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Preface

Since the World Desertification Conference in Nairobi in 1977
there has been an ever-increasing demand for multidisciplinary
references on the hazards of ecological imbalance in the Sahel-
ian zone. In fact, it is one of the major reasons behind the
failure of many development projects in the Sahel that politi-
cians and technicians sometimes lack detailed information on the
highly intricate problem they are trying to solve. So far, only
a few comprehensive studies have been carried out and reported
on in the field of combatting desertification.

In this present book the author attempts to fill in a gap in the
knowledge of ecological imbalance in the Sahel and the problems
involved. As this imbalance is man-made, human ecology plays a
central role in this work. The author has given here the essence
of his long-year work in the Sahelian zone. The results of this
research-work have been partly published in several treatises

in various German scientific reviews. This comprehensive work is
now published in English in order to make it accessible to a
broader, international public, particularly in the Sahelian
countries themselves. As special reference is made to the Repub-
lic of the Sudan, it is hoped that the findings and the maps
provided in this volume can be a help in enticing further re-
search-work and ultimately in combatting desertification in the
Sahelian zone of the Sudan.

Acknowledgement is made to the Government of Niedersachsen (Low-
er Saxony, Federal Republic of Germany) and to the United Nations
Sudano-Sahelian Office (UNSO) for funding the printing expenses
of this book, to the German Research Council (DFG) for funding
part of the research, to the people of Darfur who offered me
great help during my field-work in the past eleven years, and to
Professor Dr.H.Mensching for promoting my research-work in the
Sudan for many years. Thanks are also due to Frau R.Zeranski for
typing the greater part of this book and to Herr H.Thor for his
cartographic and photographic work.

Fouad N. Ibrahim

Bayreuth, July 1984
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Photo 1

The occurrence of Acacia albida and Leptadenia pyro-

technica proves that we are here not in a climatic, but in a man-made

desert.
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1. Desertification in the Sahel

The often reported advance of the desert on all continents
lowers the yield capacity of the earth and deprives the popu-
lations in the affected areas of their nutritional basis.
Worldwide, about five million hectares of land are lost each
year to desertification, another 30 million square kilometres,
i.e. a fifth of the land area of our planet, are threatened

by the spread of the deserts or have already been partially
affected.

The presently observed advance is called desertification. It
is a process which slowly destroys the regenerative capacity
of the vulnerable ecosystem in arid and semi-arid regions

with land use methods which are not adapted to natural condi-
tions. Soils, plants, soil-water balance, and thereby also the
local climate, are seriously affected so that desert-like con-
ditions are spreading. The so-called "man-made desert" is cre-
ated.

In the past fifty years, the Sahara alone has taken over
650,000 square kilometres through desertification of the Sa-
hel, the areas to the south of the desert. When the Sahel was
parched by the drought catastrophe of 1969-1973, it was at
first thought that this was a purely climatic phenomenon. Only
after the UN World Conference on Desertification in 1977, the
experts began to realize that man is the real cause of this
desertification.

What is the Sahel, which is still suffering from drought con-
ditions? The "Sahel" - "coast, fringe" in Arabic - is a 7,000
km long and 500 km wide zone south of the Sahara, crossing
Africa. Botanically, it is a zone of thorn bush savanna. Cul-
turally, it is the zone where nomadic camel breeders and se-
dentary millet farmers meet. Main causes for the desertifica-
tion of the Sahel are overcultivation, overgrazing, and ex-
cessive clearing of forests, which leads to their destruction.
Man uses the land without regard for the relatively small po-
tential of this tropical region.

Although the average population density in the Sahel zone is
less than 10 inhabitants per square kilometre, it is in fact
overpopulated, for two reasons: First, the population is con-
centrated in regions where the drinking water supply is se-
cured. Second, .soil productivity is low. This concentration
of the population around the watering places and the inherent
destruction of the yield capacity of the soil was further ac-
celerated by the settling of 'nomads since the beginning of

this century. \

While nomadism makes it possible to use the various regions of
the thorn bush savanna evenly, stock raising, which goes hand
in hand with crop farming, leads to rapid depletion of natural
resources, since it constitutes excessive land use. The popu-
lation in the Sahel region has doubled in.the last 25 years.
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During the same period, the number of animals doubled to trip-
led. Simultaneously, the grazing land area decreased in size
and quality.

The semi-arid zone of the Republic of the Sudan embraces an
area of no less than 1 million square kilometres, extending
roughly between the latitudes 10°N and 17°N. In this zone,
which is severely stricken by desertification, live 70% (14
million) of the Sudanese population, with farming and animal
husbandry as main sources of living. Despite the existence of
large irrigation schemes (e.g., Gezira Scheme) and large me-
chanized farms (especially in Gedaref), the majority of the
rural population live on subsistence production, which has
been exposed to the severe hazards of drought in the last 15
years. The precipitation deficit has amounted to 40%-50%, com-
pared with the preceding 15 years.

The problem of drought is not a new one. The people of the Su-
dan remember at least four drought disasters which have occur-
red in the last 100 years. The first, in 1886 during the Mahdi
Revolution, was named Sanat Setta, i.e., "the year six", refer-
ring to the Hidjra Year 1306 of the Islamic Calendar. Golo was
the next drought disaster which struck the country between the
years 1910 and 1920. It was probably during one of these early
drought phases that the Meidob nomads made charcoal out of the
dead trees, crushed the charcoal and gave it to their animals
instead of green fodder which was lacking everywhere. The
drought phase of the years 1940-1945 is known as Malwa, refer-
ring to the smallest unit of measure for millet, indicating
its acute scarcity. The latest drought disaster, 1970-1973,
was called Ifza'una, i.e., "rescue us", referring to the se-
vere hunger of that time.

Neither is the problem of desertification a new one. NACHTIGAL
(1889) already described the barrenness of the perimeter of El
Fasher in 1873. Also STEBBING studied Saharan creep (1935).
Since the 1940's the Sudanese authorities have made various
attempts to assess and control soil and vegetation degradation
in the dry savanna. The most recent programme is the Desert
Encroachment Control and Rehabilitation Programme (DECARP). A
permanent office within the Ministry of Agriculture was estab-
lished to implement this programme. On an international level,
the United Nations Sudano-Sahelian Office (UNSO) has been
established so as to help the African countries which suffer
most from the problem of desertification. The UNSO has helped
the Sudan in funding and carrying out many anti-desertifica-
tion projects so far.

Compared to some other countries of the Sahelian zone, the Su-
dan has a good chance to combat desertification, for there are
still vast areas within the Savanna belt which have not yet
been desertified, though they are quite exposed to desertifi-
cation hazards. These areas lie roughly south of the 500 mm-
isohyet. At present, enhanced immigration from the northern
desertified belt has increased human and animal pressure to an
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alarming degree. If measures are not immediately taken to con-
trol land use to make it compatible to the limits of land pro-
ductivity, the right moment will be missed and desertification
will be inevitable.

Priority should, therefore, be given to measures in controlling
land use in this area, for the very practical reason that it is
much easier to reorganize and control the use of land which has
not yet been degraded than to reclaim already desertified
areas. Considering the slow pace at which rehabilitation pro-
jects proceeded in the past, there is good reason to fear that
while the Sudanese are involved in a desperate battle at the
desert front in the northern Sahel, the interior Sudan-Sahel
belt is being slowly desertified.

The rapid expansion of mechanized rain-fed cultivation is cau-
sing considerable desertification in the Sudan zone at present.
Unless strict control is exercised in the dry savanna belt (be-
tween 400 and 900 mm), devastation will be great. By control is
meant not mere soil and vegetation conservation, but adapting
land use to the ecological conditions to ensure lasting produc-
tivity.

The urgency of the problem of ecological imbalance in the Sudan
is wellknown to the authorities. The DECARP report published

by the National Council for Research in 1976 delineates the
problem as follows:

"Desert encroachment is a serious problem in the Sudan, threat-
ening all Nile irrigation schemes, 2.5 million feddans (2.6
million acres or 1.05 million ha) of pump irrigation, 7 million
feddans (7.27 million acres or 3 million ha) of mechanized crop
farming, 75% of the world's gum arabic production, pasturage
for about 10 million animal units of livestock and vast areas

of woodlands. Surveys have shown that the desert had advanced
90 to 100 km within a 17-year period, and is currently ad-
vancing at the rate of 5 to 6 km per year." (p. II)

"The outlook for the future is grim. If corrective action is
not soon undertaken, the whole area will become desert. Unfor-
tunately, the desert will not confine itself to the Programme
Area's boundaries. The highly productive southern savannah re-
gion and the Butana area east of the Nile will also become de-
serts. In fact, desertification is already taking place in
these areas because of increased population and resulting in-
crease in human activities .... Now it is time for action."”

(p. 92)

Gradually, decision-makers have begun to realize that drought
is only partly responsible for the decrease of land producti-
vity; and that land use methods incompatible with the given
natural conditions are the major causes of destruction of agri-
cultural resources in the Sahelian zone. Overstocking of pas-
tures, regardless of their actual carrying capacity, and the
permanent grazing of areas which are, at most, suitable for
seasonal use hinder the natural rehabilitation of grasses and
shrubs. The extension of rain-fed farming far beyond the agro-
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nomic dry boundary is one of the most important causes of de-
sertification in the Sahelian zone of the Republic of the Su-
dan. Also through excessive felling of trees the tree-stock of
the savanna is disappearing rapidly. Here, the demand for rural
energy and timber is to be made responsible.
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2. Methods of Monitoring Ecological Imbalance in the
Sahelian Zone of the Republic of the Sudan

2.1 INVENTORY OF THE NATURAL AND HUMAN RESOURCES

In order to monitor desertification successfully and to plan
rehabilitation projects which are both effective and adapted
to the given environmental conditions, it is very important to
possess reliable data about the affected zone. For planning
purposes, this inventory should be summed up and displayed in
maps depicting the natural and human potentials relevant to
the problem of desertification. These maps should include the
following themes:

- Land classification in ecological units
- Present land use

- Population, settlement and infrastructure

As the available topographic maps at the scale of 1 : 250,000
are partly incomplete and too old (1910 - 1920) to assess hu-
man resources properly, field work is necessary. Relief and
drainage data should be completed and corrected by the help of
satellite imagery and aerial photos. In some cases, ground
check will be indispensable.

2.1.1 MappinGe THE EcorLocicaL UniTs (Map 5)

The major variables governing ecological variation within the
Sudano-Sahelian zone are precipitation, soil and land use. An
expression of the interaction of these factors is the vegeta-
tion cover with its varying associations.

2.1.1.1 Climatic Zonation

Within the semi-arid zone of the Sudan (e.g., the Sudano-Sahe-
lian zone) there are four distinct climatic types with their
respective vegetation cover and predominant system of land
use. These are shown in Table 1.

2.1.1.2 Soil Variation

Certain soil characteristics are especially relevant to deser-
tification, for, they render thesoils either more vulnerable

or more resistant to degradation processes. These character-
istics concern their permeability, structure of top soil, depth,
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looseness, mobility, liability to encrustation and topographic
situation.

The following types of soils occur at a large scale in the Sa-
helian zone of the Sudan:

wind-Blown Sand Sheets

These are the loose soils of recent dunes and aeolian sand
sheets. They have not developed a top soil and possess high
permeability. Vegetation cover is either sparse of completely
missing. Because of the lack of humus and other nutrients this
soil is extremely barren.

Alluvial Sands in Valleys

Sands in wadi-beds are exposed to fluvial transport in the wet
season and to aeolian transport in the dry season. They usual-
ly carry a seasonal cover of ephemeral grasses and herbs, while
trees usually grow on the margins of the water courses. Be-
cause of the relative high humidity of alluvial sands, they
are used for planting sorghum, vegetables and chewing tobacco.

Stabilized Goz

Goz is the common name of the sandy soils of the old dune belt
especially in western Sudan. The stability of these soils is
due both to the effect of the roots of grasses and herbs and

to the binding effect of the weathered iron and clay minerals.
The compactness of the Goz sands renders them less permeable
than loose sands and, therefore, more favourable for the plants.
Water, which otherwise seeps quickly through the sandy soil,

is kept longer in the root zone. The stability of the Goz dunes
for some thousand years allowed the development of a top soil
of about 15 - 20 cm depth, which is richer in organic matter
than the deeper horizon. Because of its suitability for both
field crops (millet, ground-nuts) and the growth of natural
grasses, a strong rivalry has arisen between cultivators and
animal breeders on the Goz belt.

Mobile Goz

Owing to excessive millet cultivation combined with permanent
overgrazing the "fixed" Goz soils have been reactivated in sev-
eral areas of the Sahelian zone. The loss of the more fertile
top soil and the loosening of the soil disturbed the former
more favourable soil-water balance and ultimately led to a
drastic decrease of land productivity. The mobilization of the
old sand dunes is the most spectacular phenomenon of deserti-
fication. It is erroneously called desert encroachment, as if
the sands were blown from the Sahara.
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Clayey Soils

There are four types of clayey soils in the Sudano-Sahelian
zone apart from those of the Nile basin:

- Clay plain soils, especially those of eastern Sudan

- Gardud soils which are hard, capped, brown loamy soils of
the peneplains

- Alluvial clay and sand soils in valleys

- Nag'a soils in depressions which are seasonally flooded

Clayey soils are again classified into cracking and non-crack-
ing clayey soils. Decisive, however, is the portion of sand
which makes the clayey soils more favourable both for culti-
vation and the growth of natural plants. The loss of the plant
cover leads to the concretion of clayey soils and enhances sur-
face run-off. This makes less plants grow there, and thus a
vicious circle is created. In contrast to sandy soils clayey
ones do not favour the growth of grasses. Woody species are
dominant. In the drier locations Acacia mellifera, A. nubica,
A. tortilis grow, while in the wetter locations A. seyal,

A. albida, A. arabica and A. nilotieca occur. Owing to their
hardness clayey and loamy soils have been less attractive for
the Sahel cultivators. If methods of water harvesting aredevel-
oped, flood cultivation can be used to grow sorghum and veg-
etables on these soils.

Skeletic Soils on Hills and Pediments

These soils are constantly exposed to fluvial and aeolian ero-
sion. Soil development is, therefore, strongly impeded. In the
drainage lines, fine sediments are gathered to form favourable
conditions for the growth of thorn-scrubs (4. mellifera and

A. nubica). Such vegetation patterns can be easily recognized
on air photos by their similarity to the brousse tigrée of the
laterite plateaus.

Terraced Soils

On the volcanic soils of Jebel Marra in Darfur the inhabitants
have formerly constructed cultivation terraces up to an alti-
tude of 2,700 m above sea level. These terraces are a very
effective protection against soil erosion. They help the forma-
tion of a favourable soil catena on steep slopes with skeletic
soils. They allow soils to retain their moisture for a long
time.

2.1.1.3 Surveying the Vegetation Cover

A dominant vegetation association corresponds to each ecologi-
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cal unit, which is conditioned by the above-mentioned climatic
and pedological factors. Very often, however, the strong human
impact has resulted in the disappearance of plants which have
given the name of a certain zone, as is the case of the Acactia
enegal belt of western sudan. It is, therefore, misleading to
rely on former plant associations for designating present eco-
logical zones.

Vegetation Density

Data on the density of both grasses and woody species are very
important before embarking on any system of monitoring deserti-
fication. At least three categories of vegetation density are
required for this purpose:

- Fairly dense (more than 50 % coverage)
- In patches and lines

- Sparsely scattered

Degree of Degradation

Prior to monitoring desertification, it is also necessary to
know the degree of degradation of both plant and soil, which
is extremely difficult, because the starting position is
merely conjectural. Though the forms of degradation are well=-
known and parameters for their assessment can be found, yet
degradation is only relative to a supposed natural ecological
system. Whatever parameters are used, three stages of degra-
dation can be distinctly recognized:

- Highly degraded: over-used with obvious signs of deterio-
ration, as in the case of excessive cultivation

- Moderately degraded: moderately used with a balance between
ecological rehabilitation and land exploitation, as in the
case of pastoralism or cultivation with long fallow periods

- Not degraded: under-used with sound ecological conditions,
as in the case of light nomadic pastoralism

2.1,2 Mapping LAnD Use  (Map 3)

A preliminary survey of agricultural land use in the semi-arid
zone of the Republic of the Sudan can be conducted by interpret-
ing LANDSAT imagery combined with some verification by using
the available aerial photos. Using agricultural statistics of
the Ministry of Agriculture, Food and Natural Resources, one
gains further knowledge of intensive land-use systems which
occupy smaller areas. Ground check is the most certain method
of surveying. However, owing to the inaccessibility of the
greater part of the area under survey, ground check should be
sample-wise. The land use chart (Table 2) given here sums up
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the kinds of land use relevant to the question of desertifica-
tion. While cultivation areas can be easily recognized on
satellite imagery and aerial photos, pastures and their sea-
sonal use are difficult to identify. Such data can be collected
from pastoralists and range officers in each particular area.
To map forestry activities, one needs to apply all these meth-
ods of data collection.

By combining the map of land use and that of ecological classi-
fication, it would be possible to indicate whether the present
land use is adapted to the ecological conditions. The northern
limit of rain-fed cultivation should be drawn on the maps.

Also the limit of ecologically adapted rain-fed cultivation
should appear on the maps. For though the actual limit of rain-
fed cultivation on the sandy soils of western Sudan lies along
the 250 mm isohyet and on the clayey soils of eastern Sudan
along the 300 mm isohyet, the ecologically adapted limit should
run along the 500 mm and the 600 mm isohyets respectively. It
is, however, almost impossible to advise land use planners to
stop cultivation north of these lines, unless an acceptable
alternative can be offered. But future planning should take
these suggestions into consideration so that new areas north

of the 500 mm isohyet should not be projected for cultivation,
but for grazing and forestry (e.g., gum arabic) uses. Farming
should be permitted in the semi-arid areas lying south of the
500 mm isohyet, but this farming should be controlled so as

not to lead to land degradation (e.g.,by practising a suitable
fallow-cultivation rotation) .

2:1.3 SurvEYING HumAN EcoLoGY

As the actual initiator of ecological degradation in the Sahe-
lian zone is man himself, it is extremely important to make an
assessment of the human assets and constraints of each parti-
cular area before planning and implementing solution measures.
Data should be collected on human biology, ethnic, social,
historical, economic, cultural and political aspects. Popula-
tion studies should be made to raise data on population devel-
opment, mobility, distribution, density and occupation. Human
settlement and conditions of infrastructure are also relevant
to the question of environmental monitoring.

Beside presenting data and analysing them, a map of population,
settlement and infrastructure should be made including the fol-
lowing components.

2.1.3.1 Population

- Dominant tribes situated in their traditional tribal areas
- Population migration indicated by arrows
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‘ - Population density according to the ecological units

- Owing to the fact that most of the population in a given ad-
ministrative district is usually concentrated around water
points, along major valleys and around urban centres, it is
advisable to demarcate these areas of population concentra-

) tion so as not to dilute their population density figure by
adding practically vacant areas. This may produce more real-
istic results, though they may be less precise from the sta-
tistical point of view.

} 2.1.3.2 Settlement

Settlement classification can be made either according to the
number of inhabitants or according to administrative and other
central functions.

Al 2.1.3.3 Infrastructure (Map 4)

1 In addition to the central services mentioned above the follow-
ing services should be displayed on the map:

“ - Schools:

Primary

Intermediate

Secondary

Vocational

University, Higher Institute

If possible, it should be made clear whether these schools are
for boys or for girls and how large they are (number of stu-
dents) .

- Medical Service:
Hospital
Health Centre
Dispensary
Dressing Point
Health Unit

If possible, information on the number of doctors and beds
should be included.

- Veterinary Services of different kinds

- Cultural and Social Services of different kinds

- Handicraft and Industrial Concerns

- Markets:
| Local
I Regional
| Supraregional
‘ (Daily, weekly)

- Means of Communication:
Telephone and wireless
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Railway
Lorry station
Bus line
Airport

= Roads:
Paved roads
Main track
Side track
Trail

Some of the above-mentioned infrastructural facilities may seem
irrelevant to the gquestion of monitoring and controlling ecolo-
gical degradation. But considering the fact that infrastruc-
tural difficulties in underdeveloped countries greatly con-=
strain the agricultural development there, it is clear that
such extension services are of vital importance.

2,2 MoNITORING DESERTIFICATION IN THE SEMI-ARID ZONE OF THE
SUDAN

To be able to monitor the complex process of desertification
with both its ecological and its socio-economic aspects, one
would have to reconstruct the pre-desertification conditions.
This can be partly achieved through the above-mentioned inven-
tory of ecological and human preconditions. The rest is guess-
work, unless there is reliable information on past conditions.
In the case of the Sudan, some valid information can be ac-
gquired from G. NACHTIGAL about the conditions prevailing in
the 1870's. During British rule (1898 - 1956) topographic maps
were made and a number of climatic stations were established.
Moreover, some reliable reports on vegetation and land use were
written in that period.

Considering the uncertainty of ecological information of the
past, it is advisable to 1imit studies to the more recent de-
sertification phases. Their initial preconditions are easier
to investigate than those of the older phases of land degra-
dation. Considering the great urgency of the problem of de-
sertification in the Sudan and its serious impact on the eco-
nomic development of the country, monitoring desertification
ought to concentrate on the main aspects and ignore the sub-
sidiary ones, at least in the initial phase. A more pragmatic
approach in solving the more serious problems has to be adopted,
if quick success is desired. For there exists a great dispar-
ity between what scientists and experts prescribe and what is
feasible.

Practical solutions are urgently needed, as the Sudan belongs
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to the 25 poorest countries of the world and therefore has
little chance of solving such problems alone. It has to depend
on international help which is at present limited. Methods must
therefore be identified to enable the Sudanese to solve their
own desertification problems with a minimum of external help.

Valuable research work on monitoring desertification in the
Sudan has been done by H. MENSCHING since 1973 and by U.
HELLDEN, C. MORALES, L. OLSSON and A. RAPP (1978 - 1981). On-
going research work is also being carried out by D. L. JOHNSON,
K. GIESSNER, V. HAARMANN, A. SCHULZ, D. ANHUF, B. Y. MOHAMED,
K. S. A. HAMED, A. A. BABIKER, A. BAKHIT, M. M. Khogali and

Y. A. MOHAMED. One of the main difficulties is to isolate the
indicators of desertification from those which belong to other
processes. This applies both to ecological and to socio-eco-
nomic indicators. Soil erosion on a certain slope, for instance
is a natural process which can be enhanced by human impact.
Similarly, population migration from a certain semi-arid region
could have various causes, one of which is desertification. It
is, therefore, necessary to monitor a set of interrelating
indicators to be able to assess the progress of desertification
in a certain area. Diagnosing land degradation by means of
single indicators is risky.

The most relevant indicators can be easily deduced from the
scheme of desertification given in Figure 1, which shows that
there are two groups of indicators to be monitored: the physi-
cal set of indicators and the socio-economic (human) one.

2.2.1 MONITORING PHYsSIcAL INDICATORS (Maps 1, 2, 5)

2.2.1.1 Monitoring Climatic Indicators

- Collecting and interpreting relevant climatic data is one of
the first steps towards monitoring the climatic changes.

- Monitoring the albedo could throw some light on the question
whether desertification leads to more desertification (self-
strengthening effect). According to OTTERMAN (1974) the de-
struction of the vegetation cover increases the albedo,
which leads to the cooling of the air strata near the earth.
The conduction of heat in the atmosphere is thus reduced,
which reduces the possibility of convectional precipitation.

CHARNEY (1975) considers the increase of the albedo (0.35 in

sandy deserts) as being responsible for the increase of

temperature and the lowering of humidity. For the cooling
down of the earth surface must lead to a descending movement
of the air masses to create a balance of temperature. The
adiabatic heating reduces the relative humidity. So, aridity
enhances aridity in a feedback mechanism.
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- By monitoring the amount and distribution of rainfall during
the rainy season in the different areas one could predict
crop success or failure as well as the conditions of grazing
and animal husbandry. Thus hunger and thirst disasters could
be predicted long before they occur so that suitable relief
measures could then be taken.

- Micro-climatic changes, especially the decrease of soil
moisture should be monitored.

- Dust-storms (Haboob) serve as indicators for deflation of top
soil in degraded areas. The positive correlation between the
increase of soil deflation and the increase of the frequency
of poor visibility (under 1,000 m) has been observed by
IBRAHIM (1977, 1978, 1980) (Fig. 2).

To monitor desertification better the Sudan needs a denser net
of climatic stations urgently. At present, the distances be-
tween such stations are more than 400 km. It is to be regretted
that stations which were regularly functioning in the past have
been neglected in the last decade, although the need of cli-
matic control has become even greater, because of the continua-
tion of the dry phase which began in 1968.

2.2.1.2 Monitoring Botanic Indicators

Monitoring the degradation of the vegetation cover is done more
easily in grazing and forestry areas than in cultivation land,
for it is only the natural vegetation cover (primary, second-
ary or tertiary) which can be monitored. The following aspects
of the vegetation changes can be controlled:

- Plant cover densities (in %)

- Change in plant associations

- Increase or decrease of grass species

- Increase of decrase of herbaceous species

- Increase or decrease of palatable species

- Savanna fires

- Clearing for cultivation

- Overgrazing

- Excessive tree-felling

- Degree of rehabilitation (age of tree stock)

- Degree of destruction of plant cover (moderate, excessive,
irreversible)

This table of inventory of the vegetation cover would help as
a starting-point. Besides, some reliable information could be
collected from the old topographic maps, the old reports and
oral information given by the elderly inhabitants.
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Correlation between the increase of aerosol in El Fasher ( shown
by the annual frequency of visibility under 1000m -),

the expansion of millet cultivation in the Sudan ( in ha=) and the
increase of livestock in Darfur ( in%---)

annual frequency of
visibility under 1000m
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2.2.1.3 Monitoring Indicators of Soil Degradation

The ordinary farmer in the Sudan recognizes soil degradation
only when land productivity decreases. In his words the soil
then has become "cool" and should be left for some years to
recover its fertility. For monitoring purposes it is possible
to make the following differentiation:

- Loss of top soil

- BEluviation

- Salinity

- Alkalinisation

- Water-logging

- Decrease of soil moisture

- Soil concretion

- Loosening of sandy soils and subsequent gquickening of water
seepage

2.2.1.4 Monitoring Morphodynamic Indicators

[ The morphodynamic processes which serve as indicators of des-
| ertification are principally natural processes which are
reactivated or enhanced by excessive land use activities. The
morphological processes which are possible to monitor in this
connection are those of erosion, transport and accumulation:

Deflation of the Top Soil of the 0ld Dunes

The old dune belt of the Sahelian zone, which is known in the

I sudan as Goz, has developed, in the course of time, a fairly
productive top soil of about 15 cm thickness. Owing to the
growth of a dense grass cover, this top soil has become richer
in organic matter than the underlying sand masses. Through
overcultivation and overgrazing the vegetation cover has be-
come too sparse to protect soils against deflation. In addition
to this, sandy soils have been loosened by excessive use and
thus have become more vulnerable to both aeolian and fluvial
erosion (Photo 2).

