
rpd lnpact Eduation Repcxt No. 3 1 

~ u d a n :  The Rahad Irrigation Project 

March 1982 

U. S. Agency for International Development (AID) 

PN-AA J- 6 1 0 

BEST AVAILABLE 

JMenustik
Cover



SUDAN: THE RAHAD IRRIGATION PROJECT 

PROJECT IMPACT EVALUATION NO. 3 1  

P e t e r  Benedict ,  Team Leader 
(Bureau f o r  Near E a s t )  

Ahmed Humeida Ahmed, A g r i c u l t u r a l  Economist 
(Un ive r s i t y  of Khartoum) 

Rol lo  Ehr ich ,  A g r i c u l t u r a l  Economist 
(Bureau f o r  Development Support)  

Stephen F. Lin tne r ,  Environmental S c i e n t i s t  
(Bureau f o r  Near E a s t )  

Jack  Morgan; A g r i c u l t u r a l  Engineer 
(Consu l t an t )  

Mohamed AWulrahim Mohamed S a l i h ,  Anthropolog is t  
(Un ive r s i t y  of Khartoum) 

U.S. Agency fo r  I n t e r n a t i o n a l  Development 

March, 1982 

The views and i n t e r p r e t a t i o n s  expressed  i n  t h i s  r e p o r t  are those  of t h e  
a u t h o r s  and should no t  be a t t r i b u t e d  t o  t h e  Agency f o r  I n t e r n a t i o n a l  
Development. 



A.I.D. EVALUATION PUBLICATIONS 

A complete l i s t  of reports issued i n  the A.I.D. Evaluation Publication 
s e r i e s  i s  included i n  the l a s t  three pages of t h i s  document, together with 
information f o r  ordering reports. 



TABLE OF CONTENTS 

Foreword........................................................... 1 

Preface ............................................................ ii 
Executive Summary.. ................................................. iii 
Project Data Sheet.................................................. v 

List of E q u i v a l e n t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi 

Map.......................... ....................................... vii 
I. Project Setting........... .................................... 1 

................ 11. Project Description........................... 4 

....................... 111. Project Impacts: Findings and Analysis 6 

A. Production Relations...................................... 6 
B. Income and Wealth......................................... 8 
C. Labor and Employment............... ....................... 9 
D. Welfare................................................... 11 
E. Institutional Development for Decision-Making............. 12 
F. Environmental Concerns.................................... 13 
G. Sustainability of the Production Model.................... 15 

IV. Lessons Learned............................................. 17 

SUPPORTING MATERIALS 

I. Summary Tables on Scheme 

11. Maps 

111. Chart 

APPENDICES 

A.1 .D. Sub-pro ject 
Institutional and Social Change: Controlled Resettlement and 
Annexation 
Management of Technical Resources at the Micro-Level 
Economic Analysis of Agricultural Enterprises 
Labour/Tenant Relations 
Environment and Natural Resources 
Photographs 
Notes on the Authors 

REFERENCES 

1. Bibliography 
2. List of Persons Contacted 



1 

FOREWORD 

In October 1979, the Administrator of the Agency for International 
Development initiated an Agency-wide ex-post evaluation system focusing on 
the impact of A.1.D.-funded projects. These impact evaluations are 
concentrated in particular substantive areas as determined by A.I.DV1s most 
senior executives. The evaluations are to be performed largely by Agency 
personnel and result in a series of studies which, by virtue of their 
comparability in scope, will ensure cumulative findings of use to the 
Agency and the larger development community. This study of the impact of 
A.I.D. Sudan: The Rahad Irrigation Project was conducted in February 1981 
as psrt of this effort. A final evaluation report will summarize and 
analyze the results of all studies in this sector, and relate them to 
program, policy and design requirements. 



PREFACE 

Large scale irrigated agriculture is at the center of long term 
agricultural planning in Sudan. The Rahad Irrigation Project to which the 
United States Government contributed $11 million in 1973 is one of the most 
recent schemes to develop underutilized water resources and potentially 
arable land. The A.I.D. contribution, although small in comparison to the 
eventual cost estimate of $400 million, supplied equipment at a critical 
time permitting the early start-up of the construction of physical 
infrastructure. This evaluation is not an examination of any one donor's 
contribution but is an analysis of efforts to improve the economic and so- 
cial welfare of well over 100.000 agricultural laborers and tenants under a 
centrally managed administrative structure. It is hoped that the 
evaluation will contribute to a further understanding of parastatal* 
organizations in Sudan as an instrument of change and development. 

The evaluation team was composed of three A.I.D. staff, an outside 
consultant with extensive prior A.I.D. experience in the Sudan and two 
Sudanese professors from the University of Khartoum. The team purposely 
blended agricultural economics, engineering, environmental science and an- 
thropology in an interdisciplinary effort. An in-country workshop was held 
at the outset which involved up to thirty Sudanese policy-makers, technical 
experts, and managers familiar with Rahad's successes and problems. A week 
was spent at Rahad interviewing intensively and traveling extensively 
throughout the scheme. Techniques ranged from analysis of macro-economic 
data to case studies of household budgets. The comments and recom- 
mendations in this report should be attributed to the team alone; certain 
appendices are the work of single individuals. 

The team wishes to express its deep appreciation to the staff of the 
Rahad Corporation both in Khartoum and in the Rahad project area. Par- 
ticular thanks should be given to: Sayed Ibrshim Mohamed Ibrahim, Rahad 
Corporation Executive Director, Sayed Osman Mohamed Beleil, Chairman and 
Managing Director and Dr. Dafaalla Ahmed Dafaalla, Deputy Managing 
Director. The team is also grateful to the many tenants, laborers and lo- 
cal government officials who took time from their tasks to teach something 
about their way of life. The A.I.D. Mission was most helpful in arranging 
for logistical support. 

* One of a number of public sector enterprises which differ from one 
to the other in terms of the degree and nature of public versus 
private control. 



EXECUTIVE SUMMARY 

A major part of the Sudan's program of economic reform is the con- 
tinued development of underutilized water resources and arable land. The 
Rahad Irrigation Project is a key element in expanding the production of 
export crops through fully mechanized irrigated agriculture. Nearly com- 
plete in terms of irrigation works and land preparation, this $400 million 
investment has as its objectives: (a) intensive utilization of government 
investments in Nile water management; (b) production of medium staple 
cotton and groundnuts and (c) improved welfare of up to 100,000 herders and 
subsistence agriculturalists through increases in incomes, employment and 
social services. Long familiar with large scale irrigated government 
schemes, the Rahad Project is intended as an eventual model of full 
mechanization and 100 percent intensive rotation of cash and subsistence 
crops guided by government management. 

The A.I.D. contribution to the overall Rahad Project began in February 
1973 with a $11.0 million loan. This loan supplied heavy equipment and 
spare parts for construction of the irrigation works and for land pre- 
paration. It also provided technical services for the procurement and man- 
agement of equipment. Recently, through the Commodity Import Program, 
A.I.D. has supplied mechanical cotton pickers and vehicles to facilitate 
the mechanization of field operations. The A.I.D. project can be judged 
successful in meeting an equipment need at a critical time in the 
implementation of the Project. Effective utilization and maintenance 
coupled with timely delivery of inputs contributed to substantial progress 
in the development of Project infrastructure. 

Although the Project haa just completed its fourth growing season in 
the more developed southern sections, there are indications of classic pro- 
blems which might ultimately threaten its social and economic viability. 
The production aystem is based upon a standardized family tenancy which is 
supervised through a Corporation inspectorate system. The system controls 
product and input prices, water and machine charges, marketing and most de- 
cision making. During these few years cotton yields have in fact declined, 
and incomes have been lower than required to break even. The Corporation 
has had to cope with problems of the management of mechanized operations, 
apparent labor shortages, and tenant dissatisfaction with the low quality 
of health, education and other village services. 

In the face of declining incentives to grow cotton, tenants employ 
various strategies to obtain additional income from other sources. Almost 
all tenants and laborers maintain livestock and many continue to work away 
from the Project as wage laborers on other schemes. The added value of 
off-farm income has not been calculated, but is understood to be critical 
to Project villagers who increasingly find it difficult to benefit from 
Project-derived income. The mechanization of field operations alao results 
in less Project-derived income for both laborers and for merchants who 
normally benefit from a cash flow. The Project mechanization policy is 
based upon perceived labor deficits and the desire for higher yields 



through integrated mechanized operations. It is unclear as to the extent 
of a real labor deficit in Sudan or whether scarcity is regionally created 
by less attractive Project wages. Mechanization will, however, displace 
labor and might further weaken tenant ties to farm management decision- 
making. 

Tenants have indicated the need for several changes. First, a greater 
degree of tenant decision-making is desired. This is reflected in the ten- 
ants' interest in growing groundnuts--where there is freedom to market out- 
side Corporation auspices--and in producing sorghum. Restriction on grow- 
ing sorghum, the village's basic staple crop, has created a dependence on 
an inflated private market. The integration of sorghum, vegetables and 
livestock into tenancies of more managable size would meet a number of ten- 
ant demands. 

The Rahad Project was conceived of as a community providing a full 
range of services to its inhabitants. Severe limitations on available lo- 
cal currency have meant that schools, health facilities, and social 
services have either not been provided on an equitable basis to all 
eligible communities or, due to inadequate budgets, have not performed at a 
satisfactory level. The Rahad Corporation is taking measures to accelerate 
coverage by increaeing its social development budget. Tenant 
dissatisfaction is compounded by what is viewed as a sluggishness to meet 
recruitment promises for a better way of life. 

A diversified economy including adequate off-farm economic op- 
portunities, a mix of occupations and skills and a rich religious, politi- 
cal and educational life will all be needed to retain the semblance of com- 
munity. Sustainability of the Project will require a permanent population, 
adequately motivated, with a level of initiative to improve community 
welfare through community-based participation in conjunction with 
Corporation guidance. 



PROJECT DATA S X E T  

Project Title: Rahad Irrigation Project 

A.I.D. Project Number: 650-H-019 

A.I.D. Loan Number: 650-8-017 

Borrower: The Government of Sudan. The Project was implemented by the 
Ministry of Irrigation and the Ministry of National Planning. 

Loan Amount: Total $11.0 Million* 

Original: $11.0 million. Loan Agreement signed February 26, 1973 

Sudanese Contribution: $235.0 million 

Maturity of 40 years including a 10-year grace period. Interest at t w  per- 
cent per annum during the grace period and three percent per annum there- 
after. Principal and interest to be paid in U.S. dollars. 

Terminal Date for Request for Reimbursement and for Disbursement: 

April 27, 1979. 

Purpose: To supply equipment to the Rahad Corporation and the Ministry of 
Irrigation Earthmoving Corporation for agricultural development and ir- 
rigation works, respectively and for services of procurement services in 
purchasing equipment. 

Accomplishments: The equipment served to assist to complete the irrigation 
infrastructure for the Rahad Irrigation Project. The equipment wae purchased 
and delivered to site. 

* NOTE : In addition to the original loan of $11.0 million, 
USAID/Sudan granted, under the Commodity Import Program. 
$3.3 million (650-K-601) for the purchase of 50 cotton 
pickers, three 5-ton trucks, and three 4-WD Scouts. All of 
the above had 17 percent spare parts supplied. There was 
also a grant of $350,000 (650-K-601) for spare parts for 
equipment previously procured under the loan agreement. 

In addition, there is an approved grant, not yet 
implemented, for the purchase of 50 additional cotton 
pickers, appropriate support equipment and spare parts. 



Currency Uni t  

U.S. $1.00 

LSd 1.00 

1 meter (m) 

1 ki lometer  (km) 

1 cubic meter (m3) 

1 m i l l i a r d  m3 

1 kilogram (kg) 

1 metric  ton  (m ton) 

1 h e c t a r e  (ha) 

1 square k i lometer  (km2) 

1 feddan (fed)  

1 kan ta r  ( l a r g e )  

1 kan ta r  (small) 

1 kantar  

1 l a r g e  kan ta r l f ed  (kpf) 

1 kglfed 

1 guffa 

v i  

CURRENCY EQUIVALENTS 

- Sudanese Pound LS 

a LSd .49 ( o f f i c i a l  r a t e )  

- U.S. $2.04 ( o f f i c i a l  r a t e )  

Weights and Measures 

(metr ic  and l o c a l  u n i t s )  - 39.37 i n .  

- 0.62 miles 

35.31 cubic f e e t  

1,000 mi l l ion  m3 (810,700 
ac re  f e e t )  

35.31 cubic f e e t  per second 
(CUSEC) 

2.204 pounds ( l b s )  

2.204 l b s .  

10,000 m2 2.47 a c r e  

100 ha 

1.04 ac re  0.420 hec ta res  

312 l b s .  of seed co t ton  

99.05 l b s .  of co t ton  l i n t  

100 pounds ( l b s )  

337 kglha (300 l b s l a c r e )  

2.38 kglha (2.123 lba /ac re )  

35 l b s .  of seed c o t t o n  



Map 1 v i  i 

Location of Rahad Irrigation Project 



I. Project Setting 

A. Importance of public sector agricultural investments 

During the past decade economic development has been the Sudan 
government's top priority. With an estimated 80 million acres of 
cultivable land and up to 120 million acres adequate for grazing, self 
sufficiency in many crops and export potential of others has guided 
government planning. By the mid-1970s the notion of Sudan as the 
"breadbasket of the Middle East" became an objective of Arab donors who 
were concerned about the prospects of a Western food embargo. Under 
President Jaafar a1 Numeiry public sector investments in transportation and 
agriculture have dramatically increased. 

Sudan's agriculture and agricultural related industries account for 9 0  
percent of total national employment. As a source of employment and 
income, and as a way of life, agriculture dominates long term national 
planning. Agriculture utilizes nearly 85 percent of public investments and 
accounts for 95 percent of export earnings, yet only generates 50 percent 
of government revenue. Government objectives include plans to intensify 
agricultural development through mechanizing irrigated and dryland farming. 
Plans include both increasing productivity in traditional farming systems 
and developing underutilized water resources and arable land. 

B. Contribution of Irrigated Agriculture to Food Supply and Export 
Earnings 

For many years irrigated agriculture has been the centerpiece of 
agricultural planning in the Sudan. Out of 16 million feddans (fed) of 
arable land fully one-quarter is under governmental and private irrigation 
schemes. Irrigated cotton alone accounts for nearly 60 percent of 
agricultural exports. Public investment in irrigated agriculture is 
envisaged as a means of generating substantially more government revenue 
through export crops. Such increased returns to the public sector are 
utilized in improving basic services and welfare in the disadvantaged 
rainfed areas of the country, thus furthering the goals of balanced 
equitable economic growth which is the basis of Sudanese agricultural 
policy. 

The focus on mechanized irrigated agriculture has not been without 
serious difficulties. First, such mechanized production for cotton, for 
example, is expensive at an average cost of U.S. $833/fed. Second, the net 
foreign exchange benefit can be low because of the high import requirements 
of machinery and spare parts and the amortization of external loans. 
Third, shortages in fuel and in the availability of seasonal labor have 
added to both cost and problems of law performance of irrigated schemes. 
Current policy is to expand the area under irrigation by 1.4 million fed, a 
process for which extensive foreign assistance will be required along with 
major implications for already scarce local currency resources. 

Previous Page Blank 
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Sudan's most valuable anricultural land lies in the Nile Basin. Until - 
1959, the Gezira Scheme on the Blue Nile was the only major government 
gravity-fed irrigation scheme. Numerous private pumping schemes also 
utilized the waters of the Blue Nile. As a result of discussions to 
increase the area of irrigated cultivation, Egypt and Sudan in 1959 agreed 
to increase Sudan's share of the Nile from 4 to 18 milliard m3. This 
decision led to the construction of the Roseires Dam with international 
funding in 1966. The impact of this dam was considerable. By increasing 
stored water to 3.9 milliard m3, Sudan was able to (a) expand existin 
irrigated systems by 1.8 mil.lion fed and to eventually bring over seve: 
million fed of - new areas under cultivation. The Rahad Irrigation Project 
was one of a number of projects made possible by construction of the 
Roseires Dam leading to a more effective use of Nile waters. 

D. Why Rahad? 

The "Rahad area" is a 300 lam long area on the east bank of the Rahad 
River possessing a number of optimum conditions which make it a prime site 
for use of the Blue Nile waters. Land was available with uniform 
topography and slope, good clay soils and with relatively little clearing 
required. Climate of low average rainfall meant few options to irrigation 
for more intensive use of the land. An indigenous population of 80,000 
people with an unpredictable subsistence-based economy could be benefitted 
by more intensified cultivation. Lastly, the Rahad River, seasonal as a 
water resource, could serve as a supplementary source of irrigation water 
if waters of the Blue Nile were added to the Rahad River through a 
diversion supply canal. In general, the Rahad area had a high productive 
potential to use the Roseires water supply. 

The basic rationale, therefore, for embarking upon what was to become a 
major investment (U.S. $400 million) for international donors and for the 
Government of Sudan included: 

-- utilization of government investments in water diversion and 
storage works at Roseires; 

-- to add the export value of medium staple cotton and groundnuts 
to the GNP; 

-- an opportunity to improve further upon irrigation and agricultural 
technologies; 

-- to increase the quantity, quality and value of domestically 
consumed crops; 

-- to improve the welfare of an economically marginal population 
through an increase in their standard of living (income) and 
in housing, nutrition, health, education and corresponding 
changes in attitudes and values; 



-- to provide employment for a national agricultural wage labor 
force; and 

-- to provide employment for the Ministry of Irrigation permanent 
staff and equipment affected by a decline in public sector con- 
struction following the completion of the Roseires Dam. 

E . Project Chronoloa 
In 1961 the Ministry of Irrigation proposed a simple gravity flow 

supply canal from the Rahad River to an area east of the river. Due to the 
seasonal nature of the Rahad River (flow mid-July, flood by late September, 
and cessation of flow by end of November), such a canal would have had a 
limited value. Subsequent studies by 1964 changed the source to the Blue 
Nile and the crop to cotton requiring extended water availability. Sudan 
approached IDA* in 1965 for Rahad I, a 410,000 fed scheme as a first 
phaseof a 820,000 fed project. Prolonged discussions over gravity flow 
versus pumping for the water source led to a decision for the Sudan to 
independently proceed with the construction of a 190 km supply canal from 
the Blue Nile. Construction was shortly abandoned and for complicated 
reasons a decision was taken to change to an electric pumping scheme 
utilizing an 80 km supply canal which would produce benefits through 
completing the first part (southern section) one year earlier than the 
original gravity flow scheme. A proposal was submitted to IDA in 1971. 

F. Pre-project Setting (See Annex B) 

During the rather long period of conceptualization, a number of 
socio-economic studies were carried out to determine how and on what basis 
indigenous cultivators and semi-nomads would be recruited into the Project 
settlements as tenants (contract holding agriculturalists) and as resident 
laborers (non-tenants who could at some point obtain a tenancy). The Rahad 
Irrigation Project, as originally designed, targetted upon the issues 
listed above, namely, to improve the economic and social welfare of a 
disadvantaged marginal population. Specifically, an effort would be made 
to transform farmers dependent upon subsistence level production of rainfed 
sorghum, vegetables and other crops under rudimentary floodplain 
irrigation, and animal husbandry. These indigenous livelihoods would be 
left behind as farmers would be awarded non-mortgagable irrigated tenancies 
and instructed to grow cotton and groundnuts within a rather precise 
rotation system. 

The irrigation system would provide for a guaranteed supply of water in 
place of a highly irregular pattern of rainfall. The Rahad Corporation, 
founded in 1972, would supply equipment, and productive inputs (seeds, 
fertilizers, insecticides, etc.) on a timely basis in exchange for the 
ever unpredictable sources of material and finance characteristic of 
subsistence systems. Government services would market production for the 
best prices possible guaranteeing that no crops would be left unmarketed. 

* IDA: International Development Association. 



The Project would also attend to educational, health, domestic water supply 
and welfare requirements of a population hitherto unserviced or 
inadequately reached by State facilities and technical staff. 

To accomplish these tasks, major investments would have to be made in 
t e r m  of capital improvements for physical and social infrastructure, 
training of staff and tenants in new technologies and techniques of re- 
source use, and above all the installation of a management system which 
could plan, implement, monitor and evaluate Project activities. The Pro- 
ject would deliver a relatively new way of life for the indigenous pop- 
ulation at a rate of development which would make use of resources as 
quickly as possible. The Rahad Project was viewed as an inheritor of pro- 
ject experience gleaned from years of experience at Gezira and elsewhere. 
The Project would have a distinct advantage in avoiding the problems of the 
past, eg., full mechanization and intensive 100 percent rotation as a re- 
sponse to historical problems of inadequate labor supply and low pro- 
duction. 

11. Project Description 

A. Project Components 

The Rahad Project begins almost 100 bn away from the Project site in a 
small embayment on the Blue Nile 200 km downstream of the Roseires Dam. 
Here at the village of Meina a powerful electric pumping station lifts Nile 
water into a supply canal at a rate of 105 m3/sec. From here the canal 
angles northwest toward the Dinder River where it passes under the bed of 
the river in an inverted siphon and continues on to the Rahad River where 
the 80 km canal discharges at a point seven km downstream of the town of 
Mafaza. One kilometer below the canal outfall is the Rahad Dam. The dam 
maintains a reservoir water level two meters above the normal flood level 
of this seasonal river. This is the be inning of the Rahad main canal, 90 Z km in length with a capacity of 100 m /sec. The supply canal feeds 800 
km of major canals, 400 km of water courses and 4,500 km of farm laterals 
which eventually deliver Blue Nile water to furrowed fields and to farm 
channels feeding numerous basins. The total irrigated area is close to 
300,000 fed of alluvial clay soils in an area 25 km wide and 160 icm long 
located 160 km southeast of Khartoum. 

The Project area as planned, will eventually consist of the town of El 
Pau and 46 villages housing up to 100,000 people. Presently there are 38 
inhabited villages of which five are pre-existing villages. Villages 39-46 
are scheduled for settlement in May 1981. Each completed new village will 
have, ideally, schools, a health facility, a filtered potable water system, 
necessary Corporation offices, staff housing, workshops, equipment yards, 
depending upon the administrative importance of the village. The Project 
area consists of three ~rou~llevel divisions, each of which contains five 
  lock^ divisions (See Map 4). Villages are connected by 80 km of all- 

1 Group level: an area of 100,000 fed consisting of three Blocks. 
2 Block level: an area of 30,000 - 35,000 fed. 



weather spine roads and numerous dirt track8 throughout the area. A cotton 
ginning complex has been constructed at the Project headquarters of El Fau 
town. A demonstration agricultural research station and a seed nursery 
have been recently built. 

The Project has been financed by IDA, The Kuwait Fund for Arab 
International Development, the Saudi Fund, the Arab Fund for Economic and 
Social Development, A.I.D. and the Government of Sudan. The cost of the 
project, as estimated in 1977 is LSd 145 million of which LSd 68 million is 
to be foreign currency. Cost overruns due to delays in construction have 
significantly increased the cost of the project. 

As stated earlier, the goals of the Rahad Project, like other 
large-scale irrigation schemes managed by a parastatal organization, are 
both economic and social. If successful, the Project would eventually 
contribute to generating scarce foreign reserves. At the household level 
it would increase income and lessen the element of risk in income 
generation. Effective services would also improve the general quality of 
life through centrally managed facilities. 

In accomplishing these targets it was assumed that the context of 
economic choice-making, namely the tenancy as a production system, would 
foster and sustain a high level of commitment and incentives. It was also 
assumed that tenants would respond well to elements such as full 
mechanization, a regimented cropping system and centralized management. 
Moat importantly, it was assumed that the new end old populations of Rahad 
would experience a marked improvement in their economic and social well 
being through amenities, services and facilities hitherto inadequate or 
nonexistent. 

In many respects, the Project is too new to measure all intended 
impacts. Villages in the southern part of the scheme have just completed 
the fourth production season and villages in the north have yet to bring 
in their crops for the first season. Full mechanization only exists in a 
few Blocks of southern Group I and mechanical cotton picking, an important 
impact issue, has yet to complete its first harveat. Rules, procedures, 
delivery systems and local institutions are new, so to speak still coated 
with packing grease and yet to be fully assembled. 

A fundamentally important element of the Rahad Project is the 
production relationship embodied in the tenancy. The Rahad Corporation was 
established by legislation in 1972. Responsible to the Ministry of 
Agriculture, the Corporation manages the Project except for the operation 
and maintenance of the main irrigation and drainage system6 which are under 
the Ministry of Irrigation. 

From recruiting and settling tenants to their possible eviction due to 
failure to meet contract conditions, the Corporation maintains strict 
authority. It provides all agricultural inputs and markets and processes 
the cotton production. More than this, through controlled monitoring and 
sanctions it supervises what decision-making is to occur on each tenancy 
and assesses all costs against profits. 



The tenancy is a non-mortgagable, non-transferable, 22 fed farming unit 
registered in the name of a single responsible individual. Full 100 
percent intensive rotation of cotton (11 fed), groundnuts (8 fed) and 
fodder (3 fed) constitute the basis of the farming system. In addition to 
approximately 12,800 such tenancies, a second category of tenancy is a five 
fed vegetablelf n i t  tenancy. The number of these tenancies is uncertain. 
Livestock tenancies of 12 fed each amounting to a total of 1,296 fed are 
being created for meat and milk production. Provision was also made for a 
non-tenant resident laboring population. Theoretically 112 of the Rahad 
population would eventually fall in this category and constitute a labor 
pool for tenants. The production system is administered and supervised by 
a hierarchy of inspectors from village to group level. Distribution of 
Corporation income is based upon the "individual account system" wherein 
the tenant is assessed the full amount of imputed costs of production 
inputs, services, and partial water charges. The tenant receives as 
profits what remains when costs are deducted from gross product receipts. 

111. Project Impacts: Findings and Analysis 

A. Production Relationships 

The production system as described above is based upon (a) the 
tenancz which establishes the limits of choice in what is grown and hov it 
is produced, (b) the inspectorate system which guides, monitors and 
evaluates the level of production efficiency, and (c) the individual 
account which links outcomes of individual tenant efforts to Corporation 
variables such as product and input prices, water and machine charges. 
This system in one variation or another forms the basis of agricultural 
decision-making for most of the major state-controlled large-scale 
irrigation schemes in the Sudan. 

Experiences with these irrigated systems have made Sudanese managers 
more aware of the delicate balance which must be achieved between pursuing 
economic goals of rationalizing mechanized production for export crops and 
providing for the improved welfare of an impoverished rural population. 
One of the most critical factors affecting the achievement of either 
objective is the level of individual and household incentive and commitment 
prevailing within the production system. 

The Rahad Project, although only now completing its fourth production 
season in the southern part, exhibits many signs of conflict between the 
goals of productivity and equity and between corporate and individual 
aspirations. Unlike other schemes such as the Gezira - Managil Project, 
Rahad is moving sharply toward a policy of 100 percent intensive rotational 
cultivation and full mechanization of all field operations in cotton and 
groundnut production and major operations in horticulture. For the most 
part, with particular reference to cotton and groundnuts, the cultivator's 
sphere of decision-making has been reduced to activities such as minor 
equipment inputs, whether he will personally work in the fields or act as 
an agent of management in hiring labor, and what will be the quality of his 



work when and if he is involved. In this context the tenant faces a dual 
role as a farmer and as an employee, with the latter role characterizing 
his involvement with cotton production. 

With respect to cotton, as a tenant, his performance and outcomes raise 
some serious issues. In general, yields and thus subsequent income are 
lower than required to break even. This applies at the household as well 
as at the Corporation level. Cotton yields have declined from 6.3 
kantar/fed in 1977/78 to approximately three kantarslfed in 1980/81. 
During the same period the area planted in cotton increased from 50,000 fed 
to 94,000 fed in 1980/81. The cost of production increased rapidly over 
the same period of time. For example, the nominal cost per fed of one 
cotton weeding increased from about LSd 25 in 1977/78 to LSd 110 in 
1980/81. A Corporation plan to defer a water charge for three years was 
abandoned in an effort to recover costs. Although water is still 
subsidized by the Corporation (LSd 1.5 per irrigatiodfed or LSd .85 less 
than actual cost), rising production costs in general in the face of 
disappointing world market prices for cotton translates into low or 
non-existent net returns for the tenant. 

Low yields for cotton and erratic yields for groundnuts can be 
attributable to a host of problems which Rahad shares with other such 
schemes. Of major importance are problems related to agricultural 
machinery. These include: inadequate quantity of machinery and spare 
parts, inappropriate types of machinery for field conditions and poor 
timing in the delivery of mechanized operations. Admittedly, heavy rains 
have contributed to the late arrival of machinery but the critical problems 
are those of management and training of field operators. Other 
agricultural inputs including irrigation water, fertilizers, pest and weed 
control agents are also not delivered on a timely basis. The availability 
and cost of labor is very much a part of the background of why Rahad opted 
for early and full mechanization. Labor shortage is cited as an overriding 
reason why Rahad needed to fully mechanize its essential export 
crops--cotton and groundnuts. 

Low incentives for growing cotton are reflected in the tenant's 
interest in groundnuts--where he is free to market outside the 
Corporation's auspices--and in his continued pressure on the Corporation to 
introduce sorghum into the rotation. Sorghum*is a major staple of the 
diet and was a predominant rainfed crop over the area the Project now 
occupies. The prohibittion on sorghum within the Project has thrown many 
tenants onto the retail market where sorghum is available only at greatly 
inflated prices. Family labor is disproportionately applied to groundnuts 
owing to expectations of greater market returns. Also, tenant behavior on 
the five fed vegetable and fruit tenancies supports the contention that, 
given appropriate incentives and latitude of decision-making, tenants as 

* Sorghum vulgare or dura - 



farmers can and do work i n  t h e i r  f i e l d s  with care  and a t t e n t i o n  t o  
agronomic p o s s i b i l i t i e s  and seek out market o u t l e t s  f o r  t h e i r  production. 

The inspec to ra te  system i s  a c r i t i c a l  element of the  production 
system. From headquarters,  t o  Group, t o  Block and down t o  the  v i l l a g e  
l e v e l  e x i s t s  a h ie ra rch ica l  system of supervising personnel and tenant  
a l i k e ,  of scheduling f i e l d  operat ions and inputs ,  and of evaluat ing  
individual  performance with c e r t a i n  rewards and d e f i n i t e  sanctions.  
Furthermore, sanctions can and do lead t o  d ismissa l  from a tenancy. I n  
t h i s  l a t t e r  f a c t  the Rahad scheme is unique. While t h i s  system i d e a l l y  
serves both Corporation and tenant i n t e r e s t s ,  represent ing  tenant  claims on 
t h e  one hand and enforcing Corporation methods and procedures on the  o ther ,  
i n  p r a c t i c e  it tends to be biased aga ins t  tenant  i n t e r e s t s .  The 
inspec to ra te  system does l i t t l e  i n  terms of education and information f o r  
improved a g r i c u l t u r a l  p rac t i ces ,  a s  the  f i e l d  inspector  is o f t e n  
inadequately t ra ined f o r  t h i s  d i f f i c u l t  and o f t en  cont radic tory  ro le .  
Moreover, the  dual r o l e s  of the  inspector  a s  broker f o r  management and a s  
mediator f o r  tenants  and l abore r s  weakens h i s  ef fec t iveness .  

B. Income and Wealth 

I n  many respects ,  t h e  uniformity of the  production system, t h e  
tenancy, serves a s  a l eve l ing  mechanism i n  terms of i ts  f ixed fea tu res .  
Income d i f f e r e n t i a l s  occur mainly with respect  t o  crops which are f r e e l y  
marketed and with a s s e t s  i n  the form of animals o r  holdings ou t s ide  of t h e  
scheme. Maximizing individual  gains with cot ton  production is becoming 
increas ingly  d i f f i c u l t .  I n  Block 1 during t h e  1979/80 season, of 1,379 
tenants  only 20 percent  reputedly ran a pos i t ive  p r o f i t  margin. For these 
individuals  gross r e c e i p t s  t o t a l l e d  LSd 360. For the  remainder, cash 
advances were not adequate f o r  f i e l d  operat ions even a f t e r  d i v e r t i n g  
off-farm income i n t o  cot ton  production. In  the case of groundnuts ga ins  
were high when crops were pr.lvately sold. However, pos i t ive  r e t u r n s  t o  the  
tenant r e su l t ed  only when Corporation cont r ibut ions  were not repaid. I n  
many cases, Corporation cash advances lagged behind cash needs r e l a t e d  t o  
operat ions forc ing tenants  t o  r e l y  on money lenders t o  meet production 
cos ts .  The volume of p r iva te  loans has not been est imated but i s  widely 
prac t iced  throughout the scheme. Vi l lagers  l imited t o  a s s e t s  derived from 
a g r i c u l t u r e  alone a re ,  i n  many cases,  i n  a worse manner than they were 
p r i o r  t o  joining t h e  Scheme. 

