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WESTERN SUDAN AGRICULTURAL RESEARCH PROJECT 
AN EVALUATION WITH RECOMMENDATIONS 

INTRODUCTION 

The Western Sudan Agricultural Research Project (WSARP) was designed to 
improve the research potential of the Sudanese Agricultural Research 
Corporation (ARC). The end object ive  was to  improve the standard of 
living of subsistence farmers and pastoralists in t he  arid and semiarid 
areas of West Sudan. 

Background 

The history of agricultural research in Sudan started i n  1902 i n  
response to  needs of Britain's cotton industry. In 1967 responsibility 
for agricultural research was vested i n  the semi-autonomous ARC. 

The WSARP has its roots i n  a study by the Ford Foundation which was 
requested and authorized by the Ministry of Agriculture and Natural 
Resources (W) in 1975. The study undertook to assess Sudan's 
agricultural research and related services and recommend ways t o  
strengthen the research capabilities. 

The series of s tudies  emphasized the potential of rainfed agriculture 
in West Sudan and recommended the development of a research network for 
the region. It was considered that the traditional production systems 
for groundnuts, sesme, gum arabic, sorghum, millet, and livestock held 
the  greatest ~ r o r n k e  for near-term s o l u t i o n  to  Sudan's economic 
problems. A research program would assist the agricultural sector of 
that region to take advantage of this potential. Subsequently, in 1978, 
agreements were signed between the  Government of Sudan (GOS), the World 
Bmk,  and USATD f o r  assistance in developing an agricultural research 
program for Hestern  Sudan. The project w a s  developed as an integral 
component of t h e  ARC. 

Activities and responsibilities f o r  t he  various participants i n  the 
Project were defined i n  the basic Project documents. The World Bank 
financed a major portion of the construction program a i d  the  purchase 
and operation of t he  aircraft. USAID ' s component supported 
architectural and engineering/construction managenent, a portion of the 
construction costs, technical assistance, and institutional development 
activities, such 35, personnel training, equipment and commodity 
purchase, and administrative support, There w e r e  a l s o  USXID provisions 
for  purchase of research supplies and opera t iona l  costs including 70% of 
the  WSilRP Sudanese salaries. 



USAID entered i n t o  a contract with the Consortium for I n t e r n a t i o n a l  
Development ( C I D )  LP Tucson, Arizona, in August 1979. This w a s  done 
under Title XI1 of the  Foreign ?ssistance Act, C o l f a t x a t i v e  Mode, The 
contract was primarily to implerent  the technical assistance, training, 
and procurement portions of  the WSARP. Washington S t a t e  liniversity 
(WSU) was designated as the lead aniversity within CID to implement the 
program. 

USAID support was withdrawn from the Darfur stations i n  mid-1985. A s  a 
consequence to this development in project operations, the World Bank 
has agreed t o  support the two' Darfur stations by provision of loans for 
technical assistance, long-term t r a i ~ i n g ,  and other operation costs. 
It will continue to provide for opera'ion and maintenance of the  WSAEZP 
aircraft over a five-year period. 

The World Bank technical a s s i s t a n c e  incZudes four expatriate s c i e n t i s t s  
for three years each. Two ARC scientists are to be trained to Ph.D. 
level .  There is  to b e  continued support of the a i r c r a f t  for the 
Kordofan stations as well as Darfur locations and a l l  recurrent 
expenditures associated with operating the research stations at Ghazala 
Gawazat and E l  Fasher. 

The WSU/CID contract was originally scheduled to be completed on 14 
August 1985. The contract was extended do 31 December 1985 to permit 
the livestock and economist technical assistants to remain through the  
majority of the cropping season. Project  activities w i l l  continue to 
1987 under direction of ARC-WSAW personnel ,  with technical and 
financial assistance from USAID.  

The technical. assistance to be provided by L'SAID until project 
completion is t o  include four expatriate scientists with specialties in 
Agronomy, Livestock Production, Soil and Water Management, and 
Agricultural Economics. 

USAID organized t h i s  formal review of the Project at the end of year sis 
t o  assess ongoing P r o j e c t  activities and $0 make recommendations for 
last-minute refinements of these activities as the Project appraaches 
its completion date in 1987. The rev iew took place f r m  January 14 t o  
March 14, f 986. 

S c o p  --- -------------------------- u f  W~rli f o r  the  Evaluation Team ' f r o m  document of USAID, Khartoum) 

1. "Identify types and Icvels of admicistrative support required 
(journal subscriptions, library materials, printing facilities, 
etc. ) f o r  the  ARC t o  take f u l l  advantage of t h e  investment USAID is 
making i n  dryland agricultural research I:I Western Sudan. 



2. Evaluate the existing relationship between WSARP and the ARC. 
Recommend means to reduce the parallelism of the institutions and 
bring WSAW into ARC as an integral component. 

3 .  Review the African Bureau's guidance--"Plan for Strengthening 
Agricultural Research and Faculties of Agriculture in Africa." This 
new project and any follow-on work under WSARP will be  structured 
around the commodity focus  suggested i n  the  Bureau's guidance. 
Though USAfD's resources and support will be focused almost 
exclusively on Western Sudan, the GOS and ARC'S requirement to look 
at the development of'a nationwide research strategy for a l l  the  
rainfed areas i n  the country is recognized. Therefore, the team 
should consider the national resources, needs, and policy i n  order 
to put USAID's assistance to Western Sudan into a national context 
and ensure tha t  our strategy for the west is consistent with 
nat ional priorities . 

4 .  Review ISNAR's and INTSOIWTL's papers on the ARC and after 
evaluating any subsequent changes, recommend management / 
administrative and research support changes which the Project should 
address i n  order to enhance the effectiveness of its investment in 
agricultural research in Western Sudan. This mast be viewed under 
the assumption of the GUS'S limited resources to  devote to  
i n s t i t u t i o n a l  support for t h e  ARC'S general development. 

5. Identify means of strengthening the ties between the Ak and IARCs 
which will reduce the ARC'S requirement for expensive bas ic  research 
which is redundant of that alrezdy evaluated by fA.RCs. Particular 
emphasis should be placed on l ink ing  research activities i n  Western 
Sudan t o  international efforts. 

6 (a) Deternine the  ex ten t  to which WSARP's goals and objectives have 
been or are being achieved. To m a k e  this  assessment the team 
will review and evaluate annual research plans and research 
reports to ident i fy  the operational resezrch scope of the 
project and outputs of research actually achieved to date m d  
will specify any additiocal requirements aecessary to f i n i s h  
incomplete, potentially high payoff research activities. 

(b) Determine if minor adjustments or refinement of  the project 
research scope, i n p u t s  or objectives are required between now : 

and the  PACD. 

7 .  Assess t h e  cormitment o f  the ARC to support research within the 
~ainfed sector under es i s t ing  budgetary limitations; determine the 
additional budget resource requirements tha t  would be necessary to 
adequately support agricultural research at two research s ta t i ons  in 
Western Sudan. (This assessment will take i n t o  account ARC budget 
a l locat ion  to  the irrigated sector and rainfed research stations 
thrmghout Sudan.) Evaluate the  Yinistry of Finance and Economic 



Planning's la t i tude  to and interest in increasing financial support 
t o  agricultural  research. In a s w e r i n g  these questions, (a) evaluate 
the current research administrative structure and its effectiveness; 
(b) evaluate current and projected budgetary support levels which 
would be required t o  realize the recommended research agenda; (c) 
determine the current technical staff available re la t ive  to the 
proposed research agenda; (d) prepare projections for  the budgetary 
requirements (foreign and local currency) to implement the proposed 
research program; and (e) prepare starting projections (Sudanese, 
expatriate, p a r t i c i p m t  training) required to implement recommended 
research activities. 

8. After evaluating the cost constraints (donor and GOS) and the a 

Mission's biases detailed in the background section, specify an 
appropriate research agenda for each "recommended" research station ' 

for  the next 5-10 years. Include the level of effort required to? 
achieve the  recommended research objectives. Indicate the nature of 
the commodity-oriented research focus; specify the current ' 
production constraints that are to be addressed by the team's 
proposed research agenda including how long it is expected to take 
f o r  research to generate outputs which will address these 
constraints.  Specify the magnitude/nature of the costs involved 
with the proposed research and provide rough estimates of the 
expected rates of return for recommended research activities. 
Estimate recurrent costs and include these in the costbenefit 
analysis. 

9. (a) Identify how agricultural research can be effectively linked to 
fanners, extensi.on, and credit personnel, area merchants, and : 
the larger private sector community i n  Sudan. This is to 
ensure that research generates prof i table  outputs within the 
technical, f inanc ia l ,  and managerial capacity of target farmers 
as w e l l  as technologies and services  that can be effectively, 
and profitably disseminated by the Sudanese private sector. 
Ident i fy  an appropriate feedback mechanism for relating 
famer's and merchant's demands back to researchers. 

(b) The same assessment should be made t o  determine the  extent to1 
which research f i nd ings  have sat on the sheif =d the'  
constraints that have been encountered i n  moving research' 
f indings  and recommendations i n t o  commercial channels." 



The Evaluation Team ---------------- 

USAID contracted with Winrock Xnte rnz t iona l  Institute for Agricultural 
Development (WLIAD) for completion of t h e  evaluation. Members of the 
evaluation team included: 

Dr. Donald F. Burzlaff 
2esearch Administrator & Range Scientist 
Hot Springs,  Arkansas 

Gordon McLean 
Soil Scientist and Agronomist 
Virginia Beach, Virginia 

Dr. Robert Temple 
A n i m a l  Sc i en t i s t  
Winter Park, Colorado 

Mr. Winton Fuglie, M.Sc. 
Agricultural Economist 
Audubon, Mimesota 

Members of the evaluating team were provided with a broad array of 
reports and documents which provided background for the evaluation. 
These doeiunents, in addition to those acquired throughout the period, 
were reviewed to provide information or; project goals, planning, 
activity implementation, administration, and effectiveness, 

Briefing and background meetings were arranged with former Washington 
State University team members in Washington, 3 . .  , and with USAID and 
GOS staff in Khartoun. Meetings with the Project Director and a 
previous Deputy Director of ARC, D r .  Musa, and with the Director General 
of ARC at Wad Medani provided useful  background for the  team. 

A previous mid-term evaluation of the WSMP by Collinson, Vercoe, Idris, 
and Turk served as a most helpful foundation upon which to base the 
approach to the evaluation.  

Research sites at Wadugli, El Obeid, Ghazala Gawazat, and El Fasher were 
visited prior to completion of the year s i x  review. A draft of the  
repor t  is to be s~bmitted prior to the tern's departure on March 13, 
1986. After review and comments i n  Sudac m d  Washington, D-C., a final 
draft will be prepared in the U . S . A .  and submitted to appropriate USAID 
authorities in May-, 

PROJECT GOALS RNZ OGTPLT 

P ro.ject Goal: An improved standard of l i v i n g  f o r  s&sistence farmers 
and pastoralists in Western Sudan. 

Praiect P u r ~ o s e :  Develop and institutionalize an efficient system far -- ------L--- 

agricultural research operations in West Sudan. 



Outpts: Anticipated outputs for the Project included: --- --- 
1. Ongoing research projects in: 

a. Livestock and Crop Production 
b. Water and Land U s e  Management 
c. Range and Livestock Management 

2, Physical infrastructure of research facilities, 

3. Strengthened management capability f o r  agricultural research in 
Western Sudm. 

4. Expanded and improved human resource base of Sudanese staff. 

5. A viable  logistic/comunication system for support of 
complementary agricultural research organizations i n  Sudan as 
well as ARC'S. 

The logical framework developed for t h e  2roject states that the 
fol lowing circumstances would indicate that project outputs had been 
achieved: 

Five research programs would be completed. 

Four research stations would be completed, 

The office building for management in Khartoum would be 
completed. 

Thirty Sudanese would have been trained externally. Eighty 
Sudanese t r a ined  on short-term bas i s  w i th in  the country, 

Five radio stations established, 
four mobile radio stations operational, 
the aircraft would be operational. 

A planning and evaluation committee would be formed. 

Conferences would be held. 

Within th i s  report the outputs have been evaluated and presented in two: 
parts: ( 1 )  institutional building and development and (2) research' 
programs. 

Institution Building-and Devefopent ------------------ -------- +--- 

A. Cozstructlon 

There have been many r e p o r t s  and many meetings ~ela'ive t o  constructioni 
activities of t h e  W A R P .  The team visited all of the construction, 



sites. Construction at El Obeid is about 90% complete. Moat of the 
material is on hand to permit completion of the headquarters. Although 
the contractor and GUS now predict an April 1986 completion date, past 
experience of the review team suggested that September 1986 would be a 
more realistic prediction. 

Efforts at El Fasher and Ghazala Gawazat are clcse to an 85% completion 
level Materials are at hand at Ghazala Gawazat for completion of both 
sites. The expected completion date is September 1986. This also seems 
optimistic considering past performance of the  contractor. 

The team w a s  impressed with the functional. utility in t h e  design of the 
research facilities at all locat ions .  Construction quality was 
considered by the  review team t o  he adequate at all locations. 

The contractor's procurement and transportation of construction 
m a t e r i a l s  s e e m  to have been the major constraints to timely completian 
of the contract. Considering the magnitude of t h e  construction program 
and the. logistical problems associated with transport to remote 
locations, the original completion date was totally unrealistic. ft 
would have seemed Logical if the first five years of the project had 
been restricted t o  construction and personnel training with only 
diagnostic research activities undertaken to ident i fy  constraints and 
provide a basis for establishing research priorities, 

0 .  The Traiping Component 

Advanced Degree Traigjng. The plan for training to improve research 
capabi l i ty  by sending staff t o  earn graduate degrees i n  U .S .  
institutions was modest in scope. The Project Papsr of July 26, 19'78, 
called for training of f l  staff members (6 to 4h.D. degrees and 5 to 
M.Sc. degrees). Actually, 6 Ph.D. and 8 M. Sc. degrees will have been 
awarded t o  fiRC-WSARP staff at the  end of t h t  current training program in 
1986. Two of t h e  scientists received both Y-Sc.  and Ph.D. degree 
training. The evaluation committee considered it counter productive for 
a trainee to have the privilege to earn more thw one advaiiced degree 
within t h e  timc-frame of the Project. 

The concept of having the research for thesis and dissertat,ioa 
preparation planned and conducted in Sudan is to be commended. It is 
somewhat more expensive because of the extra transport involved for the 
student and his major professor. It can be jus t i f i ed  in terms of 
allowing t h e  student to receive his research training under conditions 
in which he will develop his future research activity. Likewise, the 
U.S- university experiences growth in international understanding, in 
that more of its staff are introduced to the constraints under which 
research must be accomplished in t h e  developing world. 



Needs for t r a i n i n g  four more staff members t o  the Ph.D. level and three 
more to the  M.Sc. level have been identified by t h e  Dlrec toz  of WSARP. 
The review team considers t h i s  to be a realistic trsiaing objective. 
There are always some back-door losses of personnel fro= government 
a g e n c i e s  to  more attractively salaried positions in private industry and 
other countries. It is improbable that added t r a i n l n g  would correct 
t h i s .  

Students were trained at five different universities. Seven of the 14 
degrees were awarded by WSG. As is often the case, lox TOEFL scores and 
an inadequate proficiency in the English language were handicaps to 
admission at many alternative universities. WSU w 2 s  able to provide 
provisional admittance status until language competence was achieved or 
other academic d e f i c i e n c i e s  were corrected, 

Early selection of students by the  G o v e m e n t  of Sudan would have 
expedited the training process. C a r e f u l  screening  of candidates should 
be accomplished before they depart for t r a in ing .  Tvo of the students' 
programs were delayed because of academic inadeqrracies and one trainee 
was terminated because of Lack of motivation, Perhaps a t r a i n i n g  
program to acquaint t he  student with  the herican system as opposed t o  
t h e  European system of advanced education would be helpful. 

Non-degree Training. Goals for non-degree t ra in ing  were estzblished for ---- --------- 
17 staff members to be t r a i n e d  out  of country. Records indicate that 
20 persons spent a t o t a l  of 50 man-months in external nm-degree 
training.  I n t e r n a l  training activities were satisfactory. . . 

There are many special-training courses tha t  should be considered, 
These are offered on a continuing educat ion b a s i s  at t h e  international 
research centers, at land-grant universities and by USDA:OTCD. 

For the remaining period, it is suggested that WSARP should take 
advantage of every opportunity to provide additional t ra in ing  fo r  . 
selected mid-level staff as well as fo r  sc ien t i f i c  staff. The folfowihrg . 

list of sho r t  courses, although incomplete, is suggestive of type o? 
t r a i n i n g  which would be of benefit to the !+SAP2 .staff: 

-Database systems f o r  agriculturai research s t a t i o n s  

.The use of statistics in agricultural research 

.Integrated pest control, for v:.rious cropping systems 

.Soil conservation t e c h n i q w s  i n  croppirg systems 

.Minimtm tillage practices for erosion control  and l a b o r  uiifization 

.Organizing ,md i n p l m e n t i n g  farmer diagnostic surveys 



.Sorghum and millet production systems and intercropping techniques 

.Vegetable production systems and drip irrigation 

.Planning and managing agricultural experiment stations 

.Techniques and procedures i n  farmer managed research trials 

.USDA/APRIS research an control of Striga hermonthica 

.fmprovement of small farmer harvesting and storage 

. . 

.The use of Icguminous.trees as nitrogen source and conservation 

.The use of animal traction and small farm implements 

.Broadbed and furrow systems for soil and water conservation 

.Range rehabilitation 

.Techniques in water harvesting and conservation 

The USAID training office should have access to more complete listings. 
It is suggested that project personnel interact with USAID training 
officers to identify some of the needs for non-degree specialized 
training. WSARf should then nominate appropriate participants and seek 
training opportunities. 

U s e  of IBM Portable Com~gters axid P~r-grs=. Quarterly and annual 
- reports  from t h e  WSU team indicate that i t  had provided training t o  the 

research staff at Kadugli Research Station in the use of microcomputers 
and programs. It is understood that a consultant to do t h i s  training of 
personnel was refused because of limitations imposed by the State 
Department for security reasons. 

The socioeconomist at Kadugli has indicated that the staff is 
unfanilkar with the use of the recently acqzired IBM portable computers 
and the Wordstar, MStat, and Lotus programs. There are simpler and more , 

user-friendly programs which could. substitute for the MStp: and Lotus 
programs. A combination of UBase TI znd ABSTAT wouid satisfy this 
requirement. All research results might Be pemanerlry recorded on 
DBase I1 for all the stations in the Project. A <~o-week "hands on" . 
training program with  the scientists at each 7-.search s t a t i o n  would be 
sufficient to train them in the use of tbr ,ystern. A t  least a two-month 
consuftancy might be arranged for t h e  dual purpose of establ ishing each 
research s ta t  ion's database system and conducting training for the 
scientists. 

JMenustik
SBA



integrating activities of international agricultural research centers 
[ IARC) ,  i n t o  the program of ARC and WSARP. The type of relationship 
developed xi th CImNT, I L C X ,  ICARDA, LDRC, INTSORhlIL, A?;D ISKW needs 
very much to be continued. The WSARP Director ind ica tes  t h a t  t h i s  is 
being done but with less effectiveness than when the Senior Advisor 
concentrated on this issue. The above organizations are sources of 
short-term training, technical assistance, m d  even grm.t assistance t o  
both and t h e  WSAFLP. They have been, and w i l l  continue to be, nf 
great potential assistance to WSARP. Intensity in continuing linkages 
with them vill con t inue  to be limited until a Sadanese Deputy Cirector 
is nominated for WSARP. This person shou ld  have full responsibility f o r  
staff training and outreach activities of WSmP. 

The integration of WSARP into .9RC remains a critical issue of concern to 
U S A I D  personnel .  The evaluation team concluded t ha t  t h e  integration of 
the two agencies w a s  as complete as it could p o s s i b l y  be,  given t h e  
organizational structure developed for the ass is tace  project. The two 
instit~.tcions will never be completely integrated, nor will parallelism 
be eliminated as long as WSAIIP remains a semi-a~tonomous u n ~ t  of ARC. 

Budgeting processes, research planning, and Project review and 
evaluation are integrated activities for the two organizations. Yet, to 
procure staff for WSARP i t  is necessary for  scientists  t o  be seconded 
from ARC. The use sf t h i s  term implies moving of personnel from one 
organization t o  another organization that is outside the administrative 
Jurisdiction of the first. It would seem t h a t  t h e  extent of integration 
will on ly  be discernable when the P r o j e c t  is completed and donos support 
for recurrent budgets had ceased, - 

ARC presently holds responsibility for  publication of reports and their 
distribution. This aspect of the Project,  together w i t h  development uf 
library facilities, has been neglected. It is appropriate to state at 
this point t h a t  support in this critical phase of the Project *as 
planned by WSU but was not authorized by Project Maqagement and USAID 
u n t i l  f i n a l  stages of the P r o j e c t .  This authorization w a s  negated by 
State Department travel advisories late  i n  the Project which pre~ented 
consultant v i s i t s  to Sudan. Mmy purchases of books and geriodicsls 
were completed by WSU. These documents are on hand awaiting c m p l e ~ i o n  
of the library at El Obeid. A librarian has been trained to process and 
catalog library acquisitions as well as o the r  aspects of library 
management. It is recormended t h a t  short-term technical assistance be 
provided to assist t h e  WSARP l ib ra r im develop a functional library at 
El Obeid. This technical assistant would also be he lp fu l  in improving ' 

the docmentat ion and agricultural information services at ARC 
headquarters in Wad Medani. 

A proposal f o r  improving manaGement of agricultural information in Sudan 
%as prepared by Dr. Riley in 1982. A grant for improving information 
services w a s  provided t o  ARC by IDRC. The s t a t ~ s  of t h i s  development is 
unhown except f o r  a pr in t ing  press t ha t  was nun-functional at the time 
the evaluation team visited ARC headquarters. The team assessmznt is 



that there is need for. the development o r  a research/ outreach support 
system unit at ARC headquarters. This unit should have a c i r c u h t i o n  
network connecting i t  to all s t a t i o n s .  It  would have responsibility for 
(1) e d i t i n g ,  printing,  and d i s t r i b u t i n g  p e r i o d i c  research journals, ( 2 )  
print ing  a d  d i s t r i b u t i n g  research reports, (3) preparing and 
d i s t r i b u t i n g  pamphlets and brochures for technology packages used for 
extension activities, (4) maintaining the n a t i o n a l  a g r i c u l t u r a l  l i b r s r y  
and developing a retrieval and d i s t r i b u t i o n  system f o r  a l l  a g r i c u l t u r a l  
research stations. 

It would seem appropriate for WSARP and ARC, with some leadership and 
support from USAID, to explore either continuation of or expansion of 
the input of IDRC in development of szch a system. IDRC does not have a 
representative in Sudan- The closest office is in Cairo. The contact  
at that location is Gordon Potts. 

A. Overview. 

THE RESEARCH PRUGRArY 

The orientation of t h e  research program of WSARP is directed toward 
agricultural production systems that are prevalent in Western Sud=. 
The approach taken is a modification of farming systems research and is 
termed "product ion systems research" t o  reflect its encompassment of 
pastoral as well as farming activities. The approach is rational' in 

. that traditional rainfed agricultural production systems in Western 
Sudan contain cropping systems integrated with livestock production. 
The systems can be sedentary, transhumant, or nomadic. The families or 
tr ibes  engaged in the latter two systems are not  limited to a farm or a 
single geographic locat ion. Sedentary farmers in t h e  region raise 
sgriculturd crops as well as na in t a in  some animals. 

1. Plannirrg strategy of the project -focused on getting an early start 
with research activities. This included the def in ing  of research , 
needs and approaches, defining the  research role tha t  each of four 
outstations were to perfom, as well as determining the needed 
infrastructure. The four stations were as follows: 

a. E l  Obeid. -- Nyala w a s  originally planned to be the ARC 
headquarters for Western Sudan. It was later deternined that El 
Obeid would be a more effective site, due t o  t h e  existing 
comunication links with the capital city of Khartoum. This 
decision necessitated the construction of a complete research and 
administration facility having t h e  central analytic laboratories, 
main computer facilities, and containing the central library and 
regional information services. I t s  research t h r u s t  would be in i -  

millet improvement and millet-based cropping systems, market 
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analysis, water conservation, horticulture, environmental 
preservation, and agro-forestry. It would also maintain a 
collaborative program to link with the regional Yinistry of 
Agriculture extensic2 services. 

b. Radugli. Although facilities were already in place for this 
station, renovation and construction of additional facilities 
were necessary. Kadugli Station was to conduct integrated 
research on crops and livestock; s0rgh.m based cropping systems 
and sorghum varietal improvement, range and forage improvement 
and preservation, and to conduct investigations into burning and 
bush control. 

C. El Fasher:  A new s t a t i o n  was built here to conduct 
research an range and forestry interventions, improvement of , 

production practices associated with camels, sheep, and goats. 
There were plans to strengthen the regional veterinary services 
of the Darfur region Ministry of Agriculture. 

d, Ghazala Chawazat: This was ar, outstation for the Livestock 
Department of the Ministry of Agriculture. While a few 
facilities were available, they were extremely limited and in 
poor condition. New facilities had to be constructed. It was to 
focus its activities into the improvement of genetic qualities of , 

livestock, conduct studies on rangelands, animal nutrition and 
husbandry practices. It was also to determine the role of acacia 
trees in ngro-pastoral production systems. 

C. The Research Approach ----- 
The WSARP staff, after discussions with various consultants, agreed 
that an integrated production systems approach was most valid, The 
systems were described and constraints to increasing production i n  the ' 
various systems w e r e  defined. It was evident, however, that tin'is 
diagnostic stage of the research program would take a considerahle , 

amount of tinie to develop. Consequently, some research on:obvious . 
constraints was initiated early. 

To implement this phase, surveys were made in the  three types of 
systems. The various disciplines (agronomy, soils, animal production, !. 
mthropology/sociology, and economics) were ev ident  l y  included in the 
f i e ld  teams either full or part-time, although this is not clear in the 
WSARP Publication 15, Workplan, Vol. 131. WSARP staff w e r e  in : 
continual contact with farmers and pastoralists surveying and assessing 
their needs and constraints, testing p r c ~ i s i n g  ideas or germplasm i n  " .  

t h e i r  fields or pastures, developing new technology suitable to. their : 
limited resources, and conveying methods judged improved by the . 

producers themselves to extension personnel for widespread application, 
After having reviewed the research reports (WSARP Publication Series) 



and discussing the research program with WSARP, USATD, and World Bank 
personnel, there is agreement within the evsluatian team that the 
approach has been correct and WSARF should be comnlended. However. two 
phases of the approach appear to have received less in-depth 
investigation t h a  would have been desired. 

1. sgr3ey grid assessme@ of farmer pgstoraii~t needs 2nd c o n s t r a i n t s  
These appear to have lacked a sufficient econoxic  and social 
appraisal of the needs and constraints relative to each other as 
well as to regional and national needs and constraints. 

Admittedly, these relative socioeconomic values  of problems and 
constraints are difficult and tedious to obtain but are of absolute 
necessity in knawing whether one is embarking on research on the 
constraints which (1) have a relatively good chance of z i  solution, 
(2) will be socially and economically acceptable to the farmer, and 
( 3 )  are high on a priority list t o  t h e  farmer, region o r  nation. 
Without this evaluation scarce resources could b e  spent on research 
and non-important, unsolvable problems. I n  addition, during this 
evaluation some solutions came to light which required little 
research. Perhaps this type of evaluation was carried out in the. 
systems surveys and studies by +he economist and 
social/anthropologist, but if so, they are not explained ic deta i l  
in the reports .  

This step is of extreme importance in systems methodology. It is 
explained in general terms in the Work Plan Volume 111, WSARP 
Publication No. 15 pp 4-10, but i n  reviewing the reports of research 
results, one does not  f i n d  such a socioeconomic appraisal- 

2. Conveykg methods .judged improved by the producers themselves ta 
extension personnel for  widespread application. I t  is not clear in 
the WSAW reports what role farmers and extension personnel played 
in the surveys, in the planning of research, or the steps used 
leading up to the "widespread application." It is stated in the 
Work Plan that ,  "It is t h i s  dynamic interaction with producers &-id 
their environment that differentiates production systems research 
from themore traditional approaches." Little is reported on this 
interaction; however, it may be too early in the project for the 
real interaction to take place. It is doubtful whether the present 
extension activities are strong enough to be  of such benefit in 
systems research, but it may be the opportunity to strengthen 
extens ion .  The three-way exchange among research, extension, and 
the farmer is t h e  end result o f  good research. Systems research.is 
not complete until innovations have been accepted and practiced in 
the field. 

