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FOREWORD
 

The Western Sudan Agricultural Research Project (WSARP)
 

is mandated by the donors and GOS to 
prepare a work plan
 

for years 4-6. This work plan is 
in addition to the pre

vious planning and research activities already completed
 

or underway and will serve as an 
overall guide for research
 

during the ensuing years. Previous planning has hee, 
in

corporated 
into the present documents.
 

The documentation is presented in three volumes. Volume I
 

serves as an overview of the project, 
research approaches,
 

resources, constraints. etc. 
that have general. applicability
 

for the whole project area. Volume II 
contains background
 

information, administrative and planning structures, staff

ing, training, time frame and other topics.
 

Volume III contains the d.tailed work plans for each 
sta

tion. It 
should be noted that the detail provided primarily
 

addresses the Kadugli Station, with detailed and specific
 

plans for the other stations to be prepared as 
the stations
 

come on 
line and the scientists have an opportunity to examine
 

constraints, priorities, etc. 
and develop such detailed work
 

plans. These will 
be added to Volume III as addenda, as will
 

annual updating of research at all 
stations.
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The World Bank provides funds via a loan agreement with 

the GOS for construction and purchase and operation of 

the project aircraFt. The GOS provides construction, salary 

and operational funds. Technical 
assistance and construction 

support for the project is provided by a contract between 

USAID and the Consortium for International. Development, 

with Washington State University designated the Lead Uni

versity. Dr. Dafalla Ahmed Dafalla serves as the Project 

Director and Dr. Gerald Owens is the Deputy Project Di

rector. Dr. M. Bakheit Said is the Director General. of the 

Agricultural Research Corporation. 
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WSARP RESEARCH APPROACH
 

Agricultural research may take on many forms (Table 1.).
 

Each suited to a particular purpose. Discipline-oriented research 

at universities and national research stations has been respon

sible for most of the contributions in the scientific literature. 

Commodity research at the International Agricultural Research 

Centers has been successful in overcoming genetic barriers to 

yield to produce numerous high yielding crop varieties responsible 

for the "Green Revolution" in tropical agriculture. Examination 

of the effect of growing one crop with or after another, as in 

Croping Systems research, has led to the discovery that some 

crop combinations; reduce disease incidence or insect infestation 

while others improve soil or crop nutrition. Similarly, Live

stock Systems research examines a wide range of factors af

fecting live-tock productivity. 

The complexity of the traditional rainfed agricultural 

production systems in Western Sudan led to the conclusion 

that none of the above approaches would be appropriate for 

the WSARP. The Farming Systems approach came the nearest to 

meeting the needs of the project in that it focused on the 

farmers and their farms rather than on a single crop or group 

of crops. But the agricultural activities of the transhumant 

and nomadic communities in Western Sudan are not limited to 

a farm or a single geographic location. They migrate long 

distances to make maximum use of available resources. Consequently,
 



TABLE 1 CHARACTERISTICS OF SEVERAL APPROACHES TO AGRICULTURAL RESEARCH
 

APPROACH 


Discipline 


Commodittv 


Cropping 

Systems 


Livestock 

Systems 


Farming 

Systems 


Production 

Systems 


FOCUS 


Plant Pathology 

Entomology 

Physiology
 

All aspects of 

single commodity 


Interaction of 

crops grown 

together or in 

sequence
 

Factors affecting 

livestock product-


ivity 

Farmers and their 

farms 


Agricultural 

Producers (Farmer, 

Pastoralist, 


Gatherer, etc.) 

TYPICAL TYPES 

OF STUDIES 


Diseases vectored by 

white fly
 

Rice consumption and 

production in Malaysia 


Advantages of inter-

cropping groundnuts 

and sorghum 


Importance of animal 

nutrition to disease 


Allocation of labor on 

Eastern Kenyan farms 


Crop and livestock 

production by trans-

humants
 

INSTITUTIONAL
 
EXAMPLE
 

Cornell University
 

International Rice
 
Research Institute
 

International Crops
 
Research Institute for the
 
Semi-Arid Tropics
 

International Livestock
 
Center for Africa
 

CIMMYT Economics Program
 
Nairobi
 

Western Sudan Agricultural
 
Research Project
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WSARP has adopted a modified Farming Systems Research ap

proach which we term Production Systems Research to reflect
 

its encompassment of pastoral as well as 
farming activities.
 

The farm or pastoral household or group of households
 

among sedentary, transhumant and nomadic groupn in Western
 

Sudan are considered to be 
the basic product on unit. Al

though the sedentary producers in the northern provinces
 

have classified the produc

differ from the farmers in the southern provinces the simi

larities between these settled cultivators are greater than 

the differences. Consequently, we 

tion systems according to the characteristics of the target
 

groups (i.e., sedentary, transhumant and nomadic) rather 

than based on geographic location or type of soil. 

The sequential operations of production systems research
 

at a typical WSARP research station is shown schematically in 

Figure ]. In this approach it is fundamental that research begin 

and end on the farmer's fields or in the pastoralist's herds. 

Research needs and priorities are initially defined and con

ti.aliy updated by interaction between researchers and pro

ducers to assure that research is attuned to 
the producers
 

needs. The major constraints to production become evident
 

during the investigations of the target group(s) and their ag

ricultural production systems. Potentially successful inter

ventions based on experience under similar physical/social 

environments, may exist and their applicability to a given 
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SEQUENCE OF RESEARCH ACTIVITIES AT A TYPICAL 

Figure ] WSARP RESEARC STATION 
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-I Interventions NewTechnology 

IN 
DevelopmentStation of
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Work Pla ns.,
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locale is evaluated immediately in "on-farm" or "on-range 

trials. However, the nature of the land and/or the people 

may be sufficiently different from previously studied re

gions that "on-station" research is required to find so

lutions to area-specific problems. In this case, techniques 

found to be promising on the station arc candidates for eval

uation in "on-range" or "on-farm" trials. Research conducted 

on the experimental station grounds approximates as closely 

as possible the actual conditions of the production system(s) 

of the target-group(s). Input to "on-station" research trials 

are kept within a range affordable by farmers or pastoralists, 

now, or in the near future. 

Production Systems Research can be classified into two
 

categories, namely: Applied Research and Adaptive Research,
 

the difference being whether the research activity is con

ducted directly in conjunction with the target-group pro

ducers (Adaptive Research) or whether it is in the nature of
 

a generationi of new technology, primarily, but not necessarily
 

limited to "on-station" research (Applied Research). The im

portance of the intermeshing of these two activities is il

lustrated in Figure 2.
 

The limited number of scientists at national research
 

stations dictates that most senior staff split their time
 

between Adaptive and Applied Research. This is of benefit
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Figure 2 

INTERACTIONS BETWEEN APPLIED AND ADAPTIVE RESEARCII 

TARGET GROUP
 
FARMERS
 

Diagnosis /fprTesting presently
 
a bnt e
!itie circumsta n ssovailable and apparent'


and problems, 1. 3. relevant solutions
 
constraints and ADAPTIVE 
 under farmers' conditic
 
devel opment op- RESEARCH 
p art uni1tiaes 

2.
 

Identification of new
 
t chniques and materials
 
apparently offeri
 

development opportun 
ities
 

Unsolved technical Body of knowledge of new
 
problems relevant APPLIED 6. materials and techniques
 
to farmers' devel- RESEARCH presently available
opment opportuniti s] 

4. 

Station based commod.ty
 
and disciplinary experimentation
 
solving priority technical
 
problems.
 

ADAPTED FROM COLLINSON, M. 1980
 

http:commod.ty
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because the two program activities work together in a com

plementary fashion.
 

The above is indicative of the general project philosophy
 

in the definition of constraints and conduct of research
 

by the WSARP. It should be emphasized that the orientation
 

is toward the farmer/pastoralist; seeks to solve producer
 

problems; is comprehensive in terms of looking at complete
 

production systems; is interdisciplinary in the utilization
 

of several disciplines effectively amalgamated into i single
 

team; seeks to complement activities of others; and is de

signed to be responsive to the societies being served. Ac

cordingly, station staff are in continual contact with far

mers and pastoralists; surveying and assessing their needs
 

and constraints; testing promising ideas or germplasm in their
 

fields or pastures; developing new technology suitable to
 

their limited resources; and conveying methods judged im

proved by the producers themselves to extention personnel
 

for mor2 widespread application. It is this dynamic inter

action with producers and their environment that differentiates
 

Production Systems Research From the more traditional approaches.
 

Therefore, keeping research attuned to the producers' needs
 

is an essential part of the daily operational activities of
 

a Production Systems oriented research station.
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TARGET AREA AND RESOURCE BASE
 

Location and General Agricultural Characteristics 

Western Sudan, which encompasses Darfur and Kordofan, 

cnvers an area of approximately 850,000 km", or 35? of 
Sudan's land area. The northern one-third of this area is 

virtually uninhabitable desert, with little or no agricultural 

potential. Project research is therefore centered in the 

southern two-thirds of the provinces (i.e. between latitudes 

90 30'N and ]SON, and longitudes 220 E and 31 0 30'h), with 

research stations strategically located in each of the pro

vinces to help reduce the logistical constraints associated 

with conducting research to serve such vast areas (see 

Figure 3). 

Crop and livestock production in western Sudan contri

bute considerably to Sudan's agricultural productivity, ac

counting for about 90i 
of the total gum arabic and millet
 

produced, 
52? of the sesame, 46% of the groundnuts, 17%
 

of the sorghum, 6l of the cotton, and an 
estimated 45? of the
 

cattle, 37; of the sheep, 32% 
of tho goats, and 65% of the 

camels. Traditional agriculture is the most important form of 

production, and consists of various types of sedentary cul

tivat ion and pastoral ism. 

(;eneral Dlistribution of Agricultural Activities 

The type and nature of traditional agriculture in western 

Sudan are largely a reflection of the variations in the 
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Figure 3 LOCATION OF STATIONS IN THE
 
NATIONAL RESEARCH STATION NETWORK
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in the natural resource base. The major crop and livestock 

activities in western Sudan are described with respect to broad 

eco-climatic zones and various environmental factors which 

seriously limit the form of agriculture practiced in Table 2. 

In general, nomadic grazing with camels, sheep, and 

goats is the only viable form of land-use in the desert and 

semi-desert areas in the north, although some cultivation is 

possible along streambeds subject to periodic flooding. As 

rainfall increases southward, the denser vegetation and more 

stable soils are capable of supporting greater numbers of live

stock, and nomads with camels and small ruminants are replaced 

by transhumants tending cattle. Crops are grown at some point 

along the migration route. Sedentary cultivation, with the 

raising of some livestock, alsu becomes increasingly important 

particularly on stabilized sands in the central rainfall 

belt, and on the cracking and non-cracking clay soils of the 

Nuba Mountain region. Groundnuts, maize, and short-maturing 

varieties of millet, sorghum and sesame are planted on the 

more drought-prone sandy and coarse textured soils, while 

longer as well as short-maturing varieties of sorghum and 

sesame are grown en cracking clays. In areas with prolonged 

seasonal flooding, such as found in the Regeba Repeating. 

Pattern, and especially toward the White Nile and Bahr E Ghazal 

river valleys where rainfall exceeds 800 mm, cultiva tion is 

precluded, and grazing is limited to the.dry season. 



TABLE 2 
 TYPES OF CROP AND LIVESTOCK ACTIVITIES IN RELATION TO ECO-CLIMATIC ZONES
 
IN WESTERN SUDAN 

Eco-climatic Zones Agricultural Activity 
Crops

Raised 
Livestock 

Daised 
Limiting Environmental 
L nFactors 

Rainfall less than 200mm Occasional nomadism 'n No sustained Camels Desert conditions: 
wet season rainfed crop Desert long- - extremely low and 

Desert scrub with scat-
tered thorny shrubs and 
little or no grass on 
dune sands, clay pans, 

Very limited cultiva-
tion along alluvial 
drainages 

production tailed sheepNubian and 
desert goats 

variable rainfall- lack off water and forage 
- eroded soils and blowing 

or moving sands 

and stony soils 

Rainfall 2 00-400mm Nomadism in the wet Millet Camels Low, unreliable rainfall 

Thornbush with sparse 
grass cover on qoz
sands and non-cracking 
clays 

season 

Some sedentary culti-
vation and livestock 
raising on stabilized 
sands 

Sesame, Gum 
Arabic 

Desert long
tailed sheep Limited water distribution 
Nubian and and availability
desert goats Low seasonal forEge pro-
Western duction 
desert cattle duction 

Fragile, infertile soils 

Rainfall 4 00-GOOmmn 

ixed deciduous Bush-
land Savanna on oz sand 
and non-cracking clays 

Dry & wet season camel 
nomadism 

Wet season cattle 
nomadism and trans-
humance 

Transhumant cropping 
on qoz sands 

Millet 
Sesame 

Groundnuts 
Sorghum 
Gum ArabicFruits and 

Vegetables 
Kerkadeh 

Desert encroachment 

Camels Unreliable rainfall 
Baggara short
horned zebu Seasonal availability of
cattle water and grazing
West AfricanUmbororo Denudd "deteriorated soilscattle and vegetation 
Kenana dairy 

Sedentary cultivation 
with some livestock, 
primarily on qoz soils 

cattle Non-cracking claysLong-tailed unsuited to cultivation 
sheep 
Nubian & short l 

eared goats 

* Excluding donkeys, pigs and chickens 



TABLE 2 (CONTINUED) 

Eco-climatic Zones Agricultural Activity Crops 
Raised 

Livestock 
Raised 

Limiting Environmental 
Factors 

Rainfall 6 0 0- 800mm 
 Dry 	season transhumance Sorghum* 
 Baggara cattle 
 Somedhat unreliable
with some cropping Sesame* 
 Ubororocattle 
rainfall
Deciduous Broad-Leaf Limited dry 
season Cotton* 
 Nuba or Koalib Limited water stribuand 	Thorn Wooded Savanna cattle and camel
on coarse textured hills 	 Groundnuts** cattle
nomadism 
 Millet** Long-tailed
ond 	forsles tion which also affects
tr kils nMaize** 
 sheep
and 	footslopes, cra.cking access to grazinz and

and 	non-cracking clays in cultivable lar:dthe 	plains, and Extensive sedentary Vegetables
the cultivation 	 Sort-ear- goats
with consi-and fruits*** 
 Camels
derable livestock Gum from 	 Erodible an4 finfertile
repeating Baggara's Regeba 	 hill and fcots: zes
r i 	i qA
soil patterns raisinq 	 e a *s
A. Seyal*
 i
 

Hard imperrmeable non
cracking clays
 

Heavy, difficult to till
 
or flooded cracking clays
 
infested with biting
 
flies in the wet season
Rainfall over 8 00m Transhumance and some Nil 
 Baggara and 
 Heavy, seasonally inun-
Deciduous Broad-Leaf nomadic dry season 
 Nilotic Sanga 
 dated cracking soils
and 	Thorn Wooded Savanna grazing 
 cattle 
 infested with
on cracking and non-	 tsetse
 

Long-tailed and biting flies
cracking soils with 	 in the
 
s e a s o n a l y f ~ o d ee 	 a.dwetseasonally flooded ns ta seasoneasoni
 

swamp grassland and semi- sheep Non-cracking soils
 
Short-eared
evergreen Riparian 	 unsuited to cultivation
 
goats 
 Limited distribution
 

Wood land. of water late in the 

dry season and hence
 
restricts grazing at
this time.
 