One of the methods of monitoring top soil wind-erosion is to
compare the grain-sizes of the top soil with those of the un-
derlying horizons. Figure 3 and Table 3 show clearly that the
top horizon of a Goz soil which is excessively used for millet
cultivation reveals a higher percentage of coarse sands than
the underlying horizons. The reasons for this phenomenon are
both the deflation of finer particles and the wandering of silt
particles down to the B horizon, 30 - 50 cm deep. The decrease
of finer particles in the A horizon leads to the quicker in-
filtration of water, so that the shallow roots of millet and
natural grasses (about 20 cm deep) cannot avail themselves of
the rain water.
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1

Grain-size analysis of the horizons of a Goz-soil profile
( between Mellit and Khurreit/El Koma, northern Darfur, Sudan )

100

Tab.3: Grain-size analysis of different horizons of a Goz-soil profile in%

0.63 - 2mm 0.2 — 0.63mm 0.063 — 0.2mm 0.063mm

Total

17.2
14.4
13.8
137
14

28
2
18
2
1.8

99
99.4
99.2

99.5
99.4




Recent Accumulation of Wind-Blown Sands on the Slopes of Out-
crops and Mountain Ridges

‘Comparing old and recent air photos one will realize that es-
pecially on the leeside of outcrops, inselbergs, scarps and
mountain ridges fresh sand trails have been formed.

These sands can be easily distinguished from the Goz sands by
their mobility and lack of vegetation cover. Apart from the
fact that these sand masses encroach on pastures and arable
soils, they serve as an indicator of desertification processes
taking place in the surrounding catchment areas.

The accumulation of wind-blown sand trails in connection with
rock outcrops in northern Kordofan and northern Darfur is also
associated with the drainage lines. The order pattern of the
resulting forms is very much influenced by the lineaments of
the geologic structure of the Precambrian Basement Complex and,
more or less coincidentally, by the NE-SW direction of the
trade winds.

The Recent Submergence of Wadis by Wind-Blown Sand Sheets

In the more arid belt of the northern Sahel, where the struggle
between fluvial erosion and aeolian accumulation takes dramatic
features, many wadis are buried under wind-blown sand sheets
during the dry phases and are fluvially reactivated during the
wet phases. This natural process usually takes place in the
marginal southern Saharan zone which receives less than 200 mm
mean annual precipitation. An anthropogenic enhancement of

this process is effected when vast areas are stripped off their
soil-protecting plant cover. Formerly fixed soil particles be-
come thus exposed to be blown away by the wind whose velocity
is enhanced by the disappearance of trees and shrubs (wind
breakers). The concurrence of an arid phase and heavy human
impact in the Sudan since 1968 has led to the submergence of
numerous periodic and episodic drainage lines by wind-blown
sands. Band 4 of the Landsat imagery reveals this recently
buried drainage net (Photos 3,4 ; Fig. 4).

Appearance of Sand Ripples on the Crests of the Goz Dunes

The phenomenon of wind-formed sand ripples, which is typical
of sandy deserts provides a clear indicator of desertification
processes within the savanna belt on the old fixed dunes in
western Sudan. One may speak here of a phase of reactivation
of these old dunes. The process of ripple formation displays
an advanced stage of desertification, for the natural eco-
system of the affected areas receives between 250 and 500 mm
of mean annual precipitation. It thus possesses a more or less
dense grass cover (Aristida species and (Cenchrus biflorus)
interspersed with trees (Acacia senegal, Boscia senegalensis,
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Figd Scheme of the morphodynamics in northern Darfur

a: Wet phase
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Balanites aegyptiaca, Maerua crassifolia and Commifora afri-
cana). The tree density varies between 50 and 300 trees and
bushes per hectare. In this park-like landscape hardly any
sand ripples have a chance of being formed by the wind. How-
ever excessive use, especially overcultivation, can lead to
the disappearance of the woody species which serve as wind
breakers, and to the deterioration of the grass cover. Loosen-
ing the soil through farming sets the sands moving. As a
result, sand ripples appear, first on the crests of the so far
stabilized dunes, and then on the slopes and lower parts as
well. The fact that these sand ripples appear in overused
areas in the vicinity of settlements, while less-used areas
still preserve a part of the rich, original plant cover,
proves that ripple formation is anthropogenically conditioned.

Recent Dune Formation

An advanced stage of desertification, after the formation of
sand ripples on the crests of the old dunes, is the formation
of fresh dunes on or alongside the old ones. Then, the reacti-
vation of the old dunes is complete. However, the sands which
form these recent dunes do not come directly from the old
dunes. A part of the sands comes from the wadi beds. This
accounts for the association of recent dunes with wadi courses.

Recent dune formation provides for the inhabitants of the arid
and semi-arid zones of the Sudan a sure evidence of desertifi-
cation. But it is not easy to convince them that this phenom-
enon is not simply a naturally controlled one, but is a con-
sequence of human impact, a process which is triggered off and
enhanced by land misuse in the catchment areas of these sands.
The recent dunes in the surroundings of Bara, Kordofan, are a
typical example of this process in areas of excessive millet
cultivation.

Nebka Formation

Nebkas are known in northern Africa as small dunes which are
formed around the scrubs of Ziziphus (Arab.: nebaka, nabagal.
The connection between nebka formation and desertification

was investigated in Tunisia by IBRAHIM and MENSCHING (1976) .
Similar results were obtained by IBRAHIM in western Sudan (1980
a) . There, however, nebkas grow not only around ZZziphus scrubs,
but around other scrubs as well, such as Capparis decidua
(Photo 5 ), Maerua crassifolia, Acacia nubica, and in some cases
also around Hyphaene thebatca (dom-palm). The fact that nebka
dunes occur in large numbers in areas of high human and ani-
mal pressure, especially in areas of excessive millet culti-
vation, shows that they are indicators of desertification.

This has been supported by the results of grain-size analysis
(Figure 5 and Table 4) of the sands of such dunes at different
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Photo 5:

In the dry phases Wadi Golo, S of El Fasher, is partly
buried by aeolian sands. Nebkas are being formed
around scrubs.

October 1981

Photo 6:

Arroyo formation is the type of deep dissection of the
Goz area of E1l Fasher due to the clearing of the natu-
ral vegetation for farming.

Sept. 1983
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Grain-size analysis of a capparis dune

100%— S T e U T T T T
|
[
50 | 7
25 |
1 [
v‘ 125 \‘ -1
[
6 25} b
|
\
3.125] S|
1.562 1
0.781 7
0.39 | B
|
0.195} =
0 097‘ 4
\,
0.048} -
0.024 ’ — |- —L — L 1 | J
<2n 21 .63y 20p 63 1 0.2 mm 0.63 mm 2mm
Tab.4 Grain-size analysis of a capparis dune
depth coarse sand middle sand fine sand coarse silt middle silt fine silt clay
0.063-
0,63-2mm  0.2-0.63mm 0.2mm 20-63u 6.3-20u 2-6.3u < 2M
1 40cm 0.2 % 39.6 % 3.4% 0.9% 0.4 % 3.7 %
2 80cm 0.6 % 51 % 7.6 % 1.5 % 0.7 % 5.5 %
3 180c¢m 0.8 % 49.4 % 9.6 % 34 % 1.8 % 78 %




depths (IBRAHIM 1980 a). They show great similarity to those
©of the nebkas investigated in Tunisia, which indicates that
they are of recent formation (probably within this century) .

Like other dune formations the creation of nebkas is a natural
process which has been enhanced by the increased supply of
acolian sands in the last few decades. These sands come either
from the millet fields in the surroundings or from farther
arcas of desertification, being transported partly fluvially
4n the wadi beds and partly by the wind. This accounts for

$the denser occurrence of nebkas alongside wadi courses. They
also occur in ranges on both sides of main roads. These roads
being unpaved are a rich source of mobile sands which supply
the scrubs with the necessary material for building nebkas.
Even in areas of poor vegetation (e.g., skeletic soils), road
sides are favourable locations for pioneer scrubs to settle,
because cars and trucks raise large amounts of dust and sand
which ultimately accumulate alongside the roads. These accu-
mulations provide possible locations for the growth of scrubs,
which, in turn, catch more dust and sand to grow into nebka
dunes.

Sand Encroachments

The most dramatic indicator of desertification is the encroach-
ment of sand masses or sheets upon buildings, roads, railways
and cultivated areas. This process, too, can be considered
guite natural in desert regions. Its occurrence in the savanna
zone of the Sudan shows, however, that desert-like conditions
have been created by the impact of man in the surrounding
areas. In areas of sparse vegetation, wind speed is usually
twice as high as in areas with vegetation cover (Figure 6).

Enhanced Fluvial Soil Erosion and the Degradation of Soil-
Covering Vegetation (Photo 6)

Deforestation and the degradation of soil-covering vegetation
are known to enhance fluvial erosion for two reasons. Firstly,
the velocity of run-off increases if the water is not inter-
rupted by the plants, and there is high correlation between
velocity of run-off and erosiveness. Rocks and coarse debris,
which have a strong erosive power, are no longer intercepted by
plants and so they are set free for fluvial transport, whereby
they act as erosive weapons. Secondly, the soils which have
been deprived of their vegetation cover are highly erodable.
Gauges of run-off and soil erosion in an area of 200 mm annual
precipitation in Senegal showed that soils with a natural
vegetation cover absorbed 99 % of the rain. Erosion rate there
was 0.08 t/ha. On burned surfaces it was 0.18 t/ha. while on
cultivated ones it reached 7 - 10 t/ha (UNESCO 1979).
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Fluvial soil erosion is indicated either by the formation of
skeletic surfaces, mostly on slopes and pediments or shallow
soils, or by deep dissection and the formation of gullies and
gorges. Gully formation has been observed in western Sudan both
on mountain glacis and on the Goz dunes bordering wadis or
mountains (source of fluvial activity). On the slightly undu-
Jating dunes, little fluvial erosion takes place on account of
the high permeability of the sandy soil, which results in a
poor run-off.

Enhanced Silting up of Water Reservoirs

Owing to the enhanced fluvial soil erosion described above,
the silting up of water reservoirs in enhanced. A. RAPP (1975)
proved that the dams in Tansania are being completely silted
up in 25 years as a result of an annual soil loss of 0.2 - 0.7
mm in the catchment area. Siltation has become one of the most
serious processes threatening the supply of drinking water in
many arid and semi-arid areas in the Sudan in recent years.
Desilting is a relatively difficult technical enterprise.

When the reservoir is dry, silt becomes too hard to dig out,
and when the reservoir contains water, special digging-vehicles
are needed to wade through the slimy mass (Photos 7 and 8).

Changes in Run-Off

Enhanced erosion and sediment transport have caused many wadis
to alter their courses in recent years. Owing to the high run-
of f fluctuation, the wadis carry huge sediment loads from the
catchment areas, which they unload suddenly, thus damming up
their own courses. If subsequent run-offs are too weak to wash
of f these freshly deposited dams, wadis alter their courses
sideways. Satellite and air photos show wadis meandering around
their depositional islands and deltas. Examples of this process
are indicated by Wadi Golo-El Ku' and Wadi El Koma in northern
Darfur.

2.2.2 MONITORING ANTHROPOGENIC INDICATORS

Monitoring anthropogenic indicators of desertification is much
more difficult than monitoring physical indicators. The reason
lies in the fact that the latter are more direct ones while
the social consequences are indirect. JOHNSON (1981) suggests
a matrix of possible social indicators of environmental change
(Table 5). Though this matrix is very general, it provides a
good step towards solving this difficult methodological prob-
lem and allows for future elaboration.

The desertification scheme shown in Fig. 1 gives a list of
socio-economic consequences which can serve as a catalogue of
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Photo 7: The Golo water reservoir, NW of El Fasher, underlies
a high seasonal fluctuation.
| Sept. 1976

Photo 8: The Golo water reservoir turns into a plain of crack-
ing clay in the dry season. Desertification of the

catchment area quickens the silting up of the reservol
March 1977
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anthropogenic indicators of desertification. The following phe-
nomena are especially suitable for monitoring desertification:

- Lack of food and fodder in traditionally self-sufficient
areas

- Undernourishment, deterioration of health and spread of
diseases

- Compelled migration

- Deserted villages

- Population decrease in rural areas

- Increase of the proportion of aged population and women
- Inflation of towns in arid and semiarid areas

- Tribal conflicts, especially those between nomadic pasto-
ralists and sedentary cultivators

To make sure that the indicators chosen actually relate to th
process of desertification, it is advisable to concentrate on
those phenomena which are relatively recent in the affected
areas. Problems which have persisted in a certain area for a
long time are liable to have causes other than desertification.
It is not advisable to select a single indicator for proving
the existence of a desertification process in a certain area.
It is preferable to take a combination of several physical anc
human indicators for this purpose.



3. Desertification in Northern Darfur and its Physical
Geographical Preconditions

INTRODUCTORY

The case-study presented here was carried out in the Province
of Northern Darfur in the years 1976 - 1977 and followed up
£ill 1983. The situation of northern Darfur in the far west of
the Republic of the Sudan, bordering on the Republic of Chad,
almost in the middle of the African continent, is extremely
isolated. Together with the Province of Southern Darfur it
forms the Darfur Region which has its own Regional Government.
The case study was limited to the area between 12°N - 16°N and
22°E - 27°30'E leaving out the territory of Chad. But deserti-
fication processes do not make a halt at the political borders.
The surveyed area is about 180,000 km®> (Maps 1 - 5).

The climatic vegetational conditions of the study area are
typical of the Sahelian zone. Within this area relief is the
major differentiating factor. The Jebel Marra massif and its
northern prolongation divides the western highlands from the
lowlands in the east. While the former are dominated by shal-
low skeletic soils and fluvial erosion the latter are covered
by thick sandy soils of old dunes. Ethnic boundaries are more
fluid in the south than in the north where they are controlled
by semi-nomadic groups (zeiyadiya, Meidob, Zaghawa) for grazing
reasons. The main area is, however, occupied by the settled
tribes of cultivators (Berti, Fur, Masalit). Though the draw-
ing of national borders between the former British and French
colonies has impaired the traditional tribal authority, it has
not succeeded in stopping the movement of the people across the
borders. Of the tribes affected by this arbitrary division of
territory the Masalit, the Zaghawa and the Bedayat are worth
mentioning. During the civil war in Chad they played a decisive
role. In drought times the influx of migrants into the Sudan
is strongly enhanced. Besides, millet is smuggled in great
quantities into Chad where its prices soar rapidly with the
outbreak of hunger disaster.

The major aim of this case study is the assessment of the
physical and cultural geographical process complex of deserti-
fication in northern Darfur as an example of the Sahelian
zone. Both the natural and the socio-economic factors are to
be analysed, the consequences for the ecosystem and for man
himself are to be worked out and measures for combatting des-
ertification to be suggested. Regional variations within the
area are to be taken into consideration. Beside these more
general objectives, we should like to help those peasants and
nomads with whom we have often discussed the hazards of des-
ertification.

49




Methodogogically it is rather difficult to grasp the processes
of desertification. It is much easier to identify the status
than the process of ecological degradation. Moreover, assessing
the process of desertification requires a long time of monitor-
ing. However, the fact that desertification in northern Darfur
is currently taking place at different locations and at differ-
ent stages renders it possible to identify and study the dif-
ferent stages of desertification occurring simultaneously. Be-
sides, knowledge of environmental changes can be won by com-
paring the conditions prevailing today with those which pre-
vailed some decades ago. Reliable sources of information on
ecological changes have also been detected from the topographic
maps (published from 1919/1920 onwards), from aerial photos
(1954, 1960, 1969, 1978) and from LANDSAT imagery (1972 - 1980;
bands 4,5 and 7).

To collect data on the socio-economic conditions a question-
naire has been carried out among 354 households in different
regions of northern Darfur. By means of 42 questions the fol-
lowing subjects have been covered: the ethnic composition of
the population, social conditions, water supply, fire-wood anc
timber consumption, animal husbandry, cultivation, subsistence
production, market economy and infrastructure.

For climatic monitoring we have analysed the available data from
17 climate stations located in the study area. Only three sta-
tions (Nyala, El Fasher and El Geneina) provide detailed cli-
matic data, while most of the other stations give mere rain
gauges. In many of them, precipitation recording has not been
done regularly.

3,1 THE CLIMATIC PRECONDITIONS OF DESERTIFICATION IN
NORTHERN DARFUR

Northern Darfur is situated within the marginal tropical zone,
in which precipitation is concentrated on a short summer peri-
od. According to KOPPEN (1923), the northern half of the area
belongs to the BWh-zone (hot dry desert climates), the southern
half to the BSh-zone (hot dry steppe climates). TROLL and PAF-
FEN (1964) set the area into the tropical thorn savanna cli-
mates (dry season 7 1/2 - 10 months, including winter). When
discussing the role of climate in the process of desertifica-
tion we shall restrict ourselves mainly to precipitation, its
zonal and regional distribution, its seasonality and variabili-
ty, its concentration as well as its daily distribution. De-
spite the significance of temperature for the high rate of eva-
potranspiration in the marginal tropics we shall not deal with
temperature in this study for it is a relatively constant fac-
tor in that area: The annual mean is about 26° C, the annual
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amplitude ranges from 7° C to 10° C and the daily fluctuation
§s about 17° C. Table 6 shows that in the winter months from
November to February the mean temperatures in E1 Fasher (730 m
above Sea Level) are fairly low, ranging between 20.5° C and
©3.7° C. In March the mean temperature reaches 25.1° C, from
April to June it increases rapidly from 28.3% € to 30;5* €3
The high temperatures all over the year affect the water bal-
ance to a considerable extent.

3. 1,1 WATER DEFICIT

As in most regions of the arid and semi-arid zones, the main
problem in northern Darfur is the acute deficit in water bal-
ance. The greatest part of the province belongs to the desert
and semidesert with 10 to 12 arid months. The rest of the re-
gion, in the south and west, including the highlands of Jebel
Marra, has 8 to 9 arid months and can be considered semi-arid
(Figure 7). The prevailing aridity in northern Darfur consti-
tutes the most important precondition for the processes of
desertification. An exact monitoring of desertification in
this region requires an exact assessment of water deficit and
its effects in connection with the different methods of land
use.

The precipitation map (Figure 8) shows the zonal order of pre-
icipitation in northern Darfur. However, the N - S extension of
Jebel Marra massif interrupts the isohyets and makes them bulge
to the north. Also, the upheaval of the terrain in the west

(up to 1600 m) and the north (about 1000 m) effects an allevi-
ation of the water deficit in those areas by causing the in-
crease of precipitation and the decrease of temperature. The
map of water deficit in the Sudan (SATAKOPAN 1965) displays a
clear E - W zonation with Jebel Marra as a wetter island (Fig-
ure 9).

Thus we find that El1 Fasher (286 mm) and Nyala (470 mm) have
almost similar figures of water deficit (1200 mm and 1119 mm
respectively). According to this map, the 800 mm isoline of
water deficit runs from north of Wadi Howar southward to El
Geneina, and from there to the SE to Juba. This strange NS di-
rection of the water deficit zones, which sets areas of 25 mm
and of 1000 mm precipitation on the same isoline, results from
the low winter temperatures in the north. The map is construc-
ted according to the method used by THORNTHWAITE (1948) and it
is doubtful if this method can be applied without modification
in the marginal tropical zone of high seasonality of precipi-
tation. To all who utilize land, whether as pastoralists or as
farmers, the Juba area presents a much richer ecosystem than
the area north of Wadi Howar.

If we use THORNTHWAITE's method of calculating potential evapo-
transpiration, water deficit in the study area will range from
500 mm in the west, to 1300 mm in the east. If we use PENMAN's
method of calculating potential evaporationon open water sur-
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Water deficit in the Sudan
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faces, much higher rates of water deficit will be obtained.

The highest water deficits in the year (and the highest tem-
peratures as well) are recorded in May, while the lowest water
deficits (and the highest water surplus) occur in the month of
August. In most areas south of the 300 mm isohyet, water sur-
plus occurs in the months of July and August. The relatively
low temperatures in January result in a second minimum of water
deficit, despite the complete absence of rainfall in that month
(Figure 10). This has a remarkably positive influence on pas-
toralism, especially in the Jizu area around Wadi Howar. There,
the juicy Jizu herbs grow during the cool season. The appear-
ance of Jizu is, however, conditioned by the occurrence of
some rainfalls in the previous wet seasons. Besides, the de-
pression of temperature which causes the increase of relative
air humidity reduces the demand of man and livestock for water.
This solves the problem which pastoralists permanently face in
the Sahelian zone, i.e., lack of drinking water in grazing
areas. The influence of water deficit on rain-fed cultivation
is considerably modified by the seasonality and concentration
of precipitation. These make it possible for the peasants to
grow millet in areas of 12 arid months annually, as single
rainfall serves as water portions in irrigation farming.

3,1.2 THE CONCENTRATION OF PRECIPITATION

The concentration of precipitation is one of the significant
factors in the processes of desertification in the Sahelian
zone of the Republic of the Sudan. This concentration takes
place on two levels: On the one hand, rainfall is highly con-
centrated on the summerly wet season (high seasonality); on
the other, the total precipitation falls in a limited number
of strong rainfalls (high intensity).

An analysis of the precipitation data of 14 rain gauges lying
between 12° N and 15° N in northern Darfur reveals that 84 %
of the annual precipitation fall in the time between July and
September; half of them fall in August alone. July (28.4 %)
receives double as much rain as September (14.5 %) (Table 7).
The increase of aridity northward is accompanied by a higher
concentration of rainfall in the month of August. For instance,
in Malha (15°8' N) 56.5 % of the annual precipitation fall in
August, 27.6 % in July and only 8.2 % in September. This high
concentration of precipitation gradually disappears southward.
Thus, Taweisha (12°17' N) shows a different rainfall distribu-
tion from that of Malha (15°8' N), some 300 km to the north:
In May fall 4.1 %, in June 14.6 %, in July 25.2 %, in August
31.2 %, in September 19.2 % and in October 5.5 % of the annual
mean (Figure 11).
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Fig.10 Precipitation, evapotranspiration and aridity in northern Darfur
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Fig.11 Distribution of precipitation in per cent in Taweisha and Malha
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rable 7: Precipitation distribution in 14 stations in northern
Darfur (1941 - 1970)

Total of July,
Station May June July Aug. Sept. Oct. Aug. and Sept.

7 dry stations’ 2.0% 6.3% 27.8% 49.5% 12.3% 2.0& 89.6%

(170 = 377 mm)

7 wetter stations* 4.0% 10.0% 29.0% 37.0% 15.5% 3.0% 81.5%

(389 - 850 mm)

All 14 stations 3.1% 9.0% 28.4% 41.1% 14.5% 2.7% 84.0%
Malha, Mellit, Kutum, El Fasher, Um Keddada, Tawila, Wada'a

* Taweisha, Um Hosh, Kreinik, El Geneina, Suni, Habila, Kebka-
biya

A comparison of the precipitation averages of the seven sta-
tions in the dry zone in the north and northeast with the
averages of the seven stations of the wetter zone in the south
and southwest (Table 7) shows the greater concentration of pre-
cipitation in the former zone (Figure 12). In the wetter zone,
the rains begin earlier (April), but they end about the same
time (October) as in the drier zone. BARBOUR (1961 a, p. 44)
has already drawn attention to this asymmetry of the precipi-
tation curves in the Sudan. These zonal differences are also
reflected in the annual variability of precipitation totals of
each single station. This is easily detected when one analyses
the distribution of rainfall within the wet years and the dry
years in El1 Geneina (Table 8). Both groups of years (the seven
wettest years and the seven driest ones since 1928) show a de-
viation of 37 % from the annual mean (560 mm): the average of
the wet years is 765 mm, that of the dry ones 349 mm.

The dry years have an obvious precipitation peak in August
with 47.7 % of the total annual precipitation, while July re-
ceives only 31.8 %. To the contrary, the wet years have their
peak in July with 37.6 % of the total annual precipitation,
while August receives only 33.9 %. Here, too, as in the case
of the wet zone, the beginning of the rainy season, from May
to June, shows relatively higher rainfall in the wet years
(16.9 %) than in the dry years (12.6 %). Generally, the rains
begin about two weeks earlier in the wet years than in the dry
years, i.e., the Inner Tropical Convergence Zone (ITC) reaches
higher latitudes earlier in the wet years than in the dry
years. Long experience of ethno-climatic monitoring has taught
the peasants and pastoralists of western Sudan this climatic
rule. They use it in their prediction of precipitation, as re-
flected in their proverb "El Kharif el-laiyen min shawagruh
baiyen", i.e., "The good (wet) rainy season reveals itself in
its first rainfalls."
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Table 8: Distribution of precipitation (in %) in wet years and

in dry years in El Geneina (535 mm) July

- Annual Rain-
Years May June July Aug. Sept. Oct. Sept. fall in mm

The 7 wettest years® 5.1 10.8 37.6 33.9 10.1 1.8 81.6 700 - 850
The 7 driest years* 4.3 7.3 31.8 47.7 7.8 0.5 87.3 200 - 400

* 1934, 1946, 1954, 1955, 1961, 1963, 1964

* 1940, 1949, 1967, 1972 - 1975

The second component of precipitation concentration in northern
Darfur is the concentration on a few rainy days within the wet
season itself. An analysis of the daily rainfalls in El Fasher
shows this climatic phenomenon very clearly: 52.5 % of the total
annual precipitation fall on 5 single days of an average of 26
mm per day. Of those 5 days, 3 receive 39 % of the total annual
precipitation. Such a high concentration of precipitation bears
both positive and negative consequences for land utilization.
In areas of poor rainfall it becomes possible for the peasant
to grow millet (Pennisetum typhoideum, Arab. dukhen). A diffu-
sion of precipitation over a greater number of rainfalls with
longer spans of time in between would make cultivation unthink-
able: Due to the high temperatures and the ensuing high evapor-
ation ratios as well as the severe edaphic aridity, weak rain-
falls are usually ineffective. For example, the distribution of
120 mm over 24 rainfalls of 5 mm each with intervals of 5
days between the rainfalls would be of little use for millet
cultivation. Much more favourable is the distribution of the
same amount over 6 rainfalls of 20 mm each, falling with inter-
vals of 10 days.

The distribution of rainfall, however, exhibits high variabili-
ty, which mars the potentially positive effect of precipitation
concentration. The time variability of such strong rainfalls
increases the risks of crop cultivation. The sort of millet
planted in northern Darfur requires a relatively long growth
period of 110 days. (Quicker growing species are less drought
resistent.) The critical phase of millet growth is the first
half, in which the plant is not yet fully developed. If a
drought period of 5 weeks occurs after the seeds have sprouted,
the young plants will wither. If such a drought occurs in the
middle of the growth period, the plant remains small and ripens
prematurely. The natural reaction mechanism of millet in
drought is to develop seeds in the first place, which guaran-
tees survival of the kind.