Almost a l l  tenants  and laborers  maintain small herds of c a t t l e ,  sheep 
and goats.  Although animal husbandry has yet  t o  be in teg ra ted  i n t o  the  
r o t a t i o n  system, livestock a r e  grazed within the  scheme, on ranges 
per iphera l  t o  the  scheme and, i n  many cases,  i n  the v i c i n i t y  of v i l l a g e s  
from which v i l l a g e r s  o r ig ina te .  The added value of l ives tock  t o  the  income 
of tenants  and l abore r s  has not been ca lcula ted ,  although f i e l d  interviews 
suggest a s  much a s  30-40 percent of t o t a l  income i s  so derived. The s i z e  
of herds, the  market p r i ces  of meat, and the  p r o c l i v i t y  t o  apply ava i l ab le  
cash p r o f i t s  t o  the  purchase of animals as l i q u i d  c a p i t a l  suggest t h a t  
animals provide needed a l t e r n a t i v e  income and a cushion f o r  per iodic  crop 



fa i lure .  The majority of tenants maintained considerable herds in  the i r  
or iginal  vi l lages  and many were semi-nomadic before se t t l i ng  on the Rahad 
Scheme. Without expl ic i t  Corporation policy, vi l lagers  have already 
devised means to  integrate livestock in to  a crop rotation which is 
supposedly 100 percent intensive . 

The or iginal  plan for  the Rahad Scheme projected for each vi l lage a 
population of 300 tenants and 300 resident laborers. Although resident 
labor does not begin to approach 50 percent, certain vi l lages  do have a 
high percentage of non-tenants. These individuals, along with seasonal 
laborers who could amount to about 60,000 annually. perform hand labor 
tasks throughout the scheme. Wage rates  are high due to  an apparent labor 
shortage and tend to be constant except for  times when tenants compete for  
scarce available sources. Resident labor during the cotton harvest can 
earn as much as  LSd 200 t o  500. Seasonal labor, also paid by amount 
picked, earns LSd 50-100 plus allowances of sorghum and other food. A 
number of tenants also enter the wage labor market as laborers on 
neighboring schemes. 

Mechanized f i e ld  operations have begun to  displace labor, par t icular ly  
in  the southern Blocks where cotton picking machines have been introduced. 
The goal of f u l l  mechanization w i l l  reputedly leave suff ic ient  work for the 
resident non-tenant labor force. Few individuals, however, have been able 
t o  e i ther  document labor scarci ty  or to  quantify just how large of a labor 
force w i l l  be required. In t e r m  of income, however, f u l l  mechanization or 
even something approaching effect ive mechanization, would a f fec t  the r a t e  
and direction of cash flow on the scheme. Without monied laborers, for  
example, merchants, marketeers and craftsmen would be adversely affected. 
There are re la t ively few off-farm employment opportunities a t  Rahad. 
Corporation personnel, ginning work force and construction crews consist 
largely of individuals from outside the scheme. As resident labor is af-  
fected by mechanization, new s t ra teg ies  w i l l  have to  be devised to  seek in- 
come from outside the scheme. Seasonal labor already has the word that  
Rahad i s  becoming mechanized and holds diminishing at t ract ion for  the fu- 
ture. 

C. Labor and Employment 

The ava i lab i l i ty  of labor and the quality of hand labor versus 
mechanized operations are issues of major importance to  i r r igated schemes 
such as Rahad. The proliferation of large scale governmental agr icul tural  
schemes in  underpopulated rainfed and i r r igated areas over the past ten 
years has generated high demands for rura l  labor. During its f i r s t  year of 
production i n  1977178, the Rahad Project ideally required 57,000 seasonal 
laborers to supplement tenant and non-tenant resident labor. Corporation 
e f fo r t s  to  recrui t  t h i s  level  of additional labor fa i led due to  com- 
munication problems, the shortage of transport vehicles and fuel ,  and per- 
haps relat ively low wage rates.  Problems have persisted and during each 
subsequent year the Corporation and tenants have had to  face c r i t i c a l  labor 
shortages despite increases in  wage rates.  Such increases seem not t o  be 
competitive enough in  a national set t ing although they appear high for  the 
tenant re la t ive  to  returns on cotton. 



As originally envisaged, the scheme was planned for 50 percent tenants 
and 50 percent resident labor. Resident labor falls well short of this 
goal forcing tenants to rely heavily upon outside seasonal labor. A second 
important factor is that many tenants, particularly those who were 
semi-nomadic prior to settling on the scheme, prefer not to work in their 
own fields. The lack of prior agricultural experience and the dislike for 
particular field operations such as cotton picking has generated extra 
labor demands. It might well be that the size of the tenancy, 22 fed, is 
too large for the average household size of five individuals (See Table 6). 
Corporation officials also believe that increased educational opportunities 
for children, particularly for boys, decreases the amount of effective 
available family labor. 

The scheme now attracts about 50,000 to 60,000 seasonal laborers of 
whom 95 percent originate from the western regions of Kordofan and Darfur. 
In this sense, Rahad earnings do impact favorably on impoverished pop- 
ulations elsewhere in the Sudan. A typical laborer from weeding and cotton 
picking can earn up to LSd 125 over a three month period. Additional 
post-harvest work in clearing cotton stalks from the fields can add as much 
as LSd 66 for 33 fed of cotton. Although seasonal laborers receive some 
food from tenants, daily expenditures for a range of goods and services can 
total as much as 1/2 to 213 of daily earnings. Such laborers do not have 
access to educational and health facilities and often are encamped far from 
village standpipes of filtered water. Representation depends upon the de- 
gree to which laborers are organized. Group elected shaikhs and/or labor 
patrons often represent laborers in village councils and production com- 
mittees when particular problems arise such as negotiating special wage 
rates. In general, it is a seller's market for labor and in such an 
atmosphere of competitiveness laborers have a distinct advantage in their 
relations with tenants. 

Permanent resident labor maintains more extensive relations with 
tenants. Many such laborers are hopeful of eventually obtaining tenancies. 
Residing in the same village, tenants and resident laborer families enter 
into mutual aid relationships in activities such as house construction, 
field operations and in moments of family crisis. Such relations--=-- 
transcend tribal and place of origin differences. 

The key labor issue is that of displacement by mechanization. Rahad is 
to become as fully mechanized as possible, a policy assisted by recent 
A.I.D. grants under the commodity import program for the purchase of 50 
cotton pickers with 50 more planned for fiscal year (FY) 1982. The basis 
of this policy is (a) perceived labor deficits and (b) higher yields 
through integrated mechanized operations. Tenant responses have been very 
mixed. For those tenants whose own labor is underutilized and who do not 
care to work with cotton production, mechanization lessens their 
responsibility for labor recruitment and supervision and possibly leads to 
lower input costs. Other tenants are extremely dissatisfied with the poor 
timing of mechanized inputs and with the quality of results of mechanized 
operations. These tenants claim that they are forced to rely upon an 
uncertain and expensive labor market despite newly introduced mechanization 
efforts. Many village leaders interviewed expressed unhappiness with the 
cotton picking machines because resident non-tenants were put out of work. 
In trying to make its policy of mechanization more effective, the 



Corporation has not faced the need to  develop agricul tural  labor policy. 
Under optimum mechanized conditions, a goal which w i l l  take t i m e  to  
achieve, there w i l l  be a need -for hand labor. To what extent resident 
labor can f i l l  t h i s  need is uncertain. 

D. Welfare 

The Rahad Project was designed with the provision of complete services 
and f a c i l i t i e s  i n  mind. A resettlement and social  development fund 
attempted to  provide, during the i n i t i a l  years of development, adequate 
funds to  (a) relocate population, (b) prepare vi l lage s i t e s ,  (c) extend 
funds to s e t t l e r s  to  constuct a grass hut, and (d) provide an elementary 
school, "dressing station" (basic f i r s t  aid and r e fe r r a l  service),  security 
and a f i l t e r ed  potable water supply for each vil lage.  Forty-six vi l lages  
were envisaged, of which f ive  vi l lages  would be existing v i l lages  
incorporated in to  the scheme, encompassing an eventual population of 80,000 
t o  100,000 individuals. Village construction and settlement began i n  the 
south, a process which in  fac t  transferred people from vi l lages  with re- 
la t ively few services to vi l lages  with services. A s  the  Project proceeded 
from south to  north, cap i ta l  development funds for  social  services began t o  
dwindle. Recruitment continued apace despite the lack of local currency 
budgetary support. Contrary t o  the s i tuat ion i n  the south, v i l lagers  were 
recruited from vi l lages  with services in  the northern area of the scheme 
in to  new Project vi l lages  without basic services due to  budgetary con- 
s t ra in ts .  

The Corporation recognizes that  tenant and laborer discontent stems not 
only from the t r i a l s  and errors  of the f i r s t  one to  two growing seasons but 
a lso from the expectations for family welfare which, for  the moment, a r e  
unfulf i l led.  For existing vil lages which have been incorporated by the 
Project, the s i tua t ion  i s  also serious. Provincial government support f o r  
these vil lages has decreased on the assumption that the Corporation would 
look a f t e r  the maintenance of services. In these communities, for  example, 
school teachers normally receive sa l a r i e s  from the provincial government 
and allowances from the Corporation. A number of such teachers have l e f t  
schools because (a) allowances have not been forthcoming and (b) they f e e l  
that  they should not have to  l i ve  in  grass huts while colleagues in  the 
southern vil lages l i v e  in  bet ter  appointed quarters. Health f a c i l i t i e s  
within the older vil lages also have experienced a diminution of provincial 
support which in  any case was barely adequate. The Corporation faces a 
number of conflicts:  

-- how to consolidate by making existing communities (in the 
south) function more effect ively while honoring commitments 
to those being se t t led  in  unserviced northern villages; 

-- how to turn over Corporation-financed social  services to  the 
provincial governments a t  a time when provinces are  
underfunded, (the Scheme straddles two provinces) within a 
year of completion; 

-- how to re ta in  existing services and meet the i r  recurrent 
costs when the Corporation's scarce social  development funds 
i n  terms of equity, should be used to complete the 
development of f a c i l i t i e s  throughout the Scheme; and 



-- how to encourage village level self-help to make up for the 
short-fall in Corporation resources at a time when the 
Corporation's relationship to villagers is all encompassing 
and paternal. 

The 1980/81 social development budget submission of LSd 3.2 million 
was cut to LSd 250,000 to meet salaries and operating costs of offices and 
vehicles only. An additional LSd 100,000 was allocated to complete 
services at the headquarters, El Fau, and one other village. Beginning 
with the new fiscal year, July 1, 1981, the Corporation intends to 
capitalize a social development fund of LSd 1 million derived from 2 
percent of the Project's annual profits. This will be used to help narrow 
the gap between expectations and inadequate services although such 
improvements will do little in the near future to increase incomes. 

Physical welfare in terms of nutritional status and 
morbidity/mortality indices has not been recorded. Although it is likely 
that the physical quality of life has not markedly improved in contrast to 
pre-project conditions, it is also clear that the Project as an irrigation 
system has not developed the classic problems of greatly increased 
incidences of schistosomiasis and malaria. 

Social welfare in terms of educational attainment is obvious where 
schools exist by self-help or through the Corporation (See Map 5 for 
inventory of services). Although school enrollment data could not be 
collected for this study, it is clear that participation is high, albeit 
for boys as a rule. Female enrollment in mixed schools is low and there 
are only a fev separate facilities for girls. The presence of a school 
says little about the quality of education. Generally, school teachers 
interviewed were dedicated ind'ividuals but were greatly concerned by the 
low quality of their quarters, the lack of school materials and supplies, 
the infrequency of their allowances, and the expense of living in villages 
dependent on the market. School attendance seems to have an impact on the 
size of family labor. In justifying full mechanization, the Corporation 
points to a diminishing supply of family labor and a concurrent increase in 
the dependency ratio due to increased participation in primary education. 

E. Institutional Development for Decision-Making 

The tenancy, inspectorate system and the individual account together 
constitute an integral institution with prescriptive rules and procedures. 
Within this institution, the cultivator has a narrow range of choice yet a 
full range of responsibilities. Through the field inspector, the tenant, 
on an individual basis, can make known his problems in cultivating his 
tenancy. There are, however, numerous occasions when 'the tenant, as a 
member of a community of tenants with common problems, needs to express his 
objectives to improve his position within the production system. 

Local level decision-making within the context of the village community 
takes place through the village council, the Sudanese Socialist Union and 
the production council. Some of these institutions are new to villagers, 
others are a part of Sudanese rural life within a new setting--the Rahad 
Project. All represent the development of local government, a phenomenon 



which is supported by the Government of Sudan and assisted by the Rahad 
Corporation. 

Village councils exist throughout rural Sudan and are the inheritors of 
traditional forms of local leadership such as the sheikh. In their modern 
form. these councils are linked to provincial government through a 
hierarchy of rural and district councils. They existed in old villages in 
the Rahad area and with the assistance of the Commissioner of Rahad are 
being encouraged in both new communities and in existing communities 
annexed by the Project. Although hampered by a lack of a budget, such 
councils are encouraged to articulate community needs for services and, 
most importantly, to organize self-help activities. As discussed earlier, 
self-help is an increasingly important means of compensating for an 
inability of the Corporation to provide needed services. Within the 
context of the Rahad Project the village councils are faced with the dual 
task of exacting support from both provincial government and from 
Corporation management. 

The production council in many ways is a more critical link between 
villagers as tenants and the prime source of resource allocation--the 
Corporation. Here the focus is on the production system itself. 
Complaints about resource use, pricing policy and economic returns are 
channeled through the council to the tenant's union, an executive body 
representing tenant interests throughout the scheme. In many respects the 
effectiveness of these institutions is greatly diminished -by the low level 
of choice as an element in the tenancy system. None of the key 
agricultural operations are decentralized. Tenant recommendations and 
complaints continue to work against the background of central management 
knowledge, sttitudea and practices. Decentralized operations involving 
equipment use, delivery of inputs, financing production and marketing 
output are absent. There is some discussion but little action concerning 
the need for cooperatives to handle activities related to crops that are 
less controlled than cotton. This process is impeded by the lack of an 
extension system which could provide training for cooperative endeavors and 
by a shortage of reasonable financial assistance. 

A8 village and production councils struggle without funds and with a 
minimum of authority to identify and resolve problems, the Rahad 
Corporation, as an institution, faces problems of management as an 
effective agent of change. In a sense, the Corporation is not a new 
institution but a recent example of a parastatal organization. It was 
largely founded by the senior management of the Gezira Scheme who applied 
their experience in recreating the management structure of the Gezira. 
These administrators, where possible, attempted to improve upon the Gezira 
in areas such as mechanization and production relations. The problems of 
the Rahad Corporation in managing a technical and administrative staff, in 
attending to problems of training and adequate supervision and in 
maintaining an effective delivery system of facilities and services are, 
however, remarkably similar to the Gezira Scheme-a historical prototype. 

F. Environmental Concerns 

The Rahad Irrigation Scheme provides an early example of a large scale 
international development project which was subjected to an 



e~ological/environmental assessment by the donors during the project design 
stage and implementation. Environmental aspects of the project were exam- 
ined by the World Bank, these findings were later reviewed and incorporated 
into the Project Paper prepared by A.I.D. (1973, Annex VIII). It should be 
noted that the ecological/environmental examination was prepared prior to the 
development of formal procedures for the environmental review of projects by 
the World Bank and A.I.D. The following environmental issues were identified 
as of potential concern at the time: (a) creation of vector habitat for water 
borne diseases (malaria, schistosomiasis), (b) management of agricultural 
chemicals (insecticides, herbicides, etc.) for crop protection, (c) health 
aspects of Alflatoxin (a fungus-related substance) on groundnuts and (d) dis- 
ruption of migratory routes of native game to and from the Dinder National 
Park. Potential impacts on the Dinder Park were reviewed by the Game 
Department and technical experts provided by the United Nations Development 
Program (UNDP). These concerns were reviewed by the Government prior to the 
signing of the project agreements, which included a condition requiring the 
Government to develop a program for the control and treatment of schistosomiasis 
and malaria in the project area acceptable to the donors. 

Project implementation resulted, as anticipated in the advance study, 
in the creation of significant environmental management problems with 
regard to the prevention of water-borne diseases and agricultural 
chemicals. Alflatoxin on groundnuts, as predicted in the advance study, 
did not develop into a problem due to the local techniques utilized in 
groundnut harvesting. 

Direct negative impacts on Dinder National Park were significantly 
reduced by adoption of the option of supplying irrigation water by 
construction of a pumping station at Meina rather than by a gravity flow 
from Roseires Dam. This design change, made on the basis of economic 
evalustion, resulted in shifting the water supply canal to the north which 
greatly reduced disruption of native game migratory routes. 

Previously unidentified secondary impacts, predominantly outside the 
area under jurisdiction of the Rahad Agricultural Corporation, include: 
(a) displacement of traditional nomadic herdsmen and their livestock, 
resulting in displacement of native game and overgrazing in areas adjacent 
to the water supply canal and irrigated area; (b) creation of a market for 
wood (for structural and fuel use) and charcoal with resulting localized 
degradation of available resources adjacent to the development area; and 
(c) creation of an incremental increase in development pressure on Dinder 
National Park through items (a) and (b) above. Unanticipated environmental 
benefits of the project include (a) the creation of extensive bird habitat 
in the irrigated area; (b) creation of fish habitat in the irrigation canal 
system; and (c) a reduction of grazing pressure from traditional nomadic 
herdsmen within the Es Souki Irrigation Scheme and adjacent non-irrigated 
lands . 

The Rahad Irrigation Project represents a case where despite the 
identification and recognition of the major environmental problems in 
advance by the donors and host country, the Project design and 
implementation plan was unsuccessful in addressing these problems through 
effective mitigation measures. Notable success has been achieved in the 



reduction in the incidence of malaria and in the prevention ot the spread 
of schistosomiasis within the Project area, however, this has been 
principally the result of timely external intervention of the Blue Nile 
Health Project (World Health Organization/Government of Sudan (WHO/GOS)) 
rather than as the result of project design. The limited development of an 
institutional capability within the Project area to: (a) control water- 
borne diseases; (b) provide for environmental sanitation; and (c) assure 
the safe supply of potable water have been most noteworthy and problematic. 

The failure of the initial environmental analysis to review 
systematically crop protection techniques and alternatives resulted in a 
long term commitment to large scale chemical control in the project area. 
Use of agricultural chemicals in the project area is extremely high and 
represents a major element of production cost (approximately 30 percent for 
the 1980-1981 production year) which is principally a foreign exchange 
cost. During the recent growing season most cotton fields were treated 11 
times with aerially-applied insecticides; tractor-applied herbicides were 
used to control weeds, while areas to be mechanically harvested were 
treated two times with aerially-applied defoliants. Horticultural plots 
were treated with insecticides and fungicides on an individual basis by 
tenants utilizing knapsack sprayers. 

The extensive utilization of agricultural chemicals in the project 
area presents a special public health problem in terms of direct/indirect 
exposure of crop protection personnel and agricultural workers. 
Application of agricultural chemicals in addition presents concerns 
relating to (a) maintenance of safe potable water supplies, (b) impacts to 
livestock and (c) impacts to aquatic ecosystems, especially fish in the 
canals. Improper storage of chemicals also poses a hazardous situation. 

The Rahad Irrigation Scheme represents an excellent opportunity to 
examine the rapidly evolving "state of the art" in the ecological/ 
environmental assessment of large scale development projects and provides 
for analysis of techniques for the implementation of environmental design 
and mitigation components. The Project clearly illustrates the existing 
gap between the ablllty to identify environmental problems and to 
successfully design solutions to them. It should be noted that the 
critical environmental problems of the Project have resulted from the 
inability of the Corporation and Government of Sudan to institutionally 
manage them and inadequate allocation of capital/operational funds to the 
responsible organizations. 

G. Sustainability of the Production Model 

The durability of the production system followed at the Rahad Scheme 
will largely depend upon the social and economic viability of production 
relationships viewed at the level of the household. Where the Project has 
fallen short of meeting macro-economic objectives it has in many cases 
provided improved economic welfare for families which hitherto had sumived 
at the margin of economic well being. For other tenants less interested in 
cotton production, the tenancy has provided a base around which multiple 
income generating strategies are employed, eg. animal husbandry, wage 
labor, commerce. Although data are inconclusive, horticultural tenancies 
are also beginning to show some positive signs of profitability. 



There are a fev obvious areas where Corporation efforts can greatly 
affect the level of tenant satisfaction. First, sorghum, a mainstay in the 
rural Sudanese diet, should be introduced into the rotation system in a 
three fed allotment. Before the Project, sorghum was grown throughout the 
Project area. Although yields varied due to irregular rains, each family 
could rely on enough sorghum to tide them through each agricultural season. 
Sorghum today is no less a necessity but is no more a part of the 
household's production system. Restoring sorghum into the subsistence 
system would help to elevate a flagging commitment to remaining with the 
Rahad tenancy. 

Second, the rotation system could be modified even further to develop a 
policy of integrating livestock into the agricultural cycle. Each family 
maintains livestock despite a 100 percent intensive crop rotation system 
through an intricate set of agreements with fellow tenants for grazing 
areas. 

Despite the intensity of livestock within the scheme, which probably 
exceeds provincial average densities by several fold, there is, as yet, no 
explicit policy to help develop dairy and meat production and marketing 
cooperative activities. Tenants have demonstrated that it is not 
antithetical to the existing production system to keep livestock, but they 
have yet to convince Corporation management that livestock could become an 
integral part of the production system. 

Third, again within the production system, tenants are orienting 
groundnut production toward private markets. Groundnut marketeers have 
been able to offer an attractive market alternative to the Corporation. 
Corporation advances, however, are not being repaid due to the 
Corporation's inability to control groundnut sales. A modified policy of 
cost recovery for groundnuts, e.g., enforcement of sanctions for 
non-payment of advances, coupled with an encouragement for private 
marketing could also serve to increase the incentive system of tenants. 

Fourth, the tenant as villager is experiencing a serious problem with 
the low quality and/or lack of services such as education, health, home 
economics education, skills training, etc. Although certain services have 
been constructed and staffed in the southern part of the scheme, more than 
112 of the villages lack necessary services at a time when the Corporation 
also lacks capital improvement funds. Tenants and non-tenants alike were 
recruited to the scheme on the assumption that full community services 
were, or would shortly be, available to all residents. As pointed out 
earlier, many villagers came from well serviced communities only to face 
deficits and disappointments in their new settings. For many, frustrated 
expectations for a reasonable level of quality of life reinforce already 
low commitment to and discontent with the Project as a way of life. More 
than anyone, the Corporation is aware of the relationship between tenant 
dissatisfaction with services and agricultural efficiency. 

The Rahad Project area constitutes not only an agricultural system but 
a socio/cultural community. Agricultural pursuits account for only a 
segment of overall community objectives and needs. A diversified economy 
including sufficient off-farm employment, a range of individual skills 
which entail artisan, mercantile, and administrative functions, a rich 
religious, political and educational life will all be required to develop a 



psychological sense of belonging to Rahad as a community rather than as a 
wage employer. Suatainability refers not only to the production model and 
the making of a social class called "tenants", e.g., a group of cultivators 
who recognize common bonds and interests between themselves and with the 
Corporation whose interests might or might not be the same. Sustainability 
will also be a reflection of the permanency of the population, the 
attitudes of a second generation of tenants and non-tenants and the 
initiative shown in improving community welfare through the voluntary 
investment of community resources. 

IV. Lessons Learned 

1. More analysis needs to be applied to the economic and practical 
problems involved with 100 percent mechanization as a management policy. 
The present world inflation and resulting rising cost of inputs. and 
1ogi;tical support have contributed, to a large extent, to the 1 4  ma;ginal 
returns to the production of cotton. An effective economic planning unit 
could help by collecting and analyzing data that would give a clear picture 
of cost relationships. Such analysis could also show the impact of 
alternative combinations of labor and mechanization. 

- 
inadequately trained staff. 

3. More supervisory positions are needed at the Block and field level. 
Farmers complained of the quality and timeliness of the mechanization 
input. The Block level agricultural engineer is asked to supervise the 
machinery input for a 30,000 acre farm with insufficient numbers of 
supervisory staff to assist him. 

4. The tenant farmer has little role in the decision-making process, 
contributing to lov production efficiency. In order that the farmer 
develop his managerial skills, he should have been included in the planning 
process from the beginning. "Top down" farm management structures 
sacrifice the benefit of critical knowledge inputs from practicing 
husbandmen. In other words, tenants and members of other collective 
schemes will opt for "tending their gardens" rather than following 
officially established incentive systems. 

5. As a corollary to the production lesson, scope for choices is 
indispensable to small farmers in order that they may maximize net income. 
Rusbandry tasks must be carried out by people who have a stake in the - -  - 
outcome and who understand the local conditions of production. 

6. Labor shortage at "peak harvest" should be viewed relative to prevail- 
ing wage rates. The well-being of labor, particularly that of available 
resident labor, in the short run should be carefully considered prior to 
pursuing a mechanization process. Mechanized cotton picking, subsidized in 
price, does not appear justified on economic or social grounds. A labor 
policy should be developed for resident labor who are adversely affected by 
both increasing mechanization and the introduction of non-resident labor. 



general cotton shares, could meet many community needs which presently are 
not met. Demographic analysis and community needs assessment are two 
critical tasks which require Corporation attention. 

8. There is a need to conduct and utilize comprehensive environmental 
-- - - - -- -- - 

analysis in the design and implementation of irrigation projects for-the 
examination of both direct and indirect impacts. The analysis should be 
developed on the basis of field examination and literature review. The 
involvement of host country experts and institutions should be sought to 
the fullest extent reasonable. Analysis should examine programmatic and 
technical alternatives to the proposed project and identify realistic and 
implementable mitigation (corrective) activities. Institutional 
requirements and capital/recurrent costs should be critically reviewed when 
examining alternatives or proposing mitigations. Provisions and funding 
should be included in project design for environmental monitoring and 
evaluation. 

9. Especially in the case of multiple donor financed projects a specific 
delegation of authority and responsibility for oversight of environmental 
concerns should be made to a specific host country technical 
organizationlspecific donor or to a joint technical committee. The 
responsible party should assure that environmental concerns are addressed 
in the course of project implementation, that monitoring is adequately 
conducted and that interim evaluations are utilized in fine tuning the 
project. Financial responsibility for environmental mitigation activities, 
in terms of capital and recurrent costs should he clearly specified in 
project documentation. Technical assistance and training provided by donor 
organizations should be selected on the basis of appropriate organizational 
experience or predominate capability of international/national 
institutions. 

10. Preventative programs for the control of water-borne diseases for 
capital and operational costs must be coordinated in the project design 
process and directly funded by the project. Programs must be carefully 
designed in coordination with authorities responsible for (a) public 
health, (b) irrigation system design, (c) settlement siting and 
development, (d) potable water supply, (e) crop protection and (f) aquatic 
weed control. Foreign exchange costs should be carefully reviewed to 
assure they are adequate for the provision of necessary inputs for project 
success. Critical inputs include the procurement of drugs, control 
chemicals, application equipment, support vehicles (including spare parts 
and maintenance), technical training and advisory services. Administrative 
capability and the provision of funding for interrelated activities should 
be recognized as the major constraint to successful implementation of 
control programs in the face of dual Corporation/province authority for the 
provision of public health services. 

11. There is a need to review systematically crop protection techniques 
prior to the design and implementation of irrigation projects. Feasible 
alternatives to tradtional chemical control techniques based upon an 
integrated pest management strategy (biological control, crop hygiene, crop 



rotation, etc.) should be critically emmined for each peet/crop by a 
select technical committee composed of representatives of both host country 
and donor organizations. Specific crop protectionlpeat control research 
and experioentation programs to address both short and long term needs 
should be identified. It is recommended that such program be integrated 
directly into the project design and be funded either directly as a project 
component or aa a complementary projectlsubproject. Crop protection 
authorities should coordinate closely with project economic research units 
to conduct evaluations of cost effectiveness of alternative techniques of 
crop protection. 

- - 
of-agricultural cheu&ls currently in use, descriptions of their clinical 
symptoms and recommended antidotes. It is also necessary to design crop 
protection programs in coordination with the assistance of authorities 
responsible for animal production, fisheries and aquatic weed control to 
minimize direct and indirect impacts on these biological systems. 
Coordination must be institutionally designed within the context of the 
project and if necessary required under conditions in the loadgrant 
agreement with the host country. 
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Settlement S ta tus  Location Comnwn Name Tribal  Date of Date of Type of Government 
(Village No.) Group Block M f i l i a t i o n s  Set t le -  I n i t i a l  Organization 

Production 

e l  Fau Project  - - e l  Fau Corporate 1976 - Idcal Government 
Head- S ta f f ,  var i -  System, I(egiona1 

quarters  ous t r i b e s  Faral Council, 
People's Local 

1 - South 1 E l  Sharfa Kenana Mix 4/1977 7/1977 Village Council, 
Production Council 

2 - South 1 Wad Awad Kawahla 4/1977 7/1977 Village Council, 
Production Council 

3 Block South 1 Tenedba Eshraf 
Head- Galeen 
quar ters  ~ s a l a m a  Village Council, 

Falata  4/1977 7/1977 Production Council 

4 - South 1 L w i s a  Agateen 4/1977 7/1977 Village Council, 
Arakeen Production Council 

5 - South 1 Nur Eldin Arakeen 
Falata 4/1977 7/1977 Village Council, 
Agaleen Production Council 
Rof aieen 

-- 

6 - South 2 Elheriej  Debaseen 4/1977 7/1977 

7 - South 2 Wad Gallen 4/1977 7/1977 
Elkahom Kawahla Mix 

8 - South 2 Abu Eshish Shukria 4/1977 7/1977 
Kawahla 

9 - South 2 Malik Galeen 4/1977 7/1977 

Village Couneil, 
Production Council 

Village Council 
Production Council 

Village Council, 
Production Council 

Village Council, 
Production Council 
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Table 1-3 



Table 1-4 



Table 1-5 
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Settlement 
(Village No. 1 

el Fau 

South Groue 
Block 1 

Block 2 

6 

7 

8 

9 

10 

TABLE 2, SUMMARY OF SOCIAL SERVICES IN THE PROJECT AREA 

Schools 

2 mixed primatry schools 
1 Elementary School 
for Girls 

1 General Secondary School 
School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

2 Primary Schools 
(BoysfGirls) 

1 Secondary School 
(Boys) 

Health 
Services 

Hospital 
(60 beds) 
and 

Dispernsary 

Dressing Station 

Dispensary 

Dispensary 

Dressing Station 

Dressing Station 

Temprorary 
Dressing Station 

Temporary 
Dressing Station 

Dressing Station 

Health Center, 
working as a 
Dispensary 

Water Supply 

Water Treatment 
Plant, Household 

Connections. 
Public Supply 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 
Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter. 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Slow Sand Filter. 
Public Standpipes 
Slow Sand Filter, 
Public Standpipes 

Market 
Place 

General Market 
(see Table 5-1 

Animal Market 

Market 

Market 

Market 

General Market 
Animal Market. 
Crop Market 

Other 

Police Station, 
Post Office 

Cooperative Shop. 
Flour Mill 

Temporary Police 
Headquarters for 
Flour Mill 

JMenustik
PPB



Block 3 

11 

12 

13 

14 

15 

Middle Group 
Block 4 

16 

17 

18 

19 

20 

Block 5 

21 

22 

23 

Mixed Primary School 

2 Primary Schools 
(Boys/Girls) 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

- 

Mixed Primary School 

Mixed Primary School 

- 

Mixed Primary School 

Mixed Primary School 

Mixed Primary School 

Dressing Station 

Temporary 
Dressing Station 

Dispensary 

Temporary 
Dressing Station 

Dressing Station 

Dressing Station 

Dispensary 

Dressing Station 

Dressing Station 

Dressing Station 

Dispensary, 
Planned to be 
Health Center 

Slow Sand Filter 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Artesian Wells, 
Public Standpipes- 
to be converted to 
Slow Sand Filter 
- - 

- 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter. 
Public Standpipes 

Slow Sand Filter. 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Market 

General Market 
Animal Market, 
Crop Market 

Flour Mill 



Block 6 

26 

27 

North Group 
Block 7 

Mixed Primary School 

Mixed Primary School 

2 Mixed Primary Schools 
2 Elementary Schools 
(BoyslGirls) 

(All Preporject) 

- 

Mixed Primary School 

Dressing Station 
(Preproject) 

Self Help Dress- 
ing Station Unde~ 
Construction 

Dispensary 
(Preproject) 

Temporary 
Dressing Station 

Dressing Station, 
Dispensary 
(Under 

Construction! 