Some reviews and eva luat ior ,~  of WSARP and some of the  W S W  publications 
give the impression that there is not  a good understanding of the t o t a l  
production systems research approach. There  is an impression that one , 



does commodity research, systems research, or disciplinary research. 
Systems research is only a vehicle to look at more than m e  discipline 
or one commodity at a time and to put these commodities in their proper 
perspectives in t h e  defined system. Systems research encompasses both 
disciplinary and commodity research and is n o t  complete, or a t  least it 
is less than optimal, if i t  does not utilize the knowledge gained in 
more detached or "breakdown*' (disciplinary and commodity) research. A 
total systems approach m u s t  depend on the  knowledge gained from ----- 
investigating the "parts" of the system. 

The phrase "systems research", regardless of in what contex t  it is used, 
Farming Systems, Livestock Production Systems, Irrigated Systems, 
Dryland Agriculturaf Systems, etc, i t  is only an invention of words to 
express the thought t h a t  there are several, many, or a f e w ,  factors or 
forces having an i n f luence  on a given object of production all at the 
same time or over a span of time in a production cycle. These forces 
often times do not exert  themselves independently of one another, but 
rather interact so as to change the  magnitude of their independent 
influence. Systems research is only a tool to look at these forces in 
combination with one another and to  determine which are m o s t  important 
in the total  system and which ones can  Be beneficially changed s o  as to  
increase the end-product of  the total system which is usually sane 
measure of production or income. 

In Western Sudan, it appecrs that a production systems research 
approach has a great deal of merit since constraints are not well 
defined and potential solutions need testing a t  t he  farmer l e v e l .  Sudm 
does not have adequate research resources to  conduct "trial and errort* 
research without n good overall plan of research. The r i s k  associated 
with the exclusive use of disciplinary or corn-odity research is that it 
can, but obviously does not  always, lead to  research w i t h  little 
practicality t o  the farmer. Systems research can provide the  vehicle 
for a good organization plan but can also be overdone, and one risk is 
that the systems methodology may become more important to "systems 
researchers" than the end product. 

D- Socioeconomic Resea_r* 

There were a ntrmber of reports prepared by WSARP which gave results of a 

the socioeconomic research which was conducted. But, as stated 
previously, they lacked sufficient economic and social appraisal of 
needs and constraints relative t o  each other,  which would have served t o  
better target the research work which was initiated in the Pro jec t .  
However, the overall output of the reports was comenda5le and gives a 
good understanding of the production systems which exist in the pro jec t  
area. While there w a s  an attempt to provide critical data needed, ,the 
researchers cited certain difficulties. b o n g  these were: (1) t he  basic 
u n i t s  of producticn were not  individual households (Nuba), (2) producers 
were evasive in giv ing  information concerning t h e i r  production and 
sales, ( 3 )  rate of  illiteracy was high (90 to 98 per cent) and 
quantitative data w a s  estremely difficult to obta in ,  and (4) t he  



necessary support staffing to conduct the essential surveys w a s  
insdequat e. 

Another constraint was the turnover of soc io log i s t s  assigned t o  t h e  
project by the contractor. The first sociologist came on a one-year 
c o n t r a c t .  The second arrived in time to assist with planning the 
research program, but apparently had difficulty keeping h i s  activities 
directed at project objectives. The review committee was told that 
because of personality conflicts, he was returned to the Pullman campus 
prematurely to complete his research reports. There was no further 
appointment to the sociologist position. Ms. B. Michael served two 
years as a research associate sociologist. Although her reports were 
not  available t o  the evaluating committee, it was understood that her 
research was most useful and well conducted. 

The first agricultural economist conducted a diagnostic survey which was 
summarized i n t o  both a report giving major constraints, and another 
which furnished more detailed economic data. The second economist was 
heavily involved in working with the technical researchers in the 
economic evaluatian of station and on-farm trials,  as well as conducting 
a study on farm gate and market prices. There was a considerable use of 
committee meetings with the WSARP staff t o  draw up research priorities. 

The source of data was frequently secondary information, as well as 
drawing upon the previous professional experience and training of the 
researchers themselves. A summary of the research conducted is as 
follows: 

1. Systems of Agricultural Production Among the Nuba (WSARP 
Publ ica t ion  No. 11) was completed in September 1981. The report 
describes the organization for production among this t r ibe  and 
gives insights into ways by which researchers can work 
effectively in on-farm research. It is interesting to n o t e  that 
working with individual farmers would be ineffective due to 
jealousy and suspicion of t h e i r  neighbors. The men are reluctant 
to share information concerning t h e i r  c rop  yields and worry about 
neighbors using witchcraft t o  spoil t h e i r  crops. It was also 
found in this study that women must be recruited to conduct on- 
farm research for the Project. The soc ia l  unit that affects 
production is the work party (men or women) called the nafir 
which cooperates to carry out tasks of agricultural labor. The 
nafir operates as a cooperative among households. 

A study of 15 villages was done in Southern Kordofan in 1983. It 
was intended to (1) define the sedentary system, (2) develop 
necessary production data relevant to sedentary agriculture, and 
(3) verify constraints to agricultural production. A summary of 
the production constraints was incl~ded in a report prepared by 
the agricultural economist. It contained useful information as 
to the degree of magnitude t h a t  the farners attached to many of 
the  constraints t h a t  ended up as research priorities. A l a te r  



study appears to have been incomplete, as it did not provide 
quantification and summary of production data for individua? 
farms and households. 

3. A sociological study conducted in 1983 was concerned with the 
problems encomt ered with the establishment and maintenance of * 
on-farm research trials. T h i s  s tudy had psrticukar relevance as 
it pointed out the necessity of a careful s e l e c t i o n  of farmers 
( s o  as to secure good cooperation) and the necess-ity of a clear 
understanding of t h e  resources to be  provided by both  t h e  
researcher and the farmer. There also neeAed to b e  continual 
contact with the farmer and plot monitoring on a day-to-day 
b a s i s .  

3 .  Social science studies were summarized i n  WS.W Publication No. 
25, August lW3, and provided i n f o r m a t  ion concerning the 
transhumant production systems, identification of recornendation 
domains, and the s e l e c t i o n  of farmers for WSARP on-farm trials. 
It cited 210 references in the bibliography which were collated 
for WSARP by the sociologists in the project. While there was no 
economic data presented to support the recommendations, it 
proposed a major strategy of more frequent cropping of land and 
use of crop rotation. Higher yields would reduce land 
requirement and decrease the unit area under production. It also 
proposed a "production package" of improved sorghum varieties and 
a package of practices re ly ing on a minimum of imported 
materials. Oace y i e l d s  were increased, farmers would be more 
prepared to adopt other techniques including rotation and the  use 
of leguminous crops for food or forage. 

5 .  Research program results from the Kadugli Research Station in 
September 1985 gave indications of a major input by agricultural 
economists. While no source of information was provided for the 
economic: interpretations which were made, there w e r e  inputs as 
to: ( I )  ne t  benefits fr.m the mulching of sorghum, (2) use of 
phosphate on locel and improved varieties, (3) potential labor 
savings associated wich adoption of ox-cart transportation, (4) 
household labor allocation for crop production on household 
gardens as opposed to distant f i e l d s ,  and (5) seasonal price 
changes for sorghum and sesame at the Kadugli market. According 
t o  the Sudanese sociologist now present at the Kadugli station, 
I985 w a s  a "good year" as it re f l ec ted  a team approach to 
research by the technical and socioeconomic staff working on the 
project  . 

6,  A particularly valuable s tudy  done in the  Pro jec t  area is 
entitled, "Socioeconomic Constraints to the Production, 
Distribution and Consumption of Sorghum, Millet znd Cash Crops in 
North Kordofan." While it was done by INTSORMIL rather than 
CID/WSU, WSARP provided the logistical support. In its survey of 
40 fam houseimids, t he  study provided a wealth of economic 



information concerning y i e l d s  of crops, rates of return by 
individual crops, labor espenditurcs and distribution, seeding 
rates, market prices, types  of lntercrop systems, time of 
cropping activities, chemical inputs, economic losses t o  
predators ,  and the economic potentials of research to be 
conducted with smaff holders.  

Range and L i v e s t o c k  Research E- --- - -----+------+-- 

Considering the time involved, the output of range m d  livestock 
research has been commendable. 4 general criticism is that it is 
not evident whether there w a s  a thorough socioeconomic evaluation 
of the constraints to be considered in the range and livestock 
research program. At t h e  t i m e  t h e  research was initiated the 
constraints to be invzs t iga ted  were apparently evident to the 
researchers, but whether these constraints were of the highest 
p r i o r i t y  is no t  clear. 

Evaluation of range condition and establishment and classification of 
- - C C - - -  ------l.------C-------------I-------"---I---- 

r a n s l a n d  communities. This aspect of range research can be considered --- ---3--11-----3 

part of t h e  d iagnost ic  phase af systems research. Although it is 
abviaus to even t h e  untrained eye t h a t  overgrazing and denuding of the 
ranges have occurred, it is important to establ ish  both a quality and 
quantity appraisal of the existing range conditions. A preliminary 
classification of central South Kordofan based on botanical 
compositions, physiognomy, topographic characteristics, and climate was 
begun early in the project. In general, vegetation communities are 
heterogeneous and complex, but s t rongly  associated with land-form and 
soil type. 

M o s t  rangelands in South Kordofan are in only fair condition due to a 
dominance in the herb layer of tall, coa r se ,  fast-maturing annuals of 
lownutritional value, This is largely the result of inadequate grazing 
pressures during the growing season and the  high incidence of burning 
during the early dry season. In terms of grazing, the existing 
livestock biomass in this area only consumed about 6 - 10% of t h e  net  
primary production average for w e t  and dry years. This inefficient 
utilization of forage resources was due to t he  poor spatial and temporal 
d i s t r i b u t i o n  of livestock which w a s  partly related to traditional out- 
migrat ion of livestock during the rainy season by unfavorable disease, 
pest, and environmental (mud) conditions. 

Woody vegetation on most rangelands is declining in abundance znd 
diversity i n  response t o  existing pressures from selective browsing, 
frequent  burning, and a rising demand for farming land and wood. 

Fires consume annually an estimated 25 - 30% of the net primary 
production. Frevention of these fires would supply a 43% increase i n  
livestock biomass which ~ o u l d  have no adverse impact on the  range dur ing  



the dry season. During this season, approsirnately 30% of the rangel.mds 
are under-utilized by livestock due to a total deficiency of water. 

!Yonitor&g Studies with Sentinel Her<&. S e n t i n e l  herds (researchers 
observing selected traditional herds) have been established. These 
studies have shown that cattle can be maintzined on a year-round . b a s i s  
on southern rangelands at levels of productivity equal to or greater 
than that found under migratory practices, prov ided  that (1) a n i m a l s  
are given one year to adapt t o  thc climate, ( 2 :  yecr-round sources of 
water =d n a t u r a l  forage are a v a i l a b l e ,  and ( 3 )  the strategic c o n t r o l  of 
ectoparasites is practiced. 

Nutritional ------------------ Studies .  Tn-herd studies of  the s e ~ s o n a l  n u t r i t i o n  status 
of tramhumant cattle and sheep have shown that for cattle: (1) adult 
animals are in a negative energyinitrogen balaqce and 95% of the 
lactating animals are clinically deficient in phosphorous during the dry 
season; (2) adult animals are in a positive energy/nitrogen balance 
during the rainy season, while the major i ty  of lactating animals are 
clinically deficient in phosphorous. 

In the case of sheep, results have shokm that: (1) energy and 
phosphorous appear to be the most limiting nutrients f o r  pregnant ewes 
during t h e  rainy season; (2 )  energy, crude p ro te in ,  and phosphorous were 
limiting for lactating ewes during the mid dry season; and (3) energy. 
?Jas apparently the most limiting nutrient for adult ewes during the late 
dry season. 

Having identified the above constraints, dry season supplementation . 

(sesame cake at maintenance Levels)  was practiced in researcher-managed 
herds of cattle. Feeding trials with adult female transhumant cattle 
showed that: (1) supplemented cattle gained significantly more weight, 
produced significantly more milk, the calves had higher birth weights, 
and maintained significantly higher blood plasma phosphorous levels 
than did unsupplemented cows; (2) during the subsequent rainy season, 
previousLy unsupplernented cows gained more weight than the previously 
supplemented cows and there was no difference in milk  production between 
groups; (3) lactating cows showed the lowest phosphorous levels in the 
rainy season; and (4) the marginal benefit/cost ratio for the dry season 
supplementation of lactating cows was -0.18%, due to the high purchase 
and transport costs of sesame cake. 

Eesearcher-managed, in-flock supplementation (sesame cake at 1/2 of the 
maintenance levels plus a phosphorous supplement) of breeding ewes 
during t h e  dry season, showed that the level of supplementation was not 
sufficient to demonstrate any s i g n f i c a n t  improvement in productivity for 
treated groups- This, apparently, was primarily because of very  poor . , 

grazing in the study areas as a r e su l t  of the 1984 drought. Sixteen per 
cent of a l l  lambs less than three months o ld  died of respiratory 
infections and t h e  ewe losses ranged from 12-20%, being highest in the 
unsupplemented, control animals. 



Livestock Marketia Studies, Livestock marketing studies indicated - - - - - - -  - -  
that the producer strategy was quite complex, depending on rainfall 
patterns, commodity prices, demand for l i q u i d i t y ,  and scale of  
anticipated purchases. The rapid increase in the price of sorghum, 
r e s u l t i n g  in a price ratio of male cattle/sack-sorghum of 1:1 by May 
1985, made t h e  usual practice of selling small ruminants for most staple 
food purciiases impossible to follow during the  1985 dry season. 

Introduction of Draft Power and Improvement of Xutrition. Economic 
analyses of animal drzft trials demonstrated benefitjcost ratios ranging 
from 1.15 to 3.45 over a Five-year period when only renta l  benefits were 
considered, and 3.92 to 11.24 aver a similar period with the addition of 
welfare beneTits. Supplementai feeding  trials have shown that quite 
high l e v e l s  of  good quality forage cre required t o  make a significant 
impact on production, and such forage is scarce and expensive in the 
area. The conservation of native grass as hay is presently not feasible 
because of the poor qual i ty  product resu l t ing  f r o m  problems in 
harvesting, curing, and storage. 

Evaluation of WSAHP Research in Range and Livestock Subsector. 
------1-------1-_1-- -------c------ Two 
shortcomings in the research to-date of the WSARP research in range and a. 

livestock have already been i d e n t i f i e d :  (1) lack of adequate socio- 
economic analysis of constraints to increasing production; and (2) 
inadequate organization implementation of researcher-extension 
farmer/producer contacts incorporating extension/farmer contacts i n t o  
research planning. These sre mentioned again to emphasize their 
importance in production systems research. 

Regarding the first of these t w o  shortcomings, "paper and pencil-pushing 
research" would have probably revealed tha t  phosphorous and sesame cake 
supplementation would not have been economic to the transhumant 
producers because of the cost of transport of the cake and 
unavailability of phosphorous supplements. The data that  the study 
revealed during the subsequent rainy season were interesting, but t h e s e  
data  only confirmed information already in the literature f r o m  t r i a l s  i n  
Texas, Arizona, New Mexico, and Botswana. Whether t h e  research was 
inportant enough to repeat in Sudan is quest ion& le. "Paper research" 
at the beginning may have (but not necessarily) revealed the same 
answer. This is an easy criticism to make, but the researchers should 
have written a better justification for the experiment which included a 
preliminary economic analysis. 

The evaluation of range condi t ion  and classification of rangeland 
cornmities is an absolute n e c e s s i t y  i n  range-livestock production 
systems research, and WSkRP is to be congratulated for  the deta i l  w i t h  
which this w a s  conducted. The establishment of a herbarium was also an 
important contribution, not only for the present but for future 
research. There i.s a question, however, as to whether there are plans 
t o  continue periodic range surveys in the same areas to be ab l e  to 



dete rmine  range t r e n d s .  Although t h i s  is n o t  clear in the WSARP 
reports, we recornend t ha t  this be a continuing f e a t u r e  of WSARP 
research plans. 

"sentinel" herds and flocks are a v i t a l  part of  t h e  p roduc t ion  systems 
research approach. The information gathered is important and cont inues  
to p o i n t  ou t  problems and c o n s t r a i n t s ,  as well as success o r  failure of 
interventions into the system. Again, it is n o t  clear from the  W A R P  
reports ns to whether it is intended to keep collecting d a t a  on 3 yearly 
b a s i s  from t h e s e  herds and f locks .  These herds, and t h i s  approach, 
should be a pemanent aspect of the livestock research. 

Like the range condition and "sentinel" herd s tud ies ,  the  livestock 
marketing studies should be a con t inu ing  source of valutlblc data a d  
information. WSARP econozic studies should include repeated visits t o  
the same markets  to e s t z b l i s h  trends. There can also be "spot" studies 
t o  determine particular local parameters. 

The draft power study appears t o  have had some weaknesses: (1) number o f  
hours the  animals worked per day, (2)  type and quantity of rations fed 
du r ing  working period and during "off"  period,  ( 3 )  the  actual working of 
draft  animals for crop cuitivation and collecting related economic data, 
(4) variations in the types of equipment used and development of 
alternate types of equipment and, (5) inclusion of opportunity costs of 
manual labor involved i n  use of d r a f t  animals. It is understood that 
the work was done in cooperation with another organization, but a more 
complete explanation of the study would have been ~ s e f u l .  

Initial contacts with I K A  have been made. Dr. John Trail has visited 
the Project as a consultant. Attempts should be made to secure 
continuing inputs from ILCA into the efforts of animal scientists 
working within WSARP.  his international organization could be of great 
value in overcoming misunderstandings and i n e r t i a  in the livestock 
research programs that have resulted from the d i v i s i o n  of  responsibility 
f o r  its accomplishment among d i f f e r e n t  sections of the min i s t ry .  

It is equally necessary to include continuing contact with ILRAD as the 
project  activity. Since barriers to land tenure preclude effective use 
of growing management technologies, the major r e sea rch  input  into range : 
livestock will center about nutrition and health par.ameters associated 
with livestock production in nixed farming operations. 

Crop and S o i l s  Research G- -- ------------ 
The scope and s i z e  of crop and soils research at the  Kadugli Research 
S t a t i o n  had greatly changed with the advent of t h e  KSU research s taff  
input. The crop research component tended t o  concentrate on the 
introduction performance of new varieties of sorghum, legumes, 

20 



groundnuts, sesame, arid millets. The varirtal testing of cotton xas 
excluded from the c r o p  testing prograa because a c o t t o n  imprvvcment 
program already esisted. 

The genetic materials in these tests \+ere limited to \-aricties supplied 
by either ARC i n  Wad Medani o r  from t h e  I n t e r n a t i o n a l  Agricultural 
Research Centers ( IM?Cs> . Those t e s t s  were n o t  p l m n e d  with 
environmental factors or local fsrner 'ref'crcnces ss specific criteria, 
but varieties Kere probably  selected on the basis zf seed >vnl?ability . 

The introduced varieties, in gencrsl,  performed remarkably tieII i n  
comparison to the  focal  varieties.  Th i s  appears t o  be cithcr gsod l u c k  
or that t h e  local selections had a low yield potential. Y i e l d  increases 
0% 40 to 100% over the local checks were obtained with crops as varied 
as legumes, cereals, and oil seeds. 

Recently, the breadth of genetic variation in locally produced seed was 
demonstrated with a collection of over 100 different sorghun varieties 
from farmers' fields in t h e  vicinity of Kadugli. It is expected that 
the diverse populations of crops other than sorghum might be squally 
rich i n  genetic diversity. An effort  to collect and sustain the 
traditional varieties would be worthwhile because of their inherent 
features of insect arid disease resistance, t h e i r  drought resistance, and 
their grain quality which could be incorporated i n t o  future breeding 
programs. 

S c i e n t i s t s  of ARC must increase their emphasis on development of 
varieties for  the rainfed agricultural sector. This work must be 
accomplished at Abu Naama w i t h  varietal testing a t  the  WSARP locations, 
as well as at field testing locations of the Mechmized Farming 
Corpora*   on. ' 

The quick "fix" obtained with the introduction of exotic varieties 
seldom persists and there is of ten  a breakdown i n  the performance of  
i n t roduced  varieties s e l e c t e d  so le ly  because of y i e l d .  Consequently, 
crop improvement programs should no t  re ly  solely on p l a t  introductions, 
but should concentrate on incorporating the desirable features into 
locally adapted cultivars.  This means u l t i m a t e l y  a breeding and 
extensive selection progrm which w a s  no t  introduced to the Radugli 
Research Stat ion;  This does not mean t h a t  performance testing of exotic 
introductions is wrong. It is a first step in identification of genetic 
factors associated with y ie ld  components and disease and insect 
resistance or tolerance. The S u d m  has already had a repor t  of a 
complete lack of striga tolerance in the Hageen Dura hybrid- This may 
make its f u r t h e r  diffusion more difficult or even questionable.' In any 
event, it will restrict areas in which Bageen Dura I has an advantage. 

There should -be expmded effor t  t o  utilize technical assistance and 
research capabilities of IXTSOWIL and ICRISAT to accomplish the basic  



research  needed for support 3f the applied research effor t  of WSARP 
s t i en :  ists. 

The iotroduction of crop varieties is an i l l - a d v i s e d  concept if the 
expectations are that a simple introduction of eso t i c  seed w i l l  
c o n s i s t e n t l y  r e s u l t  i n  major increases in production. Granted, there 
are well publicized results where an introduction has produced a quantum 
advance in regional or nation31 producticn; but  eve ry  ?!ant breeder w i l l  
support the  conclusion that such successes are rare, more frequently 
success is the result of multitudes of crosses and many years of f i e l d  
selection. A s  such, the  plant introductions night be impressive i n  one 
or two years' t r ia ls ,  but environmental conditions will more frequently 
result in a breakdown i n  yields of the exotic variety. 

Research on sails was basic enough to measure t h e  disiributio~ of soil 
moisture throughout the dry season as a function of depth. Soils 
research was also sufficiently simple and adaptive to measure y i e l d  
response to fer t i l izers .  Soil moisture studies were a first stqp in 
understanding bo th  soil moisture storage and replenishment in the soil 
profile. 

The use of the neutron probe was a major introduction of a new 
technology that will permit rapid recording of soil moisture changes in 
different soils, f o r  different crop r o t a t i o n s ,  and f a r  a variety of 
mulches used i n  s o i l  moisture conserva t ion  research. Soils r e sea rche r s  
should recognize this technique as a valuable t ~ o l  to repeatedly measure 
soil moisture under a wide variety of conditions. However, the 
measurement in itself is n o t  research, There needs to be a scientific 
application of the collected data and a program for extending these 
nppf i ca t ions  as farmer practices. Such research, by nature, is time 
consuming snd repetitive. Conclusive r e s u l t s  will take four to seven 
years. 

The research on fertilizers is more simple and uses yield respcnse as 
the phytometer. Rates, ratios, and times and methods of application are 
the variables. The danger is in extrapolating the results over too wide 

area. Fertilizer recommendations tend to be s i te  specific and need 
to be replicated and confirmed over  m a n y  l oca t ions .  Fortunately, the 
Western Sudarl reportedly has vast areas of relatively ucifom soils. 
Consequently, once a set of fertilizer recommendations is developed, it 
should suffice for rather extensive areas on these broad p l a i n s  where 
s o i l s  have developed in place. Another advantage far the researcher but 
disadvantage for the  farmer is t h a t  t h e  inherent fertility status of 
these soils is sc: lox that the addition of most p l a t  n u t r i e n t s  will 
create some response. 

The one exception to this rule is that applications of  n i t rogen  might 
stimulate the growth of p lan t s  excessively and exhaust the existing soil 
moisture before flowering and seed set. In t h e  higher and more uniform 
rainfall b e l t s  (600 mmj this might not be necessarily true; but  in 



those condi t ions  where r a i n f a l l  ceases early or  is less than 450 mm, 
t he  hcsvy applications of nitrogen might be expected to reduce yield. 

The agronomy research  is perhaps the  most r a p i d  in producing results 
sui table  for extending t o  thc  farmer. The problems o f  seed placement, 
seed rates, seed depth,  p l an t  popula t ions ,  and weed con t ro l  are 
relatively straightforward, and after three or  four years of trials 
there should be  a suitable package of practices ready for estension.  
Crop production cannot b e  divorced from e i t h e r  soils or p l a t  breeding. 
Changes in varieties, fertilizer, and available soil moisture  ill, of 
course, require constant changes i n  the approved and i-ecomeaded package 
of agronomic practices for any specific crop. 

-411 in all, the WSU team did  an excellent job i n  t h e  i n t roduc t ion  of 
crop and soils research technology to their Sudanese counterparts. Time 
w a s  not sufficient to establish a complete cycle of long-term research. 
The agronomists, because of their simples mandate, were perhaps the  most 
effective i n  ob ta in ing  results. The soil scientist had a more d i f f i c u l t  
chore  and attacked i t  at two levels, namely, soil moisture and 
fertility. It is hoped that Sudanese counterparts collecting soil 
profile moisture data were trained in how to use the collected data in 
the improvement of crop production under limited soil moisture 
conditions. The collection of vast amounts of data is no t  t o  be the end 
result of good research. Such data is needed to develop practical 
appl icat ions. 



FACTORS AFFECTING PROJECT .4CIIIEVEP?ENT 

It appears t o  the  Pro jec t  eva lua to r s  that t h e  stated purpose of the 
Project has been only p a r t i a l l y  f u l f i l l e d .  Sot on ly  have there been 
constraints in implementation of research activities as a result of 
construction and training delays, the Project has deviated somewhat from 
its original intent. There have been changes in implementation 
activities. Although not well documented, it is zssumed tha t  these 
changes occurred as an outgrowth of strategy p l a n n i n g  at  the  
coo rd ina t ing  cornittee l e v e l .  Change o f t e n  occurs when reality and 
idealism come face to face. Examples of change include the decision not 
to move either t he  ARC headquarters or t h e  ARC administration 
headquarters to Khartoum. 

The decision was made n o t  to organize a Planning and Evaluation Unit 
(PEUJ. This was paralleled by changes in the terms of reference for the 
Senior Advisor pos i t ion ,  It is unfor tuna te  t h a t  the S e n i o r  Advisor t o  
t h e  Director General of ARC was never able to funct ion  mder the 
original terms of reference for his position. The evaluation team was 
not certain why this failed to happen. Apparently, the Director General 
of ARC did  not desire the services of an advisor c r  d i d  n o t  know how to 
best utilize the services of an advisor. 

It was an error not to post the Senior Advisor at ARC headquarters. 
Advising requires daily contact. Also, an effective advisor is a , 
"behind the scenes" person. His only function is to make things happen 
through his influence on the person he is advising. It appeared that 
the S e n i o r  Advisor became too  administratively involved and took , 

independent action rather than taking the necessary indirect route. , 

This may have been accentuated by the fact that there Giere two Directx 
Generals of ARC with t h e  period of time covering the Senior Advisors 
t e n u r e  i n  Sudan. 

The input of the Senior Advisor shifted subsequently to the WSAFP. 
Although lines of authority of WSU project administration were less than 
clear, h i s  effort had a very p c s i t i v e  effect on the achievement of goals 
by the WSU-WSARP staff. 

It should be noted that the re  also has been a variation in the 
continuity and intensity of supervision of the WS.W by both USAID and . 
WSU. USAID apparextly became aware of this inadequacy and the i npc t  of ' 
their superv is ion  subseqvently i n t e n s i f i e d .  Sometimes without adequate 
comnunication or documentation, a change in position will create 
misunderstanding and uncertainty. Regardless of how justified , 
administrative dec i s ions  may have been, they resulted in considerable 
decline in morale for both contractor employees and WSARP staff. 



Contributing to this problem is the fact that there have been three 
USAID Mission Directors, four USAID Project Officers, four  WSU Chiefs of 
Party, two Project Direc to r s ,  and t h r e e  D i r e c t o r  Generals  of  ARC. 