The significance of the distribution of single rainfalls with-
in the wet season for farming can be demonstrated by comparing
the years 1976 and 1977 in northern Darfur. Though both years
were dry and received only less than 40 % of the mean annual
precipitation, in 1977 the millet yields were about four times
as much as in 1976. Figure 13 shows that the few rainfalls of
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1977 were concentrated on the most decisive period in millet
growth, i.e., from the middle of July to the end of August. In
1976, the case was quite different. From August 6th to Septem-
ber 7th, there occurred a severe drought which dried out the
young millet plants. The good rains of September and October
could no more help the situation, because the plants had either
withered or ripened prematurely.

In the traditional agronomic calendar of central Sudan optimal
rain distribution over the cultivation period plays a signifi-
cant role. According to this calendar the growth period is di-
vided into eight small periods(Arab. manazil, sg. manzel) of 13
days each. The different manazil have names which describe
their meteorological characteristics (Table 9). Farmers have
their ethnometeorological rules regarding each manzel. They
disregard the early rains which fall before July (i.e., the
rains of el-haga©a and el-hana€a). More confidence is laid in
the rains of ed-dira® (middle July), which are an important
criterion for the rest of the wet season. If ed-dira€ is dry,
hopes are laid on the following period, en-natra, which marks
the full beginning of the wet season. If both en-natra and et-
tarfa are dry, people have to prepare themselves for a severe
year of hunger and thirst.

Table 9: The climatic calendar in central Sudan

Winter S rin
Manzel Begin Manzel Begin
el-gafar Oct. 23 sa€d zabeh Jan. 22
ez-zabanan Nov. 5 sa®d bulac Feb. 4
el-iklil Nov. 18 sa€d es-saCid Feb. 17
el-galub Dec. 1 sa®d apbiya March 2
esh-shawla Dec. 14 el-farg el-mugaddam March 15
en-na€ayem Dec. 27 el-farg ol-mu'dggar March 28
el-bulda Jan. 9 el-rasha Apr. 4

Summe r Kharif (wet season)
Manzel Begin Manzel Begin
en-nitéh Apr. 23 en-natra July 23
el-biten May 6 et-tarfa Aug. 5
eth-thuraiya May 19 el-jabha Aug. 18
ed-dabaran June 1 el-harasan Sept. 1
el-hagaCa June 14 es-sarfa Sept. 14
el-hana€a June 27 el-Ciwa’ Sept. 27
ed-A4ir3a® July 10 es-simak Oct. 10
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s a result of the increasing overpopulation of the marginal
zone between Sahara and savanna, the adaptation mechanism de-
eloped by the inhabitants to the above-mentioned climatic
iariability has gradually lost its efficiency. The settlement
bt nomads together with the northward expansion of the settle-
ment belt of the sedentary cultivators have inevitably led to
% reater farming risks. Millet is now planted in areas which are
Flimatically unsuitable for its successful growth. Such a land
se practice (speculative farming) involves the destruction of
+he natural vegetation of the area under cultivation. Rapid
50il degradation ensues through the aeolian erosion of top soil.

Besides, the fluvial erosion of the bare soil is enhanced by

the high intensity and variability of rainfall. Even in the

L .rea of the Goz sands (Map 1), gorges of about 1.5 m depth are
cut into the millet fields after torrential rainfalls (Photo 6).

Aeolian soil erosion is also enhanced by the occurrence of
short drought periods between the single rainfalls within the
wet season itself. Especially at the beginning of the cultiva-
tion period of millet, the farmers till the fields constantly,
thus loosen the soil and destroy the protecting grass and herb
cover. The young millet plants, grown in wide rows at distances
of 1.4 m to 2.2 m, have only a minute ability to break wind
‘speed at the ground surface. In dry years (e.g., 1972, 1976 and
11982), the cultivated millet fields were extremely bare in the
Imiddle of the wet season itself, for the greater part of the
plants had withered at a young stage.

{
3.1.3 RAINFALL VARIABILITY IN PLACE AND TIME

The high local and time variability of precipitation, in north-
ern Darfur, bears far-reaching consequences both for the land
use and the ecological balance. However, rainfall fluctuations
alone do not lead to desertification. More decisive is the
| interaction between variability and human impact. In the past,
the complete adaptation of human land use to rainfall variabil-
ity hindered ecological degradation and gave nature a chance of
regeneration. The old forms of rational exploitation of natural
resources, however, have been gradually abandoned, because of
the rapid increase of population in the last few decades. (El
Fasher had 26,000 inhabitants in 1956. Today, it has no less
than 100,000 inhabitants.)

|
| 3.1.3.1 Local Rainfall Variability

| The erratic character of rainfall in the Saharan marginal zone

is manifested both in the local and time variability of precipi-

| tation. Local variability is easily recognized by the high
fluctuation of crops within the same area. Neighbouring rain
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gauges of the same town often reveal quite different levels of
precipitation in the same period. Sahel cultivators have tried
to adapt themselves to this local variability by cultivating

different patches of land at different locations, thus hoping
to have luck at one of these spots. There is also an astonish-
ing connection between polygamy and local rainfall variabilit;

(Chapter 4.4.2 hb).

Moreover, the system used in millet cultivation takes this
local variability into account: After the first good rainfall:
in July, millet is sown. Later on, only the fields which have
received sufficient precipitation are weeded and tended to.
Weeding (Arab. hash) with a long-handled hack (Arab. djarraya),
loosens and airs the soil. It also increases the infiltration
ratio of rain water.

An investigation carried out by L.HOLY (unpublished) in the
Bertiland revealed that in 1975 - 77 90% of the farmers tillec
more land than they weeded and tended further on. The relation
changes, however, from year to year and is dependent on rain-
fall fluctuation (Table 10).

Table 10: The relation of the cropped area to the sown one

in Duda, and the amount of rainfall

Year Cropped area/ Yield Rainfall in mm
Sown area kg/ha E1 Fasher(f§ 286) Kutum (@ 316)

1975 98.5 % 200 136.5 343.6
1976 48.0 % 60 176.7 176.0
1977 27.0 % ? ca. 200.0 ca. 230.0

The fact that the greater part of the sown areas in 1975 were
further tended to and cropped is to be explained by the favour
able rainfalls of that year. In Duda itself no rain gauging was
made, but the rains there were similar to those of Kutum and
unlike those of E1 Fasher. The relatively good yields of 1975
(200 kg/ha) support this assumption (1976: 60 kg/ha).

The high local rainfall variability is strongly expressed in
the amount of rain recorded in El Fasher: 136.5 mm in 1975.
This means a deviation of minus 53 % from the annual mean of
286 mm. Our questionnaire has, however, shown that the year
1975 was a fairly good one for most parts of northern Darfur.
This is also proved by the fact that the Golo water reservoir,
10 km west of El Fasher, was so full of water in 1975 that it
was sufficient for the dry year of 1976 and that water was
available there even up to April 1977.
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3.1.3.2 Time Variability of Rainfall

The time variability of precipitation manifests itself at vari-
ous fluctuation levels:

- variability over long periods of more than a decade
- annual fluctuation

- fluctuation of the rainfall of the same month from year to
year

- fluctuation of the rainfall of the same pentade from year t«
year.

In the 62 years, 1917 - 1978, the precipitation of El Fasher
shows a variability of 29 %, and a standard mean deviation of
106.5 mm (Table 11). In relation to their mean precipitation
the wettest months (July and August) show a lower standard mean
deviation than the months of poor precipitation; e.g., August
60.2 mm / 132.2 mm, May 12.2 mm / 9.1 mm.

The maximum of positive variability in El1 Fasher was reached in
1954: + 123 % - 637.1 mm total rainfall. The minimum negative
variability was reached in 1972: - 63 % - 105.9 mm total pre-
cipitation. The diffusion of rainfall variability is much wider
among the wet years than among the dry years. The occurrence of
one or two successive dry years can be easily overbridged by
the inhabitants of the Sahel. Drinking water supply is usually
secured either by permanent wells or by gasolin water-pumps.
There is also a private grain storage practice by which the in-
habitants usually store a year's supply of grain. The inhabit-
ants of the sandy Goz in northern Darfur, for instance,store
millet in underground shafts called matmura (sing.).

Disastrous effects result when a run of successive dry years
occurs. The variability of precipitation in E1l Fasher (Figure
14) shows that longer runs of dry and of wet years of various
lengths often take place.

Dry periods:
1940 - 1944 (5 years)
1947 - 1949 (3 years)

1966 - 1983 (18 years, with two singly occurring
average years)

Wet periods:
1919 - 1924 (6 years, interrupted by a dry year)
1927 - 1931 (5 years)
1934 - 1939 (6 years)
1950 - 1954 (5 years, interrupted by a dry year)
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lcrasses and herbs, annuals as well as perennials, avail them-
selves of this succession of wet years. For this reason, nomads
assess the grazing situation according to the rainfalls of the
preceding year and not only according to those of the current
one.

The fluctuation of precipitation in E1l Fasher between 1919 and
1982 (Figure 14) reveals four alternating wet and dry phases
(Table 12).
lrable 12: Wet and dry phases in El Fasher between 1919 and 1982

Period duration wet/dry annual mean deviation from long-
term mean (286 mm)

1919-1939 21 years wet 329.3 mm + 15,1 %
11940-1949 10 years dry 218.9 mm - 23.5 %
1950-1965 16 years wet 329.2 mm + 15.1 %
1966-1983 18 years dry 201.0 mm - 29.7 %

Table 12 and Figure 14 show that the long-term annual mean of
286 mm in El1 Fasher hardly occurs. It, therefore, plays an in-
significant role in the land use. During the long wet phase,
the farmers and pastoralists quickly become used to a precipi-
tation whose mean lies at about 330 mm, and consider it as
normal. With the transition into the dry phase the pendulum ab-
ruptly swings strongly to the other side, so that a jump of 110
mm (i.e., 33.3 %) takes place.

Figure 15 displays the variability of precipitation in E1l Ge-
neina during short spans of 5 days (pentades). The method used
by GRIFFITHS (1959) is applied here with some alteration so as
to suit the character of precipitation in northern Darfur. The
deviation of the single pentade figures from the mean pentade
precipitation between 1936 and 1960 is divided into four cat-

egories:
- positive deviation of more than 50 %
- positive deviation of less than 50 %
- negative deviation of less than 50 %

- negative deviation of more than 50 %
The formation of wet and dry runs of pentades is made easier by
applying a certain calculating method. Each pentade gets a fig-
ure representing the mean of three pentades: the pentade it-

$elf. the preceding pentade and the following one. Thus, edaph-
ic humidity or aridity is being taken into account.

Figure 15 shows that the highest pentade variability during the
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Fig.15 Variability of precipitation in El Geneina ( 805m ), 1936-1960: 550mm
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In order to take into account soil moisture, the average of three successive pentades has been
recorded in the middle square; e.g. the average of the pentades A, B, and C has been taken for B.
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cultivation period occurs in September. It often lies above 50
%. From the pattern of pentade variability one can easily de-
tect which years were particularly good or bad for agronomists,
For instance, the year 1940 must have been an especially bad
year because, apart from three positive pentades in the middle,
all other pentades show an extremely negative deviation from
the annual mean rainfall.

Precipitation diagrams which use the pentade figures can be
better correlated with the cultivation period. This is demon-
strated by Figure 16, taking the example of the station of
Kutum (altitude 1166 m). The wet year 1950 (560 mm), the dry
vear 1949 (137 mm) and the mean of 1930 - 1960 (325 mm) are
shown in pentades, and are correlated with the vegetation
period of millet. The pentade mean diagram shows clearly how
untypical average figures are for the climate of that zone.

The extreme years of 1949 and 1950 give a picture of the actual
distribution of precipitation. The year 1949 was a culmination
of a dry phase, which lasted for three years. As the precipit-
ation fell relatively concentrated, millet could grow up to the
end of August. After that, practically no rainfall occurred.
Millet ripened prematurely and consequently the yields were
very low. In 1950, precipitation took a torrential form. Two
pentades had about 100 mm each. On account of the degradation
of vegetation during the preceding dry years, surface run-off
was enhanced so that flash-floods and soil erosion occurred
and caused the loss of already sown seeds.

3.2 THE NATURAL VEGETATION AND ITS DEGRADATION FORMS

Attempt is made here to give a geographical zonation of the
vegetation of northern Darfur and its deformation through the
impact of man. The degradation forms resulting from overculti-
vation, overgrazing and clearing of woodlands change the natu-
ral vegetation to such an extent that a zonation of natural
plant associations is rendered entirely questionable. The main
reference for vegetation zonation in the Sudan is work done by
JACKSON and HARRISON (1956). Their vegetation survey, however,
was carried out thirty years ago. In the meantime, man has
strongly reduced the tree-stock of the savanna during a long
phase of enhanced desertification. For instance, Acacia senega
is now hardly represented in the zone of the Acacia-senegal
savanna in northern Darfur. More represented there are Balani-
tes aegyptiaca, Boscia senegalensis, Guiera senegalensis, Scle-
rocaryea birrea, Acacia raddiana, Commifora africana and Acaci:
mellifera.

The vegetation zonation of northern Darfur, which is used here
(Figure 17) depends on the classifications of JACKSON and HAR-
RISON (1956), LEBON (1965), BARBOUR (1961 a) and IBRAHIM (1980 a
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Fig.16
Variability of precipitation and millet cultivation in northern Darfur
( Kutum, 1160m, 14° 21'N, 24°40'E )
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rable 13: Vegetation zones in northern Darfur

vegetation zone Precipitation Area Lia B

1 Desert Less than 80 mm North of Wadi Howar

2 Semidesert 80 - 200 mm Dar Meidob and north-
(patch-1like thorn- ern Dar Zaghawa

scrub and grassland)

3 Low-rainfall woodland-

savanna
a Acacia-senegal sa- 200 - 450 mm Northern Goz sands
vanna Berti and Zeyadiya
lands)
b Acacia-mellifera 200 = 500 mm Hilly lands of Dar
savanna Zaghawa
¢ Combretum-Dalber- 450 = 650 mm Goz-sands of eastern
gia-Albizzia-Seri- Darfur
cocephala-savanna-
woodland
d combretum-Anogeis- 500 - 700 mm Pediplanes of western
sus-savanna-wood- Darfur
land
4 Montane and woodland- 600 - 1000 mm Jebel Marra massif
savanna

3,2.1 THE DESERT

Though the desert occupies about half of the area of northern
Darfur, it is not treated here in detail, because logically no
desertification can take place in the desert, especially in
northern Darfur where no oases exist. Nevertheless, two areas
lying within the desert of northern Darfur are prone to des-
ertification: the vast basin of Wadi Howar and the Jizu area
around it.

The Basin of Wadi Howar

Wadi Howar possesses relatively rich flora and fauna. During
our survey in October 1976, we could observe some herds of
gazelles and ostriches, which are being constantly hunted by
the natives there. For hunting, the pastoralists use the
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safrug, a bumerang-like weapon, while soldiers and civil ser-
vants use guns. One officer pointed out the horns of a Tragela-
phus Strepsiceros which he had shot in Wadi Howar (north of
Musbat) in the dry year of 1973.

Oon the partly sandy, partly loamy soils of the Wadi Howar basin
is open woodland savanna. Our survey of October 1976 (Figure
18) showed cushion-plants (Arab. abu rihan) as ground vegeta-
tion, because that year was particularly dry and for that rea-
son, too, we did not encounter pastoralists there. Wadi Howar,
which extends for more than 700 km in a SW - NE direction,
plays an important role for camel pastoralists. Moreover, for
the centuries-old caravan trade, Wadi Howar formed an important
stage of the darb el arbain (route of the forty days) reaching
from Chad to Egypt.

The Jizu Area

Besides Wadi Howar, the Jizu area is a second region with graz-
ing potential within the Darfur desert. The Jizu land extends
from the Teiga Plateau to the NW, beyond Wadi Howar far into
Chad. As the Jizu herbs and grasses are juicy and belong part-
ly to the succulent species, the animals require no drinking-
water. Camel pastoralists from Kordofan and Darfur (Kababtsh,
Kawahla, Zeyadiya, Meidob, Zaghawa, Bedayat and Rezeigat) flock
into the Jizu belt from October onwards. The Jizu plants grow
in the cool season, after the wet season has come to an end,
provided that rainfall has brought some moisture. In especially
wet years, nomads are able to stay here up till the end of
March. With the start of the hot season in April, vegetation
becomes drier and sparser, so that the water requirements of
the animals increase considerably. Then, nomads embark on thei
journey to the southwest availing themselves of the wells and
water reservoirs in Dar Zaghawa as well as the water pumping
stations in Dar Meidob. On the journey to and from the Jizu
area, Wadi Howar occupies a key position as a green belt withii
the Sahara. Its trees and scrubs form a good source for brows-
ing for camels.

The duration of the grazing season in Wadi Howar depends on the
amount of precipitation. In dry years, pastoralists remain in
the south. According to the information gathered from nomads,
Jizu does not grow in the same area every year, but rather
"shifts" from year to year; it is said to grow in the same
area every fifth year. Despite the inaccuracy which may be en-
tailed in this information, it points clearly to the high varia-
bility of precipitation both in time and space.

The following list (Table 14) contains the names of the most

important Jizu plants, compiled according to NEWBOLD (1924) and
LEBON (1965) :
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Table 14: Jizu plants

Species Arabic name

Herbs: Indigofera brachteolata (Papilionaceae) derma

y kuschein
natasch
Tribulus alatus (Zygophyllaceae) guttub

& arenaria

"

Crotolaria thebaica

Fagonia cretica "agul

Neurada procumbens (Rosaceae) sa 'adan
Grasses: Triraphis pumilio saleiyan

Aristida papposa (A. ciliata) nissa

3,2.2. THE SEMI-DESERT

The semi-desert of northern Darfur forms a broad zone which
reaches its widest point of 150 km in the east. Owing to the
increase of altitude up to 1000 m in the west, the semi-deser
zone is considerably narrower there. The E - W contrast is al:
underlined by the pedological differences. In the east, pre-
dominate the deep Goz sands, in the west the shallower skelet
soils on the crystalline Precambrian Basement Complex.

3.2.2.1 The Acacia-mellifera Thornscrub Zone

Oon the shallow skeletic soils of the northwest prevails Acaci:
mellifera (Arab. kitir), which becomes denser in the drainage
lines of the pediplains. Grass patches are limited to fhe
aeolian or fluvial sand sheets. In the large wadis, which occur
in great numbers in the west, Acacia albida (Arab. haraz) and
Acacia arabica (Arab. garad) grow more densely, as in the case
of Wadi Haraz in Dar Zaghawa and Wadi Garad north of the Berti
land.

3.2.2.2 The Semi-Desert Grassland on the Goz

On the largely reactivated Goz dunes in NE Darfur grow short
grasses in the wet season, interspersed by single trees (most-
ly acacias). Such a vegetation formation is still to be found
nearly intact in areas of insufficient drinking-water supply
(i.e. low human and animal pressure), such as the area of the
Um Bayada depression (about 15°N, 27°E) and east of it. The
grasses occurring there are mostly Aristida species (Arab. gau

especially Aristida plumosa (Arab. bayad). In more intensely
grazed areas large patches of Cenchrus biflorus (Arab. haskani
76
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in West Africa: Cram Cram) occur. There, tree species are simi-

lar to those of the Acacia-senegal savanna (Chapter 3.2.3.1).

In areas Where the Nubian Sandstone layers are near the surface
rommifora africana (Arab. gafal) and Acacia mellifera (Arab.

i itir) predominate. Figure 19 shows a vegetation survey in Wadi

Haraz (Acacia-albida valley) which lies on the borders between

+he two semi-desert formations described above.

3.2,3 THE LOW-RAINFALL WOODLAND-SAVANNA

he broad belt of the low-rainfall woodland-savanna extends be-
+ween the isohyets 200 mm and 700 mm. Owing to this wide pre-
cipitation span, a further zoning in N-S direction is essential.
another E-W division is conditioned by the morpho-pedological
differences between the lower sandy Goz in the east and the
lhigher Basement Complex in the west.

3.2.3.1 Acacia-senegal Savanna

This zone extends from the Nile in the east to El Fasher in the
lwest, occupying a belt almost 300 km wide (12°30'N - 15°N). The
characteristic tree species there is Acacia senegal (Arab. ha-
shib), which is much more strongly represented in Kordofan than
lin Darfur, a fact which also becomes obvious from the trade
figures of gum arabic. In the period 1969 - 1972, thirty times
as much gum arabic was sold on the markets of northern Kordofan
than on those of northern Darfur (SUDAN GOVERNMENT: Interna-
tional Trade Statistics. Khartoum 1972). The last stocks of
Acacia senegal occurring on the Goz soils south of Mellit and
south of E1 Fasher were cleared in the late 1970. An attenuation
of the Acacia-senegal stock is not being practised in Darfur as
it is done in Kordofan. The trees can be tapped for gum arabic
from the age of five years on, but after ten years production
declines rapidly. An economic utilization of Acacia senegal re-
quires, therefore, constant attenuation of the tree stock.

Vegetation survey at two locations within the acacia-senegal
savanna shows that that name-giving species is scarcely repre-
sented in its own zone (Tables 15 and 16) . Owing to the fact
that both locations are in rather over-used areas, most of the
species which occur there are both unpalatable and hardly use-
ful either as fuel or timber (Table 15).

Though the two surveys displayed in Tables 15 and 16 do not
show any Baobab (Adansonia digitata, Arab. tabeldi), this tree
occurs singly or in groups in that zone. The inhabitants of
Kordofan and eastern Darfur hollow out the thick stem and use
it as a water reservoir. Both IBN BATTUTA in the 14th century
and NACHTIGAL in the 19th century reported of this traditional
! system of water storage.
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Table 15: Vegetation NW of El Geneina (535 mm) on uncultivated
sandy soils (area 10,000 m?)

Species Arabic name Number of trees

Albizzia amara 'arad 22
(Albizzia sericocephala)

combretum cordofanum habil 20
Guiera senegalensis gobbésh 13
Boscia L mukhet 5
Seclerocaryea birrea hommeéed 3

Total 63

Ground vegetation:

A low, thin cover of:
Eragrostis tremula
Cenchrus biflorus
Dactyloctenium aegyptium

among others

Table 16: Vegetation W of Um Keddada (260 mm) on uncultivated
sandy soils (area 10,000 m*)

Species Arabic name Number of trees
Boscia senegalensis mukh@ét 11
'ommifora africana gafal 2 = 3
Maerua crassifolia sereh 2= 3
Acacia senegal (old) hashab 1
Dichrostachys glomerata kidad 1

Total ca. 18
Ground vegetation:
Relatively low species of:
Aristida
Cenchrus biflorus

Blepharis




3.2.3.2 The Acacia-mellifera Savanna

This vegetation type prevails in the area of Dar Zaghawa and
of the eastern pediments of Jebel Marra. Owing to the strong
dissection of these areas, there is a constant alteration of
species and density at short distances in accordance with tha
quickly changing morphopedological situation. While the moun
tain ridges, inselbergs and other rocky outcrops have Commi-
fora africana as a characteristic tree, the pediments and pedi-
plains are dominated by Acacia mellifera, Acacia nubica and
Acacia raddiana. Similar to the Brousse tigrée on the ironstone
in West Africa, the pediments of western Darfur appear striped
on the air photos, because Acacia mellifera grows more dense
on the fluvial deposits on the drainage lines. In the larger
subsequent wadis there is a greater variety of tree species:
Acacia albida, Acacia nilotica, Balanites aegyptiaca, Ziziph
spina christi and Capparis decidua. On the aeolian and fluvial
sand-sheets, which have accumulated between the mountain rid
occur Boscia senegalensis, Acacia senegal and Acacia raddian
The density is about 15 trees / ha. The ground vegetation is
composed of Aristida species and of some herbs, such as Cassia
tora, Cassia occidentalis, Cassia acutifolia and Chrozophora
brocchiana.

Figure 20 shows a vegetation profile extending from Wadi Gel-
laba (E of Kutum) to the neighbouring mountain ridge in the
east. Trees which have a higher water requirement grow in the
wadi and on the wadi margin where they can avail themselves ¢
the ground water. On the shallow and hard loamy soils grows
Acacia mellifera.

3.2.3.3 Combretum-Dalbergia-Albizzia-Sericocephala-Savanna
Woodland on the Goz Soils of East Darfur

This type of vegetation formation, according to the classifica-
tion made by JACKSON and HARRISON (1956), is found in the stu
area in central eastern Darfur (Figure 17). The composition o
the plant association shows a remarkable decrease of Acacia
species with the increase of precipitation (450 - 650 mm).
Table 17 shows the formation of the species of this zone
according to LEBON (1965, p. 31).

A survey made by F. IBRAHIM in October 1981 on a sandy plain,
12 km NE of Babannusa, reveals the dominance of Dalbergia mel

noxylon (ebony, Sud. Arab. babannusa, sing.) and two unpalat-
able tree species: Guiera senegalensis and Albizzia sericoce-
phala. The frequency of these three species per 10,000 m? was

260,233 and 173 respectively. This is, however, in a thinly
populated area used seasonally by nomadic pastoralists.
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Vegetation formation of the Combretum-cordofanum-Dal-
bergia-Albizzia-sericocephala-savanna woodland (LEBON

1965)

Species Arabic name
Combretum cordofanum um dajog, habil
Dalbergia melanoxylon (ebony) babanus, ebenusa
Albizzia sericocephala 'arad

" amara 'arad
Guiera senegalensis gobbesh
Sclerocarya birrea ho mmEc_I
Commifora pedunculata luban
Lannea humilis leiyun
Adansonia digitata tebeldi

The savanna grasses are composed of annual species:

Aristida pallida gau
Eragrostis tremula banu
Cenchrus biflorus haskanit

In addition, there occur highly palatable herbs:

Blepharis bogel

3.2.3.4 cCombretum-Anogeissus-Savanna Woodland on the Pediplains
of West Darfur

West of the Jebel Marra Complex extends the uplifted Basement
Complex, which is divided into a great number of pediments,
stoney ridges, inselbergs and rock outcrops, intersected by
wadis. The pediments combine to build vast pediplains which a
alternatively covered by shallow skeletic soils and fluvial
sands and clays.

The characteristic trees of this region are Combretum cordofa
num (habil) and Anogeissus leicarpus (sahab). In the wadis, a
on the deep and relatively moist soils, occur dense stocks of
Acacia albida (haridz) and Ziziphus spina christi (sidir). The
green leaves and the nutritious pods of Acacia albida are par:
ticularly liked by browsing animals. A ripe tree produces ca.
135 kg pods annually. The fact that Acacia albida carries greer
leaves in the dry season and its pods ripen towards the end of
that season, makes it often the only source of fodder for anima
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It is worth mentioning that the conditions for vegetation on the
western pediplains are favourable within northern Darfur. De-
gradation is not as advanced as on the eastern sandy Goz. The
reason is that, owing to uncertainty of the dinking-water supply
in the dry season, permanent settlemants have not been estab-
lished in large numbers on the pediplains. The natural regen-
eration of the vegetation has been able to keep pace with the
fairly moderate impact of pastoralists.

