 41313 Idarond
ganaunNe 1o3acosad
nvinna/ 1M IRN0D

MYNUNS 1oIFrodd

1113 1D3rowd
gaAune 1oJcond
neyan N/ KHIRNO0D

279



-3unoooy en10z So09 Iq pooueuyy eq [IIA equC JO 3ISeo WY Qf PUP IwApoy uood joq prvol Huyysyrs 9aY) JO dDULUSUILE
euyInog -Syley(d juswernsold pue sojueqIOw 13vd19junoos o3 buyuyely qof{-99})-%0 Jo morgtacid eyy kq popvribdo oq TrYA
IeApO] pue eqhC UY SIVDIUSD OOUTUAJUIePH ~SPpROT fugisyxe Jo wY 7gG (eavib o) (efuey uy ®Suo ‘uupng WY OA}) S)ITUN
@214y} 03 syted oxeds puw ‘Huyuyedy qof-943-u0 ‘9JUeISYTITY [eIIUYND) epyaoid osye [{fA J0}IDPIIVOD OYL - g3y030313dO
juoudynbo Kaevoy pue uUswsl10Jy 33ediojunos oy Hayuyedy qof-9q3-uo opyaord [IIR JOPEIIVOD @Yy - In0Yy 1ad wy @G JO
peods snujujw v JOJ Speol HOYSILAYP fInoq 308 wy 9@ Jo poeds v 3oJ poubiysep »q TIIN SPeOT Aow + {kz3unoo yoeas Uy
9U0) pPn1IONIISUOD 9q O} sUOFIeLIS ybyea juowvwiyod oR}) 3¢ peoJojud aq [TIN orogyea 39d SOLYY 000°ZL JO SUOYTIOTIISOI
prvol -syeyiajvs [oaeib Jo oyiyiojel Jo €O GL 3q [[IA seauyoyq) JUDEIAeRy - UOTSOI8 junacld puw ob euyeIp

eowyIns wolJ poqpeol oy) 3Ivajord o) s5I19IOW g°Q JO OSYI opeib wneyutw © yyfa ‘fep 1ad sayo14YoA 0GZ OF dn 9a399 0)
s3010W g-9 ©q [T¥A YIp§n peoy -3Jqybhyey pue soyouenbo1y [reyuyes pa13toeds e sbuyusdo Aeazojea sygnerpky 3091300
oayh oy poubysop o9 [[JA SOINIONIIY [[¥ °ITNOIDY 9I104 SOI Aq peioniysuod aq [TIR visode) pur OYYOXDYYOT WOARYIq
S33731p 2U03S -speol burysyxe yifa seInjydonils 309uu0> 0y (uepns Uy wY Gy) SPROT UOTSIAATP JO ®Y @G puUe ‘sadyd
’goinyoniyy sbeureiap se [[oa sev ‘sebpriq gL PUT IITJeA[ND Xoq (it fugpofouy ‘ (vepng uy woans) soanIoNIFS 30fem

| puw .auu:m 9y 9¢) SOINIONIIS JoUulw gy opnouy [IIA WO§IONIISUO) “~SPILPURIS STVOOY [PYIIIWNO) unETUIy potryrpow
joom 03 viuey ‘IeApoT] puv ‘uepng ‘eqnp WeeA}oq POIONIISUOCD Bq TTIN prox wy 079 Ve -Kk{uo uwepns Uy wWOTIONIISUOD

103 posm oq [[IA Spupj juely -soyouwehe yos pue 09 yusuyyzod puv juwj[nsvoDd fuyiosuthus uvw wolj @dURISISSE