The early termination of selected technical assistance personnel, the 
failures to estend the  contract  w i t h  CID/WSU, and t h e  decision by 
USXID~Fhartouin t o  w i t h d r a w  support  f u r  t h e  Darfur region a l l  appear t o  
have con t r ibu t ed  to uncertainty on the part of the  c o n t r a c t o r  and t o  
misunderstanding and, t he re fo re ,  justifLable concern by the host 
country. The USAID withdrawal from Ghazala Gawazat and El Fasher 
appears to have been a u n i l a t e r a l  decis ion for a program which w a s  
intended t o  function through a coordinating committee that was comprised 
of donors and host  couctrg personnel ,  

The evaluation team observed tha t  none of the previous evaluations or 
reviews recornended such an approach to future p r o j e c t  management. The 
team has been told that the decision was made as an attempt to close 
audit recommendations relative to r ecu r r en t  cost problems. This is 
somewhat unusual s i n c e  the Project agreement does not call for GOS to 
assume recurrent costs before P r o j e c t  completion date, In any event, 
the Project momenttun has been seriously interrupted. It will be 
difficult f o r  the  proposed technical a s s i s t a n t s ,  who are to be provided 
by USAID through personal service contracts, t o  restore that momentum 
and provide t h e  focus needed f o r  effective f u t u r e  research activities. 
This is particularly true in terms of providing guidance t o  the 
embryonic researchers r e tu rn ing  t o  the project with graduate t r a in ing  
and degrees but  limited experience in planning and implementing research 
programs. , 

Sudanese Inputs to WSW Mangggemn. have negated attempts t o  reorganize 
ARC and move the headquarters to Khartoum. Although there is substance 
to t h e  arguments supporting such a move, t h e  reality of t he  situation is 
that, unless housing ar subsidies  are provided, the administrative unit 
of ARC cannot and w i l l  not move t o  I rhar tom.  Actually, it may be 
prudent to not disturb the u n i t  through such r eo rgan iza t i on ,  but  t o  use 
the scarce financial resources for increased support of ongoing 
progruns. 

WSARP administrators were responsive to management inputs f r o m  WSU. 
This is evidenced by the research planning and reporting activities of 
WSAW following the departure of the WSU team. There seems t o  be some 
delay by the P r o j e c t  Director i n  responding to the needs expressed by 
directors of f i e l d  stations and by field personnel far equipment, 
support services, training opportunities, and other project inputs to 
planned research. , 

I 



The lack of unders tanding by the M i n i s t r y  of Agricul ture and Natural 
Resources for t h e  urgent need of adequate research inputs is reflected 
in the fact that ,  although s t a f f  salaries f o r  .9fZC have increased, t h e r e  
has been no increase f o r  Chapter Two (Operational Budgets) since the 
beginning of t he  Project. The end result of this is that about 88% of 
the available budget is restricted tc salary and only 12% is a v a i l a b l e  
for research operation suppor t .  This may a l so  account far the fact that  
the most recen t  annual report ava i l ab le  from ARC headqnarters is f o r  the  
1977-1978 research year. 

Researchers are of ten  hampered by inadequate Funds to implement, 
supervise, and complete t h e i r  research. On the  b a s i s  of present 
understznding of the evaluation team, it will be :ilmost impossible for 
ARC t o  assume the r equ i r ed  budget o b l i g a t i o n s  f o r  t h e  staffing and 
operations of the WS.W af ter  the  Projec t  is completed. 

Research scientists must have suppor t  money to i n i t i a t e ,  conduct, and 
publish research. They also must have opportunity for travel to 
professional meetings or to International Agricultural Research Centers. 
Provision must be made for p r o f e s s i o n a l  growth and oppor tun i ty  for 
creative research. Otherwise, staff losses to other countries will 
continue at a rate somewhat equivalent to the rate of training staff to 
advanced degrees. 

Future  project planning must involve some basis for assuring that GOS 
support for the recurrent operational costs of research will be 
increased stepwise on a regular basis each year so that, by the Pro jec t  
completion date, the GOS can continue Project initiated research 
activities without a loss of momentum, 

WSU ---- Staffing fo r  involved 68 person-years for the Project. Of 
this mount ,  almost one quarter (16 years) w e r e  u t i l ized  a t  the home 
campus fo r  administrative support of the resident f i e l d  staff. The 
campus activities included identification and fielding of TDY and long- 
term field staff,  administering participant training, commodity - - 

procurement and shipping, editing, and publication of repor ts .  

Of the appr~ximate 52 person-years of resident staff, 50% were involved 
in research activities. The remainder served either in an 
administrative or advisory role .  This seemed t o  the evaluation 
committee to be an imbalance of administration relative to research 
input. The evaluation team considered t h i s  to be an imbalance of 
administrative input relative to the research emphasis. USAXD obviously 
recognized this, because technical assistance cuts were made from the 
non-scientific staff late in the project period. There was some 
variation from intended staffing patterns (Table 11, but t h i s  apparently 
did  n o t  detract from pro jec t  achievement. 
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PLkhJNED Ah9 ACTUAL STAFFING OF TECHNICAL ASSISTANCE 
SUPPORT TO WSARP 

Senior Research Adviser 
to Director General 

Planning and Evaluation 

'Project Engineer 

Deputy Project Director 

Land Water Use Spcc, 

Agro Climatologist 

Sociologist 

F . M . Economist 
Agr . Engineer 

Lvstack/Crop Product i on  
Systems Spec .  

Range Scientist 

h i m .  Prod. Spec. 

Agronomist 

Vehicle Main. Eng; 

Dep. Admin. Off. 

Senior Secretary 

Research Assoc. 

Chief Admin. Off, 

TOTAL 

Khar t o m  

%art o m  

Khart o m  

Nyal a 

Khartoum 

Nyala 

Nyala 

Kadugl i 

Kadugii 

Ryala 

- 

- 

- 

- 

- 

- 

- 

- 

El Obeid 

- 

Kadug 1 i 

Kadugli 

- 

- 

Kadugl i 

Kadugl I 

Kadugl i 

Khart o m  

*art o m  

Khartoum 

Kadugl i 

Khartoum 

Khartoum 5.2 

Khart oum/Kadugl i 6. C 

2.0 



Due to complexity of the Project, there would have been much to gain 
f r o n  incr-eascd cnntinuity in t h e c h i e f  oPParty position. Four persons 
w e r e  assigned t h i s  responsibility during t h e  life of t h e  wSU Contract. 
The Chief of Party w a s  in unenviable position of havif-~g little 
responsibility for d e c i s i o n s  made but much responsibility for success or 
failure of the Project. In the opinion of the evaluators, WSU/CTD 
extended too much administrative influence from Pullman, Washington. 
The Chief of Party should not have been given an administrative title 
and role of Deputy Director of WARP. This made him d i r e c t l y  
responsible to the Project Director, when indeed he should have had the 
privilege of over-ruling decisions of the Project Director when such 
decisions interfered w i t h  f u l f i l l m e n t  of established project objectives, 

There was a conspicuous lack of continuity and timeliness in appointing 
the socioeconomic stcff .  This resulted in a disjointed effort in this 
discipline and contributed to inadequacies discussed in the research 
p l a n n i n g  section of this report. The review team was told t h a t  t h i s  w a s  
because the Project Director refused to allow the sociologist position 
to be refilled. 

The need for, or the role of, the Projcct Engineer w a s  not clear. The 
person in this position was G ~ V ~ O U S ~ Y  over-qualified and over-paid f o r  
the work required.  (Building fences and service roads do not require a 
Ph.D. er,gineer. ) As a result of USAID's termination of  th i s  consultant, 
these responsibilities are now being fulfilled by a Sudanese engineer at 
a much lower cost t o  the Project without any sacrifice of engineering 
input. 

Sudanese S t a f f i n c f o r  WSARP. This has been a continuing problem. GOS --------------- -------- 
has had some difficulty meeting staff requirements for the Sudanese 
component of WSARP. Staffing difficulties were exacerbated by the 
nunber of researchers who were nominated for training activities. This 
is another factor t h a t  enhances t he  argument for lmg-term support of 
research oriented projects. 

I. The staff ing a t  WSARP Eeadquarters is inadequate. Nc permanent 
Deputy Director has been appointed and staffing of the  support unit 
is iocomplete. Deputy Director would be of importance to the 
Project in providing follow-through on staff training needs and 
opportunities. It would also permit increased activity in 
development of linkages with t h e  f n t e r n a i i o n a l  Agricultural Research 
Center  , 

2.  Kadugfi Station has always been understaffed. Several of the staff 
are still in training out of the country. There is a need for an 
additional A n i m a l  Production Specialist because the current 
specialist also serves as Station D i r e c t o r .  Technical Assistance is 
being sought by CSAIB for three positions: Livestock Specialist, 
-4gricultural Economist, and Agronomist. The Lack of skilled English 
language secretarial assistance is obvious. This delays 



communication and report ing.  Improvement of s c i e n t i s t  typing skills 
through added training in word processing on the personal computers 
is recommended. 

3.  A t  El Obeid t h e r e  is a f i n e  complement of young scientists. Delays 
i n  administrative s t a f f i n g  are t o  be espected until construction is 
complete. Technical assistance is being solicited by USAID for a 
s o i l  and water management specialist. There is need for a 
bionetrician to assist i n  planning research and analysis of data. A 
Farm Systems Research specialist is needed to organize the special 
Farm Systems research unit recommended for t h e  headquarters, 

4. Staffing at EI Fasher and Ghazala Gawazat will be delayed until 
construction is completed. Four Sudanese scientists have been 
appointed and are presently resident at other  WSARP stations. These 
positions will be complemented by t h e  four  technica l  assistants t o  
be provided through added World Bank funding.  

External Factors Affecting Project Achievement. Sometimes developments 
o r  happenings occur which are beyond t h e  con t ro l  of anyone associated 
with the Project. Ramifications of  such events may have direct or long- 
term i n d i r e c t  i n f l u e n c e  on t h e  goals of programs or  projects underway. 
Such a decision appears to have been made by the Government of Sudan. A 
recent recommendation to the Council of Ministers to form a separate 
"Ministry of Animal Resources" creates a dilemma for WSARP and ARC. It 
is proposed to include all research activities in livestock production 
and animal health, as well as pasture and range management, wi ldl i fe ,  
and fisheries. It is anticipated that the new ministry would ask for  
the responsibility of the Ghazaia Gawazat  and EP Fasher S t a t i o n s  and the 
livestock related research at Kadugli and El Obeid. 

It seems futile to create yet another organization to be responsible for 
research in Sudan. This adds to higher administrative costs and 
considerable parallelism in facilities and effort .  Obviously, the new 
organization was proposed because those now responsible for agricultural 
research in Sudan were not pu t t ing  any p r i o r i t y  on livestock aspects of 
agricultural production. 

If adequate liaison and cooperative effort is demonstrated by the two 
organizations, duplication of research activities and facilities cam b e  
minimized. Ender these circumstances rn extremely productive 
agricultural research program could develop. 

To achieve the necessary cooperative effort will represent a challenge 
to the GOS, as well as to the community of international donors who fund 
agricultural research and ex tens ion  activities, 



Periodic ------------------- Evaluations :according to the CSAID P.P.?. "Periodic 
evaluations xi11 be undertaken by I D A  d u r i n g  the construction of 
facilities, Phase I, in wllich A I D  will he invited to participate. The 
prime contractor for scientific personnel, CID,  ill bc required to 
perform periodic evaluation and to report on the  progress of activities 
being undertaken by or under t h e  direct supervision of individual 
scientists and representatives of I D A ,  CCS, and AID, to review the 
detailed research progrm proposals for years four through six and to 
assess the timing of the transfer of r-esenrc? fscilities, as outlined 
undcr the Six-Year Development Plan ,  to ABC. The evaluation of these 
plans must be approved by a11 of the p a r t i c i p a t i n g  donors. A second 
project evalxation xould be performed in year s i x ,  as outlined above, 
 hen the results of t h e  research efforts would be forthcoming and at 
which time tho stage ~ o u l d  have been set for the future orientation of 
agriculture research in the West." 

The formal mid-term evaluation was conducted in year three of the 
P ro jec t  as planned. h detailed report dated January 23, 1983, was 
prepared. The report included 23 rccomendations. The report,  and 
especially the recommendations, were reviewed by the Director of WS:lRP 
and the CID/WSU t e a .  A l l  of the recommendations were taken into 
account and acted upon with  the  exception of those outside the control 
of the Pro jec t ,  I n  general ,  t h e  mid-term reviewers found the Project 
behind schedule in both constructicn and staffing, but felt t h a t  the 
research objectives were well founded and made no recommendations f o r  
changing of direction, or  for  omission of any of the  four research 
stations. 

- Tn July 1984, a two-nan USAID mission to the Sudan was requested to 
focus on "USAID's upcoming decision regarding the extension of the 
technical assistance position of the WSARP." They strongly recommended 
that: (1) the Project should be ccntinued and that the technology base 
should be not  left  c cove red; (2) the Project team members are competent 
and motivated, that the contractor has done a good job of staffing the 
project with the expatriate personnel needed, and that changes would be 
undesirable; ( 3 )  a long-term commitment t o  the Project is the logical 
route for USAID to follow; and (4) that i n  regard t o  the  question as to 
whether or not to support the stations at El Fasher and Ghazala Gawazat 
in a future extension, in their judgment, funds should b e  provided f o r  
research at al l  four western s t a t i o n s .  

The reasons f o r  the above recommendations are w e l l  documented. They 
fu r the r  indicated that criticism has been directed at the construction 
program at El Obeid, but that t h e  construction was now a "sunk" cost and 
that the construction sas planned jointly by the World Bank, USAID, and 
the Government of Sudan. The intention w a s  to attract Sudanese staf f ,  
"Commitments made and implemented in the past should be treat,ed as 
constants and not variables." 



The CID'WSU t e r n  has written an evaluation d z t e d  February  2 5 ,  1985, 
iihich po in t s  out  many of tht:ir c o n w r n s  ovcr the f u t  u:-e c;F thrx F r o j c c t .  
They recommended continued espatriate technical 3ssistancc at a l l  four  
stations and refer to change in direction on the> p o r t  of t h e  USAID 
Y i s s i o n  i n  Sudan which l ed  t o  rumors and disgruntled staff menbers and a 
loxe r ing  of morale. I n  t h i s  regard, t h e  \+'SAW Director has verified 
t h a t  lack o f  verbal  support f r o m  t h e  CSAID m i s s i o n  has been 
d i s appo in t ing  2nd that  the dec i s ion  t o  drop thch SS1 ID  comi tment  to 
Ghazala Gawaizt and E l  Fasher is, e s s e n t i a l l y ,  a breach c f  promise. 

tt 
t1 issues paper" for the evaluation of t h e  Pro jec t  !<as w r i t t e n  by 
::o'jert E .  Evenson in September 1985. The r epo r t  Indicates t h a t  "the 

3 jec t  appears to be quite disappuintin~; at th i s  st-.::r- - . . . Ir! terms of 
he number of Sudanese scientists in place and i n  terns of  t h e  

i ,... r n a t i o n a l  staff.  T h i s  disappointment is u r r c l a t e b  t o  the indiv iduz ' l  
sc: 1S5sts involved, ail of whom were working in a dedicated fashion-" 
It :.-xther states tha t  " S c i e n t i s t s  have been given too many shifts in 
d i r e  i ; .ri and support to get tf.eir work done effectively. " 

The USAID Project Paper calls fo r  a f i n a l  evaluation of the P r o j e c t  of 
which the presen t  paper is the object. The final repor t  of this team is 
intended as: "I) an eva lua t ion  of t he  research done under WSARP and the 
basis for any changes which may be recommended for the f i n a l  t w o  years 
of t he  project, and 2) the substance from which t he  Yission w i l l  prepare 
either an amendment to WSARP or a FID/PP, i f  required, fo r  a new 
project . " 

It is recornended tha t  USAID continue its research support in West Sudan 
through October 1991 by s t r eng then ing  of research  projects conclerncd 
wi th :  

a. Livestack and crop production systems a t  El OLeid and Kadugli, 
with  support ing a c t i v i t i e s  a t  Ghazala Gawazat. 

b. Water and l and  u se  mznagement programs a t  E l  Obeid with 
supporting activities at El Fasher. 

c. Livestock production and range management programs at El Fasher 
and Ghazala Gawazat f o r  nomadic and transhumant production 
systems. 

Support for research i n t o  the  nomadic and transhumant produciton syst,ems 
at El Fasher a i d  Ghazala Gawazat should be planned i n t o  ac t iv i t ies  of El 
Obeid and Kadugli. 



Justificztior.. The positive attitude of research s t a f f  and momentum of -------+--- 

research activities developed in t h e  i n i t i a l  phzsr.-s af WSAHP sh o ~ l d  no t  
b e  lost, but r a t h e r  shou ld  b e  suppor ted  and s t ~ ~ ' ~ ~ g t h e x ~ e C i .  The 
withdrawal of USAID support from Ghazala Garmzat and E l  Fasher leaves 
the research programs at those stations vulnerable  to mis-direction and 
l a x i t y .  The World Sank has assumed some responsibility for supporting 
research activities at these stations. They have budgeted f o r  technical 
assistznce { fou r  positiocs md esternal t r a i ~ i n g ; ,  as xcll as a limited 
amount for recurrent operational espenses for the next  f i v e  years. 

The housing znd laboratories e t  t5e nzrfzr Izc:tic~s :;ill be r o d y  f o r  
occupancy by September o r  October 1986. ARC,%'SSRP has indicst ed t h s t  
the stztions will be staffed as originally planned.  Four o f  t h e  s t a f f  
have already been identified, o t h e r s  are to r e t u r n  from t r a i n i n g .  

A water and land use management research p r o g r m  is planned for  the E l  
Obeid research center. This program is to support the multidisciplinary 
research teams working on various commodities within the Projec t  area- 
The support includes survey, monitoring, and classification of available 
land and water resources and their rational use in crop or livestock 
product ion,  

3. proposal prepared by the  Soil Management Support Services ( S M S )  of 
the  AID i n  March 1986 is entitled, "Soil Resource Inventory, Land 
Evaluation and a Land use Database for the Democratic Republic of 
Sudanl" The elements of this proposal would provide an excellent 
basel ine for work of the water and land use research at El Obeid. See 
Annex 4 of the proposed a n e n b e n t  to the Pro jec t  Paper f o r  details of 
t h i s  proposal  by SMSS. 

With appropriate cooperation between USAID,  ARC, WSARP, and the Soil 
Survey Administration (SSA), the o b j e c t i v e s  of both programs could be 
reached and the outputs of both enhanced. Ways to effect such a 
col laborat ive  e f f o r t  must be explored by GOS and USAID. 

Livestock represents one of the major contributions to the agricultural 
export market for GUS. To sustain and to improve this important 
potential for  foreign exchange will require research programs which 
emphasize animal production and range management. The fragile 
ecosys terns of northern Kordofan and Darfur have been destroyed by 
inappropriate laqd use. In these areas of low precipitation, cropping 
s i t h  millet 2nd sorghum have destroyed millions of feddans of grazing 
i and. This  has resulted in concentration of increasing animal 
populations on decreasing areas of range land- Desertification 
continues t o  move southward i n t o  t h e  arable lands. 



Identification, training, nil3 f i e l d i n g  of a Fie!:i Sys tcms Rcse;arcti 
Cnit at El Obeid to f w c t i o n  throughout t h e  various production systems 
of West Sudan. See Attclckment 1 of this documex? for the basic 
components of t h i s  research unit . 

Justification. One of the obvious successes cf t!w WSl' i n p u t  into h'S.'IRF 
rese::rc-h has been t h e  i n i  t int ion of the Fr-oduc t i o n  Sj-s t egs Research 
approach. Although there w e r e  some inadequacies in the p l a n n i n g  stages 
of the research, t h e  initiation of t he  philosophy and use of the 
approach has been cornmendable. Xot only has this approach had a 
positive effect on tb? WSXRP scientists, it bns ;;Is:) had m inpact on 
research planning and evaluation at headquarters. Oirector Generzl 
C a m e e l  cf I C  indicated t ha t  ARC scientists were now planning to 
complement station research ac t iv i t i e s  ~ i t h  "on fam" research t r ia ls  
and eventually put snccessf~l i n t e r v e n t i o n s  into farmer-managed tests .  

The Field Systems Research Unit would provide a continuing source of  
i n f o m a t i o n  from a11 production systems f o r  t he  research scientists. 
Though based at  El Obeid, they would function throughout West Sudan. 
They would monitor specific systems and collect baseline data so t ha t  
the effects of imposing an improved intervention could be economically 
and socially interpreted. The unit would also be thc l inkage between 
farmers and researchers in identifying constraints and e s t a b l i s h i n g  
p r i o r i t i e s  for research t o  solve the problem. 

Field systems research units should be developed at each research 
s t a t i o n  to test technclogy interventions for various production systems 
on the farmers' f i e l d s  and to implement and monitor farmer managed tests 
of the improved technology packages (Attachment 2 ) .  

Jgs&iftcztion- If station proven technology is to undergo further 
test ing i n  t h e  farmers' f ie lds ,  someone has to have specific 
responsibility for the off-station program. Success of f i e l d  testing 
demmds confidence and cooperation of the intended user. 4 production 
research unit would be expected to develop approp r i a t e  relationsktps 
xithin the commnities they serve. They would select the cooperators 
for such tests, as well 35 implement and monitor the intervention from 
beginning to end. 

This will free the resccrch sc ient i s t  at the s t a t i o n  from many off- 
station obligations. It will result in more effective use of his time 
f o r  developing m d  t e s t i n g  technologies under carefully controlled 
circumstances before they are taken to t h e  f i e l d .  



A Training and Extension Jnit {TEU) shvuld be crested at El Obeid to 
serve the entire array of research units in West Sudan. 

J u s t i f ' i c x t i o ~ .  This unit would oper~te t h e  Conference C e n t e r  a t  E l  
Obeid. There is a cootinuing need f o r  development o f  refresher courses - 
to up-date staff on current techniques. These would range from 
improving typ ing  skills through development of effectiveness in use o f  
the personal  computer to bionetrical techniques f o r  p lann ing  research 
and analysis of data. 

The TEU will develop workshop and t r a i n i n g  meetings for Estension 
personnel who work in the r a i n f e d  agricultural area, as weff as for 
merchants and  technicians of t h r  p r i v a t e  sector  technicians and f o r  
farmers. 

This unit will be the driving force  t o  assure t h a t  technological 
packages are documented and delivered f o r  distribution t >  the intended 
users of technology. This is one of the major voids in the transfer of 
technology today. 

There should be a continuation of t h e  program t h a t  provides t r a i n i n g  
opportunities at both graduate degree and non-degree levels. 

Justification. ------------- The need for agricultural research staff continues to 
grow. As technology develops, there are opportunities for GOS 
researchers t o  f ind  higher salaried positions in the private sector and 
as consultants in foreign countries, The attrition of experienced staff 
almost keeps pace with training effort. Consequently, any plan for 
enhancing research programs must include training. Eventually, if this 
problem is to be solved, institutions within Sudan will have to t r a i n  
their own scientists. It is much t o o  expensive to depend on external 
universities to do this. 

One alternative would b e  a major donor effort  at improving graduate 
programs at the Vniversity of Khartoum and the University of Gezira. 

Xon-degree t r a i n i n g  f o r  technical staff should continue at the 
appropriate IARC and at various shor t  courses sponsored by univers-ities 
of t h e  U S .  and by the U . S .  Department of Agriculture. Refresher 
courses in statistics, biometrics, farming systems, and use of personal 
ccmputers arc essent ia l  to keep ARC/WSARP staff trained for- their 
intended jobs as research scientists.  The Project Director is urged to 
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i d e n t i f l -  and nominate candidates for non-degree training. 

Technical assistance should be provided to WSAW t o  h e l p  t he  Sudanese 
s c i e n t i s t s  accomplish the research goals they  have established for Kest 
Sudan. 

Justification. The training pericd associated with t h e  initial phase 
of W A R P  is virtually complete. These  sc ient i s t s  will return to their 
positions w i t h i n  WSARP. These well-trained but ercbryonic scientists 
need guidance more than ever a t  t h i s  stage. In addition t o  the f o u r  
technical assistants identified by WSAfiP and be ing  solicited by USAID 
on personal service contracts, there e x i s t s  need f o r  a Farm Systems 
Research scientist to train t h e  Farm Systems Research Unit which is to 
be headquartered a t . A I D .  In addition, until a biometrician is trained 
and has returned, there is an immediate need for a resident biometrician 
a t  El Obeid t o  assist with research planning and nnnlysis of data. 

There should be increasing use of short-term consultants who repeat 
their v i s i t s  on a regular basis for library development, documentation 
of research and tested technology, as well as f o r  developing refresher 
courses for Sudanese staff, 

There should be no delay in recruiting thc needed technical assistance 
and positioning them at the appropriate locations. 

I t  is recommended that there be continuing input into research support 
services such as: 

a. research planning 
b . 1 ibrary devef opment 
c. use of personal computers in agricultural research 
d. publication of research results. 

Justification. The technical assistance needed to  assist with research 
support services has already beer; mentioned. This should consist of 
short-tern, repeating consultanciss. Inputs should include more than 
technical assistance. The library and documentation center  development 
should involve the ARC headquarters as well as the new library at the El 
Obeid Agricultural Research Center, Funding should include renewal of 
subscriptions for scientific journals at both locations. The Project 
Director should explore opportunities with IDRC to further develop the 
library network at all stations, as well as a t  Wad Medani headquarters 
of ARC. There should b e  assistance with publication of research 
results. I t  is unfo r tuna t e  tha t  t h e  latest annual  report  of research 



avai lzble  from ARC covers only t h e  1977-78 work. 

There should be additional usc of the  pc*rsonal computers in agricultural 
research. No toof has provided so much versatility and increased 
opportunity for increased e f f i c i e n c y  t o  t h e  agriculturd researcher .  
Equipmeat purchase and estensive t r a i ~ ~ i n g  i n  its effective use  is the  
burden of cny r!evelopmeilt progrm. .. 

Purcbzse of research and f n m i n g  cquipnent needs to be continued to 
permit planned research activities to be completed. 

Justification. ------------ The request for p ~ r c h a s e  of resezrzh and farming 
equipment is p r i m a r i l y  for the replzcement cf vehicles that were put 
into service early in the Pro jec t .  Many of the vehicles have been in 
service for five years  which is j u s t  zbout life expectancy for vehicles 
in Sudan. The roads are roiigh and poor ly  maintained. When wet, they 
are virtually impassable. Sudanese dr ivers  have less than  appropriate 
concern f o r  maintenance and possess only minimal driving s k i l l s .  A l l  of 
these con t r ibu te  t o  t h e  rapid deterioration of transport vehicles and 
farm equipment. 

. , 

Certain research equipment cannot be anticipated because of varying 
interests, projects, and techniques. Much of the equipment that w a s  
purchased was based on anticipated activity rather than on planned needs 
based on h e  research plans for specific individuals or groups of 
individuals. 

There should be continuing external inputs into local salaries of WSARP 
stzff and to recurrent operational costs of operating the stations. 
However, there should be  a progressively greater input each year by the 
COS until, at project's end, all local salaries and recurrent cost 
expenses for WS.U?P are included in the  ARC budget. 

Justification. It is ul accepted fact that the  GOS has limited funds --------- 
budgeted for research. If the government of f ic ia ls  have real p r i o r i t y  
f o r  inproved a g r i c u l t u r a l  production through an  effective research 
progrm,  they must begin budgeting now f o r  the day when donor assistance 
t o  W S X . ?  t e rmina tes .  The Project Director and t he  Director General of 
ARC &ere in agreement but, of course,  could make no conmitments for GOS 
on this matter- This should be a condi t ion for estended support f o r  
WSARP . 



It is t h e  opinion of the evaluation team t h a t  t h e  USAID support  program 
for agricultural research should not be restricted to t h e  traditional 
production systems of the rainfed sector. Plans should be initiated now 
i n  order for ARC to reorganize and accommodate research activities of 
both  traditional and mechanized agricultural production systems within a 
national r a in fed  agricultural progrm. A n  analysis of mechanized 
r a i n f e d  agricultural research w a s  prepared and accompanies t h i s  
eva l  uat  ion. 

Justification. The mandate f o r  a l l  agricultural research has been given 
to ARC. It is counter productive to establish assistance programs 
outside the i n s t i h u t i o n  authorized to accomplish the  agricultural 
research needs of Sudm. This team recommends that ARC'S research 
activities be developed for three distinct agricultural subsectors, 
These are (I)  the  i r r igated subsector, ( 2 )  t h e  rainfed subsector, and 
(3) the tropical subsector. 

Within the rainfed subsector ,  there  would be two programs--one for 
traditional farming systems and one f o r  mechanized fanning systems. 
WARP is currently assisting with the former. 

A suggested organization is presented (Attachment 3) by which ARC can 
accommodate an assistance program without  creating ano ther  semi- 
autonomous organization such as WSARP t o  facilitate its implementation. 