Temporary 
Dressing Station 

Temporary 
Dressing Station 

Temporary 
Dressing Station 

Temporary 
Dressing Station 

Temporary 
Dressing Station 

Artesian Well. 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Artesian Well, 
Public Standpipes 

Slw Sand Filter, 
Public Standpipes 

Slow Sand Filter. 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

Slow Sand Filter, 
Public Standpipes 

From Canal 
(Slow Sand Filter 
and Public Stand- 
pipes Under 
Construction) 

From Canal 
(Slow Sand Filter 
and Public Stand- 
pipes Under 
Construction) 

Market 



-- 

Block 8 

36 

37 

School Under Construction Dressing Station 
(will be upgraded 
to dispensary) 

Temporary 
Dressing Station 

Temporary 
Dressing Station 

Temporary 
Dressing Station 
(will be upgraded 
to Health Center) 

From Canal 
(Slow Sand Filter 
and Public Stand- 
pipes Under 
Construction) 

From Canal 
(Slow Sand Filter 
and Public Stand- 
pipes Under 
Construction) 

From Canal 
(Slow Sand Filter 
and Public Stand- 
pipes Under 
Construction) 

From Canal (Slow 
Sand Filter and 
Public Standpipes 
Under Construction) 

From Canal (Slow 
Sand Filter and 
Public Standpipes 
Under Construct ion) 

From Canal (Slow 
Sand Filter and 
Public Standpipes 
Under  construction^ 
From Canal (Slow 
Sand Filter and 
Public Standpipes 
Under Construction) 

Market 

- 

- 



Block 9 

41 2 Primary Schosls 
(BoyslGirls) 
(Preproject) 

3 Schools 
(Preproject) 

Mixed Primary School 
(Preproject) 

Mixed Primary School 
(Preproject) 

Dispensary 
(Preproject) 

Dispensary 
(Prepro j ec t )  

Dressing Stat ion 
(Preproj ec t )  

Dressing Sta t ion  
(Preproject) 

Artesian Wells 
(Publice Standpipes 
Under Construction) 

- 

Artesian Wells 
(Public Standpipes 
Under Construction) 
Artesian Wells 
(Public Standpipes 
Under Construction) 

- 

- 

Artesian Wells 
(Public Standpipes 
Under Cons tmc t ion) 

- 
Artesian Wells 
(Public Standpipes 
Under Construction) 

- 
Artesian Wells 
(Public Standpipes 
Under Construction) 

Source: Data Compiled from Social and Economic Research Unit,  Rahad Agricul tural  Corporation 

- 
Artesian W e l l s  
(Public Standpipes 
Under Construction) 

- 
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TABLE 3. Summary of Tenancies and Estimated Popu la t ion  i n  t h e  P r o j e c t  Area 

Se t t l ement  
( V i l l a g e  

No.) 

Government Cotton Hort i -  Estimated Estimated Migratory 
Employees Groundnut c u l t u r a l  Tenant Resident Laborers 

Tenancies Tenancies Popula t ion Non-Tenan t (December 
Popula t ion A p r i l )  

Estimated 
Resident 
Popula t ion 
(1981) 

E l  Fau 3780 None None None None None 

South Group 
Block I 

S u b t o t a l  

Block 2 

S u b t o t a l  Prof es- 
s i o n a l  1 ,379 
1 5  

Block 3 

T o t a l  South 
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Table 3-2 
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North Group 
Block 7 

3 1 
32 
33 
34 
3 5 

S u b t o t a l  

Block 8 

36 
37 
38 
39 
40 

S u b t o t a l  

Block 9 

41 
42 (A&B) 
4 3 

44 
45 
46 

S u b t o t a l  

- 
- 
- 
- 

1 5  
P r o f e s s i o n a l  

To ta l  North 
Group 3,825 

GRAND 
TOTAL 

299 
231 
191 
201 
200 

1,122 

284 
289 
279 
278 
382 

1,512 

167 
176 

Shared 
wi th  
v i l l a g e  

41 

318 
202 

Shared 
wi th  
V i l l a g e  

45 

863 

3,497 

11,658 

17 
17 
34 
1 7  
17 

102 

1 7  
17 
1 7  
17 
34 

102 

17 
1 7  

Shared 
wi th  
v i l l a g e  

4 1  

34 
1 7  

Shared 
wi th  
V i l l a g e  

45 

85 

289 

901 

Source:  Data compiled from S o c i a l  and Economic Research Unit .  Rahad A g r i c u l t u r a l  Corporation 



TABLE 4. Permanent Government Employees in el Fau 

A. Rahad Agricultural Corporation 

Senior Management 

Administration 

Agricultural Experts 

Engineers 

Agriculturalists 

(Shampot High Institute/Graduates) 

Officials 

Ginnery 

Skilled Labor 

Unskilled Labor 

B. Rural Council 

(teachers, police, etc.) 

C. Ministry of Irrigation 

D. Ministry of Public Works -- 

TOTAL 3780 

Source: Social and Economic Research Unit, Rahad Agricultural Corporation 



TABLE 5. El Fau Market, Inventory of 

Type of 
Enterprise 

Restaurant 

Barber Shop 

Dry Goods 

Shoe Makers 

Produce Sellers 

Meat Sellers 

Flour Mill 

Bakeries 

Bread Sellers 

Other 

TOTAL 

Enterprises and Employees* 
(February 1981) .- 

Number of 
Shops 

Number of 
Employees 

Number Employed 
in Type of 
Enterprise 

* All employees in the market are currently living within its 
confines and have not secured permanent housing. 

Source: Field Sllrvey Data collected by AID Impact Team. 



TABLE 6. Demographic Survey Data, Villages 4 and 16 (1980) 

Village 4 

South Group 
Block 1 

Village 18 

Middle Group 
Block 4 

(Block 
Headquarter) 

-- 
Tenant 

... -.,., . . .., , 

Total 
. ~ , .  

230 

543 

-. - . . .. . . . 

Average Age, Head of 
Household 

- ,  

Tenant 
.. - A ..- 

37.7 

38.7 

, .  . ~ . .  

Non-Tenant 

Average size of 
Household -..- -.--.- 

Tenant 
..~--.---*--- - 

I Number of Unmarried I Average Number of I Population 
Head of Households Dependents Per Household 

* Includes dependents 

------..-..-.---- ------- - . .- -. - .-- .-. . . -- - -- -- 

t 1 Non;enant ] Y~~::~IL--' --- -. . - . -..- - .- . . .- . . . ---.. ., ., .. - .- ,-. ., ,,, --, -- 
Village 4 

Village 18 .14 .45 
I.. - . - - .- . . .- -_ - 

Source: Compiled from raw data of the Social and Economic 
Research Unit, Rahad Agricultural Corporation. 

f 
TOTAL 

-. 
1143 

2527 

- . . -- 
Tenant 

1137 

1805 

Non-Tenant 

6 

722 



SUPPORTING MATERIALS 

11. Maps* 

Map 2 General Map of the Rahad Irrigation Project 

Map 3 Hap of Infrastructure and Settlements in the Rahad 
Irrigation Project 

Map 4 Hap of Administrative Units in the Rahad Irrigation Project 

Map 5 Hap of Distribution of Schools in the Rahad Irrigation 
Project 

Map 6 Map of Distribution of Public Health Services in the Rahad 
Irrigation Project 

Map 7 Hap of Distribution of Village Water Supply Systems in the 
Rahad Irrigation Project 

* Map 1 Location of the Bahad Irrigation Project has been included 
as page vi. 



Map 2 

General Map of the Rahad Irrigation Project 

Legend: - Supply and Main Canal - Major Canal ....-. 220 KV Line 
....... 100 KV Line 

All-Weather Roads: - Major - Two Lane 
- Single Lane 

0 Group Headquarters 
O Block Headquarters 



Map 3. 

Infrastructure and Settlements 



Map 4. 

Administrative Units 
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Map 5. 

Distribution of Schools, 1981 
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Map 6. 

Distribution of Public Health Services, 1981 
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Map 7. 

Distribution of Village Water Supply Systems, 1981 
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A-1 

A.I.D. Sub-project 

I. PROJECT DESCRIPTION 

The Rahad p ro jec t  was authorized i n  February 1973 a s  a n  $11,000,000 
loan  f o r  t h e  procurement of equipment and r e l a t e d  se rv ices  i n  support of 
t h e  development of 300,000 fed i n t o  i r r i g a t e d  a g r i c u l t u r e  along the  Rahad 
River i n  Eas tern  Sudan. The i n i t i a l  cos t  es t imate  f o r  the  p ro jec t  was $99 
mi l l ion ,  with t h e  World Bank ( I D A )  and Kuwait providing $42 mi l l ion  and $11 
mi l l ion ,  respect ive ly .  The major components of t h e  p ro jec t  include a pump- 
ing  s t a t i o n  a t  Meina on t h e  Blue Nile ,  a n  85 km supply canal  from Meina t o  
t h e  Rahad River; a dam on t h e  Rahad River ,  i r r i g a t i o n  i n f r a s t r u c t u r e  f o r  
d i s t r i b u t i o n  and drainage f o r  300.000 fed; cons t ruc t ion  of headquarters ,  
maintenance f a c i l i t i e s ,  o f f i c e s  and houses; v i l l a g e  i n f r a s t r u c t u r e  ( inc lu-  
ding heal th  and educat ion);  a road network; s to rage  and processing 
f a c i l i t i e s  f o r  co t ton  and groundnuts; an e l e c t r i c a l  system; seed production 
and research  farms; and f e a s i b i l i t y  s tud ies  f o r  a Phase I1 pro jec t .  

11. A.I.D. CONTRIBUTIONS 

The A.I.D. Port ion of t h e  p ro jec t  supplied equipment t o  t h e  Rahad Cor- 
pora t ion  and Ministry of I r r i g a t i o n ' s  Earthmoving Corporation f o r  
a g r i c u l t u r a l  development and i r r i g a t i o n  works, respect ive ly .  About $10 
mi l l ion  of A.I.D. funds were disbursed between 1974 and 1976 f o r  ear th-  
moving and a g r i c u l t u r a l  equipment, and f o r  the  se rv ices  of Louis Berger, 
Inc. ,  t o  a s s i s t  the  GOS with procurement. 

I n  genera l ,  t h e  A. I .D .  cont r ibut ion  t o  t h e  pro jec t  achieved and i s  
continuing to  achieve i t s  purpose of supporting i r r i g a t i o n  works and 
a g r i c u l t u r a l  development i n  t h e  Rahad projec t .  Some veh ic l e s  and heavy 
equipment have worn out a s  a r e s u l t  of t h e  rough condi t ions  which prevai led  
during the  i n i t i a l  s t ages  of t h e  p ro jec t .  

Of  392 pieces of A.1.D.-financed equipment. approximately 47 percent  
is opera t ing ,  24  percent is not  operat ing but r epa i rab le ,  13 percent is not  
r epa i rab le  due t o  cannabalizat ion,  and 16 percent  is expended o r  has com- 

- . -  
p o t e n t i a l  due t o  l ack  of spare  pa r t s ;  therefore ;  s i g n i f i c a n t  l i f e  remains 
i n  most heavy equipment u n i t s .  Generally, t h e  equipment provided was 
s u i t e d  t o  the  work required. Shortages of some e s s e n t i a l  spare pa r t s  con- 
t r ibu ted  t o  t h e  dec l ine  of some of t h i s  equipment and continues t o  con- 
s t i t u t e  a major problem. Some of the  equipment p a r t i c u l a r l y  t h a t  procured 
f o r  t h e  Earthmoving Corporation no longer is required f o r  t h e  Rahad p ro jec t  
and can now be u t i l i z e d  f o r  o ther  development a c t i v i t i e s  i n  Sudan. 

I t  is s i g n i f i c a n t  t h a t  t h e  major por t ion  of A . I . D . ' s  cont r ibut ion  t o  
the  p ro jec t  was de l ivered  r e l a t i v e l y  promptly and e f f i c i e n t l y .  A.1.D.- 
f inanced equipment was t h e  f i r s t  equipment ava i l ab le  t o  t h e  p ro jec t  and i t  

p le ted  i t s  useful  l i f e .  Heaw eau i~ment  genera l ly  has not been used t o  i t s  



contributed t o  the  e a r l y  s t a r t -up  of construction.  Sudanese o f f i c i a l s  who 
were interviewed acknowledged the c r i t i c a l  r o l e  of A.I.D. inputs.  

111. PROCUREMENT PROBLEMS 

By e a r l y  1977, about $10 mil l ion  was disbursed and the remaining $1 
mi l l ion  committed. A t  t h i s  time A.I.D. considered de-obligating the  
remainder of the loan s ince  a l l  e s s e n t i a l  equipment i n  the  loan agreement 
had been procured. However. the Rahad Coproration developed a plan t o  use 
the remaining funds f o r  spare  pa r t s  and other  items. Therefore, t h e  Berger 
procurement contrac t  was b r i e f l y  renewed during 1977. Despite three  ex- 
tensions i n  the  terminal disbursement date  (TDD), through Apr i l  1979, only 
a t o t a l  of $10,348,047 was disbursed, l a rge ly  because supp l ie r s  f a i l e d  t o  
make f i n a l  d e l i v e r i e s ,  and/or L e t t e r s  of Credit  were not extended f o r  a 
s u f f i c i e n t  length  of time. I n  addi t ion ,  small cost-savings occurred i n  
numerous orders.  The committed but undisbursed amounts were not  f u l l y  an- 
alysed and acknowledged u n t i l  l a t e  February 1979. Thus, major projec t  
implementation emphasis was placed on keeping Le t t e r s  of Credi t  and L e t t e r s  
of Commitment extended ra the r  than on placing new orders. Some dealers  
apparently no longer intended t o  make d e l i v e r i e s  by the  f i n a l  s tages  of the  
p ro jec t ,  even though L e t t e r s  of Credi t  were open. Thus, the $651,943 which 
remained undfsbursed a s  of Apr i l  27, 1979, were de-obligated. The items 
which were not del ivered include s i x  Ford trucks,  a low-boy t r a i l e r ,  a tan- 
ker  and various spare p a r t s  and tools .  

A.I .D. ' s  cont r ibut ion would have been enhanced by f u r t h e r  d i s -  
bursements f o r  e s s e n t i a l  spare pa r t s ,  minor equipment and add i t iona l  
vehicles. While t h e  Berger con t rac t  f u l f i l l e d ,  i n  general,  the  services  it 
was expected t o  provide, ne i the r  Berger. A.I .D.  nor the  Government were 
e f f e c t i v e  i n  iden t i fy ing  t h e  cause f o r  slow disbursements during the  f i n a l  
years of the  projec t .  Unfortunately, it is t h e  f ledging Rahad Corporation 
which bears t h e  consequences of t h i s  i n a b i l i t y  t o  disburse the  e n t i r e  loan. 

IV. CURRENT STATUS OF RAHAD PROJECT 

The current  s t a t u s  of t h e  Rahad projec t  (apar t  from A.I .D. ' s  con- 
t r i b u t i o n )  i s  approximately three  years behind schedule, and is  expected t o  
be completed by June 1981. The pumping s t a t i o n  and main canal  have been 
functioning f o r  nearly three  years,  and t h e  t h i r d  crop on about 200,000 fed  
was harvested i n  e a r l y  1980. Contractors a re  completing housing and 
adminis t ra t ion  i n f r a s t r u c t u r e ,  the road network and the e l e c t r i c a l  network. 
I n  view of the  complexity of the  p ro jec t ,  implementation has been com- 
mendable. The World Bank loan of $62 mil l ion  i s  a l l  but about $8 mi l l ion  
disbursed, with only $1.9 mi l l ion  uncommitted. Construction cos t  overruns 
have been primari ly l o c a l  c o s t s  and a r e  being provided by t h e  GOS. The 
primary outstanding problem is t o  obta in  l o c a l  currency and l imi ted  fore ign 
exchange t o  complete t h e  projec t .  

The managerial and f i n a n c i a l  aspects  of the projec t  a l s o  require  
a t t en t ion .  The World Bank provis ional ly  est imates operat ing losses  f o r  t h e  



Rahad Corporation of LSd 10 million in 1979, LSd 12 million in 1980, and 
LSd 7 million in 1981 and 1982. respectively. These losses do not take 
into account the amortization of investment costs. The World Bank is 
planning to extend technical assistance in finance and accounting, 
supplies, maintenance and operations in an effort to render the Rahad 
Corporation more viable financially. Since the Corporation was founded in 
1973 and is still making the transition in emphasis from construction 
activfties to agricultural production, considerable improvement in its 
operations should he forthcoming in the early 1980s. 

TABLE I 

PROJECT COST ESTIMATES 

(in million U.S. dollars) 

IDA 

Original Revised-1975 Revised-1979 

42 62 67 

Kuwait Fund 11 50 50 

USAID 11 11 11 

Arab Fund - 9 9 

Saudi Fund -- 28 28 

Gav. of Sudan 35 80 235 

TOTAL 99 240 4001 

1 Estimated by World Bank. Of this amount, about $16 million represents 
foreign exchange requirements. Assuming that the World Bank provides 
$5 million as part of the $60 million Irrigation Subsector Project 
proposed for 1980, the government will require foreign exhange of 
about $11 million from other sources. 

The cost estfmate includes inflation through the final construction 
phase of the project, June 1981. Currently, local funds are available 
to complete 60 percent of the remaining work by June 1980, leaving 
less than 10 percent of the total project area to be completed during 
the last year of the project. 



V. ADDITIONAL EQUIPMENT PURCHASE 

Af te r  the  crop year of 1980/81 when there  were d i f f i c u l t i e s  en- 
countered i n  obtaining s u f f i c i e n t  laborers  fo r  hand picking of cot ton  and a 
r e s u l t i n g  l o s s  of cot ton i n  the  f i e l d ,  t h e  Corporation requested a grant  
under the  Commodity Import Program f o r  the  purchase of 50 mechanical co t ton  
p ickers ,  appropriate support equipment and spare pa r t s .  The request  was 
approved and the  mechanical pickers have now operated one season. 

The suppl ier  agreed to  supply se rv ice  and t r a i n i n g  of operators  f o r  
t h r e e  seasons. F i f t y  d r ive r s  have been se lec ted  and t r a ined  i n  the  
fundamentals of operat ing the  machines. Mechanics have a l s o  been se lec ted  
and gone through one year  of t ra in ing.  

The tenant  farmer claims t h a t  the  machines leave from 15 t o  40 percent  
of the crop. The Block and f i e l d  inspector  claim losses  of L O  t o  1 5  per- 
cent .  The technicians from the supp l i e r  and the Corporation a g r i c u l t u r a l  
engineering department est imate a f t e r  a  ca re fu l  count t h a t  the l o s s ,  t h e  
cot ton  t h a t  is not picked, is  between f i v e  t o  10 percent.  Only time w i l l  
t e l l  the  o v e r a l l  e f fec t iveness  of these machines. 



Present Condition of Agricultural Xsdhinery and Heavy Equiplent 

Financed by USAID/SLmu8 

Type & Name 'of Machine No. of machines In good Out of Remarks 
received Order Order 

1. Crawler Tractors 
(Fiat - Allis 16-8) 

2. Farm Tractors 
(Ford 5000-W) 

3. Motor Grader - (WABCO 555 & 444) 

4. Lub & Compressor Units 

5. Heavy - Duty Disc Harrows (Rome) 6 6 - 
6. H. Duty Disc Harrows (Taylor - Way) 6 

7. Offset Disc Harrows (Allis Chalmers) 10 

8. Offset Disc Harrows (Bush Hog) 10 

9. Abu XX Ditcher (Eversman) 4 3 1 Received 
with 
missing 
parts 



Institutional and Social Change in the Rahad Area: 
Controlled Resettlement and Annexation 

I. INTRODUCTION 

From its inception the Rahad Irrigation Project envisaged a process of 
deliberate social planning involving controlled resettlement of a part of 
the indigenous population outside the scheme and an annexation of com- 
munities located within the Project area. Several socio-economic surveys 
of the Project area and its immediate environs provided useful data to the 
committees responsible for addressing issues such as land tenure rights, 
intertribal relations, the matching of services between community of origin 
and new Project communities, and the awarding of land tenancies.* 

The Rahad Corporation benefitted from decades of experience in re- 
settlement on the Gezira-Managil Scheme and other irrigated schemes. Many 
of the key managers responsible for setting policy at Rahad were in fact 
seconded from the Gezira Board. In practice this led to the establishment 
of more restrictive recruitment eligibility requirements. Other dif- 
ferences between Rahad and Gezira can be noted in production relations, the 
structure of management and the degree of mechanization. Such dif- 
ferences were deemed necessary in order to quickly achieve high production 
outputs of priority export crops. 

PRE-PROJECT SETTING 

A. Physical and Climatic Conditions 

The "greater Rahad area" is a 300 km zone on the east bank of the 
Rahad River. Located in the central part of the Sudan, it is situated in a 
vast clay plain at an elevation of 400-430 meters above sea level. Deep 
clay soils coupled with an average low rainfall of 350 mm in the north of 
the area and 650 QI in the south play a major role in limiting rainfed crop 
production to the short period of late June to early October. The pro- 
perties of the soils, i.e. high water holding and low permeability, provide 
both positive and negative factors for the development of the scheme. The 
clay plain makes it easy and cheap to irrigate with unlined canals and lit- 
tle seepage. On the other hand, traditional cultivators familiar with the 
growing of rainfed sorghum (dura) need to learn water management techniques 
to cultivate within a very narrow moisture range to avoid water logging and 
subsequent harmful clay expansion. 

* Rro important surveys are Muh. El Awad Gala1 El Din. The Human Factor 
in the Rahad Project Area. Miniatry of Agriculture, Food and Natural 
Resources, 1975 and M. H. Satti. Rahad Irrigation Project. Health 

@ect - with Special Reference to Environmental Factors. National 
Council for Research. 1974. 
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The pre-project  vegeta t ion  var ied  from open grassland with i s o l a t e d  
scrub i n  the  nor th  t o  savannah and dense Acacia t h i c k e t s  i n  the  south. 
T rad i t iona l ly ,  c u l t i v a t o r s  of dura would burn off  grasses  and low scrub,  
sowing wherever the  t e r r a i n  would permit. Ample range ex i s t ed  f o r  herds of 
camel, c a t t l e ,  sheep and goats .  The r e l a t i v e  openness and f l a t n e s s  of the  
p la in  meant t h a t  scrub c learance  and land preparat ion f o r  t h e  Projec t  was 
not  d i f f i c u l t  o r  expensive. I n  t h e  s h o r t  period of the  P r o j e c t ,  however, 
major modifications t o  the  f r a g i l e  ecology of grasslands,  savannah and bush 
adjacent  t o  the  P ro jec t  a rea  can be observed. 

Overgrazing due t o  a high percentage of l i ves tock  belonging t o  ( a )  
nomads, (b)  P ro jec t  v i l l a g e r s  and (c)  Er i t r ean  refugees a s  well  a s  fuelwood 
gather ing  a r e  leading t o  major environmental modif icat ions.  (See AnnexF 
fo r  d e t a i l s . )  

B. Population Dis t r ibu t ion  and C h a r a c t e r i s t i c s  

Population f o r  rese t t lement  wi th in  t h e  Projec t  was drawn from v i l l a g e s  
s i t u a t e d  on both s i d e s  of the  Rahad River ,  from se lec ted  v i l l a g e s  near  the  
Dinder River and from an area  nor th  of Wad Medani where the  Rahad River  
joins the  Blue Nile .  (See E l  Din: 1975 f o r  a complete l i s t i n g ) .  These 
v i l l a g e s  d i f f e r  from one to  another i n  terms of s i z e ,  s e rv ices ,  amenit ies ,  
economic s t r u c t u r e ,  t r i b a l  composition and proximity t o  major t r ans -  
po r t a t ion  rou tes  and l a r g e r  p rov inc ia l  c e n t e r s  (eg. ,  Wad Medani). Although 
populat ion da ta  f o r  t h i s  region a r e  poor, the  s tudy by E l  Din i n  1975 does 
provide a bas i s  f o r  comparison between communities which provided r e s i d e n t s  
f o r  t h e  P ro jec t .  Br i e f ly ,  t he  major con t ra s t  seems t o  be between 
communities i n  the  northern pa r t  of the  a rea  and those i n  the  South. The 
sample was 142 v i l l a g e s  t o t a l l i n g  82,190 people. Spec i f i ca l ly :  

1. The northern ha l f  of the  a r e a  t o  the  west of the  P ro jec t  a r e a  contained 
2 /3  of the  sampled population. Seventeen out of 2 1  v i l l a g e s  over 1,000 i n  
population a r e  i n  t h i s  a re s .  Many of these l a r g e r  communities continue t o  
have a more d i v e r s i f i e d  economic base and e f f e c t i v e  economic and s o c i a l  
l inkages  wi th  Wad Medani. 

2.  The d i s t r i b u t i o n  of communities i n  the  South s t i l l  tend t o  be con- 
cent ra ted  along t h e  Rahad River with the  exception of a few communities i n  
t h e  Fau h i l l s  a rea  c lus t e red  around bore wel ls .  I n  the  North due t o  the  
presence of more extensive groundwater, communities tend t o  be more widely 
dispersed i n  a reas  where r a in fed  c u l t i v a t i o n  of dura was prac t iced .  

3. T r i b a l  complexity i s  g rea te r  i n  the  South. V i l l ages  tend t o  be con- 
s t i t u t e d  by a s ing le  t r i b e ,  and many more d i f f e r e n t  t r i b a l  remnants a r e  
found here than i n  the  North (See Table 1 ) .  The F e l l a t a  (groups from west 
and c e n t r a l  Afr ica)  c o n s t i t u t e  33 percent of the southern t r i b e s .  Northern 
v i l l a g e s  show l e s s  d i v e r s i t y  and a number of communities have d i f f e r e n t  



tribes living together in close proximity. During the resettlement pro- 
cess, much attention was given to tribal identity and cooperation between 
tribal groups. A policy was followed to relocate people according to their 
prior social situation (social homogeniety and/or willingness to live adja- 
cent to different groups)--an attempt to reconstruct community cohesion. 

Despite such guidelines, subsequent circumstances required new social 
groupings. Some groups first refused to join the Project only to later 
apply for settlement rights. Having missed an opportunity to settle with 
other groups from their village, they had to take tenancies elsewhere when 
available. Both nomads from outside the area and individuals from other 
parts of Sudan were also interspersed throughout the Project constituting a 
new social element. Beyond these contrasts there are major differences in 
familiarity with agricultural practices which, within the context of the 
Project, led to different paths of adaptation to Project agricultural re- 
quirements. 

In terms of other relevant population features, it must be pointed out 
that the population throughout the area is rather young (50 percent under 
15 years of age); the dependency ratio high (average family size is 5.5 
individuals) and the mean age of marriage for females is 16 years. 
Inadequate quantity and quality of health facilities is suggested by high 
infant mortality 70-200/1,000 and a crude death rate of 16-20/1,000. 

C . Livelihood 
The most significant pre-project condition targeted by the Project was 

that of subsistence-level economic activities. Most families had mixed in- 
come from animal husbandry (more in the South), rainfed sorghum cultivation 
(more in the North), riverine horticulture, and seasonal labor. Major 
activities included: 

1. The cultivation of rainfed sorghum throughout the area but pre- 
dominantly in the North. This staple food and source of animal fodder was 
cultivated wfthout mechanized operations. The area cropped and yields 
varied widely from year to year due to unpredictable rainfall. The average 
area cultivated per household is reputed to have been about 20-22 fed.* 

* For example, 1967 was a good year with a maximum area cropped (319,000 
fed) under 86 percent sorghum, eight percent sesame and four percent other. 
In 1971, plagued by inadequate rain, only 1/4 of this area was cropped and 
yields were only 1/2 of 1967. (See: Pre-Investment Survey Report No. 2 - 
Rahad Project. Ministry of Finance and Economy). The annual value of 
agriculture was reputed to be only LSd 65/family of 5.5 persons. 



2. In r iver ine areas along the Rahad and Dinder Rivers "gerr i f"  farmers 
cult ivated sides of the r ivers  as  flood waters receded. Crops grown on 
these rich s o i l s  with rudimentary i r r iga t ion  included tomatoes, beans, 
potatoes, cucurbits, melons, groundnuts and - dukn (Pennisetum typhoideum). 
Most production was limited to household consumption and many of these 
families maintained large amounts of livestock. 

3 .  Animal husbandry was practiced by almost a l l  families e i ther  by grazing 
long distances or along riverine areas. The Project area l i e s  as t r ide  a 
major e a s t r e s t  nomadic route. The Rufa and Kinana t r ibes  annually move 
from the Botana Plain to the Rahad and Blue Nile. Many beneficial  sym- 
b io t i c  re la t ions  are  formed betveen nomads and se t t l ed  agr icu l tura l i s t s .  A 
large number of vi l lages  have been se t t led  in  the l a s t  20-50 years by 
nomads. Thus, a semi-nomadic mode, or a t  l ea s t  a heavy reliance upon an- 
i m a l  production, dominates vi l lage economies. Further, animals remain a 
f a i r l y  r e l i ab le  source of l iquid cap i t a l  for  cul t ivators  who must depend 
upon i r regular  r a in fa l l .  

4. It is l ike ly  tha t  nearly a tenth of the indigenous population was land- 
l e s s  ( i .e .  few i f  any t i t l e d  r igh ts  t o  land). For t h i s  population and for  
a large number of cul t ivators  i n  the North, wage labor was crucial  as  a 
source of income.* Several d i s t i nc t  patterns of seasonal labor continue t o  
exis t  i n  the area: 

-- To Gezira: During January - March en t i re  families traveled to  the 
Gezira-Managil Scheme to pick cotton on nearly 500,000 fed. There the 
family was provided food, fodder plus 15 pt for each guffa (35 lbs.)  of 
picked seed cotton. The major opportunity cost for such families was the 
value of needed subsistence food and dry season cash income. 

-- To Gadaref: Slightly e a r l i e r  than the Gezira cotton harvest, adul t  
males could t rave l  to  Gadaref t o  par t ic ipate  in  the harvest of sorghum on 
mechanized schemes. 

-- To Wad Medani and Khartoum: Villagers i n  the North, par t icular ly ,  could 
obtain work as  casual workers (porters ,  vendors, hawkers, marketeers) i n  
larger provincial towns. 

-- To Mafaza: Villagers in  the South from January - June could work under 
contract for  merchants to  cut and produce charcoal. Much of t h i s  ac t iv i ty  
was in  theory i l l e g a l  as  fores t s  are  owned by the government and cannot be 
cut without permits. 

* Although a l l  land in  the Project area was and is considered government 
land, individuals over time developed r igh ts ,  eg., ( a )  grazing, woodcutt- 
ing, usufruct r ights  established a f t e r  f ive  years of use and (b) registered 
t i t l e  following 20 years of use. The 1970 land reform law permitted the 
Corporation to  obtain f u l l  use of the land in  the Project area. 