* Grown only on cracking clays
 
** Grown primarily on sandier soils and not on cracking clays
 

* 	 Horticultural crops are grown throughout Western Sudan where sufficient
water for irrigation is available, usually in or 
near the normally dry sandy stream beds
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Climate 

The dominant climatic feature in Western Sudan is the 

rainfall pattern associated with the northward movement of the 

Inter-Tropical Convergence Zone in May to .June. Moist 

tropical air from equatorial regions is brought into contact 

with the h t North winds from the Saharan desert. The con!

verging air masses lead to the formation of convective storms 

which prCvail over the area until the ITCZ retreats southward 

in September to October. Rainfall in the project area is 

highly variable and follows a general north-south gradient 

from 150-200mm in the north falling between July a nd September, 

to 900mm in the extreme south with a season From May to 

October. As rainfall decreases, its amount and distribution 

become more erratic and unreliable. 

Evaporation follows a gradient opposite to rainfall 

with about 2500mm/annum in the north to 1500mm in the south. 

Temperatures are moderate to high throughout the year with 

greater daily and seasonal variation at more northern lati

tudes. 

Geomorhology and Soils 

The major landforms and soils found in the west can be 

briefly described as follows: 

1) Nubian sandstone on the desert Fringe overlies the 

Basement Complex :in most locations, forming a flat to gently 

undulating surface with isolated Flat-topped hills of low 
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relief. Soils are primarily of mixed composition and in
 

advanced stages of erosion leaving loose sands and hard
 

surfaces of non-cracking clays and sandy clays, or layers 

of gravel and stone.
 

2) Stabilized sandy or "qoz" soils form extensive,
 

gently-rolling sheets and dunes from the Dasement Complex
 

zone to the White Nile, and between the desert, the Nuba
 

Mountains, and the Baggara and Regeba repeating soil-patterns.
 

The Qo: sands originate from a portion of the deep acolian
 

mantle, with quartz sands derived from the surrounding
 

Basenen t Complex, Nubian Sandstone and lJmm Ruwaba sediments. 

These soi ls are generally very low :in fertility and organic
 

matter, and highly suscept ible to erosion. They are widely
 

cultivated, which has accelerated water and wind erosion.
 

3) The Basement Complex formation in the Nuba Mountain 

region is characterized by steep, rocky hills or .iebls 

with slitghtly inclined footslopes of coarse sandy ]oams and 

clays, merging into recurrent patterns on the plains of 

cracking and non-cracking clays. The hillside and footslope 

soils are inherently low in fertility, though commonly cul

tivated, and are undergoing moderate to rapid erosion. Cracking 

and non-cracking clays are products of in-situ weathering 

or erosion from the hill musses; the former soils being 

relatively ferti le and widely cultivated, and the latter hav

ing a hard, impermeable surface resulting in high run-off 
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and low suitability for cultivation. 

4) Non-cracking clay pediplain soils are derived from 

Basement Complex rock, and consist of Flat to mildly wave

like plains of alternating deposits of red clays, brown 

sandy loarns and sandy clays. These soils are scattered 

across parts of Kordofan and occur in the Regeha and Baggara 

repeating patterns in South Darfur. Their characteristics are 

similar to those described in (3) above. 

5) Dark cracking clays occur in seasonal]ly flooded plains 

and adjacent to the river networks oF the Bahr el Arab, 

Bahr el-Ghazal and White Nile. These soils appear to he fairlv 

fertile but prolonged water-logging precludes cultivation. 

6) Baggara Catenary Soils occur in South Parfir and 

form a topographical sequence of undulat-ing dune sand and 

various loamy soils, sloping onto non-cracking clay flats 

and terminating in depressions of dark cracking clays known 

as Butas which are seasonally waterlogged. Buta soils are
 

fairly high in Certilitv, but because of their distribution 

as well as tillage problems due to flooding, they are rarely 

cul tiva ted. 

7) Regeh Catenary Soils are found adjacent to the 

Baggara soils and exist as a repeating pattern o1" non

cracking cl vs, alt erna ting w th black cracking cl ys and 

hItta Flooded clays. Cult vation problems are similar to 

those descri .I previouslv.
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Vegetation
 

Vegetation of western Sudan can be classified into broad
 

ecological zones based on climate and soils. General physiogno

mic and botanical characteristics ,rc presented here, but 

for details on specific vegetation types, see Bunderson, 

1982, and Harrison & Jackson, 19S8. 

Semi -desert scrub is found in the extreme north with rain

fall under 200mm/annum. Vegetation here is dominated by 

Acacia tortalis and A. mellifera on sandy and clay soils, 

respectively, with a sparse cover of grass composed mostly 

of Aristida spp., Cenchrus hiflorus, Panicum turgidum, and 

Schoenefeldia gracilis. Farther south, in areas with a 

rainfall of 200-400mm/yr. on qoz sands and non-cracking
 

clays, vegetation grades into a deciduous thornbush with 

many of the above named plants, but also including species 

such as Acacia senegal, A. nubica and the evergreen Boscia 

senegalensis among the shrubs, and Chloris virgata, Dacty

loctenium aegyptium, and Stylosanthes fruiticosa in the grass
 

and herb components.
 

In the 400-600mm/yr. rainfall belt, a deciduous bush

land savanna develops which is dominated on qoz soils by 

Albizia amara, PIalbergia melanoxlon, Combretum cordofanum, 

and A. senegal, while non-cracking clays are populated by A. 

melliFera and A. niibica. Grasses, similar to those mentioned 

above occur, but Form a more,continuous cover and include 
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species such as Andropogon gayanus, mainly on clay soils,
 

and Eragrostis tromula and Ctenium clegans on sands. As
 

rainfall approache, a,00mm/yr. Guieria senegalensis becomes 

a dominant shrub with occasional, emergent trees like Sclero

carya birrea. Terminalia brownii and Cadnba sp..
 

Within the rainfall zone of 600-800mm/yr. arc found
 

wooded savannas and woodlands. In the Nuba Mountain region,
 

the structure and composition of vegetation shows considerable
 

variability due to the complex heterogeneity of soil types.
 

Basically, five broad categories of veg,etation can be dis

t inguished: (1) deciduous broad-leaf woodland and wooded 

grassland on jIebel hillsides dominated by Boswellia papv

rifera and Combretum hartmannianum, with Hyparrhenia con

finis, Pennisetum pedicellatum and Panicum spp. in the herb
 

component, (2) mixed deciduous and thorn wooded grassland
 

on coarse textured footslopes with dominant trees including
 

Albizia amara, Balanites aegyptiaca, Anogeissus leiocarpus
 

and C. hartmannianum., and major grasses such as Setaria
 

pallide-fuscya, lyparrhenia conFinis, Loudetia togoensis and 

Schoenefeldia gracilis, (3) semi-deciduous thorn woodland
 

and wooded grassland on cracking clay plains with Acacia seyal,
 

B. aegypt i a ca., and Dichrostachs cinerea dominant in the woody 

component, a ud lyparrhenia pRseudoc-mbaria, Sorghmn purpureo

setric eum, lrlchri obtusiflor and (ymbopogon nervatus as 

the principal grasses. (In areas of lower rainfall, Acacia
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mellifera may replace A. seyal as the dominant species) 

(4) mixed deciduous wooded grassland on non-cracking clay 

pla:ins with species similar to the footslopes but including 

trees l.i ke Lancea humilis, A. gerrardi i, Terminalia laxi.

flora, Lnd iospvros mespil i formis, with grass covering 

being more patchy In distribution, (5) mixed deciduous 

and everrrcon r i par ian woodland (dominated by Anoge issus 

Icioc arpus , Tamarindus indica , and Acacia spp.) and wooded 

grassland on alluvial soils with trees such as Acacia albida, 

Ficus spp . and Pi iostigna reticulata, and grasses like 

Pennisetum ramosum , Chloris spp. and Cynodon dactylon. 

In addition, swamp grasslands on seasonally flooded clay de

pressions are dominated by Echinochloa and Oryza spp.. 

Outside of the Nuba Mlounta:in area, but still within the 

600-800mm/Yr. rainfall zone, vegetation on cracking and non

cracking clays is similar to that described above. As rain

fall exceeds 800am/Yr. cracking clays are liable to periodic 

flooding and grasses such as Hlyparrhenia rufa, Setaria in

crassata and Andropogon gayanus become more common. Trees 

on the non-cracking clays are better developed and show 

greater diversity in composition. Cracking clays subject 

to pronounced seasonal flooding, such as along the Bahr el 

Arab drainage network, characterized tallare by grasses 

such as Elchinochloa pyramidalis, F. stagnina, Oryza spp., 

Vetiveria nigritana, and Cyperus spp., with Setaria and 
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Hyparrhenia spp. along the swamp fringes. Mixed deciduous 

and evergreen riparian woodland is found locally outside 

the flooded regions and is similar in composition to that 

of the Nuba Mountain area. 

The Baggara and Regeba Repeating Patterns contain aspects 

of many of the vegetation types described since their soils 

are similar to those found elsewhere. lowever, the vegetation 

on these repeating soil patterns should be considered distinct 

from other vegetation types because of their unique alter

nating pattern of soils and vegetation which are closely inter

related. 

The niomadic herders of the northern desert and semi

desert regions make extensive use of a unique type of vegetation 

known as "g7izzu" which is composed of several species including: 

Indigo fern and Crotalaria spi. (legumes); 'riaphus pumitilio and 

Aristida c iiJ ata (annual and perennial giasses respecti.vely); 

and NIewada procumellns, Tribulus and l'agon ia spp. (annual herbs) 
as well as the surround.ing Acacia scrub vegetation. The 

Gizzu plant community begins to flourish with the onset of 

cool weather (November) in years when there is above average 

rain fall. The green, lush vegetation, usu1ally lasting until 

February, provides exceptional grazing and most of the water 

requirement.s ('Wi, camels, sheep and goats. 
Although g izu vegetation is found principall y in Chad, 

there a i-c scattei-ed pockets of gizzu , or some of the constituent 

species, across northern parts of Wes tern Sudan, particul anly 

in Northwest D)arfur. 
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The Nuba Mountains area is a natural source of di

versity of Sorghum species. The Project will attempt to 

preserve this valuable genetic resource and prevent further
 

genetic erosion.
 

Livestock
 

Darfur and Kordofan provinces hold approximately 40% 

of Sudan's national domestic herd; 7.8 million cattle, 6.7 

million sheep, 5.5 million goats and 1.5 million camels. 

The ma.or type of cattle found in the area are East African 

short-horned Bos indicus, although cross-breeding with non

humped cattle have produced a large population of animals 

with little or no cervico-thoracic hump. In addition, Red 

Fulani cattle can be found, having been introduced by recent
 

immigrants from West Africa. The predominate sheep of the 

region are a small version of the classic Sudan Desert type,
 

and goats range from dwarf, Nilotic type, commonly found
 

in Southern Kordofan to a much larger, long-eared type of 

Southern Darfur. Approximately 60' of Sudan's camels are 

found in the Northern Provinces. In general, the productivity 

of these herds is low, with the commercial off-take rate 

for cattle, sheep, goats, and camels being 7.5%, 25%, 18% 

and 4-%, respectively. 

fierd demographics play an important role in deter

mining productivity, and for cattle male/female ratios vary 
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from 25/75 to 35/65 and for sheep from 25/75 to 30/70. Age
 

at first conception and conception interval have been esti

mated at 3 years and 20-24 months respectively/for cattle
 

and 0.9 years and 9 months respectively for sheep. Neonatal
 

and adult mortalities range from 11 to .101,for cattle, the
 

highest representing neonatal deaths in the sedentary sector.
 

Sheep neonatal and adult mortal it ies range from 20, to 30!. 