3,2.4 MONTANE WOODLAND-SAVANNA OF JEBEL MARRA

wing to the high altitude of Jebel Marra, reaching a maximum
f 3,088 m above lea level, and the resulting increase of pre-
‘ipitation (600 - 1000 mm), a zonation of vegetation can be ob-
served at the different altitudes (LEBON 1965, pp 35 and 91):

Up to 1,800 m: Cordia abyssinica (gambil) and Ficus. Extensive
sheets of high grasses, especially Cymbopogon

(mahreb). In the dry season, great savanna fires
occur frequently.

1,800 m - 2,300 m: Decrease in the number of trees and dominance
of grass species: Cymbopogon, Adropogon linearis,
Themeda triandry. Olea laperrini occurs frequent-

ly.

Above 2,300 m: Dwarf shrubs of Hyparrhenia species as well as
Blaeria sgpicata, associated with Lavandula stric-
ta.

Afforestation is limited and amounts to 31,77 ha in the dis-
tricts of Nyala and Zalingei. In areas between 1,400 m and
2,500 m altitude Cupressus lusitanica is preferred for affor-
estation, while in the piedmont region Eucalyptus is planted
most frequently.

5,2.5 AZONAL VEGETATION CLASSIFICATION

Like other desert marginal areas, northern Darfur reveals a
clear azonal vegetation classification, for which the varying
topographic and edaphic conditions are responsible.

3.2.5.1 The Wadi Vegetation

Here there is higher frequency of Acacia albida, Ziziphus spe-
cies, Balanites aegyptiaca, Capparis decidua, Acacia nilotica
and Acacia mellifera. A survey of the wadi vegetation in north-
ern Darfur (300 mm precipitation) is shown in Table 18
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Table 18: Wadi vegetation between Kutum and Mellit in northern
Darfur (ca. 300 mm precipitation)

Species Arabic name Number per 10,000 m?
Balanites aegyptiaca hejlij 1
7iziphus spina christi nabag 7
Boscia senegalensis mukhet 5
Capparis decidua tundub 4
Acacia albida h araz 4
" raddiana seiyal 3
" mellifera kd te1 1 3
" 1rabica garad 1
Maerua ra Ifolia erel 1

Total 39

On higher locations within the wadi bed, the following ground
vegetation was found:

Cynodon dactylon 1bu nagile
Dactyloctenium aegyptium abu asabi'
1 la O I 1 tal kaual

3.2.5.2 The Goz Vegetation

The fixed old-dune belt (Goz) i the main millet cultivation
zone of northern Darfur. Through excessive cultivation the Go
has become the area most stricken by desertification. The tre
stock, especially that of Acacia senegal and Maerua crassifol
has been largely depleted. A dramatic disappearance of tree
species has been observed in the last five years only in Goz
Shagra, between El Fasher and Abu Zureiga, after the settleme
of the Zaghawa cultivators in that area.

n

3.2.5.3 The Pediment Vegetation

On the mountain pediments, where merely a thin sediment veil
covers the oney bedrock, grow stocks of shallow-rooted scrul
mainly Acacia mellifera and Acacia nubica. Owing to the occur-
rence of these scrubs in drainage lines they often take the
form of "Brousse tigrée" known from the laterite vegetation in
West Africa.




y.2.5.4 The Mountain Vegetation

gxcept for Jebel Marra (see above), the vegetation of the moun-

+ain ridges, inselbergs, plateaux and outlayers carry a scat-

tered tree population with a predominance of Commifora species
,fal). In the vicinity of settlements such mountainous areas
.re usually stripped of their vegetation and trees are felled
yr fuel or timber.

5.2.6 USED PLANTS IN NORTHERN DARFUR

the questionnaire carried out by F. IBRAHIM in Darfur in 1976
1977, four questions were put regarding the plant species
+shich are used for fodder, for fuel and for timber. The names
the species were arranged in order according to the fre-
juency in which they were mentioned in the answers. Besides the
nformation on usage, the lists gave a picture of the actual
tree composition in the region according to the frequency of
heir occurrence. For instance, Table 19 shows that Dalbergia
lanoxylon (ebony) 1is seldom used in northern Darfur, though
is considered to be the best timber for erecting huts as it
not eaten by termites. The reason for this paradox is that
lbergia melanoxylon occurs seldom in northern Darfur, because
needs higher precipitation. In Tables 20 and 21, the regional
lifferentiation is due to edaphic and climatic variations.

lrable 19: Varying degrees of utilization of different tree spe-

cies in northern Darfur (very often - +++, often - ++,
sometimes - +, seldom - =)
ecies Utilization as
Timber Fuel Fodder
icia mellifera (kitir) +++ ++4 ++
- senegal (hashab) t++ +4 ++
- raddiana (seiyal) ++ ++ +
% arabica (garad) ++ + -

» albida (haraz) - - 8
nubica (la'ct) (not mentioned)- -

- seyal (talh) - - N
ziphus species (sidr, nabag) t++ s ++
ilanites aegyptiaca (hejlij) iy o <
‘apparis decidua (tundub) ++ * g

iera senegalensis (Yobbesh) ++
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hoto 9: In the Sahel, tree stocks become denser in valleys and
depressions. Acacia nilotica in a wadi near El Fasher
(290 mm precipitation), surrounded by Goz dunes, in-
dicates high soil moisture.
August 1976

Photo 10: A typical thorn-scrub savanna in NE Kordofan (250 mm
precipitation). Acacia tortilis.
August 1982



savanna with a low cover of aAristid

Photo 11:
‘ species.
S of Malha, Darfur (200 mm precipitation). Sept. 1

Acacia-senegal

,ﬂ. _
Photo 12: Combretum-Albizzia savanna in western Darfur.
El Geneina area (500 mm precipitation). Oct. 1977
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sto 13: Anogeissus-schimperi savanna in western Darfur (600
mm precipitation). The tree crowns show the effects
of branch-cutting for feeding livestock.

Oct. 1977

= P it ?-‘ ” v Sy - » ~on y
w0oto 14: Adansonia-digitata-Acacia-mellifera savanna on the
pediplains of central Darfur (400 mm precipitation).

Dry season 1981



Photo 15:

In areas lacking in avail-
able ground-water Adansonia
digitata stems are hollowed
and used as water reser-
voirs.

El Shagg, S of Um Keddada,
eastern Darfur (270 mm pre-
cipitation). Sept. 1976

Photo 16:
Acacia albida grows well in ti
valleys of northern Darfur, wil
it has access to ground water.
Bir Furawiya (200 mm precipita
Oct. 1976




Photo 17: Aristida savanna in Sayah, northern parfur (200 mm

precipitation).
Sept. 1977

SRR k! s :
Photo 18: On moist sites within the thorn-scrub savanna Cymbopo-

gon grasses grow densely.
E of E1l Fasher (280 mm precipitation). Sept. 1976
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Composition of palatable grasses and
ern Darfur (all figures in %)

herbs in nort

species

( ~
Q

: <

4 k N - +

z ®)

Northern and western 19.1 14.0 10.4 %45 8.5 4.7

yuthern and eastern 24.0 9.6 3.4 15.4 12.0 13.0 4.8 17.8

3.3 THE SOILS (Figure 21)
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soil erosion will not affect the carbon available for vegetat
as the content 30 cm below surface is almost the same as at
surface." It is astonishing that the Goz soils in Kordofan
should be so different from those of Darfur. Further investi
gation of this subject is needed so as to come to a conclusi
result. In the soil profile of the Goz, the upper 3 cm form
loose cover of yellow sand, which is somewhat coarser than tI]
underlying sand because the finer particles have been blown
away by the wind (Figure 3). Sometimes, one finds the 10-20
top soil slightly enriched with organic matter and hence rat
grey. The lower layer is the typical brown-red Goz sand. Whe
dry, Goz sand is considerably hard. The grain-size analyses
the Goz soils of northern Darfur reveal two kinds of Goz soi
the fine-grained Goz and the coarse-grained one. The latter
occurs often in the close vicinity of its origin rock, the N
bian Sandstone. The finer Goz has usually covered a longer
transport distance by the wind. Figure 22 and Table 22 displ
the spectrum of both types of Goz soil.It is important to not
that fine-grained Goz soils are favourable for vegetation be
cause of their ability to retain moisture for a long time in
the root horizon; seepage is much slower than in the coarse-
grained Goz soils.

3.3.3 ALLUVIAL SOILS (Figure 23)

Alluvial soils occur in the wadi basins. Especially fertile
soils are those covering the beds of the wadis springing fron
Jebel Marra, e.g. Wadi E1 Ku', Wadi Kaja and Wadi Azum, as th
contain part of the volcanic ashes washed out from the slopes
of Jebel Marra. The grain-size analyses of the wadis of north
ern Darfur show a broad differentiation according to the re-
spective catchment area. For instance, the clay content varie
between 7 % and 36 %. In the Um-Bayada depression, the clay
content is merely 0.5 %, while that of coarse silt (0.02 - 0.
mm) is 89 %. The electrometric pH-measurement gave 8.5 H20 an
6.4 KCL (IBRAHIM 1980 a). This soil is non-cracking and has a
favourable water balance. The proposed agricultural project h
therefore, promising natural preconditions. Less promising,
however, is the economic prospect: the area is infrastructura
ly inaccessible and the native population is thinly scattered
It can, therefore, build no sound basis for good marketing of
agricultural products.

3.3.4 SHALLOW SKELETIC SOILS ON PEDIMENTS

These soils occur in central and western Darfur. They are im-
mature soils which are constantly exposed to erosion. Despite
their poverty, they carry a more intact vegetation cover than
the soils of the Goz which have been degraded by the strong
human and animal impact. The pediments are, therefore, in a
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favourable ecological position, because they are less inviting
‘or the settlement of cultivators. So, one can speak here of a
reverse of ecological gqualities, effected by anthropogenic se-
lection.

;3.5 THE VOLCANIC SOILS OF JEBEL MARRA

‘he soils of the Jebel Marra massif show an altitude-controlled
.onation. According to the FAO Report of 1968, the piedmont is
overed with deep sediments of volcanic ashes which are very
.11 suited for cultivation, but they are also highly inclined
+o erosion and the formation of deep gorges. Terraced farming

4s therefore been practised here by the Fur tribes for a very
long time. Today, the piedmont zone is used for the cultivation
f vegetables and fruit on the slopes, the lower terraces are
sed for cereals (sorghum, millet and wheat), the higher, steep-
- terraces for vegetables and fruit, the highest cultivated
.reas (wheat) being at about 2,700 m above sea level. Generally,
owever, terraces are built up to 2,300 m. The higher zone is
.overed with tuffs which are severely dissected and form vast
vadlands.

3.4 THE DYNAMICS OF RELIEF

Relief dynamics are involved in the desertification processes
:nd they provide fairly certain indicators for desertification
ronitoring. Reference is made here to Chapter 2.2.1.4. Ecolo-
ical deterioration enhances already existing morphological pro-
.esses. These include physical soil changes, fluvial and aeoli-
an erosion, transport and accumulation of soils. Such morpho-
dynamic changes often result in hydrological alterations which
bear negative consequences for land productivity. The following
set of processes are morphodynamic activities triggered off by
ecological degradation in northern Darfur. They underlie the
same principles explained in Chapter 2.2.1.4:

- The reactivation of the Goz belt
(Figure 3, Table 3)

- Deflation of top soil
(Figure 3, Table 3, Figure 4)

- Recent aeolian accumulation as an indicator of desertifica-
tion processes
(Figures 28 and 29)

- Slope accumulation




Accumulation in wind passes

Accumulation of wind-blown sand-sheets
(Figures 28 and 29)

Formation of Ziziphus and Capparis dunes
(Figure 5, Table 4)

Sand encroachment onto buildings and fields
(Figures 28 and 29)

Fluvial soil erosion

Alteration of drainage direction




4. Human Ecology and Desertification in Northern Darfur

”

anthropogenic factors are of great relevance to both the causes
.nd the conseguences of desertification in northern Darfur. Man
riggers off a chain of environmental processes and is ultima-
tely stricken by the ensuing damage. Due to the complex nature
- the feed-back mechanism, it becomes difficult to differen-
+iate between causes and effects. In this chapter, the human
.otivities which are closely connected with desertification
re studied in more detail with the aim of highlighting the
intricate web of interactions between the causes and conse-
ruences of this phenomenon.

sata on the population of northern Darfur and the socio-econo-
1ic conditions prevailing there have been obtained mainly from
the results of questionnaires carried out in the area. Thus,
154 households from 206 settlements in the different districts

the province have been investigated. Table 24 shows the
regional distribution of the respondents.

able 24: Distribution of respondents to questionnaire

legion Settlements Households
£l Fasher area 64 88
W. Bertiland 26 53
;ozland in E. Darfur 28 55
Western Darfur i 155 I
Jebel Marra ‘15 29
Dar Zaghawa 49 96
Dar Meidob ‘ 9 16
Total ‘ 206 354 ‘ :

4.1 POPULATION STRUCTURE AND POPULATION DEVELOPMENT

"
Despite a low population density of 3.5 inhabitants/km2 on
average northern Darfur may be considered overpopulated. Two
reasons can be given for this. On the one hand, the carrying
capacity of the land is low, and on the other hand, the popu-

s

99




lation is concentrated on settlements with a permanent water
supply. For example, population density in the area of E1
Fasher (an area of less than 300 mm annyal precipitation)
amounts to more than 100 inhabitants/km”~. However, desert and
semidesert regions in the north are almost uninhabited. The
greatest part of the population is concentrated on two main
areas, that of El Fasher and that of El Geneina. These two
districts embrace almost 70 % of the inhabitants of northern
Darfur.

In 1903, the population of Northern Darfur Province was estima-
ted at 130,000, in 1945 at 310,000. The first, and so far mos
reliable, population census of 1955-1956 recorded 727,929 in
Northern Darfur; i.e. 7 % of the total Sudanese population of
10,262,536. According to the second population census of 1973
Northern Darfur had 903,888 inhabitants (cf. Fig. 24). Despit
the inaccuracy of these figures, one can estimate the popula-
tion today (1984) at 1.3 million, which means a tenfold in-
crease since the beginning of the century. At the same time,
the agro-ecopotential has been deteriorating through overuse.

4,1,1 PoPULATION STRUCTURE

Figure 25 shows clearly that the population of Darfur is youn
45.6 % are under 15. The asymmetrical structure of the propor
tions of males and females in the age group 20-29 years is du
to the high migration rate of young men who move from the eco
nomically weak region in search of a living in the conurbatior
Khartoum, the irrigation schemes in the Nile basin or the lar
mechanized farms in Kassala and Gedaref, while women and child-
ren remain at home. For this reason the male population in
Darfur (45.8 %) was notably less than the female population il
1973,

In 1973 the majority of the population (74.3 %) were sedentary
rural,'5 % were nomadic and 10.7 % urban. Table 25 and Fig. 2€
display the classification of the population according to
district and mode of living (rural, nomadic, urban).

Table 25: Structure of population of Northern Darfur Province

in 1973
Proportion:
District Urban Rural Nomadic Total District/Prov
El Fasher 51,932 141,134 13,469 206,535
25.2 % 68.3 % 6.5 % 100 % 22.8 %
Northern 4,762 173,480 50,447 228,689
Digstrict 2108 75.9 % 22.0 % 100 % 25.3 %
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Proportion:
yistrict Urban Rural Nomadic Total District/Prov.

Jar Masalit 35,424 278,304 72,228 385,956
9.2 % 72.1 % 18.7 % 100 % 42.7 %

pastern 4,693 78,015 - 82,708
pistrict L 94.3 % 0% 100 % 9.2 %
Total 96,811 670,933 136,144 903,888

10.7 % 74.23 % 15.07 % 100 % 100.0 %

The table indicates some important features:

The highest rate of urbanisation (25.2 %) occurs in the El
Fasher District. The province capital, El Fasher, had 52,000
inhabitants in 1973: today it probably has more than 100,000.
The second urban centre in the province is El Geneina, on

the borders of Chad, whose population today amounts to that

of E1 Fasher, though it had only 35,400 inhabitants in 1973.

An estimated number of 15,000 refugees from Chad have come

into the town in the last 2 years. probably, the number of
refugees is even higher, but it is difficult to identify refugees who belong
to the same tribes living inside the Sudanese territory (e.g., the Masalit).

f the inhabitants of eastern Darfur (94.3 %)

reason is that people, there, live on
oils of the Goz.

- The greatest part o
is sedentary rural. The
millet cultivation on the wide-spread sandy S

- The highest proportion of nomads (22 %) is found in the North-
ern District. The reason is that rain-fed farming alone
cannot guarantee a livelihood in deserts and semideserts.

- The relatively high proporti
ern District of Dar Masali

on of nomads (18.7 %) in the West-
t is due to the favourable graz=
ing resources of the woodlands on the pediplanes on the
Basement Complex. Yet, browsers (camels and goats) are com-
pelled to move southwards in the dry season, because of the
poverty of water resources oOn the impermeable crystalline

rock.

4,1.2 THe ETHnIC STRUCTURE

f northern Darfur is composed of numerous ethnic
groups and sub-groupsr each possessing its tribal area (dar).

The towns and large settlements are inhabited by several

tribes, but they usually live in separate quarters. Only in the

two big towns, El Fasher and El Geneina, are the tribes begin- -

ning to mix. However, the quarters are still called after the

major tribes living there.

The population o
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Fig.25

Fig.24 Population develoment in

northern Darfur, 1903-1977
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One can classify the population ethnically according to their
degree of arabization:

The Arabs:

The Arabs are known as nomadic pastoralists. As a result of
their former mixing with the natives (probably after taking
their women as war booty), they look much darker than other
Arabs. However, they speak a very good Arabic. The main Arab
tribes in northern Darfur are the Rezeigat, Beni Hussein,
Zeiyadiya and the Djawam'a.

The fully arabized groups:

They have entirely lost their native languages which have bee
replaced by Arabic. They inhabit the Goz zone and are millet
cultivators. To these groups belong the Berti and the Tungur.

The partly arabized groups:

These groups have retained their native languages, but they
speak Arabic fluently. They form the majority of the Darfuri.
Of these are the Fur and Zaghawa groups, the Meidob and the

Masalit. They are mostly settled farmers, but among them ther
are seminomads and nomads as well.

The non-arabized groups:

They speak very little Arabic and live in isolated areas in
Jebel Marra. They are settled cultivators and show little mobil-
ity. Generally speaking, women are less arabized than men witl
in the same population group for men have more chance to move
about and contact other groups. Figure 26 shows the most im-
portant tribes in northern Darfur. Among the largest tribes ar
the Masalit, who live partly in the Republic of Chad: The same
applies to the Zaghawa and the Bedayat in the NW. Apart from
the tribes mentioned in Fig. 26, there live smaller groups,
such as the Bergid, Barqu, Mima, Kafoot, Tama, Mararit, Kenana
and the Asirra. The Fellata who migrated from West Africa a
long time ago, are also strongly represented. Some of them
were on their pilgrimage route to Mecca, but they settled half
way there in the Sudan. The Fellata belong to the first sett-
lers 1in some areas of Darfur and actually form the native
population. They usually speak no other language than Arabic.

4,1.3  THE SETTLEMENTS (Map 4)

The most decisive precondition for establishing a settlement
is the secured supply of permanent drinking water. This is
dependent either on the amount of annual precipitation or the
hydrogeological structure of the area. Aridity sets the limit
of settlements to the north: The farthest permanent settlement
is Bir Furawiya, at 15°21'N. In the 1960s a great number of
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boreholes were dug in the north and east, where the aquiferouy
Nubian Sandstone occurs. These boreholes were the centres of
new settlements and also the centres of the desertification
rings seen on the satellite images. Millet cultivators often
spend the wet season scattered on the sandy Goz. After the
harvest they return to spend the rest of the year in their
central settlement, with permanent water supply. Thus, we fi
that the population of central settlements fluctuates strona
from season to season. For instance, the population of Melli
(60 km N of El Fasher) increases by 100 % in the dry season
(20,000 inhabitants). In the wet season about half of this
population lives in the surroundings of Mellit to cultivate
land.

A specific aspect of the settlement development is that the
population increase does not mean the increase in inhabitant
of the villages themselves. The multiplication happens very
often through the establishment of new satellite settlements
at a distance of 3-5 km from the mother villages.

Our questionnaire revealed the following dates for the estab
lishment of settlements in northern Darfur (Table 26):

Table 26: Age of settlements in northern Darfur

Date Before 1900 1900-1950 1950-1970 1970-1973
61 % 21 % 9.5 % 8.5 &

What is particularly remarkable is the increase of settlement:
during the drought disaster in 1970-1973. Alone in the area o
Abu Zureiga, on Wadi Kej, the Zaghawa who migrated from the
north established about 100 settlements at that time. They
deserted 475 villages in their tribal land during that period.
It is, however, important to note that 39 § of all settlements
have been established only since the beginning of the century.
The settlements which grew around old water-points, which were
formerly used by pastoralists only, are not included in this
figure.

4,2 SUBSISTENCE MILLET PRODUCTION AND DESERTIFICATION

It has been proved that excessive rain-fed cultivation is one
of the major causes of desertification in the semi-arid zone.
The reasons are varied and the processes are rather complex.

However, in all cases, three factors are involved: high rain-
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ho soil and rain

l,?ted manner, which secures their product

nd political pressures as

-

1illet fields, especially during

sary as the indigenous

millet has short roots occupying

of millet and the indigenous W

11 variability, high soil vulnerability and unsuitable land
methods. The latter is, in fact, the immediate cause, as

fall conditions described are constant compo-

1 ecosystems of the arid and semi-arid zones.

available natural resources in an

ivity in the long

lize high returns

+s of the natura
can either use these

or misuse them by unadapted methods to rea

'- ; short time, thereby recklessly destroying the ability of

natural ecosystem to regenerate. Of course, there are social
well as financial and technical con-

ltural practices in directions which
far from suitable to the respective natural resources and
{ts. Here, compromises have to be made, but not at the cost
the next generation. The present generation ig in fact fol=

wing a policy of agricultural strip mining, exhausting all

. productivity of soil, while doing nothing for its improve-=

nt or even conservation.

raints which force agricu

s of millet farming enhance desertification
In order to prepare a field for millet grow=
; the peasants begin by cutting all the trees and clearing

| shrubs, herbs and grasses. Though trees neither impede the
wwth of millet nor compete with it in water demand, peasants
.ert that trees are gathering places for birds and locusts
ich eat their millet. Peasants send their children onto the
the ripening phase to scare
empty tins. This work would
were left on the fields to
pPreparation for cultivation,

:» prevalent method
northern Darfur.

rds and locusts by drumming on
much more strenuous, if trees

olter those birds and insects.
nerefore, means complete clearance of the natural vegetation

11 the soil becomes completely bare and vulnerable to ero=
on. This is usually done several weeks before millet is sown
nd it takes several weeks more until the plants can render

e soil any effective protection. During the growth period of
illet, the peasants weed twice. Weeding is absolutely neces=
plants are much more adapted to the
.limatic conditions of the Sahelian zone than millet is. Their
roots form a thick net, which has the ability to absorb every
irop of rain which seeps through the soil. On the other hand,

a relatively small area com=

ared with the considerable height of the plant ranging be-
rween 150 and 300 cm. In order to test the different abilities
eceds as to their ability to
profit from the available soil moisture, we dug holss into the
fagdy soil of a millet field in northern Darfur (14715'N,
25°45'E) and similar holes on a neighbouring fallow field of
the same kind of soil but having a cover of sparse vegetation
with a dominance of low creeping weeds. On the millet field,
soil moisture was detected only 10 cm deep, while it occurred
at a depth of 100 cm on the fallow field sparsely covered with
herbs. It was during the rainy season, and the last rainfall
before the test had taken place a week before. Unlike millet,
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the natural herbs were able to absorb all the soil moistur:
provided by rain. It is to be remarked that the soil moist
at a depth of 100 cm is common all over that area, even in
dry season.

Aware of this rivalry between weeds and millet for moistu:
the peasants spare no effort to clear their fields of thes
undesirable herbs and grasses. The process of weeding is d
by scratching and loosening the top-soil with a hoe called
garraya. This practice, repeated regularly in rain-cultivat
areas, results ultimately in the irreversible extinction of
natural vegetation species, which, of course, are much mor
adapted than crop plants to the arid climatic conditions wi
the typical recurrence of drought periods. Moreover, the sa
soil, now deprived of its natural plant cover, is exposed t
strong deflation, especially during the long dry season of
to 10 months. About 200 million tons p. a. of fertile top-s
are reckoned to be blown away from the Sahelian zone into t
atmosphere (JUNGE 1977). The amount of atmospheric dust in-
creases every year due to the expansion of cultivation, a f
which can be easily proved, if we study the annual frequenc:
of poor visibility under 1,000 m (cf. Figure 2). The erosio

of the fertile top-soil has led to a considerable deteriora

of land productivity. That the decrease of the amount of pre
cipitation is only to a limited extent responsible is shown
Figure 27. It is quite apparent that the decrease in product
per ha is not directly proportionate to the variability of pre-
cipitation (cf. Table 27).

Table 27: Decrease of millet yields in the Sudan from 1960
1975

Year Cultivated Production Average yield Precipitation

area 1,000 t kg/ha mm (E1 Obeid)
1,000 ha

‘
|
|
‘

1960

392 22 580 318
1961 334 204 650 447
1962 463 291 650 512
1963 609 374 630 316
1964 599 354 590 540
1965 603 353 580 359
1966 540 352 460 )5 I8
1967 605 269 440 267
1968 598 267 440 190
1969 626 385 610 164
1970 723 439 600 261
1971 873 441 500 333
1972 1,070 355 330 332
1973 1,109 281 250 275
1974 1,110 400 370 397
1975 1,055 403 380 232

SOURCE: Yearbook of agricultural statistics, Khartoum, 1974,19
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Development of millet yields and area of millet cultivation in the Sudan 1960-1975
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Another reason for the deterioration of soil productivity i:
the abandonment of the old rotational system of shifting cul
tivation. Owing to population pressure in the last few decad
the same land is being cultivated year after year without
fallow years in-between. Fallow occurs mostly in dry years,
when precipitation is not enough for the growth of millet.
Thus, leaving the land fallow is compulsory and not part of
soil regeneration farming system (Table 28).