Family income has not been adequately research in the pre-project 
area. El Din's 1975 study does sample some households but provides little 
information except for aggregate figures. He reports that family income in 
poorer villages is as low as LSd 87-100 snnum. In sampling families in 
larger communities with a more diverse economic base El Din reports family 
income of LSd 188lannum. This range would tend to be normal for national 
income figures. 

D. Services 

Contrasts between northern and southern communities is most pronounced 
in terms of services. Larger communities and those close to Wad Medani 
have a wider array of educational, health and administrative functions. 
This is also matched by a greater diversity of small scale commercial and 
artisan activities in the northern area. During the initial period of re- 
settlement when the social development capital budget was adequate, an 
effort was made to match services in the new community based upon survey 
results. 

El Din's pre-project survey points out major differences in literacy 
between North and South. Where schools exist and access is not a problem, 
literacy is calculated at an average of 34.3 percent for Abu Shara, a large 
village, but only 13.5 percent for Abu A1 Hassan and less than one percent 
in Um Tartara within the same general area. Everywhere literacy for 
females is only a small fraction of that of males. Where mosques exist, 
the khalwa or Koranic school provided lessons in reading to a limited 
number of males and females. Such opportunities for females are less where 
khalwas do not exist and where elementary schools do not provide separate 
facilities for females. 

These inter community differences in services and facilities have be- 
come a critical issue in the resettlement of population. Many residents of 
northern villages, used to services, have been settled in new Project 
villages totally lacking services due to insufficient Corporation funds. 
Established communities in the northern area annexed by the Project find 
that provincial government budgetary support is dvindling as the Cor- 
poration is increasingly viewed as the responsible agent. Unfulfilled e s  
pectations is a major factor in tenant-corporation relations. 

In summary, in achieving its economic and welfare objectives, the Pro- 
ject had to cope with the following areas of change: 

1. To introduce cultivators and herders to new cultigens, new technology 
and new institutionalized production relationships. This meant a shift of 
decision-making from the domestic unit to another level as represented by 
the inspectorate system. 



2. To develop new social communities often creating new social alliances 
and new local institutions of decision-making. 

3. To create new dependencies such as an increased reliance on market 
forces and on cash for transactions. This monetarization of a subsistence 
economy gradually has become a major factor. Project crops such as cotton 
and groundnuts have also created new labor relations between tenants and 
sources of labor. 

The shift from subsistance cultivator to tenant has involved a series 
of major adjustments by both the Corporation and Project residents, a 
number of which are described in the following section. 

111. RESETTLEMENT AND ANNEXING SETTLEHENTS 

A. Land Tenure 

As mentioned above, nationalization of land in 1970 permitted the 
Corporation to obtain the Project land required without purchase. Rights 
were recognized, recorded and compensation was made by exchanging 22 fed 
tenancies for traditional rights invested in land. In the case of 
individual claims to land in excess of 22 fed, the Corporation gave several 
tenancies with the condition that each 22 fed tenancy had to be registered 
under a separate name. 

As a first step, the Committee for Resettlement with the help of local 
leadership drew up a list of names of eligible families based upon the fol- 
lowing criteria listed in order of importance: 

1. Land owners in the Project area; 
2. Residents of the Project area who practice agricultural activities; 
3. Any other residents of the Project area; 
4. Any qualified Sudanese related to the Project area; and 
5. Any other qualified Sudanese national. 

The second and most critical step was the assignment of individual 
families, groups of families constituting residential units, and on 
occasion entire village populations to new villages. The notion was to 
create new settlements which reflected original social groupings. 

Those who had established rights in land were generally given 
tenancies if they met additional criteria--they had to show evidence that 
they were economically "fit" to handle a tenancy. Those who were landless 
such as nomads and laborers were given stipends of LSd 50 to build a straw 
hut like all other settlers but were not given a tenancy. In theory, each 
new village was to assign one-half of the 600 residential plots available 
to non-tenants. 





The second and most critical step was the assignment of individual 
families, groups of families constituting residential units, and on 
occasion entire village populations to new villages. The notion was to 
create new settlements which reflected original social groupings. 

Those who had established rights in land were generally given 
tenancies if they met additional criteria--they had to show evidence that 
they were economically "fit" to handle a tenancy. Those who were landless 
such as nomads and laborers were given stipends of LSd 50 to build a straw 
hut like all other settlers but were not given a tenancy. In theory, each 
new village was to assign one-half of the 600 residential plots available 
to non-tenants. 

Elsewhere, villages slightly outside the Project area were not shifted 
since tenants could reach Project tenancies located within five km of the 
village. In a few cases it was necessary to group a few existing small 
villages into a single new village to rationalize the delivery of services. 
In the North, particularly villages 41-46, old villages were annexed into 
the Project area without any major resettlement. 

The ideal model of settling villagers by (a) proximity to the old 
village, (b) by offering an identical array of services and (c) by 
preferred social (tribal) composition broke down as villagers who refused 
to move or who moved only to leave and return to their old village were 
replaced by others. Replacement from the waiting list introduced tenants 
into new communities who had no prior relation with village inhabitants: 
eg., northerners within southern villages, nomads without any established 
residence in the area, and seasonal laborers from other provinces. 

In terms of the relative difficulties inherent in such a complex re- 
settlement process the operations of tenant selection, village siting with 
respect to the irrigation system, and tenant/non-tenant location should be 
judged a success. The three to four year resettlement and annexation ex- 
perience, however, is affected by growing discontent related to attitudes 
and behavior concerning unfulfilled expectations and a declining commitment 
toward the production relationship. 

B. Social Structure as a Context for Decision-making 

The process of resettlement and of the incorporation of existing com- 
munities into the organizational sphere of influence of the Rahad Cor- 
poration created new social distinctions. Not too dissimilar to Gezira, 
the Rahad Project area can be distinguished by the gradual emergence of 
four to five levels of social distinction.* 

* Tony Barnett. The Gezira Scheme: An Illusion of Development. London: 

Frank Cass, 1977 (See pp. 177 ff). 



A relatively large number of functionaries, technicians and 
administrators are located at the Project headquarters at El Fau and the 
Group and Block levels of organization. As employees of the state, either 
directly or through the Corporation, this small group of managers 
represents a social category distinct from cultivators and laborers. Well 
educated, non-local urban oriented, monied and located at the apex of 
authority, this management class is beginning to have an impact on the 
structure of decision- making at El Fau. Within this group, as one 
approaches the level of daily contact with tenants and laborers, 
individuals can be found who nominally should represent both the interests 
of mensgement and those of the tenant, eg., the field inspectors, actual 
field operators of equipment, service providers such as teachers and health 
facility personnel. For the majority of tenants and laborers who form the 
indigenous population of this area, this close proximity to managers and 
technicians has both positive and negative impacts. 

Many villagers interviewed indicated that the presence of service p e r  
aonnel, albeit inadequate for existing needs, has influenced the beliefs, 
attitudes, and behavior of village populations. Shortfalls in budget funds 
expressed in inadequately staffed and supplied services often, however, are 
attributed to service providers--the first line of access that villagers 
have to management. 

2. Rural Entrepreneurs (nas tayyibin) 

This is a diverse social category, indeterminate but small in size, 
bound together only by their entrepreneurial roles as merchants, money 
lenders, transporters, marketeers, artisans, etc. In some cases, there are 
tenants who use their tenancy as a base from which they seek out 
alternative income from these types of activities. These activities play a 
critical role in the extension of credit to facilitate household cash flow, 
in bulking crops and in seeking out markets external to the Project. Their 
profit margins are high and the Corporation is interested in how to 
replicate some of these functions at a lower cost. In the case of Rahad, 
household self sufficiency is rather limited, since the growing of sorghum 
is not permitted, and most tenants are more highly reliant on markets where 
cash is the medium for transactions. Under such circumstances merchants 
have capitalized on these ties of dependency on market goods and services 
through cash transactions. 

3. Tenants 

The term itself suggests a relationship to resources and to decisions 
about resource use which differs from that of a farmer (meeari). To be a 
tenant seems to connote the following: 



-- a production relationship in which the wider organizational context 
determines the material/machine/water labor input strategy; 

-- a production relationship in which the outcome of efforts is linked not 
only to individual performance but also to a wider rationality which 
determines the price of outputs, eg., cotton; and 

-- a production relationship which does not permit much maximizing of gains 
within the latitude of tenant decision-making. 

Barnett's characterization of the Gezira tenant equally applies to 
Rahad with a few major differences. Briefly (Barnett, 1977, p. 169): 

-- The tenant's normal sphere of decision-making revolves around (a) minor 
equipment inputs, (b) whether he or she should personally work or act as 
an agent of the Corporation to provide hired hand labor, and (c) what 
quality of work will actually be accomplished; 

-- At Rahad the labor input strategy is more a decision of the Corporation 
in those areas where full mechanization has been achieved; 

-- Where the tenancy normally provides flexibility of growing a subsistence 
crop, eg., sorghum, the tenant can, to an extent, minimize loss through 
the security of a needed food crop; 

-- At Rahad sorghum has yet to be introduced into the rotation and the 
current rotation provides little predictability and security; and 

-- A tenancy can provide a minimal cushion from which alternative income 
gaining strategies can be employed. It also need not be worked beyond 
a level of gain exceeding the consumption demands of the family--a 
situation which determines incentives. 

In some respects, a tenant functions at times as an employee or agent 
of the Corporation within a tightly controlled management environment. 

4. Laborers 

There are a number of categories of laborers in the Project area, eg., 
seasonal migrant laborers (obtained by the Corporation and/or by the 
tenant), resident non-tenants who derive most of their income from hand 
labor operations both on and off the Scheme, and tenants who also serve as 
laborers to other tenants or who continue a tradition of going to the 
Gezira for harvesting. The supply of seasonal labor is well organized both 
in terms of recruitment by the Corporation and in terms of setting wage 
rates through informal labor organizers. An issue exists over to what 
degree is there a labor deficit during particular times and whether or not 



laborers in the Project have a major place in the life of those 
communities. Resident laborers are an integral part of almost all 
communities in an economic, social and political sense. Many of these 
individuals are awaiting a tenancy in the event that evictions occur. 
Rural entrepreneurs in the Project area depend upon laborers for a major 
part of their income. Mechanization will undoubtedly interrupt the flow of 
cash from tenant to laborer to merchant. Increasing mechanization and a 
lack of off-farm employment will affect the supply and value of rural labor 
(See Appendix E). 

IV. DEVELOPMENT OF LOCAL INSTITUTIONS FOR DECISION-MAKING 

A. General 

The Corporation recognizes the need to encourage the formation of local 
institutions. For indigenous villages, of course, local leadership in the 
form of tribal village sheikhs, councils of elders, mutual aid relations 
(nafir), sub-village social groupings and a host of other relationships 
already constitute institutionalized means of handling competition and 
cooperation. As the Project dramatically impacted on traditional land ten- 
ure, on local authority and on household economics, traditional leadership 
and local institutions have had to cope with new variables. In the case of 
new villages, settlers have began to transplant and reconstitute local 
institutions around new and old leaders. In this process, the Corporation, 
through the efforts of a Commissioner seconded from local government, sees 
itself as responsible for establishing village councils which reach upward 
through two systems, (a) the Corporation vis-a-vis its relation to scheme 
residents and (b) provincial government in relation to villages within a 
wider regional entity. 

B. Village Coun~ils 

The Rahad village councils* will eventually number 46, one per village, 
of which 22 will be a part of Kassala province and 24 of Gezira Province. 
Each village council is related to other elements of local government as 
follows using Kassala Province as an example: 

Kassala Province People's Council 

District Council (Town of El Fau plus Rural Council) 

(24 members of Rural Council (located in El Fau responsible for 22 
which 18** are Scheme villages and five outside 
elected and six villages) 
appointed) 

* Provincial councils at all levels are empowered by the People's Local 
Government Act of 1971. 

** Six places are reserved for women. 



Village Council 
(open membership**). 

The general functions of the Village Council include: 

-- eliciting self help resources for village services; 
-- ideally making recommendations on the performance 

of village services (education, health, security, 
cleanliness, water supply); 

-- monitoring rationed commodities; 
-- helping most-disadvantaged families, etc.; and 
-- sending Village Council chairmen to the Rural Council. 

The means for effective representation exist from villagers, to 
Assistant Commissioner to Provincial Commissioner. The blueprint for local 
government including structure, functions and ideology has been worked out 
by experience elsewhere in Sudan. The system, however, in practice has yet 
to take effective hold as a decision-making process within the Rahad 
Scheme. There are a number of limitations placed on the development of 
effective local government. First, during these formative years of 
establishing village services and of working the problems out of the 
production system, the Corporation has retained much of the decision-making 
authority for planning and implementation. The Commissioner of the Rahad 
area retains exclusive control over the village councils for the first year 
or so before turning the councils over to the regional government. Second, 
the village councils do not have a budget. Only in the area of self-help 
do the councils manage money assessed from villagers and implement 
projects. Village council leaders complain of having little voice and only 
nominal authority when it comes to relations with the Corporation. 
Expectations by provincial government that the Corporation should be 
responsible for community affairs also places the village council in a 
difficult situation. 

C. Production Councils 

In many respects the need to associate for purposes of resolving 
problems related to the production system is more critical than many other 
areas. There exists a potentially effective structure consisting of 
village production councils reaching up to an executive committee at the 
national level. 

The ideal structure is as follows: 

** Six places are reserved for women. 



National Executive Committee 

I 
Kassala Province Tenant's Union 

I 
Rahad Project level 

Central committee 
(90: three per village X 30 villages) 

I 

Executive 
(20 elected 

~enerall Assembly 
(210: seven per village X 30 villages) 

I 

Committee 
by Central) 

Block ~&mittees = 6 
(10 per committee) 

I 
Village ~roduction Councils - 30 

(210: seven per village) 

This hierarchy of decision units is slowly taking shape alongside of 
the village councils and the Sudanese Socialist Union. Where production 
councils exist, they attempt to function along the following lines: 

-- transmit tenant complaints to management regarding problems 
related to the delivery of agricultural inputs; 

-- work together to resolve problems related to farm allocation of 
irrigation water in conjunction with field inspectors; 

-- facilitate cash advances from management to tenant for selected 
farm operations; 

-- mediate between tenant and management to reduce fines levied by 
inspectors and/or in cases where eviction proceedings are under- 
way; and 

-- to encourage audits of Corporation-provided inputs to assure that 
such services are equitable, efficient and accountable. 

Village production councils differ from one to another in terms of 
actual functions performed. Tenants complain that communication is poor 
between the different levels of authority. Often tenant/inspector 
relations are characterized by inadequate information, ambiguity of the 
role of the inspector and a lack of the means of enforcement of Corporation 



procedures and rules. Tension also exists between local levels of 
decision-inaking and the executive committee level. Similar to the village 
councils, the authority of local leadership is, at best, nominal outside of 
the local community. The lack of budgets for local institutions also 
limits their sphere of influence. 

The development of local institutions for decision-making is clearly 
underway. The Corporation is committed to a policy of encouraging local 
councils to form around issues of social services and of the economics of 
the tenancy. The goal is to nurture experiments in local government and, 
once established through one to two years of operation, to turn them over 
to provincial control. In some ways this process suffers from (a) Cor- 
poration ambiguity of how much decentralization can be attempted within a 
context of central command over the factors of production and (b) the need 
to do so much community building with so few financial resources. 

Many classic problems exist: 

-- communication support activities are negligible. Villagers 
are little aware of Corporation planning objectives, do not 
participate in policy setting, and generally possess little 
relevant information; 

-- lines of authority are only dimly perceived by tenants and 
lower level management personnel. Tenants are often un- 
clear about who makes what decisions concerning resource 
allocation; and 

-- expectations are largely unmet leading to declining levels 
of individual and family commitment. 

The Corporation is aware of many of these generic problems. A recent 
plan will establish a Social Development Unit with a budget that will 
support research, improved project monitoring, educational activities 
related to home economics, childcare, youth activities, literacy, consumer 
cooperatives, etc. In short, more attention will be paid to the quality of 
community life and to the needs of tenants as villagers rather than of 
tenants as Project employees. 



Management of Technical  Resources A t  The Micro-Level 

I. BACKGROUND 

Sudan i s  a spa r se ly  populated country with a populat ion of 17 m i l l i o n  
and a land a rea  s l i g h t l y  l e s s  than one mi l l i on  square miles .  There a r e  
v a s t  a r eas  of t h e  Cent ra l  Clay P l a i n  which a r e  i d e a l l y  s u i t e d  f o r  
mechanized a g r i c u l t u r a l  development. Large mechanized schemes i n  t h i s  a r e a  
have been developed. The development had i ts  beginning a s  a r e s u l t  of t h e  
shortage of sorghum (dura)  during World War I1 f o r  feeding t roops  of t h e  
Sudan Defense Forces. The B r i t i s h  Colonial  government a t  t h e  request  of 
t h e  B r i t i s h  Army agreed t o  mechanize t h e  production of dura i n  order  t o  
meet t h e  need. Dura was produced using only a t r a c t o r  and a d i s k  plow wi th  
a t tached seeder  box f o r  land prepara t ion  and seeding. Weeding and ha rves t -  
i ng  were done by hand. An a r e a  near  Gedaref, Kassala Province, was 
se l ec t ed  f o r  production. This  was so success fu l  t h a t  when t h e  war was over  
t h e  idea  was expanded. By 1960 t h e r e  were 1.5 mi l l i on  fed mechanized. 

The mechanized crop production schemes were o r i g i n a l l y  under t h e  
supervis ion  of t h e  Minis t ry  of Agricul ture.  Demarcated a r e a s  were d iv ided  
i n t o  1000 fed  farms which l a t e r  were increased t o  1500 fed  each. I n t e r -  
e s t ed  farmers pay a nominal r e n t  and a r e  supposed t o  fol low a r o t a t i o n  of 
1000 fed  of dura and 500 fed i n  fa l low o r  i n  sesame. O r i g i n a l l y ,  pros- 
pec t ive  farmers were l e f t  t o  t h e i r  own f i n a n c i a l  resources t o  provide t h e  
t r a c t o r  and machinery. Af t e r  independence i n  1956, t h e  Government made 
a v a i l a b l e  c r e d i t  through government c r e d i t  i n s t i t u t i o n s .  

The schemes grew and became a popular means f o r  Sudanese t o  ga in  
f i n a n c i a l  independence. A su rp lus  of dura was produced wi th  the  excess 
being so ld  t o  neighboring coun t r i e s .  Today t h e r e  i s  i n  excess of s i x  m i l l -  
i o n  fed devoted t o  r a in fed  mechanized crop production of dura,  co t ton  and 
sesame. This  is about 22 percent of the  t o t a l  c u l t i v a t e d  a r e a  of t h e  
Sudan. The t o t a l  i r r i g a t e d  area ,  which e i t h e r  p a r t i a l l y  o r  t o t a l l y  
mechanized, i s  four  mi l l i on  fed o r  approximately 15 percent  of t h e  
c u l t i v a t e d  area.  The Rahad I r r i g a t i o n  P ro jec t  i s  t h e  f i r s t  i r r i g a t e d  pro- 
j e c t  which is t o  be 100 percent mechanized. 

During t h e  development of mechanization, a s  more and more c u l t u r a l  
p r a c t i c e s  were mechanized, the  t r a i n i n g  of t r a c t o r  d r i v e r s ,  farm managers, 
and a g r i c u l t u r a l  f i t t e r s  did not  keep pace with t h e  demand. Furthermore, 
t h e r e  were l imi ted  oppor tun i t i e s  f o r  p r a c t i c a l  experience. The cos t  of 
mechanized crop production has e sca la t ed  a t  a f a s t e r  r a t e  than t h e  p r i c e s  
of t h e  a g r i c u l t u r a l  crops produced. The margin of p r o f i t  has decreased. 
For t h e  crop year  of 1981182 t h e  est imated c o s t  f o r  mechanized production 
i n  the  Rahad Scheme f o r  co t ton  and groundnuts i s  i n  excess of LSd 200 and 
LSd 60 per feddan respec t ive ly .  The economics of a tenant  farmer 's  c o s t s  
and ne t  r e t u r n s  a r e  discussed i n  Appendix D.  



It is believed t h a t  the  cos t  per  feddan can be lowered, and the  
qua l i ty ,  t imel iness ,  and e f fec t iveness  can be improved. A suggested p lan  
f o r  improvement w i l l  be covered i n  a sepa ra te  sec t ion  of t h i s  appendix. 

11. ORGANIZATION AND IMPLEMENTATION OF THE AGRICULTURAL MECHANIZATION 
INpuT 

The Rahad Scheme is divided i n t o  nine Blocks and t h r e e  Groups. The 
Southern Group is composed of Blocks I ,  11, and I11 with Group headquarters  
a t  Vi l lage  10. The Middle Group is made up of Blocks I V ,  V and V I  and has 
i t s  headquarters  a t  V i l l age  23. Blocks V I I ,  V I I I  and I X  make up t h e  
Northern Group with headquarters  a t  V i l l age  40. The number of s t a f f  
p o s i t i o n s  needed and a v a i l a b l e  f o r  t h e  a g r i c u l t u r a l  engineering department 
a r e  shown i n  Table I. 

The Blocks have between 30 and 35 thousand feddans with ha l f  i n  c o t t o n  
and ha l f  i n  groundnuts each year. Block a g r i c u l t u r a l  engineering s t a f f  
c o n s i s t s  of one each of the  following: a g r i c u l t u r a l  engineer ,  s e n i o r  
mechanic, mechanic, f i t t e r  ( a g r i c u l t u r a l  machinery mechanic), a s s i s t a n t  
mechanic, a s s i s t a n t  f i t t e r ,  welder, e l e c t r i c i a n ,  and timekeeper. There a r e  
45 t r a c t o r  d r ive r s .  45 grease r s  ( a s s i s t a n t  d r i v e r s )  and t h r e e  head d r ive r s .  
There a r e  45 t r a c t o r s  f o r  each Block with appropr ia te  equipment, i f  
ava i l ab le .  Table I1 shows the  t o t a l  number and present  condi t ion  of t h e  
t r a c t o r s  and implements. The s t a f f  required f o r  the  heavy machinery, t h e  
number and condi t ion  of each u n i t  a r e  shown i n  Tables I and I1 a l so .  

The amount of work t o  be done f o r  each crop f o r  each year  is 
determined i n  a jo in t  e f f o r t  of t h e  Head Drivers ,  F i e l d  Inspectors ,  Block 
Inspector  and Block Agr icu l tu ra l  Engineer. The F ie ld  Inspector  i n  
cooperat ion with t h e  Head Drivers  and Block Agr icu l tu ra l  Engineer w i l l  
determine t h e  number of feddans f o r  each crop, the  opera t ion  t o  be 
performed f o r  each during t h e  crop year and t h e  optimum time f o r  performing 
these  operat ions.  The Block Agr icu l tu ra l  Engineer r epor t s  t o  the  Group 
Agr icu l tu ra l  Engineer on the  da ta  developed. The Group Agr icu l tu ra l  
Engineer submits t h i s  t o  the  Agr icu l tu ra l  Engineering Headquarters. Af te r  
receiving the  r e p o r t s  from a l l  Groups, t h e  Headquarters o f f i c e  prepares t h e  
scheme wide requirements i n  a composite master plan. From t h i s ,  t he  number 
of t r a c t o r s  and implements required i n  each a rea  and f o r  any given 
opera t ion  a r e  prepared. The r e s u l t  of t h i s  exe rc i se  i s  c a l l e d  t h e  "Rahad 
Standard Prac t ice ."  From t h i s  o v e r a l l  plan the  Chief Agr icu l tu ra l  Engineer 
p r o j e c t s  h i s  spare p a r t s  and P.0.L requirements,  number of t r a c t o r s  and 
implements requi red  and a d d i t i o n a l  s t a f f  requirements i f  any. 

Tables 111 and I V  show a revised  program based on changes made i n  
regard t o  amount required t o  ca r ry  over from l a s t  season and last minute 
add i t ions  t h a t  could be made a s  newly repai red  machines were put back t o  
work. Table V and V I  show the  amount of cropland planned and a c t u a l l y  
achieved f o r  each operat ion f o r  co t ton  and groundnuts. Table V I I  shows t h e  
Rahad Standard P r a c t i c e  f o r  the  crop year of 1981/82. 



111. PROBLEMS OF MEC€IANIWLTION 

From the outset the Rahad project management decided that  groundnut 
production would be 100 percent mechanized and that  cotton production would 
be mechanized except for  picking. This decision was based on the sup- 
position that  the majority of the tenants would be from the so called 
nomadic t r ibes  who earn the i r  livelihood from raising livestock and would 
be adverse to  doing manual labor on the farm. The Rahad Project  was viewed 
a s  a settlement scheme fo r  semi nomadic and nomadic peoples. A s  the scheme 
developed, i t  was found that  there were more and more d i f f i c u l t i e s  i n  
get t ing laborers t o  pick cotton. The explanation given was that  the p ro f i t  
margin i n  producing cotton is so low tha t  i t  is not prof i table  to  pay a 
high enough wage t o  ent ice  workers t o  come from other areas t o  pick cotton. 
The pickers that  a r e  recruited are  from Central and Western Sudan. Before 
agreeing t o  come t o  Rahad, the potent ia l  laborer f i r s t  harvests h i s  own 
crop. The optimum time for  marriage is considered to  be immediately 
following harvest. Therefore, those pickers who do come ar r ive  la te .  Last 
year it was estimated that  up to  two kantars of cotton per feddan were l o s t  
due t o  the unavailabil i ty of pickers and the resul t ing untimeliness of the 
operation. One hundred percent mechanization of cotton was not adopted a s  
a policy u n t i l  two years ago. It was considered t o  be the only obvious 
solution to  the labor problem. 

Some Rahad o f f i c i a l s  question the f ea s ib i l i t y  and p ro f i t ab i l i t y  of 
continuing to  grow medium s tap le  cotton. Should other a l te rna t ive  cash 
crops be considered? A l l  schemes, Kashm e l  Girba, Suki, and Gezira, need 
pickers a t  the same time. ~ a r v e s t  of dura and sesame comes a t  the same 
time. It has been suggested tha t  perhaps agronomic investigation of 
improved higher yielding va r i e t i e s  of cotton is needed, thereby, increasing 
the incentive of the tenant to  produce cotton. The cost  of production 
would remain approximately the same. 

The present rotation is for  11 fed of cotton followed by 11 fed of 
groundnuts, 1.e.. 100 percent u t i l i za t ion  of the land area. It was orig- 
i na l ly  intended that  the tenant would have 11 fed of cotton followed by 
eight fed of groundnuts and three fed of fodder. If he vere allowed t o  
grow dura i n  l i eu  of the fodder, t h i s  would be hand harvested which would 
par t ia l ly  re l ieve the Agricultural Engineering Department of par t  of t h e i r  
harvesting burden by reducing the requirement for  the harvest of 
groundnuts. The machinery requirements for mechanization were or ig ina l ly  
calculated on the basis of 80 percent mechanization for  cotton and with 
three fed of fodder i n  the rotation. 

The practice of 11 fed each of cotton and groundnuts has decreased the 
the a b i l i t y  of the Agricultural Engineering Department to  cope with the 
mechanization requirement. The problem of providing mechanical equipment 
on a timely basis and i n  an effect ive manner is d i f f i c u l t  and complicated 
i n  Sudan. Perhaps one could f au l t  the planning and management organiza- 
t ion,  but i n  most instances planning and management a t  the Headquarters 



l e v e l  is adequate but  f requent ly  too op t imis t i c .  The problems occur when 
the  orders  of management a r e  c a r r i e d  out a t  t he  Block l eve l .  These o rde r s  
a r e  f u r t h e r  delayed by l o g i s t i c a l  and f i n a n c i a l  problems i n  the  purchase of 
spare  p a r t s  and P.O.L. suppl ies ;  young inexperienced s t a f f ,  lacking  i n  
p r a c t i c a l  experience, not f u l l y  r e a l i z i n g  t h e  importance of t ime l iness ,  
e f f ec t iveness ,  o r  q u a l i t y  of work on crop y i e l d s ;  by d r i v e r s  not  being 
adequately t r a ined  i n  the  use of equipment o r  i n  the  importance of q u a l i t y  
work and t imel iness  of the  operat ion;  by purchase and de l ive ry  of equipment 
on an untimely basis ;  and by purchase of equipment on the  bas i s  of lowest 
bid and not on a bas i s  of i t s  adequacy t o  do a job o r ,  i n  f a c t ,  whether o r  
not  it meets s p e c i f i c a t i o n s .  

I V .  SUGGESTED PLAN FOR IMPROVEMENT OF MECHANIZATION INPUT 

Corporation management i s  not  e n t i r e l y  blameless f o r  the  inadequacies 
of the  mechanization inpu t ,  but a good share of the blame l i e s  i n  
inadequate budgets; disapproval  of requested increases  i n  t echn ica l  s t a f f s ;  
and lack of adequate hard currency budgets f o r  purchase of spare  pa r t s .  
The management of the  scheme, p a r t i c u l a r l y  i n  regard t o  pro jec ted  output  of 
the  mechanization equipment, has not  been r e a l i s t i c .  World Bank r e p o r t s  
have f au l t ed  the  Agr icu l tu ra l  Engineering Department f o r  not allowing 
enough down time i n  es t imat ing  machine requirements f o r  a crop season. On 
t h e  o the r  hand, if the re  were enough spare p a r t s ,  which a r e  l imi ted  due t o  
lack of hard currency, down time would be l e s s .  The World Bank r e p o r t s  
a l s o  s t a t e  t h a t  more maintenance equipment i s  required; t h a t  more mechanics 
need t o  be r ec ru i t ed ;  and t h a t  longer working hours a r e  needed. These 
requirements a r e  needed f o r  the  s h o r t  term but the  long term problems need 
to  be solved. The p r i n c i p a l  long term problem is inadequate p r a c t i c a l  
t r a i n i n g  of s t a f f .  

New graduates of the  Universi ty of Khartoum i n  a g r i c u l t u r a l  
engineering o r  a g r i c u l t u r a l  mechanization a r e  assigned a s  Block 
Agr icu l tu ra l  Engineers with l i t t l e  p r a c t i c a l  experience. They a r e  i n  
charge of 30 t o  35 thousand fed of crop land t h a t  i s  expected t o  be 
completely mechanized. Mechanics, f i t t e r s ,  head d r i v e r s ,  t r a c t o r  d r i v e r s  
and a s s i s t a n t  d r i v e r s  a l l  need a d d i t i o n a l  t r a in ing .  Corporation management 
urgent ly  needs t o  take ac t ion  t o  i n i t i a t e  a t r a i n i n g  program f o r  t echn ica l  
s t a f f  a s  wel l  a s  mechanics, f i t t e r s  and d r ive r s .  This  organiza t ion  would 
probably need, a t  t h e  s t a r t ,  t echn ica l  a s s i s t a n c e  from ou t s ide  the  Sudan 
but a l l  t r a i n i n g  s t a f f  would need t o  be Sudanese. There a r e  experienced 
Sudanese a v a i l a b l e  t h a t  could do t h i s  work. 

An a l l  out e f f o r t  i n  the  form of l o c a l  currency budget support ,  
recrui tment  of a d d i t i o n a l  s t a f f ,  a l l o c a t i o n  of an adequate hard currency 
budget and the  i n i t i a t i o n  of a scheme wide t r a i n i n g  program f o r  the  
mechanization s t a f f  i s  needed i f  the  Rahad I r r i g a t i o n  P ro jec t  i s  t o  be 
salvaged. 