Y31TA J03DEIJUOD WOFIPNIISTOD ojeagid e Iq uvoyjrejuowarduy 109f03d estazedns [{In ° (y09) viuey jo juswuUILAOH

ey) pue 509 Aq uodn poeibe Ifjveynw “Jed¥3yo vOoyIEZTIONINY truoyyeny juyor v -ekuey yyya uwotboy wIaqINOS S,UYPNS
oy 109UU0D prol ISYIPIA-[[¢ UE fuf3IONIISUOD UY ISYSER 0) (s09) uepng JO JUSEUIIA0H HY} O} peptaoad sy titay

avon SSADOY RNIARINOS

009€£00059

uvans

-g3edaayaiolg pue sysyoeuieqd jo fuyuyery qof-ayy-uo

30} So11S Sv oajes osye [[Ia Lleyyr -jvowesIngsyp pue fugbeyoud kyfpomwoo ssoidey 03 woyeks poryuon Kioyuaauy

pue burgpuvy v yyym poddyubo pue peyVBMNSUOD Bq [[IA SOTNOYAIEA Z1 ‘S9111pPONEOD 8303S O -paptacad aq (IR SYONIT}
3yhre puv ‘yonuosiad Iyddns/oyygrboy 509 JO S{oadY [I° 0% ueayh oq, ([T S°9IN0D 1IOVS s 330dsuvyy pue juswobenew
Atddns oaoidey o3 -sogwvesyp juoyeasird Jo0J swe3601d qyproy jyabpnq pue ubygep o) I9PIO UT ISN STUH UO 25 100D
[euoyjeuw v Uy oyedyorrzed (¥R SISUOYSTIFEEOD YI[POY JULISYSSY -gtgf{eue/uoyIoe[0D SOTISTINS qyeey uy sanutaoad
uI9§In0S 239314} puUY UILYIIOU WIASS UY SURIIYISTIC)T O) uosth oq [T1A IITINOD IIOYS * {sinn) woiysks dvoryewiojug
juewafvuen Y3(eoy a4y uweqybuails oy -swoyqoad eayjeIISTUTEPE JOUd ojuy YO ILISAI puUe ¢ yuswofeuen tounosiad pue
sfuyyobpng weiboid yygeay ‘sweiwids Lyddns/soyasjboy Uy sieuywas YInos-Y3309 OL tyoyyeijsruUtTEpe Yi[esy ut 1evuosiad
HOW uiegjInos oa} j0j viuey uy buyuyery juedyoyrized epnyouy [rIa Bburuyeily IOYI0 - swoysis yrpne puw 3abpng puv
*gpInposoid [ouuosioad ‘juswsbeuvce pue fuyuued 8dfalasS yireay * sor3syIRIS/UOFIREIOFUY UY YIoa PIAL] pue Guyuyely
oovAles-ut UT j3ed ayey [Lys SI03038 NOW [I¢ wOry sjojeajsyuywpy ~-sayjboyopoqow Kkoazus Kyrgyovy pue {auuosiad

pue ‘sotwouosa yjfeey ‘ubysep Yoivosex storjesado ‘woyjeajsyuympe pue buyyafpnq weaboxd yigeay ‘suoryjedo(l®
95IN0SB1 WY paysisSse oq [[Ir [Puuogiod ROWE ‘Yynos o9} Uy -guoyionfoid 31902 IWaIINOHI puw gyobpnqg genuae Joyaaop
pue ‘siojeilsturEpe yjreeq ureiy ‘sweysis fuyuuetd yyyeoq eoaqy dogeasp TLIA tauvosxed (gown) uyI"aN jo Kiysyugn
Teuotba3 “syaasy y(eroutaold pue ‘feuotrbex ‘[eIjusd aqy e suotjoun) juowabenes puwe fuyunerd aong sroidey ofm-yInos
o931 Uy TOYIEPUNO4 YOIL9Say pPUP [EOJPON UUDITIJY 94} Iq pue qyjou 3yl Uf J0PLIYVOD oyeatid e [q vorjeyvawapder
199fo3dqns estazedns [rya soo - (Duna) we1boig a3v) yygeen Liewyig s,509 oYy JoO waysks oaTyvIISTUINDE

oyy oaoidey [[{JA oay 3oofoidqng -sioafoidqns omy jo SISYST0D 3o0fo1g -sasuraold WISYINOS pue wIdYIIoN