Table 28: Cultivation - fallow rotation in northern Darfur
(354 respondants)

Permanent Fallow after Fallow after Fallow after
cultivation more than 4 years 2-3 years
without 4 years
fallow

72 % 7 3 9 % 12 %

It may sound paradoxical in a vast country like the Sudan, t
speak of lack of land. One admits that the population densit
in the Sahelian zone of the Republic of the Sudan is only 3-
inhabitants per square kilometre, but the distribution of
population is strongly restricted by the availability of drink-
ing water all the year round. The population density in the
surroundings of El Fasher and El Obeid, for instance, reaches
about 100 inhabitants per km The land is intensively culti-
vated, though the annual precipitation is less than 300 mm in
El Fasher region and less than 400 mm in that of El Obeid.

In this way, the sound, traditional system of shifting culti-
vation turned into land misuse, and a chain of processes of
deterioration of land productivity was begun: Population in-
crease led to excessive cultivation, which, in turn, led to
enhanced soil erosion and soil impoverishment. This resulted
in the decrease of millet yields per ha in the Sudan by half
in the last 15 years. To make amends for this, the population,
which is constantly increasing at an annual rate of 2.5 %, hac
to increase the area cultivated with millet, from 392,000 ha
in 1960 to 1,055,000 ha in 1975. This expansion of cultivatior

meant a fresh wave of desertification for the reasons mentione
above.

The average sorghum yield in the Sudan in 1973 was 770 kg per
ha (by comparison, the average yields of sorghum in the USA
were 3,690 kg and in Egypt 4,170 in the same year). In the

northern Sahelian zone, however, where precipitation is less

than 300 mm in the annual mean, the yields are much lower. My

study in northern Darfur revealed that 50 % of the years are
to be considered

dry ones, in which the peasants reap either
nothing at all or up to only 100 kg/ha. At the same time, the
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;erage consumption of millet of a six-membered family amounts
1,500 kg p. a. (Table 29). This means that the area culti-
sated by millet per family has to be no less than 15 ha (i. e.
+out 36 feddans or 29 mokhammas), if subsistence is to be
.uaranteed. The actual area cultivated by an average family is,
owever , much smaller and, therefore, the population suffers
from chronic undernourishment. It is also characteristic of
‘ig arid zone that, especially in dry years, millet cultiva-
»'n areas are greatly expanded so as to meet the demand of
e population. This results in a large-scale destruction of
+he ecosystem, just in the very years in which it is most vul-
.rable and its regeneration capability is immensely reduced

the dryness.

ble 29: Millet cultivation plots and consumption per family
in northern Darfur

Plot in vield Total yield Consumption Deficit
ha kg/ha kg kg kg

syrthern 239 200 580 1,825 945

me
semi-
::mads)

outhern 5.8 230 1,330 1,410 80
one
settled)

n order to explain Table 29 it is important to note that the
‘nhabitants of the northern zone are not dependent on millet
sultivation solely, but on 1ivestock husbandry as well. How-
wer, many families have lost their herds during the latest
irought which is still going on and these people have become
more dependent on millet production. The yield of 200 kg/ha
seems relatively high for the semidesert, but cultivation
takes place there mostly in pedologically favourable areas
(flood cultivation in wadi basins).

The fact that rain-fed cultivation, especially that of millet,
is responsible for desertification in the sahelian zone can be
easily perceived on air and satellite photos. On them, the
areas under rain-fed cultivation appear as bare patches with-
in the vegetation of the thornscrub savanna. Soil and vege-
tation degradation is set of £ radially from the settlements to
form rings or rather stars of desertification. A closer look

at these rings in northern pDarfur shows recurring forms and
degrees of desertification, the nearer one comes to these sett-
lements. A generalised view over these rings of desertifica-
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tion reveals a certain scheme: The outer ring represents the
damage caused by tree clearing, overgrazing and excessive
browsing; the inner ring is destroyed by excessive cultivatiop
as well as overgrazing (Figure 36).

4.2,1 DESERTIFICATION As A REsuLT oF ExcessiVe MILLET CuLti-
VATION AS SHOWN BY AERIAL PHOTOS

By the help of remote sensing we can recognize and control
progress of desertification. Two aerial photos (Photo 19 and
Photo 20) of the same area, taken in the same season, but wi
a span of 14 years in between (1954-1968) are being compared
here (Figures 28 and 29). At first sight, the situation is
quite apparent: the former cultivation land has been encroac
upon by the desert. One should, however, admit that in this
area near El Fasher, northern Darfur, Sudan, precipitation i
the year 1954 was more than twice as high as in the year 196
i. e. 637 mm and 248 mm respectively, while the long-term
annual mean is 286 mm. This variability, however, is not un-
common in the Sahelian zone. It cannot alone explain the for
mation of the dune chains, which dominate the photo of 1968.
Obviously, nature is not any more capable of recovering the
old ecological balance. According to our observations in 198
i. e. 14 years later, the same desert-like conditions are sti
prevailing in that area. Millet fields, recognized by their
bright geometrical forms, have shrunk to a minimum in the

close surroundings of the village (Ghebeishat, 20 km north of
El Fasher).

The bright shades displayed by millet
satellite photos, even during
are due to the fact
buted over the

fields on aerial and
the summerly cultivation period
that millet plants are very thinly distri-
field. The distances measured were between 140
cm and 220 cm. The spaces between the millet stalks are kept
quite clear as a result of regular weeding. On the air photos,
fallow fields appear darker, because they have a denser cover
of herbs and grasses. It may be argued that the shrinkage of
cultivation areas would give the soil a chance to regenerate.
The rows of newly formed dunes, however, indicate that the soi
Structure of the old weathered dunes has been destroyed, i
the soil lost its stability and the fertile

had been developed in some

. &,
top-soil, which
housands of years, has been de-
ed by fresh sand dunes and sheets
of blown sand of very low productivity,

flated and the land is cover
4.2.2 (OVERRUNNING THE AGronoMIC DRY LIMIT

The example El Fasher area shows clear

y that rainfall varia-
i

1
bility has a great influence on the osc llation of the northern

1 VLIl CTI

112




4 - Excessive rain-fed millet cultivation north of

E1l Fasher (280 mm precipitation).
(By courtesy of the Survey Dept.,

Photo 19: 195
Khartoum)




Photo 20:
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1968 - Reactivation of the Goz dunes north of El

Fasher due to unsuitable land use in a marginal zone
(230 mm precipitation).

(By courtesy of the Survey Dept., Khartoum)




North of El Fasher in 1954
Excessive millet cultivation on the Goz

Fig.29 North of El Fasher in 1968
Reactivation of the Goz as a result of overcultivation
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limit of rain-fed cultivation in the Sahelian zone. In wet
years, the cultivation limit, together with the settlement
zone, shifts about 100 km northwards, towards the Sahara. In
the dry phases, on the other hand, the cultivation zone with
draws for about 200 km to the south. Figure 30 displays the
course of the 200 mm isohyet of the wet year, 1950,and the dry
one, 1973. The zone between them is that of high variability
which has an extension of 200-400 km from south to north. Be
cause of the broad range of the fluctuation of precipitation
between the wet and dry phases, an exact determination of th
agronomic dry limit in that zone is extremely difficult. The
generally acknowledged determination of the dry limit of rai
fed cultivation at 8 arid months is not tenable in the Saheliar
zone of the Republic of the Sudan. The front of closely connect-
ed areas of millet cultivation goes far beyond that limit a
reaches the zone of 10 arid and 2 semi-arid months. Instead
the fictive dry limit of cultivation one can distinguish the
following borders: the actual dry limit of rain-fed cultivat
the climatic dry limit (6 arid months annually) and the dese:
tification-hazard limit (500 mm on sandy soils and 600 mm on
clayey ones).

Owing to high population pressure a more realistic compromi se
between the actual limit of rain-fed cultivation (at about 25
mm precipitation) and the ideal climatic dry limit (at about
1,000 mm precipitation) has to be worked out. This could be
called "a limit of desertification hazards through rain-fed
cultivation”. It is the boundary, south of which rational meth-
ods of cultivation may be practised without highly endangerin
the ecological system. Rational methods of land use include
the rotation of fallow and cultivation, combinations of tree
planting and field-crops and the use of cultivation methods
which hinder erosional activities. Purely empirically, this
limit lies between the isohyets 500 mm and 600 mm. There, the
number of months in the year of useful humidity is four, rang-
ing between semi-arid, semi-humid and humid. South of this
limit desertification processes are, of course, possible. But
they occur only in places where human and animal pressure is

considerably high and land use practices have become excessive
and irrational.

At the 1973 Agrarian Conference in E1l Fasher, a motion was mad
to forbid cultivation north of the 300 mm isohyet, so as to
stop any further deterioration of the natural resources there.
Though this recommendation was a basic condition, none of the
provinces concerned was able to put it into force as this woul
mean depriving the inhabitants of that zone of the basis of thei:
existence. This is unthinkable as long as no real alternatives
can be offered. In the near future, no such alternatives can
be expected either, for it is exXtremely difficult to find an
economic substitute for millet cultivation in that marginal
zone. It is often argued that it is not at all profitable to
cultivate land in such marginal areas, but one should not
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overlook the fact that in subsistence production only the costs
of seeds are taken into consideration by the peasants. Their
own labour, field tools or tenure are of no cost to them. So,
a crop yield of 50 kg millet per ha can still be profitable
the case of subsistence economy. In the light of this fact,
agronomic dry limit which is being suggested here to be at
about 500 - 600 mm appears unrealistic, too. But we are not
search of profitability limits which disregard the principle
of protecting agricultural resources.

The proposed agronomic dry limit underlies also a high varial
lity from one year to another. An example from the Sudan would
illustrate this very well. The chosen area is that of El Ge-
neina in western Sudan, in the described marginal belt of
desertification hazards between 500 mm and 600 mm of precipit
tion p. a. The long-term mean of El Geneina is 536 mm, the
average maximum is 722 mm, while the average minimum is 382 1
That signifies that only in 50 % of all years, the marginal
belt of desertification hazards actually passes through El
Geneina area. During the wet years, whose mean is as much as
722 mm, this belt shifts up to 200 km to the north of El1 Ge-
neina. During the dry years, however, with 382 mm mean annual
precipitation, the belt shifts by about 150 km south of El
Geneina. Thus, the swing in the limit of hazardous cultivatio
reaches 350 km. As the actual cultivation limit, as mentioned
before, has already reached the 250 mm isohyet, the damage
caused is additionally expanded. Today, the zone of desertifi
ca&ion thouqh rain-fed cultivation extends from the latitude
11 to 157 N, embracing a belt 450 km wide, which is identica
with the Sahelian zone. The shift of the agronomic dry limit
to the south during the dry years by no means signifies a tinm
of regeneration for the land in the north. The increasing
persistence of the inhabitants in tilling the land despite lac
of sufficient rainfall proves that they are not able to keep
pace with the natural fluctuations any more. Instead of shift-
ing southwards the peasants try to enlarge the area cultivated
to be able to exist. This expansion of cultivation to counter-
act the decrease of rainfall works as a catalyst for the pro-
cessesof desertification. Moreover, it often happens in those
dry years, that the crop fails altogether. To buy cereals, the
poorer population, which has no animals to sell, are compelled
to fell whatever trees they get access to and sell the wood as
fuel to get some cash. Figure 31 shows the dramatic increase
of millet prices in the years 1973-1977. Thus, wood cutting
and the devastation of what is left of the woodlands increase
to an alarming degree just in the very years in which the eco-
system is particularly vulnerable.




Fig.31 Increase of millet price in El Geneina between 1973 and 1977
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. Photo 21: In the Sahelian zone, the cultivation of millet ha:
ly protects the soil against erosion. The spaces be
tween the plants are very large.

El Fasher (290 mm precipitation). Oct. 1981

Photo 22: Soil erosion in a millet field.
El Fasher. Oct. 1977




ming becomes uneconomic. The per-

to 23: In drought years far
cultivation enhances the

sistence of the peasants on
desertification processes.
Jebel Hilla, Darfur (250 mm prucipitarimn). August 1982

north-

stricken village in Abu Gau,

hoto 24: A desertification-s
ern Darfur, with cultivation at
March 1977

the 250 mm-isohyet.



4,3 PASTORALISM AND THE PROBLEM OF OVERGRAZING

The pastoral tribes which live in western Sudan consider them-
selves as Arabs or non-Arabs, despite the fact that mixed
groups constitute the majority. Most Arab ethnic groups the:
trace their origin back to the two main tribes: the Dja‘'ali
and the Djuhaina, which are also represented in other parts
of the country. Among these two tribes there are fully noma
seminomadic, as well as sedentary groups. Among the groups
non-Arabic origin the most important are the Fur, the Masali
the Tunjur, the Zaghawa, the Meidob, the Berti, the Nuba and
the Fallata (Westerners). Some of them have been so strongly
arabized that they have completely lost their tribal languaxs
Highly relevant to the question of identity is Arabism, on t
one hand, and Negroism, on the other. Those of mixed origin
exposed to strongly conflicting identities. The possibilitie
and limits of the economic development of the traditional
pastoralism of these tribes are determined both by the triba
conditioned behaviour patterns and the available natural re-
sources. An analysis is being made here of the human and nat
ural assets and alteration of the identity of the peoples co
cerned. The synergism of the natural, economic, social and
political factors in this marginal Saharan zone plays a sign
ficant role in this question.

4.5,1 MoBiLITY AS A FORM OF ADAPTABILITY TOo RAINFALL VARIA-
BILITY

In the Saharan marginal zone, where land use activities reacl!
their northern limit, the phasal fluctuation of precipitation,
typical of that zone, is of vital importance. A difference of
about 100 mm in the annual mean precipitation causes a shift-
ing of the temporary desert border by more than 100 km to the
north during the wet phase, and by more than 100 km to the
south in the dry phase. The ability to adapt which the inhabi
tants of that zone have developed, is expressed by their high
degree of mobility. Dry phases of more than 5 years cannot be
overcome by mere storage policy. Control of animal numbers an
migrations to the southern areas of retreat are the traditiona
pattern of behaviour during dry phases. It is often presumed
that nomads exercise no regulation on their animal stocks. At
least in Darfur, however, the case is different. The Meidob
pastoralists, for instance, hinder the multiplication of their
sheep and goats, in times of drought, by separating males fron
females. The Rezeigat camel nomads, too, control the pairing
of their camels exactly and never leave propagation to pure
chance.

The adaptability mechanism, which the inhabitants have devel-




;ped over the past centuries is no longer operational today,
.fter decades of rapid population growth. Sedentary animal hus-
Landry, which has only a limited horizon of mobility, and

}1in-fed cultivation are encroaching upon the nomad grazing

1ands. These are then forced into extremely marginal areas of
low productivity, which results in overgrazing damages, of
.hich the nomads are unjustly accused.

puring the favourable wet periods of 1919-1939 and 1950-1965

in the Sudan as in other countries of the Sahelian zone, the
~umber of animals increased extraordinarily (c.f. Figure 33)

far beyond the carrying capacity of land. In the succeeding

iry phases, the pastures were strongly degraded by overstocking
and gradually lost their ability to regenerate. This led ulti-
mately to the drought disasters, which were caused mainly
through lack of fodder. Lack of drinking water, which often has
iramatic effects, plays only a secondary role in such cases,

¢ there are sufficient pasture possibilities (grasses, herbs,
hrubs and trees) the animals require only little water as a
~ule. The example of the Jizu area, north of Wadi Howar in
sestern Sudan, proves that nomads are able to stay with their
inimals in certain waterless areas up to half a year from
yotober to March. The herbs, which grow there and serve as
fodder for the animals, meet the animals' water requirement,

while the people live on milk and meat.

womadic camel, sheep and goat breeding is the only land use
form which is at all possible in such regions. Nomadic animal
husbandry has completely adapted itself, as no other economi-
-al system has, to the annual variability of precipitation in
the Sahelian zone. The Rezeigat, for example, follow thg rain
with their animals from Bahr El Arab in the south at AO N
latitude, up to Wadi Howar in the north, as far as 17 N.
Although this route is traditionally fixed there are a great
number of variational and deviational possibilities. The flexi-
bility of grazing routes displays the highest form of adapta-
bility to the variation in rainfall of that zone. The nomads
follow rainfalls at a calculated delay, thus enabling the
grasses and herbs to grow before the arrival of the herds and
possibly to develop new seeds as well. Figure 34 shows the
manifold variants of the movement routes of the nomads in
northern Darfur. It reveals their adaptability to both the
spatial and time variability of precipitation. Generally, the
grazing routes run in a north-south direction and along the
available water points (wadis, rahads, hafirs, wells and pump-
ing stations). How far the nomads move northwards and how long
they stay in each area depends on the rainfall conditions in
that particular season.

In strong contrast to the nomadic activities stands the seden-
tary animal husbandry, which destroys the same area all the
year round. It does not give plants even the shortest break
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Develoment of the numbers of population and livestock in the
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juring which they may grow undisturbed and develop seeds for

-~ next year. Especially in the perimeters of settlements,
nimal keeping by the sedentary population leads to the com-
|ote disappearance of palatable grasses, such as Cenchrus
florus, Eragrostis tremula, Echinoehloa colonom and the
arious Aristida species.

present, many Sahelian states are trying to settle the no-
.ds for political and security reasons. Ecologically this
,uld be disastrous and economically it would signify a great
ss. Those who try to convince the nomads that they would be
.+ter off if they settled down to a fixed place ignore the
.ot that almost everywhere in the Sahelian zone nomads are
cher than the sedentary peasants. The plea for nomadic pas-
ral economy by no means implies that it should be left with-
1+ development, pbut it should not be the kind of development
shich leads to its deterioration and final extinction.

13,2 GRAZING ZONES IN NoRTHERN DARFUR

» illustrate the complexty of grazing systems in the Sahelian
.one the map of land use of northern Darfur (Map 3) will be
riefly discussed in this connection (cf. also Figure 34) .

he map divides the region of northern and central Darfur into
four grazing zones according to the dominant use during the

;easons of the year:

% T All-Year—Round Pastures

These occur in the central zone which coincides with the zone
of rain-fed cultivation and the concentration of settlements.
All-year-round pastures have been extended in the last decades
with the extension of water supply through boreholes. As only
2 to 3 months of the year can be considered humid, adapted
grazing is possible solely during these months (July to Septem=
ber). Continuous grazing and browsing has, therefore, severe
consequences for the ecological balance. Grasses have been
exhausted. Less palatable species, such as Calotropte procerd,
‘agsia acutifolia, Sesamum alatum and Acanthosgpermum hespidum
have replaced palatable grasses, especially Arietida species.
The degradation usually takes place in form of concentric
rings around settlements. The radius of the overgrazing circle
usually covers a day's wandering. Goats, sheep and cattle are
taken in the morning by the village boys and brought back in
the evening. The most desertified areas are those around water
points, for these animals are led there to drink every second

day.
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| 324 pastures of the Dry Season

‘hese pastures are to be found in the south-western part of the
sgion. There, precipitation ranges between 400 and 800 mm

annually. Though rainfall here, too, is extremely seasonal some

.ther physical geographical factors render it possible for

herds to spend the dry season there:

The western forelands of the Jebel Marra massif are hydro-
logically favourable: some watercourses flow several months
in the year. As the prevailing rock is impermeable (Basement
Complex) many ponds and shallow wells sustain their water
t+he whole year round. Thus drinking water for man and animal
is secured throughout the dry season.

- Owing to the fact that the prevailing soils are skeletic and
unfavourable for cultivation, no large-scale clearing of
woodland has taken place in that region. For this reason it
has become a favourable place for browsing camels. The Rezei-
gat camel herders especially frequent these pastures regu-
larly in the dry season between November and May.

1.3.2.3 Pastures of the Rainy Season

rhese are to be found in northern parfur in the semi~-desert

between the 100 mm and the 250 mm isohyets. Formerly this zone

.vtended further south but was encroached upon by millet cul-
tivation. Apart from the herds belonging to the tribes living
there (Meidob and zaghawa) , the herds of the ne ighbouring
+ribes (Rezeigat, Bedayat, Zeiyadiya) frequent these pastures
between June and October. Their movements depend, however, On
the variation in precipitation: amount, distribution and
locality of rainfall. In dry years, many of the neighbouring
tribes remain in the south, where they get into conflict with
the sedentary cultivators. Indeed, what makes the northern
pastures attractive for camel and sheep herders is the fact
that they are generally free from cultivation. Moreover, there
is a favourable alternation of sandy Goz areas covered with
inietida and Cenchrus biflorus and wadis rich in trees and
shrubs for browsing. Drinking-water is usually available during
the rainy season, either in the shallow wells or the seasonal
ponds. In dry years, the herds resort to the boreholes dug in
the Nubian Sandstone of the Meidob land.

4.3.2.4 Pastures of the Cool Season

These are to be found in Wadi Howar and the Jizu area to the
north of the wadi. Apart from the relatively dense tree stock
in the great basin of wadi Howar, the Jizu plants provide
pastures during the dry winter months between November and
February. The juicy grasses and herbs of the Jizu area, how=
ever, do not grow every year in the same manner. In dry years,
they do not grow at all and the camel nomads remain in Wadi
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Howar or farther south. Though the annual mean of precipit
is less than 100 mm and no drinking-water is available, th
herds can spend up to 6 months there in favourable years.

animals get their fodder and moisture from the Jizu plants
while the herders live on milk and meat. The pastures of t
cool season are a welcome extension to those of the wet se
in the north.

A

4.3.2.5 Grazing Routes of Nomads and Seminomads (Map 3, F

The routes which the herders follow according to the seaso
the year are displayed by coloured arrows: The movements i
dry season (orange arrows) are directed southwards. The hex
wander along the piedmont of Jebel Marra to the south, turr
westwards and stay in the Wadi Azum area till May. With the
first showers they go back (violet arrows) taking either th
route to the west of Jebel Marra via Kebkabiya or the route
the east via wada'a and E1l Fasher. Due to the lack of surfa
water towards the end of the dry season and at the beginnin
of the rainy one, the herds are led along Wadi E1 Ku', wher
there are several water pumping stations. How far northward
the herds go depends on the condition of the pastures which
ln turn depends on the amount of rain. Nomads usually posse:
a very good system of acquiring the latest information about
the grazing conditions in the area.

After the end of the rainy season in October, cattle nomads
(Baggara) return southwards to spend the dry season there.
The Baggara may go as far as Bahr El1 Arab on the borders of
the Dinka land. Camel nomads go either southwards to south-
western Darfur or, if they learn of the growth of the Jizu
plants, they move northwards (blue arrows), cross Wadi Howar
9o as far as the forelands of the Ennedi mountain ranges.
Added to ti

€ seasonal movements, there are grazing routes whi

certain seasons (yellow arrows) but are
adapted to the occurrence of major wadis or mountain ranges

which provide browsing possibilities and drinking water all
the year round.

1
are not committed to

CO

4.3.3 THE PROBLEM oF OVERSTOCKING

A reasonable reorganization of range economy with the aim of
rational management of the available pastures is impossible
without carrying out a precise control of the number of animal
stocks. The official census is considered by the officials
themselves as being unreliable. It is extremely difficult to
know the real sizes of the herds, for the owners refuse to giv
the true figures for fe of being compelled to pay high ta;??
Animal statistics are usually compiled from taxation lists whic
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W

nderlie no official control, and are

usually made by the chiefs
own most of the animal wealth. Revealing the number of ani-
nals by the help of the vaccination figures of the veterinary
+ations would certainly lead to the refusal of the animal keep-
. to participate in vaccination campaigns for fear of being
thly taxed. Thus trust in government vets would be lost.

re promising is the aerial census, but owing to the high

,ility of the herds in the Sahelian

zone and the unpredicta-=

lity of their movements it becomes difficult to select re-
sentative samples in a confined area.

n if one reviews the development of the number of animals
.ording to the official census in this century one is abhor-

1 at the dramatic increase. Figure

33 shows this development

the Republic of the Sudan between the years 1917 - 1977. The
man population increased by more than six-fold, the number
cattle rose to twenty-one-fold, that of camels to sixteen-=
1d, that of sheep to twelve-fold and that of goats to eight~-
14. At the same time pastures became smaller and less produc-
ve, and the physical condition of the animals suffered respec=

vely.

ery calculation of the degree of st

no reliable census is available. E
{fficult to determine, for the nomad
braces more than 500 km while the g
iry herders are confined to a few sq
ng is best measured by its effects:
roduction (500 g per cow/day) ., disas
rought years and complete destructio
ncluding tree stock.

he example of Northern parfur, Sudan

ocking is doubtful as long
ven the related areas are
ic annual grazing route
razing areas of the seden-
uare kilometres. overstock-
meagre cattle, minimal milk
trous consequences in

n of the vegetation cover

, clearly illustrates the

1{ifficulties and the gaps met when calculating the degree of

verstocking:

. The total area of the Qrovince is about 340,000 kmz. Only

half of it (170,000 km~) is suitabl
grazing, the rest is desert. Owing

e for extensive (light)
to the confined water

resources and their disgribution only half of this potential
grazing land (85,000 km“) is actually used.

- One has to assume that the real numbers of animals are at
least double the figures given in the census.

- The calculation of the animal stock of Northern Darfur in

Livestock Standard Units: 1 camel =
L.S.U., 1 sheep, 1 goat = 0.12 L.S.
ures:

1 L.S.U., 1 cow = 0.75
U. gives the following fig-
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Tab
Lar
Catt
5116
Goat

: The numbers of livestock in Northern Darfur in 1¢
Fﬂﬂjjf4[31@,_§§£EL_@OUb]U~ x L.S.U. = Total (L.
226,100 x 2 X 1 452,2
908,100 x 2 X 075 1;362,1°
1,409,500 x 2 X 0.12 338,28
2

1,193,000 X 0.12

286,32
2,438,95

done by

survey the author in 1977 embracin

holds in Northern Darfur the mean size of the he:

per usehold was 10 camels, 7.5 cows, 22.5 sheep and 19.
joat which equals about 20 L.S.U. Considering that the p
1lation was 1 million and that the average size of the ho
holds was 6, the total number of livestock could be
] illi ! :

z 20 B Jp I3 L.S.U.

- rding to BOUDET (1975b, p. 30) 100 kg of 1living animal
welght require 1,825 kg plant biomass. To keep a Livestock
standard Unit of 250 kg, 4,562.5 kg of biomass are require
(182 290)

100 S

- For the Sahelian BOUDET (1975a, p. 89) assumes an ave
1] innual production of biomass of 1,000 kg dry weight pe
hectai it the surface Accordingly, the carrying capacity
)f the Northex ‘arfur Province can be calculated as follc¢

00,000 ha « 1,000 kg o
! B ' ! 1,863,014 L.S.U.
1,562.5 kg
- refore, t i i that rovince is as follows:
438,950 L.S - 1,863,014 75,936 L.S.U.
r in %:
1, L ’ 14
If w \ the igur i - erstock ] will b




Seasonal fluctuatuation of livestock prices in Foro Burunga
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Whatever mistakes these estimations may incur, the conditi
of animals and pastures clearly reveal a high overstocking
gree in the Northern Darfur Province which can be taken as
presentative of the Sahelian zone.