In fras truc ture 

The elements of infrastructure relevant to Western
 

Sudan product ion systems include: communications, labor,
 

markets, land tenure, commercial agricultural inputs (credit,
 

fertilizer, insecticides, etc.), education (specifically
 

agricultural education) a;,, services 
(e.g. agricultural ex

tension, veterinary services). Gaps in the infrastructure are 

substantial, though the basis for closing most of them has 

been established. 

There are completed or under construction in Kordofan 

and l)arfur Regions about 500 km of all -weather roads. The 

remainder of traffic is on underimproved roads that are 

little more than tracks. Roads on clay soils are passable, 

consistantly, only in the dry season or 
during long periods
 

or droughl in the rainy season. Rod: over sandy soils are 

passable most o the year but are extremely rough in places. 

Few bridges exist resulting in frequent delays in the rainy 

season as vehicles wait for the passage of flash floods 
in
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the ephemeral streams. Most goods, produce and people are 

transported by heavy duty trucks referred to as "suk lorries". 

Trips are time consuming and physically damaging to vehicles, 

cargo and passengers alike. 

A narrow gauge railroad runs from Kosti (on the White 

Nile) to Nyala with spurs to El Obeid and Wau. (See Figure 

4). Transport by rail is slow, unrel iable and of inadequate 

capacity and likely to remain so for some time. 

Radio Omdurman is intended to provide national radio 

coverage, but it can he received with regularity only near 

the capital. National television coverage is more compre

hensive, with two country-wide transmitting stations and 

twelve receiving stations, four of which are located in 

Western Sudan in El Fasher, El Obeid, Nyala and Kadugli. 

(Transmitters in Wad Medani and Atbara provide a few hours 

of local programming daily to those communities). TV
 

transmission is normally during the evening hours. It is 

estimated that there are fewer than 1000 TV sets in 

Western Sudan.
 

Most labor for agricultural production is provided by mem

bers of the producer's household. Seasonal labor is hired on a 

daily bas is or obtained through in formal cooperat iye labor or

gani zations (nafirs) for weeding, harvesting, and occasionally 

for planting. Village labor shortages occur during periods of 

weeding and harvesting, and are exacerbated by labor

intensiv e methods and out-migration by adult males 
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to the cities for higher paying jobs or military service.
 

Agricultural markets exist in most larger towns with
 

separate facilities for livestock and crop products. In
 

general the markets are large open areas where sellers can
 

display their offerings. Potential buyers, many represented 

by professional commission buyers, circulat.e and attempt 

to make 1;urchascs by bargaining with the owners. Transactions
 

are recorded by a government representative and a small 

transaction tax is paid. It is estimated that over half of 

the transactions are made outside the established market 

to avoid payment of the tax. 

In most smaller towns and villages, agricultural products 

are sold to the local merchant who, after aggregating several 

purchases, transports the products to the larger markets 

for resale and/or holds the products for resale to the 

villagers at a later date. In instances where the merchant 

has provided credit, payment is often made in the form of 

agricultural products. 

The Government of Sudan, by law, owns all unregistered 

land. Hlowever, usufruct rights over a parcel of land may be 

gained by clearing it and planting a crop. Usufructory rights 

are retained as long as use continues and may be inherited. 

Local magistrates make decisions regarding access to land 

use rights and settle disputes. 

Sources of commercial agricultural inputs, including 
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credit, are almost non-existent. Fertilizers are not avail

able and thus not used. Agricultural chemicals are available
 

in very limited quantities and are used mostly to protect
 

stored grain or control cotton pests on mechanized schemes.
 

Farmers usually save seeds from the previous season's crops.
 

Few new varieties are available from local merchants on
 

a very limited scale. Credit is primarily obtained from
 

local merchants at extremely high interest rates. The
 

Sudan Agricultural Bank and other lending institutions
 

have branches in the larger towns but most traditional
 

producers lack the required collateral to borrow. There

fore, the use of credit to purchase agricultural inputs 

by the traditional sector is minimal. 

There are a number of agricultural training institu

tions in the Sudan, although none are in Western Sudan.
 

The Agricultural Extension Service has offices in major
 

towns and is supposed to provide practical instruction to
 

farmers but staff lack operational funds and proper 

training to provide the i atended extension activit.ios' 

Other Ministry of Agriculture departments represented in
 

Western Sudan are: Crop Protection Service, Soil Survey De

partment, the Forestry Department, Range Department, Veter

inary Service and several mechanized farming., corporations.
 

Most of these organizations face financial and staffing con

straints rendering them inoperable or ineffective. In emer

gency situations, however, aid to producers is provided.
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During serious insect or bird infestations sprays and
 

equipment are made available, and vaccines and other
 

medical supplies are provided for outbreaks of livestock
 

diseases.
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PRODUCTION SYSTEMS AND TARGET GROUPS
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PRODUCTION SYSTEMS AND TARGET GROUPS 

The Four provinces of Western Sudan: North and
 

South Kordofan and North and Sout, Darfur, form one-third
 
, 

of Sudan's land area, The area contains approximatelv 

one-fourth of the country's population. The region is 

characterized by rainfed cultivation and livestock raising 

among a rural population composed of traditional small 

farmers and pastoralists. The major crops are subsistence 

cereal grains; sorghum and millet, and some cash crops of 

grain, oil-seeds and fiber. The'leading source of 

income for traditional producers is from sale of livestock 

destined for consumption in urban areas of Sudan and a

broad. 

Settled farmers are found wherever permanent sources 

of water are available, but vast areas of Western Sudan 

are exploited primarily by pastoralists who engage in 

systematic transhumance or nomadic treks dictated by the 

rainfall regime, available water and grazing resources. 

The rainfall gradient and soils differentiate the northern 

provinces from those in the south which have more culti

vation potential. 

* Originally administered as two provinces, Darfur and Kor
dofan were merged as a single region after division into 
south and north provinces in the 1970's. In 1980 they were 
grouped as two separate regions each with a governorship. 
Current administrative boundaries between provinces and 
regions are arbitrary and do not reflect ecolog:ical limits. 
The main di f'ferences are between the semi-desertic northern 
areas with sandy soils and the wetter, forested southern areas 
with increasing amounts of clav and some rocky soils. 
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Although census data is not very accurate (the results
 

of the last census taken in 1973 are still in dispute ) vanri

otis est imates of the population of Western Sudan suggest 

that the Kordoflan region contained between 3.3 and 3.8 million 

people, the Dar fur reg ion between 3.0 and 3.5 iii on in 

1980 for a total of 0.3 - 7.2 million pcrsons. Adm inis

tratIve and market towns in each prox' ince have grown rapidlv
 

over the past two generations, especi il!I,in the more
 

densely populated areas of Kordotfan. There has also been
 

substantial out -mi grat.i on to other parts oF Sudan From
 

the West.
 

The major division of the trad ition I tLrget popiu

lat ions based on characteristic w,'avs oF lilfe and systems 

of p)roduct-ion are: sedentary farmers, trarlshumant ag ro

pastoral ists, and nomadic pastorali sts. The sedenta rv 

farmers constitute three-Fi fth; olF the iural population 

and are concentrated in the higher ratinrHi 1 southern pro

vinces an d central iareas of Western Sutdian. They eiigage mainly 

in slash-and-burn rainFed hoe-cutltiva ti{on using biush fa1low. 

Approximately, one-fourth to one-thi rd oF the poln ation 

pract ices semi-nomadic livest ock tra-ri.shumalliic , and cult i

vates ra iiiled plots oF land mainll\y in thlie soot herl provinces. 

A minori y' 1ofabout 101' oF the pop l tion coinsists oF iiimadic 

past ora li.s t s c omiig from the iorthlern cii. ili-desert frin ge. 

** PR{; LUii, Report on We stern Surdan.incering 
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Livestock raising is practiced by all segments of the tra

ditional population, but the majority of large ruminants 

such as cattle and camels and small ruminants such as 

sheep and goats, are owned and tended by migratory pas

toralists, i.e., transhumants and nomads. However, small 

ruminants are reared in sedentary communities throughout 

Western Sudan.
 

The Organization of Transhumance
 

Transhumant agro-pastoralists keep livestock on the
 

open rangelands of Western Sudan. They migrate along
 

predictable annual routes according to seasonal availability
 

of grazing and water resources, and cultivate foodgrains
 

on established plots along these routes. Transhumant house

holds are typically composed of a man and his wife or wives,
 

children, and other dependents and are grouped into camps
 

composed of several agnatically related households. Camping
 

units (ferigs) migrate together and share some production
 

and consumption activities on a cooperative basis. The
 

major livestock species raised by transhumants are cattle,
 

but small stock, especially goats and some sheep arc also
 

kept and camels and equidae are used as beasts of burden. 

Livestock are raised for sale, for use as beasts of burden,
 

for their skins, milk products and meat, for economic
 

security and for cultural reasons. A schematic representation
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of a typical transhumant production system in Western
 

Sudan is given in Figure 5.
 

In Western Sudan the main transhumant target groups 

are drawn from Arabic-speaking, Islamic tribes of the 

Baggara people (which means cattle keeper:s) located mainly 

in Southern Darfur and Southern Kordofan. During the rainy 

season these groups may migrate as far as the southern 

fringes of North Kordofan and North Darfur in search of 

traditional pastures. There are five major tribes among 

the Baggara (and some minor tribes) occupying adjacent, 

often overlapping corridors of north-south alignment from 

east to west. In Kordofan these tribes are the Awlad llimeid, 

the Hawazma, the Missiriya Zuruq and Missiriya ilumr (who 

spill over into South Darfur). In South Darfur are the 

Rizeigat and smaller tribal fractions including the Ma'alia,
 

Ta'aisha, labaniya, Beni Hulba and Salamat. Although 

transhumance is traditional for these Baggara tribal 

groupings, today a minority of their households practice 

agro-pastoralism. The majority have settled as farmers 

throughout the southern provinces over the past few gener

ations. Also, various traditional sedentary tribes (Nuba, 

Bediria , Fur, etc.) contain some transhumant households. 

In the far south of Western Sudap along the Bahr el-

Arab river basin Nilotic tribes, especially Dinka and Nuer, 

carry out transhumance. The) move north during the wet 
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Figure 5. 	 Schematic Representation of a Typical Transhumant
 
Production System in Western Sudan
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season into lands vacated by the Baggara, and south, a

cross or along the rivers and lakes during the dry season. 

The Ngok IDinka of South Kordofan engage in this limited 

form of transhumance. 

Transhumant households are grouped into tribal sections 

which maintain local tribal homelands (called dars); they 

cultivate land in the higher rainfall areas. During the dry 

season covering over half the year (from December through 

June) transhumants maintain relatively Fixed encampments 

near permanent sources of water. They are often associated 

with sedentary communities. Their livestock graze on dry 

rangelands and crop residues, with each household unit 

operating its herd independently and drawing its water from 

shallow wells and pools. Men, assisted by boys, manage 

the herds including the milking of cows and goats. Women 

remain at the camps, per crming household chores and 

caring for young animals. The invasion of biting flies 

and other insects harmful to animal health from the south 

serves as a stimulus to northward movement. Animal and 

human health suffers the most just at thc start of the 

rains. 

Beginning in July after the seasonal rains have 

hegun whle groups of associated camps begin the north

ward migration along the lagging fringes of the rainfall 

front as pools of water are formed and new grasses sprout. 
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Households and livestock follow specific migratory routes
 

with known areas for camping along the way. By August, trans

humant camps have reached the limit of northerly grazing
 

on sandy qoz soils. The limit is determined by the amount
 

of rainfall and is between 120 and 140 latitude. (See
 

Figure 6.)
 

Households, which normally live in groups of 3-4 in
 

the South, band together in larger groups on the nerthward
 

trek. Although the main objective of the trek is adequate
 

grazing and water for the animals, during the trek most men
 

will sell livestock in nearby market towns and women sell
 

cow milk to local cheese factories.
 

Frequently, transhiiwznt households are entrusted with
 

livestock, especially cattle, of sedentary farmers and
 

others in the outhern provinces during their northerly
 

transhumance which is thought to benefit animal growth
 

and health. After a period of one to three months iii the
 

northern pastures (depending on the rainfall and abundance
 

of grass and water) transhumant he"ders begin southward
 

migration in October.
 

During the migratory period members of each household
 

travel to their cultivation plots along the route, planting
 

crops of sorghum and millet at the beginning of the rains,
 

and returning later to harvest their crops. One member
 

of a household may stay with the fields to manage cultivation,
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FIGURE 6 LEGEND
 

1. 	 IRY SEASON WATE RING C GRAZING CAMP 

2. 	RATINS BEGIN 

3. 	GRASS SP ROIITS, RAINWATER POOTS FORM 

4. 	MOVEMENT NORTI BEGINS
 
MIXID GRAZING OLD & NEW GRASS
 

5. 	GRAZING ON NEW GRASS
 

6. 	 CROPS PLANTED 

7. 	GRAZING ON SANDY SOIL PASTURES WITH WATER IN POOLS
 

8. FU1RTiHEST NORTIWARD tIGIRATION I)IDiPEN)INGC UPON
 
AVAILAB]ILITY OF WATER AND GRAZINC
 

9. 	 DEPARTIRE FROM NORTIIERN MOST CAMPS AS WATER POOLS
 
VAN[SI! AND GRAZING BECOMES SPARCE
 

10. 	SOIJTIWARD IOVEMENT!T CONTI NUES ALONG 1.INE OF 
AVAIILABLE WATER 

11. 	CAMP STOPS TO ASSIST IN CROP HARVEST. !ERDS' CRAZE 
ON CROP RESIDUES AND REMAINING GRASS 

12. 	EXTENDED STOP AROIND) SEASONAL. SPRINGS, RETURN TO 
PERMANENT WA'I'E RI NC AND GRAZIN( SITE DE LAYEDI AS
 
LONG AS IOSSIBL.E TO RESERVE FORAGE FOR USE LATER ON
 

13. 	RETURN TO DRY SEASON SETTIEiMEN'' SI'IT
 

14. 	PART OF CAMP MOV!S FARTIItER SOU1IT!! TO TAKE AI)VANTAGE
 
OF WATER AND ;REEN CGRASS IN )REVIOISLY FLOODED AREAS
 

15. 	SPL.INTIER GROUJP REJOINS MAIN CAMP WIEN DEPLETION
 
OF WATI:R LI MI'S AVAIILABLE FORAGE
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often with the use of paid labor. Alternatively, seden

tary relatives supervise their croplands while they are 

on transhumance. Grains are then transported to the dry 

season dwelling areas to feed heir families during the 

lengthy period of residence from December to ,June, The 

northward transhumant migration resumes after the rains 

return, and the orbit continues. 