The Director G e n e r a l  of ARC and appropriate personnel within the 
Ministry of Agriculture, Food and Natural Resources, should be 
challenged to develop a national rainfed agricultural research/ 
production strategy. This would provide some b a s i s  for prioritizing 
research goals and purposes. 
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CRSP 
FA0 
f d  
FXL' 
GOS 
x.ms 
1 ERD 
ICARDA 
ICRZSXT 
IDA 
TDRC 
I ZCA 
1 LRAD 
INTSOR4IL 
IRRI 
ISNAR 
LS 
MFC 
M. S. 
MAKR 
PEE 
PI=.D. 
PRU 
S bB 
SNSS 
T A 
TEU 
r a P  
US A ID 
CSDA/OICF 

Agrictrlt u r a l  Rc.s:=::~-rh Corpo:-:: t i crn 
WSDA - Agriculture 
Arab Authority for Agricultural Investment axd Devclopmcnt 
Arab Organization for Agricultural Developmect 
?.gencp f o r  In t e rnz t i ona1  Devcl u p m t  
Elue Yile fntegratcd Agricultural 9eve!opment ?'rojert 
Count r l -  Dcve!opmcnt S t  rategy Stat emcnt ( T X A I D  ' 
Centro  Internaciond de Agricultura Tropic: 
Consortium f o r  Internationsl Dcvclopment 
Centro International ? l e j o r ~ F e n t o  Yaize P Trigo 
Chief of Party 
Collaborative Research Support Program 
Food and Agriculture Organization 
Feddan (1.04 acre) 
Fields System R c s e x c h  Unit 
Government of Subm 
International Agricultural Dcvclopment Service 
Internatianal Eank f o r  R e c o n s t r u c t i o n  and Development 
I n t e r n a t i o n a l  Center for Agricultural Research in Dry Areas 
I n t e r n a t i o n a l  Crops Research Institute for Semiarid Tropics 
Intcrnationnl Dcvelopment Associrtion 
International Dcveloyrnent Research Center 
International Livestock Centre for Africa 
International Laboratory for Research on Animal Disease 
International Sorghum and Millet CRSP 
International Rice Research Institute 
International Service for N;~tionaZ Agricultural Research 
Sudanese Pounds :$2.5 official exchange) 
F!ech+anized Farming Corpornt  ion 
Master of Science Degree 
X i n i s t r y  of Agriculture and Natural Resources 
Planning and Evaluation Unit 
Doctor of Philosophy Degree 
Production Resezrch Unit 
Sudnn Sgricul t u r a l  Sank 
Soil Management Support Services, USAID 
Techzical Assistznce 
T r a i n i n g  and Extension Unit  
U n i t e d  Wations Development Program 
United States Agency for International Development 
United States Department of .Agriculture,?Office of 

International Cooperztion and Development 
Western Sudan A g r i c u l t u r a l  Research Project 
Western Savannah Development Corporation 
Washington State University 
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STEPS 13 A SYSTE?IS APPROACH TO SOLVIXC 
AGR1CCLTUR;IL PRODUCTION FR39LEYS 

1. Establish the overall objective of the research. T h i s  is usually 
done by n government, a department, an o r g ~ ~ i z x t i o n ,  a teal of 
researchers, or a combination of t h e  above. 

2. Initial evaluation of research objectives . T h i s  r;i 1 l de t  eAmine \.;hat 
types of disciplinary or ~ o m o d i  t y expert  ise are required on sn 
interdisciplinary system research team. TEiese disciplines nzy 
change as t h e  research progresses. 

3. Establish the interdisciplinary team. This t e a  will begin t h e  
P* systems research." The selection of t h e  team is estremely 
important and should include extension as a discipline. 

4, A definition of the system(s) within  which the research is t o  be 
conducted. The initial work of the team will take from three to six 
months. The team is "field oriented" ~ i t h  continual 
responsibilities throughout the work period. S t e p s  in the 
d e f i n i t i o n  process might be  the following: 

Diagnostic Phase. I t s  purpose is to identify problems and 
constraints and assess their relative economic importance. This 
includes an appraisal of what the problem is costing, how much a 
safution would benef i t ,  and how much t h a t  solution would probably 
cost. It also includes an analysis of social aspects of the 
problem, as well as possible s o l u t i o n s  (see economic methodology 
shown as Attachment No. 2) .  

Research Phase. Once problems are identified, this phase begins and 
involves  interdisciplinary, as well as disciplinary, or comodity 
research. The steps include: 

A literature review to determino whether the problem has been 
addressed/solved elsewhere. IS a solution known? If so, carry 
out adoptive research if necessary. 

If a solution is not known, the problem is presented to 
disciplinary or comodi ty  scientists or an interdisciplinary 
team i f  the  problem suggests more tha? one facet is involved,  

T I  Text  possible solutions i n  paper models." 



4 .  When poss ib le  solutions arc identified, tt!r,t on a research 
station. I f  changes in solution occur at t h i s  stage, again 
place the modifications into paper rnodcls. 

5 .  If on-staticn t e s t s  and paper modeling t e s t s  prove successfuX, 
test t h e  sclutions on producer farms \ ; i t h i3  t h c  appro~riatc 
system. If cha~ges  occur i n  any solutions z t  t h i s  stage,  the 
change should  be agaix plz:c*cd into the  " p ~ p e r  model" and 
retested. 

G. I f  on-fam t e s t s  are s u c c e s s f u l ,  i n i t i a l  cstension and selected 
farmer/merchant training courses  can beg in .  These may be of the 
seminar type o r  longer t ype  courses, depending on the solution. 

7. Extend to the  remainder of the extension service personne l  a,rd 
to other fanncrs/merchants. 

8. Continue to moni tor  t h e  system f o r  results of the solution, as 
well as identifying new problems or constraints. This work 
involves the use of the field teams which were initially 
established. 

9, Repeat sequence  as n e w  problems or constrnints arise .  Systems 
research is dynami. c ! 
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FARnl SURVEYS TO ASSESS THE RELATT VE ECONOMTC I?lFGRT:2BCE 
OF AGRICULTURAL RESEARCH SYSTEMS 

Attachnent No. 1 of t h i s  report i n d i c a t e s  the steps i c v o l 1 . d  in using a 
systems approach i n  solving a g r i c u l t u r a l  p roduc t ion  problems through 
research. This paper o u t l i n e s  t h e  rationale for  doing fzrm surveys as 
an i n i t i z l  step in the diagnostic phase for such research. 

Survey research prov ides  a way of structuring the problems a d  
constraints to determine t h e i r  relative econonic importance t o  the  
family farm unit. While inputs by an interdisciplinary team are 
extremely important as a diagnostic tool, they have a tendency t o  regard 
the  constraints as being of equal importance. Also, there are no 
assured ways of eliminating professional bias or conceptual ambiguity. 
Survey research methods are the only way of structuring the process to 
reduce t h e i r  influence. 

The information gathering process should begin by outlining a conceptual 
framework and a s k i n g  questions such as: What is t h e  current income 
s t r u c t u r e  of t h e  target group? What are the major factors which 
influence it? Row could programs cause favorable changes in these  
factors? The foregoing questions are oversimplified, but do focus on 
the data-gathering process with a central issue.  A foundation is now in 
place f o r  a serious survey research effort. 

The next s t e p  is to determine what information is needed to i n d i c a t e  the  
structure of the target  group incomes, the factors which influence it, 
and how they could be changed. To have a knowledge of income structure, 
net income must be estimated. This means accounting for the costs of 
producing livestock and crops and the economic r e tu rns  which are gained 
from production. 

Once the smple survey is completed for a target group, the  process of 
using farm l e v e l  accounting procedures to obta in  n e t  income begins. 
Nomalfy, e n t e r p r i s e  accounts are used. These are s imply  tables which 
contain inputs and outputs for a particular crop or livestock activity, 
Enterprise accounting is followed by farm and household income accounts. 
These are a sum of the individual crop accounts .  The household account 
provides a n  estimate of income from outside the fam snd f r o m  non-farm 
business activities which are undertaken by the farm family. Through 
enterprise accounts, some inferences c m  b e  made about croDs and 
livestock l e v e l s  o f  efficiency and the potent ia l  of a l t e r i n g  tG crop 
mis - 



Analysis of t h e  s.mple survcys allows the  devel~pment of a more targeted 
research program. I t  presents the constraints i n  n qusntitative and 
precise format iihich t h e  researcher can then evaluate .  For esmple: 

Instead of merely stating tha t  there are labor c c n s t r a i n t s ,  i t  can 
now be determined: (a) what family l abor  is avzi lable ,  (b) on which 
crops or crop  mistures l abor  is used, and :c)  in what quantity i t  is 
used. When determining the monthly use of labor,  one  can determine 
;<hen tho 1&ar c o n s t r a i n t  i s m o r e  of  a problem. Also, i f  some 
members of the f m i l y  are  ork king off-farm during the  period of high 
labor needs, something can be learned about t he  opportunity cost of 
l abor .  The additional value which must be  ob ta ined  through better 
riecding practices t o  coxpensate for t h e  v a l u e  of working off-farm 
can be determined. 

It is known t h a t  crop pests and diseases a r e  constraints, but i t  is 
not known the y i e l d  l o s s  which occurs on farmers' f i e l d s .  Farm 
surveys can d e t e r m i n e  the p o t e n t i a l  savings if less seed is required 
and seed dressings are used t o  control  smut. 

Poor agronomic practices are not  a c o n s t r - a i n t  xhicfi is specific 
enough to be addressed by a researcher. Selected practices must be 
i d e n t i f i e d  and the e-ffecl an improvement would have on limited 
resource use must be determined. 

The above are but some exampics where an ear ly  economic analysis is 
critical to the targeting of research priorities. Secondary information 
sources are useful in designing questionnaires but seldom are specific 
enough to target t h e  priority constraints in a particular agricultural 
system. 



ATTACHMENT 3 

PROPOSED ORGANIZATIONAL STRUCTIEZE FOR ARC -SLlkV 
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PROPOSED ORGANIZATIONAL STRUCTURE FOR ARC - SLDAN 

ARC must consider restructuring its administrative organization if it is 
to meet the growing demands f o r  research required by producers of the  
agricultural sector. A p o s s i b l e  alternative for the organizational 
framework is presented in Figure 2 .  The proposed organization would 
assist the Director General of ARC to better serve all agricultural 
sectors of Sudan. It would give a l l  subsectors equal status and make it 
easier to avoid disproportionate allocations of financial and hman 
resources among them. 

There are three major agricultural sectors served by production research 
activities of the ARC, These a:-e: (1) t h e  rainfed sector, (2) the  
irrigated sector, and ( 3 )  the tropical sector. The fatter is a tern 
used by the Winrock International team to designate the agricultural 
production systems in the high rainfall regions of equatorial  Sudan. It 
is recommended that  the Support Services for ARC be considered an 
organizational equivalent of a research sector. 

It is prc:.-sed t ha t  a d i r ec to r  of ARC head each of the sectors. The 
directors -~nction under and are accountable to the Director General  
with the administrative framework of ARC. 

The rainfed sector will be lead by a director of ARC stationed at Wad 
Medani. It is divided into t w o  subsectors--mechanized farming and 
traditional farming systems. Headquarters for t h c  traditionzf farming 
systems research would be  at the El Obeid Agricultural Research Center. 
The subsector f o r  traditional farming would be headed by a deputy 
director of ARC. 

The mechanized farming s~bsector would headquarter at D-mazin t f  the 
facilities of the BNfADP are made ava i lab l e  t o  ARC. Should t h i s  
assumption be incorrect, the next  logical s i t e  would be t h e  Zenana 
S ta t ion  at Abu Naana. This unit likewise would be headed by a deputy 
director of ?AC. 

The di rec tor  of the irrigated s e c t o r  would be laczited at f4ad Medani. He 
would be responsible for the production research that is associated w i t h  
the irrigated sector. In addition, he xould b e  in charge of the core 
disciplinary units t h a t  service the  special needs of all t he  sectcrs f o r  
basic research inputs. 

The director fur the tropical sector should be located at Wad M e d m i  f o r  
the most effective interaction w i t h  h i s  fellow directors .  There wculd 



be grounds f o r  h i s  location at Yambko, but t h e  review committee suggests 
a Dcputy Director at t h a t  location to coordinzte activities i n  the 
southern provinces. 

The support services f o r  research would be strengthened by being an 
organizational equivalent of a research sector. It would be headed by a 
director of ARC. The sector would be subdivided into two units: (1) 
Library Services a d  <2) Documentation and Outreach Programs. 
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TRIP TO JuBA, 
EQUATORIA PROVINCE 



TO : USAID Miss ion, Khar t own, Sudan 

FROM: Gordon McLean, Consultant, Soils/Agronomy 
Robert Temple, Consultant, Animal Production 

DATE: February 17-20, 1986 

RE: Trip to J ~ b a ,  Equatoria Province 

P_~ZPOSS : 

A t  t h e  request of  the  Acting Agricultural Officer, USAID, Khartoum, the 
, . 

consultants  were par t  of a five-person team i n  Juba to: 

1. Briefly r e v i e t ~  the ShRAD I project i n  southern Sudan and associated 
components of the  p;o j e c t  being carried out under its mandate; and 

2 .  Make suggestions for revising the project. 

Project Review: -- -------- 

1. Although the time was very b r i e f ,  discussions were held with thc 
Director Genera1 of Agriculture of Equatoria Province and h i s  
d i v i s i o n  heads: The Acting Vice-chancellor of the University of 
Juba; the Representative of the  Economic Development Fund (EEC/EDF); 
and the  A c t i n g  Area Coordinator ,  USAID, Jubs. Travel r e s t r i c t i o n s  
in the area limited the v i s i t  to the  town of Juba, consequently, the  
review was conducted without on-site inspections through discussions 
with various personnel. 

2. The present activities of USAIB in Equatoria are extremely limited 
due to the security problems i n  the region and do not cover a l l  the 
par t s  sf, t h e  projects listed in the Project Paper, 

Government personne l  in the Agricultural sector w e r e  asked for small 
p r o j e c t  proposals %here short-term assistance could be affected 
without technical assistance from AID. The p r o j e c t s  that were 
reviewed are diverse, including crop production, crop research, 
forestry, fisheries, credit, soil analyses, insect control, 
assistance to the veterinzry department, rinderpest vaccination, 
tsetse f l y  survey, cattle and sheep ranching, leather crafting, 
t r a i n i n g  af  local f i shemcn ,  planning, and cthers .  

These projects  were initiated in order to have a USAID presence in 
the region FCI~ t.7 assis t  where possible. T t  appears t h a t  much of 
the expenditure has been for operating (recurrent) expenses of the 
existing departncnts of thc  >! in is t ry  and no t  n e c e s s x i l y  for the 
furthering of the  p r o j e c t s '  objectives listed in the Project Paper. 
In several cases, l i t t l e  attention has been given to the anticipated 



ou tpu t s  o f  the Project and little accounting of thc outputs has been 
made. An esception is t h e  fisheries t r a i n i n g  project  in which they 
reported training over 170 local f i shermen out of a target of 500. 
A request is forthcoming for additional funds so an account could be 
given on t h e  numbor of cattle vaccinated. 

The proposals submitted for continuation of support during the 
present s ix -mnth  period, January-July 1386 were discussed. It was 
indicated to the Director General t h a t ,  until the formal report of 
the last six-month period was received and reviewed, commitments for 
the subsequent funding during the next period would not be approved. 

3. Under the present situation and restrictions on travel in the area, 
it appears that development activities under SARAD I are not being 
conducted. Funds from SARAD I are be ing  used, at least to some 
extent, to keep t h e  Ministry operating. 

AccompFishments from A I D  assistance appear to be limited and 
requests for assistance w e r e  largely for fue l s  and spares for 
existing vehicles. 

4. The agricultural research at Y m b i o  is a component of ARC which is a 
national function and, theoretically, outside of the  c o n t r o l  of the 
Director of Agriculture Equatoria Province. Discussions with the  
Director of Ymbio Research Station indicated that he thought t h a t  
his station had little in common with either the WSARP or the 
rainfed sector and suggested t h a t  Yambio be accepted as a t r o p i c a l  
agr icul tura l  research faci l i ty .  

Research at Ymbio has not  functioned well. because of security 
problem. There appears t o  be little or no opportunity f o r  either 
GOS or USAID to i n v e s t  in a research program at Yzmbio at t h i s  time, 
and until such time that peace and political stability are zpparent 
in the Southern Regions, it would be futile to invest in an isolated 
research facility at Y-mbio. 

P r o j e c t s  f o r  Rev i s ion :  --- ------------- 

1. Discussions with  t h e  Acting Vice Chancellor cf Juba Vnivcrsity and 
the representative of EEC, indicated that CSAID assistance to t h e  
IJnivers i ty  may have ccnparative merit for the following reasons: 

a. EEC/EDF is p r e s e n t l y  supporting the b u i l d i n g  of the first phase 
of a net< ranpus, 15 kn distancc across the  Nile River from the 
present c z ~ p u s ,  for the College of Xatural Resources ( in tended  
f i r s t  fo r  the College of Socioeconomics, but  this decision had 
been ckmged). 

b .  A second phase of  construction f o r  expansion of the University 
is presently under consideration by the EECiEDF. 



The College of Xatural Resources has p1z.m in the  futcre  fo r  
developing some o f  t h e  area i n t o  a college fat- for tcaching and 
research, but  no donor agencies have agreed t o  provide t h i s  
ass is t ance .  

A farm complement t o  the e s t c n t  o f  a modern poultry unit (5000 
layers, 3000 broilers) a modern da i ry  (50-100 milking cows), and 
a 20-acre seed production unit t ~ o u l d  provide badly needed 
assistance t o  t he  University. 

Due to a shortage of seeds, poultry, ad m i l k  products i n  t h e  
area, such a farm could be revenue earner for the University in 
the future. 

Students from all over S u d m  attend the University of Juba. 
Consequently, assistance to the University would benefit not  
only Equatoria, but all of Sudan. 

For overall development of the South, two of the major constraints 
are : 

a. Lack of cheap source of electrical pmer, and 

b. Lack of roads and, even where roads do exist, m a n y  cannot be 
traveled during t h e  rainy season due t o  flooding. 

Several s t u d i e s  have shown t h a t  t h e  Fula Rapid is a feasible and 
economically v iab le  s i te  for the construction of n hydro-electrical 
plant ,  A source of power in the South would not  only greatly 
b e n e f i t  all people of t h e  South conncctcd t o  t h e  grid, but would 
also he an encouragement to local small and large industries. 

Further  agricultural devcloprnent in the South is limited by the 
above two cons t rain t s (pot<er and roads) - In addition, the 
government is unable  to meet necessary recurrent  expenses f o r  the  
present agricultural programs. 
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It is recommended t h a t  the original project paper f o r  the Western Sudan 
Agriculturd Project ( W S W )  be amended t o  allow continuation of 
selected activities for a period of f i v e  years. This period would begin 
in Fiscai Year 1987 and would carry the project through its third and 
final phase. It is recommended that grant financing authorization be 
extended in the amount of $5-745 million in support of WSARP a c t i v i t i e s .  

THE PROJECT 

Introduction 

The Government of Sudan (GOS) recognizes the critical role of 
agriculture and agricultural research in meering the food needs and 
development goals of the nation. In recognition of this as a continuing 
constraint, the GOS has requested USAID to develop a strategy to further 
strengthen the capabilities of the Agricultural Research Corporation 
(ARC). This is to b e  done tfrrough c o n t i n u a t i o n  of WSARP. 

In response to this r e q u e s t ,  the following aroended p r o j e c t  paper has 
been prepared and described i n  the following skctions. The bas i s  for  
t h i s  amendment is included in four documents (1) Sudan Agricultural 
Research Project  - Staff Appraisal Report - IBRD,  (2) The Sudan 
Agricultural Research Corporation: Organization, Practices and Policy 
Recommendations - INTSORtlfL, (3) The WSAW - The Sixth Year Evaluation - 
USAXD Khartoum and (4) t h e  original  project paper. Numerous site 
visitations, b r i e f i n g s  by USAID, ARC, WSARP, and various GOS of f ic ia l s  
contributed much to t h e  development of strategies .  

Project Purpose 

The purpose of the proposed Amended Project Paper is t o  develop within 
!.? an effective capability for planning and implementation of  relevant 
agricultural research programs in Western Sudan. This will be one 
factor contributing to an improved standard of living for farmers, 
pastoralists, and villagers who live and work in Western Sudan. 

Background 

Contribution of Agriculture in the West to the Economy. The West, 
comprising the f o u r  provinces of Yorth and South D a r f u r  and North ar~d 
South Kordofan, covers an area of about 850,000 h 2  o r  35% of the Sudan 
w i t h  about 6-75 million or 30% of the country's t o t 3 1  population- Thc 
West c o n t r i b u t e s  about 9Qa0 of the Sudan's millet, 5?'" of the sesame, 4V.i 
of t he  groundnuts, lYO* c;f the  sorghum, 6% o f  t h e  , - , ton and 90"; of the 

C gum arabic production. An estimated 45% of t h e  c a t t l e  (about r 



million), 37% of the sheep (about 6 million), 32% of the goats  (about 
3 . 5  m i l l i o n ) . a n d  65% of the camels (about 1 million) are raised in the 
reg ion. 

Crop Product ion - Small-scale subsistence agriculture is the most 
important economic activity i n  the West. Other sectors, p a r t i c u l a r l y  
transportation and industry, are critically linked to agriculture. Only 
about 3% of the total cultivation in the West is commercial agriculture. 
This is concentrated in South Kordofan and to a small degree in South 
Darfur. Rainfed agriculture predominates, The only exceptions are 
small irrigated plots in the Jebel Marra, at Sag el Naam in North 
Darfur, and around Nyala. The main crops are millet, sorghum, 
gr~::ndiiats, and sesame, with c o t t o n  and maize of lesser impor tance .  
Recorded yie lds  reflect not  only poor soils and unfavorable weather 
conditions, but also poor husbandry practices and, in some areas, over- 
exploitation of the land. For a11 the major crops, the area under 
cultivation has been increasing steadily over recent years. Yields have 
remained stagnant or have decreased over the  same period of time. This 
trend must be reversed if fanners' incomes are to be increased. 

Animal product ion. The conflict between individual otvmership of 
livestock, communal land use, and the seasonal movement of the 
predominantly transhumant livestock producers inhibi2s the proper 
utilization of resources. Use of range, water, and the procluct ion 
poten t ia l  of the herds is inefficient. During the last 25 years, t h e  
number of animals has increased considerably. The increased herd numbers 
have,led to range deterioration without a comparable increase in output. 

Constraints to production. There are two nain constraints to increased 
production: (a) ecological limitations imposed by a l o w  and extremely 
variable rainfall, high evaporation, recurring drought, soils of low 
fertility, and limited availability of groundwater; and jb) increases 
in the human and livestock populations change social structwe and 
traditions and create pressures which encourage ecological degradation. 
The steadily worsening man/livestock population ratio forces many 
pastoralists to turn to sedentary cultivation. Rew and more ef f ic ient  
systems of land use and water management should be introdticed i n t o  
existing livestock and crop production systems if this assimilation is 
to be successful. 

Other constraints are related to these basic issues. These can be 
classified as ecological and socioeconom~c. Some ecological issues are 
deterioration of rangelands, grass fires, parasites and pests, low 
prote in  and mineral intakes by grazing stock, reciprocal pressures of 
livestock and crops in competing production systems, lack of effective 
technologies of crop husbandry, crop diseases,  weeds ,  pests , 
inadequate tillage methods, unimproved crop varieties, low s o i l  
fertility, and poor water management. The socioeconomic constraints 
i nc lude :  t h e  conflict be twen  individual ownership o f  1 ivcst  oc-k and 
communal l and  use, socioeconomic insecurities i n  3 fracile ecosystem, 
attempts t o  b u f f e r  social groups against environmental a l t e r n a t i u n  by 



auerstocking, shifting cultivation sites, increased sedentarization, 
iack of market opportunities, insufficient demad for  consumer goods, 
x ~ d  few opportunities for investment of capital other than in livestock. 

These constraints do not, generally, represent discreet disciplinary 
problems that are capable of solution by traditional techniques of 
experimental agriculture. Rather, they constitute interconnecting l inks  
which could only be strengthened through the study of production systems 
by multi-disciplinary teams. Such research would increase crop and 
animal production and provide security to producers through the long- 
tern optimum use of resources. It placec particular emphasis on 
water/soil/plant/animal/human interrelationships. 

Project Description 

Sudan's agricultural development strategy presented in a Ministry of 
Finance and Economic Planning documentlf indicates the need to m&e full 
use of existing agricultural resources. Emphasis is placed on the 
importance of the rainfed sector which contributes more than h a l f  of the ' 

total agricultural production. More attention to the development of 
rainfed production is expected from the public  sec tor .  This will result 
in a slow but progressive growth rate to about a 5.2% level within five 
to ten years. 

The report indicates a continuing need to correct the tqide variance in 
productivity and incomes between the camercial and subsistence 
agricultural producers. As part of this strategy, COS is according high 
priority to starting development progrzms for subsistence farmers and 
pastoraiists in the West. Intensified use of arable  land, range, 
l i ves tock ,  and water could contribute to reaching the planned 
development targets in t h e  country and a steady improvement in living 
standards of the population of the West. This is critically dependent 
on the development, transfer, and adoption of improved technical 
packages which call for t h e  support of an accelerated agricultural 
research program. 

The WSAW area includes the Provinces of North and South Kordnfm 2nd 
North and South Darfur. It extends from t h e  B a h r  el  Arab i n  t h e  South 
to the  Libyan desert in the Xorth, and from the N i l e  in t he  !??st to 
beyond t h e  Jebel Marra Massif i n  the West. The habitable southern t r w  - 
thirds of the WSARP area is located approximately between 9030 and 1G03 
latitude and 20" and 320 longitude. The north-south rainfzfl gradient 

----------- 
l'Prospects, Programmes and Pol ic ies  for Economic Development IT, 
1983/84 - 1985/86. October, 1983, The Democratic Republic of Sudan, 
Ministry of Finance a n d  Economic Planning. ( P l a n n i n g ) .  Khartoum. 



increases from very arid (about 25 m per annum) in the  no r the rn  desert 
to semiarid (up to 900 mm) along thc R a h r -  el Arab in the sout I i .  Thjs 
embraces the ecological zones of the Sahara, Sub-Sahara, SaheZ, and 
Sudanian savannah. In the south, the r a i n y  season extends  over a period 
of f i ve  months (June to October) and progressively decreases in duration 
toward the north. 

Fragnentary soil surveys have identified three broad soil groups i n  the 
inhabited southern part of the Project area: 

I .  The stabilized (Qoz) sands  complex is predominant and has low 
fertility but  can be cultivated by hand. 

2. The non-cracking clays are widely scattered, with sparse 
vegetation because of low permeability. Grazing is the most coirwon 
use of these soils, but they are also suited for  cropping once the 
hard surface p a  has been broken. 

3. Cracking clays are the most fertile and s t a b l e  so i l s -  They are 
predominant i n  the  Nuba Mountains and occur over much of t h e  
southern Project  area. 

U n t i l  r e c e n t l y ,  t h e  nomadic livestock-owning Baggar3 pcople \ i cb I -<3 
predominant, though a few Baggara and some nox;-Baggara people have beer! 
settled agriculturalists for  a long time. Because of human and 
livestock population pressures, more and more pastoralists  are turning 
to crop product ion i n  association with livestock production in areas 
receiving an annual rainfall over 400 mn. This reduces the  land 
requirements per family and increases t h e  output per u n i t  of l and .  
The range areas, once seasonally rested during cyclic migratory 
l ivestock movement, are now subject to intense  degradation- 
Furthermore, cash surpluses accumulated by settled cultivators are 
largely invested in livestock. Thus, a continuum now esists wi th  
varying degrees of settled, semisedentary, and fully nomadic populations 
t h a t  have overlapping needs which create competitive demands f o r  
resources. 

The variation in natural conditions and economic behavior of t he  
inhabitants  can be differentiated into f i v e  a.gro-pastoral production 
systems, of which two are purely pastoral and t h r e e  are crop/livestock 
comb ina t  ions : 

1. The nomadic system. This involves arid livestock production at t h e  
desert f r inge.  

2. The transhumant system includes semiarid livestock production i n  
Southern Kordofan and Darfur t h a t  is interspersed w i t h  crop 
production. 



3 The sedentary system which is divided into three specific groups. 

a.  i n t e g r a t e d  crop/livestock production on stabilized smds;  
b -  integrated crop/livestock product ion on n o n c r a c k i n g  clays; 2nd 
c. integrated crop/fivestock production on cracking clays. 