The sale of animals in northern Darfur is relatively low cor
ed with the number of livestock available (Compare Table 30
with Table 31). The off-take of cattle is only 3 %. Probabl
this is one of the reasons for the constant rise of livesto
prices (cf. Figures 32 and 35). Added to this, there is a r
markable seasonal fluctuation of animal prices which could

related to the rainfall variation, on the one hand, and lac
animal transport means, on the other.

Table 31: Livestock sale on the major markets of northern D
in 1976

- Camel1s Cattle Sheep Goats Donkeys H

El Fasher 12,100 9,800 13,000 5,200 420 1

Mellit 4,264 3,149 21,462 6,233 905

Kutum (1977) 72 144 1,560 2,952 72 ca.l

El Geneina 7,410 8,288 7,480 1,460 1,640 2,0

Foro Burunga 1,433 30,735 6,331 6,124 953 2,24
Um Keddada 45 810 645 360 ca. 70 ca.l0
Total 25,324 52,926 50,478 22,329 4,060 4,6¢

About 30 % more livestock (especially sheep and goats) are s«
outside the markets.

SOURCE: Administration of Town Councils

Overstocking damages are most conspicuous where sedentary ani
mal husbandry is exercised. The surroundings of settlements ai
therefore, suffering most from the effects of desertification
through overgrazing, both quantitatively and qualitative Y.
After surveying many perimeters of settlements in Darfur, the
author has been able to work out a scheme of concentric rings
which often recur around these settlements as a result of over
atocking (cf. Figure 36)

The qualities of both tree and grass species change considerab
the closer one comes towards the centre from which desertifica

tion is triggered off. At the distance of about 10 km, the pa
atable acacias are gradually replaced by unpalatable species,
such as Adcacia tbtea, ’ ¢ 818, Albizzia species

and ptadenta pyrotechnica. Aristida Species are usually re-
plxlCOLl {)“ rhrus bif
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Fig.36 |dealized scheme of desertificati
settlements in the Sahelian

The nearer to the ce

FN. IBRAHIM, 1979

on in the perimeter of
zone of Darfur, Sudan

ntre. the higher the degree of

degradation is.

1) Inner ring

of excessive cultivation combined with

overgrazing

a) Settleme
aegyptiaca, Acacia raddiana, Zizip

Azadirachta indica )

b) Settlement fringes, with unpalat
shrubs ( Cacia species, Calotropis pro
senegalensis, Albizzia species )

ultivation with no fallow

nt with old, shade-giving trees ( Balanites
hus spina christ,

able herbs and
cera, Guiera

¢) Ring of excessive C
d) Ring of cultivation interspersed with fallow
Also overgrazing damages

2) Ring of permanent overgrazing

3) Ring of excessive tree-felling and seasonal overgrazing
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ny season grasses are missing. Maerua
deformed by browsing.

(290 mm precipitation).

to 27: Despite the rai
crassifolia 1is
wadi Golo, Darfur

Sept. 1976

Photo 28: Due to overgrazing palatable grasses are replaced by

unpalatable herbs.
Um Keddada, Darfur

(250 mm procipitatimn). Sept. 1976
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Photo 29: In drought years, fodder has to be
prices to keep livestock alive.
El Fasher. Oct. 1982

bought at high

o
Photo 30: Fodder shortage and not

lack of drinking water is th
actual cause of the Sahel disaster.

N Kordofan (300 mm precipitation). August 1982




tlement the plant density decreases rapidly.
d by shrubs which are strongly deformed by

11 PSS 8pi na

yearer to the set
rrees are replace
rowsing animals, such as Maerua erassifolia, &i:
and Balanites aegyptiaca. Closer to the settlement

and there is usually a domi-

nance of Calotropis proce Boscia 8eéen¢
nsis and Capparis decidua. Ground vegetation is dominated

unpalatable herbs, such as Cacta acutifolia and Segamum

+um. In the village itself one finds only the protected

ade trees, such as Acacia albida, Balanites aegyptiaca, 181
shta indie

mueronata, Acacia raddiana and Aszadirac

y

se species become less dense
-raqa with some occurrence of

.sertification effects in the surroundings of settlements and

he difficulty to control cattle numbers in order to avoid
.orstocking, imply that one of the important steps to be taken
to try to achieve evenly distributed grazing all over the
rea. This could be effected if drinking water facilities were
senly distributed. A rotation of the use of water pumping
ations could be used to control grazing activities. Other
ccessary measures are the improvement of pastures by re-seed-
ng in suitable areas, establishing firelines to check savanna
res, hay making and storage in the rainy season and buying
sdder from irrigation areas during the dry season. At the same
time, laws have to be issued regulating the rights to use graz=
ng areas by certain groups of the population in order to make
mnimal owners responsible for an improved grazing economy in
their respective holdings. Pastures which belong to neither
individuals nor to certain tribes are recklessly exploited to
the degree of complete destruction. The most important measure
ind at the same time the one most difficult to realize, is the
control of the number of animals to be adapted to the carrying
-apacity of land. Some form of adapted cattle marketing system
must be developed to suit the traditional disposition of the
savanna population towards cattle as a symbol of power and

riches.

4.4 THE RoLE OF PEASANT WoMEN IN THE PROCESS OF DESERTIFI-

CATION

n of the Republic of the Su-
s of and sufferers from the processes of des-
n the problem of desertification
the old stabilized dune belt,

ffer much more from the degra-

Women peasants in the western regio

dan are both agent
ertification. Research done O
in western Sudan, especially in

Goz, reveals that women there su
dation of pastures and cultivated soils as well as from the

disappearance of the original tree stock than men do. Women
themselves have actively contributed to this degradation in
their desperate attempts to keep their families alive.Never-
theless, all efforts to check the progress of desertification
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have been so far, made only among the men. For this very r
little is being undertaken to improve the conditions of su
ence production which is mainly practised by women peasant:
There is rather a considerable number of afforestation pro
gum arabic plantation projects, cash-crop plantations, mec
farming schemes, range-management programmes and various
other projects which aim ultimately at improving cash-incor
This income flows directly into the pockets of men and only
indirectly and to a limited extent towards the subsistenc
the peasant family.

E

4.4.1  MiLLeT CULTIVATION AS ESSENTIALLY WOMEN’S TASK IN T
Goz BELT oF WESTERN SUDAN

One of the typical scenes in Darfur in the rainy season is
of women peasants doing field-work with their babies tied

their backs. About 90 % of those working on the millet fiel
are women. Millet is the main source of nutrition for the

ant family in western Sudan, especially in the northern bel
which is endangered and partly already stricken by desertif
cation. Women grind the millet grain, in most cases using t
oldest method known: they rub the grain between two stones,

kneeling on the ground, holding the upper roundish stone wi

both hands, rubbing it to and fro on the larger plate-forme
stone ich is lying on the ground. The flour is used for g
paring rent kinds of food, such as large, thin flat loa
of bread called kisra. In most cases they do not eat bread
all, kK a kind of millet pudding called asida. To give
flav pour "mulah" on it, which is a sauce made from

(bamia,

(sharmut) and hot spices. This food does not provide the pe

ca, ladys' fingers, biscusg s 2 (8) . dried m

with proper nourishment, as it lacks the vitamins which shou

be obtained from fresh vegetables and fruit. Most peasant
ilies eat practically once a day and owing to the shortage
millet towards the ¢ I the dry season the portions dimini

Dar fur 19 a thick millet b

] 3 1 quite nutritious.

igh women most of it, for it
considered a forbidden in Islam t
onsume_alcoh Nul cannot do wit
ut irisa, and are give
oat's ski their w ; es

ef
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~wever, exerting work.

but no threshing, which is

to help in sowing by digging

rains in these

oles into the loose, sandy soil is not,

The case is similar in Jebel Marra

the care of the orange-~

have to cultivate millet, sorghum, toma-

( h requires harder work than the

rrigating and picking of oranges. What are the reasons which

1 to the development of such unjust traditions in the distri-

+ion of work? Such a discrimination of women in western Sudan
prevalent not only in the agricultural, but also in the ur-=
environment. In Darfur, there is no job, however hard it

; be, which women refrain from practising. Wwomen there work
digging wells, and in all types of construction work requir-

; bodily strength, such as carrying stones, sand and water.

stance do some weeding,
a harder task. Men have also begun
. holes, while women follow, planting the g

ould for in

5. Digging shallow h

25.

suni undertake

re the Fur men in
sards while women
5, onions and garlic, whic

every day, which is traditionally
is one of the hardest tasks in pea-
n of land makes this work even
the vegetation cover

tching water from the wells
. work of girls and women,
nt life. The desertificatio
rder, for owing to the degradation of
the higher catchment areas of water courses, these courses
.wve changed their hydrological system in dif ferent ways, lead~-
g ultimately to the change of surface run-off and the re-
arge of the shallow ground-water aquifers. Generally the ab-
.nce of vegetation causes less seepage, more evaporation,
juicker runoff, more soil erosion and enhanced sedimentation.
The latter process has led to the damming Up of the lower cours~
and the diversion of their direction. These hydromorpholo—
{cal changes have a strong impact on both surface and ground=
water supply in the forelands. Some water-reservoirs (hafir,
shad) are receiving less water than pefore, thus drying up
too early in the dry season compelling women to travel longer
{istances for their water . Morever, the loss of the vegetation
wer enhances soil erosion and with it the silting up of the
jug water reservoirs (hafir), so that they hold much less
water than before. The evaporation ratio in shallow hafirs has
increased immensely. In the cases in which women depend on the
sells in the wadis and in the forelands of mountains a drastic
sinking of the ground-water table and the drying up of some
vells has been observed, resulting in not only less water for
the family but also more work for the women. Moreover, deser-=
tification in the catchment areas of wadis which are used as
» source of drinking water in the rainy season increases the
burden of women, as they used to dig shallo

w holes (tumad) of
about 50 cm depth in those wadis to find water during the rainy
{mitive digging tools or their bare
however with the change
£ the wadis, women must dig up to
these tumads are filled up with
nes have to be dug: many
ts and tree-branches

season. They use either pri
hands, if the soil {s sandy and loose,
in the hydrological system O

three metres to find water. As
sediments with every
wells need to be cleare

new flood, new O
d off the sedimen
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floods and the men is this case assist, perhaps
2ir herds need water to drink.

4.4,2 THe ConNsSEQUENCES OF RAINFALL VARIABILITY FOR WOMEN C
VATORS

The variability of precipitation which is typical of the S
one has a far-reaching impact on the lives of women
tivators there:

a) 'he annual fluctuation of the amount of precipitation an
the high variability of the distribution pattern of rain
fall within each rainy season leads to difficulty in as
Se: ng the crop situation. Women cultivators are thus
» clear, till and sow a large area and, some we
later, decide which parts have received enough rain to
nem promising. These parts are then weeded and 1
1fter, until the harvest-time. In dry years even larger
areas are cultivated to secure the needed amount of mil
)r subsistence. Thus, intensified desertification take
place just in the very years in which the natural abilit
Of nature to regenerate itself is impaired by drought. 1
hese cas the amount of work done by women is conside
b ly increased and the contribution to desertification

b) One of the interesting correlations in this respect is
between rainfall variability and polygamy. The question-
naire run in Darfur revealed this strange relationship.
When asked how they managed to satisfy their demand of n

let or sorghum in a certain dry year (1976) men who had
than one wife almost invariably answered that one of the
wives brought in g S. The explanation of this va
1t 4 of ‘ain yie 8 within the same season and withi
[ um irea i fall in that semi-arid marginal
t1 ical ne revea high local variability especially a
the beglinning and at the end of the rainy season. Clouds
*luster and produce a neavy arternoon shower, while the
may b shining tw Kilometres 1Yy. One often notices
rain-gaug i € same t » @ few kilometres apart,
jive quit liffer t readings t same day. Generally,
10 eir ) ftrom different villages or
11 f n t \irts £ Eth llage, perhaps to avoid con
icts. Oft ¢ €a € living in her home vil-
Lage I juarcer ri1gi
[ > is w s i ¢ 1d
1av r o llet t at a c
t > € { 3 L el ° 1NEeSE
created, even t irea i
th wer wif ] 3 o res
t llag 1 ition area, as




occupied by the older villagers. The older wife's plot is
usually near the village. This wide distribution of the
plots of the same family fits in well with the local varia-
bility of rainfall. Polygamy provides more chances of sur-
vival for the husband, but not necessarily for the women
and children, as mutual help between the different wives

of the same man is uncommon, instead, rivalry prevails.
Only some indirect help is given to the poorer part of the
family by the husband. One should not however overestimate
the role of polygamy in rural economy, as the statistical
average of men who have more than one wife is only 10 %.

In rural areas of western and southern Sudan, the percen=
tage is somewhat higher.The important point is that each
wife is made responsible for the livelihood of her part of
the family including her husband.

rainfall variability for women
e compelled migration during the

phases of drought. This is mostly relevant to the Zaghawa
women of northwestern parfur. During the recent dry clima-
tic phasebegun in 1968, in which precipitation decreased

by about 50 3 in relation to the foregoing wet phase 1950~
1967, women cultivators were obliged to leave their tribal
region and migrate southwards during the rainy season to
work as millet cultivators in the more humid zone some 200~
400 km south of their homeland. On such seasonal migrations
women usually take their children with them and form groups
each belonging to one village or area. They cultivate plots
of land upon agreement with the owner, who may also provide
the seeds. In some cases these migrant women are engaged
only for weeding or for both weeding and harvesting, and
they guard the crop against grazing animals, scaring birds
and locusts by drumming on empty tins.

The greater consequence of
cultivators is, however,th

-

After reaping and threshing the grain, the working women
receive their portion of the yield, which varies from one
third to one sixth of the yield. The name of this portion
being "ushur" (tenths) may indicate that, in former times,
land-labourers used to receive only one tenth of the crop.
In any case, 1and tenure holders are still exploiting wo-
men as cheap labour. One must realize that this land, in
most cases, belongs actually to the State and those "land-
lords" have only right of use. They certainly would not
have it cultivated, if it were not for the availability of
cheap labour. So it is quite an unfair business. At the end
of the rainy season, women carry their portion of millet
and return with their children to their home-villages.There, they
try to feed their families throughout the long dry season
of 8 months. The men may OCCUPY themselves by caring for
some animals or working at one of the jrrigation schemes of

the Nile area.



Photo

v " r- Py IO
Women are not only responsible for farming, firew:

supply, children and household, but they also rai
Malha Crater,

livestock and provide them with water and fodder.
Darfur. Sept. 1982

Photo 32:

With their bare hands girls dig seasonal wells (tuma
in Wadi beds.
N of E1 Geneina.

Oct. 1977




to 33: Threshing millet
duction) is done
N of El Geneina. Sept.

- &3

(as the whole process of food pro-
by women in western pDarfur.
1977

house construction in Dar-

Wood is indispensable for
fur.
El Fasher. Oct. 1977

Photo 34:
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4.4,3 THe New BURDEN LAID oN WOMEN AS A RESULT OF THE SET
MENT OF NoMADS AND Semi-NoMADS

One of the consequences of desertification is the settlem:

nomads and semi-nomads. Settlement, however, brought about
work and more responsibility for women. Sedentary living i
volves more dependence on cultivation which is traditional
the work of women. In the past nomadic life, women contrib
to the livelihood of the family by milking the cattle, mak
butter, cooking it to conserve it, and selling milk and it

different products, at the market. In the rainy season, th
used to grow millet or sorghum on a limited scale. The seti
ment of nomads has been associated with economic and socia
degradation in most cases, as it was due to the loss of 1lix
stock and wealth. This loss rendered men jobless and set m
of the burden of caring for the family on the shoulders of

women for the traditional reasons described above. Beside

loss of livestock, the pacification of nomads in the coloni
and post-colonial times has contributed to the "unemp loymer
of the men. Defending tribal pastures and herds against th
raids of other tribes was one of the most important tasks

men. With increasing security men have to seek other tasks,
but find it difficult to accept sharing farming work with t

women.

4.4.4 PossiBLE WAYS OF IMPROVEMENT

Considering the fe

ct that women suffer more than men as a re¢
sult of environmental degradation of the semi-arid zone of

Republic of the Sudan one of the important objectives of cor
batting desertification and its impact must be to improve ti

women's situation

there. Apart from the recommendations mad
in the United Nations Plan of Action to Combat Desertificati
of 1977, mendations have to be made and immedia
implemer relieve the heavy burden laid on women in the
areas. the projects directed against the causes and

consequences of desertification are of technical agrarian na
ture, which give little or no attention the flagrant ine-
societies in which thes:
ng carried out. The following few recommenda-
] he first step to further sug-
to help women in the rural sen

quality between men and women in the

(' radio, TV, Party inf
11d ch men how to help the
e t realiz t it is tl man's duty to
reater part « 1€ responsibility for feedi
b) ppropriate hnologica me t s of field-work should }




developed in order to make the cultivation of land easier
and more productive.

The prices of millet and sorghum must be controlled on the
rural markets to stop the manipulation and exploitation
exercised by the merchants. This could be partly achieved
by organizing a low-profit making corporation which would
undertake the storage of grain in the times of price re-
cession and its marketing when the prices begin to rise.

water supply should be improved, in order to relieve the
women's work of fetching water from wells over long dis-
tances. Simple technical improvements, such as using hand-
pumps or donkeys and camels for drawing water from the
wells could be easily introduced, before a final solution
could be found.

The problem of rural energy should be solved, before it be-
comes too late, i.e., before the tree stock of the Sahe-
lian zone disappears completely. Intermediate solutions
should be found, before oil is explored or solar energy
used as all these are long-term solutions. At present,
measures could be taken to improve the production, trans-=
port and marketing of fire-wood and charcoal. Simple ener-
gy-saving ovens should be developed and introduced to re=

place open fires.

ready stricken by desertification

alternatives for the cultivation of grain should be found.
Handicrafts should be taught to rural women so that they

can practise some home-industries, such as making carpets,
weaving mats and baskets of straw and palm-leaves, sewing
and needle-work. Leather-work from goats' skins should be

developed as well.

In areas prone to or al

t is certain that changing traditional attitudes is difficult
ind requires a long time, but one must start at least by iden-
tifying the problem and forcing the people concerned, to re-=
‘ognize it. Though women in rural societies are discriminated
igainst, as amply described above, they are hardly aware of the
fact. Even if they realize that they are suffering, they do not
perceive the causes and are, therefore unable to identify any
proper solution. Men, on the other hand, are neither interested
in knowing the problem nor in solving it. Even if they are
principally convinced that something must be done they are not
willing to change the traditional order.

ot allow his wife to sit and eat with

f Western Sudan asserted that his wife
drink water in his presence. when asked
he made it clear that liking her
letely different subjects. His

t and she herself would never dream
t is a great issue to decide

When asked why he did n
him, a Rezeigat nomad ©
would not even dare to
if he liked his wife at all,
and eating with her are comp
wife was brought up like tha
of breaking tradition. In fact, 1
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whether it is wise at all to interfere with and disturb a
ditional society, without offering solid and comprehensive
ternatives. Single and isolated changes might be more harmf
than no change at all.

4,5 THe DestrucTioN ofF THE TREE STocks FOR WINNING TIMBER
FueL

pu

l'ne inhabitants of northern Darfur depend almost entirely or
wood in meeting their energy requirements and in the buildi
of their huts, fences and enclosures. Figure 37 displays th
results of our questionnaire concerning the wood consumptior

of an average six-member family in northern Darfur.

87 % of the inhabitants stated that they obtain wood by fell
trees in their near surroundings and in 13 % of the cases,
is brought from distant areas. The average consumption of £
wood is a donkey-load (rahal humar) per family, per week. Th
is about 50-70 kg wood which can be won by the felling of a
middle-sized 2za mellif and on the market this load co
ibout as much as the wages of 2.5 days in farming. Despite t
high price of wood and its growing scarcity, it is still bei
used uneconomically. For cooking purposes women often burn o
large piece of wood which continues to burn the whole day.
Energy-saving ovens, as those known in India or Egypt, are
rarely used in the Sudan. Closed mud ovens make use of about
40-50 % of the energy produced, while open fires give only 5
enerqgy benefit

Only the urban population of the Sudan uses a simple tin over
(mangad) , in which charcoal is burnt. Although the tin oven

not suffciently closed, it wastes less energy than open fires

lit"

Not only farmers and nomads use wood for fuel, but also the u
ban population. None of the 30 bakeries of El Fasher use fuel
tl than wood and gasoline is too expensive to be used for
uch Irposes.

'he requirements of timber northern Darfur are about three

ly, about 150 trees or scrubs
to erect the

field enclos

1)

fixed in

because

stroy

he ground and are tt
wind.
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Fig.37 Annual wood consumption per family in northern Darfur

e — — — S

e ——

Fire-wood Field-enclosures
( 1 tree or shrub about 600 m, half of
per week ) which are renewed annually

( only one third of the fields
have enclosures )

Building new huts Enclosures for

( 16 trees are used to living-compounds

build 2 huts per family
A hut lasts about
6 years )

({ BOm, halt of which
are renewed One tree
- is neaded for 1m
enclosure. )

Total number

of trees and shrubs 40
required

| 194.5

|

|
|
|

Source: IBRAHIM 1979 b
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An estimated 10 million families in the Sahelian zone

make use of 2 billion trees annually. Afforestation activit
are, however, very poor in the Sahel. In northern Darfur, t
are planted in the perimeters of El1 Fasher and Um Keddada a
a type of "green belt" to protect the towns from the encroa
ing sands.

Although in the Sudan laws exist to protect certain tree sp
cies and to control charcoal makers in clearing tree-stocks
those laws are rarely obeyed and corruption prevails.

Reducing wood consumption must be given high priority in cor
batting desertification. Two thirds of the wood used now ca
be saved, if better construction methods are introduced to
make huts and enclosures last longer. In addition, more ener
saving methods should be taught to the population to reduce
the consumption of firewood at least by 50 %. Ample extensic
work must be done in this area, if good results are to be ob
tained.




&N
large num-=

to 35: For the construction of field enclosures a

pber of trees are felled.
Kafoot, northern parfur. Sept. 1982

(palbergia melanoxylon)

ebony
hut construct ion.

Photo 36: The remaining rest of
in Darfur is being felled
Manawashi, Feb. 1980

for
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Photo 37: Strip-mining is the method of legal and illegal ct
coal producers in the Sahelian zone of Darfur.
Manawashi, Oct. 1981

Photo 38: The last trees are being transported to the markets
camel-back. Here, th
pletely desertified.

March 1977

1@ perimeter of E1 Fasher is com-




5. Regional Differentiation of Desertification in

Northern Darfur

owing to the ecological variation within northern parfur and
because of the different systems of traditional land use in

+he different regions, ecological imbalance has reached differ-
ent degrees from slight to very severe. In this chapter, north-
rn Darfur is divided into 6 ecological-ethnoloqical regions,
.ach of which is examined as to its specific degradation prob-

lems.

5.1  JeBeL MARRA AND ITS P1EDMONT

n the Jebel Marra region vary
¢ conditions from
the slope

rhe effects of desertification i
in degree according to the change of climati
N to S and from W to E, the hypsometric zonation,
inclination and the edaphic variations.

£ the higher regions and the southern

e favourable for land utilization

the northern and eastern flanks. while
ather side receive 600 = 900 mm of

mean annual precipitation, the other areas of the leeside re-
ceive only 300 - 500 mm. For the whole region of Jebel Marra,
however, one has to take into consideration that the last 18
years constituted a long drought phase of about 25 % precipi-
tation deficit. Notwithstanding the worsening climatic condi-
tions the inhabitants intensified land utilization in order to
satisfy their growing demands. Especially N and E of the moun-
tain massif desertification damages have taken a large scale.
Stress will, therefore, be laid on these areas in this treatise.

'he more humid climate O
and western slopes are mor
than the drier climate of
the former areas On the we

lands have an elevation of
phological structure is char-
+ wadis separated by

The eastern and north-eastern fore
800 m to 1000 m above S.L. The mor
acterized by several flat-floor consequen
Goz accumulations in their lower courses. A little higher the

Goz gives way to skeletic pediment surfaces interrupted by
are: Wadi Tabos, Wadi

inselbergs. The major wadis from N to S

Magdub, Wadi Tawila, Wadi Keira (Kej), Wwadi Sauda, Wadi Durura,

Wadi Abu Hamra and Wadi ‘Amer. They follow the inclination to-

wards the E and SE flowing into the large endorheic basin of

Wadi E1l Ku' which flows ultimately into the sea of sands of
tionally wet phases can the wa-

southern Darfur. Only in excep
ters of NE and E Jebel Marra reach the sea through Bahr El

Arab and the Nile.



Agriculturally significant are the Goz areas lying between t
wadis. These sandy surfaces belong to the western ends of th
stabilized old dune belt of the Sahelian zone of the Sudan
extending eastwards to the Red Sea Hills. These aeolian sand
are here mingled with fine volcanic dust which renders the G
of the Jebel Marra pediment a particularly consolidated stru
ture, which makes it different from the coarse Goz of the
eastern areas dominated by Nubian Sandstone.

The combination of valleys and sandy surfaces renders this a:
suitable for intensive land use and dense human settlement.
While the Goz soils are generally taken under millet cultivat
wadi soils (containing material from the weathered volcanic
rocks) are chosen for the growth of sorghum, vegetables and
chewing tobacco. The farmers build earthen dams (taras, pl.
terus) in the flat-floor valleys so as to harvest the waters
the seasonal floods. The success or failure of the crop deper
on the amount of water trapped behind the taras. Water harve
ing, however, has become a highly speculative enterprise in
recent years. The reasons of this are complex:

- Both precipitation and run-off have dwindled considerably.

- Water consumption in upstream areas has increased (construc
tion of water reservoirs and irrigation schemes).

- The topography of wadi basins has changed as a result of en
hanced aeolian and fluvial deposition. The latter is to be
correlated with soil erosion on the higher slopes.

A further reason for the relatively high population density i1
the foreland of Jebel Marra is the secured water supply. In tl
wadis there is a large number of permanent traditional wells
whose water-table varies between 2 - 6 m below the surface.
Boreholes, such as those of Sag En Na'am reach the deeper grou
water layer (30 m). The population of the eastern forelands of
Jebel Marra is composed of the Fur, the Berti, the Birgid, the
Tungur, the Tama, the Biringa, the Bargo and the Dadinga. The
settlements of the Fellata, who came from West Africa are rela
tively old. Lately, specially after the outbreak of the drough
disaster in 1970, more than 100 Zaghawa settlements have been
established in that region. This recent phase of agrarian co-
lonisation of these northern tribes is probably responsible fo
the disappearance of trees and Aristida grasses on the Goz in
that region. Only patches of Cenchrus biflorus appear in the
rainy season.