Among transhumants, tribal solidarity and segmentary 

lineages are the traditional modes of social control with 

self-help groups composed of tribal sections paying blood

debts and preventing vengeance by making peace settle

ments between themselves and with other tribes in adjacent 

territories. 'T'ribal councils also attempt to regulate re

lations with settled farmers with whom the transhumants ex

perience mani conflicts due to livestock depradations of 

planted fielKs. Provincial and rural governments often 

intervene in these and other legal matters to control 

violence and impose justice. Within herder groupings, 

each tlranshiumant camp has its titular leader. He is usually 

a senior male; father, active elder brother or paternal 

uncle of the household heads, who represents the agnatic 

group to other such tnits. Each household is led by a male 

he:d woh mnagiaies the entire herd. Preferred close-ccusin 

marri age and Islamic inheritancc and values help maintain 

the solidarity of these herding groups. 
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Nomadic Pastoralism
 

Nomadic pastoralists form the smallest segment of the
 

target groups in the Western Sudan. Most have their
 

homeland areas in the semi-desert regions of the northern pro

vinces. They raise mostly camels and sheep, engaging in long

distance treks through low rainfall districts during the
 

short rainy season (July to September). They move into
 

the southern provinces during the long dry season (October
 

through June) in search of water and pasture. Camel owners
 

often provide beasts of burden for s ttled populations,
 

and sell gum collected from Acacia seyal trees. The
 

length of their migratory treks has increased in recent
 

decades due to poor rains, overgrazing and desertification
 

in the north. In the wet season, nomads move away from
 

permanent water sources; 
somc households sow subsistence 

crops of millet in the north, but do not maintain regular 

cultivation. Hence, their harvests are inconsistent due 

to the lack of rains and management. 

The main camel and sheep nomadic tribes are the Kab

babish Kawahla, Hawaweer, Maganeen, Dar Hamid, Hamar and
 

Shanabla of North Kordofan and Darfur; and the Zayadia,
 

Berti, and Mahrya subtribe of the Rizaigat Baggara in
 

North Darfur. In addition, some nomadic groups keep
 

cattle but do little or no cultivation. The Umbororo
 

(Fulani) have spread across Western Sudan from West Africa,
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and the Zaghawa are catel raisers and wild-grain gatherers
 

whose homeland lies astride the Chadian-Northern Darfur
 

border area. Several tribes graze their animals on gizzu
 

vegetation. Some, such as the Kabbabish, reportedly travel
 

up to 600 km to reach it. In regions where gizzu is exten

sive, tribes have traditional grazing rights to certain areas
 

some of which span international borders.
 

Nomadic households are organized around livestock rais

ing activities and are dominated by male heads. Within
 

tribes, many related households gather in encampments
 

around specific water points but operate independently
 

in grazing activities and as providers of beasts of
 

burden. Formerly dominated by elite tribal chiefs in the
 

northern zones, their solidarity is decreasing with dis

persion southward and increased provincial government
 

authori tv.
 

The Sedentary System of Farming
 

Traditional sedentary farmer households live mainly
 

in the southern and central zones of Western Sudan. They
 

make up about three-fifths of the rural population, but
 

arc often among the poorest and least productive. There are
 

two main types of farming communities: the dispersed type,
 

id the clustered type.
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Dispersed Communities
 

The dispersed type is found in the wetter southern
 

latitudes, especially on cracking clay soils and in the
 

Nuba Mountains area. Here sedentary communities consist
 

of dispersed neighborhoods; households live in hamlets made
 

of mud or stone huts formed into small compounds. These house

holds reside on plateaus or hillslopes above the clay
 

plains. They cultivate by using slash-and-burn techniques
 

of hoe-cultivation and bush fallow. Each ethnic or tribal
 

group forms its own communities and farming territory
 

in this environment. Colonies move into unclaimed areas
 

of the plains as population pressures, sedentarization, and
 

downhill migration draw tribal groups into the cash-cropping
 

infrastructure.
 

Typically, the major crops of the higher rainfall
 

areas consist of sorghum, late maturing sesame, and cowpeas
 

interplanted on cracking clays, as well as pure stands of
 

cotton as a cash-crop. A typical crop calendar of activities
 

for field crops in South Kordofan is given in Figure 7.
 

Another type of farm-plot, the "housegarden (jubral:a)"
 

surrounds the living compound. It consists of garden
 

vegetables and fruits as well as early maturing grains
 

or sorghum, millet and maize grown on coarse soils.
 

Manures and housesweepings are used as fertilizers under
 

a continuous cropping cycle. Also, on sandy soils, pea

nuts are grown as a food an cash crop. The dispersion of
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hamlets permits this extensive form of cultivation near the
 

house and in more distant fields (see Figure 8 for a sche

matic rendering of production areas for typical groups in
 

Western Sudan).
 

Livestock are raised on crop residues and bush areas
 

of the range. Herds consists mainly of small stock such
 

as goats and a few sheep, and a few head of cattle per
 

household. Domestic fowl are kept, and, among non-Muslims,
 

pigs are raised as scavengers.
 

The major large groups on southern lands consist of:
 

(1) the more than 50 tribe- of Nuba peoples in South
 

Kordefan, each with a distinct language and set of cus

tomary practices that distinguish it from neighboring
 

tribal groups; (2) the settled majority of the Baggara
 

tribes, who live in Southern Kordofan and Darfur; and 

(3) other smaller tribal groupings such as the
 

Daju, the Fellata, the Umborgo, etc., who are scattered
 

across the higher rainfall zones of Western Sudan, and
 

often practice small-scale irrigated gardening where
 

permanent water sources are found.
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Transhumant households are also tied to sedentarized house-


Iolds through kinship links. Some sedentary families entrust
 

livestock to the transhumants for migration to the north during
 

the wet season while keeping a small number of dairy animals
 

for a local milk supply. The transhumants use the milk and
 

control the former animals, but are not held accountable for
 

animals loss. Sedentary households may contribute labor to the
 

transhumant herd. Children from migratory households often
 

lodge with sedentary relatives while attending village schools
 

during the dry season.
 

Factors Preventing Change in the Transhumant System
 

Two major factors that help maintain transhumance as a way
 

of life include access to "free" pasture and water across ecolo

gical zones, and the values of the herding households who use
 

livestock as a specia3ized mode of economic enterprise. The key
 

incentives that tend to maintain pastoralism as a way of life
 

are the low cost grazing and water, low level of household re

sources required, low labor inputs and tradition (culture). 

Tranzhumants treat mud and flies that develop in the cracking 

clay plains of south Xordofan during the wet season as an 

incentive to move, while the relatively insect and mud free 

sandy soils of the north attract them as do easier culti

valable soils ana the dars.
 

Northern markets offer strong demand for livestock from
 

urban-based merchants to supply Khartoum and overseas markets.
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Clustered Communities
 

In the central areas of Western Sudan, mainly in North
 

Kordofan and across Darfur, are farmers who cultivate the
 

stabilized sands, knows as qoz soils as well as clays. These
 

groups exhibit a distinct settlement and cultivation pattern.
 

They tend to Iive in clustered villages of straw huts ac

cessihle to water points. Villages are surrounded by cul

tivated areas in which millet, early maturing sesame, and
 

peanuts dominate as intcrmixed or pure stands. Watermelons 

are also grown as a source of fruit, water and oil seed. After 

several seasons of cropping, farms are put into fallow. 

Many of the sedentary farmers on the sandy soils in the
 

Northern Provinces incorporate production of Acacia senegal,
 

Gum Arabic, into their long term crop rotations. A typical
 

planting sequence on a given plot found in N. Kordofan is as
 

fc l.ows:
 

Years
 

1-4 Field Crop Production
 
(Millet, Groundnuts, Sesame) 

S Acacia senegal seedlings sown 

8.-10 Gum Arabic harvest begun 
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Years
 

11-13 Level of Gum production drops.
 
A. senegal trees cut and used
 
For building poles or making
 
charcoal.
 

12-14 
 Field crops planted. Tree coppice
 
cut annually for fencing. 

16-18 A. senegal coppice allowed to grow 

19-23 Gum harvest begins again 

The gum from Acacia senegal does not flow naturally. The
 

bark of the limbs must be sliced (tapped) once or twice a year
 

to elicit gum production. Gum globules forming along the wounds
 

are collected when their surface hardens. Annual gum yield in

creases with tapping intensity, but excessive cutting may shorten
 

tree life. Thus, gum garden owners aim for moderate annual pro

duction over a number of years. Consequently, they prefer to tap
 

the trees themselves. The male members of the 
owners household
 

usually tap the trees and the women collect the gum. However,
 

men may be hired to help harvest larger plantings.
 

Another gum generating tree of lesser importance to national
 

gum production, Acacia seyal, grows most profusely on cracking
 

clay soils found primarily in southern Kordofan. Gum that oozes
 

out of natural wounds caused by browsing animals or grass range
 

fires is collected by migrating pastoralists, or consumed
 

by their goats and camels. Tree life is shortened by infestation
 

of cracks by termites and bark beetles as well as the damage
 

caused by foraging camels.
 

Livestock are raised on a small scale by sedentary farmers.
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Herds consist mainly of goats, sheep and a few cattle, with
 

donkeys as the main beast of burden. Horses are also raised
 

and domestic fowl are kept in the villages.
 

The target groups of clustered village farmers include
 

a wide range of ethnic types and tribal factions spread across
 

the southern tier of the northern provinces, including the Bediriya
 

Messibat, Fur, various Arabs and others. In addition there is
 

localized oasis farming of irrigated vegetable crops in specific
 

zones of the northern provinces and southern provinces where
 

sub-surface water is easily available, such as the Bara region.
 

Traditional farmer households may be differentiated re

gardless of tribal affiliation by access to infrastructural re

sources, such as market towns, roads, and mechanized farming
 

operations. Where these resources are available (in less iso

lated areas) traditional farmers are more deeply involved in
 

the cash-crop economy of Western Sudan. They plant additional
 

acreage of specific cash-crops such as cotton and sesame as
 

well as increased amount of land in surplus food grains to be
 

sold at market. Farm size varies from 1-4 hectares among the
 

majority of small farmer households (mainly subsistence hoe

cultivators) to 10-20 or more hectares among market oriented
 

farmers. In sonic areas, larger farmers benefit from partici

pating in tractor cultivation on mechanized farming areas for
 

part of their crop income.
 

The typical settled farm household consists of an elementary
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family unit, or a compound family with more than one wife, under
 

management of a male household head. Farm labor is-.derived mainly
 

from adult members of the household, while adolescent boys per

form most of the livestock herding. Girls carry domestic water,
 

collect firewood, and gather wild vegetables and fruits. Men
 

and women perform the bulk of the farm tasks. Men market the
 

major crops, while women sell minor crops. (see Figure 9 for
 

schematic of sedentary production system).
 

The developmental cycle of the domestic group varies
 

according to customary tribal and religious rules. Among
 

Islamic groups, which cover the northern provinces, land use
 

and animal holdings are concentrated under male management.
 

Land is primarily passed from father to sons in equal shares.
 

Society is highly stratified and land tenure is well defined
 

in northern provinces. Hence, entrepreneurship and wealth
 

make important differences within village society and between
 

villagers and urban traders. Arable land is bought, sold and
 

rented as it is relatively scarce.
 

In the southern provinces where farm groups are more is(

lated and land is relatively abundant, there are wider variations 

in customary forms of inheritance. Land is held mainly through 

usufructory rights and is not usually purchased or rented. 

Patrilineal groups are in the majority in the southern pro

vinces with land-use rights passing from father to son. 
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However, several Nuba tribes in South Kordofan have pri

marily matrilineal or double-descent systems of inheritance 

such that a man inherits land from his mother's brother. 

Their households are often organized to include a man, 

his wives and his sister's sons rather than his own children. 

Among the settled farmers of Western Sudan, there is a 

strong tendency for male wage-labor migration to the Nile
 

region during the dry season. Some men return to their homes
 

to cultivate during the rainy season. Others send home money
 

to their families. 

Wage labor on traditional small farms has also in

creased, but remains limited due to labor shortages and lack 

of operating capital. Larger farmers, especially in the northern 

provinces regularly hire seasonal laborers. The practice of 

communal work parties within communities (nafirs) represents 

the main form of supplementary labor during peak cropping 

activities such as land clearing, weeding and harvesting. This 

labor exchange tends to even out the level of proqLuction a

mong neighbors. Work is pqrformed in return for food and drink
 

supplied by the sponsoring household. Communal work parties are
 

more frequent in the southern provinces.
 