There is considerable overlap between these systems. For  instance, in 
the w e t  season the northern l i m i t  of t h e  semiarid cattle rzngc coincides 
with the southern l i m i t  of  the arid camel/sheep range during the dry 
season. These range resources are ac tua l ly  grazed year-round and have 
no opportunity for recovery. Year-round livestock production is 
d i f f i cu l t  i n  the  areas of non-cracking clays due to flooding problems 
and on cracking clays sites because of mud. Livestock e i ther  have to b e  
moved t o  drier s i t e s  outside t h e  area, or fodder conservation is 
required t o  maintain t h e  animals during w e t  weather. 

The WSARP would, with  extended support for  n five-year period, continue 
to develop and implement t h e  ARC'S research program in Western Sudan. - 

In particular, the project  would include: 

1. Continued, strengthezing of research programs concerned w i t h :  

a. Livestock and crop production systems at El Obeid md Kadugli, 
with supporting activities at Ghazala Gawazat  

b. w a t e r  and land use management research at El Obeid w i t h  
supporting activities at El Fasher, and 

, . 
c. livestock production and range management progr~ams at E l  Fasher 

and Ghazala G a w a z a t  for nomadic and transhumant production 
systems. Programs for EX Fashcr and Ghazala Gawazat would 
involve only limited support for technical assistance groups 
xhose responsibilities cover work at the  Darfur locations, as 
well as the  research stations in Kordofan. 

Identification, training, and posting of a Field Systems Resrarch 
Unit at El Obeid t o  function throughout the v a r i o u s  product'ion 
systems of West Sudan (Annex 1). 

3. Development of Field Systems Research Sections at each research 
station to  test technology interventions for various production 
systems on the farmers' f i e l d s  and to implement and monitor farmer- 
managed tests of the improved technology packages (Annex 2). 





4. Creation "of a Training and Extension Unit at El Obcid. This uili t  
will operate from the  Conference Center at E l  Obeid. Tt will be 
responsible for development of refresher courses f o r  all research 
staff as well as t r a i n i n g  meetings, workshops, and conferences f o r  
Extension personnel, private sector technicians, and farmers. 

5. A program for WSAW staff which will provide both graduate degree 
and non-degree training opportunities. 

6 Technical assistance to be  provided to WSARP to assist Sudanese 
scientists to accoqlish the goals they have established for Field 
Systems Research. 

7. Continued development of research support services such as: 

a. Research planning 
6. Library development 
c. Use of personal computers io agricultural research 
6. Publication of research results. 

8. Purchase of research and farming equipment needed t o  conduct t he  
planned research activities. 

9. Inputs i n t o  salaries of WSARP staff and recurrent costs of operating 
the stations. This must involve a progressively greater input each 
year by the GOS until at project's end it w i l l  hzve assumed full 
responsibility f o r  salaries and operating costs from budgeted 
sources. 

The project will be financed j o i n t l y  by CSAID, I D A  of t h e  World Rank, 

and the  GOS. USAID will contribute $5.745 million, IDA $.8 million, and 
the GOS $7.980 million over a f i v e y e a r  period for a t o t a l  project cost 
of $14.525 million. GOS financing will include progressively increasing 
levels of local salary and operational costs over the life of the 
project. IDA contribution will f inance  operation of the project 
aircraft. USAID will fund the balance of the costs i n c l u d i n g  technical 
assistance, participant training, commodity a d  equipment purchase. The 
logical framework for these activities are presented in Annex 3. 

DISCVSSION OF PROJECT COMPONENTS 

Research Proqrams at El Obeia 

Integrated Crop/Livestock Production Research on Non-cracking Clays- 
Non-cracking clays are elements of the  existing production systms i n  



the WSARP area although they do not constitute a production system in 
their own right, They are mast detectable i n  the clay pan-sand 
alternation in the Baggara pattern; and they are interspersed with 
cracking clays around the Nuba Mountains. They are also fixated i n  a 
stabilized sands/non-cracking clays mosaic south of El Obeid (Figure 1 ) .  
Non-cracking clays are used mainly for livestock production and as water 
catchment areas, They are capable of providing range grasses and browse 
of high mineral content. 

The hard surface pan of these basically fertile soils prevents their use 
by smallholders where traditional hand- and animal-powered tillage 
techniques cannot prepare them for cropping on a significant scale. 

The general approach of research studies  would be the same as for the 
integrated crop/livestock systems an stabilized sands with greater risks 
of drought. Crop production research would include m i l l e t  as a major 
crop. It should focus on moisture conservation and improved tillage 
technology involv ing  animal traction. 

It is recommended that the millet research at El Obeid be  planned in a 
cooperative effort  with INTSORXIL and ICRSAT, These international 
agricultural research institutions can provide t h e  basic resenr-ch in 
plant breeding and in disease, weed, and insect control that is 
necessary to complement and support the applied research effort of 
WSAEZP/AFlC scientists- 

Water and Land U s e  Management Research Program- This program would 
support the multi-disciplinary systems research teams in West Sudan. It 
includes the survey, monitoring, and classification of available land 
and water resources and t h e i r  rational USE in crop o r  l ivestock 
production. Beducing runoff losses of limited rainfal l  and efficient 
use of t h e  resulting soil moisture are essential to the optisizatiun uf 

crop and livestock production i n  the West. It is critical for the GOS 
to develop land use policies for t h e  nation. WSARP scientists can 
contribute to this need by developing a sound data base for making such 
land evaluations in western Sudan. 

An inventory of s o i l  resources in the West would help researchers 
recommend crops and production technologies fur farmers of the region, 
It would also assist the agricultural researcher t o  predict y i e ld  
responses to specific technological interventians. The main  lines of ' . 

research would include: 

1. Water management technology, water conserrat i on, i n f  5 lt rat ion, run- 
off, harvesting, surface, soil profile and underground water 
storage, and evaporation. The most efficient, minimal use f o r  
crops, livestock, and human populations must be  determined. 



Socioecmomics of water management require that comparative costs 
and benefits for the techniques of harvesting, stcring, and using 
water be determined. Social structures and economic pressures must 
be investigated as mechanisms to control and restrict water use for 
control of livestock numbers- This is necessary for improving 
Sudan's rangeland resources. 

Land use planning involves preparation of a land use classification 
system for the West, based on suitability of land for crop or 
livestock productim. Preparation of land use plans which avoid 
conflicts between the interests of pastoralists and farmers and 
which designates dry season grazing reserves znd live~tock routes 
for pastoralists would be invaluable. The improvement of traditional 
farming and identification of further settlement areas f o r  large- 
scale, mechanized farming and irrigation develo~ment would have 
long-range benefits fo r  Sudan. 

A cooperative effort between WSARP and Soil Management Support 
Services (SMSS) i n  development of a soil resource inventory and land 
use evaluation would enhance the research capability of the water 
and land use management program. See Annex 4 for technical and 
budget details of a proposal by S K S .  

Field Systems Research Unit. One of the obvious successes of the WSU 
input into WSARP research w a s  the adoption of t h e  F ie ld  Systems Research 
approach. Although there were errors in the initial diagnostic phase, 
the procedures were presented to the scientific staff and apparently 
were understood. I t  requires develapnent of a special systems research 
uilit to ensure t ha t  a multidisciplinary approach t o  solving production 
constraints maintains focus. Therefore, i t  is suggested that a Field 
Systems Research Unit be developed at El Obeid headquarters. This unit 
would be headed by a Sudanese economist t ra ined i n  farm systems 
management. This person would be complemented by a staff  at El Obeid 
consisting of a production agronomist, a livestock production 
specialist, and a rural sociologist (see Composition and Function, Annex 
1) - 
Included in the Unit would be four Field System Research Sections, one 
located at each of the four WSARP research stations (see Duties and 
Responsibilities, Annex 2). 

The FSRU is to function throughout all of the agricultural production 
systems of Western Sudan. It will collect baseline macro- and micro- 
economic data as well as monitor changes within production systems as 
they are affected by technological interventions. This will allow 
assessment of the economic impact of an improved technology. 

It is assumed that the system of review of station research plans as 
established in the original WSARP project  will be continued. This 
includes review by each station cornnittee, and overall WSARP cornmi t te~ ,  
and finally by the  ARC Director General. It is proposed tha t  rcsults of 
all analyses by the FSRU be distributed t o  each committee charged r i i l h  



review and approval of research programs. This would serve to give 
a basis for determiaing research grioritizs, integration of research 
programs by various scientists, ensure against duplication of effort, 
and of the applicability of the research across ecological zones .  

I t  is intended that the F i e l d  Systems Research Unit will be a direct 
intermediate link between the research station a d  the  farmer. It will 
continue to identify c o n s t r a i n t s  and establish priorities for research 
that are necessary to s o l v e  production problems. 

Research Programs at Kadu~li 

Integrated Crop/Livestock Production on Cracking Clays. Cracking clays 
are characteristic in the southeast o f  the WSAW area. The major 
difference between this system and that on stabilized sands would be the 
substitution of sorghum for millet as the major crop. Sorghum is more 
tolerant of heavy s o i l s .  Likewise, sesame would be substituted for 
groundnuts as the major support crop. In t h e  Nuba Mountains, cotton is 
important, replacing gum arabic of the stabilized sands as a cash crop. 
Livestock differences also  exist, d e s e r t  sheep decl ine  i n  importance and 
are replaced by goats and cattle- 

I n  addition to the problems common to all farmers in t h e  Project area, 
specific constraints exist with  regard t o  the short period for seed bed 
preparation and planting on cracking c lays .  The traditional t i l  lace 
technology limits the area that can be cultivated. The use of 
unimproved sorghm and sesame varieties, together wi th  weed competition 
(striga) i n  sorghum and millet and post-harvest i n s e c t s  in sesame, place 
severe limits on production. Livestock are seriously affected by mud 
and flies in the w e t  season. 

Research at Kadugli would be planned to include the following: 

1. Crops. DeveZopment and testing varieties o f  sorghum and sesame 
varieties, developing improved production p r a c t i c e s  such as  
controlled plant populations, proper dates of pla~ting, improved 
weed control ,  fertilization, and improved harvest procedures: I t  is 
suggested that the research capability of the LNTSCEIL CRSP and of 
TCRISAT be involved in the program at Kadugli. i t  will provide a 
source of basic research needed to support t h e  applied research 
effort of WSAW/ARC scientists. 

2. Livestock. Animal tract ion; management and nutrition of local and 
introduced breeds of cattle, sheep, goats, and their crosses for 
milk and meat production. 



3. Pasture and forage- Because of the difficulties of grazing clay 
soils during the wet season, techniques of forage harvest and 
storage must be considered- 

4. Tillage techniques. Evaluation of hazd and mechanized tools f o r  
aore rapid and more efficient cultivation of the difficult b lack  
cotton soils. Tillage practices by hand, animal traction and varying 
degrees of mechanization must be studied in relation to their impact 
on optimal water use, root penetration and plant growth, soil 
erosion, timing of tillage, labor requirements, and economic 
evaluat ion .  

&1 Fasher , Nomadic Product ion System. 

Nomadic pastoralists exploit the desert fringe with camels, sheep, and 
goats in response to, and sometimes in anticipation of, irregular 
rainfall and shifting plant cover. Seasonal movements range from 250 t o  
500 Ian and may reach 800 km in years of exceptional rainfall when browse 
flushes occur in the desert, 

The rainfall variability and lack of permanent water require repeated 
animal relocation. This d iver t s  most food energy to maintenance rat-her 
than production. Body weight losses and mortalities are incurred during 
the long and severe dry seasons .  Further constraints inc lude  the loss 
of grazing through fire and inadequate animal disease treatment. 

The potential for improving the productivity of this fragile but  highly 
adapted system through technical innovations must be regarded as 
limited. Research studies on range condition and trend and biomass 
manipulation through grazing different livestock species, variations in 
watering regimes, use of grazing management is proposed with a v iew to 
stopping the advance of the desert. Studies would also include the 
structure and productivity of camel herds and sheep and goat f l o c k s .  It 
would involve such underlying technical coefficients as t h e  effect of 
improved disease control ,  feeding of mineral supplements and development 
of drought strategies. 

Human resources would be studied over a longer t i m e  span w i t h  regard to 
demographic structure and trends, nutritional and health status, the 
organizational and social context of the production unit, decision- 
making, socioeconomic value patterns, marketing processes, animal 
management patterns, and inter-population pressure through competition 
for resources. 

WSARP, with funding from ARC and World Bank sources, plans to initiate 
research at El- Fasher and Ghazala Gawazat when the facilities are 
completed in 1986. USAID has withdrawn support from WSARP f o r  any 
research activity associated with these two stations. I t  is strongly 

1 I n-7," 



recommended that USAID spcnscred research zctivities include limited 
support for WSARP scientists who have responsibilities that include 
work i n  the Darfur locations. I t  is also recommended that if requested 
by GOS, USAID concurrence should be given to use of PL-480 funds in 
support of salaries a d  recurrent costs for research activities 3t these 
stations. 

Transhumarst Production Systems. This production zone is characterized 
by a series of parallel, longitudinal grazing orbits (from below ZOcN 
almost to latitude 135N). These land use patterns are created by 
Baggara pastoralists moving either toward fresh grazing (dry season) or 
away from b i t i n g  f l ies and heavy mud. Seasonal movements range from 300 
to 600 kms. C a t t l e  are the  main class of stock, with some sheep and 
goats tended in mixed flocks. Dairy produce is consumed for subsistence 
or sold at local markets in exchange for grain, t e a ,  sugar, or clothing. 
Cattle offtake for sale is about 5% (mainly mature stockj , but small 
ruminants serve as the main meat supply for sabsistence. The labor- 
in tens ive  livestock system of the Baggara is reasonably efficient in 
relation to t he  natural potential. Calving rates of 65X, 120% lambing 
rates, and 200% kidding rates have been recorded. Millet production for 
subsistence on the easily tillable Qoz soils is expanding'rapidly. 

Expanding cultivation by both cattle owners and sedentary farmers, as 
w e l l  as grass fires, reduce the availability of dry season grazing. 
Cyclical growth and weight losses of livestock are common. Grazing 
forages and crop residues are d e f i c i e n t  in protein and minerals during 
the dry season. Animal diseases and parasites appear t o  be more 
important here than in the  north- There are local water shortages and 
widespread overstocking of the range. Lack of permanent water supplies 
along the routes of transhumants sometimes forces them to complete the 
southward migration t o  the  Bahr el Arab before the forage can be fully 
ut if ized- 

The objective of research activities would be to improve the economic 
position of the predominantly transhumant pastoralists by improving 
livestock output. This would be accomplished through improved range, 
water, and livestock management. The end result would be higher 
offtake and improved subsistence. New technologies will be developed 
that are both environmentally advantageous and socially acceptable. The 
main lines of research would include: 

1. Rangeland production. The assessment of range condition and t rend:  
The primary productivity and its improvement possibiltties through 
controlled grazing, water, and fire management; the introduction of 
new species ( inc lud ing  leguminous trees and shrubs);  the strategic 
use of localities with better soils or available water; and, tn a 
lesser ex tent, reseeding and bush control . 



Livestock production. The structure and ~ r o d l l c t i v i t y  of cattle herds 
and the flocks of sheep and goats; the effect of improved hea l th  
management, providing mineral supplements, anL the feeding of crop 
residues or by-products on livestock production; herd productivity 
changes r e s u l t i n g  from early extraction and fattening of young 
maf es , 

Pastoral security, Human resources to be studied include 
investigations of opportunit5es f o r  c a p i t a l  investment other than in 
livestock. 

Pastoral systems: Livestock and human resources would be integrated 
into proposals for improving traditional systems of livestock 
husbandry and life style of the people. The key to such changes 
would be the definition of basic limitations in available resources 
(particularly soil, vegetation and water) and the need to conserve 
available resources. For example, models would be developed which 
consider the introduction of new water management technology, 
balanced numbers of people and livestock, and increased subsistence 
cultivation. Basic concepts of land and water use, grazing control, 
organized land use for pastoralism and agriculture, animal disease 
control, and drought strategy development would all have to be 
studied. They must be brought together in the models so that final 
.technology packages could be formulated and demonstrated in a manner 
appropriate to, and accepted by, the livestock producers. 

Integrated Crop/Livestock Production on Stabilized Sands 

Sedentary Production Systems. Livestock and crops are integrated in 
differing propc- tions and with varying efficiency on stabilizcct.  sands in 
the  middle b e l t  of the WSW area, between 250 and 600-mm isohk-ets .  
Millet and groundnuts are the important c r o p s  with some production of 
bamia (okra), sesame and peppers. In the northern areas, Acacia sencpal  
is tapped in the dry season for gum arabic, It provides  a 
marketable product which docs not compete for labor with other crops 
during the harvest season. The agricultural rota t ion technique i n c l u d e s  
4-5 years of cropping, with gradually declining yields, and 8-12 years 
of bush fallow. Longer fallow periods in the north allow more efficient 
management of gum gardens, There is mounting land pressure t o  reduce the 
fallow period, This could adversely affect gun arabic production- 

A typical production unit consists of a family (rnsn, w i f e  or l ~ i v e s ,  and 
t h e i r  children) cultivating 2-4 hectares of l m d  and l i v i n g  in v i l l a g e s  
of 10-30 huts, Livestock (desert sheep and goats used for milk and meat 
production and for  low volume marketing) are required to stabilize the 
system because of crop failures in one year out of five. 

Marginal and h igh ly  variable rainfall, together with low sui 1 fertili t5-, 
are the  main reasons for  t h e  fragile prociuct iorr sys t m s .  Crl-c-rstociiing 
is prevalent around villages. Grass fires o f t m  d e s t r y .  r r s t  r - f  tho 



pasture. Over exploitation of crop land through reduced fallow p e r i d s  
encourages erosion and desertification. Technology which would a l l o ~  
crop production to increase by m e a n s  other than expansion of cultivated 
areas has not been adopted. There are reciprocal pressures o f  livestock 
and cultivation demands in a d j o i n i n g  and competing production systems. 

Research on this integrated livestock/crop production program $auld 
include: (a) Differential efficiencies and costs of crop and livestock 
production within the integrated farming systems; (b)  the study of 
integrating factors such as risk minimization, uniform use of labor, 
utilization of unsalable products, and the effect of manure on soil 
fertility; (c) evolution of permanent crop/fodder/pasture rotations; (d)  
small farm economic studies; (e) the social structure of production 
units; (f) marketing procedures and opportunities; and ( g )  institutional 
requirements in the subsistence sector. Technology packages would b e  
developed which would be easily applicable by subsistence farmers. The 
environmental impact of innovations would be constantly monitored. 

In developing these packages, emphasis would be continued on: 

1. Crops. The testing of food and cash crops, particularly new millet 
and groundnut varieties supplied by ARC stations, TCRISAT or 
INTSORMIL; minimum tillage and water management technology; crop 
protection; weed control; and, to a lesser extent, usc of 
commercial fertilizer. 

2 .  L i v e s t o c k .  The use of d r a f t  mimafs ;  milk and meat pr-vduc:tion; 
nutritional values of crop by-products and residues; f e r t i l i z e r  
values of animal wastes; and comparative productive and 
reproductive efficiencies of local cattle, sheep, znd goats with 
highly variable feed supplies and diet quality. 

3 -  Pasture and forage. P o s s i b l e  new species such 3s Stylosant h m  
Cenchrus -------- to improve range production; the effectiveness 
economics of growing forage c r o p s ,  and using fertilizers 
increase feed supply at critical times; preserved forage cut from 
pasture and forage crops; crop residues and grnin supplerncnts fo r  
the maintenance or survival  feeding of s tock during t h e  dry season. 

INSTITZITIONAL DEVELOPMENT 

Training activities. Continued training at both  the graduate degree and 
non-degree l e v e l  is planned to assure continued research capability for 
serving the traditional agricultural production systems. The need for 
training four persons to the Ph.D. level and three to the ki. Sc. level 
has been identified by t h e  Froject Director as  essen t ia l  t o  Projw-t 
activities. Pccrposed fields of study for t h e  trainers art. i r u l i c . a t , r . r I  2 s  
follows: 



M. Sc. Dcgree ------- --- Eh - D. 9 ~ g r w  

Animal Production 1 1 
Economics (agriculture) 1 1 
S o i l  and Water Management 1 Z 
Biomet r ics  I 

Provision is made for non-degree t r a i n i n g  for 20 persons.  This training 
would be primarily 1- to +month experiences i n  organized courses at 
TARCs, universities, or agencies i n  the U . S . A .  I t  should he directed 
toward development of the  Training and Extension Unit (TEU). The 
conference center a d  guest house accommodations provide an ideal 
circtrmstance f o r  the TEU to prepare refresher courses for short-term 
t r a i n i n g  of scientists i n  statistics, planning research, use of personal 
computers, and updating research backgrounds. The TEU would axso 
prepare and d i s t r i b u t e  brochures and pamphlets f o r  extension a c t i v i t i e s .  

The TEU staff is t o  be identified and located at E l  Obeid in the initial . 

year (FY 1987) and t h e  f irst  training activities are to b e  conducted in 
the second year. Short courses for training extens ion  and private 
sector persvnnel in new technologies would be organized and conr iur ted  by 
TEU w i t h  ass is tance from TA special is ts and Surlarlese research 
scientists+ 

Technical Assistance 

It is projected that there will be a t o t a l  of 26 scientist-years of 
resident technical assistance provided. In addition, there will be  five 
years of home office management- The specialty and location at which 
each wif l work are: 

Specialitv 

Research P l a n i n g  and Fie ld  Systems Research 
Soil and Water Management 
Agricultural Economist 
Agronomist (sorghum, millet) 
Livestock Production 
Biometrician 
Administrative Support Officer 
Home O f f i c e  Management 

Locat ion 
---A 

Years 

El Obeid 
El Obeid 
Kadugl i 
Kzdugl i 
Kadugl i 
E l  Obeid 
Khartoum 
U . S . A .  

The team leader could well be selected from any one of the disciplines, 
However, to provide a continuing input to research planning over the 
contract pe r iod ,  i t  is suggested that t h e  team Z ~ a d r r  bv t ra i rwl  i r i  f;~r-m 
systems research. He should be recruit~d for the .5-:i'enr p e r - i d .  The 
remaining co:lsultants should be recruj. ted f o r  t he  terms of projected  



duration f o r  the period. The more continuity in tenure of specialists, 
the more effective their input will be. 

There needs t o  be  continued emphasis on research planning to cnsurc that 
there is justifiable confidence i n  r e s u l t s  o f  research a c t i v i t y .  A 
biometrician is included i n  the technical assistance support f o r  E l  
Obeid Station. This TA is to assist with  research planning and to  
provide training to resident staff at all research s t s t i o n s .  

The position of Administrative Support Officer for the project could 
w e l l  be f i l l e d  by a local h i r e  person. 

F r o v i s i o n  is made f o r  SO man-months of short-term c o n s u l t a n t s  during the 
life of the project .  These are to  be used for research planning, 
computer training, project evaluation, library planning and 
organization, external review, and other needs as the> may bc 
identified. 

Unfortunately, there has been inadequate training of Sudanese personnel 
in the procedures for using the personal computers. Technical 
assistance is needed t o  provide "hands-on" training of Sudanese 
scientists i n  the analysis, management, and storage of data w i t h i n  t h e  
capabi l i t i e s  o f  the personal computers. S c i e n t i s t s  must also hare 
"user-friendly" software for statistical analysis of data and f o r  
developing b a s i c  t y p i n g  skills. Inadequacy of available s~cretnrinf 
help de lays  reporting and publ i sh ing  of research results. 

Research Support- 

Library materials, books in particular, have been purchased by h7SI!/CID 
staff. A temporary library was established in t h e  Khartoum 
headquarters. This will be moved t o  El Obeid upon completion of 
construction. Journal subscriptions were cancelled in 1984 because the 
hard currency required for such subscriptions would not be avai lable  
after the end of the  CID contract. 

The library network within the  West Sudan stations and its interfact 
with the ARC library at Wad Medani will continue t o  be of great 
priority. A short-term consultant should be brought t o  Sudan at the 
time the move of library materials from Khartoum to El Obeid is 
anticipated, Xot only would this person supervise library organization, 
but also would inventory missing gaps in the  various professional 
journals. Tt will be necessary t o  assist the Sudanese to secure mjssing 
volumes and t o  reactivate journal subscriptions. Somehow, a method must 
be developed t o  ensure t h e  a v a i l a b i l i t y  of adequate foreign exchange to 
permit payment of subscriptions. 



The  publication and dissenination of reports and rcsesr-sh p h l i c ~ t  ions 
is a continuing problem- Although there was some ass i s tance  g i v m  tu 
ARC in order to strengthen its publication ability, the output is still 
inadequate when compared to needs.  

It is necessary to bring a short-term consultant to Sudan who would 
assist ARC at Wad Medani to make its documentation efforts more 
efficient. This consultant would assist the Project Director to assess 
the status of the IDRC grant to AFE for strengthening the documentation 
capabilities of the organization. This TA would also ascertain the 
plans of the World Bank to strengthen the documentation capabilities of 
ARC through a proposed program entitled, "Agricultural Research, 
Extension, and Training Project. " 

The evaluation team recommended that ARC research efforts should be 
expanded to include t he  total rainfed agricultural subsector. I f  this 
is to be accomplished, the initial step would require an appropriate 
diagnostic survey of the subsector. The purpose of the survey is to 
identify c o n s t r a i n t s  to production and assess their economic importance. - 
Such an appraisal would provide a basis for establishing priorities in 
deveiopment of research. It could be accomplished by appropriate teams 
of short-term consultants prior to the- time any planning for 
implementation of a research program is undertaken. Annex I and 2 
provide information relative to this kind of diagnostic work. 

Environmentally, AID'S primary concern with projects of this nature are 
the long-term sacioeconomic and cultural implications of applied 

research results. While application of research is not part of the 
WShRP, AID is the major donor and can directly i n f luence  the 
environmental impact through provis ion  of the techaical services that 
prepare the research plans- 

The program, as outlined, acknowledges the need to examine socioeconomic 
and cultural impacts when conducting research which may lead to  possible 
developmental activities. Any application of research should have the 
benefit of thorough environmental analysis at the research stage. The 
specgalties of the AID-financed technicians assure W A R P ' S  capability t o  
perform th i s  environmental analysis .  

The inherent environmental focus of the research program that has been 
suggested here should assure that the project will have no significant 
adverse effects on the envirorment.  Therefore, it is recommended that a 
negative environmental determination be made. 



PROJECT INPUTS 

USAID. USAID will finance the following inputs toward achieving t he  
purpose of the amended project  paper. 

1. Technical assistance. I t  is projected that there w i l l  be a total of 
26 man-years of resident technical  assistance provided. J n 
addition, there will be five years of home office management. Terms 
of reference for the proposed technical assistants are included as 
Annex 5 .  

Provis ion  is made for 30 man-months of short-term consultants during 
the life of WSARP. These are to be used for research planning, 
computer t r a i n i n g ,  project evaluation, library planning and 
organization, external review, and other needs as they may be 
identified. 

2.  Participant training.  USAID funding is to be utilized for t r a i n i n g  
seven additional Sudanese research s taf f ,  Four would be for Ph-D 
degrees arid three are identified for M.Sc degrees. Twenty non-degree 
specialized training participants are proposed for 1-6 months each. 

Proposed fields of study l o r  the trainees are indicated as follows: 

Animal Production 
Economics (Agriculture) 
Soil and Water Management 
Biometrics 

3. Capital costs. USAID will fund 100% of the following project costs: 

.Research equipment for  laboratory, field vehicles, and farm 
equipment. 

. Small purchases fund. 
.An illustrative list of anticipated equipment and vehicles for 
procurement is provided in Annex 6- 

IBRD (World Bank). Operating costs for t h e  WS.WP aircraft. 



Government of Sudan. GOS will support WSARP operations by f i n a n c i n g  the 
following inputs  on the  b a s i s  of the schedule indicated below- 

Percentage Contribution 

Local Salaries 
Budgeted funds 30 40 5 0 60 75 
PL-480 funds 70  60 50 40 25 

Recurrent Operating 
Expenses 

Budgeted funds 
PL-480 funds 

PROJECT OWPUTS 

Research programs have been implemented and are adequately 
supported at rainfed agricultural research stations in Western Sudan. 

There is an improved h u a n  resource base f o r  conducting research as 
a r e s u l t  of training. 

A Field Systems Research Unit is in place at El Oteid and 
functioning throughout the traditional agricultural p-oduc t ion  
systems of Western Sudarr. 

Field Systems Research Sections have been identified a t  each 
research station and are functioning to conduct technology testing 
on t h e  farmers' f i e l d s .  