A number of morphodynamic processes has been enhanced by this
recent damage of the vegetation cover. Fluvial processes includ
the dissection of the fringes of the stabilized old dunes and
the deepening of wadi beds. The aeolian activities include the
deflation of the fine particles in the soils, the formation of
wind-blown sand-sheets and Capparie dunes in the wadis.




T

mE s & F

the purpose of sup

he higher zone of the

piedmont (1000 m = 1300 m) is mainly
.4 as pasture for cattle, camels, sheep and goats. Compared
.+h the lower zone, this one has a denser tree stock and more
,ter resources. That is why it is highly frequented by live-
.ock herds of the surrounding settlements as well as by the
rds of the Rezeigat nomads (Mahriya, Mahamid, Abu Jallul) ,
5 migrate seasonally along the piedmont of the Jebel Marra
-sif to spend the dry season in the woodland savanna of the
ithwest. Cultivation is practised mainly within or alongside
he wadis where also the larger settlements are located (e.d.
hkabiya, Kas, Zalingei and Nierteti) . Desertification is less
vere in this zone than in the lower one. Ecological degrada-
on is to be related here rather to overgrazing than to over-
ltivation. One of the main causes is also tree-felling for
plying fire-wood and timber. Large areas are
oducers. Especially affected
ters of large settlements.

~forested by illegal charcoal pr
desertification are the perime

cultivation terraces which are
between 1500 m and 1900 m. Terraces
§ 2700 m. Owing to the difficulty
quite a large number

t caused by the pre-~

, next zone is dominated by
ncentrated within the zone
ach, however, an elevation O
keeping such terraces on steep slopes,

them have been deserted. But this is no
nt phase of desertification.

three zones of cultivation in Jebel

dominated by irrigated vegetable
chillies, onions and garlic). The middle
which is also interspersed by tomatoes
citrus orchards. The high-
hards (citrus,

ne can roughly identify
arra. The lowest zone is
‘ardens (tomatoes, okra,
sone is the millet zone
nd chillies as well as by irrigated

zone is a mixed one with a domination of orc
ango, juwafa).

eat cultivation. By terracing the slopes
ed and run-off slowed down. Silt layers
llow skeletic soils and the water-balance
ed. On the contrary, non-terraced slopes
kly and are easily subjected to the
especially in the loose volcanic

lere we have also wh
0il erosion is subdu
wccumulate on the sha
f the soils is enrich
lose their soil layer quic
formation of deep gorges,
ishes.

The Jebel Marra massif is a very old settlement region. It has
seen a long history of land utilization including various phases

of ecological degradation whenever the Fur population was forced
to take refuge in the higher zones during the Arab raids in the

forelands (c.f. AHMED 1982) .



5.2 DAR ZAGHAWA

Dar Zaghawa is one of the areas of the Republic of the Suda
which has been most stricken by desertification during the
drought phase. Since 1967 precipitation has been decreasina
pidly. Kutum for instance, which lies at the southern margi
Dar Zaghawa, reveals a precipitation deficit of 42 $ betwee:
1967 and 1982, compared with 17 years before (243 mm compar
to 345 mm annual mean). The deficit was even greater in Um
and Tine, in the centre of Dar Zaghawa (46 % and 69 $% respe
tively). During the years 1950 - 1966, Dar Zaghawa received
= 300 mm annual mean precipitation, barely sufficient for
success of millet cultivation which expanded all over the a
during that humid phase. At the same time, the number of an
mals grew quickly under such relatively good conditions. Dr
changes took place when precipitation decreased by half in
subsequent drought phase. The greatest loss was recorded am
the cattle stock of which two thirds died. The Zaghawa chan
from predominantly cattle breeders to predominantly camel b:
ers. The greater loss, however, was among the millet growers
who constitute the poorer level of the Zaghawa. Losing the
of their existence, they migrated southwards to settle in t!
more humid zone.

According to an offical report by RIFAI and AHMED (1974) 47

804 Zaghawa settlements were deserted during the drought yea
1969 - 1973 (Table 32).

Table 32: The Zaghawa distribution during the drought disas

District Total No. No.of Desert-= No. of Families
of Settle- ed Settle- in the Settle- in Pasto-
___ments ments ments ral Camp:
113 86 529 172
Karnoi 208 129 251 2,592
Um Buru 110 61 1,163 861
Musbat 87 48 946 9 8¢
Um Marahik 90 70 303 205
Dor 106 57 876 954
Other Areas 90 24 1,396 658
Total 804 475 5,464 6,428
Approximate population accordingly: (5,464 + 6,428) x 5 = 59,4
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s that the Zaghawa intensified their mi-

rhe same report state
s during the recent drought phase (Table

ration to urban area

) »

saple 33: Migration phases of the Zaghawa

Per Cent of Total Migrants

sriod of Migration

ofore 1960 30.7
160 — 1964 1.5
965 - 1967 8.7
)68 - 1973 49 .1

surce: RIFAI et al. (1974)

\s a result of the recent wave of migration today most of the
aghawa live outside their tribal land in NW parfur. According

to RIFAI et al.(1974) the total population of the Zaghawa in
ed in Dar Zaghawa,

973 was 148,000, of which only 60,000 liv

hile the remaining 88,000 lived in other parts of parfur. A
-onsiderable number of the Zaghawa live, however, in Khartoum
.nd in other large towns of the Sudan and work there as mer=
~hants and labourers. It should be noted that TUBIANA (1977) .

estimated the number of the Zaghawa in parfur in 1970 to be
255 ,000.

Zaghawa migrants in the
in Darfur, the
of the total

nations of the
ation destinations

and their proportion

Figure 38 shows the desti
sudan. Table 34 gives the migr
household numbers of migrants

number of nigrants.

Table 34: Migration destination of the Zaghawa in Darfur

_____/,_———r-_—«f e ——————————
Number of Households 3

A ! per Cent

- ___mbsolute Ry

—

El Fasher 10,585 55.5

Area between E1 Fasher

and Nyala 3,553 18.7

Nyala 350 1.8
1,483 7.8

South of Nyala



Number of Households
Absolute

Ed Da'ein 1,219
E Darfur 1,642
W Darfur

Total

Source: RIFAI et al. (1974)

For the Zaghawa, migration does not only mean the loss of ti
traditional environment and the roots of their identity, bu
also a socio-economic change. Ninety per cent of the migrant:
abandoned their semi-nomadic mode of living and livestock-ra
and became settled millet farmers in the Goz areas of Darfu
About 10 % live in towns now, where they are well-known as
chants of relatively good educational level. The economic si
uation of the migrants is better than that of those who rema
ed at home. One of the causes of desertification in Dar Zagh
is that migrants buy livestock and allow it be raised by the
relatives in Dar Zaghawa, leading to overstocking and overgr
ing. If this practice were stopped and if animal husbandry ws
limited to those actually living in Dar Zaghawa, stocking wo
then be in line with the carrying capacity of ,the area. The
tribal land of Dar Zaghawa is about 40,000 km® supporting ab
40,000 inhabitants at present. According to MUKHTAR, 1974 (Fig
1'7) the cagrrying capacity in Dar Zaghawa is estimated at 4.6
L.S “. This would mean that an average

U./k six-membered fami
nerd of a reasonable size of 23 camels and 40 she

Table ) Development of livestock numbers in Dar Zaghawa fr
1965 to 1974/1975
1) tanal) | 1era/a:d)  Increase of
1965 1970 "’ 1974 /75 ) Increase or

) ) Rreps - 1 Decrease

Cattle 31,830 10,695 - 66
Camels 6,543 30,778 + 370 %
Sllt.‘t‘i’ 3 - 26 %
Goats + 660 %
Horses =53 N
Donkeys + 52 %
Sources: 1) o Tl 5
)
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Fig.38 Destinations of the Zaghawa migrants in the last 50 years
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Table 35 shows that despite the severe drought, the number
livestock increased between 1970 and 1974. The structure of
herd composition has however basically changed. As cattle a
considerably more vulnerable to drought than camels, their
numbers decreased to about one third from 1970 to 1974/75,
opposed to camels which increased by four times as many in
same period. While the number of sheep increased slightly,
of goats increased by more than three times. This clearly p:
that camels and goats are considerably more adapted to the
drought-stricken area of Dar Zaghawa than are cattle and sh
The change of the Zaghawa from cattle to camel breeding inv

quite a considerable change in identity and mode of living.
is a change towards more mobility in pastoralism, replacing
settled life by a semi-nomadic one. One can appreciate that
a result armed conflicts with the neighbouring camel raisin
tribes: the Rezeigat (Abu-Jallul and Mahriya) in the SE, th
Beni Hussein in the S, the Bedayat in the NW and the Meidob
the E, have followed.

When interpreting the livestock numbers in Table 35, one sh
bear in mind that such official figures are taken from the
tion registers. The actual figures are much higher. Accordi
oral information from the Zaghawa chiefs, one may get nearer
the actual livestock numbers if one multiplies the official
ures of camels by 4, those of sheep and goats by 2 and thos¢
horses and donkeys by 3. The actual number of cattle is comy
rable to that of the official one.

At present, Dar Zaghawa is suffering from severe drought. Th
general exodus of the population has been strongly intensifi
in the last few years. More serious, however, is the rapid d«
terioration of the natural ecosystem there.

The changes in precipitation, animal husbandry and rain-fed
cultivation were accompanied by dramatic ecological changes.
The causes are both natural and human. Drought caused large
tree stocks, especially stocks of Acacia mellifera and Commif
1fricana, to die. While this natural devastation took place
the pediments and pediplanes of the Precambrian Basement Comy
the old dunes were reactivated as a result of excessive rain-
cultivation and sedentary animal stocks. Rehabilitative measu
should aim at the complete conservation of the desertified ar
by stopping rain-fed cultivation and controlling sedentary gra
ing there. Alternatives should be offered by a better managem
of wadi basins in the southern boundary of Dar Zaghawa, espe-
cially in the large wadis of Aradeib and Kaja. Suitable method
of water harvesting could be developed to secure enough water
for drinking and the irrigation of a considerable strip of lai
and migration should be directed and organized so as to avoid
the ecological destruction of the destination areas, as has
happened in the area south of El Fasher.
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tification are less pronounced in Dar Meidob
eas of Northern Darfur. Comparison of Dar

h lies roughly in the same zone
ovides information on the varying effects

al farming. Most of Dar Meidob still seems
f ecological balance, only the immediate
tering-places and settlements being affecte
ing. We recognize as reasons for the
to the ecological situation in Meidob

d primarily the predominance of pasturalism and the confine-
.+ of arable farming to a few favourable areas. glthouq the

idob land is concentrated in the semi-desert (15 N = 16 N) .
.re are a few favourable factors for pasturalism in this
latively 1imited region, which has no more moist areas to

pplement it.

d

hbe in a state O

endangered by overgraz

n altitude of more than

jdob rise to a
o the resultant cooling,

J. Teiga and J. Me
1,000 m above sea level. Owing t
especially in the winter months - dry season = the grazing

animals' requirement of drinking-water is relatively low and
the growing period of most of the grazinq—plants is longer.
In Dar Meidob there is a large number of shallow wadis and
sedimentary basins in which, owing to soil advantages, a
rich stock of trees has developed which can be used at any
time of the year for prowsing. A characteristic feature of
the cattle-herding Meidob, therefore, is that they do not
undertake great seasonal migrations, although they live
partly in the Saharan area.

es within the Nubian Sandstone area which con=
es of groundwater. There are 22 deep bor¢
han 15 traditional wells in this area. The
f drinking water and the existence of

ure enable the Meidob to keep cattle
sheep and goats. For the Meidob =

he size of the cattle herds remained

unchanged (or possibly increased) , despite the disastrous
drought from 1969 - 1973 (c.f. Table 36) . The traces of this
catastrophe are still however visible even today in Dar Meidob.
One often comes across withered specimens of Acacia mellifera
in the countryside, whose death cannot be attributed to man's
irresponsibility. This kind of restriction of grazing capa-<
city, however, causes increased pressure upon pasture areas
which are not as adversely affected by drought. When the
situation became critical, the semi-nomads of the Meidob

migrated south at that time, as far as Bahr El1 Arab.

) Dar Meidob 1i
tains large bodi
holes and more t
assured supplies O
areas of permanent past
in addition to camels,
unlike the Zaghawa = t



Table 36: Livestock in Dar Meidob

Source Camels Cattle Sheep

Taxation Registers 12,104 i lal S 48,880
(1973)

Official Report 40,300 40,300 147,900
(1973)

Estimation of a 191,000 106 ,000 320,000
Meidob Chief (1976)

F. IBRAHIM (1977) 132,000 63,500 377,000

Table 36 shows that the Meidob are mainly camel breeders. Th
sizes of their herds are relatively larger than those of oths
tribes in Northern Darfur. It is worth mentioning that the M
number about 45,000 at present (1983): in 1956, they were 22,
They speak their native language as well as Sudanese Arabic.

5.4  THE ZE1YADIYA LAND

The territory in which the Zeiyadiya (Arabs) live in NE—Dagfu
exLundS approximately 450 km in a NS-direction, between 12°N
and 16 N. In particularly wet years, the inhabitants migrate
with their herds of camels and sheep into the Jizu-area north
of Wadi Howar, about 500 km to the northwest. In particularly
dry years, they penetrate southward , as far as the railway
line. The Zeiyadiya are a group of nomads who are presently ir
the process of becoming settled. The Zeiyadiya further south
have already become settled millet growers and have establish
a large numer of farming settlements to the east of Mellit and
to the north-east of El Fasher. The northern Zeiyadiya, on the
other hand, have to this day, remained camel-herding nomads.
Their main pasture areas lie in Um Bayada and Wad Mareiga,
south-east of the volcanic Jebel Meidob. If one compares vege-
tation and soils there with those of the Zeiyadiya arable-
farming area in the south, one arrives at the same conclusion
that although there is much less rainfall in the north than in
the south, the ecological situation is better there. The satel-
lite images reveal the farming areas around Khurreit (Koma) and
Abu Gau (Abu Kau) as white patches completely void of vege-
tation.

An example of the many Zeiyadiya groups who are in the transi-
tional stage between arable farming and nomadic cattle-herding
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gt Taweisha, Haskanita and as far as the railway line. As

is part of eastern Darfur is the old-dune belt (Goz). there
1s of water (rahad) for watering the animals.
therefore, follows the water pumping stations
This migration south-
the rainy season lasts only until August;
turn to Um Hejelija and then travel imme-
ately northwards to J. Teganor, En Nasub, Um Bayada and Wad
reiga. In September they return southwards and spend the dry
ason near the water pumping station Abu Humeira. In especially
vourable years when the Jizu-area offers good grazing, the
iyadiya spend the winter months there.

the Zeiyadiya of Um Heje
ient, comprising approxima

.son the women O
., younger Ones
ep and camels,
in (rashash) begins to fal

. pastoral route,

rd at the start of
. semi-nomads then re

wads cover great distances on their
- considerable damage is done
around the water

though the Zeiyadiya semi-non
gration - about 700 km in a year
» overgrazing during their fairly long stay

mping stations.

5  DAR MASALIT

region in the Northern
the population of the
best

s the most important
(386 ,000) of
ably possesses the

ar Masalit represent
arfur Province, where 43 %
shole province live. western Darfur not
atural resources in the province.

'he international boundary between the Republic of the Sudan and
he Republic of Chad runs through the middle of the Masalit trib-
.1 land. The Masalit generally Cross the borders without hin-

irances, as they always did in the past, however in recent years,
.ivil war in Chad cause 000 Chad refugees into
Dar Masalit, bringing insecuri and mak=-
ing exchange across the border

d the flow of 12,
ty into the border area,

g difficult.
farmers and live in about 4,000 small

settlements, with 65 Omdias - small rural administrative units.
Each household cultivates about 2 hectares = enough to meet its
annual requirement of millet (ca. 1,500 kg) . A household also
possesses a small herd of livestock (Table 37) .

The Masalit are sedentary




Livestock numbers in Dar Masalit (1976, accordin
official vaccinations)

Camel s
(rough estimation)

Sheep

Total 5 100, 000 340,476

Per house ; g s 4.4
fl\’)i(l

Pastures are relatively well distributed in Dar Masalit, du
the dense drainage net, which has developed on the impermeak
crystalline rock of the Basement Complex. Though run-off is
only periodic or episodic, it is sufficient to recharge grou
water in wadi beds, which is tapped by the traditional wells
and shallow holes.

Desertification in Dar Masalit is strongest in the sandy are
around El Geneina. Excessive millet cultivation together wit
overstocking is responsible for ecological degradation. Thou
the annual mean precipitation in El Geneina is 535 mm, rain-
cultivation seems to be ecologically unadapted there.

THE BERTI LAND

The Berti land extends from the Berti Hills in central north
Darfur eastwards, down to the borders of Kordofan. The Berti
millet cultivators on the sandy soils of the Goz belt. They
also keep small herds of sheep and goats and some have small
herds of cattle. The nxtuxal vegetation is an Acacia-senega

savanna. Short Arigstida species cover the q1<n1nd in the short
wet season and in quradnd areas, Cenchrus rug has repla
lrietida. In more degraded areas unpulatablo herbs are the on

remaining species available. Themost desertified areas are th
of Mellit, Khurreit (Koma), and Abu Gau. Further to the east,
desertification is concentrated in the areas of Abyad, El1 Arai
Um Keddada, Jebel ”1111, and Abu Humeira. The cause of the

degradation is the struction of deep bore-holes in the aqui
Nubian Sandstone of eastern Darfur. This has intensified sett-
lement combined with intensive rain-fed cultivation.




EL FAsHER ReGION
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! Photo 39: Berti Hills in the NE
NW, Wadi E1 Ku' in the middle,
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LANDSAT, Band 7, February 1976
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ertification as a consequence of excessive millet cultivation
in the arid zone of the Sudan
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Photo 43: Livestock is severely stricken by desertification in
par Meidob.
1982

Malha Crater, Sept.
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Photo 44: The W perimeter of El Fasher in 1968. Tree stock
completely depleted, the Goz sands are reactivate
excessive cultivation.

(By courtesy of the Survey Dept., Khartoum)

Photo 45: El Fasher is a central place for nomads and farmers.
Its seasonal lake is of great importance.
Oct. 1977
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oto 46: Although El Fasher is a large town, the inhabitants

practise cultivation within their compounds.
sept. 1977

Photo 47: The surroundings of El Fasher are C

although the rainfall mean for the
200 mm.

Sept. 1977

ompletely cultivated
last 18 years is
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6. Measures of Combatting Desertification in the
Sahelian Zone

6.1 Tue U, N, “PLAan oF AcTioN To COMBAT DESERTIFICATION”

An ambitious "Plan of Action to Combat Desertification" was
prepared by the UN World Conference on Desertification in
Nairobi, 1977 and was passed by the UN General Assembly in
York. Since then little has been done to realize that plan,
for the countries stricken by desertification have neither
funds nor the technology required to implement the recommen
dations. In the developed countries recent economic problen
have restricted assistence on the ecological problem in dewvr
‘ oping countries. In addition to these reasons, there prevai
among decision-makers the idea that desertification control
‘ not an issue of high priority. Even those who propagate des-
ertification control and rehabilitation projects conceive
them on a narrow scale for spotwise improvement and are mor:
pilot-projects than development programmes. A successful pl
to combat desertification in the Sahel has to be comprehensi
All recommended measures should aim at a balance between lai
exploitation and the ability of plants and soils to regenera
The following measures are tentatively suggested.

Preparation of land use plans based on precise knowledge
the soil productivity and the dominant socioeconomic condi
tions

- Gradual substitution of rain-fed cultivation beyond the
climatically-controlled agronomic dry limit by regulated
animal husbandry. This measure should be taken according t
a well-conceived plan and the change should bring about
economic advantages to the population, otherwise co-operat
cannot be expected.

- Improving livestock husbandry through a controlled use of
the pastures. For each area, the maximum number of animals
(in L.S.U.: Livestock Standard Units) should be fixed acco:
ing to its carrying capacity and this number should not be
exceeded. At the same time, methods of improving pastures,
such as re-seeding, should be used. New pastures could be
made accessible through ensuring the supply of drinking-wat
The rotation of the use of water pumping stations can pro-
vide a method of grazing-rotation. Through improving the
infrastructural conditions, such as veterinary service, mar-
keting facilities, transport means and the processing of
animal products, animal husbandry can become much more
economic than it is at present. As a transitional measure
water-points, fodder places and veterinary stations could b«
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larging the market function of the central places in the

transitional zone.

raking measures to improve and rehabili
tation in the strongly affected areas,
perimeter of central places.

tate soils and vege-
especially in the

Establishing jrrigation projects at suitable locations, for
example in wadi basins and depressions which have rich
ground-water reserves. Irrigation projects in arid areas
have to be adjusted more to the local demand and less to the
European markets. They should aim at providing the region
with fresh vegetables and fruit. In drought years, they
should act as a regulating factor, in keeping grain prices
within the purchase power Of the population.
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the labour surplus from agricultur-
ple local raw material (e.9., wood ,
d (photos 48 and 49) .
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5.2 RELEVANT DEVELOPMENT RECOMMENDATIONS FOR THE SAHEL

has been paid by {nternational
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onto the nor thern belt

So far,
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of the gudan-Sahel zone. There, the damages have been most
apparent and thus have been reported upon in a dramatic man<

ner in the world press.



Fig.40 Combined cultivation of millet and gum arabic (Acacia senegal)
on the old dune belt of the Sahel ( rainfall: 300-400 mm ).

20 hectares per family

- = A
year 5ha
[ ‘ [ r 1
millet |
|
A. senegal fallow | fallow fallow
(grazing) (grazing) (grazing)
- A B ( D
L | -
[ ] |
millet |
A. senegal A. senegal 1 fallow fallow
(grazing) (grazing)
6-1( A B ( D
J
l | [
| millet
A. senegal A. senegal A. seneqal faliow
‘ (grazing)
|
11-1 A F
|
clearing
|
millet
A. senegal A senegal A senega

Five years after planting A senegal tapping begins

Starting from the 16th year this rotational system functions
properly

For subsistence 5 ha of millet and 5 ha pasture are sufficient
Clearing 5 ha of A. senegal would help to cover a good part

of fire-wood requirements.
10 ha for winning gum arabic serve as cash resource

Source: F lbrahim . Desertification . Hagemann " Dusseidor! 1979
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e industries pased on local raw materials
for land use in the arid zone.

1977

sto 48: Local hom
may offer an alternative

Carpet weavers in Mellit, Darfur. Oct.

‘LN-E -
Photo 49: Leather handicraft is a promising employment for rural
population.

Mellit. Oct. 1977
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In the meantime, more serious desertification processes how-
ever, have been running stealthily in the southern belt of
Sahel where the human and animal populations are considerab]
higher than along the Saharan margin. The fact that the sou
ern Sahel has not yet shown the typical pictures of "desert
encroachment", such as sand dune movement, renders the norm
observer or journalist unable to realize the great urgency
combatting desertification in that 2zone.

High priority should, therefore, be given to research-work
which endeavours to identify the most adapted methods of mo
toring, controlling and combatting desergification in the
southern Sahelian belt (lying between 11N and 14°N). A numl
of arguments also support this approach:

- There are still vast areas within the southern Sahel whicl
are in relatively good ecological conditions. These areas
must be immediately surveyed and put under controlled use,
before it is too late to take any effective measures.

- It is much more economic to protect and rehabilitate ecol
ically favourable areas than to try to retrieve areas al-
ready swallowed up by the Sahara. Taking into consideratio
the slowness and inefficacy of the rehabilitation measures
taken since the UN Conference on Desertification in Nairol
in 1977, there is good reason to fear that while we are
involved in a desperate battle at the desert front in the
northern Sahel, the interior Sudan-Sahel belt is becoming
stealthily desertified. It would be much wiser, therefore,
to withdraw the front of combatting desertification about
200 km southwards.

- The majority of the Sahelian population live in the southe
belt. The fact that anti-desertification measures are esse!
tial to the development strategy in the Sahel makes it nec-
essary to direct more research-work in that belt of higher
population density.

- Out of the broad spectrum of the research-work required to
be done in the Sahelian zone three main fields should be gi
en higher priority:

6.2.1 Survevyine THE NATURAL AND THE Socio-Economic ConDITION
IN THE SAHEL

The most important precondition for monitoring desertificatio
in the Sahel is to carry out a detailed inventory of the nat-
ural potential and the socio-economic conditions currently
existing there. At present, there is a severe lack of reliabl¢
maps of a reasonable scale of the Sahel. All development pro-

\ jects trying to rehabilitate and improve the natural resources
are confronted with this lack of useful maps. The existing
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e (60 - 70 years old) and pro-

tjpographic maps are out of dat
v al and

de only limited information on the ecological potenti
s present utilization.

-

lian zone which extends from 11°N to 16°N

ha This embraces a,belt of 450 km breadth and
hout 6,000 km length (2,700,000 km“) . The suggested maps

should be of a scale of 1 : 500,000. This scale is large enough
, enable the jdentification of the relevant characteristics

¢ ecology and human activitiy. At the same time, it is small
nough to render it possible to accomplish the survey within
relatively short time. The expected number of map areas is 34.

e total number of thematical maps would be 102.

A survey of the Sahe
.5 tobe carried out.

'he three thematic maps which should be produced by the survey

.2.1.1 Map of Ecological Units

on the natural re-=
thin the Sahelian
aracteristics, pcdoloqlcal

jc information

his map should provide bas
logical areas wi

ources of the different eco
zone, including the climatic ch
1pecifications, hydrological and relief conditions as well as
regetation density and plant—assocﬂations. The map should also
.how the status of desertification, {.e.,the kind of degrada-

+ion and its degree in the different areas.

.2.1.2 Map of present Land Use
This map should show the various land use systems,(hoir inten-
sity and productivity. These systems embrace traditional rain-=
fed cultivation, mechanized farming, irrigated cultivation,
nomadic pastoral

ism and sedentary animal husbandry as well as
forest economy.

6.2.1.3 Map of population, Settlements and Infrastructure
he distribution of ethnic groups,
density of population, gsettlements of different sizes, roads,
railroads and other means of communication, gschools, water=
points, hospitals, veterinary stations, markets, factories and

other important infrastructure. For the last map ground data
collection is indiSpensablc while two maps may depend

the first
on the filtering of satellite imagery and some ground check. If
available, air photos should be

This map should display t

also made use of.