Certain pcrsons are customarily exempted from farmwork
 

depending on the ethnic group. Among Nuba communities young
 

men herd cattle and engage in physical culture training and
 

wrestling matches. Among some Arab groups younger women and
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and girls are often limited to house chores as it is con

sidcrcd shameful for them to work in the fields. Today many 

youths attend school or join the military and are excused from 

farmwork most of the year, Htuman health problems reach a sea

sonal peak during the rainy season "hunger months" due to com

bination of insect and water-borne infectious diseases and mal

nutrition. As this is the criticvl period of farm labor demand, 

sickness and hunger limit labor productivity in traditional 

fai mi ng. 
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PRODUCTION CONSTRAINTS
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PRODUCTION CONSTRAINTS
 

The ten most important constraints to agricultural pro

duction in Western Sudan arc briefly described in this section.
 

Studies by WSARP and others have led us to conclude that these
 

constraints are generally applicable throughout Western Sudan
 

in varying degrees and emphasis as they originate from basically
 

the same eco-system. By taking the holistic approach we seek
 

to identify the principlcs governing the improvement of ag

ricultural productivity in the region in order that results
 

from one part of the system can more readily adapted to another.
 

It should be noted that despite these imposing constraints,
 

the farmers and pastoralists of Western Sudan have achieved
 

remarkable levels of productivity. It is our intent to help
 

them contribute even more to the agricultural wealth of Sudan
 

and improve their own quality of life.
 

The relative importance of constraints and associated re

search priorities varies from one location to another. Therefore,
 

the constraints, as listed here, are not given in order of priority.
 

Specific production constraints and research priorities are ad

dressed in the accompanying volumes in conjunction with the de

tailed presentation of each station's research plans.
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Inadequate Wa ter Availability, Conservation and Management 

Water is the single most important resource limiting ag

ricultura l productivity' and human settlements in Western 

Sudan, but little Ihas been done to conserve it or to increase 

the ef ficiencv with which it is used. Transhumant movement 

and Crop p rodutct ion are g(verned v the time of advance and re

treat of the ia in Front arid the !ength o f the rainy season. 

The hand tools employed do not suFicientv open the soil for 

adequatc wtoer penetration. The shalllowly planted seeds may 

be caused to germ,'inate prematurely by isolated early showers 

prior to the triue ontsct of the rainy season. Seedlings may 

die or have stunted growth resulting in crop failure or poor 

stand i f not replanted. 

]rratic, intense rainfall causes a disparity in planting 

dates and highly variable plant growth over short distances. 

Low areas cMy -oils often foroin a v are flooded long periods 

durint, the r;iinv season which eitier delays land preparation 

or waterlogs exist in., crops. 

Frequent period.,; or years of drought lead to over

crowding of waterinig points bty migratory and sedentary herds thus 

exacerbatirg inter-group confl icts and Faci] itating the mult i

plication of lest populations a;nd the spread of diseases. 
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Environmental Degradation Due to Poor Land-Use Practices 

Poor range management and agronomic practices in Western 

Sudan deteriorate the environment and seriously undermine the 

agricultural potential and economic stability of the 
region.
 

Soil erosion is hastened by removal of natural vegetation,
 

frequent cultivation and later abandonment of large tracts of
 

land For mechanized farming. Widespread overgrazing in the arid
 

rangelands of the north; expansion of cultivation into marginal
 

lands; range burning, and tree cutting for construction and fuel 

accelerate the degradation of this fragile environment.
 

The productivity of the wetter southern ranges suffers
 

primarily from extensive burning and underutilization rather 
than overgrazing. Uerds migrate away from wetter regions 
in
 

the rainy season leaving highly nutritious grasses un

grazed. When livestock return at the start of the dry season,
 

the grasses already have lost much of their 
nutritive value. 

The frequent range burning adversely affects the 
structure
 

and composition of the vegetation by replacing desirable species
 

with coarse, unpalatable ones and 
leaves the soil highly sus

ceptible to erosion and dessication. Another factor contributing
 

to environmental degradation is the poor integration of crop 

and livestock production. 



60
 

Low Soil Fertility
 

Continuous cropping over the years without additions of 

fertilizer or manure or the inclusion of legumes in any systematic
 

crop rotLtion has depleted the soils of nitrogen and other es

sential nutricuts. Traditi onally, land is cropped for several 

years until yiclds become so low that cropping is no longer
 

proFfitable. The land is then left Fa I low for a number of years 

to restore its lert iity. 

The Iamgnitude ol the problem posed by low soil Fertility 

on clay and sandy soils remains to he define(d in detail. Hiunting 

Technical Serv icces has suggested the low soil fertility is a 

more important p)roblem on sandy than clay soils. 

MIost of the soils in the WSARI' area are subject to 

moderate to severe erosion duiring the rainy season. Some 

soils, particularly in the north, are subject to wind erosion. 

In general, no conservat ion practices are Followed to reduce 

loss of top so il or to increase water penetration into the 

root zone. 
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Inadequate Infrastructure
 

The rural infrastructure of Western Sudan is not ad

equately established to encourage or maintain increased ag

ricultural dcvelopment. Agricultural research has been min

imal and agr icult ural extension o 1 imited effectiveness. 

Problems exist with roads and transport, communications,
 

markets, suppl.ies of agricultural inputs including credit and 

land tenure systems. There are loss than 200 kms. of all 

weather roads between urban centers in Western Sudan. Clay 

soils in the rainy season are impassable barriers to vehicular 

movement, isolating many areas from markets and services for 

five to six months a year. The inheritance of usufructory 

rights to farming plots awards rights to use rather than full 

ownership. The "user" faces uncertainties with regard to con

tinued control of the users land, hence is less willing to 

invest labor or capital in improving the land or in con

serving its resources.
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Poor 	 Agronomic Practices
 

The farmers of Western Sudan have learned to 
 survive
 

in an adverse environment with little or no infrastructure.
 

Crops produced year after year on 
 fields with limited rainfall 

are given almost no inputs except the farmers' labor. The 

s:imple tools available to traditional Farmers for land pre

paration do little more than scratch the soil surface, leading 

to pcor plant stand establishment. Wide plant spacing favors 

weed growih, the control of which is the most labor intensive 

agronomic activity on the rain Fed lands of Western Sudan. Labor 

constraints can lead to improper timing of planting, cul

tivation and harvesting which keep yield levels low. Con

tinuous cropping of fields with the samte crops lowers soil 

fertilitvy and leads to a buildup o crop specific insect pests, 

diseases and parasitic weeds. Long Fallowing periods to "rest'' 

the land enable weed species to regain or surpass their former 

prominence. Continuous crop rotations to maintain soil fertility 

and reduce weed inFest:otion are not practiced. Many grasses 

which grow wild in South Kordo fan are related to sorghum and 

can act as hosts for striga, thus maintaining the population 

of this harmttful parasitic weed during the periods of fallow. 
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Poor Genetic Stock - Crops and Livestock 

The plant cultivars and livestock breeds in Western 

Sudan are of- local origin or lines introduced several decades 

ago. They generally are well suited to the local environmental 

conditions and. possess some valuable characteristics, but are 

low in productivity. Although the area is rich in genetic 

resources, seed production and distribution facilities are 

absent to multiply promising selections or introduced im

proved lines. Seeds for the next season, collected by farmers 

from the previous seasons' crops and stored in their homes 

until planting time, are subject to damage by storage pests 

and reduced viability resulting in low germination rates and
 

stands. For livestock, poor culling and selective breeding
 

programs and the unavailability of improved sires have limited 

potential livestock productivity.
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Conflicts Among Target Groups
 

Disputes occur in Western Sudan between transhumant 

camps and sedentary communities over crop destruction by 

livestock or competition for permanent water sources. 

Members of sedentary communities burn range and crop resi

dues in the early part of the dry season to ward off trans

humant and nomadic herds. Recurrent range wars over land 

tenure occur, resulting in loss of human life, crops and 

livestock. Voluntary formation of associations that might 

raise crop, range, and livestock productivity is often 

precluded by differing tribal and religious customs. Mechan

ized farming schemes displace traditional farmers (using 

hand tools) to less desirable agronomic land. The large 

land tracts of the production schemes often cut across 

traditional migratory routes of transhumants creating 

additional conflicts between sedentary farmers and 

pastoralists. 
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Crop Pests and Diseases
 

Striga (Striga hermanthica) is the single most serious
 

pest limiting crop production in Western Sudan. It parasitizes
 

the roots of' sorghum and millet, lowering yields. It becomes
 

worse with each year of- continuon:. cropping until yield levels 

are so low that tile land must be abandoned. Resistant varieties, 

systematic crop rotations and other appropriate cultural 

management practices which might help control striga are pre

sently absent on traditional farms. Covered smut, stem borers 

and several leaf diseases also cause a reduction in sorghum 

yields. Millet is attacked by the insect pests Cyrtocamenta
 

beetle and lublemma brachygonia during the reproductive stage. 

Long Smut and Downy Mildcw form on millet heads and cause 

yield loss. Flea beetles, bollworms, bacterial blight and 

black arm disease are the most serious pests of cotton pro

duction. 

Large flocks of Quelea (Quelea quelea), weaver birds, 

often numbering in tile hundreds and occasionally reaching 

several thousand can devastate a sorghum or millet crop 

in the grain filling stage in a few hours. Traditional 

varieties resistant to bird damage have low yield potentials. 

Storcd-grain pests, especially weev:ils, take their toll of 

stocLs of sorghim or cowpeas stored in households or market 

warehouses. Termites and ants often remove seeds before they 

germinate and attack senescing roots or stems, but the magnitude 

of the crop loss they cause has not been assessed. 
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Labor Constraints
 

In the hoe-cultivation and herding societies of Western 

Sudan there are several basic labor constraints limiting 

productivity. The number of able-bodied household members is 

often insufficient to manage and perform the physical labor 

needed for peak-season demands, i.e., clearing, weeding, har

vesting, herding livestock away from planted fields, etc. 

In the dry season there is a dearth of household labor to 

water cattle. Opportunities for wage-labor on mechanized 

farms and urban areas attracts workers away frcm traditional 

farming during the cropping season and makes it difficult 

for small farmers to recruit and pay hired farm laborers and 

for transhumants to find and retain herd boys. Certain age/ 

sex groips (adult women among transhumants and adolescents 

among some sedentary farmers) are excluded from most farming 

or herding activities. Disease, hunger, and other factors 

such as pregnancy and lactation also limit the productivity 

of transhumants and sedentary people at critical moments 

in the production cycle in a variety of ways. 
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RESEARCH PROGRAM
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A large amount of planning has been carried out by WSARP 

prior to the preparation of this document. These planning 

efforts have add'essod a number of subjects including organi

zation structure, construction program, staffing, budget, 

research and others. Participating in these planning activities 

have been staff from WSARP, Consultants, ARC, USA11H, World 

Bank, various COS Ministries, and other projects. For a de

scription of the previous research planning activities, 

the reader is referred to the following documents: 

a . In iti al. Survey Report 

b. Initial Scope of Work 

c. Work Plan 1982-1985
 

d. Consultant Reports 

e. Annual Reports
 

f Hlort i cul ture Report
 

g. Range Report by T. Bunderson 

h. Anthropology Report by F. Araujo 

The Research Program at each station is summarized 

briefly in this section. An indication of the relative research 

emphasis at the WSARP stations in relation to the 10 major 

production constraints in Western Sudan is given in Table 3. 



TABLE 3 
 RELATTVE RESEARCH EMPHASIS AT WSARP RESEARCH STATIONS IN RELATION TO MAJOR
 
PRODUCTION CONSTRAINTS IN WESTERN SUDAN
 

WSARP RESEARCH STATION PROGRAM EMPHASIS
 
CONSTRAINTS 
 KORDOFAN REGION 


KADUGLI 
 EL OBEID 


Environmental Degradation x 
 x 


Low Soil Fertility 
 x 
 x 


Inadequate Infrastructure x 
 x 


Poor Agronomic Practices x 	 x 


Poor Livestock Health 
and Nutrition 	 x 


Poor Genetic Stock Crops

and Livestock x 


Inadequate Water Availability

and Management 	 x 


Conflicts 	In and Between
 
Target Groups x 


Crop Pests and Diseases x 	 x
 

Labor Constraints 
 x
 

Sources : 	 Kadugli Work Plan
 
Reeves & Frankenberger Report No. 2
 
El Obeid Work Plan
 

DARFUR REGION
 
GHAZALA GAWAZET EL FASHER
 

x 
 x
 

x 
 x
 

x
 

'x
 

x 
 x
 

x
 

x
 

x
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KADUGLI
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Poor Livestock Health and Nutrition 

Poor livestock health and nutrition are interrelated
 

factors limiting livestock productivity in Western Sudan. The 

seasonal incidence of livestock pests and disease likely limit 

the utilization of southern grazing areas by the migratory herds, 

and present the sedentary animals with decreased productivity 

resulting from high neonatal losses, decreased milk production, 

poor weight gains, low fecundity, and extended conception 

intervals. Little definitive information exists concerning 

specific etiologies; however, rinderpest, anthrax, haemorrhagic 

septicemia, black quartei, and contageous bovine pleuropneumonia 

are endemic in the region. In additior., tick and fly infestations 

are a considerable problem during the rainy seasi.on, with tryp

anosomiasis, babes iosis, anaplasmosis, theileriosis, heartwater 

and Rift VJlley Fever potential problematic di.eases. Most 

insidious are the sub-clinical disease problems, which, contracted 

during the rainy seasion, become manifest during the latter 

stagves of the dry season due to the concomitant stress of poor 

nutrition resulting from t c unavailability of good quality 

forage. The rapid depiet ion of nutrients in uncut forage during 

the dry season is not appreciated by local animal proO cers with 

the result that no effort is made to preserve natural range 

grasses for later consumption as hay. The limited availability 

of sri.1 phosphorus leads to low concentrati.ons of phosphorus 

in forage and phosphorus deficiency in grazing animals. Other 

mineral deficiencies, of a more subtle cinical nature, likely occur 

due to either their low availab:ility or low concentration in 

the soil and forage. 

http:seasi.on


72
 

KADUGLI
 

Previous Research and Studies
 

Agricultural research was initiated in the Nuba Mountains
 

in 1935 when the Agricultural Research Corporation opened the
 

Kadugli Research Station. Research was focussed primarily
 

on cotton varietal improvement, but, numerous cultivars of sorghum,
 

sesame, maize, sunflowers, guar, soybean and groundnuts have been
 

evaluated over the years. Several collections of indigenous Sorghum
 

spp. have boen made by the ARC, ICRTSAT and others.
 