A Training and Outreach Unit has been organized a t  E l  Obeid to 
provide refresher courses for WSARf S t a f f  and develop training 
programs and conferences for  research and extension pe r sonne l ,  as 
well as for private sector participants. 

Research infrastructure has been complemented by purchase of 
transport vehicles, research equipment, and supplies. 

The Government of Sudan will have demonstrated its capacity t o  
continue the project after donor support is terminated, 



PROJECT ANALYSIS 

Technical Analysis. 

This project w i l l  provide GQS with the  essential elements required to 
continue tievelopment of a viable research program i n  Western Sudan. 
Extended support f o r  the ARC headquarters will assist the ARC in its 
ability to serve the research needs of the traditional farming systems 
of the rainfed agricultural subsector. IBRD funding of aircraft 
operations will ensure reliable and timely transport of staff 
materials between Khartoum and the four research stat' ions. 

The research program that has been developed by the previous contractor 
and the ARC-WSAW scientists is related to plant and animal production 
techniques. The program for each research station and for the different 
commodities involved at these stations must be reviewed and revised 
where necessary to meet the planned research needs. 

There should be increased emphasis on the socioecor~omic base for 
planning research so that econcmiczlly sound priorities can be placed on 
constraints t h a t  have been identified in previous studies or that  have 
resulted from increased contact with the target populations. 

The research conducted by Sudanese scientific s taf f  and the AID fundcd 
technicians will be directed primarily at p l a n t  and znimal production 
t e c h i q u e s .  The technical specialist is t o  :cork with h i s  Sudmcsc 
counterpart at the regional station where his expertise is of greztest 
import a c e .  

In some instances, the techniciaa nmst assist in development of more 
than one location. His responsibilities would be to sssist i n  
developing comodi ty  programs w i t h i n  a production systems rcsrnrth 
context for the base station and t h e  ather appropriate satellite 
s t a t i o n s .  They must ass i s t  in assuring the  transmission of pertinent 
data and information from local so*xces, a+ well as from internatioria; 
data banks, to the groups planning research activities. This will help.  
to assure relevant research programs that are not duplicating previous 
effort unnecessarf ly , 

There is a continuing need for identification and selection of 
scientists for support in  advanced tra ining  within graduate and non- 
degree programs. This w i l l  involve new participants who have h e m  
selected by ARC/WSARP for key planning, organization, research, and- 
training positions with funding by USAID. 

f l  



The technical approach as identified i n  the IERD appraisal and developed 
by CID-WSU and WSARP staffl' remains bas ica l ly  sound. Changes are 
suggested for planning procedures by the sisth-year evaluatiun t . r a m s .  
The variations resulting from withdrawal of support from the Darfur 
locations have necessitated a revision of sone strategies for t h e  Darfur 
s tat ions  at El Fasher and Ghazala Gawazat. 

Financial Analysis -... 

The project  w i l l  be jointly financed by a grant from USAID, regular 
budget contribution by the GOS, use of FL-480 funds, and through a grant 
by the  IBW- Table 1 indicates the e x t e n t  of the individual  
contributions. Total project  cost  is estimated to be approximately 
$14.5 million. 

Based on a precedent set by the initial phase of WSARP, GUS will 
continue to support local salaries and recurrent operating costs. By 
mututal agreement with the Director of WSNZP, t h e  percentage of support 
coming from PL-480 funds w i l l  decline over t h e  life of the project- 
Budgeted funding from ARC will assume a greater proportion each year. * 

A t  the project's end the entire budget will have been assumed by this 
source of funding. 

Recurrent operating casts were suppartr t h e  10C% level in t h e  , 

i n i t i a l  phase. An incremental reduction . XI I?^": funding to 20% 
support in the final year has been developed, Projected recurrent costs 
(Table 2) reflect a 15% inflation rate from the current situation to the 
anticipated end of project. 

The contribution expected of USAID (Table 3)  is $5,745,000. C : ~ y i t a l  
costs are minimal. The major portion of the projected capital cost to be 
used for replacement vehicles.  

The World Bank, through XBRD, will continue support for the WShRP 
aircraft. This support totals $800,000 over a 5-year periud for the ' 

WSAW budget 
! 

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

:/WSMP Publication Xo. 13 and 14. October 1982. 



Table I .  Financing schedule (US $000). 

IWUT BY DONORS PEWFNTAGE OF ,TOTAL 

. . 

If: Operating Cost 

2411 241 1 100 Local Salaries 
Recurrent Cost 5569 5569 100 
A f  rcraft 
Operat ion 800 800 100 . . 

--1--_-__1________1__1_11_1.-_1___1_______----------- 

III Technical 
Assistance 5145 5 145 100 



Table 2. Recurrent cost smeary and projections for Western Sndsn Eesearch Stations and 
Shasbat Headquarters. Fiscal year 1984-1985 through fiscal year 1?%-1Y?1. 
9000 L S J /  

1 Sharbat HB 514-0 1142.5 1461.0 1044-0 514.0 514.0 514.0 514.0 3 7 0 . 0  

Inflation f l f /year  

l/The recurrent costs include the cost of aircraft operation. 



Table 3. USAfD financing schedule (U.S. $ 000). 

86/87 87/88 88/89 89/90 90191 TOTAL 

Capital Costs 
Vehicf es 100 125 100 100 425 
Far8 Equipaent 50 65 125 
laboratory 10 I0 15 15 50 

Sub Total  60 175 135 115 1 IS 600 

Technical  Assistance 
International Staff 11 

(Resident 1 1000 I000 1000 500 375 3875 
Shor t-Tern 

Consultants ?J 54 54 54 55 54 270 
Hone Office Staff 3/ 50 50 50 50 50 250 
Training 41 1% 195 286 132 60 750 

Sub To ta l  ! 290 1270 1290 736 539 5I45 

liBased on 125000/ran years 

218ased on 30 Ban months a t  %X!O/rortth - inchdes travel 

3'Inc:udes Salary, fringe benefits and travel. 

g f  Degr ee training 175001year. Non degree 6500/runth. 



Economic Analysis - 

At this stage of the WSARP project, there are few of the essential 
ingredients present on which to base a short or even medium term 
estimate of economic benefit to producers or to society as n whole. 
While some recommended and viable production methods can be developed 
with a few farm family cooperators, there are limitations as to how the 
recommendations could be transferred by the exisiting Extension Service 
to the bulk of farmers for their adoption, Technology transfer will 
then have to be stressed in the short run by other development oriented 
projects, that use recommendations that are developed by WSARP. 

The location of the project in a remote area of Sudan where producers 
are served by poor roads and distant market centers minimizes viability 
of adaptive research which depends upon farmers being supplied with 
bulky and costly off-farm inputs which have t o  b e  brought overland and 
distributed. Also, the traditional producers, towards which t h i s  
project is directed,  would have little access to sources of credit at 
reasonable rates  of interest. 

Agricultural research in Western Sudan is costly, and in order for it 
to be economically viable, it must concentrate on programs which affect 
the major sources of economic l i ve l ihood  by producers. The thrust, 
therefore, should be directed towards constraints in the production and 
marketing of major crops such as millet, sorghum, peanuts, and sesame; 
and to increase the economic offtake of cattle, sheep, and camels. 

Economics of Production Systems 

To encourage producer adoption, the recommendations from research must 
produce high marginal returns at low cost for both capital and labor- 
While the makeup of prioduction systems differ depending on the 
ecological area, Table 4 gives an illustration of one major area, that 
of the Qoz sands of Southern Darfur and Kordofan. Some relevant 
economic constraints, on which the project might seek to focus i ts  
efforts in the systems research program, are noted as follows. 

1. Millet is the major food crop in this area and its improvement would 
have a major economic impact on the family. Of 16.6 feddans planted 
on the farm, this  crop constituted 11.9 feddans or 72 percent of the 
total cultivated land. Note also that of t h e  almost t w o  tons that 
are produced, over half is eaten by the family. Yields are very low 
and could be enhanced by better varieties, improved fertility, and 
improved cultural practices, In  fact, the average yie ld  of 164 
kilograms per feddan is exceedingly Pow when compared lo n g n i n s t  
traditional systems in areas such as northern Nigeria and Cnmercmn 
and south Niger. 



Studies conducted in Sudan in the 1970~1' concluded that in excess 
of 25 percent of yields of sorghum and mi llet w e r e  1 ost i n  tws tern 
Sudan due to the effects of Striga hermonthica. Therefore, tolerant 
strains of millet varieties could be identified and incorporated 
into the on-farm trials, the resultant economic benefit would bp 
quite spectacular . Some promising programs have been success Fu f 
using ethylene and pack sprayers for application. These sprayers 
were furnished to ARC some years ago for experimentation. While it 
is known that ethylene is effective i n  Striga control, there is the 
l o g i s t i c  problem of local sources of pressure t a n k s  and gas. 
However, if some method of control could be developed, it would 
eliminate the  need for catch crops; or as a final solution, the 
abandonment of lands for long periods to permit loss of seed 
viability. 

While Striga is increasing due to more frequency i n  bush fa l low 
cultivation, another alternative is to study the economic benefit of 
using catch crops as a means of control. 

2 -  Groundnuts is a cash crop and its use as a human food would increase . 

protein and improve hilman productivity. Groundnuts adapt well :is an 
intercrop and per feddan productivity can be  improved of associated 
and follow through n i t rogen  availability. Inoculants ate c h a p  and 
easily transportable, however while good results have been shom on 
experiment stations, they tend to lose their effectiveness when n o t  
kept i n  proper storage by retailers. 

Phosphorus applications at low levels also have appeared to be more 
prof i table  in groundnuts than other crops, and is a cheaper 
fertilizer t o  use than nitrogen. Using an a n a l y s i s  such a 0-46-0 
tends to lower transport costs and contributes to making fertilizer 
a v iab le  economic option. 

3. The sale o f  livestock accounted for about half of t h e  farm income 
received by the family (although small animals were in the form of 
consumption income). Its inclusion in the systems research is very 
important form an economic standpoint. In both sedentary and 
transhumant livestock systems i t  is to be expected that  less short- 
run economic payoff will come about. 

........................ 
I/ PID, D S B / A I D . / W ,  1978. " P r c p a s e d  R e s e a r c h  P r o g r a m  f a r  , S t r i R a  . , 

h e r m o n t h i c a . "  Robert Eplee, USDA/APHIS: F r e d  P a r k e r ,  oxford U n i v e r s i t y .  , 

a n d  W i n t o n  Fugl i e ,  A F R / D R / A I D / ~ .  



4. While sesame is not shown as a crop in the example, it i s  a major 
crop amongst traditional producers in some areas of Western Sudan. 
It is commonly reported that over 30 percent of the crop is lost 
through shattering which would constitute a huge economic loss. 
Research work should therefore  s tudy  t h e  effectiveness of using the  
drying rack during f i e l d  harvest ,  a common practice i n  the Benu 
Basin of Nigeria and Cameroon. 

5 .  Family labor is often underemployed and returns per day are very 
l o w .  However, additional labor must b e  h i r e d  during the peak 
seasons of weeding and harvest, The economic implications are for 
a n i m a l  traction research to minimize hired labor in peak seasons and 
to increase land areas for farming by the fs~ily. 

Economics of Land Use 

The project should undertdfe studies to determine economic benefits to 
producers by sh i f t ing  of sedentary production away form the marginal 
sandy soils and for their utilizztion primarily as grazing lands or for 
occasional use in bush fallow systems, While decentralization of 
authority for allocation of lands  for mechanized agriculture has ocoured 
there needs to be some baseline information assembled to permit 
development of national land use policy. This ~ o u l d  assist in t h e  
prevention of land degradation and would tend to  protect  the rights of 
transhumants, nomads and sedentary fanners, (See Document No- 3, 
"Analysis of Mechanized Rainfed Agricultural Research," for  a more 
detai led discussion of the depth and estent of t h i s  problem.) 

Technology Transfer and Input Distribution 

Document No. 3 mentioned above indicates that there has been a past 
history of rapid production response t o  economic incent ives  by t h e  
mechanized rainfed farming sector  i n  Sudan. Also, that t h e  is a better 
cornmication between producers, better market institution, credit 
facilities, and better extension services through activities of the 
Nechanized Farming Corporation. 

If the Mechanized Rainfed Research Project is initiated, there is a 
component suggested for the establishment of Farm Service Centers to 
provide agric-business services. It is believed tha t  the t r a d i  t ional 
sector could not  support such centers on its own. Traditional procedures 
could a lso  benefit  i t  the centers w e r e  strategically located, and i f  
sufficient sub-agents were contracted to provide services t o  them. This 
could involve credit and sales for animal  d r a m  ~ q u i p m m t ~  t i v ~ . x t o c l r  
diet supplements, cattle dip  treatment, i n t e r n a l  parasite medication, 
pesticides, hand sprayer rental,  smll i r r i g a t i o n  r q u i ~ m ~ n t ,  s r d  
dressings, impraved seeds, legue inoculants, and possibly fertilizer-s. 



Table 4. Farm budget, Qoz Land System, Southern Darfur, 1985 prices. 
---- ------- --------------------- 
Gross Return Area Yield Prod- Value Gross Return 
Crops 

Millet 
Sorghum 
Groundnut 
M i s c .  

Sub Total 

Livestock 
Cattle 1.5 head x 7 pct = 1 bead @ Ls 400.0 = 
Sheep 4 head x 25 pct = 1 head @ Ls 75-0 = 
Salvage (dead,cull) I/ 

Sub total 
Grand Total 

Home consumption 2/ 
Gross cash income 

Cost of Production: 
Seed 3/ 
Tools 
Sacks 
Drugs 
Hired Labor 4/ 
Misc. Production costs 

T o t a l  costs 

Net cash income for farm family labor 

1/ Equivalent cf 1 .5  head per year, sold at 40 percent of market value- : - 

2/ - Per family of six 1 mt of millet, 30 percent of groundnuts, 80 p c t  of 
mist. and all small stock off-take. 

3/ 6 k g / h  for sorghum and millet, and 60 kg/ha for groundnuts. - 

4/ 106 man-days of peak-seeson labor and 21 man-days off-season labor 

Source: W3 Sta f f  Appraisal, Krt. Sudan, WSP, Phase IT, Nov. 1985. 



Social Feasibility 

This project seeks to  address the economic and technical prohlcms facing 
the various production systems of traditional farm families of Western 
Sudan. Through a systems approach the researchers will seek to 
understand, and to work within the s o c i a l  and cultural norms which now 
esist i n  order to find viable solutions to production problems which 
face traditional farm families. 

Critical to the successes of such research is the participation of 
socioeconomic analysts. The continued participation of such d i s c i p l i n e s  
on the systems research teams at the western stations will ensure that 
sociological considerations are incorporated into each technical 
package. 

The previous WSARP project sociological studies identified a number of 

facts concerning division of labor by sexes, age groups, work teams, 
e tc .  which w i l l  have ta be t aken  into account when working  with 
production systems in the villages. A l s o ,  t h e  ownership and control of 
Imd is n o t  always ves ted  in the male head of t h e  family, Women play a 
major role in decision-making, and i t  is essential t h a t  WSARP employ 
women on the production research teams to work with the female 
producers. 

Socia! acceptability of WSAW hinges on whether the research c a n  
identify the means by which productivity <.an be enhanced in the major 
food crops t ha t  are consumed. With at '.east 90 percent of the family 
labor now devoted to production of subsistence cereals and livestock, it  
is imperative that m a j o r  research be concentrated on crops such as 

millet, as well as livestock improvement. 

The degradation of the l a d  base in many parts of the  project  a r m  is 
causing pressure on land resources through a southward movement of many 
families whose original farm lands  w e r e  in marginal production areas. 
Research must i d e n t i f y  ways by which fragile lands can be preserved arrd 
restored, so as to minimize the effects of social and economic pressure 
on the better  lands now being famed at greater and greater intensities. 

THE IMPLEMErnATION PLAN 

The Implementation Schedule (Table 5) is somewhat s i m p l i f i e d  and 
i l l u s t r a t i v e  of proposed WSARP activities. The Projec t  Director and the 
team leader (when designated) will prepare a more detailed schedule 
for implementation of research activities, training, and procurement. 



Table 5. Implementation schedule. 
- - I - - - - I - - - _ - _ - _ I I I - - - 1 1 - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - -  

FY 87 FY 88 FY 89 FY 90 FY 91 

Training 4 to 3h.D. level 

Training 4 to M-Sc. l e v e l  

Team Leader 

Agricultural Economist 

Agronomist 

Livestock Specialist 

Biometrician 

Soil and Water Management 

Administrative Support 

Home Office Support 

Annual Evaluation and Planning 

Detailed Research Planning research in progress 
--- -------- - ----------- 

Evaluation plan. An evaluation will be conducted at the end of y m r  two 
t o  review the research and plan for years three through f i v e -  A f i n a l  
review in year fi-ve should provide an analysis of project achievements. 

COtJDITLONS AMI CWIRIENTS 

The following conditions precedent to disbursement will be included in 
the G r a n t  Agreement. 

I. An executed agreement committing the IBRD to contribute to WSAAP 
in the approximate amount described in the f inancial  plan. 

2. Evidence that the GOS accepts the responsibility for assumption of . 
local salary support and operational expenses on a step-by-step 
b a s i s  over the l i f e  of the Project. 

3.  Approval by USAID of specific equipment and vehicles to he financed 
u n d r r  the grant and certification by AID that t h e  cast estimates for  , 

equipment and furnishings are reasonable. 
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Composition and Function --- of the Field Systems - Research Unit 

A Field Systems Research Unit (FSRU) is an integral and continuing part  
of any research program. It is a team of scientists that is constantly 
identifying constraints and testing innovations. They monitor what 
happens t o  the  microsystem (the farmer), as well as the macrosystcms 
(groups of farmers, villages, sectors, regions, etc.). They conduct 
surveys and continuing benchmark analyses in order to know what trends 
are occurring, but more importantly, they are both the diagnostic and 
testing arms for production systems research. 

The FSRU will select farmers, producers, herds, etc. as their 
experimental units and continue with these as l o n g  as feasible.  Some 
farmers may be dropped, others added as the work progresses and other 
parameters in the system within which one is working become important. 
The FRSU technicians do n o t  carry out disciplinary research themselves 
on the problems and constraints they identify. They transfer t h e  
problem to the core scientists (mostly disciplinarians) at the research 
center who work on either a disciplinary basis or an interdisciplinary 
basis, whichever the problem requires. When an answer or intervention 
is available from the core s c i e n t i s t s ,  i t  then goes back t o  t h e  FRSU for  
testing in the system. 

The ideal situation is to have a concurrently "Systems Modeling Tccun" 
(SMT) t h a t  is taking f i e l d  data from the FSRU and modeling (computer 
modeling) the system "on paper." The connection between the FSRU and 
the SMT is a recurring one where information flows both ways znd a 
continuous process of "feed-in" and "feed-back" occurs. This m a y  be a 
b i t  advanced for WSARF', but if a systems oriented University such as t h e  
University of Florida became interested they could act as t h e  SMT. 

It is possible t o  make an important distinction between the persons on 
the FSRU and other research scientists. Members of the FSRU should not 
be highly trained specialists but rather "disciplinary generalists." 
They may have an M.Sc. or perhaps only a B.Sc. and are interested in 
research from a general point of view and not from a particular special 
interest. 

The FSRU should have a b a s i c  team of three to four people, each from a 
desired discipline, but in addition there can, and probably should be, 
intermittent inputs from other s c i e n t i s t s .  For example, a full-time 
economist, veterinarian, or s o i l s  scientist may not be necessary on the 
team but having one m a k e  periodic inputs o r  take periodic information is 
productive. In a mixed crop-livestock system, it is desirable to 
include an agronomist, a social scientist, and an animal scientist on 
the team- Their work would basically be in the field, n o t  necessarily 
l i v i n g  in a village or t rans inmm1k c m p  (although at tirncs, t h a t  is 

desired ail0 even required to get information ) but being frequently in 
cuntact : ~ i t h  t h e  experimental units. This t e r n  should Le guitfcd by 3 
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Field Systems Research Sections. 

In the WS3i.W Project schedule just  completed, one ~f the research 
constraints w a s  the lack of adequate support to succcssf~lly conduct on- 
farm research. The lack of support was reflected in much time s p e n t  by 
sen io r  researchers in the organizational work necessary f o r  conducting 
such research with fanners. The result w a s  t h a t  only a few trials were 
established, and not all were carried to coapletion. It has indicated 
the necessity of having at least one Fie ld  Systems Research Section 
(FSRS) organized at each of the four research sections in Western 
S u d ~ ~ s .  Administratively, these Units would be s c s p o n s i b l c  to the St;lt.ion 
Director. The work responsibilities for the FSRS would be jointly 
planned and supervised by t h e  Fie ld  Systems Research Unit at E 1  Obcid 
and by the local station. 

The FSRS concept has worked  successfully in similar projects which 
involve working in the village environment. Roles assigned to such 
units include the  following: 

. Assist in the implementation of diagnostic, benchmark, and result 
surveys. Using s a p  .l .i rrg techniques and questionnaires developed by 
the systems research team, the production units would conduct, 
surveys of farmers =d households. It would collate the data and 
s a k e  s-maries. Such surveys would usually be done in t h e  dry season 
when f i e l d  work on actual trials would not be as denanding. 

2-  Organize village support groups. I n  order for  researchers to work 
effectively In traditional farming systems, i t  is imperative that 
adequate groundwork preparation be done through the village support 
group. The success of these groups as a "sounding board" and to 
provide peer pressure is the identification of leadership roles both 
by the  local chief and his elders, as well as the "nafeers" xhich 
is the traditional work group organized for performing field and 
herding t a s k s .  It cannot be overstated that t he  success of systems 
research with individual  farm families rests with the sponsorship of 
such groups. Feedback from the group is received as t o  
acceptability sf the change il: technology that is being  proposed,' or 
the listing of further constraints which need to be addressed before 
making general recommendations to extension for  teaching the  target 
population of famers. 

3.  Facilitate the establishment of systems research work with 
individual farmers and general on-farm trials. It has been found 
that there is considerable supervision and coordination required to 
get field trials established with farmers. Cooperators and sites 
need to be carefully selected and identified which represent the 
norm for the system to be studied. Fanners, t h e i r  w i v e s ,  or nafeers 
need to be trained in how to do such practices t h a t  arc nrcrssary to 
successfully establish the trials. Also, suppli~s need t o  be 



I brought to the site,  plo t s  measured, and follow-up v i s i t s  made to 
ensure that the trial w a s  cstabfishcd and operated according t o  the  , 

directions g iven-  Usually a member of t h e  team should actually be , 

on the site at t h e  time of establishment to ensu re  that. it is done ; 

I 

I 4. Supervision during the growing season. There will be o series of 

i prmticcs which need to be carried out during the growing season. i 
Without at least weekly supervision and reminders, the farmers tend 

I 

t o  forget or ignore the practices which they were advised to do- ; 

i 
While it is assumed that farmers might do this on theii- o m ,  j 
previous experience has shown that they need constant encouragement. : 
If necessary, the team refers back to the leadership group which ' 

sponsored t h e  trial in order t o  get support in the form of peer , 
pressure. 

L 

5 -  Evaluation of results, The Field Systems Research Section would be , 

on hand to assist when harvest is taking place in order to measure i 
the results that were obtained. The village support group and the 
cooperator(s) are then queried to obtain the necessary feedback. I 

I 

Kn all cases, the supervision and training of the FSRS is under the FSRU 
from El Obeid. It is recognized that by having a FSRS working in the 
villages, a certain amount of technology transfer will be taking place. ' 

Researchers should encourage the enthusiasm of the team by tes t ing  ' 
technology at the research station, but only technology packages which 
have been previously tested by the FSM team and found successful should j 
be disseminated to the  target populations- 

! 
i 

Personnel components of the FSB- A specialist in crop o r  livestock 
production should be designated as leader of each team, &pending upon : 

I the nature of the production systems within which the team is ; 
.functioning. Input from social scientists is essential in t r a i n i n g  for : 

I 

and planning on-farm research activities. The tern leader should hold . 
ari M. Sc. degree in his particular discipline area. The remainder: of the 

I 
team (three or four persons) do not necessarily need tha t  febeP of ' 

training, Motivation and enthusiasm t o  work with people and improve 1 
their standard of living is more essential thm zdvanced degrees- , 

Certainly, need for specialized training by the FSRU at EI Obeid is : 
I 

I apparent. This will ensure that the section will plan and conduct its j 
work activities in a manner that contributes to t o t a l  rcscsrch program 
objectives. 

i 

Support far the Unit. It is essential that the Field Systems Research : 
Sec t ions  hrve  access to adequate transportation. Funds for petrol and-; 
travel expenses must be assured. In certain situations motqrcycles 

I 

equipped w i t h  a metal box to transport seed, scales, small equipment, or r 
I 1 

cbemicaLs have been adequate. In circumstances where work sites are : 
5 widely dispersed over large areas and %here team approxches a r e ,  needed ' 

at t h e  site, the use of pickups or vans will be more effective. , I .  

- ,  

I 





IXXIXCAL FRAMJiWORK MATRIX - I~IMENDED PROJECT PAPER 

ANNEX 3 

NARflhTIV8 SlJtNARY OD&CTIVELY VERIFIABLE INDICATIQNS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS 

Goal: Increming agricul tural  Measures of goal uchievrtmont: COS statistics nnd 1. GOS developmental and 
% production find rurul dcvclopment f i q l d  surveys of budget priorities 

i n  Sudun, 1, Irrcreavoa i n  food and livestock lnsuschold income. strees egriculturol 
product ion. product ion and 

development of rural 
2,  Increased rural incornea. sector. 

I 

2. Precipitation remains 
normal. 

3. An improved infra- 
structure exists t o  
stimulate food 
production by agri- 
cultural producers. 

.. - - . . - - -  - 
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LOGICAL FRAMEWORK MATRIX - AMENDED PROJECT PAPER 

ANNEX 3 

NARRATIVE S M A R Y  OBJECTIVELY VERX FIAULE INDICATIONS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS 

------ 
A) Goal : I n w e w i n g  agricultural Measures of goal achieveman t : GOS statiskics and 1. GOS developmental and 
S) production and rural development v f i e l d  surveys or budget priuritics 

in Sudan. 1. Incrcuses i n  food and livestock household income. a tress ~gricul turn1 
product ion. product ion und 

development of rurol 
2. I~~crctlsed rural incornt!~. sector. 

2. Precipitation remains 
normal. 

3, An improved infra- 
structure exists t o  
stimulate food 
production by agr i- 
cultural producers. 

I I . -11I1C*- I ICI I I I - . - . - I I -LL- - - - -C- - - - . - . - - - - - - - - - - - - -d-*111111-- - *1- - - I - - - - - - - - I - I - . I - IC- . - -331YI l l - - l l - - - .1 - - l l - . lC. I ICI  
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NARRATIVE S M 1 I Y  OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION IWORTANT ASSUMPTIONS 

---.---- - - I I - - - - - - C C I I _ I _ _ . - - I _ - - _ I _ ^ I - I  ----- 
Subgoal: An increased standard of 
living for  fumsrs and 
pastarilists af the rninfed 
agricultural sector of West Sudan. 

Measures of Goal Achievement: 1. Socioeconomic studies Subgoal Ibsswnption: 

1. increosed production o f  major 2. MANR annual 1. That GOS will continue 
agricultural craps of the rninfed statistics reports. to  upp pot-t agricul- 
sector. tural research ond 

provide funds for 
2. Susttiined incscuses of 1 ives lock recurrent costs at en 

off Luke from nomudic trnnshumunt , increasing rnto over 
and sedcntrrry product ion sys terns. the Life of the  

project. 

2. Thut agriculturnl rcs- 
curch will bo n kcy 
stimulant to incrcns- 
ing egricul turn1 
praduc t ion, 

3. Sources o f  water con 
be developed for both 
human and livestock 
use, as well as for 
use in certain agri- 
cul t u r d  technologies. 