01 e»1en yyqvay Kiewyad opraoid oy kyyrrqedes say oa01dwy 03y (509H) wepng JO IUIWUIAA0Y oqy 0} papraoxd sy jueIy
THOAANS RLTVIH TVENd

700100059

-5

s

RVans

a
rayYwuns 1oIrco8d
41111 1o3co8d
g3gRa N 1030084
pvagnda/ ARIRNOD

iuYRuNS IDacoud

F1LIL ID3C0H4A
gaqune 10icoud
AvINNE/ XY LN NOD

80



“HYEN0Hd ONTLIINUVH HO4 STVS04oud

O QVHT VIVG “HONATIUEAXF "ANNO3 HG JORNYD SHIANG MOINK ¥WOZ STYNINY ONISYADENI X9 GRIN TYNOTIOIN HOHA ANVLIA0
ASYIUDNT SHYAL ONTLINNVH “WOISTATA HORVISIH LAWAVW X0 dIZATVAY SY pyrnm VLIvVG SUAHIVY ININOINOD ONILINUVE NDOLSIATT
*SAAAN ‘SWATAOEI WO ¥IVHOHIA JATAONA SIAAENS G114 OWV HIINAD SHOTLYDINNWNOD IV GANIVAL ST J4VIS ROISNILXY °SJ0UD
ASYD RO WOTLVNNOJNI AAIAONA ‘SHIININYA A0TIAYA SHOYIVIS TIVHL 308D °SA3AS AIAONANI JO WIVS ANV NOIIVOITJILTON

X1 NOIIDNA0EA QO0A SASVIAINI INANOJINOD SJOFIANO0L °AVANS NBANINOS NI IDACONI TIAID AVHTE HOV NANVI' ATHON

ENAYONE A0 ILDFCORAANS KYABNS ONY ONILIINEVE WD LISHAIT ‘IDICONAANS INIWJOTAAIN SA0NIN00J ¥OJ TINNOSHIA SAATAONQ SAT
1PATA NOTIVITTIGVHAN WOV NOISAH BINOS
0001 0059

wvand

: ~1Jo3royd v8Izao

104SESYIINS 40 HOIIVOITAEN ST LD¥rONE ~aund INIWIOTHAYA IIVAON GAY YOI 1€ DRIANAZ TVIIAVISEOS “THAJONALSVHANY
ZUVSSEIAR HIIN SINYNEI 00L° €l STIIIYS *STIITTIOVE FOVHOLS GWY ININAIN0E HRISSEIONI TVEOITINIIAOV JO WOYIVITVISNL

SY TTHA SY SYBOAN YOUNIYNG ONY STYAYD ROIZONINISIO GAY X1340S J0 NOIIDOBISNOD STATOARI “KINIDY 140D SAOWON 010 V-INAS
AENSTTOVIST 1I83W ‘3N0D AVAYYE 1d g3AIDNANOD 1D3C083 " HYG WORA ILIDINIONIR AW AIFAAOS SAWNA ONISD TINYD

114408 Y HONOEHI WVA SIUIASOR HHI MOTAT WOHI anhdn ROIZIVHIENT ONIJNAd I8 AVANS NI WAALY GVHYY JHI 40 Y¥ave Isvd’

WAL #0 FANLTINDTUOVY EHIVOTERT W04 ANYT 10 SIADV Qaé 00f 4O INFHIOTIAZA 40 SISISNOD 1DUr08J3 NOLIVOTHHY HIAIH AVHYR
- XD4rouwd AYHYE - RAYADS

000010059
nvans

IRVHNAOS 1DAcond
A1LIT IDACO”I
¥AGNDN 1D3c08a
NYIYNN/ XN INNOD

IYVRARAS IDACONd

2TL1IX IDHAroud
wagaenn 103aroud
NYINNG/ ZHINNOD

731



Appendix X

Supplementary Bibliography
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Geology, Minerals, Soils

Flora and Fauna

Water Resources and Management
Land Use and Agriculture
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