The Nuba Mountains Cotton Corporation established in the early
 

SO's and reorganized in 1967 to the Nuba Mountains Agricultural
 

Production Corporation, NMAPC, has gathered considerable ex

perience and information on mechanized production of cotton,
 

sorghum and sesame on the cracking clay soils. 

The Federal Republic of Germany, via the GTZ, is currently
 

assisting the NMAPC to develop improved cultural practices. The
 

French technical assistance agency, SATEC, is evaluating the fea

sibility of introducing animal traction into the area. Hunting
 

Technical Services, fITS, has written and compiled the most ex

tensive collection of technical information in the area as well
 

as preparing a detailed Rural Development Plan. UNICEF is drilling
 

wells and reclaiming hafirs to increase the availability of domestic
 

water. Various national and regional surveys such as that made 

by Resource Management and Research Ltd., have included the South 

Kordofan and Nuba Mountains region. 
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KADUGLI
 

WSARP Studies and Reports
 

Initial studies by WSARP staff and consultants in S.
 

Kordofan have focused on indigenous farming systems, range 

evaluation, horticultural crop potential and varietal trials 

of sorghum, millet, soybean in collaboration with ICRISAT,
 

INTSORMIL, INTSOY, IITA and AVRDC. The results of these 

studies are contained in the following reports:
 

IHenson, J.1B. and J. Noel 1981 WSARP 
Annual Report (1979-1980). 

Ienson, .J.B. and J. Noel 1982 IVSARP
 
Annual Report (Aug. 1980-Aug. 1981)
 
WSARP Publiication No. 1.
 

Araujo, F.P. 1982 Social Perspectives
 
on Agricul tural Research and Development
 
in S. Kordofan, Sudan: Systems of Ag
ricultural Production among the Nuba. 
WSARP Publ. No. 2. 

Bunderson, W.T. 1982 Annual Report 
of Range Research Activities WSARP 
Publ. No. 3. 

Riley, J.J. et al 1982 Horticultural 
Resources of the Kordofan Region of
 
Sudan. WSARP Publ. No. 4 (in press). 

Dwyer, D.D. 1980 Range Management in 
Sudan. Report of Visit to Sudan Oct. 20-

Nov. 10, 1979. Utah St. Univ. Logan, Utah USA.
 

El Amin, 1:l Tighani Mirghani 1981 A Background 
Report on South Kordofan, WSARP, Khartoum, 
Sudan.
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Kenani, Mukhtar et al 1980-82 Kadugli Station
 
Crop Research Reports.
 

Saad, Zakaria Abdalla 1980 Forest Resources
 
of South Kordofan Province. TN: The use of 
lomegrown Timber in Buildings 
Syinpo!iulm 6-8 Feb. 1979, Khartoum, Sudan. 

Wilson, R.T. 1981 Consultants Report on 
a visit to WSARP, Southern Kordofan, 25 Feb. 
3 March, 1981, IL,(A, Bamako, Mali. 

Dwyer, 1.D. 1982. Range Research at the 
KaduglIi Station, Review and Recommendations 
WSARP Consultants Report based on visit 26 Oct.
16 Nov. 1981.
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KADUGLI 

Kadugli Station Research Program
 

The Kadugli Research Station stiff has prepared a do.

tailed work plan 
 for the period of October 1, 1982 through
 

February 29, 1984. This work plan, whicL contains 
 all current
 

research proposals, has been prepared as a separate document.
 

It is anticipated that following this initial effort work
 

plans will he developed on an annual has is. 

A product ion systems approach will be utilized to address 

the production constraints and problems of the sedentary, 

transhmant and nomadic people of South Kordofan. Initial
 

emphasis will Focus on the central districts during the first 

year or two. Preliminary investigations of the we-tern and 

eastern districts begin 1983. The narrowerwill in focus, 

during early years, is made necessary by limitations of staff, 

vehicles and research supplies and equipment, as well as the 

remoteness of the western and eastern areas of South Kordofan. 

The researclh propram at Kadugli will be consistent with 

the 10 production constraints given in the previous section. 

1lowever, due to the un i queness of the resource base, agricultural 

production systems and people in South theseKordofan, con

straints have been listed slightly di fferentlv, as follows: 

1. 	 Low soil fert iility
2. 	 Poor animal health and nutrition 
3. 	 Inefficieht land and water use management

and cultutral practices
4. 	 Poor gelet ic stock 
5. 	 Inadequate inf rastructure 
6. 	 Conlflicts among target groups
7. 	 Labor conistraints 
8. 	 Crop pests and diseases 
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A major effort will be made to identify grain and forage
 

legumes which can be utilized in rotation, to maintain or to
 

increase the nitrogeii fertility of soils in the Nuba Mountain
 

region. The goal 
of this effort is to reduce or to eliminate
 

bush fallow, maintain crop productivity levels, allow more
 

land to be cultivated, and provide a leguminous forage for
 

livestock during the dry season. The effect of nitrogen and
 

phosphorus deficiencies on the productivity of other crops
 

will be examined in collaboration with GTZ.
 

Crop screening trials will continue in association with
 

IITA INTSOY, AVRDC, INTSORMIL and other international research
 

groups. The purpose of these trials is to identify varieties
 

that produce satisfactory yields under present cultural practices
 

and to identify varieties that are economically responsive to
 

increased fertility levels and improved management practices.
 

Studies will be conducted to determine economic 
losses associated
 

with weed competition, and optimum crop population studies
 

will be undertaken in collaboration with the SATEC animal
 

traction project. 

Continual observations both formal and informal will keep 

the research staff apprised of the constrainls, problems and 

progress of the sedentary, transhumant and nomadic agriculturalists 

in South Kordofan. 
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In 1982 sedentary production system survey will be con

ducted to assess existing cultural practices. On-farm trials 

will be conducted as soon as techniques have been sufficiently 

evaluated to indicate there is a relatively high probability 

of success. It is believed that several of the above mentioned 

interventions, i.e., timing and frequency of weeding; higher 

yielding varieties of sorghum, sesame and soybeans; and forage 

legume species, may be ready for on-farm testing in 1983. 

A study of Vhe actual conditions of transhumant herding 

will address the human factors involved in improving range 

and livestock management. A range resource evaluation study 

is nearing completion. Information derived from these studies 

will facilitate on-range/in-herd trials concerned with improved 

grazing practices and supplemental livestock fec'ing. This 

study should demonstrate the feasibility of Feeding properly 

harvested and preserved forage to improve livestock nutrition 

and to reduce grazing pressures. The burning of crop and range 

land is considered a serious constraint to both crop and live

stock productiop. A study will be conducted to determine the 

reasons for and the effects of burning, and to identify measures 

which could mitigate the problem. A one-year diagnostic study 

will be made to identify the seasonality of pest and disease 

problems in livestock in South Kordofan. Two sentinel herds of 
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cattle have been purchased for intensive study; one confined
 

year-round to the Kadugli Research Farm, and the other mi

grating with a transhumant camp. In subsequent years disease
 

and insect control measures will be evaluated.
 

WSARP will initiate an agricultural market study in
 

collaboration with USAID in late 1982. Both quantitative
 

and qualitative data will be collected, aimed at improving
 

infoination provided to farmers and herders and to improve
 

the utilization of markets and agricultural incomes. Other
 

studies of the transport, credit and input marketing systems
 

are planned. A Pilot village study is planned for 1984 in
 

which all known improved interventions can be tested in a
 

village environment. This will be a coordinated effort be

tween the WSARP scientists and the Agricultural Extension
 

Service, with assistance from the Soil Survey Department,
 

Range Department, Crop Protection Service, and Veterinary
 

Service. It is anticipated that significant increases in pro

ductivity will accrue, but that the most important output will 

be a demonstration of the positive effects to be generated when 

the various departments and services of the Ministry of Ag

riculture work together toward a common goal.
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EL OBEID
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Gum Research in Sudan
 

Organization History
 

Gum Arabic was the principal export from Sudan from the
 

turn of the century until 1920 when cotton took 
over the lead.
 

It reached the peak of its importance in 1912 when it con

stituted 43% of total 
export value. In 1924 the government
 

official gum markets were organized where gum was sold by
 

auction under government supervision. 1932 witnessed the pass

ing of Forest ordinance in which the responsibility of gum
 

production was assigned to the provincial governors. 
Between
 

1911 and 1926 Forestry staff was seconded to Kordofan province
 

to induce gum producers to improve stocking of gum gardens by
 

sowing of seed. District commissioners assisted by tribal
 

chiefs were responsible for fire protection of the gum 
area. 

In 1957 the post of Gum Research Officer was created 

to look into problems of production and utilization of Gum
 

Arabic. Research was divided into two main areas:
 

1. The chemistry of gum with view of finding

further uses for the product and thus in
creasing demand. 

2. All aspects of gum production in the field. 

It was decided that the 
first topic would be best carried
 

out at some European or American University, while the second
 

subject was to 
be achieved by conducting experiments on gum
 

trees established in foresty reserves.
 

An extension component was 
added to the research program
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whereby improved seed planting techniques and tapping hand tools
 

were disseminated froe 
 of charge to the farmers.
 

Accompl ishments
 

Silvicultural and ecological investigations were
 

carried out in a number of places within the gum belt of
 

Sudan. Seed collection and handling techniques were developed
 

for Acacia senegal trees. Nursery techniques,including contain

erized planting and soil block seedling production vere developed. 

Major emphasis was given to improving gum yield per tree by
 

identifying high producing trees. 
Open pollinated seed from
 

reputedly high yielding maternal 
trees were collected and prop

agated in l)emokeya Forest Reserve in order to 
find out whether
 

their progeny were appreciably higher y ielding than normal
 

Because of the length of time required for the completion of
 

the Acacia senegal reproductory cycle, 20 years, results are
 

slow in coming. The use of hormones to stimulate the gum exu

dation rate was attempted but without much success. 
Gum samples 

were sent to Eluropean universities for chemical analysis. A good 

working relationship has been maintained with Euinburgh University
 

and some French inst.itutes engaged in gum research.
 

Current Research Program
 

Currently gum research is being conducted in a number
 

of areas which can be summarized as Follows:
 

1. Biotic, climatic and edaphic factors affecting gum
 
production; 
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2. Genetic research with cutting and grafting
 
techniques;
 

3. Selection for high yielding ability;
 

4. Correlation between seed yield and gum yield;
 

5. Effect of age and tapping intensity on gum
 
exudation;
 

6. Regional differences in A. senegal growth and
 
yield;
 

7. Nursery trials to 
improve seedling production;
 

8. Behavior of gum arabic in storage;
 

1981-1982 Results
 

Initial efforts to vegetatively propagate A. senegal via
 

root cuttings were not successful. Studies will be continued
 

as seed propagation is sometimes thwarted by weevil damage or
 

environmental factors.
 

Annual gum production of A. senegal was found to be di

rectly proportional to tapping intensity and inversely propor

tional to seed yield.
 

A nurser), for propagating seedlings of Acacia senegal
 

and other species was ie-established and staffed under the
 

WSARP. Over 18,000 A. senegal seedlings were produced and
 

distributed to farmers as 
a part of a project to restock
 

Sudan's gumbelt. Another 10,000 seedlings of 17 other tree
 

species of import to the region were distributed to schools,
 

research stations, farmers and other government sections (i.e.,
 

Foiestry, Soil Conservation, etc.).
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A national seed collection was made. The collected seeds
 

will be planted and evaluated at several locations in Sudan.
 

A study on post harvest losses of Gum Arabic was 
initiated.
 

Early observations indicate losses 
on the order of 1-2 grams/
 

kilo/day are common.
 

Planting of Prosopis sp. to stem the southward sweeping
 

tide of desertification in Sudan 
 has been advocated. In some 

locations in other countries, Mesquite, a Prosopis sp., has 

become i noxious wecd. Therefore, a trial was pi.anted to eval

uate the ability of A. senegal to compete with Prosopis spp. 

In another experiment, the natural regeneration ability of 

Prosopis chilcrisis is being evaluated on the desert fringe 

north of E1 (TLeid. 

Studie, exploring the potential for economic production 

of frankincense (Boswei lien papyrifera) in South Kordofan 

were begun. It was first introduced into the area in 1978 and 

seems to do wel. 