V. OPERATION AND MAINTENANCE OF THE IRRIGATION SYSTEM 

There w a s  not s u f f i c i e n t  time t o  make o ther  than a cursory survey of 
the  i r r i g a t i o n  system, and t o  review the  opera t ion  and maintenance of the  
system and t h e  organiza t ion  f o r  performing t h a t  important funct ion  nor was 
the re  any extens ive  amount of i r r i g a t i o n  going on a t  t he  time. Some pro- 
blems developed with the  discharge basin a t  the  pump s i t e  i n  Meina l a s t  
year which r e su l t ed  i n  a f a i l u r e  t o  d e l i v e r  s u f f i c i e n t  water f o r  a period 
of two months. Some farmers l o s t  t h e i r  groundnut crop a s  a r e s u l t  of t h i s  
f a i l u r e .  Notwithstanding the  pump discharge bas in  f a i l u r e ,  tenant  farmers 
complained t h a t  water was not de l ivered  on time o r  was not de l ivered  a t  
a l l .  I n  t h e  Northern Group, Vi l lage  33, tenants  complained t h a t  water was 
not de l ivered  on time o r  was not de l ivered  a t  a l l .  I n  t h e  Northern Group, 
Vi l lage  33, tenants  complained t h a t  water was two months l a t e  i n  g e t t i n g  t o  
them and the  crop was two months l a t e  a s  a r e s u l t .  This is f a i r l y  ob- 
viously a problem t h a t  can be c l a s s i f i e d  a s  "growing pains." 

The World Bank r e p o r t s  i n d i c a t e  t h a t  problems with t h e  system were 
minor d i f f i c u l t i e s  wi th  the  design of t h e  drainage system which caused poor 
drainage on l e s s  than f i v e  percent  of t h e  t o t a l  area.  Severa l  d ra ins  had 
inadequate gradients ;  a d d i t i o n a l  d r a i n  c u l v e r t s  need t o  be i n s t a l l e d  or  re-  
placed; and a general  improvement made t o  t h e  drainage system before it i s  
considered t o  be adequate. The major problems were not  wi th  the  o v e r a l l  
system but improvement of the  on-farm appl ica t ion .  The long furrow ir- 
r i g a t i o n  system, where the re  is proper gradient  i n  the  row, i s  proving t o  
be superior  t o  the  angaya o r  l e v e l  basin system. Cer ta in ly  the  long furrow 
system w i l l  improve the  e f f i c i e n c y  of the  mechanization input  by c u t t i n g  
down on i d l e  t i m e  a t  t he  end of the  f i e l d  f o r  turning. The World Bank has 
proposed ac t ions  t h a t  w i l l  br ing the  e x i s t i n g  50,000 fed  of long furrow i r-  
r i g a t i o n  t o  necessary s tandards f o r  proper operat ion;  r e c t i f y  de fec t s  i n  
t h e  angaya system i n  t h e  balance of the  system i n  the  p ro jec t  area;  es -  
t a b l i s h  t r i a l s  of t h e  long furrow and angaya systems t o  demonstrate and 
as sess  the  r e l a t i v e  b e n e f i t s  of each system; complete t h e  r e s t  of t h e  pro- 
j ec t  on t h e  bas i s  of t h e  angaya system so t h a t ,  i f  needed o r  des i red ,  i t  
can be converted t o  the  long furrow system l a t e r ;  complete the  topographic 
survey of the  e n t i r e  p ro jec t  a rea  a s  soon a s  poss ib le ;  and f i n a l i z e  a work 
program f o r  convert ing from the  angaya system i n t o  the prefer red  system, 
e i t h e r  the  l e v e l  basin o r  t h e  long furrow system, within a f i v e  year period 
a f t e r  p ro jec t  completion. 

The organiza t ional  s t r u c t u r e  f o r  t h e  opera t ion  and maintenance of the  
i r r i g a t i o n  appears t o  be adequate f o r  e f f i c i e n t  management a f t e r  the  "bugs" 
of the  system a r e  worked out.  The data f o r  the  da i ly  water  requirement i s  
submitted, s t a r t i n g  i n  t h e  Northern Group, by the  F ie ld  and Block 
inspec to r s  and passed t o  the  sub-division engineer.  He i n  turn  passes t h i s  
requirement t o  the  sub-division engineer t o  the  south of him who i n  tu rn  
t akes  h i s  requirement and passes t h e  cumulative amount t o  the  sub-division 
south of him. The l a s t  sub-division engineer i n  the  south passes the  r e -  
quirement t o  the  r e s iden t  engineer  a t  the  barrage who determines how much 



w i l l  be needed t o  be supplied from t h e  Rahad r i v e r  and how much by the  
Meina pump s t a t i o n .  There is a 10  hour delay i n  acqui r ing  the  t o t a l  
requirement and i f  a l l  goes we l l  only a 24 hour delay i n  de l ive ry  of the  
water. Each sub-division engineer  is required t o  a l l o c a t e  a l l  water t o  
those  sub-divisions nor th  of him before d ivers ion  f o r  t h e  use of the  a rea  
f o r  which he is respons ib le .  

The problems with the  i r r i g a t i o n  system and on-farm water a p p l i c a t i o n  
a r e  not considered t o  be too severe. Given t i m e ,  it is f e l t  t h a t  the 
de f i c i enc ies  w i l l  be correc ted .  

TABLE I AGRICULTURAL ENGINEERING DEPARTHENT STAITING 

For the  Whole Scheme (9 Blocks - 3 Groups) 

Needed Pos t  Available 
1 Direc tor  1 

Deputy Direc tor  
Group Agr icu l tu ra l  Engineers 
Block Agr icu l tu ra l  Engineers 
Senior  Mechanics 
Mechanics 
F i t t e r s  
Ass i s t an t  Mechanics 
Ass i s t an t  F i t t e r s  
Welders 
E l e c t r i c i a n s  
Timekeepers 
Trac to r  Drivers  
Greasers 
Head Drivers  

Remarks : Block Nine i s  included i n  s t a f f i n g  and a l l  t h e  
pos t s  a r e  being secured and recrui tment  is j u s t  
underway. 

HEAVY UACHINEBY UBIT 

Needed Pos t  Available 
1 Senior  Mechanic 1 

Engineer 
Mechanics 
Trac tor  Dr ivers  
Welder 
E l e c t r i c i a n  
Motor Grader Drivers  
Crane Dr iver  
Greaser 
Timekeeper 



TABLE I1 PBESENT COUDITION OF AGRICULTURAL MACHINERY 

(February 1981) 

PRESENT CONDITION 

Tota l  Good F a i r  Major 
ITEM Number Condition Condition Repair Operable 

Wheeled Trac to r s  
Massev Fernuson 387 241 55 91 29 6 
Ford - 6600- 
Ford 5000 

Implement a 
Disc Harrow P.M. 
Disc A l l i s  Chalmers 
Disc Bush Hog 
Ridgers 
Land Planes (Eversman) 
P lan te r s  
4-Row Cul t iva to r s  
F e r t i l i z e r  Attachment 
Abu V I  Di tchers  
T r a i l o r  Mounted 
(sprayers)  

Harvesting Kachinery 
Groundnut ~ i g g e r / S h a k e r s  165 6 7 
Groundnut Combines 120 48 25 47 48 
Pickup Balers  - Bamford 50 50 50 

Heavy Machineq 
F i a t  A l l i s  16-B 
(Crawler Trac tors)  12 - 6 
Ford 9700 W-Tractors 8 3 4 1 3 
Motor Grader-WAX0 444 9 - 3 6 3 
Heavy Duty ROME - 
(Disc Harrows) 6 5 1 - 6 
Heavy Duty Disc Harrows 
(TAYLOR-WAY) 6 3 1 2 4 
Abu XX Ditcher  
(EVERSMAN) 4 2 1 1 3 



TABLE 111 REVISED PROGRAMME FOR AGRICULTURAZ, OPERATIONS SEASON 8111982 

Crop: Groundnuts Area: 95,000 

To ta l  Area 
Area Carr ied  

Operation Over 

Cotton S t a l k  
Cu t t ing  I 90,000 / ----- 

Cotton S ta lk  ~ v i l i n ~ I - - - - - -  j 12,800 

----- 
Re-Ridging 90,000 ----- 

I I 

Ridging 40,000 ----- 

Heavy Disking I 10.000 I ----- 

Herbicide 
Appl ica t ion  -- 

Green Ridging 
Row Cul t iva t ion  I 95,000 I ----- 

Harvest ing:  
Digging 95.000 ----- 
St r ipp ing  95,000 ----- I 

No. of 
Units  

Unit 
Output1 

Day 

T o t a l  E f f e c t i v e  S t a r t i n g  Completion 
Output/ Working Date* Date* 

Day Days Achieve 

* Date is given a s  MonthIDay. 



TABLE I V  ReVISED PROGRAMME FOR AGRICULTURAL OPERATIONS SEASON 8111982 

Crop: Cotton Area: 130,000 Feddans 

Total  

- - -  --  ~ ~ 

I Unit 
Carried No. of Output/ 

Over Units Day 
Finish  
Date** 

Total  Effect ive 
Output Days 

S ta r t ing  
Date* Total  Operation 

Disc Harrowing 

9.5 f t .  Disc 

Heavy Disking 

Ridging, 4 Row 

Ridging-Fertilizec 
Application 

S p l i t  Ridging 

Herbicides 
Application 

Planting 

Green Ridging 

Cotton Picking - 
Mechanical Pickers 

~ * Includes a nig 
~ - ~ ~~~ ~ -~ ~ 

s h i f t  a s  well.  ** Date i s  given as MonthIDay. 



TABLE V PROPOSED VERSUS ACTUAL MECHANICAL OPERATIONS ACHIEVED 1980181 

Crop: Cotton 

Operation 

Disc Harrowing 

Heavy Disking 

Ridging 

Ridging and 
Fertilizer Application 

Split Ridging 

Planting 

Green Ridging* 

AI 
Proposed 

rea 
7- 
I 
I 
L 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Achieved Remarks 

Part of the area in groundnuts was 
received very late in June 

As above 

Unfavorable conditions (Heavy rains) C] I 
F 
0 

Unfavorable conditions (Heavy rains) 

Unfavorable conditions (Heavy rains) 

Unfavorable conditions (Heavy rains) 

* Green Ridging consists of "running the middles" for purposes of obtaining more efficient 
application of irrigation water. This operation also eradicates weeds in the furrow 
between the rows. 



TABLE V I  PROPOSED VERSUS ACTUAL MECHANICAL OPERATIONS ACHIEVED 1980181 

Crop: Groundnuts 

Operation 

Cotton Root Cutting 

Ridging 
(Northern Block) 

Ridging 

Planting 

Green Ridging* 

Harvesting: 
- Digging - Stripping 

1 
Proposed 

:a 
Achieved Remarks 

Areas received l a t e  from Northern 
Block 

Unfavorable conditions 

The production area was 63900. 
Fif ty  percent of the production 
area was done due t o  lack of spare 
par t s  . 

* Green Ridging consists of "running the middles" fo r  purposes of obtaining more e f f i c i en t  
application of i r r iga t ion  water. This operation also eradicates weeds i n  the furrow 
between the rows. 
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Economic Analysis of A~ricultural ~nterprisesl 

Summary and Conclusions 

1. Production decisions are virtually all made by corporation management, 
with only partial discretion over family labor falling to the tenant. Lack 
of decision-making ability is undoubtedly a major cause of low yields and 
production inefficiencies. 

2. Costs of production are higher than gross returns from crop sales, 
leaving both the corporation and its tenants in poor financial condition. 
Tenant's deficits are eased somewhat by forgiving some cost items, ef- 
fectively subsidizing the tenant. 

3. Seasonal cash f l w  problem exist owing to the Corporation's failure to 
advance sufficient funds for weeding and harvesting labor. High interest 
loans (shail system)' were therefore obtained from local merchants. 

4. Introducing dura into the rotation would greatly relieve the squeeze on 
food prices, but may only be a short term solution. A study of the ec- 
onomics of dura production under irrigation is needed. 

5 .  Employment is lower than optimal and wage rates are kept artificially 
low. Improved labor markets, competition for labor, and reduced subsidies 
for machinery would do much to alleviate this problem. 

6. Village-level markets appear to be thriving, providing efficient serv- 
ice to tenants. Rural capitalists, many being tenants themselves, have 
seized full market opportunities to develop an apparent efficiently oper- 
ating local market system. 

7. The size of the tenancy should probably be reduced to 11 fed enabling 
employment of the landless laborers already settled on the scheme, and re- 
ducing the need for foreign-exchange for draining machinery imports. 

Production Relationships 

The purpose of the Rahad Scheme is to produce cotton and groundnuts 
for export, primarily to generate foreign exchange earnings. The scheme is 
managed by a public enterprise, the Rahad Corporation, a tightly managed 

1 The author is indebted to Dr. Ahmed Humeida Ahmed for his substantial 
contribution to this Appendix. 

2 Shall also refers to the practice of advance sale of the crop for a - 
price less than that of the harvest price. 



and highly s t ruc tu red  p a r a s t a t a l  organizat ion.  Corporate lands  a r e  managed 
by an  e labora te  system which groups farmer/ tenants  according t o  v i l l a g e  
Block, and Group, each l e v e l  having an inspector  responsible f o r  car ry ing 
out a g r i c u l t u r a l  a c t i v i t i e s  according t o  the  policy s e t  by c e n t r a l  
Corporation management. The tenancy re la t ionsh ip  i s  the key managerial 
device f o r  organizing production a c t i v i t i e s .  

Conditions of Tenancy 

The r e l a t i o n s h i p  between tenants  and the Rahad Agr icu l tu ra l  
Corporation is speci f ied  i n  t h e  Rahad Corporation Act of 1971 and d e t a i l e d  
i n  the  a g r i c u l t u r a l  agreements between the Corporation (RC) and individual  
tenants .  Tenants a r e  provided with 22 fed  of land, water,  machine 
se rv ices ,  seeds, f e r t i l i z e r  and o ther  a g r i c u l t u r a l  inputs .  A f ixed land 
and water charge i s  l ev ied  aga ins t  the  tenant  and expenses of a g r i c u l t u r a l  
operat ions performed by t h e  Corporation a r e  charged aga ins t  gross  proceeds 
from crop s a l e s .  The current  land and water charge is LSd 
1 .5 / i r r iga t ion/ feddan which is about LSd 85 per year  l e s s  than f u l l  c a p i t a l  
and operat ing cos ts .  The r a t e  w i l l  be increased gradually toward t h e  f u l l  
cos t  recovery l e v e l  a t  projec t  matur i ty  (14th year) .  The f ixed  r a t e  charge 
has the  advantage of giving the  tenant  incent ive  t o  apply labor  e f f i c i e n t l y  
a s  proceeds above c o s t s  a r e  h i s  t o  keep, but the tenant  thereby takes  most 
of the  p r i c e  and y i e l d  r i s k  a s  a lower than breakeven crop would r e s u l t  i n  
increased indebtedness t o  t h e  Corporation. 

The tenant  is responsible f o r  c u l t i v a t i n g  crops i n  a r o t a t i o n  
spec i f i ed  by t h e  Corporation. Cotton i s  handed over t o  the  Corporation f o r  
marketing. Groundnuts a r e  e i t h e r  marketed by the Corporation o r  so ld  on 
t h e  open market. Proceeds a r e  adjus ted  f o r  cos t s  and t h e  ne t  amount 
r e m i n i n g  is returned to t h e  farmer/tenant.  Cotton and groundnuts a r e  
grown on t h e  "regular" tenancies,  with provision f o r  including t h r e e  fed  of 
fodder on the  groundnut half  of t h e  22 feddan ro ta t ion .  A l l  dec is ions  
regarding c u l t i v a t i o n  and marketing of these p r inc ipa l  cash crops a r e  
t i g h t l y  con t ro l l ed  by the  Corporation through t h e i r  e l abora te  system of 
f i e l d  inspectors .  Scope e x i s t s  f o r  the  tenant  t o  choose how in tense ly  t o  
apply h i s  own labor and t o  vary h i red  labor inputs  somewhat. Vi r tua l ly  a l l  
o the r  decis ions  a r e  pre-programmed by the  Corporation. 

The v i l l a g e  production counci ls  os tens ib ly  p a r t i c i p a t e  i n  production 
decisions but i n  r e a l i t y  they a r e  a t  present  nothing more than agents  f o r  
ca r ry ing  out Corporation orders. Very l i t t l e  feedback from tenants  t o  
Corporation management i s  rea l i zed  i n  prac t ice .  It is c l e a r ,  however, t h a t  
t h e  v i l l a g e  councils  a r e  pressuring the  Corporation f o r  increased 
decision-making power with regard t o  choice of crops,  timing and i n t e n s i t y  
of c u l t i v a t i o n ,  marketing, and o the r  fundamental production a c t i v i t i e s .  

Transfer r ing  tenancies i n  the  case  of death and e v i c t i o n  proceedings 
a r e  two very l i v e  i s sues  between t h e  tenant  councils  and t h e  Corporation. 



Corporation officials categorically refuse to allow the production council 
to participate in eviction proceedings although the councils are making it 
quite clear that this has top priority. A tenancy can be transferred to a 
family member if a tenant dies and if the family member meets the rather 
stiff eligibility criteria. The production council can nominate another 
village resident to cultivate the vacant tenancy but the nomination must be 
approved by the Corporation. 

Costs of Production 

Production costs exceeded gross revenues from cotton and groundnuts 
during the last two crop years. On the average, returns to tenants were 
LSd 30 per feddan for cotton and LSd 32 per feddan for groundnuts. Ac- 
cording to the Opeations Appraisal Report developed by the IBRD, low yields 
and artificially low cotton prices were primarily responsible for the un- 
favorable economic results. Yields had been projected at six kantarslfed- 
dan for cotton but are estimated to be almost half that amount (3.5 
kantarslfeddan) for the 1980181 season. 

L w  yields may be attributed in part to weeds which went uncontrolled 
owing to heavy rains and somewhat to the untimely delivery of critical 
machine services. However, it would appear that l w  and declining yields 
must be attributed largely to lack of sufficient incentives for tenants. 
L w  prices owing to the artificially l w  exchange rate were a significant 
factor. Lack of decision-making authority over choice of crops and crop- 
ping practices is another, perhaps critical, factor. 

Over 80 percent of the total cost of producing crops is paid directly 
by the Corporation without passing under the discretion of the tenant. 
This is a significant index of the lack of decision-making power on the 
part of the tenantlfarmer. For example, while the tenant is billed after 
harvest for tractor services for plowing, he does not have control over the 
amount of machine services received, or the timing of application of 
services. He also does not control the technical operation to any 
significant degree. Village and Block inspectors determine the nature and 
timing of machine operations, interacting only minimally with the tenant on 
assessing possible alternative practices. 

Labor inputs are somewhat more controlled by the tenant. However, in 
reality, hired labor inputs are effectively programmed by the Corporation. 
The tenant's failure to hire labor and carry out a specific task perceived 
as necessary by the Corporation is remedied by the Corporation which can 
hire labor crews on its own account, perform the programmed tasks and bill 
the tenant for the cost. Thus, virtually no discretion over any inputs ex- 
cept his labor and that of his family is available to the tenant. There is 
a margin for manuevering the intensity of family labor input although even 
this is circumscribed by the eviction threat which is a control mechanism 
both available and used. Nonetheless, interviews with tenants, 



i n spec to r s  and top management reveal  t h a t  use of family labor  is ,  i n  f a c t ,  
var ied  s i g n i f i c a n t l y  i n  d i r e c t  response t o  expected economic and s o c i a l  r e -  
turns .  

This  is manifest i n  the  comparative s t a t i s t i c s  on family l abor  input  
f o r  co t ton  f o r  Vi l lage  Four and Thir teen.  The l a t t e r  farmers appl ied  a l l  
t h e i r  family labor  t o  cot ton  and groundnuts, h i r ed  l abor  t o  undertake some 
of the  t a sks ,  had the  lowest l e v e l  of mechanized operat ions of any tenant  
group, ye t  experienced dec l in ing  y i e l d s  and f l u c t u a t i n g  income i n  cot ton.  
They d id  not r e a l l o c a t e  l abor  t o  a l t e r n a t i v e  crops o r  l i ves tock  e n t e r p r i s e s  
because t h e i r  oppor tun i t i e s  were v i r t u a l l y  n i l .  P r i o r  t o  s e t t l i n g  on the  
scheme they had produced dura (sorghum) under ra infed  condi t ions  and lacked 
l ives tock  t o  provide an income source. Thus, they could not  r e a d i l y  d i v e r t  
labor from c u l t i v a t i n g  co t ton  i n  the  f ace  of low expected r e tu rns .  V i l l age  
Four farmers, i n  c o n t r a s t ,  had l ives tock  e n t e r p r i s e s ,  were more involved i n  
off-farm t a sks  such as  marketing, and were more aggessive about marketing 
t h e i r  groundnut crop outs ide  of o f f i c i a l  channels. They, i n  e f f e c t ,  
neglected the  co t ton  crop because p r i c e l c o s t  p o l i c i e s  followed by the  Cor- 
pora t ion  made the  p r o f i t  outlook very poor r e l a t i v e  t o  both groundnuts and 
l ives tock  e n t e r p r i s e s  from the  poin t  of view of the  tenant .  

The l a t t e r  problem, coupled with c e r t a i n  i n e f f i c i e n c i e s  i n  machine 
use,  poor timing of machine opera t ions  and f a i l u r e  t o  recover groundnut 
c o s t s  from tenants ,  is  a l s o  the  primary cause of the  low ne t  income r e s u l t s  
f o r  the  Corporation. These a r e  discussed below. 

TABLE 1 COSTS OF PRODUCTION: COTTON AIiD GROUNDNUTS (1979/80) 
(LSdIFeddan) 

Cotton Groundnuts 

Land and Water Charges 18.00 12.00 

Mater ia ls  and Services  86.38 15.04 

Machine Operations 18.49 12.88 

Labor 

To ta l  

Table 1 summarizes cos t s  of production per feddan f o r  cot ton  and 
groundnuts. Several  i tems a r e  noteworthy i n  add i t ion  t o  the  observat ions  
made above. F i r s t ,  ma te r i a l s  account f o r  v i r t u a l l y  half of t o t a l  co t ton  
cos t s ,  with a e r i a l  spraying accounting f o r  ha l f  of tha t  category. Note 



also that labor costs are three times machine costs, indicating that 
mechanization is not nearly as important as Corporation policy and rhetoric 
would have one believe. Moreover, labor is relatively more important in 
producing groundnuts than in producing cotton. 

Income 

Total - Gross returns to cotton per feddan equalled LSd 147.71 in - 
1979180 and returns to groundnuts were LSd 41.75, giving average losses of 
about LSd 30lfeddan for both crops. These losses reflected in the 
Corporation accounts as increased indebtedness between crop years 1978179 
and 1979180. amount to LSd 15.8 mil-lion. This indebtedness was covered by 
grace periods written into the foreign donor loans. 

IBRD economists, however, estimated that the net cash position of ten- 
ants was somewhat better than indicated in these costs and returns data, 
because the Corporation placed certain charges in a suspense account and 
forgave cash advances made for labor tasks. Furthermore, tenants for the 
most part refused to pay costs of operations or groundnuts and sold them on 
the open market. Thus, gross returns were in effect pocketed by the ten- 
ants. No accurate data are available on actual cash returns although the 
IBRD estimated total returns of around LSd 200 per tenant. Such returns 
are, of course, not sustainable without continued subsidy. The fundamental 
problem of low yields must be overcome in order that the scheme would be 
viable in the longer run. 

Another interesting piece of information relates to net returns on 
horticultural plots. Net returns for 1979180 exceeded LSd 900 on a "typi- 
cal" vegetable tenancy according to IBRD estimates, compared to net losses 
of over LSd 400 on the "regular" cotton and groundnuts tenancies. Several 
factors combined to produce this rather startling contrast in income re- 
sults. First, vegetable prices were unusually high during 1979180. 
However, second and more important, tenants on horticultural farms have a 
wide scope for choosing cultivation practices and selecting crops according 
to potential returns. Relatively unrestricted by the Corporation, they 
were apparently motivated to apply their own labor intensively and thus 
reaped larger benefits relative to outcomes on the regular cotton and 
groundnuts tenancies. 

Source and Seasonal Flows of Income - Compiling case histories of ten- 
ants throu~h personal interviews, a profile of the income flow situations 
was constructed and is summarized in Appendix Table 1, which forms the 
basis for summary Tables 2, 3 and 4. 

Table 2 summarizes a typical cash f l w  situation for a "regular" 
cotton and groundnut producing tenant. Table 3 summarizes the tenant's 
major cash labor expenses for cotton and groundnuts production. These are 
primarily weeding and harvest costs. Weeding is done three times during 
the months of July and August. Harvest labor is contracted as early as 



October, requiring advances to provide incentive payments to migrant 
workers and to pay costs of transport and a maintenance ration. As machine 
costs and land and water charges are carried by the Corporation, the ten- 
ant's cash expenditures are solely for hired labor and for family food and 
other supplies. Family food consumption is estimated to be about two sacks 
of dura per month, two sheep per month, and a kilo of vegetables or beans 
per week. Given current prices, these essential monthly family maintenance 
costs are estimated to be about LSd 50/month. Table 4 summarizes the es- 
timated cash surplus/deficit situation by month for the typical 
cotton/groundnut tenant. 

Comparing Tables 2-4, a number of important generalizations regarding 
income/expenditure patterns, credit and "advances" requirements, and the 
need for off-farm sources of income to meet critical cash needs during the 
planting and weeding season can be made. These are: 

1) Forward sales of groundnuts and oftentimes, sales of animals are re- 
quired to meet the heavy cash expenses of weeding during the July-September 
period. Advances for weeding from the Corporation did not cover the costs 
of cotton weeding. Compounding this difficulty, the Corporation, in a move 
to punish tenants for not paying groundnut production costs, suspended 
advances for weeding for the 1980/81 crop-year. Furthermore, advances are 
made after the task, not before, exacerbating an already tight cash situa- 
tion and forcing tenants to obtain credit or sell assets to acquire 
laborers for critical weedtng tasks. 

2) Advance sales of groundnuts, using the shail system of credit practiced 
by local merchants, is highly detrimental to the tenants' income condition. 
The pre-harvest "shall" price tends to be less than half the actual price 
realized at harvest time. Pre-task advances and larger advances by the 
Corporation are recommended to ease thia difficult situation. 

3) Cooperative buying of food should be considered as a means of pooling 
"operating" capital resources to spread available cash and credit over the 
critical expenditure months. 

4) Allowing tenants to divert up to three feddans of the groundnut- 
rotation to production of dura would obviously alleviate some of the con- 
straints on cash availability. Less cash is, of course, required if the 
basic staple food, dura, is produced on the farm and stored for consumption 
throughout the year. The primary difficulty with this alternative is the 
low value per feddan of dura and dura's detrimental effect on soil fertil- 
ity. A solid study of agronomic and economic alternatives is required to 
sort out this question. 

5) Tenants claim that they received no profits from cotton during 1979/80. 
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TABLE 3 ESTIMATED CASH EXPENDITURES FOR EIBED LABOR: A COMPOSITE 
OF DATA FROM BLOCKS ONE, FIVE AND SEVEN, 1980181 

Weeding 
July 

August 

September 

Harvest 
October 

November 

December 

January 

February 

Cotton Total 

1 Groundnut harvest costs estimated from official sources. 
Groundnut weeding-cost estimates were highly variable, de- 
pending on whether family labor was plentiful. Also, one sus- 
pects, production council members may have inflated the es- 
timate to make a case for the unprofitability of groundnuts. 
This amounted to roughly LSd 200lmonth during July through 
September. Harvest labor costs are estimated at about LSd 
75lmonth during November through January. 



TABLE 4 ESTIMATED NET CASE FLOW PER MONTH . 
COTTON AND GROUNDNUTS TENANT 

1980/81 

Month 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

May 

Income 

127 

486 

80 

33 

80 

22 

495 

484 

39 

115 

64 

65 

Hired 
Labor Costs 

Maintenance Cash Flow 
Costs 

Incorne Accumulated 
Less Costs Net Flow 



Trends i n  Yields,  Wages and Net Income 

Wage Labor Costs  - Costs of seeding 11 fed  of co t ton  t h r e e  times (1.e. 
wage labor  c o s t s )  increased from LSd 75-90 i n  1977178 t o  LSd 310-370 i n  
1980181. Advances t o  tenants  f o r  weeding l abor  c o s t s  were l e s s  than one- 
half  of t h e  l a t t e r  f i g u r e  during 1980181. Other evidence of bureaucra t ic  
l a g  i n  meeting rapid  i n f l a t i o n  i n  wage c o s t s  is manifest i n  t h e  p iece  r a t e  
f o r  manual co t ton  picking. The proport ion requi red  t o  be paid by the  ten-  
a n t  rose  from 25 percent  t o  40 percent  and t h e  abso lu te  p iece  r a t e  rose  
from 20PT t o  50PT per guffa.  Thus, t h e  tenants  out-of-pocket cash c o s t s  
increased  four-fold i n  four  yea r s  while  Corporation cash advances made t o  
t h e  tenant  only doubled. C lea r ly ,  f i n a n c i a l  d i f f i c u l t i e s  have caused t h e  
Corporation t o  squeeze tenants .  The squeeze i n  turn  probably con t r ibu te s  
s i g n i f i c a n t l y  t o  t h e  t rend toward l a t e r  y i e l d s  reported below, a s  t enan t s  
experience d i f f i c u l t y  i n  h i r i n g  weeding and harves t ing  labor .  

The t abu la t ion  below summarizes weeding and harves t  l abor  c o s t s  t rends  
s i n c e  1977178 f o r  c o t t o n  (LSdITenancy): 

( i n  LSd) 

Year Year Year Year 
Cost Item 1977178 1978179 1979180 1980181 

Weeding 7 5 -90 180-210 270-330 310-370 
~ a r v e s t i n ~ '  57 74 100 130 

Tenant 's Net Income - Data a r e  s p o t t y  on t rends  i n  p r o f i t  margins f o r  
co t ton  and groundnuts. Interviews with tenants  i nd ica t ed  t h a t  l e s s  than  10  
percent  of the  t enan t s  had p r o f i t s  i n  1977178, 30 percent  p r o f i t e d  i n  
1978179 and 60 percent - l o s t  i n  1979180. Although no es t imates  of t h e  
amount of l o s s e s  a r e  a v a i l a b l e ,  i t  is abundantly evident  t h a t  co t ton  farm- 
ing has become highly unpro f i t ab le  i n  t h e  l a s t  year o r  two. 

Tenants who were formerly nomads repor ted  t h a t  t h e i r  incomes were 
higher  than previously earned before tak ing  up a  tenancy i n  t h e  Rahad 
Scheme. However, they q u a l i f i e d  t h e i r  remarks by ind ica t ing  t h a t  n e t  i n -  
come from t h e  tenancy was lower than income earned i n  p r i o r  years  from dry- 
land farming and l i v e s t o c k  sa l e s .  Combined l ives tock  and cot tonlgroundnuts  
proceeds t o t a l l e d  higher  than previous incomes i n d i c a t i n g  t h a t  tenants  a r e  
b e t t e r  of f  than before but only because they tend l i v e s t o c k  herds off t h e  
tenancy. La te r  than a n t i c i p a t e d  incomes from co t ton  and groundnuts r e s u l t s  
from a r t i f i c i a l l y  low p r i c e s  and low y ie lds .  

1 Assume y i e l d  of t h r e e  kan ta r s  (936 l b s .  o r  26 guffas) .  



Trends in Yields - All tenants interviewed were convinced that cotton 
yields declined steadily since the first year of production (1977/78). 
This is corroborated by official statistics. Tenant interviews and 
indications from various published materials support the following con- 
clusions on yields of cotton: 

1) Average yield dropped from about six to eight kantars/feddan in 1977/78 
to four to five kantars/feddan in 1979/80. Expected yield for 1980/81 was 
3.5 kantars/feddan. 

2) Rising labor costs increased the breakeven yield, so the profit situa- 
tion has been deteriorating even more rapidly than yield levels. 

3) Low yields are attributable to a combination of factors which may be 
categorized as either inefficiency in corporate service delivery or dis- 
incentives to tenants. Inefficiencies include late tractor operations in 
plowing, seeding and weeding (green-ridging), inappropriate timing of pest 
control operations, and excessive weeds owing in part to heavy rainfall. 
Tenant inefficiencies, according to field inspectors interviewed, include 
unfamiliarity with long furrow irrigation, lack of skills in supervising 
weeding tasks, absenteeism to care for off-scheme livestock and crop en- 
terprises, and unfamiliarity with critical indicators of pest infestation. 
Disincentives are lack of say-so in choosing crops and cultivation 
practices, low expected cotton profits, and failure of the Corporation to 
recognize tenant security requirements vis-a-vis their staple food grain, 
dura. 