NARRATIVE S W A R Y  OBJECTIVELY VERIFIABLE XND XCATOAS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS 

- - - 3 - 3 1 . - 3 - - . - . r l - - - - - - - L I - I C I 1 C - . . - -  1_11------------1-1-----------1---3------ 

Purpose: To develop w i t h i n  ARC Conditions thut w i l l  indicate purpose Contructor reports, Purpose asswopt ions: 
an ef fect ive  capabil i ty  for has been achiovcd EOPS: A rcse~rch projcct  cvnlurat ions, thrrt qunlificd st.crff ctm 
plunning md implementing s t a f f  i n  pluco a t  ARC that is: ARC unnual reports. bo trained nnti LC w i l l  if,,! 

z re lcvr~n t ugricul t u r a l  research t o  work r t t  rc!;t:trrch 
progrnrns i n  the rainfed ogri- 1. Copublo of  i d c ~ r t i f y i n g  und HYS i l!nmcn t s i n thc 
culturul sector of Woslcrn priorit iz ing c o r ~ s t r u i n t s  to rninfcd agricxl  turril 
Sudim . production systums, sector, 

2. Cun plun intcrdisciyl inwy ond 
implement research progrums t o  
solve the constraints, and 

3.  Will damonstreto these solut ions 
t o  target populations. 



1 .  Research progrmrs have been 1 .  T r a d i t i o n a l  agricultural production 
iilrylcrnerttod arrd ore adequately systems of West Sudon ore benefited by 
supported  at rainfed agricultural farm systems r e s e a r c h  prngrms func- 
Sudnn. t ioning n t  four locntions i n  West Sudan - El Obeid, Kndugli, El Fnsher nnll 

Clrazale Ctrwnznl. 

2 .  There is an improved human 2 .  Seven Sudanese are t ra ined  t o  
rcsource bast! for conducting graduate degrees - 4 Ph,D. nnd 3 
rescurclr us  a result o f  M. Sc, degrees. Twenty Sudruiese have 
participirtrt Lrrrining. l e n c f i t e d  Trom nnn-dcgree t ra in ing .  

3 .  A Fie ld  Systems Research Unit  
is i n  p111cc. at  E l  QLeitl  rrnd 
i 'u~ict  i t m  to provide pr ior i t i zed  
w n s  t rrr i n l s  t u thc roscwrc:hc!rs 
i ~ t ~ t l  t o  uvilluirt rs t Ire in~ptrct. of 
!;pee i f i c  iul  ~ . r v r , ~ ~ t  irms on t hc 
vur i ous oericul  t uritl product irm 
systcms. 

4. I't-otlucl. i otr Ilrst:rrrch h i  t a Irnva 
h e n  idt:ut i f iud ut each station 
i~rld i r w  fur~ctionin(i to corrduct 
tt:clinoloty test ing orr the 
fcrrmr:rs f i e l d .  

3 .  A Field Systems Descnrch Uni t  
is functionirtg trt E l  Obcid t o  support 
Nt?st.uruh Stot  i o n s  i n  Wcstcrn S~tlirn. 

4 .  I'rorluct i o n  ffe.st!r~rch lltr i t s  I I I I V ~ L  
Im:n itlolrt i f i c d  urrtl trru furwtiorti nrf trt 
the v:rrious s t t ~ t i o n a ,  

5 ,  Trnining o f  011 re~coroh f i c j c r r t i s t ~  
i n  usc of the pc:rsnnol ccrmputt~r is 
corny1 t1tc.d. A w n r k s h p  concertled w i t h  
ruscerch plrmr~ir~g i n  euch of ttic! 
Agriculturul production systems of 
Western Sudan hove b w n  spvrrsorcd end 
proceed itrgs pub 1 ished. 

1 .  Pub1 ished reports 
and site visitations. 

2. Diplomas or cer- 
t i f i c o t e ~  awarded by 
training institutions 
or agency. 

3. Project evtkl unt ions 
and c o n t r a c t o r  reports. 

4 .  P r o j e c t  evrtluntion. 
Annucil rescurch rr~ports  
Crrrrt rrrclnr rtywrt s. 

6 .  Inventory lists. 

f .  That personnel now i r t  
trnining w i l l  be s t a f f i n g  
the research s tat  ions 
0s plnnncd and that  thoy 
will  c o n t i n u e  to work :it 
rcmoEo locut ions .  

2 ,  Staf f  persons car! be 
idcn t if  i c d  rtnd rclcoscd 
for training.  

3. Thnt staff cnn be idrw- 
t i f ic t l  nntl trnint:d to fu~rr.- 
t i o n  ns u i'ic:Id sy:.lc-n~~: 
r v s w r  ch uni t . 

5 .  T h  t a(lt*qua te ~ ~ p l m r . 1  
and tcc t in icn l  t ~ ! ;  i s  t;~rlci! 

is avoiluble to davctiop 
truinirrg yrogrums nrtrl 
workshops. 

5 .  A training nnd outreach unit 6. Thut equipment and 
has been organized at El Obeid 6. The inventory of vehicles and vehicle needs have been 
for t r a i n i n g  s ta f f  and planning research equipment is of sufficient correctly identified. 
and organizing conferences and magnitude that it can no longer 
work shops. be considered e constraint to research 

activities. 
6 .  The research infrastructure 
is complete a f t e r  the purchase 
o f  vehicles, research 
equipment, and supplies. 

- - - - - - -  -- - - . . A - - - .  - . - .  - - - ,-,-,,,,,,,,,,,, , --,, ,,,; ,,,,,,,-,-- &- 



PROJECT OUTPUTS MAGNITUDE OF OUTPUTS MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS 
-- - 
7. The Cavernment of Sudan will 7. The budget fo? ARC will be The published budgets 7 .  That the Ministry of 
have dcmonstrntcd its cnpacity su f f i c i en t  t o  sustuin a l l  of t h e  f a r  ARC/WSARP. Finance and Economic 
t o  continue Ihc p r o j e c t  o l t e r  activities of tho research stations Affairs wi 11 approve 
donor support is tcrminntcd. in Wcstcrn Sudnn. scheduled budget increases. 

PROJECT INPIJTS 

Audit Reports 

I'rovis ion is miiilu for 30 m w l -  
n l w t h s  of short-tcr-m 
cotisul tunt tissisltmco. 

Purl icipilrrt t r a i n i n g  f o r  7 
grnduirtc dei:rcus and 20 
persons far non-degree 
t r a i n i n g  i s  plunncd. 

Operational costs inc lud-  
ing local s u l n r i c s  and 
recurrent costs. 

Capital costs f o r  lobora- 
tory equipment, vehicles, 
and farm equipment 
will be essential. 

- . - 

- --- 
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S o i l s  Resources Inventory, Laad Evaluation and a Land U s e  Database 
for the Democratic Republic of Sudan 

1 Land Evaluation - Objectives of the Cooperation Request 

An increasing number of questions have to be answered at present  by the 
Soil Survey Administration of the  Democratic Reptdlic of Sudan's 
Ministry of Agriculture. Among them are: what are the p o t e n t i a l s  of  
land types in a development area and what is their acreage? What is the 
technology l o  be used on t h e  land? What crops w i l l  produce the highest 
r e t u r n s  on a g i v e n  land type? Which land is best suited for a 
particular crop? Based on accumulated knowledge the Soil Survey 
Administration (SSA) wants to increase its capacity to provide these 
services. 

A s  a basis f o r  the land evaluation and land use database system, t h e  
S u d a  SSA needs to have a complete soils resource inventory at a s c a l e  
of 1: 1,000,000. In this respect SSA, with the help of the  Soils 
Geography Uni t  (SSA/USDA), is i n  a good pos i t ion  t o  compile a Sudan soil 
map using Soil Tax-onomy as a reference system, This map would b e  a 
generalized map based on all existing soil survey information now 
available for Sudan, complemented by extrapolation or! r e m o t e  sensing 
data. 

SSA has already made one important contr ibut ion  related to  .!!oil 
Tascmclmq., t h e  USDA systcm of soil classification. SSA coopcratrd i r r  the , 

organization of the Fifth International Soil Classification Korksbop i n  
1982. 

The Sudan Soil Survey Adninistrakion nceds to continue s t r m g t  hcning  i ts  ' 

capacity to provide v i t a l  information on land resources i n  a fast Fay: a . 
and therefore feels t he  need t o  train personnel  i n  handling soil acd 
land information by computers. It is through t h e  establishment of s ' 

l and  evaluation database that the SS.4 will be able  to use must 
effectively its soils and agronomic data which has been acquired and 
compiled though much  time and effort but until present  has not been 
used to its fullest potential. 

A f t e r  the  compilation of the soils resources map at 1:1,000,000 \<hat is ' 

needed next is to produce optimum benefits f r o s  the available s o i l s  and . 

land use information. A specialized t r a i n i n g  of technical persrmnel  31 : 

all l e v e l s  t o  develop a land resources database processing unit, which ' 

would promote interactions between soil scientists, agronomists and 
planners is proposed. 

To achleve these purposes, and as a necessary corollary t o  thc proper 
functioning of a land resources database processing unit, it would be 
desirable to ob ta in ,  on a cw~perative b a s i s ,  outside institutional help 
preferably SYSS and the USDA/SCS S o i l s  Geography Unit to compile t h e  
1: 1,000,000 Sa i l  Tasoanmj- so i l s  resources map. In addi t i o n ,  a V. S + 

univers i ty  would develop and install a fully functioning data bas^ systcm 
tailored to the needs of the Sudan SS.4. The SCS Soils Grrlgraphy I h i  t , n 
cooperating institution, would be responsible for h ~ l p i n g  in r-mnt~ 
sensing and the compilation of the  1:  1,000,000 soils r m n u r v  m p .  T I v  



univers i ty  department would assist in the development of the soils 
database and land evaluation software and also be responsible for 
training SSA technicians in its use. 

specialized software and t ra in ing  is n o t  currently available i n  Sudan. 
The present request outlines the actions to be talien to achieve tfw:se 
goals and increase the expertise of the Sudan SSA. 

2 Compilation of a 1:1,000,000 S o i l  Taxonomy Map of Sudan 

Land evaluation needs a secure resource database from which to der ive  a 
set of land qualities information to be used in the land evaluation 
matching tables. The Sudan Soil Survey Administration with the 
cooperation of t h e  USDA/SSS Soils Geography Unit with all the available 
soils resource data and supplementary remote sensing data sourccs (to be 
determined) will compile a 1:1,000,000 generalized s o i l s  map wi th  
units named by Soils Tamnomy. 

3 Land Evaluation Procedures 

Land evaluation is in fact a comparison between t h e  qualities of land 
types and crop requirements (or other uses). While most agricultural 
planning is concerned wi th  crops, t h e  sare procedure m a y  be used fo r  
c i t y  or regional planning, t h e  selection of recreational areas, cr other 
uses. 

Land evaluation requires predictive neasure of t h e  b e n u f i t s  a f w m c r ,  tt 

community or a country may obtain fron land wi th  the inputs i t  is 
willing to pay- Theoretically, any kind of land use is possible For 8 

given piece of Land, but only a few are przctica1. Land evaluation is 
only complete when i t  involves comparison be :ween alternative uses, to 
allow decision makers to make the best choices. 

Cooperation from agronomic divisions at t h e  SSA to asscss crop 
requirements is warranted. These objectives and principles are the 
bas i s  for a practical procedure which mal ic  land ev3lu:it i o !~  a 
reproducible data-processing system to achieve more accurate 1-6 - su l t s .  A 
computerized "expert system" is the  b e s t  choice- 

3.1 Land Evaluation as an Expert System 

Expert systems incorporate experiesce from a great number of sources, 
accumulated during many years, i n t o  the central core of a computcr 1 

program, and use i t  t o  make decisions and judgements on a number of 
questions and issues. In land evaluation programs, the "experience" is 
summarized in the "matching t a b l e , "  which the evaluator prepares for  a 
given  land-use or crop- 

: 
I 

I 

X 



One of the objectives of this assistance request is to select the best 
available system to build and incorpora te  agronomic r.spcriencc i n  t h c  
database. United States institutions have the espertise to help thc  
Soil Survey Administration to make the right choices in t h e  sr)ftr.;n~-e ', 

which various 3 . S .  agencies and institutions have already Seen using.  

3.2 Land Data Sets 

The Scils Survey Administration has been gzthering s o i l  ;c:sourc.e ; 

information for  m a n y  year:. And they have been introduced to us ing  the : 
USDA Soid Taxonomy classification system to name the rnappi~g units of ' 

their soil surveys in the Fifth International Soil Classification , 

Workshop in November 1982. Soil survey results are now also nearing i 
completion f o r  a large area of the country. 

I 

This basic information will now have to be confronted with crop 
performance data produced in agro-ecological zones of Sudan, and ' ~ 

combined in a f and evaluation database system- The S o i l  Managemmt 
Support Services (SMSS) is asked to provide guidance in the preparation 
of 1:1,000,000 soils resources map and in t h e  preparation of a 
relational database system to achieve the land evaluation objectives. 

3.3  The Matching Tables  

To produce a matching t a b l e  the major crop requirements, and the i 
responses of these crops to changes in land qualities o r  new :, 
technologies have to be known. The response curves of t h e  crops to ; 
variations in the land qualities are to be qualified- 

I 

A matching table incorporates the effects of growth f a c t n r s  on the , 
performance of a crop, Each matching table is specific for a particular 
crop, under a g iven  set of canditions, which may relate t o  a brmd 1 
variety of production factors, marketirig conditions, etc- The SSA's 
division's cooperation will be necessary to obtain the crop perforrsnce j 
data needed to build in each agro-ecological zone t h e  matching tables ' 
for the most important crops, 

I 

4 Project Implementation and Duration i 

It is antrcipated that the project will last two years from the time of ] . . 
inception. This should allow ample time for the compilation of the , 

Soil T ~ o n u m y  soils resource map and for the development of thc i 

databasejexpert system and t h e  t r a in ing  of Sudanese technicians to use 
and maintain the expert system after it is transferred t o  Sudan, 

I 

Since t h e  project is envisaged as a cooperative arrangement between the 
Sudan Soil Survey Bdmio;-lration and SMSS (and its contracted , 

i i l z t i t u t i ons ) ,  it is .--.,-=sary to delineate the responsibilities of each 
coopera,,+ . 

, 



I 

4 -  1 Sudanese Cantribut i on  

The Sudan Soil Survey Administration will provide three 
techniclan/trainees for four months each for land evaluation training 
and in t h e  formulation of the database/land evnluation softwarp a t  the 

, cooperating U . S .  institution. These trainees will also aid the Soif 
I , Survey Administration and the SCS Soils Geography Unit i n  t h e  
I compilation of the Soil Tmonomy soils  resources map. They s h a l l  visit 
I several cooperating SXSS i n s t i t u t i o n s  and will cooperate in the 

selection and tailoring of the software system. 

The Sudan Soil Survey Administration (assisted by t h e  SCS Soils 
Geography Unit) will be respons ib l e  for the gathering of informat i o n  and 
the  compiling of the P:1,000,000 soils resources map, (Supplernmtary 

I remote sensing data and training in the  use of th i s  data will be 
I provided by SMSS and/or its cooperating institution, the Soils Geography 
I 

! 
Unit. ) 

I The Soif Survey Adminis t rat ion w i l l  also provide services for 
gathering,. selecting, editing and maintaining all the local Sudan 
soils, agronomic and land use data in order to t es t  the datzibase/land 
evaluation system. 

The Soil Survey Administration will provide office space f o r  the  
compilation of the soils resources map and installation of the  I 

database/land evaluation system. The space allocated will cnnform to 
the needs of the map compilation task  and the complete computer system 
and staff necessary for its operation and maintenance. 

I 

Transportation and travel expenses for field checking of the soils 
resources map and validation of l and  evaluation prograns in t h e  f i e l d  I 

I will be provided by the Soil Survey Administration. 
I 

4.2 SMSS Cooperating Institution Contributions 

I 

SMSS wilf facilitate involving the SCS Soils Geography Vnit and.. a 
s u i t a b l e  university in the U-S. From past experience i n  o the r  SXSS , 

I cooperative projects Cornell University's Department of Agronomy would 
I be a very  competitive candidate. 

I The SCS Soils Geography Unit will aid in trairning the  Sud:mrse 
I kcchnicians in the uses of remote sensing to extrapolate t.he 
I classification of s o i l s  of unknown areas based on knowledge frbm 

existing surveys and other p r o j e c t s .  This  university department * 111 i 
I help to set up a database system f o r  soils to be used i n  t h e  Xnnd 

evaluetion project. 
I 

I 

The cooperating university will also be asked to a s s i s t  i n  the selectibn 
I 

I I 

and development of microcomputer hardware/softtzare. Overall, the 
I 

sroject w i l f  be coordinated in the U-S.  by the dstnbase managing 1 

specialist at the university i n  cooperation with SMSS and the SCS Soils 
I Secgraphy Unit . , 

I The cooperating institutions both i i i 1 1  a!su bc: b filr- !I:(* 
! 

; r 
I 
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training of the Sudanese technicians. This will include round-trip 
travel between the U.S. and Sudan and a stipend to cover educational arid 
living expenses,  

The cooperating institutions will provide consultants for a t o t a l  of 
eight months (four visits of two months each) in Sudan. These 
c o n s u l t a n t s  will be responsible for helping i n  the compilation of the 
soils resources map and installing the hardware/software and on-the-job 
training of Soil Survey Administratioc staff. 

4.3 Products 

The first Product will be a 1:1,000,000 soils resources map with map 
units names according to Sail Taxomwy. 

Products, in addition to the installed and functioning soils 
database/land evaluation system, w i l l  include an atlas of land 
evaluation m a p s  of the  surveyed areas of Sudan. The land uses or crops 
forming the bases of the land evaluation will be determined by the S o i l  
Survey Administration- The interpretive maps will indicate suitability 
class& for the major crops. 

4.4 Timetable 

In the f irs t  year p r o j e c t  members and covprrators will conccn~raLc on . 
compiling and f i n i s h i n g  t h i s  1: 1,000,000 s o i l  resources map and ' 

strengthening the soils analyses laboratory of t h e  SSA. Also, dur ing  , 

th is  period land use and management data should be assembled for input 
in to the l a n d  evaluation database. 



5 Appendix - Budget 
I 

1. Personnel : 

- Consultcmts (9 m o s .  ) $60,000 
- Database manager specialist ( 9  m o s . )  26,145 
- Computer programmer (9 m o s . )  22,410 
- Secretary (9 m o s . )  10,272 
- Temporary (2 m o s . )  4,000 

-------- 
Total $122,827 

2. Sudanese trainees : 

living stipend: 3 trainees x 4 nos. x $900/m0.~ = $10,800 
training fee: 3 trainees x 4 mos. x $650/mo.2 = 7,800 

Total $18,600 

3. Compilation of soils resources map - SCS Soil Geography Unit: 

- purchase and use of remote s e n s i n g  imagery and systems 

- training Sudanese technicians in use of the imagery 

- f i n a l  compilation of t h e  soils resources map 

- sampling and analyses of 30 pedons 

Total $200,000 

4. U s e  of computer system - hardware and software: 

- Lease of 109 systems for optimum use of 
software transferred to Sudan: 

I 
I 

bas ic  systems lease: $10,000 I 

use of professional geographic information I 

systems software: $10,000 

- ample supply of diskettes and tapes: 
$ 1,000 

- coverage of software maintenance fees: 
$ 1,000 
-------- 

Total $22,000 
........................ 
1 .  A I D  r e g u l a t i o n  rates. 

I 

2. A I D  r ~ g u l a t  ia!? rates. 
I 

I 
I 
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I 10. Administrative costs: 

- custodial 
- library 
- secretarial pool 
- accounting services 

Total 

Total 

25% overheads 
(SMSS and cooperating institution(s)) 

Grand Total 

I. 6 Payment Schedule 

- F i r s t  s i x  months: $250,000 

- Second six mo-fi ths:  $ZOO,OOO 

- Third s ix  months: 

- Fourth six months: $180,000 
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Terms of Reference for 
Team Leader 

and 
Farming Systems Research Specialist 

A.  Duties and Responsibilities 

This position is to be filled by a qualified scientist who has : 

specialized in Systems Research. Experience in mixed farming activities 
i n  arid environments is preferable. This specialist w i l l  also be 
designated as Team Leader Cor the resident expatriate staff. The person 
will be stationed at El Obeid, altbotlgh his  duties w i l l  require him to 
undertake research and other activities throughout Western Sudan. The 
appointment w i l l  be for five years. 

Specific responsibilities include: 

1. Serve as an advisor to the Director and Deputy Director of ARC/ , 

WSW i n  matters relative t o  research administration and planning. 

2. Assist the DirecLor and ARC personnel in selection of international 
scientists and Sudanese staff for WSARP activities. 

3. Assist the Director in preparation of required reports to 
contractor, donor, a d  Goverament of Sudan, 

4. Encourage and assist the Director to maintain contacts with 
International Agricultural Research Centers- 

5 -  With assistance from t h e  Director and the Deputy Director, ident i fy  ' 

components and train personnel of the Field Systems Research Unit ' 

(FSRU), as w e l l  as monitor their activity i n  the f i e l d .  

Provide direction for the Director and WSAW staff in using inputs 
f r o m  the FSRU in developing and prioritizing research qctivitics. 

Cooperate with Sudanese scientists to ensure that the capacity to , 

desiga and implement a research program is transferred- 

Assist in transition of project activities to a continuing research . 
effort, including b r i e f i n g  of new research scientists, and identify ' 

critical follow-up issues and recomendatiuris for the research ' 

agenda. 

1 The Director may adjust andior extend these responsibilities within 
these general terms of reference. 

1' B. Reporting and Planning Requirements 

The Team Leader and Farming Systems Research Specialist will: 

I. Prepare program for training of the FSRU at El Obeid. 



2- A f t e r  approval for the program by the Director of WSARP, implement 
training activities. 

3. Work s i t h  the FSRU as it m a k e s  its plans for beginning activities. 

4. Assist the FSRU to implement programs for the farm production 
systems at all four of the WSARP locations. 

5. Encourage Sudanese staff t o  analyze data collected by t h e  FSRU and 
utilize it for identifying constraints and prioritizing research. 

6 Report on progress of these activities at the appropriate times. 

7 ,  Assist the WSARP Director t o  compile regular reports required by the 
contracting agency. 

C .  Relationships 

The project will be implemented through the Agricultural Research 
Corporation, Consequently, the Team Leader will work cooperatively with 
and under the general supervision of the WSW Director. 



Terms of Reference 
For 

Agriculture Economist 

A. Duties and Responsibilities 

This position will be filled by a highly qualified agricultural 
economist with experience in farm production systems within developing 
countries. He m u s t  have experience in the design, validation, and use 
of farm survey instruments and possess the skills necessary to analyze 
the data from them. The Agricultural Economist will be stationed at 
Kadugli but will undertake and evaluate research activities on other 
project stations. The appointment will be for  three years. Specific 
responsibilities include: 

In consultation with the Project Director and other staff 
scientists, assist in determination of research priorities and take 
prime responsibility for incorporating economic analysis into the 
research program. Particular emphasis should be given to building 
upon research findings to date. 

Plan and implement a research program with the support and ixpnt of 
other scientists to assure that findings include complete technical 
input from all relevant disciplines. 

Create opportunities to participate in- practical extension of 
technology packages to farmers, merchants, farmer cooperatives, and 
other groups capable of adopting or commercializing research 
products . 
Maintsin contact and coordinate with relevar.; units of the Ministry 
of Agriculture and Natural Resources, the ARC, and other USAID and 
donor projects either engaged in similar work or capable of using , 

their resources t o  test or disseminate research products. 

Maintain contact and coordinate w i t h  international institutions 
(particularly the IARCs and analytic centers) to assure a constant 
inf low and exchange of new technical information and maximize' the 
potential t o  build upon basic findings- 

Cooperate with Sudanese scientists to ensure that the capacity to , 

design, implement, and analyzelevaluate a research program is 
transferred. The scientist  must keep i n  mind that a primary 
objective is training of counterparts, although the training will be 
informal and on-the-job- 

Assist in the transition of project activities to a continuing 
research effort, including briefing of new research scientists, 
identification of critical followup issues, and recommendations for , 

the research agenda. 

The WSAFP Director may adjust and/or extend these responsibilities . 
within these general t e r n  of reference- 



1 B. Reporting and Planning Requirements 

1 The l ivestock Special is t  w i l l :  

I. Prepare a research plan (following a review of relevant research 
carried out in-country or by the IARCs) for his technical specialty 
and then work with the scientists in other disciplines to integrate - .  

th i s  plan into a comprehensive research program. 

2 .  Prepare a report on research f indings  at the end of each 
agricultural season (including an assessment of their potential 
contribution) and participate, and perhaps lead, in the preparation of 
the m u a l  station report. 

3. Participate, or perhaps lead, in the preparation of recommendations 
on technical packages emanating from past and current research 
f indings . 

4. Prepare any other papers/reports as may be appropriate or requested 
by the WSARP Director. 

C. Relationships 

The Livestock Specialist will work under the day-to-day supervision of a . ,  

Sudanese Station Director in Kordofan Region of Western Sudan, and under 
the overall supervision of the WSARP Director- , . 



Terms of Reference 
for 

Soil and Water U s e  Specialist 

A. Duties and Responsibilities 

This position will be filled by a scientist with high scientific 
qualifications in soil science. Extensive field experience in arid 
agricultural zones with 1-d and w a t e r  use planning and conservation,  
including field experience in developing couitries, is preferred. In 
addition, t h i s  person must have experience with field research projects, 
working with scientists in other related disciplines such as 
agricultural economics, livestock and crop production, and civil and 
w a t e r  engineering. The Soil and Water U s e  Specialist will be stationed 
at El Obeid, but will undertake and evaluate research activities on 
other project stations. The appointment will be for four years. 
Specific responsibilities include: 

1. Review previous research programs applicable to the rainfed sector, 
w i t h  special emphasis on Western Sudan, and help identify major 
findings requiring further development. 

2. Identify research findings from the International Agricultural 
Research Centers that hold promise for adaptation t o  conditions 
prevalent i n  Western Sudan and integrate these into  the research 
program. 

3. Taking into account points 1 and 2 above and i n  consu l ta t ion  with j 

other staff scientists, assist in determining research priorities , 
within the scientist's discipline and for the research station. 

4. Implement the approved research program and, w i t h  the support and ! 
input of other scientists, assure that f ind ings  include complete I 

technical input from all relevant fields. 

5 .  C r e a t e  opportunities to participate in practical extension of 
technology packages through on-farm demonstrations (or other means) 
to farmers, merchants, farmer cooperatives, and other groups capable 
of adopting or commercializing research products. 

6. Maintain contact and coordinate with relevant units of the MANII, the 
ARC, and other donor projects either engaged in similar work or ! 

capable of using their resources t o  test or disseminate research 
products. 

7 ,  Maintain contact and coordinate with internat ional  institutions I 

(particularly the IARCs and analytic centers) to assure a constmt 
I 

inflow and exchange of new technical information and maximize the 
potential to build upon basic findings. ; .  

8. Cooperate with Sudanese scientists to ensure that the capacity to 
design and implement a research program is transferred. The Soil 



md Water Use Specialist must keep in mind that a prim- objective 
is t r a i n i n g  of counterparts ,  although the training w i l l  be informal 
and on-the-job. 

9. Assist in the transition of project activities to a continuing 
research effort, including brief ing of new research scientists, 
identification of critical f o l l w u p  issues, and recommendatians for  
the research agenda. 

within these general terms of reference. 

B. Reporting and Planning Requirements 

The Soil and Water U s e  Specialist w i l l :  

Propose a research plan (following a review of relevant research 
carried out in-country or by the 1Es)  foi- his technical specialty 
and then work with scientists in other disciplines to integrate this 
plan into a comprehensive research program. 

Prepare a report on research f i n d i n g s  at the end of each 
agricultural season (including an assessment of their potential 
contribution) and participate, and perhaps lead, in the preparation 
of the annual station report. 

Participate, and perhaps lead. in t h e  preparation of recommendations 
on technical packages emanating from past  m d  current research 
findings . 
Prepare any other papers/reports as may be appropriate o r  requested 
by the Director of WSARP. 

Relationships 

The contractor w i l l  work under t h e  day-to-day supervision of a Sudanese 
Station Director i n  Xordofm Region of Western Sudan, and under the  
overall supervision of the WSARP Director. The project is implemented 
threugh the ARC which is the institution responsible for all 
agricultural research in Sudan- 



Terms of Reference 
for 

Agronomist 

A .  Duties and Responsibilities 

This position will be filled by a qualified agronomist w h o  is 
experienced in mixed fanning activities (livestock and crop production 
i n  integrated system) in arid environments. In addition, this person 
must have experience with field research projects, including 
collaborative research with scientists in related disciplines. This 
specialist will be stationed at Kadugli, but w i l l  undertake a d  evaluate 
research activities on other project stations. The appointment will be 
for three years. Specific responsibilities include: 

I .  Review previous research programs applicable to the rainfed sector, 
with special emphasis on Western Sudan, and help identify major 
findings requiring further development, 

2. Identify research findings from the International Agricultural 
Research Centers that hold promise for adaptation to conditions 
prevalent in Western Sudan and integrate these into the research 

3. Taking into account points 1 and 2 above and in consultation with 
the other staff scientists, assist in determining research 
priorities within the scientist's disc ip l ine  and for the research 
stat ion. 