Windbreaks composed of several combinations of trees and 

tree spacing were planted. Once well established their affect 

on soil erosion, crop productivity and amelioration of the 

general environmental conditions will be measured. Additionally, 

the best combination of trees for forage, shelter, -.hade, fuel

wood and building materials will be evaluated. 
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Silvicultural observations on exotic species with com

mercial timber potential planted in the Nuba Mountains and
 

on Jebel Marra were continued. Entries include species of:
 

Tectina grandis, Pinus, Eucalyptis, Khaya senegalinsis and
 

Cupressus lusitanica.
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Summary of INTSORMIL
 

Program in N. Kordofan, Sudan
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SOCIO-ECONOMIC CONSTRAINTS TO THE PRODUCTION, DISTRIBUTTON 

AND CONSUMPTION 01: MILLET, SORGHUM AND CASH CROPS IN 

NORTH KORDOFAN, SUDAN - REPORT NO. 1 

E.B. REEVES AND T. FRANKEN II GER 

EXECUTIVE SUMMARY
 

This preliminary report 
 issued in November 1981 from the
 

University of Kentucky International Sorghum and 
 Millet (INTSORMII,) 

socioeconomic project in the el-Obeid region of Northern Kordofan, 

Sudan is a report of work in progress. The major findings of
 

the project to date include 
 the following:
 

- The farmers of this region are involved in a complex mixed
 

subsistence/cash economy. They 
 are producing primarily millet
 

and sorghum for home consumption and sesame and groundnuts for
 

sale. In addition, a variety 
of other wild and cultivated crops
 

are also being consumed 
 and/or sold by households.
 

- There is an integration 
 of crop and livestock production
 

among these farmers. 1,ivestock 
 such as camels, cattle, donkeys, 

goats, and sheep are an important aspect of household economy. 

- Wage labor :is a1so quite important with many fami lies 

hiring workers for their own fields as well as selling their 

own labor to others. Seasonal migration to work in cities 

and on mechanized firmi ng schemes is becoming increasingly 

prominent. 

- Farmers have been quite innovative in searching for new 

economic opportunities and technological assistance. Sesame 

and groundnuts are increasingly being grown as cash crops, in

secticides are widely used to control pests, and extraordinarily
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diversified strategies are used to survive in an extremely
 

harsh and risky environmental setting. Farmers recognize and
 

attempt to manipulate the extraordinary diversity of the prin

cipal crops in order to maximize production and to reduce
 

risk.
 

- Village merchants are an important link between farmers 

and the larger market system. Merchants provide credit and
 

consumption goods, purchase agricultural products, and arrange
 

transportation of goods to and from larger market centers.
 

- Water is the principal constraint. People often have to 

travel long distances and/or spend scarce cash resources to
 

get access to water for their needs and the needs of live

stock. Crop production depends on the vic iss itudes of the
 

rains.
 

- Given the harsh and risky environment, farmers frequently 

find it necessary to plant and re-plant their crops several 

times in order to ensure that their land resources are fully 

utilized. Early-maturing varieties of millet, sorghum and 

sesame are recognized and appreciated in situations when 

re-planting is necessary, but often farmers cannot secure 

sufficient quantities of seed-of these varieties. 

- The most important pests affecting millet and sorghum 

production are a beetle called ,>,nta (Cyrtocamenta spp.), the
 

quelea bird.*, the larva of naffasha (Eublemma brachygonia), buda
 

(striga), ants and termites, long smut, and downy mildew.
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SOCIO-ECONOMIC CONSTRAINTS TO THE PRODUCTION, DISTRIBUTION
 

AND CONSUMPTION OF SORGHUM, MILLET AND CASH CROPS IN
 

NORTH KORDOFAN, SUDAN: A FARMING SYSTEMS APPROACH
 

REPORT NO. 2
 

E.B. REEVES AND T. FRANKENBERGER 

EXECUTIVE SUMMARY 

This research report of the University of Kentucky 

INTSORMTL (International Sorghum and Millet) Project is

sued November, 1982 is the second of two reports written 

during the course of field investigations carried out in the 

el-Obeid area of Sudan. Like its predesessor this is a re

port of work in progress. Succeeding reports will analyze 

larger data bases which may call for the modiffication of a 

few of the conclusions found in tnis manuscript. 

The two principal soil types are associated with some 

differences in cropping patterns and livestock rearing. Both
 

types of soil are characterized by low fertility. Fallowing
 

is the principal means for restoring soil fert ility. The 

natural propagat ion of Acacia senegal, allows farmers to 

gain an income from their fallow land through the collection 

f Gum Ara ic. 

The rural population is dispersed in villages that vary 

in size from five to six households to 1,000 or more. The 

population is greatest during the rainy, cropping season and 



89
 

lowest during the dry season. The average household numbers
 

between seven and eight members.
 

Agricultural production is typically in the hands of
 

more than one decision-maker in a household. A common pattern
 

is for husband and wife to manage separate farms. Unmarried
 

sons and daughters who are old enough may also be given
 

land to manage.
 

The average cultivated landholding of a household head 

is 18 makhammas (13 ha). Most farmers cul tivate more than 

one-half of their total land holdings, indicating that there 

is insufficient fallowing. One-third of all cultivated lands 

are rented by better-off farmers from farmers who are poorer. 

Thirty-eight per cent of the cultivated lands were found
 

to be cultivated in millet, while 95 per cent of the households
 

grew it. About three-quarters of the farmers grow some sorghum.
 

Local varieties are frequently planted in the same hole with
 

sesame. Forty-cight per cent of the cultivated land is planted
 

in sesame, while 93% of the farmers grew sesame in their fields.
 

Sesame is often intercropped with sorghum, cowpeas, watermelon
 

or karkadee. Some farmers sow varieties of sesame which mature
 

at different rates in order to avoid the labor bottlenecks.
 

Since sesame is threshed by hand, it must have the characteristic
 

of shattering easily. Ten per cent of the -ultivated land was
 

planted in groundnuts during the 1980-1981 season. Barbiton
 

variety is grown exclusively and seed quality is said to be
 

very poor. Price instability makes this a high-risk crop for
 

farmers.
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Besides these four major crops, a variety of lesser-impor

tant crops are arown. Roselle is usually sold for cash or
 

traded in kind. Cowpeas and okra are intended for domestic
 

consumption but may also be sold or traded. Watermelon is 

grown as a water source and fodder for livestock during the
 

dry season. Tc is also consumed domestically and sold in
 

local markets. These rinor crops are frequently in'erplanted
 

with sesame and sorghum.
 

The cropping cycle begins in the period of January to
 

Arpil with land clearing. Millet is planted earliest be

cause the locally preferred variety is long-maturing. If the
 

early plantings succeed,, owing to an early arrival of the 

rains ,the crop will mature before the season in which insects 

and birds usually attack the immature candles otherwise. 

Regular plantings of sesame, groundnuts and sorghum generally 

occur in June and early July. Tjese crops, too, may have to
 

be replanted if rains are insufficient for germination or if
 

sandstorms kill the seedlings.
 

Poor farmers are forced by their need for cash, to hire
 

their labor to other farmers and thereby neglect adequate
 

weeding of their own fields. Harvesting operations are 

spread out over the period of late August to January, with
 

most activity occurring in October and November. Returns to 

labcr by crop was highest for millet, followed by groundnuts,
 

sesame, and sorghum.
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Animals play an important role in this farming system.
 

The availability of drinking water, first, and pasture during
 

the dry season, second, are the central-most constraints on
 

livestock raising. Crop residues as well as commercial sorghum
 

are an important source of fodder for working animals but
 

herd animals subsist largely on the pasture that lies beyond
 

the village's zone of cultivated lands. Most farm families
 

own a donkey and several goats.
 

Nearly every farm household supplements its income
 

through off-farm activities. The latter include dry-season
 

migration for a wage, charcoal manufacture, water-hauling,
 

tailoring, carpentry, metalworking, itinerant marketing, and
 

the operation of such capital-intensive enterprises as
 

village shops, bakeries, flour mills, oil presses, cisterns,
 

and trucks. Monetary gifts from relatives living elsewhere
 

is another important source of income for about one-fourth
 

of the farm households.
 

Farming in this region is not subsistence-oriented. Farm
 

households purchase foodstuffs at village shops each day, or
 

several times per week at least. In the most prevalent marketing
 

system a crop's price is determined in auction, after which
 

the farmer's produce is weighed. The government prefers this
 

procedure because the tax rate is precisely assessed. The
 

other system relies on an estimation of the weight and price
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of the crop according to a fcrmula set by the district
 

council. This procedure results in a lower tax estimation
 

than the weighing and auction system, but it appears to
 

be well suited to small, isolated markets where the extra
 

incentive of reduced taxes encourages crop buyers to visit
 

the market. The illegal conveyance of certain crops, par

ticularly sesame, from the farm gate to crop buying agencies
 

in el-Obeid without the full assessment of taxes - is believed 

to be a widespread practice.
 

Millet consumption is supplentented by the importation to
 

the region of sorghum (feterita) grown principally on the
 

mechanized farming schemes at Habila, South Kordofan. A
 

typical farm family supports itself on its own millet for
 

only about four months in the year. The rest of the time it
 

buys Feterita sorghum.
 

The relation between nomad and farmer, who are fre

quently in conflict over access to forage and water, is com.

plementary when it comes to livestock marketing.
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SUMMARY OF WORK CONDUCTED
 
BY DR. TARKE BERHE, INTSORMIL AGRONOMIST
 

1982 CROPPING SEASON, EL OBEID, KORDOFAN REGION, SUDAN
 

OBJECTIVES:
 

1. Strengthen agronomic component of farming systems
 

studies initiated by INTSORMIL anthropologists.
 

2. Evaluate potentially promising cultivars and cultural
 

practices in trials on farmers' fields.
 

3. Compose local millet nursery by collecting land races
 

of millet from farmers' fields from which entries can
 

be selected for inclusion in rotation and inter

cropping trials.
 

ON-FARM 7RIALS:
 

Trial I observation of performance of ARC released millet
 

variety (UGANDL) on farmers' fields near El Obeid, North Kordofan,
 

Sudan, 1982.
 

Entries:
 

i. UGANDI (Abu sul)- locally selected very early
 

maturing variety from Uganda, which was released for use in
 

Sudan by ARC in 1981.
 

2. BALADI (Kordofani) LOCAL CHECK late maturing
 

variety.
 

3. HIREHREE early maturing introduction
 

Area: 1 fd/entry
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Location: 3 villages near El Obeid
 

Inputs: 	L~cal cultural practices for rainfed
 
millet production (i.e. no fertilizer or
 
other inputs except labor and occasionally
 
seed treatment)
 

Planting Date: on or around June 26, 1982 (before
 
rains)
 

Result: 	No tabulated data available yet.
 

Observations:
 

1. Rainfall was exceptionally low. Many crops
 
suffered from drought.
 

2. UGANDI matured 10-15 days earlier than
 
HIREHREE, but, did not produce as many tillers.
 

3. Yield for all entries will be low due to
 
the severe drought.
 

4. Farmers expressed preference for UGANDI
 
for the following reasons:
 

a. produces edible food grain sooner
 
than other entries.
 

b. less affected by insect pests like
 
sinta.
 

c. avoids late season drought by maturing
 
early.
 

d. resistant to long smut.
 

e. less 	preferred by birds.
 

5. BALADI had bettcr seedling establishment
 
and plant vigor and a more rapid recovery
 
following periods of drought than UGANDI.
 

Trial II observation of performance of promising ICRISAT millet
 

variety (ICMS 7817) and ARC released millet variety (UGANDI)
 

on farmers' fields near El Obeid, North Kordofan, Sudan, 1982
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Entries:
 

1. ICMS 7817 - millet variety developed in
 
India by ICRISAT found to be well adapted to
 
conditions in Wad Medani.
 

2. UGANDI (Abu Sul) locnlly selected very early
 
maturing variety originating in lganda and
 
released for use in Sudan by ARC in 1981. 

3. BALADI (Kordofani) LOCAL CHECK late maturing
 
variety.
 

Area: 500m 2/entry
 

Location: 4 villages near El Obeid
 

Planting date: About July 6, 1982
 
(after start of rains) 

Results: No yield data due to drought.
 

Observations:
 

1. BALADI plant growth was superior
 
to other entries. 

2. Failure of late season rains to 
materialize prevented proper crop
 
growth and development. 

Trial III adaptability of Market Chickpeas to El Obeid production
 

conditions.
 

Entry: Unknown chickpea variety from Northern Sudan
 
brought to El Obeid for local consumption.
 

Area: 

Location: 

Inputs: local cultural practices 

Treatments: 1. Date of Planting - early August 
and early September. 

2. Seeding method. 

Results: None to date. 
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WORK PLAN FOR INTSORMIL
 

AGRONOMIST - EL OBEID, SUDAN
 

1983-1984
 

GENERAL: INTSORMIL plans to station a highly -
qualified millet/sorghum agronomist at 
El Obeid, Sudan beginning in the first 
quarter of 1983 to provide direct technical 
support to the WSARP/ARC and ICRISAT pro
grams. 

FINANCIAL SUPPORT: Direct expenses for salary, benefits, travel. 
housing and some local transportation will 
be provided by INTSORMIL from its dollar 
funds. Limited funds also will be avail
able to support local research costs. 

LOGISTICAL
 
ASSISTANCE: 	 WSARP/ARC will provide generV.l program sup

port, facilities for some in-region travel
 
and transport to trials away from El Obeid
 
to enhance the effectiveness of the project
 
within the limit of their available physical and
 
administrative resources.
 

PLAN OF WORK: 	 1. Continue in field seasons of 1983 and 1984
 
the millet evaluation and demonstration trials
 
begun in 1982. Objective is to learn and de
monstrate in farmer's fields which varieties
 
of millet give best all-around agonomic per
formance.
 

2. Learn as much as possible about villagers'
 
reaction to performance, storage quality and
 
food uses of improved millet types.
 