Notes on Employment - Rahad officials insisted that there is a criti- 
cal shortage of labor for weeding and harvesting of cotton and groundnuts. 
Moreover, the Corporation's chief concern regarding labor seems to be 
minimizing costs of production rather than promoting employment and well- 
being for the resident landless laborers or seasonal migrant laborers from 
other regions. 

Although firm statistical evidence is not available, interviews with 
laborers, tenants, and Corporation inspectors strongly indicate that em- 
ployment and income from labor is lower than it could be, given the em- 
ployment policies of the Corporation. Three policies combine to reduce em- 
ployment below the socially optimum level. First, the goverment-operated 
farm enterprises do not compete for labor. Wages are fixed at artificially 
low rates, and labor supplies are arbitrarily allocated among shemes, 
ostensibly to avoid "chaotic" competition for labor among state-owned en- 
terprises. Second, the scheme was deliberately "over-settled" with labor- 
ing families to provide a pool of laborers and to provide a ready supply of 
new tenants to replace those who are evicted or choose to leave. The ex- 
istence of a larger than required, resident labor pool necessarily reduces 
wage rates because the laborers have diminished opportunities for em- 
ployment off the scheme. Third, the government's policy is to mechanize as 
many operations as possible, thereby reducing employment opportunities 



and causing downward pressure on wage rates. It is not clear that the 
degree mechanization is practiced is economically or socially efficient, 
given the apparent surplus of labor resident on the scheme. 

Two actions should be taken to clarify the laborlmachine problem. 
First, an analysis of employment, wages, and capital relationships should 
be undertaken to determine optimal employment levels. Second, improvement 
in the labor market could potentially increase both wages and employment. 
Improved information dissemination, improved transportation schemes for 
mobilizing seasonal migrant labor, and training programs should be 
implemented to increase the efficiency of the farm labor market. 

Perhaps the action required with most urgency regarding employment is- 
sues is a re-examination of the policy of importing cotton picking 
machines. These machines may or may not be efficient in the longer run. 
However, in the short run, importing sophisticated cotton harvesters 
clearly impacts negatively on the well-being of resident landless laborers 
who were in fact settled on the scheme permanently for the express purpose 
of providing a reliable labor pool. Cotton harvesters thus directly reduce 
employment of laborers whose residence on the scheme limits their op- 
portunity to find other employment. 

- - Macro-Economic Environment of the Tenant - Marketing, credit 
institutions, extension services, government price policy are the important 
factors outside the scheme that affect tenant income and employment levels. 
The current status, of each factor is described below and tentative re- 
commendations for improvement are made. 

Marketing - Prior to the scheme, traditional markets existed in a few 
scattered villages. As stated in the IBRD Appraisal Report, 1972: 

"There are weekly markets in a few major vil- 
lages and many merchants provide high interest 
credit against the security of crops, resulting in 
poor prices to the farmers. All the facilities 
and institutions are scaled to a very low level of 
rainfed farming and agricultural services are al- 
most totally lacking." 

At present, village markets operate daily in the Block headquarters 
villages (one for every five villages) and each village has a small 
periodic market for food, household goods and livestock. Construction and 
maintenance of these market places is the responsibility of the villages 
and their councils, as no provision was made for construction of buildings 
and stalls by the Rahad Corporation. Despite official Corporation neglect 
of this important service institution, village markets are apparently 
flourishing, owing largely to council efforts to promote such facilities 
and tenant-family entrepreneurship. A high percentage of merchants dealinn 



i n  s t a p l e  gra ins ,  animals, household goods, vegetables and groundnuts a r e  
a l s o  tenants  on the  scheme. Backgrounds of o ther  merchants include agents  
of merchants i n  l a r g e r  towns and c i t i e s ,  independent merchants having no 
farm connections, and part-time l abore r s  engaging i n  pe t ty  t rade.  

Markets i n  the  "scheme" v i l l a g e s  appear t o  be pat terned c lose ly  on t h e  
t r a d i t i o n a l  v i l l a g e  market systems found throughout Sudan, a s  described i n  
the  l a t e s t  s ec to r  assessment published by t h e  IBRD (May 18,  1979, Annex 7).  
A s  reported by the  IBRD s e c t o r  survey, markets f o r  some food crops such a s  
m i l l e t  and cassava a r e  handled e n t i r e l y  by p r iva te  marketing arrangements 
with v i r t u a l l y  no s t a t e  pa r t i c ipa t ion .  A t  t he  o ther  extreme a r e  seve ra l  
major crops such a s  sorghum (dura) ,  groundnuts, gum arabic ,  and sesame, the  
marketing of which involve the  p r i v a t e  t r ad ing  sec to r ,  the  provincia l  
governments and government export monopolies a t  various s tages.  The l a t t e r  
type of exporter/monoply is typ i f i ed  by the  Sudan Oilseeds company. This 
p a r a s t a t a l  corporat ion dea l s  i n  a l l  o i l seeds  and implements f l o o r  p r i ces  
set by the  Ministry of Finance. The company is obl iga ted  t o  purchase 
o i l seeds  i f  t he  p r i ce  of fered  by wholesale merchants f a l l s  below t h e i r  
f l o o r  and wholesalers a r e  obl iged t o  s e l l  t o  the  company a t  no more than a 
predetermined maximum pr ice .  A major problem with t h i s  p r i c e  s t a b i l i z a t i o n  
scheme i s  t h a t  the  o f f i c i a l  range i n  p r i c e  i s  o f t en  e s t ab l i shed  too l a t e  
i n t o  the  harves ts  o r  funds a r e  i n s u f f i c i e n t  t o  implement the  requi red  
purchases. 

The major food gra in ,  sorghum, has a minimum p r i c e  s e t  by government 
policy. However, pr ices  i n  recent  years  have tended t o  be above the  
o f f i c i a l  f l o o r  l e v e l  owing t o  export demand by Near East  neighbors. P r i ce  
policy w i l l  be explored i n  g rea te r  depth, below. I n s t i t u t i o n a l  market 
fo rces  a r e  described i n  the  following p r o f i l e  of a v i l l a g e  food market 
drawn from an interview with one marketer i n  Vi l lage  10. 

-- A l o c a l  food Market (The "Welfare Shop", Vi l lage  10) - Ahd Al la  
Mohamed. ~ r o ~ r i e t o r  is a merchant s e l l i n g  sorghum. dr ied  foods. household , - .  - - 
goods, and a few luxury items from a corrugated i r o n  s t r u c t u r e  i n  a prime 
loca t ion  i n  the  Village-10 market. He i s  the  f i r s t  son of a tenant  on the  
scheme and is one of 11 family members. H e  dropped out of secondary school 
t o  support t he  education of h i s  younger s ib l ings .  Seven of the  family work 
the tenancy and four  work i n  t h e  shop. 

The merchant buys l o c a l l y  produced farm commodities including 
groundnuts, onions, dr ied  tomatoes, peppers, and okra, a s  we l l  a s  r e t a i l i n g  
these  commodities. Most of h i s  r e t a i l  and wholesale customers come from 
Vi l lages  Six  through Ten, which make up Block 2. Six shops compete with 
the  merchant interviewed i n  s e l l i n g  . Credi t  is given " in  kind" (sugar ,  
s a l t ,  dry goods, e tc . )  t o  tenants  during s l ack  seasons. 

Merchants pay LSd 25/year f o r  r e n t a l  f e e s  t o  the  v i l l a g e  council .  
Capi ta l  investment i n  the  " typica l"  shop included: LSd 1000 f o r  a z inc  
covered building, LSd 35 f o r  a d isp lay  t a b l e ,  LSd 120 f o r  a s c a l e ,  LSd 15 



f o r  d isp lay  t i n s  and LSd 12 f o r  measuring t i n s .  Measuring t i n s  included: 

1--112 ka la  (2 malwa) (114 ka la  is 7 
l b s .  of dura 

1 - - 1 1  malwa 

1--114 malwa. 

-- P r o f i t  from t r a d e  i n  dura - A t y p i c a l  sack (110 lbs . )  of dura i s  

purchased from one of the  mechanized ra in fed  schemes. It  is purchased a t  
about LSd 151sack. t r anspor t  c o s t s  of LSD 1 a r e  added, plus a  l o c a l  market 
t ax  of 80PT and 25PT f o r  the  sack, br inging the  r e t a i l  s a l e  p r i c e  t o  LSd 
17.05. Adding a p r o f i t  of LSd l / sack ,  the  f i n a l  r e t a i l  p r i c e  equals  LSd 
18.05. It can be ground next door t o  the  r e t a i l e r  f o r  an a d d i t i o n a l  LSd 
1.50/sack. The p a r t i c u l a r  dura sold by the  Welfare Shop is purchased 
d i r e c t l y  from a p r iva te ,  ra infed ,  mechanized scheme i n  nor theas tern  Sudan 
(gadara i f )  a t  t he  r a t e  of  180 sacks per month. Most of the  commodity is  
sold a t  r e t a i l  but a  s i g n i f i c a n t  amount is sold t o  "dealers"  from o the r  
v i l l a g e s  i n  the  Block (6 ,  7 ,  8, and 9). The d e a l e r s  were not  merchants but 
r a t h e r  r ep resen ta t ives  of groups of f ami l i e s  of the  same v i l l a g e .  

I f  dura were t o  be grown on the  scheme the  merchant f e l t  t h a t  he would 
l o s e  a  s i g n i f i c a n t  amount of h i s  t rade .  He seemed sanguine about the  pros- 
pec t ,  i nd ica t ing  t h a t  expansion of o the r  l i n e s  of t r ade  such a s  household 
e s s e n t i a l s .  o the r  g ra ins ,  and deal ing  i n  groundnuts, onions, and fodder 
would s u s t a i n  him. 

-- The groundnut t r ade  - This merchant's second most important i tem of 

t rade  was dea l ing  i n  groundnuts produced by tenants  i n  the  Block. 
Purchases were l a r g e l y  d i r e c t  from the  farmer f o r  cash but a  s i g n i f i c a n t  
amount was purchased under the  s h a i l  system, ( con t rac t ing  a t  a  r e l a t i v e l y  
low pr ice  p r i o r  t o  harves t  and rece iv ing  de l ive ry  a t  t h i s  f ixed  p r i c e  when 
harves ted) .  The merchant refused t o  d iscuss  the terms of purchase under 
the  s h a i l  arrangement as  o the r s  were wi th in  l i s t e n i n g  d i s t ance  of the  
interview. 

The merchant markets the  groundnuts by s e l l i n g  about 75 percent  t o  
agents  from the  Sudan Oilseed company and about 25 percent t o  p r i v a t e ,  
independent merchants. About 4,000 sacks were marketed during t h e  1979180 
season but none were traded t h i s  year  (1980181). The reason given f o r  t h i s  
was t h a t  the  p r i c e  is too high and o the r  l i n e s  of t r ade  a r e  expanding, r e -  
qu i r ing  more of h i s  management a t t e n t i o n .  (Perhaps the  merchant was not 
being completely t r u t h f u l  a t  t h i s  point  because the " p a r a l l e l "  market i n  
groundnuts is a v o l a t i l e  i s sue  throughout Sudan, with recent  a t tempts  a t  
c o n t r o l l i n g  t h e  i l l i c i t  t r ade  ou t s ide  of o f f i c i a l  markets ending i n  
f a i l u r e ) .  The 1979180 p r i c e  paid was about LSd 9.00/sack compared t o  LSd 



8.5 on the official market. 

-- Prices - Table 5 summarizes prices paid for farm produce on the day of 
the interviews. It is noteworthy that the major farm products of the zone 
found a regular market with sufficient demand to establish firm prices on a 
daily basis. There were at least two or three merchants competing for the 
farmer's goods in the market place. 

TABLE 5 PURCHASE PRICES OF COPBWDITIES 

Commodity 

groundnuts 
peppers 
tomatoes (dried) 
onions 
okra 
goat and kid (breeding) 
cattle 
calves 
medium 
large, 
large, 
sheep 
small 
medium 
large 

size cows and bulls 
thin cows and bulls 
fat cows and bulls 

Unit Measure 

sack (kantar) 
sack (10 lbs.) 
sack (kantar) 
sack (180 lbs.) 
sack (90 lbs.) 
one + kid 

(in LSd) 
PriceIUnit 

-- A profile of livestock marketing - The cattle merchants interviewed in 
the Village-10 market places were from the town of Kassala. They have a 
regular 10-15 day turnaround in purchasing cattle in the large Kassala 
market where over 300-400 head are sold per day during the dry season and 
even larger numbers during the wet season. Merchants usually buy and sell 
only locally in Kassala during the wet season as travel is difficult, 
prices are low, and money is not flowing from the tenants on the scheme. 
Thus, livestock have a regular market only during the dry season. 

Cattle are "guaranteed" regarding ownership by a certification process 
in Kassala province. The local village council also issues a certificate 
at 25PT per certificate, paid by both buyer and seller. Other marketing 
costs include LSd 60 for 18 days of labor to tend the animals, and LSd 60 
paid to local tenants for 10-15 days grazing. The merchants pool their 
livestock (about 65 head over the two-week period) and contract with the 



l o c a l  farmers f o r  fodder and grazing. About LSd 5-10 per animal is gained 
i n  p r o f i t  by the  c a t t l e  merchant. Eight percent of the  c a t t l e  a r e  so ld  f o r  
meat and 20 percent f o r  breeding stock. C a t t l e  a r e  purchased i n  the  town 
of Kassala on an indiv idual  s a l e  bas i s ,  t h e r e  being no publ ic  auct ion  sys- 
tem a t  t h a t  loca t ion .  

-- Conclusions on l o c a l  marketing systems - There is a th r iv ing ,  
apparently e f f i c i e n t  p r iva te  t r ade  i n  food g ra ins ,  groundnuts, vegetables ,  
and l ives tock .  Dura i s  a s t a p l e  commodity forming the  bas i s  f o r  a l a r g e  
number of competitive small t r a d e r s  i n  the  Block headquarters on t h e  
scheme. Indigenous fanner t r a d e r s  c a l l e d  " r u r a l  c a p i t a l i s t s "  by one Gezira 
Scheme o f f i c i a l  interviewed, seem t o  gain reasonable p r o f i t s  and provide an  
e s s e n t i a l  s e r v i c e  t o  Rahad tenant  farmers. P r i v a t e  c a p i t a l ,  provided 
l a r g e l y  out of personal savings, is the  primary source f o r  cons t ruc t ion  of 
market places,  working c a p i t a l  requirements and c r e d i t  f o r  farmers. V i l l age  
l e v e l  market se rv ices  including space, c e r t i f i c a t i o n  of goods and s e t t l e -  
ment of d i spu tes  a r e  financed through a t ax  levied on each item sold.  

Indigenous t r ade  apparently provides a s i g n i f i c a n t  l e v e l  of non-farm 
employment f o r  f ami l i e s  s e t t l e d  on the  scheme. P a r t i c i p a t i o n  i n  marketing 
ranges from permanent shop-management t o  casual  s e l l i n g  of animals t o  ga in  
cash needed f o r  e s s e n t i a l s .  Despite (or perhaps because o f )  o f f i c i a l  
neglec t  by the  Rahad Croporat ion,  adequate t r ade  i n  e s s e n t i a l s  needed by 
schem r e s i d e n t s  appears t o  be thr iv ing .  

Credi t  and Extension - The s h a i l  system of c r e d i t  pract iced by p r i v a t e  
merchants is a means of acquir ing working c a p i t a l  t o  pay production c o s t s  
such a s  weeding labor  while crops a r e  s t i l l  i n  the  f i e l d .  I n  the  absence 
of o f f i c i a l  development c r e d i t  t he  tenant  appears t o  be a t  t he  mercy of the  
merchant i n  t h a t  the  preharvest  " sha l l "  p r i ce  i s  of ten  l e s s  than  112 the  
harves t  time price.  Given tha t  c r e d i t  i s  only used f o r  about four  months 
during the  growing season, the  implied i n t e r e s t  r a t e  is over 300 percent 
per  year. The ne t  income of tenants  could be g r e a t l y  enhanced by i n t r o -  
ducing an o f f i c i a l  c r e d i t  system t h a t  would enable the producer t o  f inance  
h i s  production c o s t s  a t  reasonable r a t e s .  

Extension se rv ices ,  while i n  the  plans f o r  development of the  Rahad 
Scheme, a re  v i r t u a l l y  non-existent .  A t  present ,  the v i l l a g e  inspec to r  
doubles a s  a c a r r i e r  of technica l  information and a s  a manager of farm pro- 
duction a c t i v i t i e s .  It i s  apparent t h a t  management t a sks  take p r i o r i t y  and 
t h a t  l i t t l e  time i s  l e f t  f o r  extending new production techniques and 
p rac t i ces  t o  the  tenants .  In a very r e a l  sense,  extension broadly defined 
would not be required because the  tenant  has v i r t u a l l y  no decision-making 
power. I f  tenants  were t o  be given more scope t o  make production decis ions  
then a funct ioning extension se rv ice  would be imperative. 

Key Pol icy  I s s u e s  - The welfare of the  tenant  is adversely a f f e c t e d  by 
c e r t a i n  key government po l i c i e s .  The exchange r a t e  s t r u c t u r e  subs id izes  
machinery imports thereby reducing employment and wage r a t e s .  Fur ther ,  t he  
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purchased foods. Community s a n i t a t i o n  s e r v i c e s  a l s o  r equ i re  improvements: 
e x c r e t a  and s o l i d  waste d i sposa l  need t o  be improved and domestic water 
supply systems need t o  be more r e l i a b l e .  

C. Domestic Water Supply 

The cons t ruc t ion  of domestic water supp l i e s  a t  both e l  Fau and t h e  
v i l l a g e s  i s  the  r e s p o n s i b i l i t y  of  t h e  Divis ion  of  Civ i l  Engineering of the  
Corporation; continuing opera t ion  and maintenance is t h e  r e s p o n s i b i l i t y  of  
t h e  Governorate, and inspec t ion  of  water q u a l i t y  and hygiene i s  t h a t  of  
the  Minis t ry  of  Health of  the  Governorate. A l l  v i l l a g e s  i n  the  P r o j e c t  
Area are provided wi th  a piped water supply de l ivered  a t  s tandpipes  (see  
Map 7) wi th  a design pe r  c a p i t a  consumption of  80 l i t e r l d a y .  The s i t i n g  
of s tandpipes i s  done by the  engineering s t a f f  without  consu l t a t ion  wi th  
v i l l a g e  a u t h o r i t i e s  o r  h e a l t h / s o c i a l  sc ience  personnel.  It is  not  
an t i c ipa ted  t h a t  house connections w i l l  be made o t h e r  than a t  Corporation 
headquarters  i n  e l  Fau. A t  t he  time of  the  evalua t ion ,  t h e  following 
l e v e l s  of se rv ice  had been a t t a ined :  

-- El  Fau was provided wi th  water from a moderate water t reatment  
p l a n t .  

-- Twenty-four v i l l a g e s  r ece ive  su r face  water which i s  drawn from 
canals  and t r e a t e d  through sedimentat ion and use  of a slow-sand 
f i l t e r .  

-- Ten v i l l a g e s  have slow-sand f i l t e r  systems under cons t ruc t ion  
wi th  water being p r e s e n t l y  supplied from canals .  

-- Twelve v i l l a g e s  u t i l i z e d  groundwater a s  a source of  supply. I n  
most cases,  t h e  systems employ d r i l l e d  we l l s  equipped wi th  a deep 
well  pump dr iven  by a d i e s e l  engine. 

A l l  systems involved the  pumping of water t o  e levated  s to rage  tanks  
from which i t  flows by g rav i ty  t o  t h e  s tandposts  by d i s t r i b u t i o n  p ipes .  
When improved supply systems have problems, at tempts a r e  made t o  have 
tanker  t rucks  supply t r e a t e d  water t o  t h e  v i l l a g e r s .  However, i n  most 
ins tances  v i l l a g e r s  a r e  forced t o  draw unt rea ted  water from t h e  canal  f o r  
domestic purposes. 

A v a r i e t y  of  problems occur wi th  t h e  water supply systems which fo rce  
o r  encourage v i l l a g e r s  t o  u t i l i z e  water d i r e c t l y  from the  canal .  They 
include t h e  following: 

-- Residents f r equen t ly  draw domestic water from t h e  canals  a s  it is 
more convenient than  going t o  t h e  s tandpipe.  Due t o  t h e  l a c k  of 
an a c t i v e  h e a l t h  educat ion program, they  a r e  unaware of the  h e a l t h  
r i s k s  associa ted  wi th  the  use of unt rea ted  water .  

-- Water l e v e l s  i n  t h e  canals  a r e  f requent ly  below the  l e v e l  
necessary f o r  flow i n t o  the  in t akes  of  the  slow-sand f i l t e r  



systems. Fa i lu re  of  t h e  system t o  be supplied wi th  water  f o r c e s  
v i l l a g e r s  t o  o b t a i n  water  s u p p l i e s  from t h e  canal  w i th  both a  
r educ t ion  i n  h e a l t h  s tandards  and l o s s  of  time devoted t o  drawing 
water. 

-- Inadequate maintenance o f  t h e  slow-sand f i l t e r s  r e s u l t s  i n  
blockage of t h e  f i l t e r  w i t h  sediment and f o r c e s  t h e  water 
t reatment  system t o  be e i t h e r  bypassed o r  closed down. 

-- Current des igns  do not  provide adequately f o r  t h e  s a f e  water ing  of  
l i v e s t o c k  wi th  wastewater from t h e  s tandpipes.  This  has  r e s u l t e d  
i n  v i l l a g e r s  blocking t h e  s i n k s  and t h e  water  t a p s  i n  o rde r  t o  
u t i l i z e  them a s  water troughs. Th i s  c r e a t e s  unsan i t a ry  condi t ions  
a t  t h e  s tandpipe  and r e s t r i c t s  human access .  

-- Standpipes a r e  c u r r e n t l y  poor ly  maintained,  f r equen t ly  r e s u l t i n g  
i n  t h e  contamination of  t h e  water  supply a t  t h e  t a p  and unsan i t a ry  
condi t ions  i n  t h e  v i c i n i t y  of  t h e  s tandpipe .  Pooled wastewater 
and mud o f t e n  cha rac te r i ze  condi t ions  i n  t h e  v i c i n i t y  o f  
s tandpipes.  The pooled water provides  breeding h a b i t a t  f o r  
d i s e a s e  v e c t o r s ,  while  t h e  mud o b s t r u c t s  access  t o  t h e  s tandpipe  
and se rves  t o  t r a p  garbage and animal wastes .  

-- Shortages of  f u e l  on an occas ional  b a s i s  and t h e  i n a c c e s s a b i l i t y  by 
road t o  v i l l a g e s  t o  d e l i v e r  f u e l  dur ing  t h e  r a i n y  season r e s u l t  i n  
t h e  groundwater w e l l  pumps and s to rage  tower pumps not  being used. 

Resolu t ion  of  t h e  problems i d e n t i f i e d  above would r e q u i r e  s t rengthening  
of  t h e  ope ra t ion  and maintenance program, system des ign  modif ica t ions  and 
t h e  development of  improved backup systems. A h e a l t h  educat ion  program 
would be r equ i red  t o  improve r e s i d e n t  understanding between h e a l t h /  
s a n i t a t i o n  and t h e  source of  domestic water  supp l i e s .  

D. S a n i t a t i o n  

Pub l i c  s a n i t a t i o n  s tandards  i n  t h e  P ro jec t  Area a r e  extremely low and 
a r e  b e s t  charac ter ized  a s  follows: 

The r e s u l t s  of t h i s  [survey] have thrown l i g h t  on t h e  
appa l l ing  condi t ions  of  l a t r i n e  accommodations, which a r e  
g ross ly  d e f e c t i v e  and p r i m i t i v e  a s  w e l l  a s  t h e  most 
u n s a t i s f a c t o r y  s i t u a t i o n  of  t h e  community, which i s  ve ry  s h o r t  
i n  summer and v e r y  po l lu t ed .  The gene ra l  s tandard o f  
c l e a n l i n e s s  i n  houses i n  t h e  v i l l a g e s  is ve ry  bad. The r e s u l t  
is t h a t  d i a r r h e a l  d i s e a s e s  a r e  r i f e  i n  those  a r e a s  . . . 
Co-habitation wi th  animals i s  almost a  u n i v e r s a l  h a b i t  a  d 

177 t h i s  adds t o  t h e  f i l t h y  condi t ions  i n  t h e  environment.- 

I n  e l  Fau and Divis ion  Headquarters,  t h e r e  a r e  pub l i c  and p r i v a t e  
water  c a r r i a g e  l a t r i n e s  and t o i l e t s  which a r e  connected t o  s e p t i c  tanks.  

X ' s a t t i ,  1974, Preface .  



The tanks  a r e  emptied by corpora te  vacuum pump t rucks  and t h e  septage is 
dumped i n t o  uncul t iva ted  l ands  adjacent  t o  t h e  P ro jec t  Area. Although the  
pub l i c  l a t r i n e s  and t o i l e t s  a r e  poorly maintained and poorly cleaned, they 
a r e  u t i l i z e d .  Due t o  poor veh ic l e  maintenance, t h e  vacuum pump t rucks  are 
f requent ly  out  of se rv ice  (4 ou t  of  12 t rucks  were ope ra t iona l  i n  February 
19811, which r e s u l t s  i n  s e p t i c  tank overflows adjacent  t o  pub l i c  bui ld ings  
and p r i v a t e  homes,. So l id  waste is co l l ec ted  i n  e l  Fau and taken t o  t h e  
d e s e r t  f o r  d i sposa l ;  some r e s i d e n t s  burn waste i n  t h e i r  yards. 

A program t o  bu i ld  pub l i c  l a t r i n e s  f o r  the  use  of  v i l l a g e r s  proved t o  
be a f a i l u r e  and has been discontinued.  The Corporation has provided 
v i l l a g e s  with four sets of four l a t r i n e s  which were not  used f o r  c u l t u r a l  
( e spec ia l ly  by previously nomadic people) and a e s t h e t i c  reasons (due t o  
poor maintenance and cleaning) by the  l o c a l  population. Fecal  wastes are 
most commonly deposited a t  t h e  edgesof v i l l a g e s ,  boundaries of  f i e l d s  and 
immediately adjacent  t o  s p o i l  banks which p a r a l l e l  canals .  Sol id  wastes 
a r e  deposi ted a t  t he  edges of  v i l l a g e s ,  where they  a r e  p e r i o d i c a l l y  burned 
t o  reduce odors and t o  cont ro l  f l i e s  and rodents .  

Improvement of pub l i c  s a n i t a t i o n  standards i n  the  P r o j e c t  Area would 
r e q u i r e  t h e  i n i t i a t i o n  of a la rge-sca le  h e a l t h  educat ion program which 
would focus a t  t h e  school and community l e v e l .  It i s  a l s o  necessary t o  
implement a s o c i a l l y  acceptable l a t r i n e  program and t o  improve s o l i d  waste 
c o l l e c t i o n  and d isposa l  methods. 

E.  Heal th ~ d u c a t i o d  

L i t t l e  has  been done i n  t h e  P ro jec t  Area wi th  regard t o  h e a l t h  
educat ion a t  e i t h e r  the  school ,  h e a l t h  f a c i l i t y  o r  adu l t  educat ion/  
ex tens ion  l e v e l  due t o  the  l imi ted  resources  ava i l ab le  and t h e  low p r i o r i t y  
i t  has  been given by P r o j e c t  management. High p r i o r i t y  should be given t o  
the  development of  a program d i rec ted  toward t h e  mothers of i n f a n t s  and 
small chi ldren .  Current p l ans  of the  Government of Sudan and the  Blue Nile 
Health P r o j e c t  c a l l  f o r  development of a program s imi la r  t o  t h a t  i n  the  
Gezira Scheme which engages i n  the  following a c t i v i t i e s :  

-- Training o f  h e a l t h  workers and teachers  on d i f f e r e n t  hea l th  
educat ion a c t i v i t i e s ;  

-- Conducting informational  meetings wi th  d i f f e r e n t  school and 
community groups; 

-- Arranging f o r  t e l e v i s i o n  and r a d i o  broadcasts  on important l o c a l  
h e a l t h  problems; 

-- Showing f i lms i n  v i l l a g e s  r e l a t e d  t o  h e a l t h  a c t i v i t i e s ;  

-- P a r t i c i p a t i o n  i n  h e a l t h  center  a c t i v i t i e s ,  e s p e c i a l l y  i n  t h e  a r e a s  
of n u t r i t i o n  and ch i ld  care ;  and 

-- Dis t r ibu t ing  pos te r s  and pamphlets t o  school and community groups. 



F. Management of  Agr i cu l tu ra l  Chemicals 

1. I n s t i t u t i o n a l  Aspects 

The Divis ion  of  P l a n t  P ro tec t ion  i s  re spons ib le  f o r  t h e  s e l e c t i o n ,  
management and a p p l i c a t i o n  of p e s t i c i d e s ,  he rb ic ides ,  fungic ides ,  
d e f o l i a n t s  and roden t i c ides  i n  f i e l d  a reas .  It s u p p l i e s  DDT and 
roden t i c ides  t o  t h e  Divis ion  of  Pub l i c  Heal th fo r  use i n  v i l l a g e s  and 
houses. It provides  equipment, chemicals and l imi t ed  t e c h n i c a l  advice t o  
r e s i d e n t s  of  h o r t i c u l t u r a l  tenancies .  Control  of p e s t s  occurr ing  a t  t h e  
n a t i o n a l  leve l - - locus ts ,  grasshoppers,  migratory b i r d s ,  etc.--is t h e  
r e s p o n s i b i l i t y  of  t h e  Div i s ion  of P lan t  P r o t e c t i o n ,  Minis t ry  of  
Agr icul ture .  The I r r i g a t i o n  Works Corporation, Min i s t ry  of  I r r i g a t i o n ,  is 
respons ib le  f o r  management and con t ro l  of  aqua t i c  weeds i n  t h e  primary and 
secondary canals .  

2. P r i n c i p a l  P e s t s  and Thei r  Control  

Crop p r o t e c t i o n  a c t i v i t i e s  on t h e  P r o j e c t  involve t h e  i n t e n s i v e  and 
ex tens ive  use  of  a  v a r i e t y  of  a g r i c u l t u r a l  chemicals,  inc luding  
i n s e c t i c i d e s  (Tables F-1. F-2). herb ic ides  (Table F-3) .  d e f o l i a n t s ,  
fungic ides  and roden t i c ides  (Table F-4). These chemicals a r e  predominantly 
used f o r  t h e  product ion of  co t ton ,  e s p e c i a l l y  f o r  con t ro l  of t h e  w h i t e f l y  
(Bemissia t a b a c i ) ,  which s e c r e t e s  a  s t i c k y  substance on t h e  co t ton  l i n t  
d e t e r i o r a t i n g  i ts  q u a l i t y  and s a l e s  value.  Other common cot ton  i n s e c t  - 

p e s t s  inc lude  J a s s i d  (Empoasca l y b i c a ) ,  Aphid (Aphid Aphis) and American 
bollworm (He l io th i s  armigera) .  

Crop p r o t e c t i o n  a c t i v i t i e s  p r e s e n t l y  form about 30 percent  of  t h e  c o s t  
of  c o t t o n  production. Chemicals a r e  obtained through i n t e r n a t i o n a l  t ende r s  
and spo t  market purchases from France, I t a l y .  Netherlands. Switzerland,  
United Kingdom, United S t a t e s  and West Germany. P resen t ly ,  99 d i f f e r e n t  
p e s t i c i d e s  have been approved fo r  use on cot ton  crops i n  t h e  ~ u d a & / ,  
r e f l e c t i n g  t h e  high l e v e l  of r e s t i v i t y  developed by i n s e c t  p e s t s  t o  these  
substances.  I n  a d d i t i o n ,  s u b s t a n t i a l  q u a n t i t i e s  of p e s t i c i d e s  ( p r i n c i p a l l y  
DDT) a r e  used fo r  t h e  con t ro l  of ma la r i a  mosquitoes and m o l l u s c i c i d e ~  f o r  
con t ro l  of  s n a i l  spec ie s  involved i n  t h e  l i f e  cyc les  of two schistosome 
genera. 