6.2.2 ReseArcH-Work on ADAPTED METHODS OF RESOURCE MANAGEM:
IN THE SAHEL

The objective of such studies is to find out and experiment
the optimal methods of resource management in areas prone t«
desertification in tropical Africa receiving from 200 mm to
700 mm annual mean precipitation. The idea behind such rese
work is the plausible assumption that traditional methods of
land use are most adapted to the climatic and edaphic condit
in drylands. Owing to the recent increase in population and
animal pressure on the limited natural resources, these meth
have lost their former adaptability. Here, studies as well
experiments (in form of pilot projects) are required to iden
tify feasible solutions. On the one hand, traditional method
should be improved to be more productive and less destructiv
On the other, human and animal pressure should be lessened
marginal areas either by migration to more productive areas
vocational diversion towards handicraft and small industry.
Four fields of research and experimentation are proposed in
this respect:

6.2.2.1 Adapted Rain-Fed Cultivation on Small Holdings

Traditional small holdings of rain-fed cultivation (millet,
sorghum, ground-nuts, sesame) in the different locations and
different ethnic groups within the Sahel should be investi-
gated as to their adaptability to the arid conditions. Reas
for suitability or unsuitability of a certain land use metho
should be identified. The socio-economic consequences of
desertification on the small holdings are to be studied in «
der to determine the human indicators of negative environmen
tal changes. The problems of subsistence agriculture with
limited market production are to be highlighted. Adapted sys-
tems of land use involving crop rotation, cultivation-fallow
rotation, agro-forestry and farming combined with livestock
husbandry are to be identified.

6.2.2.2 Adapted Pastoralism

The objective is to recognize the adapted and less adapted pa:
toral activities currently practised in the Sahelian zone. Th
various systems of livestock management among nomads, semi-
nomads and sedentary groups are to be studied to enable one t
develop feasible measures of improvement. Detailed studies on
the carrying capacity of pastures in the different ecological
units are required prior to controlling grazing. At the same
time, methods of rehabilitating pastures by re-seeding and
rotational grazing (e.g., through the rotation of water supply
should be worked out. This research-work is to be complemented
by socio-economic studies on the changing economic and social
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,nditions of pastoral economy under the present degradation
grazing resources.

2.2.3 Adapted Wood Economy

e limited wood resources of the Sahel are being threatened

g increased depletion. Under the prevailing arid conditions,

fforestation is not only expensive but also proceeds at a

ery slow pace. Research-work should be carried out, in order

5 discover and test more adapted methods of wood economy. The
bjective is to reduce the consumption of firewood and build-

ng timber to a tolerable amount. Study and experimentation

g

ﬂould tackle the following activities:

developing energy-saving ovens
developing energy-saving cooking- methods

developing energy-saving charcoal production

- developing
developing

finding alt

practical alternatives for wood

wood-saving constructing-methods

ernatives for field-enclosures and kraals

g with tree plantations in village perimeters

s of agro-forestry, such as
or sorghum with Acacia

- experimentin

- experimenting with new method
combining millet with Acacta genegal
albida (cf. Figure 40) .

6.2.2.4 Adapted Methods of gurface-Water Harvesting

One of the major problems in the arid zone is the concentration
of rainfall on a short time of the year, while 6 - 11 months
remain dry. The high intensity and concentration of precipi-
tation results in the loss of the greater part of the water

through flash-floods, seepage and evaporation. Not only does
er in more than 6 months

this effect a shortage of drinking-wat

of the year, put M;algoleads to desertification around permanent

water-points, where a concentration of human and animal popu-

lation is usually found.

Improving the methods of surface-water harvesting would bring

about some ecological advantages. It would make it possible to

open new grounds for grazing and rain-fed cultivation which

to-day cannot pe effected for lack of drinking-water. This

wouia lessen the strain on the overused areas. Better water
ter surplus for jrrigated cul-

management would also secure wa .
tivation in edaphically favourable areas. This would be a good
alternative to destructive farming in marginal areas.

sting has been practised in the

he Roman times, it is little known

Although surface-water harve
Mediterranean region since t
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in the Sudan-Sahel zone. Feasibility studies should be carri
out so as to discover the best adapted methods of surface-wa
harvesting in that zone.

Some of the problems which confront the research worker are:

- defining the catchment areas of surface-water harvesting
means of geomorphological surveys

- finding methods of protecting the catchment areas against
deforestation and erosion damages

- finding methods to lessen seepage and evaporation losses

- finding methods to slow down the silting up of water reser
voirs

- solving the problem of pollution of water reservoirs

- solving the problem of conflicting rights of water use am
the inhabitants of large drainage basins

6.2.3 ReseARCH ON DESERTIFICATION EDUCATION

In order to be able to combat desertification effectively, ¢
cative measures should be directed to the problems of arid
land management and the deterioration of natural resources

a result of land misuse in the Sahelian zone. Such public ed
cation should be conducted at all levels from the primary le:
to the adult one.

No studies exist, however, on the method of teaching the sub
ject of desertification within the syllabuses of the relevan
school subjects: Geography, Biology, Environmental Education
There is urgent need, therefore, for research-work done in
that field, for none of the teachers of the above-mentioned
subjects has either adequate knowledge of desertification no:
knows how to teach that subject to others. Research-work on
the methodology of teaching desertification will have to con-
centrate on the following activities:

a) developing curricula on desertification as an integral ps
of Biology, Geography and Environmental Education

b) devising learning units on desertification and resource
management in arid lands for learners at all levels

c) writing text books for the use of teachers and learners u
ing recent scientific findings on relevant subjects such

- land carrying capacity

- animal husbandry and livestock-marketing

- nomads and their settlement

- overcultivation on the sandy soils

- excessive tree-felling and its consequences
- traditional and modern land use methods




{) devising audiovisual aids and testing their efficiency:
- proéuc1ng series of commented slides on the different
subjects of resource management in drylands

- des%gning commented posters showing the above-mentioned
subjects for use in areas where slide projection is

impossible
- designing radio and TV programmes On the problem of
desertification

) devising programmes for training African experts for ex-
tension work on the field of desertification.

'hough the above-mentioned suggestions go beyond research-work
and extend to development activities, they should be considered
.s research-work, for this field is completely new and there
.re hardly any experts available to carry out development work
sn desertification education at the present time.

6.3 MEASURES UNDERTAKEN IN THE REPUBLIC OF THE SUDAN

rmed a commission to in-
igated lands on the
came to the following

Already in 1942 the Sudan government fo

vestigate desert encroachment on the irr

Nile and rain-fed areas. The commission

results:

- Desert encroachment has been caused b
arid and semi-arid lands.

y the impact of man on

- The desert marginal zone has expanded southwards into the
most active economic regions of the Sudan.

minishing productivity of both

the increasing desettlement of

£ tribal conflicts on the

age rights of water and

- Some indicators of this are di
cultivated land and pastures,
the population and the increase ©
issues of nomadic routes and the us

land.

- The situation i
the form of overgrazing,
purposes and fuel supply.
shifting cultivation.

‘s misuse of land in
f woods for building
savanna-fires and

s enhanced by the people
mass cutting O
overgrazing,

the Sudan government in

es taken by
summarized as:

Some of the important measur
desertification are

the last 40 years to combat

6.3.1 LEGISLATIONS

issued to regulate land tenures
a rational use of land.

179

In 1944 the Land Use Law was
and land use systems in O

rder to ensure



One of the hard blows against the good management of local o
ural resources was the abolition of the "people's administr
tion system" with its Nazir, Omda and Sheikh. The Council 0ffi-
cers who are imposed by the Government are unable to win the
co-operation of the people.

In 1956, immediately after independence,the "Rural Water Cor
poration" was legislatively established to supply the popul
tion of rural areas with water for human and animal use. It
to be regretted that this corporation was dissolved in 1976
- 1977.Thus, canprehensive rural development became more diff
cult to realize.

Many other laws regulating cultivation and pastures have be
issued both by the central and the local authorities.

The establishment of the Regional Ministries of Agriculture,
Food and Natural Resources has institutionalized the task of
conservation of soil, vegetation and water.

A presidential decree for the formation of a supra-ministeri
commission for natural resources is expected this year. The
gional Ministers of Agriculture and Natural Resources of the
affected Regions are protesting that they are not being in-
volved in the initial discussion on this legislation.

Recently, the law of the "National Committee for Man, Enviro
ment and Development" has been issued.

6.35.2 STUDIES AND SURVEYS

Many regional studies and surveys by national and foreign te
have been carried out over the semi-arid zone of the Sudan.

great supply of reports and maps (geological, hydrological,

soil, vegetation and land use maps) is already available. A

new plan of action against desertification should make a syn
thesis of this bulk of work from the new point of view.

6.3.3 TRAINING AND RESEARCH

Over forty years the University of Khartoum has graduated a
large number of experts of agriculture, veterinary sciences,
geography, geology, hydrology, botany, topography, meteorolog:
social sciences, etc. With little additional training an effi-
cient staff of experts can be qualified to tackle the problem:
of desertification. It is advisable, however, to pay some
attention to the training of unacademic field-workers to be
sent to and stationed at smaller towns in the affected zone.
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ghartoum was established in 1978. One of its main research

sks is the subject of desertification. Research-work in the

Institute of Environmental Studies at the University of

{ ral resources is very active in the Sudan. Many

.ijentists at the University of Khartoum are conducting re-
-»arch-work in the different regions of the Sudan. The Agri-

1 1tural Research Corporation is a well-equipped research
stitution with about 15 stations in the different
.getational zones. The National Council for Research co-ordi-=
.tes research in the whole country and it has adopted the
\test programme of desert encroachment control.

eld of natu

3.4 PrLot PROJECTS

ural areas have been established

Town perimeters in selected r
and controlled for the last 20 years.
Green belts have been planted on the fringes of Khartoum
and other towns. Experiences won there can be made use of
in similar projects.
Afforestation and sand dune fixation have

different parts of the country.
1ished in Ghazala Gawazat 25 years
en the ecosystem and its

been carried out 1in

A pilot farm has been estab
ago to test the relationship betwe
use by man and animal.

stern Sudan have
1 vegetation and to
n in the savanna zone .

- Several areas in we peen fenced for the con=
servation of natura test the ability for

natural regeneratio

- Control of firewood and charcoa
combined projects petween the F
Ministry of Commerce.

- Desert sheep pilot projects.

- Firelines pilot projects.

is the aim of

1 production
and the

orestry Depar tment

6.3.5 THE MosT RECENT PROJECTS

The Desert Encroachment Control and Rehabilitation Programme

(DECARP) :
This project consists of nine parts which would cost a total of

about 26 million US g. Five sub-projects aim at establishing
provincial development centres in the provinces affected by
desertification: Northern Kordofan, Southern Kordofan, Northern
Darfur, Southern parfur, Nile and Northern Provinces. In addi-
tion to the general tasks each centre has specific activities
to carry out. Further sub-projects are: Evaluation and Mapping
of Natural Resources and Desert Encroachment Monitoring, Stock
Route Improvement and Feasibility gtudy for the Establishment
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of a Wildlife Reserve. The DECARP has produced several docu-
ments on the problem of desertification.

Few of the suggested projects have actually started, owing
the difficulty in soliciting funds. Though the majority of t
projects contained in DECARP are well worked out, some are 1
practicable. Several projects and some sub-projects were pro-
posed and in later years, a number of projects were dropped
and a few new ones were introduced. At present, the project
titles according to the list of priority of the Ministry of
Agriculture and Irrigation and the United Nations Sudano-Sa-
helian Office (UNSO) are:

- Support to the National Desertification Control Coordinati:
Unit

Restocking of the Gum Arabic Belt

- Management of Grazing Resources Around Permanent Water Sup-
plies

- Application of Water Harvesting
- Gardud Soil Improvement

Fireline Construction in Western Sudan

Sand Dunes Fixation and Reclamation

Integrated Village Development
- Rehabilitation of Severely Degraded Rangelands

- Public Education Campaign for Desertification Control

Progress has been made in the implementation of the first fou
projects. A feasibility study for the establishment of a seri
of multi-purpose tree-plantations to resolve the Khartoum
energy-crisis has also been completed.

DECARP-projects have been modified to be more practicable. A
second review is, however, needed to enable them to deal more
directly with combatting desertification. These projects, in
fact, were conceived in 1974, three years before the UN Confe
ence on Desertification in Nairobi in 1977. At that early sta
the perception of the problem of desertification and its caust
was incomplete. The general view was that the desert (Sahara)
was encroaching onto the savanna and irrigated areas in the N
basin mainly as a natural phenomenon, i.e., due to climatic
changes. Thus these projects concentrated locally on the Saha
marginal zone and thematically on combatting drought and sand
movement as well as rehabilitating desertified areas. After tl
UN Nairobi Conference on Desertification, it became clear that
this kind of ecological deterioration of savanna land results
from land misuse.

For the above-mentioned reason the projects of combatting
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sertification should have a comprehensive approach of land
ase. t away from thinking in departments: Forestry.
Range , cultivation, water Supply. Wwild Life, etc. A comprehen=
sive reorganisation of land use should be implemonted in the
nroject areas in order to provide examples of proper land use
‘or the inhabitants of the zone prone to ecological degradation.

Qs

use. One mustge

f.%.,6 BILATERAL MEASURES: THE EXAMPLE OF THE SUDAN - LOWER
SAXONY (F.R.G.) JOINT DEVELOPMENT PROGRAMME

addition to the efforts made by national and UN organisations

combat desertification in the Sudan, there is a considerable
umber of desertification-rolated development projects in the
.helian zone of the Sudan which are conceived on a bilateral
ysis. As it would go beyond the scope of this study to report
nd comment on all these projects, the example of the joint de-
relopment programme between Lower Saxony (F.R.G.) and the sSudan
+ill be selected and dealt with here.
stricken by des-
{nterest from
listed below are

,eing the Region of the Sudan which is most
.rtification, parfur has received particular
Lower Saxony. Many of the development measures
eing implemented in Darfur.

wing to the deterioration of 1iving-conditions as a result of
1 preceding ecological degradation in the rural areas of t he
.ahelian zone of the sudan, measures of ecological rehabili-
tation are accompanied by pboth short and middle termed devel-
ypment measures SO as to improve the very bad conditions under
shich the population of these areas 1ive. According to the
principle of self-help small dams will be constructed to supply
people and animals with drinking-water f rom seasonal water-=
courses in Darfur, wherein the local population will participate
by labour force. In areas where qrnund—wu1vr ig accessible at a
suitable depth, 50 hand-pumps will be installed in villages in
Dar fur for the supply of drinking-water.

yrojects aim at using
industries and in
pro=

the development
he brick and cement
terinary medicine regsearch 18
the University of Khartoum and the
developing vaccl nation

the field of
and

In the energy sector.
energy-saving methods in t
bakeries. In the field of ve
moted in cooperation between
University of Hannover with the aim of
serum won from the areas of later application. In
human medicine there is the training of nurses

a stress on
midwives as well as the da technology.

use of adapte
ostablishmwnt of small industries in
lessen pressure on the

of know-how is also

ing and the
eing promotcd so as to
ral resources. The transfer
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limited agricultu
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cummary

e spread of desert conditions south of the Sahara into the
.orn-scrub savanna and the low-rainfall wood land-savanna dur-
g the last few decades is a phenomenon of ecological imbal-
.ce which is known as desertification. This process of the
reeping destruction of the quasi—natural ecosystem of the
ahelian zone has been caused by a synergism of human and
atural factors: i.e., the rapid increase of human and animal
)pulations and the simultaneous occurrence of a long drought
nase which began in 1968 and has lasted up till now (1984) .

n the first two chapters, the author deals with the general
ispects of this kind of ecological imbalance, the processes
shich are triggered of f as well as with the methods of monitoxr=
ng desertification in the Sahelian zone. The main part of

he book tackles the results of a field-study on desertifica-
rion in northern parfur in the Republic of the Sudan.

The aim of this field-study is to assess the physical and
anthropogenic complex of the processes of desertification in
northern Darfur which is a part of the Sahelian zone. The
ecological and socio—cconcmical factors are analysed, the
consegquences for the ecosystem and for man himself are dis=
played and feasible measures to combat desertification are
being discussed. Sstress is laid on the regional differences
within the area of study. TO attain the dhnvw-muntxmnwd aims

a survey of the present ecological putcn{id) of the region and
its use and misuse by man has peen carried out. The dynamics
of the desertification process, which is 1aunched through the
impact of man ig analysed.

Climatic data are assessed 1n order to find out the degree of
the effect of water deficit, variability and intensity of pre-
cipitation as well as short-term climatic fluctuations On rain-
fed cultivation and animal husbandry, poth sedentary and no-
madic. The investigation of climate 1in northern parfur has
proved that aridity 1S an important prvvunditmnn for enhancing
the process of desertification. and though the natural eco~
system has fully adapted jtself to the arid conditions, they
render the qdlrk rnqwnvraxiwn, under the purszstvncn of man's

impact, very difficult. For iR the natural ecosystem far-reach=
ing anthropogenic destruction of soil and vegetation is not
provided for. A further, even more decisive climatic factor is
the variability of precip
a princxpal character of
semiarid zones, disastrous effects can be avoided, only if

jtation. Al though it 1s, like aridity.
the climatic pattern of the arid and

land use takes full consideration of this variability. This

J

ry, which 18 possible only for

requires a great deal of
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nomadic animal husbandry. The vegetation cover of northern
Darfur has been surveyed, so that a local differentiation of
the quantitative and qualitative degradation of vegetation ca;
be made. Overstocking in that area could be estimated between
30 and 80 %. The geological structure plays a significant pa:
therein: The areas of the Basement Complex are less affected
by desertification damages than the areas of the Nubian Sand-
stone Series. Owing to the occurrence of groundwater in the
layers of the Nubian Sandstone, water supply is secured in
that area. This leads to permanent grazing and overstocking
while in the area of the Basement Complex seasonal grazing is
dominant on the basis_of seasonal ponds (rahad, fula) and the
water reservoirs (bafir, khazzan) .

The study of the morphodynamic processes which are related to
desertification shows that the most active part takes place
within the Goz belt extending from El Fasher region eastwards
to Kordofan. The deflation of top-soil and the accumulation of
sands in form of recently formed dunes are both indicators and
agents of the current processes of desertification on the Goz
dunes. Eolian activity has resulted from the destruction of
the vegetation cover through overgrazing, deforestation and
rain-fed cultivation. It is evident that the regeneration of
the plant cover is greatly impeded by the reactivation of old
stabilized dunes which means continuous deflation and accumu-
lation of sand masses.

The anthropogenic aspects of desertification in the studied
region have been investigated, among others, by means of a
questionnaire which was carried out among 350 households,
scattered over more than 200 settlements. Thus one was able t¢
make a quantitative assessment of the cultivated area, millet
production and consumption, water supply problems, the consumg
tion of firewood and building timber and the infrastructural
situation: medical care, educational services, administrative
structure, transport problems and marketing facilities.

The most far-reaching impact on the natural resources of the
savanna is effected by rain-fed cultivation beyond the climat-
ically adapted agronomic dry limit. The most serious damages ir
northern Darfur are not caused by the nomadic animal husbandry
but by the combination of rain-fed cultivation and sedentary
animal breeding. As the latter is practised in the surrounding:
of settlements, where soil is also exhausted through cultivatic
a concentration of desertification phenomena is to be noticed
there. A further deterioration of the ecological resources in
the farther surroundings of settlements is caused by the clear-
ing of the tree-stock, for the inhabitants require great
amounts of wood for building and cooking purposes.

One of the outcomes of the evaluation of the gained information
is a map of desertification in the area. It shows the following:
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central Darfur are
lie within the
d land of Dar

About 15 % of the area of northern and
h%gh%y affected by desertification. These
cultivated Goz belt and in the overpopulate

Zaghawa.

yr -

about 30 % of the region are moderately affected by deas
tifiecation. These areas lie also in the above-mentioned

zones but are under less population pressure.

n h 18 +

About 35 % are highly expogsed ©o Jesertifieatil 1 5al
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T ¥ Plnatt cuarads
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in Dar Meidob and the climatically favourable region in

the southwest.
ages caused by desertification lead to a
of the basis of existence of the population
As the population usually practises a
any degradation of land use resources
The mobile population
the others (women,

’he ecological dam
drastic narrowing

~f northern Darfur.

subsistence economy,
should threaten its very existence.
groups abandon the desertified areas, while
children and older people) stick to their native homes even
unto starvation.

the situa-

deterioration of
more diffi-

Under the influence of a permanent

tion the solution of the problems becomes more and
cult. This applies pboth to the ecological and to the social
spheres. Me thods of combatting desertification in northern
Darfur are being discussed i They apply to
many parts in the west of the mmended measures
aim at a reorganization of land use SO that the equilibrium be~-
tween the utilization and the regeneration of the natural re-
sources can be recovered. In order to realize this aim the

following measures have to be taken:

n the conclusion.
Sudan. All recc

cise knowledge

dominant nmviw—vconomic

n of land use plans pased on a pre

1) Preparatio
y and the

of the soil productivit
conditions
tion of rain-fed cultivation beyond the
trolled aqronomic dry limit by regqulated
This measure should be taken according
to a well—conceived plan. The change should bring about
economic advantages to the pupulation, jts co-
operation is not to be expected.

2) Gradual substitu
climatically con
animal husbandry .

otherwise

usbandry through a controlled use of
the maximum number of animals

g livestock h
should be fixed

For each area,
gtandard Units)

3) Improvin
the pastures.
(in L.S.U.: Livestock
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according to its carrying capacity. This number should n
be exceeded. At the same time, methods of improving pas-
tures, such as reseeding, should be used. New pastures
could be made accessible through ensuring the supply wit!
drinking water. The rotation of the use of water pumping
stations can provide a method of grazing rotation. Throu
improving the infrastructural conditions, such as veteri-
nary service, marketing facilities, transport means and
the processing of animal products animal husbandry can be
come much more economic than it is at present. As a trans
tional measure water-points, fodder places and veterinary
stations could be established on the main routes on whicl
livestock is driven on hoof from Darfur to the market of
Omdurman.

Controlling wood cutting, planting trees in settlement
perimeters by the inhabitants themselves, introducing new
agro-forestry methods, as for instance that of combining
millet with gum arabic and finally using energy-saving
charcoal-ovens instead of the commonly used open wood-fire

Promoting the exchange between the northern zone of nomad
livestock-breeding and the southern zone of rain-fed cult
vation through the improvement of infrastructure and
enlarging the market function of the central places in th¢
transitional zone (Um Keddada, Mellit, El Fasher, Kutum,
Kebkabiya, Saraf Umra, El Geneina) .

Taking measures to improve and rehabilitate soils and
vegetation in the strongly affected areas, especially in
the perimeter of Um Keddada, Khurreit (Koma) , E1 Fasher,
Abu Zureiga, Mellit, Kutum, Um Buru, Bir Furawiya and
Karnoi.

Establishing irrigation projects at suitable locations, as
for example in wadi basins and depressions which have rich
ground-water reserves. The irrigation project of Sag En
Naam has to adjust itself more to the local demand and les:
to the European markets. It should help to provide the
region with fresh vegetables and fruit. In drought years,
it should act as a regulating factor, in order to keep
millet prices within the purchase power of the population.
The whole scheme should be handed over to private hands
working on an economic basis.

Developing labour-intensive manufactures and handicrafts
with the purpose of absorbing the labour surplus from
agricultural areas. Wood, leather and wool can serve as
local raw materials.

Organizing enlightenment campaigns on the dangers of
desertification and possible remedial measures. Here, the




cooperation of politicians, teachers and tribal heads is
most necessary.

Establishing research and training centres in the af fected
areas in order to investigate specific problems and to
train local teams which cantake over the work of deserti-
fication control in their native environments.

hether it would be possible to carry out these measures to
mbat desertification in northern Darfur depends, to a con=
iderable extent, on the political powers in the country.

~th the Darfuri and the local decision-makers show great
illingness to participate in carrying out the measures of
shabilitation. They lack, however, both the suitable plans

nd the financial means to realize them. The natural resources

f northern Darfur are seriously endangered and if no preven=
ive and corrective measures are taken soon to rescue the eco=
ystems from complete deterioration, the proper time will be
issed for good.




LIST OF THE BOTANIC AND ARABIC NAMES OF THE PLANT SPECIES MEN-
TIONED IN THE TEXT

Acacia albida - haraz

A. arabica - garad (sunut)

A. mellifera - kitir

A. nilotica - sunut (garad)

A. nubica - la®ot

A. raddiana - seiyal

A. senegal (gum arabic) - hashab
A. seyal - talih

A. tortilis - samar (seyal)
Acanthospermum hespidum - horab hausa
Adansonia digitata - tebeldi
Aeluropus lagopoides - nadjila
Albizzia amara - arad

Albizzia sericocephala - Carad
Andropogon linearis

Anogeissus leicarpus - sahab

Anogeissus schimperi - sahab
Aristida - gau

Aristida mutabilis - dubelab

A. pallida (A. Sieberana
A. pubifolia - kureb
Azadirachta indica - nim
Balanites aegyptiaca - hijlzj (lalob)
Blaeria spicata

Blepharis persica (linariifolial) - bo@él
Barassus aethiopum - deleb

Boseia senegalensis - mub@ét

!
taaaba

.ia - kurmut

"7 s . c
Calotropis procera - ~ushar
Capparis deeidua - tundub
Capparis spinosa - tundub

Cassta tora - kaual, harisha

IS
g

C. occidentalis - kaual, sureb, sene




acutifolia — sene sene
wehrus biflorus = haskanit
pozophora brocechiana - Cargesi
mbretum cordofanum = habil

amifora africana = gafal

mmifora pedunculata = luban
prchorus olitorius = muluhiya

rdia abyssinica = gambil, indrab

rdia gharaf = indrab
otalaria thebatca = natash
[pressus lusitanica
mbopogon nervatus = nal
ymbopogon proximus = magréb (margabéb)
nodon dactylon - nadjile (abu nadjile)
ietyloctenium aegyptium
(babanas, abanﬁs)

- kidad

P -
- abu asabi , kiriab

1lbergia melanoxylon
‘ehrostachys glomerata
chinoehloa colonom = dafra
ragrostis tremula - banu
xcalyptusspecies—kafﬁr

uphorbia abyssinteca - shadjar as-sim

; ) (e
agonia cretica = agul
ieus sycamorus = gemméz
ipewia tonar - geddem

‘uiera senegalensis = gobbesh

1ibiscus aesculentus = pamia (weka, darraba)

iyparrhenia species

Hyphaene thebatica = dom

Indigofera arenaria - kushein

Indigofera prachteolata - derma

Khaya genegalensis — homra
Lannea humilis - leiyun

Lavandula stricta

,’,gptadenyja pyr()tech?z[:’fl - marah

Maerua crassifolia - sereh

c
Neurada procumbens = Sa dan
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Rhynechosia minima - adan el-far
Salvadora persica - arak
Selerocaryea birrea - hommed
Sesamum alatum - semsem el-djamal
Sesamum orientale - semsem

Sitda cordifolia - niada

Solanum dubium - djubbin

Sorghum verticilliflorum - mareg
Sorghum vulgare - durra
Stipagrostis papposa - nissa
Stipagrostis plumosa - baiyad, Um sumeima
Stirga hermonthica - buda

Themeda triandra

Trianthema pentandra - rba® (raba®a)
Tribulus alatus

Tribulus terrestris — dressa

- guttub

m

Tripogon min

Triraphis pumilio - saleiyan

- nabage

- sidir, nabage
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