3. Continue trials of chickpea cropping as
sociation in millet-sorghum system.
 

4. Initiate intercropping and sequential plant
ing studies with legumes (peanuts and cowpeas)
 
and cereals (millet and sorghum). Sesame will
 
be included in some rotations.
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5. Develop basis for integrated pest con
trol studies on millet and sorghum.
 

6. Investigate practical cultural practices
 
farmers might use to increase available soil
 
moisture for crop production to lessen crop
 
failure especially in years of low rainfall.
 

7. Collect, describe, evaluate and turn over to
 
ARC, ICRISAT and INTSORMIL researchers farmers'
 
varieties and wild types of pearl millet and
 
sorghum.
 

8. In tiate fertilizer and sowing methods
 
trial.; with pearl millet.
 

9. Identify topics requiring further re
search.
 

COORDINATION: In all activities, the agronomist will main
tain close coordination with WSARP, ARC,
 
ICRISAT and USAID/Khartoum.
 

REPORTING: Reports will be filed at least once every
 
six months with INTSORMIL headquarters;
 
copies will be provided to WSARP, ARC,
 
ICRISAT/Sudan, and ISAID/Khartoum.
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SOCIOECONOMIC CONSTRAINTS TO THE
 

PRODUCTION AND UTILIZATION OF SORGHUM AND MILLET
 

WITH A FOCUS ON NORTHERN KORDOFAN
 

Phase 3: Reducing Constraints to the Adoption
 

of Improved 7echnologies by Small Farmers and Herders
 

Introduction:
 

A baseline analysis of farming and marketing systems in
 

North Kordofan which helped identify constraints and points
 

of leverage for improving production and marketing was
 

conducted in Phase I (Reeves and Frankenberger). The organ

ization and conduct of agricultural research in the Sudan
 

with a focus on research decisions processes was conducted
 

in Phase II (Lacy and Busch). Phase III will be concerned with
 

the development and improvement of linkages between the re

search, agricultural extension, and input marketing sub-systems
 

and small farmers. The guiding assumption is that with the
 

development of research programs and improved infrastructures
 

in North Kordofan more effective communications with farmers
 

and more efficient distribution of inputs and products also
 

will be required. These developments will require studies
 

of existing institutions as well as the development and eval

uation of programs and policies of new agricultural research
 

and development organizations.
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Purposes:
 

1. To study the Kordofan Extension Service with a view
 

to improving its effectiveness both with respect to farmer
 

training and information dissemination and the effective
 

linkage with experiment station and on-farm researchers.
 

2. To monitor change in farming and marketing systems 

and advise in the establishment of on-farm demonstration 

experiments. 

3. To study the effectiveness of various public and 

private organizations, agencies, and businesses that dis

tribute farm Inputs with the respect to standards of quality 

and efficiency and recommend improvements. 

Methodology:
 

The Department of Sociology, University of Kentucky, with
 

the approval of the USAID/INTSORMIL project, proposes to place
 

two social science researchers in the field for 4-6 months in
 

1983 to address issues outlined in the statement of purposes.
 

Data will be collected primarily at El Obeid and Kadugli
 

but it is expected that activities pursuant to the first
 

purpose above would be carried out in various locations.
 

A detailed research design will be developed via
 

visits with appropriate persons in AID, ARC, WSARP, and the
 

Kordofan Regional Ministry of Agriculture.
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STATION RESEARCH PROGRAM
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EL OBEID
 

STATION RESEARCH PROGRAM
 

Current Research Projects
 

1. Identification and control of the most harmful biotic factors
 

affecting growth and yield of Acacia senegal.
 

Nearly a dozen biotic factors are known to damage A. senegal.
 

A survey will be conducted to determine their relative impor

tance in decreasing the stand of Gum Arabic trees in N. Kordofan.
 

Means of controlling the most serious factors limiting growth
 

and gum production will be studied.
 

2. Propagation and production of useful trees in Western Sudan.
 

Previous studies have indicated that there are 6 gum pro

ducing tree species; 8 trees suitable for lumber production;
 

4 species of trees of agro-pastoral importance and 7 trees which
 

produce fruits that are of nutritional or medicinal value. Methods
 

for propagating these species will be developed and evaluated
 

at several sites throughout the Kordofan. Emphasis will be given
 

to species which can help slow desertification, provide feed
 

for animals, protect crops from wind damage, or enrich soil fer

tility.
 

3. Environmental and agricultural influence of mixed species of
 
forests.
 

Five species of trees (A. senegal, A. albida, A. mellifera,
 

Prosopis chilensis and Maerua crassifolia) have been planted
 

perpendicular to the prevailing wind direction in differing pro

portions on seven plots of 2fd each. When the trees have grown
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sufficiently, the growth/yield of sesame, millet, groundnuts,
 

sorghum and other crops will be measured in comparision to
 

unprotected plots. The utilization of the 
trees as forage
 

will also be evaluated.
 

4. Physiological studies 
on gum production and yield in A.
 
senegal.
 

Data will be collected on 
Gum Arabic trees of various ages
 

growing in the Demokeya Forestry Reserve, near El Obeid.
 

Attempts will be made 
to relate gum production and flow to en

vironmental factors and physiological processes. An understanding
 

of these, will be of use in identifying high yielding genotypes.
 

5. Genetic improvement of Acacia senegal.
 

Conventional and unconventional means 
of breeding and/or
 

propagating superior trees will be explored. Development of ap

propriate tissue culture methods should greatly accelerate
 

widespread planting of high yielding 
trees.
 

6. Reduction of storage losses of Gum Arabic.
 

Studies will be conducted in cooperation with the Food
 

Research Centre to 
identify storage conditions and /or containers
 

that reduce gum weight loss during storage.
 

Future Research Plans
 

A more comprehensive research plan will be set 
forth when the
 

new station is completed and staffed. 
It is anticipated that WSARP
 

programs on 
preservation of the environment and conservation of
 

water resources will empinate from El some
Obeid with field
 

activities in El 
Fasher and perhaps at other stations. The pre

dominance of El Obeid as 
a marketing center for all 
Western
 

Sudan and the 
importance of market transactions to all
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agricultural production activities dictates that WSARP marketing
 

studies will be centered in El Obeid. The 
exact nature of the
 

economics studies will depend on 
the results of surveys con

ducted by Reeves and Frankenberger in 1981-1982 and USAID in
 

1982-1983.
 

The El Obeid station will become the major ARC station for
 

millet breeding. It is anticipated that the millet improvement
 

program along with the technical assistance from ICRISAT will
 

be shifted to El Obeid at the earliest possible date. The efforts
 

by INTSORMIL agronomist to improve on-farm crop and water
 

management practices will be continued and expanded upon as
 

the WSARP program develops.
 

It is 
expected that WSARP training activities will be based
 

in El Obeid. Concomitantly it 
is anticipated that collaboration
 

with the Extension Service will be the most 
extensive in
 

El Obeid since it is the site of the Kordofan Regional Ag

ricultural Ministry.
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EL FASHER
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EL FASHER 

RESEARCH PROGRAM EMPHASIS
 

El Fasher will serve as 
a field station for research
 

programs on water conservation and prevention of desert creep,
 

based in El Obeid. Promising means of improving range and for

estry conditions will be evaluated on 
the desert fringe. Col

laboration with the Camel Research Institute, being established
 

by the University of Khartoum, is envisioned. Improvement of
 

husbandry practices and health status of camels, sheep and goats
 

will be a major program objective. Cooperation with and strengthen

ing of Regional Veterinary Services will be fostered as the
 

Darfur Ministry of Agriculture has its headquarters in El Fasher.
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GHAZALA GAWAZET
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GHAZALA GAWAZET
 

Earlier Studies
 

Animal production and range research has been carried
 

out in Ghazala Gawazet since 
the station's establishment in 1957. In 

addition various surveys and studies have been carried out 

by the GOS and their consultants. The results can be found
 

in the offices of the Animal Production Division of the
 

Ministry of Agriculture and Irrigation, the Western Savannah
 

Development Corporation, Hunting Technical Services and Sir
 

M. 	McDonald and Partners.
 

Agronomic studies ware initiated 
 in 1976 at the Urmm Rakuba 

Development Farm, a year after its establishment by the Western 

Savannah Development Corporation. The farm is 60 kmEast of 

Ed Da'ein and approximately 75 km ESE of Ghazala Gawazet at 

a latitude of 110 19'N and longitude of 260 351E. Over 50 

trials have been conducted with major emphasis on groundnuts
 

and millet, hut, including also sesame, sorghum, cowpea and
 

pigeon pea. Trials from 1976 through 1981 consisted primarily
 

of identification of suitable varieties and cultural practices.
 

Millet cropping systems were the subject of several 1982
 

trials which included: response to organic fertilization, inter

cropping with groundnuts or cowpea and an evaluation of scveral 

long term rotation schemes. Intercropping trials of other crops,(i.e. 

sorghum, groundnuts and sesame) and varietal trials of guar and 

forage legumes, also were scheduled at Umm Rakuba in 1982.
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Ghazala Gawazet
 

Research Program Emphasis
 

The WSARP research program at Ghazala Gawazet will 
em

phasize improvement of genetic stock by instituting breeding
 

programs for cattle and groundnuts. Range evaluation studies
 

will be conducted in cooperation with the Western Savannah
 

Development Corporation. Observation of range regeneration and
 

composition in response to several 
levels of controlled stocking 

rates by WSDC complement WSARP data collected in raige exclosures 

established in S. Kordofan. Animal (primarily cattle) nutrition
 

and husbandry will be studied with the aim of improving herd 

health and productivity. Conflicts between target groups 
are 

a major constraint to continuity of development programs. 

Consequently, social scientists will be directing their efforts 

toward identifying means of alleviating tensions through
 

the introduction of potentially synergetic activities. WSARP
 

agronomic studies will supplement those being conducted by WSDC
 

at Umw Rakuba in developing crop cultural management practices
 

that utilize water more efficiently and maintain soil fertility.
 

Especial emphasis will be given to studying the role of Acacia
 

albida and Acacia senegal in the agro-pastoral production systems.
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Central Research Support
 

In addition to the administration and the scientific
 

research activities for Northern Kordofan, the following central
 

research support facilities will be located at El Obeid: Analyti

cal Laboratory, Training Program, Library and Information Services, 

Data Processing ana Statistical Services and the Environmental 

Resources Evaluation Unit. The function of these are describe 

briefly in the succeeding paragraphs. 

- Analytical Laboratory 

The Analytical Laboratory will support the entire pro

ject in analyzing the composition of range plants, crops, soils 

and feed stuffs. In addition, the laboratory wil, establish 

and maintain a close liaison with the laboratories of the ARC, 

University of Khartoum, Ministry of Agriculture and other or

ganizations anddraw on their capabilities as needed. Initially, 

the lab will give more attention to soil and forage anal) ses. 

However, the scope of activities will he widened to meet the 

needs of the project. The fundamental facilities for broader 

activities will have to be installed at El Obeid initially, 

so that laboratory services may be expanded as required. 

- Training Program 

Facilities are being constructed at El Obeid to carry 

out in-service training by the project. In addition, the pro

ject will provide as appropriate, workshops, short-courses 

and other trainng endeavors to meet the needs of various 

disciplines and organizations within the project area. In 
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this regard, discussions have been held with the regional
 

government in Kordofan concerning potential training 

of extension staff, management staff and others. The details
 

of the training program will be developed by the training
 

officer in conjunction with consulting experts. Training
 

activities will call upon the scientific and support staff
 

of the project and ARC to carry out in-service and external
 

training.
 

- Library and Information Services
 

A library and bEsic facilities to reproduce reports
 

and extension materials will be established at El Obeid to
 

serve the entire project. Relevant journals have already been
 

ordered and are arriving in Khartoum. Books have been and will
 

continue to he ordered to build up the needed library resources
 

for the project staff. In addition, during the life of the pro

ject, staff will have access to the world literature held by
 

the international section of the Washington State University
 

Library, which was specifically established to provide services
 

to overseas projects.
 

The mechanisms for providing adequate information services
 

to the WSARP stations remains to be defined. It is envisioned 

that puhlications will be circulated to the researchers at 

the stations for defined time periods via the project a:ir

craft. In addition to serving the project per se the library 

and information services will also provide a regional resource 
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for other organizations and the regional governments.
 

- Data Processing and Statistical Services 

Data storage and evaluation capabilities will be estab

lished as a project-wide service at headquarters. A bio

metrician will assist scientists in experimental design and 

data analyses. Appropriate computer and/or other capabilities 

will be provided for data storage and evaluation. 

- Environmental Resources Evaluation Unit 

The World Bank Staff Appraisal Report (June 6, 1978) 

indicates that a "Water and Land Use Management Program" 

will be established at project headquarters to address re

source potentials and analysis, water management technology, 

socio-economics of water management, land use planning and 

solar energy. 

The project recognizes the importance of improved manage

ment of renewable resources, however, a question has arisen
 

as to whether such activities are best centralized or carried
 

out in association with the project activities at one or more
 

stations. The matter is unresolved at present and needs to
 

be discussed more fully before finalizing staffing plans. 
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General Research Support
 

In addition to the research support provided by El Obeid, 

each station must have adequate facilities and staff to sup

port the planned research programs. Each station has certain 

elements of its program that are unique which require specialized 

facilities not duplicated at other stations within the project 

area. Some of the specific station related programs and facili

ties identified to date are given in Figure 10 along with 

an indication of potential local and international collaborators. 



Figure 10
 
RELATIVE RESEARCH 
PROGRAM EMPHASIS AND 
FACILITIES WITH 
INDICATION
 

OF MAJOR PRINICIPAL LOCAL AND 
INTERNATIONAL COLLABORATORS
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