During t h e  r e c e n t  growing season, most co t ton  f i e l d s  were t r e a t e d  11 
t imes wi th  a e r i a l l y  applied i n s e c t i c i d e s ;  t rac tor -appl ied  he rb ic ides  were 
used t o  con t ro l  weeds, while  a r e a s  t o  be mechanical .1~ harves ted  were 
t r e a t e d  two t imes wi th  a e r i a l l y  applied d e f o l i a n t s .  H o r t i c u l t u r a l  p l o t s  
are t r e a t e d  w i t h  i n s e c t i c i d e s  and fungic ides  on an ind iv idua l  b a s i s  by 
t enan t s  u t i l i z i n g  knapsack sprayers .  

3. Current Management I s s u e s  

When t h e  P r o j e c t  was appra ised ,  crop p r o t e c t i o n  techniques then i n  
use i n  t h e  Gezira  Scheme were d i r e c t l y  t r a n s f e r r e d  with the  assumption 

8/E1 Amin, e t  a l . ,  1980. 



Table F-1. I n s e c t i c i d e s  Applied t o  Cotton During 198011981 Growing Season ( i n  L i t e r s )  

Chemical South Grouc Middle Group North Group TOTAL 
Commercial Name Technical Name 1 2 3 4 5 6 7* 8* 

Roger 32 
Torbidan 10 

Thimul 50 
  hi mull Roger 

Vanval 
Torbidan ULV 

Azodr in/DDT 

Dursban ULV 
B id r in  24% 
Heliotox 
Dursban 4 E.C 
Ekalux 
Hostathion 

Dimethoate 
Toxaphene + 

Methyl Parathion 
Endosulfan 
Endosulfan + 

Dimethoate 
Unknown 
Toxaphene + 

Methyl Parathion 
Monocrotophos + 

DDT 
Chlorpyrifos 
Dicrotophos 
Toxaphene + DDT 
Chlorpyrifos 
Quinalphos 
Triazophos 

Applied by t h e  Crop P r o t e c t i o n  Division 

Applied by Ciba-Geigy Under "Package-Deal" Arrangement 

Nuvacroh Aysdrin 
DDT 

Curacron 
~ o g e r / D y s u a t e  
Indosulfan 

*Ciba-Geigy appl ied  p e s t i c i d e s  on Block 7-8 from August 26 t o  November 15, 1980; t h e r e a f t e r  p e s t i c i d e s  were appl ied  
by the  Rahad Agr icu l tu ra l  Corporation. 

Profenofos 
Dimethoate + 
Endosulfan 

Source: Compiled by Stephen F. Lin tner ,  Bureau f o r  Near East .  A.I .D. ,  from d a t a  provided by D r .  Salah e l  Sheikh 
Bashi r ,  D i rec to r ,  Crop Pro tec t ion  Division,  Rahad Agr icu l tu ra l  Corporation. 
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Table F-3. Herbicides Applied During 1980/1981 Growing Season 

Chemical 
Commercial Name Chemical Name 

South Group 
1 2 3 

Middle G r o u ~  
4 5 6 

Balan ( l i t e r s )  

Ronstar ( l i t e r s )  

Cotoran (kg) 

Z o r i a l  (kg) 

Tref t an  ( l i t e r s )  

Stomp ( l i t e r s )  

Gramaxone ( l i t e r s )  

Benefin. Benf lura l ins  
Bethrodine 

Oxadiazon 

Fluometuron 

Norf lurazon 

Unknown 

Pendimethalin 

Paraquat 

North Group TOTAL 
7 8 

Source: Compiled by Stephen F. Lin tner ,  Bureau f o r  Near Eas t ,  A. I .D. .  from d a t a  provided by D r .  Salah e l  Sheikh 
Bashi r ,  D i rec to r ,  Crop Production, Rahad Agricultural'Corporation. 



Table F - 4 .  Defo l i an t s ,  Fungicides and Rodenticides Applied i n  t h e  South Group During 1980/1981 Growing Season 

Chemical 
Commercial Name Chemical Name South Group - TOTAL 

D e f o l i a n t s  Block 1 Block 2 Block 3 

l ( a )  Def 6 and 5,  5 ,  5 - Tributylphosphorotrithioate 2949 L 4210 L 1105 L 8264 L 

(b) Grammoxone Daraquat 1651 L 2358 L 619 L 4628 L 

2(a)  Dropp and Thidiazurone 295 kg 421 kg 110 kg 826 kg 

(b) Sunoi l  Unknown 

Fungicides 

S o f r i l  Sul fur  150 kg 

Rodenticides 8 t o n s  of z inc  phosphate,  mixed with sorghum 
a t  a r a t e  of  3% f o r  a p p l i c a t i o n  

Source: Compiled by Stephen F. Lin tner .  Bureau f o r  Near East .  A. I .D . ,  from d a t a  provided by D r .  Salah e l  Sheikh 
Bashir ,  D i rec to r ,  Crop Production, Rahad A g r i c u l t u r a l  Corporation 



t ha t  the use of agr icul tural  chemicals was the optimal solution. This 
resulted i n  the f a i lu re  t o  i n i t i a t e  ear ly  e f f o r t s  i n  the examination of 
a l ternat ive techniques of crop protection and has resulted i n  the 
Corporation being trapped i n  an ever-escalating need t o  obtain foreign 
exchange t o  finance the purchase of agr icul tural  chemicals, a e r i a l  
spraying services and application equipment. Physically and economically 
e f fec t ive  crop protection requires the continuous review of technical 
alternatives;  i n  the case of Rahad, as  i n  the Gezira, the f a i lu re  t o  do 
t h i s  has led t o  an over-concentration on the large-scale application of 
chemical controls. 

The heavy use of pesticides has given r i s e  t o  some obvious problems. 
The major insect pest  of cotton, the whitefly. has evolved genetic 
resistance t o  commonly used insecticides,  creating economic havoc. Adding 
t o  the problem, DDT and malathion applied t o  cotton have dr i f ted  in to  
mosquito habi ta ts ,  giving r i s e  t o  genetically res i s tan t  s t r a ins  of malaria 
mosquitos. Extensive use of chemicals has also resulted i n  a radical  
decline i n  native parasi tes  and predators of pest  species. Environmental 
problems are aggravated through the poor operational standards u t i l i zed  by 
both contract and government ae r i a l  spraying operations. These include 
overapplication of pesticides,  excessive d r i f t ,  poor formulation and poor 
f ie ld  targeting. 

Uti l izat ion of pesticides on cotton has rapidly accelerated i n  recent 
years, according t o  D r .  E l  Tigani Mohamed E l  Amin, Director of the Gezira 
Research Station. Use has r i s en  from a single ae r i a l ly  applied spray i n  
the l a t e  1950s t o  f ive sprays i n  1966, culminating with eleven i n  1980. A 
hroad Government of Sudan policy decision i s  to  reduce the level  of 
chemical use and l i s t e d  chemicals i n  an attempt t o  lower the cost of 
production inputs and national imports. Sudanese experts frequently c i ted 
al ternat ive crop protection methods such as  cu l tura l  control and the 
introduction of predators, but f e l t  tha t  a e r i a l  spraying remained the most 
managerially e f f i c i en t  approach. It was emphasized by local  technical 
experts tha t  more labor intensive approaches t o  crop protection, most 
notably increased t ractor  spraying rather  than ae r i a l  spraying, would both 
reduce crop protection costs and improve effectiveness. Tenants, i t  was 
noted, did not f ee l  they received adequate benefits  from the fees  they are 
charged by the Corporation for crop protection. 

4. Public Health Aspects 

Public health data with regard t o  the use of these substances is 
minimal i f  not non-existent, and secondary impacts outside the jur isdict ion 
of the Corporation have not been subjected to  review. The large-scale and 
extensive use of agr icul tural  chemicals presents a var ie ty  of public health 
r i sks ,  including: (a) d i rec t  exposure t o  individuals involved i n  t h e i r  
application and crop production/processing and (b) indirect  exposure due t o  
chemical residues on humanly consumed agricul tural  products, especially 
f r u i t  and hort icul tural  crops. In  addition, i t  i s  hypothesized by Buck and 
Whittemore (1981) tha t  i n  the Sudan, especially i n  the Gezira Project,  
there ex i s t s  a synergistic relationship between the high level  of pesticide 
use and the incidence of schistosomiasis. 



There a r e  no h e a l t h  s t a t i s t i c s  on t h e  inc idence  of illness r e l a t e d  t o  
t h e  u t i l i z a t i o n  of  a g r i c u l t u r a l  chemicals i n  t h e  Sudan; however, on t h e  
b a s i s  of  obse rva t iona l  evidence t h e r e  must be a high occurrence. A major 
problem i s  t h a t  w i th  t h e  b a s i c  h igh  l e v e l  of  i l l n e s s  i n  t h e  popula t ion ,  
e s p e c i a l l y  among migratory l a b o r e r s ,  people o f t e n  do not  recognize  t h e  
cause of t h e  problem. P u b l i c  Heal th  a u t h o r i t i e s  interviewed a l l  f e l t  t h a t  
t h e  l e v e l  must be high;  however, only a l i m i t e d  number o f  ca ses  had been 
i d e n t i f i e d  where p e s t i c i d e s  were d i r e c t l y  r e l a t e d  t o  i l l n e s s .  These 
included: (a) consumption of contaminated f l o u r  by a family and (b) 
consumption of  contaminated f i s h  which had been poisoned. 

Within t h e  Sudan t h e r e  e x i s t  p u b l i c  h e a l t h  g u i d e l i n e s  f o r  t h e  
handl ing  of  p e s t i c i d e s  and o t h e r  t o x i c  m a t e r i a l s ,  but t h e y  a r e  not  
enforced .  A l l  p e s t i c i d e  formulat ion,  w i t h  t h e  excep t ion  of  S h e l l  
p roducts ,  i s  done ou t s ide  t h e  country,  while  a l l  d i l u t i o n  is done on 
landing  s t r i p s  wi thout  t he  u t i l i z a t i o n  of p r o t e c t i v e  equipment (no g loves ,  
o v e r a l l s ,  boo t s ,  e t c . ) .  The only  r e p o r t e d  use  of  p r o t e c t i v e  c l o t h i n g  was 
by Corporat ion employees, a t  t h e  i n s i s t e n c e  of supe rv i so r s ,  du r ing  t h e  
fumigat ion of s eeds  and t h e  mixing of r o d e n t i c i d e s ,  a c t i v i t i e s  which 
involve exposure t o  h igh ly  t o x i c  chemicals i n  enclosed work a reas .  P l a n t  
p r o t e c t i o n  s t a f f  which mix and apply  chemicals a r e  not  monitored f o r  
exposure; however, personnel  w i th  commercial f i rms  such a s  Ciba-Geigy a r e  
r e g u l a r l y  t e s t e d .  

Tenants on h o r t i c u l t u r a l  p l o t s  are suppl ied  w i t h  knapsack sp raye r s  
and chemicals by t h e  Corporat ion;  however, t hey  a r e  no t  provided wi th  
p r o t e c t i v e  c lo th ing .  Chemicals a r e  f r equen t ly  purchased on t h e  open 
market from p r i v a t e  s u p p l i e r s  under p r e f e r r e d  terms of  c r e d i t  o r  a r e  
d i v e r t e d  from use  on co t ton .  Of ten  chemicals a r e  both improperly s e l e c t e d  
and app l i ed  w i t h  no economic b e n e f i t  and w i t h  a r i s k  t o  h e a l t h .  Tenants 
r e c e i v e  minimal a s s i s t a n c e  from t h e  crop p r o t e c t i o n  s t a f f ,  p r i n c i p a l l y  i n  
t h e  form o f  pamphlets. 

A g r i c u l t u r a l  chemicals a r e  appl ied  wi th  inadequate  a t t e n t i o n  given t o  
t h e i r  p o t e n t i a l  h e a l t h  e f f e c t s  t o  both  human and animal popula t ions .  P r i o r  
t o  a e r i a l  spraying ,  t h e  P l an t  P r o t e c t i o n  Div i s ion  informal ly  n o t i f i e s  t h e  
Block in spec to r  t o  i n s t r u c t  l o c a l  t e n a n t s  t o  remove animals  from t a r g e t  
f i e l d s  i n  advance of  spraying  and t o  keep them o u t  f o r  t h r e e  t o  seven days 
t h e r e a f t e r .  However, Corporate t e c h n i c a l  s t a f f  and t e n a n t s  r epo r t ed  
f i e l d s  be ing  r o u t i n e l y  a e r i a l l y  sprayed whi le  people and l i v e s t o c k  were i n  
them and r e g u l a r  i n c i d e n t s  of l i v e s t o c k  k i l l s  a t t r i b u t a b l e  t o  t h e  
u t i l i z a t i o n  o f  a g r i c u l t u r a l  chemicals. The use of  r o d e n t i c i d e s ,  i n  
pa r t . i cu l a r ,  ha s  c r ea t ed  a source  of  t e n s i o n  between t h e  Corporat ion and 
r e s i d e n t s  as t h e r e  a r e  no procedures  f o r  compensation of  l i v e s t o c k  l o s s e s .  
Repor ts  of  problems a s s o c i a t e d  w i t h  rodent  c o n t r o l  a c t i v i t i e s  included:  
(a) t h e  f a t a l  po isoning  of  seven donkeys i n  V i l l a g e  2 3  a f t e r  e a t i n g  dura- 
b a i t e d  poison  improperly spread on the  ground and (b) t h e  l a r g e - s c a l e  
poisoning  of  nomadic l i v e s t o c k ,  up t o  500 animals ,  i n  t h e  v i c i n i t y  of  
V i l l a g e  5. 

The a e r i a l  sp ray ing  of f i e l d  c rops  f r equen t ly  r e s u l t s  i n  t h e  d i r e c t  
spraying  and d r i f t i n g  of a g r i c u l t u r a l  chemicals i n t o  t h e  supply  and 



drainage canals .  I n  a d d i t i o n  t o  t h e  cont r ibut ion  t o  t h e  r e s i d u a l  chemical 
l e v e l s  i n  t h e  water supply. t h i s  o f t e n  r e s u l t s  i n  loca l i zed  f i s h  kills. 
These f i s h  k i l l s  present  a v a r i e t y  of  problems: (a) they have r e s u l t e d  i n  
documented cases  of human poisoning when stunned dead f i s h  have been . 
co l l ec ted  and ea ten ,  (b) they l i m i t  the  p o t e n t i a l  f o r  the  development of  a 
l o c a l  food resource and (c) they g r e a t l y  r e s t r i c t  t h e  f e a s i b i l i t y  of  
in t roducing Chinese g ras s  carp o r  o the r  s imi la r  species  f o r  b i o l o g i c a l  
cont ro l  of aqua t i c  weeds. It can  be an t i c ipa ted  t h a t  wi th  the  increased 
use of  Endosulfin, an inexpensive and e f f e c t i v e  s u b s t i t u t e  f o r  DDT, t h e  
problem, unless  addressed, could become both more widespread and acute.  

Health r i s k  t o  exposure t o  a g r i c u l t u r a l  chemicals is p a r t i a l l y  
l imi t ed  through the  cen t ra l i zed  cont ro l  of  these  substances by the  
Corporation. It is, the re fo re ,  poss ib le  t h a t  improved chemical s e l e c t i o n ,  
app l i ca t ion  and s a f e t y  techniques could be developed u t i l i z i n g  t h e  
resources  of  the  Crop Pro tec t ion  Division i n  conjunct ion wi th  t h e  pub l i c  
hea l th  a u t h o r i t i e s  and the  research  support of t h e  Agr icu l tu ra l  Research 
Corporation. 

5. Agr icu l tu ra l  Chemical Storage 

Chemicals u t i l i z e d  by t h e  Corporation i n  crop p ro tec t ion  and ma la r i a l  
schis tosomias is  cont ro l  programs a r e  improperly s to red  i n  an open l o t  
adjacent  t o  the  main canal .  I n  add i t ion  t o  present ing  a r i s k  t o  pub l i c  
hea l th ,  t he  l ack  of a proper s to rage  f a c i l i t y  r e s u l t s  i n . t h e  d i r e c t  and 
i n d i r e c t  l o s s  of these  expensive imported mater ia ls .  Observations a t  t h e  
present  s torage  s i t e  indica ted  t h a t  approximately 5 percent  of  t h e  drums 
were ruptured,  phys ica l ly  d i s i n t e g r a t i n g  o r  damaged i n  another fashion 
with subsequent l o s s  of ma te r i a l s ,  f requent ly  from d i r e c t  leakage o r  
vaporizat ion.  Chemicals s to red  a t  t h e  s i t e  (see Tables F-1 t o  F-4), 
e s p e c i a l l y  carbamates and organophosphate compounds, a r e  being subjected 
t o  an undetermined ex ten t  of compositional d e t e r i o r a t i o n  through cont inual  
exposure t o  d i r e c t  sun l igh t  and associa ted  high a i r  and ground 
temperatures. I n  add i t ion ,  the  present  f a c i l i t y  causes ma te r i a l  management 
problems due t o  the  d i f f i c u l t y  i n  maintaining a proper inventory o r  
loca t ing  chemicals i n  a t imely fashion. 

6 .  Reuse of Agr icu l tu ra l  Chemical Storage Containers 

Current Government of  Sudan h e a l t h  laws r e q u i r e  t h a t  p e s t i c i d e  drums 
be cu t ,  pounded f l a t ,  burned wi th  gasol ine  and then  marketed a s  sc rap  metal 
o r  roof ing  mater ia l .  The Corporation has  adopted a po l i cy  of  s e l l i n g  
complete b a r r e l s  through the  use of competitive b i d s  s o l i c i t e d  by pub l i c  
advertisement.  Complete drums b r ing  13.0 SL, while only  .55 SL f o r  cu t  
ba r re l s .  These b a r r e l s  a r e  recycled following washing wi th  gasol ine  f o r  
s to rage  of  f u e l / o i l s ,  s ca f fo ld ing  and f o r  water s to rage / t r ans fe r .  Used 
drums va r i ed  i n  p r i c e  i n  t h e  Omdurman market from 18 t o  25 SL according t o  
demand. It was recognized by most marketers t h a t  p e s t i c i d e  drums were t o  
be only  used fo r  f u e l  s torage.  



7. F e r t i l i z e r s  

The l imi ted  d a t a  on f e r t i l i z e r  app l i ca t ion  i n  the  P ro jec t  Area 
i n d i c a t e s  t h a t  both simple and compound f e r t i l i z e r s  a re  provided by t h e  
Corporation f o r  use on f i e l d  and h o r t i c u l t u r a l  crops. F ie ld  observations 
i d e n t i f i e d  s i g n i f i c a n t  l o s s e s  of f e r t i l i z e r  from improper s to rage  and 
t r a n s f e r ,  r e s u l t i n g  i n  numerous broken bags and l o s s  due t o  wind and water.  
The predominance of c lay  i n  t h e  P ro jec t  Area would tend t o  al low f o r  excess 
n i t rogen t o  be washed out  i n  i r r i g a t i o n  water from the  Pro jec t  Area. No 
s igns  of  eut rophica t ion ,  due t o  excess concentrat ions of n i t r a t e s  and 
phosphates, were noted i n  the  form of a l g a l  blooms o r  excessive water 
weeds. There were no r e p o r t s  of contamination of groundwater w e l l s  from 
f e r t i l i z e r s .  

8. Aquatic WeedsIDitch Bank Weeds 

Management and contro l  of aquat ic  and d i t c h  bank weeds is t h e  
r e s p o n s i b i l i t y  of the  Ministry of I r r iga t io tqwhich has extensive experience 
from contro l  programs i n  the  Gezira Scheme. Aquatic weeds reduce flow i n  
canals  and d r a i n s ,  reduce canal  volume ava i l ab le  f o r  n ight  s to rage ,  provide 
h a b i t a t  f o r  schistorne-transmitting s n a i l s  and o f t e n  c r e a t e  s l ack  water 
condit ions favorable f o r  the  breeding of malaria- transmit t ing mosquitoes. 
Ditch bank weeds obs t ruc t  flow i n  canals  and d ra ins  and cause bank seepage 
losses ;  however, they do con t ro l  canal  bank eros ion.  

Aquatic weeds do not p resen t ly  present  a  major problem i n  t h e  supply 
canals  o r  d ra ins  i n  the  P ro jec t  Area due t o  the  l imi ted  time t h e  system has  
been i n  operat ion.  Experience i n  the  Gezira Scheme has shown an 
evolut ionary  t rend f o r  the  development of i n f e s t a t i o n  problems over t i m e .  
It should be poss ib le  t o  minimize t h i s  problem i n  the  P ro jec t  Area through 
development and implementation of an a c t i v e  monitoring and con t ro l  program. 
Aquatic weeds have been t r a d i t i o n a l l y  cont ro l led  through the  app l i ca t ion  of 
herbic ides  (most common 2-4 D); however, t h e  Agr icul tura l  Research 
Corporation and t h e  Blue Ni le  Health P ro jec t  a r e  p resen t ly  inves t iga t ing  
a l t e r n a t i v e  methods including mechanical c u t t i n g ,  drainage and the  
in t roduct ion  of weed-consuming f i s h  species.  

Ditch bank weeds a r e  becoming a problem along d ra ins  i n  t h e  P ro jec t  
Area; seve ra l  ins tances  were observed where minor d r a i n s  had s i g n i f i c a n t  
l e v e l s  of blockage. Ditch bank weeds have been spot-control led by 
app l i ca t ion  of herbic ides  and cu t t ing ,  but regular  maintenance of d r a i n s  i s  
e s p e c i a l l y  important t o  assure  f i e l d  and se t t lement  drainage i n  t h e  case  of 
f l a s h  f loods  and heavy r a i n s .  It i s  poss ib le  t h a t  some of the  heavy crop 
damage and extens ive  flooding of se t t lements  which occurred during 
rainstorms i n  1980 i s  a t t r i b u t a b l e  i n  p a r t  t o  the  i n a b i l i t y  of t h e  d r a i n s  
t o  funct ion  a t  design l e v e l s  due t o  t h e  presence of d i t c h  bank weeds and 
o t h e r  preventable types of blockages ( informally constructed road 
cross ings ,  t r a s h  d isposal ,  e tc . )  



G. Secondary Impacts 

Secondary environmental impacts a r e  those  which a r e  i n d i r e c t l y  r e l a t e d  
t o  t h e  p r o j e c t  under evaluat ion.  Areas of  secondary impact associa ted  wi th  
t h e  P ro jec t  include: (a) w i l d l i f e ,  (b) vegetation/fuelwood, (c) impacts 
adjacent  t o  supply canal ,  (d) nomadic l ives tock .  (e) s a l i n i z a t i o n .  ( f )  
shr inking and swel l ing  c l ays  and (g) a rchaeologica l  and h i s t o r i c a l  s i t e s .  

1. Wi ld l i f e  

The impact of t h e  P ro jec t  on w i l d l i f e  has  been a r educ t ion  i n  h a b i t a t  
f o r  n a t i v e  grazing spec ies  i n  t h e  P r o j e c t  Area and, more s i g n i f i c a n t l y ,  
t h e  displacement of t r a d i t i o n a l  nomadic herdsmen and t h e i r  animals t o  more 
marginal a reas .  This  c r e a t e s  increased competition f o r  t h e  l imi t ed  range 
and brush t r a c t s  t o  t h e  e a s t  and along t h e  Dinder River.  The P ro jec t  has  
not  d i r e c t l y  had an impact on t h e  Dinder National  Park. It has ,  however, 
cont r ibuted  t o  s e r i o u s  pressure  on t h e  Park through displacement of nomadic 
herdsmen and c r e a t i o n  of  a market f o r  charcoal  and meat.?/ It is important 
t o  note t h a t  pressure  on t h e  Dinder Game Preserve must be seen a s  t h e  r e s u l t  
of c o l l e c t i v e  developments adjacent  t o  t h e  Area, e s p e c i a l l y  by t h e  expansion 
of mechanized and t r a d i t i o n a l  rain-fed a g r i c u l t u r e ,  both p u b l i c l y  and 
p r i v a t e l y  financed. Should t h e  Rahad Stage I1 Expansion be implemented, i t  
should be subjected t o  a d e t a i l e d  s tudy of p o t e n t i a l  impacts t o  w i l d l i f e  and 
t h e  i d e n t i f i c a t i o n  of s u i t a b l e  mi t iga t ion  a c t i v i t i e s  t o  address: (a) t h e  
d i r e c t  impact of  t h e  proposed i r r i g a t i o n  main water supply system and 
(b) t h e  i n t e n s i f i e d  displacement of  t r a d i t i o n a l  nomadic herdsmen and na t ive  
game from a n  a d d i t i o n a l  400,000 feddans pro jec ted  f o r  t h e  development of 
t h e  expansion p r o j e c t .  

The development of t h e  P ro jec t  has  crea ted  extens ive  h a b i t a t  f o r  b i r d  
spec ies ,  both na t ive  and migratory,  through t h e  provis ion  of year-round 
water  supply. Present ly ,  t h e r e  is  an abundance of  b i r d l i f e  on t h e  P ro jec t  
Area, e s p e c i a l l y  l a r g e  predators .  F ie ld  crops ,  crop s tubb les  and s to red  
crops have crea ted  a food source f o r  numerous rodents ,  e s p e c i a l l y  t h e  N i l e  
r a t  (Ratus r a t u s ) ,  which have become troublesome wi th in  t h e  P ro jec t  Area. 
The la rge-sca le  u t i l i z a t i o n  of a g r i c u l t u r a l  chemicals could r e s u l t  i n  t h e  
in t roduc t ion  of  a v a r i e t y  of t o x i c  substances i n t o  t h e  food chain  wi th  
p resen t ly  indeterminable consequences. 

2.  Natura l  Vegetat ion - Construct ional  Timber/Fuelwood/Charcoal 

T r a d i t i o n a l l y ,  charcoal  production was a source of  supplementary 
income f o r  a g r i c u l t u r a l i s t s  and herdsmen r e s i d e n t  along t h e  Rahad and 
Dinder Rivers ,  e s p e c i a l l y  t h e  non-tenant members of  these  v i l l a g e s  who have 
tended t o  be se l ec ted  a s  tenants  f o r  the  P ro jec t .  Thei r  p a r t i a l  
incorpora t ion  i n t o  t h e  P r o j e c t  has  r e s u l t e d  i n  a d e c l i n e  i n  l o c a l  charcoal  
production and an inc rease  i n  charcoal  imports i n t o  t h e  P ro jec t  Area from 
t h e  v i c i n i t y  of E l  Gedaref i n  Kassala Province. P r i c e s  have r i s e n  s t e e p l y  
due t o  t h i s  inc rease  i n  demand which has been compounded by t h e  development 
of an export  t r a d e  i n  charcoal  a t  the  n a t i o n a l  l e v e l  with Saudi Arabia. 

2 ' ~ b u  Shama, 1981, Sudanow, 1981. 



Presen t ly ,  w i th in  t h e  P ro jec t  Area charcoal  c o s t s  4 t o  5 SL f o r  a l a r g e  
sack; a donkey-load o f  fuelwood c o s t s  5 SL, while  a 2-meter pole  c o s t s  
.5 SL. It should be noted t h a t  t h e  ma jo r i ty  of t h i s  production along t h e  
r i v e r s  i s  i l l e g a l ,  w i th  ind iv idua l s  and fami l i e s  opera t ing  without  permi ts  
from t h e  government which owns t h e  resource.  It should be noted t h a t  i n  
response t o  high f u e l  p r i c e s  r e s i d e n t s  a r e  inc reas ing ly  s t o r i n g  co t ton  
s t a l k s  f o r  use  a s  f u e l  r a t h e r  than burning them a s  requi red  t o  con t ro l  t h e  
spread of va r ious  p l a n t  d i seases .  

Present  p lans  c a l l  fo r  t h e  development of  20,000 feddans of  f o r e s t r y  
p l a n t a t i o n s  i n  t h e  P r o j e c t  Area, w i th  6,000 feddans of Eucalyptus having 
been p lanted  t o  da te .  The p l a n t a t i o n s  a r e  t o  se rve  a s  l o c a l  sources of 
cons t ruc t ion  wood, fuelwood and charcoal  and w i l l  be managed d i r e c t l y  by 
t h e  Corporation. It is  planned t o  concent ra te  on fast-growing t r e e  types 
such a s  Eucalyptus t o  comprise 90 percent  of  the  p lan t ings  and slower- 
growing t r e e  types  such a s  Acacia t o  comprise 10 percent .  It is  a l s o  
planned t o  develop a d d i t i o n a l  wood supp l i e s  by t h e  p lan t ing  of  t r e e s ,  
p r i n c i p a l l y  Acacia, on t h e  i n t e r i o r  s i d e s  of  major and minor supply canals .  

3. Impacts Adjacent t o  Supply Canal 

Construct ion of  the  water supply canal  from t h e  Blue Nile  a t  Meina t o  
t h e  Rahad Barrage has  crea ted  a p e n e t r a t i o n  co r r ido r  80 km i n  length .  The 
canal  i s  bordered on both s i d e s  by semi-improved d i r t  t r acks ,  and adjacent  
land has  been c leared  f o r  approximately .5 km through graz ing  and f u e l  
c o l l e c t i o n .  Areas adjacent  t o  t h e  supply canal  have been subjec ted  t o  
moderate t o  heavy overgrazing from l i v e s t o c k  (camels, c a t t l e ,  goats ,  sheep) 
being taken t o  t h e  canal  fo r  watering.  This  has  r e s u l t e d  i n  l o c a l i z e d  
damage t o  t h e  canal  embankment, e s p e c i a l l y  i n  t h e  v i c i n i t y  of bridge 
cross ings  where l i v e s t o c k  a r e  most commonly watered. Overgrazing i n  t h i s  
a r e a  is  t h e  r e s u l t  of permanent water  supp l i e s  being a v a i l a b l e  i n  excess of  
t h e  car ry ing  capac i ty  of t h e  adjacent  range. 

There have been no se t t l emen t s  spontaneously developed adjacent  
t o t h e  supply canal  of a l a r g e  o r  small sca le .  The development of  
two government-authorized E r i t r e a n  refugee camps i n  t h e  v i c i n i t y  of  t h e  
Rahad Barrage, each wi th  a populat ion of  approximately 5,000 persons,  has  
r e s u l t e d  i n  extreme environmental degradat ion  i n  t h e i r  v i c i n i t y .  The 
n e a r l y  complete c l ea r ing  of  t r e e s  and brush f o r  housing m a t e r i a l s  and f u e l  
has  occurred wi th in  a r a d i u s  of  approximately 2 t o  4 km of these  
se t t lements .  I n  add i t ion ,  ground cover has  been e f f e c t i v e l y  e l iminated  
through ex tens ive  overgrazing by l i v e s t o c k  and burning f o r  snakefrodent 
cont ro l .  A t  many p o i n t s  around t h e  per iphery  of  t h e  P ro jec t  Area, f i e l d s  
have been c leared  f o r  the  production o f  rain-fed &a by Rahad r e s i d e n t s .  
Frequently, these  a r e  burned t o  u t i l i z e  a sh  a s  a f e r t i l i z e r .  

4. Nomadic Livestock 

There a r e  four  co r r ido r s  i n  t h e  P r o j e c t  Area t o  allow f o r  t h e  
con t ro l l ed  passage of  nomadic l ives tock ;  however, f i e l d  observat ions  



i nd ica ted  t h a t  bank e ros ion  caused by l i v e s t o c k  watering is  extens ive  i n  
a reas  adjacent  t o  cross ing  br idges  and a t  s e l ec ted  l o c a t i o n s  along t h e  
supply canal .  On occasions i t  has  been necessary f o r  t h e  l o c a l  
Commissioner t o  reques t  m i l i t a r y  a s s i s t ance  t o  prevent  nomadic herdsmen 
from br inging t h e i r  l i v e s t o c k  i n t o  t h e  P ro jec t  Area t o  graze. The 
development of  t h e  P r o j e c t  has  reduced grazing pressure  on t h e  Es Soki 
I r r i g a t i o n  Scheme; however, it has  crea ted  much g r e a t e r  pressure  f o r  
growing seasonlend-of-growing season pressure  on t h e  Rahad I r r i g a t i o n  
Scheme. Due t o  t h e  ex tens ive  l ives tock  holdings of p r o j e c t  a g r i c u l t u r a l i s t s  
and t h e i r  non-resident r e l a t i v e q i t  is d i f f i c u l t  t o  determine the  ex ten t  t o  
which nomadic l i v e s t o c k  con t r ibu te  t o  t h e  overgrazing of a reas  adjacent  t o  
the  P r o j e c t .  

5. S a l i n i z a t i o n  

Due t o  t h e  na ture  of t h e  s o i l s  i n  t h e  P ro jec t  Area and t h e  i n i t i a l  
i n s t a l l a t i o n  of  adequate drainage,  it is not a n t i c i p a t e d  t h a t  s a l i n i z a t i o n  
w i l l  become a problem i n  t h e  P ro jec t  Area. F ie ld  review d i d  not  i n d i c a t e  
t h a t  t h i s  had evolved i n t o  a  problem. The s i t u a t i o n  of ex tens ive  
s a l i n i z a t i o n  i n  t h e  Gezira Scheme has  been a t t r i b u t e d  t o  an inadequacy of 
drainage and excessive a p p l i c a t i o n  of  i r r i g a t i o n  water over  a  span of  t e n s  
of years.  The i n i t i a l  cons t ruc t ion  of adequate d r a i n s ,  t h e  adoption o f  
long furrow i r r i g a t i o n  and t h e  implementation of water  d i s t r i b u t i o n 1  
a p p l i c a t i o n  con t ro l  measures by t h e  Corporation should address t h i s  
p o t e n t i a l  problem. 

6. Shrinking and Swelling Clays 

The Pro jec t  has  experienced, due t o  expansive s o i l s ,  ex tens ive  
s t r u c t u r a l  damage t o  i r r i g a t i o n  systems (e spec ia l ly  concrete canal  l i n i n g s ) .  
Corporate bui ld ings ,  s t a f f  housing and road f i l l s  loca ted  near  canal  
crossings.  Black co t ton  s o i l s  i n  the  P ro jec t  Area e x h i b i t  sh r ink l swe l l  
c h a r a c t e r i s t i c s  which a r e  r e l a t e d  t o  t h e  propor t ion  o f  t h e  c l a y  mineral 
montmorillonite.  Damage occurs  t o  s t r u c t u r e s  which cannot accommodate 
movement o r  resist t h e  s o i l  expansion. Typical damage t o  t h e  s t a f f  housing 
c o n s i s t s  of  u p l i f t e d  and broken f l o o r s ,  wide cracks i n  t h e  i n t e r i o r  w a l l s  
and displaced door and window frames. Heave of  up t o  . 5  m has  been observed 
i n  k i tchen and bathroom areas .  Damage t o  both Corporate bui ld ings  and s t a f f  
housing has  been a t t r i b u t e d  t o  adoption o f  a  s tandard foundation des ign  
r a t h e r  than u t i l i z a t i o n  of  t h e  p i l l a r / p i l i n g  technique used i n  t h e  Gezira 
Scheme. Repairs  of damage t h a t  has  o curred during t h e  l a s t  f i v e  years  may 

20 7 exceed one m i l l i o n  Sudanese pounds.- 

7. Archaeological and H i s t o r i c a l  S i t e s  

The Pro jec t  Area was not surveyed p r i o r  t o  development nor  was t h e  
A n t i q u i t i e s  Service  consulted p r i o r  t o  implementation of  t h e  P ro jec t .  It 
is  considered by Sudanese a u t h o r i t i e s  t h a t  some p r e h i s t o r i c  s i t e s  of 
undetermined s ign i f i cance  might have been d is rupted  i n  a r e a s  adjacent  t o  
t h e  Rahad River and J e b e l  Fau. 



V I .  SUMMARY 

The Rahad I r r i g a t i o n  P r o j e c t  r ep resen t s  an exce l l en t  oppor tuni ty  t o  
examine t h e  r a p i d l y  evolving " s t a t e  of  the  a r t "  i n  the  eco log ica l /  
environmental assessment of large-scale development p r o j e c t s  and provides 
f o r  ana lys i s  of  techniques fo r  the  implementation of environmental des ign  
and mi t iga t ion  components. It p resen t s  a s i t u a t i o n  where P ro jec t  donors i d e n t i f i e d  
i n  advance a series of environmental concerns, but f a i l e d  t o  completely 
i n t e g r a t e  them i n t o  t h e i r  p r o j e c t  design,  implementation p l a n  and programs 
of monitoring and evalua t ion .  The Pro jec t  c l e a r l y  i l l u s t r a t e s  the  e x i s t i n g  
gap between t h e  a b i l i t y  t o  i d e n t i f y  environmental problems and t o  
success fu l ly  design s o l u t i o n s  t o  them. It should be noted t h a t  the  
c r i t i c a l  environmental problems of the  P ro jec t  have r e s u l t e d  from the  
i n a b i l i t y  o f  the  Corporation and Government of Sudan t o  i n s t i t u t i o n a l l y  
manage them and inadequate a l l o c a t i o n  of c a p i t a l j o p e r a t i o n a l  funds t o  t h e  
respons ib le  organiza t ions .  With the  exception of  schis tosomias is  and 
malaria ,  t he  Government of  Sudan d id  not perce ive  any a r e a s  of s i g n i f i c a n t  
concern. One sen io r  o f f i c i a l  noted that."We have placed p r i o r i t y  on t h e  
production of  co t ton  and food; i t  i s  b e t t e r  t o  have s i c k  people than  
s t a r v i n g  ones." 

Although a genera l  environmental ana lys i s  was conducted i n  advance of 
t h e  P r o j e c t ,  it d id  not success fu l ly  inf luence  t h e  des ign  o f  the  P r o j e c t  o r  
i ts implementation. The s tudy  i d e n t i f i e d  bas i c  problems; however, w i th  the  
exception of a requirement f o r  t h e  development of a program f o r  t h e  con t ro l  
of malar ia  and schis tosomias is ,  no mi t iga t ions  were required.  The P r o j e c t  
was not  subjec ted  t o  examination f o r  t echn ica l  a l t e r n a t i v e s .  F a i l u r e  t o  
develop a program f o r  in t eg ra ted  m i t i g a t i o n  a c t i v i t i e s  r e s u l t e d  i n  the  
f a i l u r e  t o  adequately develop i n s t i t u t i o n a l  c a p a b i l i t i e s  t o  manage 
problems. F a i l u r e  t o  examine i n d i r e c t  impacts r e s u l t e d  i n  t h e  development 
of a series of  impacts t o  a r e a s  ou t s ide  t h e  j u r i s d i c t i o n  of t h e  P r o j e c t  
which a r e  not  being addressed. 

V I I .  PROPOSED MITIGATION ACTIVITIES 

Mit iga t ions  a r e  a c t i v i t i e s  which a r e  designed t o  e l imina te  o r  reduce 
i d e n t i f i e d  negat ive impacts i n  advance of o r  i n  conjunct ion wi th  p r o j e c t  
implementation. Proposed m i t i g a t i o n  a c t i v i t i e s  included i n  t h i s  Annex 
have been r e s t r i c t e d  t o  those r e l a t i n g  t o  a r e a s  o f  primary impact o r  
secondary impacts whose r e s o l u t i o n  i s  d i r e c t l y  w i t h i n  the  j u r i s d i c t i o n  of  
the  Corporation. Previous ly  i d e n t i f i e d  a r e a s  of secondary impact, 
e s p e c i a l l y  wi th  regard t o  pressure  on w i l d l i f e  s p e c i e s l h a b i t a t ,  nomadic 
l i v e s t o c k  and f u e l  co l l ec t ion /cha rcoa l  production a r e  extremely s i g n i f i c a n t  
r eg iona l  environmental problems. These problems warrant  d e t a i l e d  
independent s t u d i e s  p r i o r  t o  development of proposed m i t i g a t i o n  a c t i v i t i e s .  

A. Water-Borne Diseases jPubl ic  Health 

-- It i s  recommended t h a t  the  h e a l t h  s e r v i c e s  program a s  i t  concerns 
t h e  P r o j e c t  be placed under a s i n g l e  un i f i ed  j u r i s d i c t i o n  



respons ib le  f o r  (a) c u r a t i v e  hea l th ,  (b) pub l i c  hea l th .  
(c )  domestic water  supply and s a n i t a t i o n  and (d) h e a l t h  education. 
A coordina t ion  council should be set up between t h e  in t eg ra ted  
h e a l t h  se rv ices  organiza t ion  and (a) t h e  Civi l  Engineering 
Divisiorqwhich is  respons ib le  f o r  t h e  ope ra t ion  and maintenance of  
water  supply systems, and (b) t h e  Crop Pro tec t ion  Divis ion ,  which 
is respons ib le  f o r  the  s e l e c t i o n ,  procurement and a p p l i c a t i o n  of 
a g r i c u l t u r a l  chemicals. There is a need f o r  t h e  formation of  
"agromedical" teams t o  address problems mutually a f f e c t i n g  
a g r i c u l t u r e  and human hea l th .  

-- It is  recommended t h a t  a t echn ica l  review be conducted of t h e  
b a s i c  s t r u c t u r e  of  t h e  primary h e a l t h  ca re  program a t  t h e  P ro jec t  
t o  examine its t e c h n i c a l  i n t e g r a t i o n  wi th  h e a l t h  programs of  
regional  governments, p rov inc ia l  governments and extens ion  programs 
of t h e  Corporation. 

-- It is  recommended t h a t  t h e  a c t i v i t i e s  of t h e  Blue N i l e  Health 
P r o j e c t  wi th in  t h e  P ro jec t  be reviewed by a j o i n t  committee t o  
assure  t h a t  they  a r e  support ing t h e  development of  an i n s t i t u t i o n a l  
c a p a b i l i t y  a t  t h e  P ro jec t  and community l e v e l  r a t h e r  than  serv ing  
a s  a stop-gap organiza t ion  assuming t h e  r e s p o n s i b i l i t i e s  of 
regional  government, p rov inc ia l  governments and t h e  Corporation. 

-- It is  recommended t h a t  t h e  Corporation review wi th  t h e  Minis t ry  of 
I r r i g a t i o n  requi red  water  l e v e l s  i n  cana l s  which a r e  used a s  
sources of  supply fo r  potable  water supply systems f o r  v i l l a g e s .  
It was r epea ted ly  i d e n t i f i e d  dur ing  t h e  course of  f i e l d  
inves t iga t ions  and through in terv iews wi th  t echn ica l  exper t s  t h a t  
water l e v e l s  i n  t h e  canals  were f r equen t ly  below t h e  l e v e l  
necessary f o r  flow i n t o  t h e  in t akes  of  t h e  slow-sand f i l t e r s .  
Fa i lu re  of  t h e  system t o  be supplied wi th  water fo rces  v i l l a g e r s  t o  
ob ta in  water  supp l i e s  from t h e  canal  wi th  both a r educ t ion  i n  
h e a l t h  s tandards  and l o s s  of  t i m e  devoted t o  drawing water.  

-- It is recommended t h a t  a review be conducted of t h e  current  program 
of opera t ion  and maintenance fo r  v i l l a g e  water  s tandpipes.  
Standpipes a r e  c u r r e n t l y  poorly maintained, f requent ly  r e s u l t i n g  i n  
t h e  contamination of water  supply a t  t h e  t ap  and unsani tary  
condi t ions  i n  t h e  v i c i n i t y  of  t h e  s tandpipe.  Considerat ion should 
be given t o  modif ica t ion  of s tandpipe des ign  t o  improve drainage; 
i t  is  recommended t h a t  t h e  area  i n  t h e  immediate v i c i n i t y  of t h e  
s tandpipe be covered with g rave l  o r  p lanted  wi th  vegeta t ion .  This  
design modif ica t ion  would serve  t o  absorb excess water ,  t h u s  
preventing t h e  c r e a t i o n  of vec tor  h a b i t a t  f o r  water-borne d i seases  , 

and r e s t r i c t i n g  access t o  t h e  s tandpipe.  Current des igns  should 
a l s o  be modified t o  provide f o r  t h e  i n s t a l l a t i o n  o f  animal water  
troughs a t  t h e  end of d r a i n s  employed i n  cu r ren t  designs. This  
modif ica t ion  would se rve  t o  discourage t h e  common p r a c t i c e  of 
blocking s inks  under water  t a p s  i n  current  systems t o  serve fo r  
animal watering. 



-- It is recommended t h a t  high p r i o r i t y  be given t o  t h e  development 
of  a  h e a l t h  educat ion program fol lowing t h e  p a t t e r n  t h a t  has  
a l r eady  been es t ab l i shed  i n  t h e  Gezira Scheme. 

B. Management of  Agr icu l tu ra l  Chemicals 

-- It is  recommended t h a t  t h e  Corporat ion give p r i o r i t y  t o  
cons t ruc t ion  of proper f a c i l i t i e s  f o r  t h e  s to rage  of  chemicals 
used i n  crop p r o t e c t i o n  and malar ia /schis tosomias is  con t ro l  
programs. I n  a d d i t i o n  t o  p resen t ing  a r i s k  t o  pub l i c  h e a l t h ,  t h e  
l a c k  of a  proper  s to rage  f a c i l i t y  r e s u l t s  i n  t h e  d i r e c t  and 
i n d i r e c t  l o s s  o f  t h e s e  expensive imported ma te r i a l s .  Chemicals 
s to red  a t  t h e  s i t e ,  e s p e c i a l l y  carbamates and organophosphate 
compounds, a r e  being subjec ted  t o  an undetermined e x t e n t  of  
compositional d e t e r i o r a t i o n  through cont inual  exposure t o  d i r e c t  
s u n l i g h t  and associa ted  high a i r  and ground temperatures. I n  
add i t ion ,  t h e  p resen t  f a c i l i t y  causes m a t e r i a l  management problems 
due t o  t h e  d i f f i c u l t y  i n  maintaining a proper inventory  o r  
l o c a t i n g  chemicals i n  a  t imely  fashion .  

An i n t e r i m  s o l u t i o n  of u t i l i z i n g  excess s t o r a g e  capac i ty  i n  t h e  
ginning complex should be reviewed by t h e  Corporation. This  could 
a f fo rd  covered s t o r a g e  and provide fo r  improved inventory con t ro l .  
Considerat ion w i l l  need t o  be given t o  t h e  proper s i te s e l e c t i o n  
of t h e  new s t o r a g e  f a c i l i t y  and c leaning of  t h e  a r e a  of t h e  
present  s t o r a g e  f a c i l - i t y  when a proper  f a c i l i t y  i s  constructed.  
Remaining m a t e r i a l s  w i l l  r e q u i r e  c a r e f u l  d i sposa l ,  whi le  t h e  site 
i t s e l f  w i l l  need t o  be excluded f o r  a g r i c u l t u r a l  o r  r e s i d e n t i a l  use 
due t o  t h e  high l e v e l s  of  chemical compounds i n  t h e  s o i l  a s  a  
r e s u l t  of  s p i l l s  and leakage. 

-- It is  recommended t h a t  the  Crop P r o t e c t i o n  Divis ion  o f  t h e  
Corporation a c t i v e l y  seek a s s i s t a n c e  i n  t h e  area  of in t eg ra ted  
p e s t  management ( b i o l o g i c a l  con t ro l ,  crop hygiene, modif ica t ion  o f  
crop r o t a t i o n )  from t h e  Agr icu l tu ra l  Research Corporat ion and 
through t h e  cu r ren t  FAO/UNEP, In teg ra ted  P e s t  Control ,  Cotton 
(Sudan) P r o j e c t  based i n  Wad Medani. It i s  recommended t h a t  t h e  
Crop P r o t e c t i o n  Divis ion  i n  conjunct ion with t h e  Agr icu l tu ra l  
Planning Unit examine cos t  e f f e c t i v e n e s s  of s e l e c t e d  in t eg ra ted  
p e s t  management techniques f o r  p o t e n t i a l  a p p l i c a t i o n  on an 
experimental  b a s i s .  

Steps should be taken t o  improve a p p l i c a t i o n  techniques and t o  
more c a r e f u l l y  s e l e c t  chemicals t h a t  a r e  approved f o r  u t i l i z a t i o n .  
An expanded capac i ty  should be developed t o  test the  "qual i ty" of  
chemicals p r i o r  t o  t h e i r  a p p l i c a t i o n  t o  assure  t h a t  they  have not  
d e t e r i o r a t e d  during shipment o r  s torage .  

-- It is  recommended t h a t  t h e  Crop P r o t e c t i o n  Divis ion  of t h e  
Corporation should supply t h e  l o c a l  h o s p i t a l ,  d i spensa r i e s  and 
d ress ing  s t a t i o n s  wi th  information on a g r i c u l t u r a l  chemicals 



(pes t i c ides ,  herbic ides ,  rodent ic ides ,  e tc . )  cu r ren t ly  i n  use. 
desc r ip t ions  of t h e i r  c l i n i c a l  symptoms and recommended ant idotes .  
It i s  recommended t h a t  t h i s  information t r a n s f e r  be fu r the r  
re inforced by i n s t i t u t i o n  of a formal j o i n t  committee of 
r ep resen ta t ive  crop p ro tec t ion  and publ ic  h e a l t h  a u t h o r i t i e s  t o  
meet on a regular  bas is .  

A program should be i n s t i t u t e d  t o  monitor hea l th  of crop 
p ro tec t ion  and pub l i c  hea l th  personnel who regu la r ly  come i n t o  
contact  with a g r i c u l t u r a l  and publ ic  hea l th  chemicals ( including 
rodent ic ides) .  Changes i n  ace ty lch l ines ta rase  a c t i v i t y ,  an  
indica tor  of the  e f f e c t s  of organophosphorus i n s e c t i c i d e s ,  should 
be monitored on a regular  basis .  

-- It is recommended t h a t  the current  p r a c t i c e  of s e l l i n g  used 
a g r i c u l t u r a l  and publ ic  hea l th  chemical s to rage  drums should be 
immediately discontinued. These conta iners  should be destroyed o r  
modified t o  prevent t h e i r  reuse  a s  s torage  containers .  The 
provisions of t h e  e x i s t i n g  Sudanese Law barr ing  such s a l e s  
p r a c t i c e s  should s t r i c t l y  be enforced by t h e  Rahad Agr icu l tu ra l  
Corporation. 

-- It i s  r e c o m n d e d  t h a t  a  genera l  education program concerning 
a g r i c u l t u r a l  chemicals should be developed f o r  incorpora t ion  i n  
extens ion and schools within the  Projec t  Area. A specia l ized  
publ ic  education program concerning t h e  proper use  of a g r i c u l t u r a l  
chemicals should be developed and given t o  t enan t s  i n  t h e  
h o r t i c u l t u r a l  tenancies.  

-- There i s  a need t o  determine the primary sources and l e v e l  of 
human p e s t i c i d e  exposure i n  t h e  Projec t  Area ( d i e t ,  dr inking 
water,  d i r e c t  contact)  and t o  e s t a b l i s h  a c a p a b i l i t y  on a na t iona l  
l e v e l  t o  monitor res idue  l e v e l s  i n  marketed produce and groundnuts 
( t h i s  i s  e s p e c i a l l y  important given the  proposed in t roduct ion  of 
chemicals such a s  Temrex). 

C. Other Areas of Concern 

-- It i s  recommended t h a t  the  proposed program f o r  the p lan t ing  of 
t r e e s  f o r  the production o f  timber and fuelwood on t h e  i n t e r i o r  
banks of main and minor i r r i g a t i o n  supply canals  be reviewed. 
This  program could r e s u l t  i n  t h e  c rea t ion  of s i g n i f i c a n t  access 
and opera t ional  problems f o r  rou t ine  and major canal  maintenance 
operat ions.  I n  many cases,  successful  execution o f  these  
operat ions would requ i re  the  removal of the  t r e e s .  In  addi t ion ,  
the development of such t r e e  s tands  w i l l  r e s u l t  i n  water losses  
through both evapotranspi ra t ion  and canal  bank seepage. 

-- It is  recommended t h a t  the  current  monitoring and maintenance 
program f o r  the  cont ro l  of d i t c h  bank weeds i n  t h e  d r a i n  system be 
reviewed. The in t roduct ion  of exo t i c  bank cover p l a n t s ,  such a s  



Impomoea carna,  should be discouraged u n t i l  such spec ies  can be 
shown t o  be e a s i l y  cont ro l led .  

V I I I .  LESSONS LEARNED 

-- There is a need t o  conduct and u t i l i z e  comprehensive environmental 
ana lys i s  i n  the  design and implementation of i r r i g a t i o n  p r o j e c t s  
f o r  t h e  examination of both d i r e c t  and i n d i r e c t  impacts. The 
a n a l y s i s  should be developed on t h e  b a s i s  of f i e l d  examination and 
l i t e r a t u r e  review. The involvement of hos t  country exper t s  and 
i n s t i t u t i o n s  should be sought t o  the  f u l l e s t  ex ten t  reasonable. 
Analysis should examine programmatic and t echn ica l  a l t e r n a t i v e s  t o  
t h e  proposed p r o j e c t  and i d e n t i f y  r e a l i s t i c  and implementable 
mi t iga t ion  (correc t ive)  a c t i v i t i e s .  I n s t i t u t i o n a l  requirements 
and cap i t a l /opera t iona l  c o s t s  should be c r i t i c a l l y  reviewed when 
examining a l t e r n a t i v e s  o r  proposing mi t iga t ions .  Provisions and 
funding should be included i n  p r o j e c t  design f o r  environmental 
monitoring and evaluat ion .  

-- In  the  case  of mul t ip le  donor financed p r o j e c t s ,  a  s p e c i f i c  
de legat ion  of a u t h o r i t y  and r e s p o n s i b i l i t y  f o r  overs ight  f o r  
environmental concerns should be made t o  a  s p e c i f i c  hos t  country 
t echn ica l  o rgan iza t ion / spec i f i c  donor o r  t o  a  j o i n t  t echn ica l  
committee. The responsib le  p a r t y  should assure t h a t  environmental 
concerns a r e  addressed i n  t h e  course of p r o j e c t  implementation, 
t h a t  monitoring is adequately conducted and t h a t  in te r im 
evaluat ions  a r e  u t i l i z e d  i n  f i n e  tuning the  p ro jec t .  F inancia l  
r e s p o n s i b i l i t y  f o r  environmental mi t iga t ion  a c t i v i t i e s ,  i n  t e r m s  of 
c a p i t a l  and opera t iona l  cos t s ,  should be c l e a r l y  spec i f i ed  i n  
p r o j e c t  documentation. Technical a s s i s t ance  and t r a i n i n g  provided 
by donor organiza t ions  should be se lec ted  on the  b a s i s  o f  
appropr ia te  organiza t ional  experience o r  predominate c a p a b i l i t y  of 
i n t e r n a t i o n a l / n a t i o n a l  i n s t i t u t i o n s .  

-- Preventa t ive  programs f o r  t h e  cont ro l  of water-borne d i seases  must 
be coordinated i n  the p ro jec t  design process and d i r e c t l y  funded by 
t h e  p ro jec t  f o r  c a p i t a l  and opera t ional  cos ts .  Programs must be 
c a r e f u l l y  designed i n  coordinat ion with a u t h o r i t i e s  responsib le  f o r  
(a) pub l i c  hea l th ,  (b) i r r i g a t i o n  system design. (c)  se t t lement  
s i t i n g  and development, (d) potable  water supply, (e)  crop 
p ro tec t ion  and ( f )  aqua t i c  weed control .  Foreign exchange c o s t s  
should be c a r e f u l l y  reviewed t o  assure  they a r e  adequate f o r  the  
provis ion  of necessary inpu t s  f o r  p ro jec t  success. C r i t i c a l  inpu t s  
include the  procurement of drugs, cont ro l  chemicals, app l i ca t ion  
equipment, support veh ic les  ( including spare  p a r t s  and maintenance), 
t echn ica l  t r a i n i n g  and advisory services .  Administrative c a p a b i l i t y  
and the  provis ion  of funding f o r  i n t e r r e l a t e d  a c t i v i t i e s  should be 
recognized a s  t h e  major cons t ra in t  t o  successful  implementation of 
cont ro l  programs i n  the  absence of a  uni f ied  au thor i ty  f o r  the  
provis ion  of pub l i c  hea l th  services .  



based upon an in tegra ted  pes t  management s t r a t e g y  (b io log ica i  
con t ro l ,  crop hygiene, crop r o t a t i o n ,  e t c . )  should be c r i t i c a l l y  
examined for  each pes t lcrop by a s e l e c t  t echn ica l  committee 
composed of r ep resen ta t ives  of both hos t  country and donor 
organizat ions.  Spec i f i c  crop p ro tec t ion lpes t  cont ro l  research  and 
experimentation programs t o  address both short-  and long-term needs 
should be i d e n t i f i e d  and p r i o r i t i z e d .  It i s  recommended t h a t  such 
programs be in teg ra ted  d i r e c t l y  i n t o  the  p ro jec t  design and be 
funded e i t h e r  d i r e c t l y  as a p ro jec t  component o r  a s  a  complementary 
projec t / subprojec t .  Crop p ro tec t ion  a u t h o r i t i e s  should coordinate 
c lose ly  with p ro jec t  economic research  u n i t s  t o  conduct evaluat ions  
of cos t  e f fec t iveness  of a l t e r n a t i v e  techniques of crop protec t ion .  

a u t h o r i t i e s  should be S u ~ ~ l i e d .  bv the  croD ~ r o t e c t i o n  a u t h o r i t v  on 
a regular  bas i s ,  informaiion of ag r i cu l tu ra l*  chemicals currentl ;  i n  
use,  desc r ip t ions  of t h e i r  c l i n i c a l  symptoms and recommended 
ant idotes .  It i s  a l s o  necessary t o  design crop p ro tec t ion  p rogram 
i n  coordinat ion wi th  t h e  a s s i s t ance  o f  a u t h o r i t i e s  responsib le  for  
animal protec t ion ,  f i s h e r i e s  and aqua t i c  weed con t ro l  t o  minimize 
d i r e c t  and i n d i r e c t  impacts on these  b io log ica l  systems. 
Coordination must be i n s t i t u t i o n a l l y  designed wi th in  t h e  context  of 
the  p ro jec t  and, i f  necessary, requi red  under condit ions i n  the  
loanlgrant  agreement wi th  t h e  hos t  country. 

-- There i s  a need t o  accura te ly  estimate and monitor t h e  demographic 
composition of t h e  p ro jec t  a r e a  for  t h e  design,  provis ion  and 
budgeting of s o c i a l  se rv ices ,  including schools ,  pub l i c  hea l th  
f a c i l i t i e s  and water supply. Socia l  s t a t i s t i c s  sec t ions  should be 
included i n  the  hos t  country management organiza t ion  a s  appropriate;  
it is e s s e n t i a l l y  t h a t  these  sec t ions  a r e  provided wi th  p ro jec t  
c a p i t a l  and opera t ional  funds under terms o f  the  i n t i a l  loantgrant  
agreement. They should be responsib le  f o r  both p ro jec t ion  o f  
population/demographic aspects  of the  p r o j e c t  and d i r e c t  f i e l d  
monitoring. It i s  e s s e n t i a l  t h a t  they have formalized coordinat ion 
r e l a t i o n s h i p s  with s p e c i a l i s t  organiza t ions  responsib le  f o r  
provis ion  of se rv ices  and f i n a n c i a l  organiza t ions  responsib le  f o r  
the management of development and opera t ional  budgets. Technical 
review of these  u n i t s  should be included i n  rou t ine  monitoring and 
evaluat ion  a c t i v i t i e s  of donor organizat ions.  
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pumps, each with a capaciry of 9.55 cubic meters/secor~d Water Gwal ffom 6.7 meters to about 14.7 meters. 
is drawn from an ernbayment on the Blue Nile then pumped icfo 



Mah canel lcraklng from tfe south northward to J e M  Fao flow The me3m canal has a wl~dth of ;JS meters anrl an average desfgn 
hills in backgroundl. Note on kfi at base of hi/is major capacity of 7W cubic/metcrs/second. The carxdizatiot-i is 
Curporarion buildings at El Fau, includihg cotroll ginning mi//, designed to operate on a night storage system 

View d a mqbr canal in the South Grwp area. The canal is drawn wagon carrying hrge bags of curton, Hawesred conon 
pa?a//eied by a pwed rmd on the right leading to Village No. 10 and groundnut fie1d.s are on he feft TenTpwaty migrant workers 
wirh the Group Headquarters visible in the ciistance. On the left homes can be seen in the distance, in the center of tbe photo, 
of the canal, is a dirt service road on which can be seen a horse- Abte weeds and small trees @enroaching OJI the canal charme/, 



View alorrg e n~ejor dirr service road of recenrjy harvested grazed by livestock which are rnajntained st the mitrgns of the 
ibigatetf fields, minw canal baraIId to road and field level Roject. The man on donkey is using dirt road to reach his fields, 
cha~nels. field stubble remaining in &/ds after harvesfi?jg is 

I-kwticuItwaI tenfranc y producing a vwiety of vegetable crops f~ onions, peppers and tomatoes. Reed stiuctvre is used as houshg 
sale in regiond m k e t s  such as M d  Medani. Common b y  personnel tendileq the fiefd, Note Abuishreen batercoursel 
htkxdlvre crops in tho Rojcct Area inckjde: egg&nt, okra, canal in the forepound. 





&fan fmfispopfing cofiun to co//ection center using came;. /n :he pi~rcbased by the Corporation srrd cer?tra//y processed a: the 
immediare background are fie/& of inharvested cotlon while cotlon gjrmir~g rr6// in El Fau. 
&be/ Fair is in ?he distance. MI cofion pro&ced on the Roject is 

A. L D. financed /nternatibm/ Hmestw mfton picker in use in ski//s fo apwe fe end maintain. Their recent introductjan has given 
6dds which have Been aerially defoliated in the vicinity of VifIege rise to local sociai conflicts due to the dis,o/acement of both 
10, Sou# Gmup. These machhes require highly sophisticated resident and migrant agricuItura/ labor. 



View of typical viNage occupied by reskh t  tenant and non. construction specia/ists utilizing rough timber framing covered 
tenant fflmiiies. Liwstock are kept in pens a4acent to and mithin with thatching. These houses cost 35 Lsd in rnilterials and 
tJle houses. They are conshucred by semiprofessiond require 5 to 6 days tabor by a specialist aided by an assistant. 

View of housing provided to skilled tradesman, such as amacting and retaining personnel at a// professional and skilled 
mechanics, employed b y the Corporation at Roject Headquarters lev&. SAortfslls in the provision of ?oca? c u m c  y funds has 
in EI Fau. Aovision of adequate housfhg remains a probfem in resulted in an inadequate number of stmctures. 





H e a M  clinic in Vilage No. 23, Middle Group Headquarters, with common health problems are diarrhea, chest ailments, malaria/ 
the rasident med id  ztssis?ant standing in the doomw. Thi.9 unit type fevers, schistoson?iasis and eye ir~fectjuns. Services are 
with a sing!e staff member provides basic health services to six essentially limited to injections and the provision of drugs, 
vilages and fo approximtefy 20,060 n~igrartt bborers. The most 

Selfhelp pfimery school constructed by villagers; note exrensibn include both mixed sex and male or female students only at both 
h proyes, Villagers have provided materids and labor and the the prinwy and secondary level, 
govwmrate will provide the teacher. Schools in the Ffoject Area 
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V#ew of m e d i c  livestock being grazed dong tfre rnain suppjy adjecent hrr the canal have been subjected to moderate-to-heavy 
ciWKIj between ffre Menis pumping station and the Rahad overgrazing from livesrock as lfie result of permanent water 
Wage .  The supply mna/ is h d m d  on both sides b y  semi- supplies being in excess of the carrying capacity of the adjacent 
i w o v e d  dirt tracks and adjetlent land has been cleared for range. 
approximately .5 km through grazing and fud collection. Areas 
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