4. Implement the approved rese3i-ch program and w i t h  the support and 
input of other scientists, as appropriate, to assure that findings 
include complete technical input from all relevant f i e l d s .  

5 .  C r e a t e  opportunities to participate in practical extension of 
technology packages through oo-faw demonstrations (or other m e a n s )  
to farmers, merchants, farmer cooperatives, and other groups capable 
of adopting or commercializing research products. 

6. Maintain contact and coordinate with relevant units of the M!, the 
ARC, and other donor projects either engaged in similar work or 
capable of using t h e i r  resources t o  test or disseminate research 
products. 

7 .  Maintain contact and coordinate with international institutions 
(particularly the IARCs and analytic centers) to assure a constant 
inflow and exchange af new technical information and maximize the 
potential to build upon basic  findings. 

8-  Cooperate with Sudanese scientists to ensure that the capacity 
to design and implement a research program is transferred. The 
scientist must keep in aind that a primary objective is training of 
counterparts, although the training w i l l  be informal and on-the-job. 

5 1 
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9. A s s i s t  in the transition of project activities to a continuing 
research effort, including brie f ing  of new research scientists, 
identification of critical follow-up issues, and recommendat ions for 

I the research agenda. 

I The WSARP Eirector may adjust and/or extend these responsibilities 
I 

I within these general terms of reference. 
I 

B. Reportiag and Plsnning Requirements 

The crop scientist will: 

1. Prepare a research plan (following a review of relevant research 
carried out in-country or by the IARCs) for his technical specialty 
and then work with the scientists in other disciplines to integrate 
this plan into a comprehensive research program. 

2. Prepare a report on research findings at the end of each 
agricultural season (including an assessment of their potential 
contribution) and participate, and perhaps lead, in the preparation 
of the annual station report, 

3. Participate, or perhaps lead, in the preparation of recommendations 
on technical packages emanating from past and current research 
findings . 

4. Prepare any other papers/reports as may b e  appropriate or requested 
by the Director of WSARP, 

C. Relationships ; .  , 

The crop sciaatist w i l l  work under the day-to-day sapervisian sf a 
Sudanese Statiaa Director in Kordofan Region of Western Sudan, and under 
the overall supervision of the WSARP Director. The project . is 
implemented through the which is the institution responsible for all 
agricultural research in S u b .  , 

I 

I 



Terms of R e f  ererjce 
for 

Biometrici= 

A. Duties and Respons i b i l  i t ies 

This position w i l l  be filled by a qualified biometrician who has : 

experience in planning and analysis of agricultural research programs 
and projects. The experience should include past activities in 
developing countries. 

Preference will be given to a biometrician who has capability i n  
modeling production systems. The appointment w i l l  be for three years. 
The position is to be established at El Obeid, 

S p e c i f i c  responsibilities would include the following: 

1. The biometriciam woulc! serve as an advisor to  provide technical : 
assistance to all scientists at all the WSMP stations. 

2.  Participate in research planning committee meetings at each station 
and at WSARP headquarters. 

3. Assist scientists to develop statistically sound designs for their 
research projects. 

4. Advise the Project Director of the appropriateness of statistical , 

design of ongoing and proposed research projects. 

5. Develop and present specialized training courses to update WSARP and . 
ARC scientists in design of experiments atld in statistical analysis 
of data. Special attention should b e  given to data management . , , 
relative t o  the use of personal computers. 

6 C r e a t e  opportunities to participate in practical extension of j 

technology packages t o  farmers, m e r c h a n t s ,  farmer cooperatives, and 
other groups capable of adopting or commercializing research I 

projects. 

7- Assist in the transition of project activities to a continuing i 
research effort. This includes briefing of new research scientists, 

I I identification of critical issues, and making recommendations for i . 
the research agenda. 

The WSARP Director may adjust and/or extend these responsibilities 
w i t h i n  these general terms of reference. , , 

B. Reporting and Planning Requirements , .  

The biometrician will prepare a plan for training and research planning : 

act ivi t ies  for apprcvzl and implementation by the Project Director., Re : 

will participate, or pcrhzps lead, in the preparation of techhicar [ 

packages that are developed from current or past research findings. It 
I 
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An I l lustr-nt ivc  List of Equipmcmt Suggested 
Froposed Project Activities, 

8 pickups @ $17,000 
4 12-passenger vans @ $23,000 
4 Landrover stat ion wagons x $20,000 
4 IBM PCs @ $5,000 
4 Farm tractors (80 - 100hp) 

Laboratory and f i e l d  research 
equipment 

Small Purchases 

f o r  

Total 
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Winrock International 
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SUPPORT FOR MECHANIZED RAINFED AGRICULTURE RESEARCH IN SUDAN 

1 Introduction 

A. Scope of Work 

USAID indicated t o  the WINROCK International consultants that 
it wished an examination of: (1) the potential for moving technical 
assistance into a more commodity-oriented research approach, and (2) a 
strategy for a movement away from the previous exclusive focus on 
traditional rainfed farming systems. The rationale i n  t h i s  approach 
would be t o  generate technology which might o f f e r  a dramatic increase in 
grain production in Sudan d w i n g  the short term, thereby in~reasing~food 
self-sufficiency. I t  wished, however, t o  continue emphasis on the 
Western Sudan Agricultural Research Project (WSARP), an effort which had 
previously devoted its dforts  to traditional systems in four western 
provinces. 

8 .  Development Strategies in Rainfed Agriculture 

1) General: 

The development strategies of both the Government of Sudan 
(GOS) and USAID stress the importance of the rainfed sector in 
producing food grains; and in providing an exportable surplus of grains 
for earning foreign exchange. The rainfed sector has provided an 
average of 64 percent of the agricultural GDP during the most recent 
five year period of 1981/82 - 1985-86. It is also estimated that 14 
million people (two thirds of the population) rely on rainfed 
agriculture for their livelihood. 

The rainfed sector is composed of four production subsectors: 
(1) mechanized crops, (2) traditional crops , (3)  livestock, and, (4) . 
forestry and wood. The mechanized subsector is perhaps the most dynamic , 

and definitive covering 10 million feddans and 6,000 relatively well- 
educated farmers. Mechanized farmicg is concentrated i n  the 450-800mm 
annual rainfed belt, has the problem of declining average yields, and a 
reputation for contributing t o  the degradation of land resources in the 
cormtry. However, it is the backbone for food security and self- 
sufficiency would not be possible without the subsector. 

2) GOS - Strategy in the Mechanized Subsector 
I 

This strategy calls for technology improvements, production- 
oriented measures, and support measures t o  generate productivity 
increases. But yields have declined steadily for 25 years, with the area 
under cultivation continuing to expand. 



3) Proposed U S A I D  Strategy in the Mechanized Subsector 

The proposed strategy would adhere to the Country 
Development Strategy Statement (CDSS) by concentrating on rainfed 
agriculture research. In addition,  it would bring a l l  mechanized 
farming research back under the  umbrella of the ~gricultural Research 
Corporation (ARC) by eliminating such research from diverse 
organizations such as the Blue Nile Integrated Agricultural Development 
Project (BNIAD) and the Mechanized Farming Corporation (MFC). 

4) The proposed strategy would serve to open a research 
program in a new geographic area (eastern and central regions) which is 
meeting the food d e f i c i t  with a production growth o f  over 500 percent in 
one year on a 10 million feddan arez. 

5 )  The strategy proposed would not greatly add to the 
government staff  but largely reassign existing scientists presently 
working on an ill-equipped and isolated station to a more accessible and 
centrally located facility that has housing, warehouses, workshops, 
developed land, and most of the necessary field equipment, The 
facilities and equipment, funded under a previous USAID grant, are 
presently either standing idle or underutilized. 

6) Associated with a thrust into  rainfed mechanized research 
would be complementary and supporting projects that could eliminate 
other major constraints i n  the subsector. These include farm-to-market 
roads, rural water development, and private sector operated farm service 
centers. These high priority projects could be implemented by USAID or : 
other donors. If implemented, they would complement t h e  subsector by j 
providing s t a b i l i t y  of production and increase its profitability. All 
have provisions for producing revenue and thus be self-supporting 
through land rents, user fees, and commodity sales. 

11, Background to  Mechanized Rainfed Agriculture 

A. Geographic Setting: 

The Central Rainlands area of Sudan represents one of the 1 
largest reserves of cultivatable land in the world. It forms a b e l t  ' 

across the country between lUO and 140 north lat i tude.  Suitable  land 
for cultivation in t h i s  area ranges as high as million hectares. 
Rainfall ranges from 450 mm in the north to 900 mm in the south. Due to j 
its suitability for agriculture it has received considerable development ' 

attention as a potential supplier of surplus food for other parts of ' 

Africa and the Middle East. Within the Central Rainlands and along the 
Nile !liver l ie  t he  irrigation schemes which produce cotton and other , 

crops. Further- away begins the vast area which is farmed by either . 
mechanized or traditional systems. Availabif ity of permanent water , 

supplies determined the patterns of traditional settlement. . 
Occasionally, water w a s  found and it became the site for a village and 
its sedentary agriculture. More often it was grazed o n l v  partially in ' 

the dry season by transhumants who utilized surface water supplies. 



The l ives tock  were driven south during the dry season when the surface 
water became unavailable. 

B. History of Mechanization: 

In 1944 the British began mechanized farmi~g in the Central 
Rainlands in the Gedaref area close to the Ethiopian border. Its 
purpose was to feed its soldiers in Ethiopia as well as satisfying local 
requirements for sorghum which was then rationed in Sudanese towns. 
They used tractor-drawn disk plows and mechanized seeders, however the 
weeding and harvesting was done by hand. 

In 1949 the leasing of holdings was given to local merchants. 
They paid the government for plowing and seeding services, but the s i z e  
of acreage allotment was low. However, this was the start of the 
private mechanization system which ex is ts  today in a greatly exparided 
form. The scheme w a s  abandoned in 1954 due to low crop yields and 
inefficiency both on the part of the cultivator and the "sheil" credit 

- 

system which reduced the profitability and incent ive  to  produce. 

In 1954 the government-owned machinery w a s  sold to the new 
tenants and the roads b u i l t  for the scheme were handed over to the local 
councils, Subsequently, land was rented out in blocks of 1,000 feddans 
each: The new tenants were usually merchants with capital and 
management ability- They prospered =d acquired more farms, 

From 1961-71 the National Development Plans  devoted attention 
to expanding cotton production as a m e a n s  of import substitution of 
short-staple American types. It was introduced to mechanized schemes 
but failed. Cotton turned out to be labor intensive and costs were no t  
j u s t i f i e d  by the y i e l d  levels obtained- Sesame was also tried in 
rotations during th i s  period, but also failed due to sensitjvity of the 
plants to soil moisture variability and high labor requirements during 
the critical harvest period. 

In recent years sorghum production has dominated the 
mechmized subsector. It now accounts for at least 87% of the acreage. - 
Sesame is probably planted on 10% and m i l l e t  on the remainder. 

C. The Role of the Mechanized Farming Corporation (MFC) 

In 1970 the MFC was given the responsibility for surveying and 
allocating lands for mechanization, assisting private investors, 
management of state farms, promoting adaptive research, collecting 
rents, and providing credit and other services for mechanized farmers. 

The World Bank established I D A  credits of $US 5 million to the , 

MFC for the  purpose of providing the foreign exchange costs associated 
with developing the S i m s i m  dis t r i c t  of Gedaref. This included heavy , 

construction machinery to build roads and water reservoirs, credit for 
purchasing of farm equipment, research and extension equipment ,and ' 



supplies,  and for salaries of expatriate and selected Local staff. 
Essentially the progrm was designed to  stimulate crop and cotton 
production on heavy clay soils that could not be cultivated with either 
the hand hoe or animal powered equipment, Individual farms were 
initially designed to be 750-1000 feddans in  area. This  s i z e  was later 
increased to 1500 feddans wi th  the intention that one fourth of the land 
would remain in fallow, Land was allocated on a 25 year lease at the 
very modest ren t  of LS 0.10 per feddan. A later loan from the World 
B a n k  in 1971 w a s  for $US 11.25 million and started a 350,000 feddan unit 
at Urn Seinat northeast sf S i m s i m .  Cotton was later dropped from a l l  
rotations due to  lack o f  p r o f i t a b i l i t y .  

111. The Importance of Mechanized Agriculture to the Economy of 
Sudan 

A..Size and Scope: 

For planning purposes the mechanized farming subsector 
comprises about 10 million feddans distributed as follows: 

%yes of I&veIopment Million Feddans 

Demarcated lands now famed 4-5 
4.5 Undemarcated lands now farmed 

Demarcated lands not developed 1-0  
---- 

Total : 10-0 

These lands and production w e r e  divided among the three m a j o r  
rainfed crops in i985/86 as follows: 

Area Production Yield  
(000 Fed. ) (000 MT) w g / F e d .  1 
---- ---- ---- 

Sorghum 7,335 2,626 358 
Sesame 1,213 110 9 1 
Millet 31 10 328 

---- 
Total: 8,579 2,746 

B. Markets and Prices: 

Sorghum is the m o s t  r e l i a b l e  and profitable crop to grow in i 
the mechanized subsector- However, repeated production of the crop on , 

the same land over 15 to, 28 years explains the low yie lds  that are 
received. Other contributing factors include t h e  presence of weeds such , 

as Strigs hermonthica (a parasitic weed specific f o r  sorghum) and wild 



sorghum, increased gresence cf pests, and a greater frequency of  sorghum 
diseases - a l l  indicat ivc o f  problems caused by monocul t urc cu l t  i vnf ion. 

Because of the focal absorption capacity of sorghum and t h e  
profitable export  markets that heretofore existed, t h e  farmers have been 
encouraged to grow the crop year after year. Esport markets in t h e  Near 
East and Saudi Arabia have up to now been quite elastic and able t n  
absorb su rp lus  sorghum from Sudan at reasonable znd even qui te  
pro f i t ab l e  producer prices. 

Sesame, a high quality oifseed, has a limited m a r k e t  but  one 
that does reward the exporter with a premim price. There is a s t 'eadi ly  
increasing market for  sesame seed far bzke-ky and confect  i o n a r y  purposes. 

Millet is t h e  grain preferred by sone tribes i n  Sudan and is 
consmed locally. However, it is only a minor part of the cropping 
system and is more frequently used as a "catch crop'' that can be planted 
late, or is sown on land that is heavily infested with Strig: 
heirnont hi  ca- 
w 

C. Impact on Total Food Production by the Yechanized S~bsectar: 

The subsector has been a decided asset to the country and its 
economy. While i t  does no t  have the  consistent yield reliability of  t h e  
irrigated sector, it is t h e  major supplier of high calor ic  food f o r  the 
urban sector, 3s wI? as b e i n g  a consistent carner of foreign eschmge. 

With the  combined advent of refugees,  inadcquatc and errztic 
r a i n s ,  and a drought in Western Sudan, therc has been an embnrgo on 
sorghum exports f o r  the past two years. d lack of a food security 
program and strategic food reserves h a  resulted in imports of TL 480 
sorghu,  a ban on sorghm exports and a s u b s t a n t i a l  increase in sorghum 
prices in 1903/85. 

In 1985, both the mechanized rainfed, irrigated, and 
traditional subsectors increased sorghrm acreage in response t o  price 

incentives (see Attachment 2, Table 28). Total increase over 1984 was 
over four million feddans (50 percent )  but proportions for each 
subsector varied as follows: 

M i l l i o n s  of Feddans 
Sub Sector -------- 

Mechanized rainfed 4 .5  7 . 3  
Traditional rainfed 2.07 3.7 
Irrigated 0.8 1.1 -- --- 

Tot a1 



Whereas the traditional rainfed  subsector responded to  price incentives 
by increasing acreage 37 percent, the mechanized ra in fed  subsector 
increased by 62 percent. Considerably higher y i e l d s  from the latter was 
also recorded, but was due primarily to bringing new lands i n t o  
production. 

1V. Proposed Project Description 

A. Perceived Problem: 

1) Retention of Export Markets 

The ra in fed  s e c t o r  produces four major crops (sorghum, 
groundnuts, sesame and cotton) which enter export markets and provide 
the country w i t h  badly needed foreign exchange. Sudan has been unable to 
maintain its l e v e l  of  exports in sesame, groundnuts and sorghum because, 
of a decline in production, and recently has found that its traditional 
markets for these crops are being captured by other suppliers. Short 
staple cot ton exports have aLso declined due to world surpluses and lask 
of demand for its poor lint quality. 

2 )  Decl&ghqg Yields adn Productivity 
I 

Rising prices reflecting shortfalls in production have 
resulted in increased planting of sorghum in both irrigated and rainfed, 
subsectors. However, the bulk of the sorghum grown is i n  the rainfed 
sector (89 percent) of which 61 percent is grown on large scale 
mechanized farms, and 28 percent grown by traditional producers. 

Yields of sorghum, however, are low in all sectors when: . 
compared with other major exporters of sorghum, While sorghm under. 
irrigation is averaging 430 kilogramslfeddan, the rainfed mechanized 
subsector averages only 288 kilograms, und traditional growers average 
only 208 kilograms. Competing countries are able to exceed these yields 
f i v e  fold or more. Thus, if Sudan were to expand its area to produce 
more sorghum it would f i n d  di  f f i.culty competing with countries which are' 
able to produce five times the yield per unit o f  area. 

Vertical expansion (yields) has fallen far behind 
horizontal expansion (area). In fact, over a 22 year period (1961/83): 
overall yields have declined almost 16 percent.  But, in She same period' 
the area planted to sorghum increased by 77.4 percent with the: 
traditional subsector increasing 18 percent and the rainfed mechanized, 
subsector increasing 249 percent- 

Sudan has been increasing production at the expense of: . 
expanding area concurrent with accepting declining yields, Tractors an< 
machinery are pushing into undeveloped areas t o  sustain and increase 
product ion. With the increasing prices of equipment and fuels, the'. 
Sudan will eventually reach a point  where y i e l d s  have declined to the" ~ , 

extent t ha t  it is no longer profitable to grow sorghm. It will then be. 



left w i t h  a depleted land resource base caused by lack of attention to 
crop and soil husbandry practices which promote long-term productivity 
for agriculture. 

3)  Research ConstrpL~4g and Lqxk_ of Priority 

A t  present there is little being done in research which 
is applicable t o  the mechanized rainfed subsector. The ARC has 
designated the Abu Naama station to conduct such research, however its 
research Bas  l i t t le  relevance. Technology developed remains to be tried 
and tested on farmers lands, and due to the station's isolation it has 
little access t o  the majority of the mechanized schemes. Much of the 
research needed concerns  tillage and machine selection on the hard 
cracking clay so i l s ,  however it has no equipment to do this type of 
practical research. 

Due t o  lack of priority and/or funding, t h e  staff members 
are restricted in their travel and essentially have no incentive to 
conduct off-station tests- Housing, laboratories and offices built in 
1963 have not Been maintained. Probably the absence of supervision and 
contact with other scientists reduces  the efficiency also. 

Some very obvious research needs to be conducted - and 
the hypothesis is that results would r e s u l t  i n  high marginal returns 
necessary to vertical versus horizontal expansion. These include 
germplasm comparisons on sesame, sorghum hybrid development for yields 
and improved harvesting, tillage practices, weed control, insect , 

control, harvesting practices for sesame, and planting p r a c t i c e s .  .I 

B, Project Goals and Purpose: 

Attachment No. 1 is a preliminary logical framework which 
provides an overview of the goal, sub goal, purposes, inputs, and 
outputs concerning the proposed project. 

The pod is to obtain increased and sustained production f r o m  
I 

the existing mechanized farming land base. This  would be in contrast to I 

current systems where increased production is obtained only through vast I , 
expansion into virgin lands which result in depleting soil fertility, 
cause land degredation, and infringement on traditional grazing lands of 
the,. transhumants. 

The goal is t o  enhance domestic food self-sufficiedcy, 
maintain and increase surpluses for export, and increase the standard of 
living for those engaged or dependent upon the mechanized farming . ' 

subsector. 

The project purpose is to improve the capability of ARC to 
provide the research and technologies needed to overcome present  ? 

constraints to rainfed mechanized farming systems. These include a 
close cooperation with t h e  MFC in on-farm t e s t i n g ,  and 'later extension 
diffusion of t he  technologies that are found t o  be technically arid 
economically viable.  Strong linkages are also t o  be made to I , 



agricultural credit agencies which order and supply farm equipment, as, 
well as to encouragement and support of the private sector to supply off. 
farm inputs conducive to obtaining high yields, 

C. Expected Achievements and Accomplishments: 

These could be many fo ld  i n  t h e  project. They include: 
reversing the declining sorghum yield trend, increasing to ta l  
production, increasing area sown to sesame, increasing profitability of 
mechanized farming, encouraging rotat ion, and protecting the environment 
by introducing erosion control techniques. 

The introduction of new and improved combinable varieties 
and hybrid sorghums, the use of fertilizer, the use of herbicides and! 
insecticides when needed, the shifting to more efficient machinery and' 
implements, the improvement of p ~ s t  harvest storage, and t h e  
organization of efficient markets are all facets of the new technology 
to be tested, confirmed, and extended. 

There will be a concurrent training of scientists, the 
influencing of government policy m a k e r s  and the encouraging of the 
private sector to  have a greater involvement in the mechanized rainfed 
subssct or - 

t 
There are possibilities for considerable technology 

transfer of the research results generated i n  t h i s  project as opposed t< 
that geared for traditional farmers in Sudan. If technical and economic! 
feasibility can be shown, there could result large surpluses of sorghum < 

for export as well as sesame. The rationale for this hypothesis is as: 
follows: 

I 

a- Nature of producers: The owners af the means ot, 
production are investors, with the intent of obtaining high returns to 
capital. They have more knowledge, b e t t e r  access to markets an4 
probably are able  to take advantage of credit  capital at m o r e ,  
reasonable rates of interest. They have larger holdizgs, and even on 
demarcated schemes where the acreage is restricted per farm, the owners' 
may control larger holdings through blocks rented by close relatives, ! 

b. An extension system: If cost-effective technology is 
developed through research, the adoption would involve a large number 05 
feddans per individual. The owners would be easier to contact through - 
an extension system as they are usually l i v i n g  in the urban areas and 
not scattered about i n  villages. An extension system does now ex i s t  i@ 
the form of the MFC. I 

c. Short term and intermediate loans: Mechanized 
farmers do have the opportunity, at least on the demarcated schemes, to 
obtain loans through the Sudanese Agricultural Bank. 

d. Farm service centers: The emphasis in t h i s  
on the establishment of sources af critical farm inputs such as 
machinery .spare parts, fertilizers, dessicants, pre-emergent weed 

I 



control herbicides, and locust control insecticides will help to 
minimize the vagaries of supply of off-farm inputs inherent to many 
agricultural development projects. The ability of the mechanized 
farming entreprenuers to purchase and use these inputs effectively and 
efficiently alsa would minimize the amount of credit and training 
support needed when dealing with the traditional subsector. 

D. The Functioning of the Project Within 
Research/Extension System. 

Present Research Or$anization: The 10 1) ---- -- 
mechanized rainfed subsector is presently served by 
ine f f i c i en t  research organizations: 

The Existing 

million feddan 
two relatively 

a) M-WC research which was specifically established to i 
service the mechanized rainfed subsector in the East and Centra l  Regions 
at the following locations (see Figure 1): 

Simsim State Farm - Gedaref 
\ 

Agadi State Farm - north of Damazin 
Babila - east of Dilling 

The Agadi State Farm now belongs to the Arab 
Authority f o r  Agriculture Investment and Development in the Sudan 
(AAAIDS). The organization conducts its own research and appears t o  
have done very well in operating its own experiments with both varietal 
and agronomic trials.  Consequently they neither need nor want any 
further trials conducted by MFC on their farm. 

MFC also conducts agronomy and machinery tests at 
the  EI F u d ~  Development Center. This is a facility in Southern Kordofan 
situated on the loamy sands and sandy loams that might have potential 
for mechanized mixed farming. Some trials at El Fuda are directed 
towards the mechanization of the traditional sector and concentrates on 
plant populations of traditional and new crops, fertilizer requirements, 
problems of crust formation on problem soils, better adapted var ie t i es  
of millet, groundnuts, sesame and sorghum, and the potential for new 
crops such as cowpeas, e a r ,  sunflower, forage crops, and grain legumes. 
Trials for moisture conservation and cantro!,Iing erosisn are also being 
done with various cropping rotations. !&& of the El Fuda research 
duplicates that done by WSARP at Kadugli. El Fuda is roughly 100 ! 

kilometers west and south of Kadugli. 

The WARP Kadugli station is also near the Habila ' 
research farm but here the soils and scale of mechanization are 
significantly different from both El Fuda and Kadugli. 

The MFC has employed ARC scientists to monitor their 8 

trials and make suggestions to improve crop research. Such reviews are 
made by the senior staff of ARC. 

I 
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) @C ----- Kenana ---- Sta t ion  at &bg Naama (Figure 1). This 
facility was developed to serve the agriculture of the r a i n f e d  sector in 
the eastern and central regions of the country. The station was also 
assigned the research responsibility of supporting the kenaf production 
in an adjacent area. Consequently, Kenana also conducts some irrigated 
research. 

The station has nine scientists, four of which have 
PhD's, and five which have M.S. 's .  Disciplines represented include two 
agronomists, an entomologist ,  a w e e d  specialist, two plant breeders, a 
soil s c i e n t i s t ,  an agricultural engineer, and a plant pathologist. 
While the mix of disciplines is to b e  commended, it is lacking a 
production economist and an animal s c i e n t i s t  i f  the station were to 
cover the major d i s c i p l i n e s  for t h e  mechanized rainfed subsector- The 
concept of cropping systems and the farming systems approach is 
understood, but is not implemented at the station.. 

2 )  Evaluation of. and Future fgz MFC Research 

Machinery research trials are very extensive in area 
and comprise several thousand feddans at each s i t e .  Consequently such 
trials with replications are both expensive and time consuming. Due to 
rainfall pa.tterns during the period 1982/84 the agronomic and 
mechanization trials were confounded and as a result there were fewj if 
any, conclusive results which could be relayed to farmers. MFC does, 
however, recommend rotational cropping, combinable sorghum varieties, 
row planting, and two or more weedings. Recommendations from t h e .  
machinery trials suggest use of chisel plows, precision planters and 
combine harvesters - Recommended herbicides are "sorgoprim" for sorghum 
and "maloran" for sesame. 

Research funding has been largely through IDA 
sources. This funding ceased in 1985 and the Sudanese agronomist in 
charge was terminated at t h e  end of 1985- The Chairman and Director af 
MFC has planned to continue the research function on a reduced scale. 
However, if the value and extent of agronomy and machinery research was 
marginal with I D A  support and leadership, it cannot be expected t o  
improve with reduced funding and direction. Consequently the agronomy 
and machinery research program for MFC will probably be less effective 
and considered as only salary support for the technicians with little or 
no funding for operations, spares, and tra in ing .  

3) Proposed Research Program and Organization 

A f i ve  year development assistance program is suggested 
for upgrading staff and facilities for research in the mechanized 
rainfed subsector. Some key points which should be  included or  
considered i n  the design are the following: 

a) Graduate tra in ing  for a t  least five scientists who 
would be obligated t o  work in rainfed mechanized research for at least 
f i v e  years after returning from training. 

b) Rather than build new facilities and housing, or t o  
invest i n  the complete rehabilitation of Kenana Research Station, i t  is 



recommended that the headquarters of mechanized farming research be 
moved from Kenana to Damazin, 110 kilometers south (see location on 
Figure 1 ) .  Damazin is adjacent to Roseires Dam and has ample electric 
power, water, and an all weather airport w i t h  limited commercial 
f 1 ights . 

S i t e  of the research station would be in tlhe 
facilities previously occupied by the Blue Nile Integrated Agricultural 
Development Project (BNIAD).  The facilities consist of a 24 offi'ce 
block, a workshop, warehouse, seven expatriate homes, and 22 houses for 
Sudanese staff, of which eight are three bedroom and five are two 
bedrcom houses. 

c) Station research at Damazin can be carried on at a 
150 feddan fenced farm that has previausly been used for research trials 
in the BNIAD. It is located only two kilometers from the headquarters 
buildings, and is equipped with a well, warehouse and shed- 

d) The BNIAD has three other larger farms at A h  Gumei, 
Abu Shaniena and Karen-Karen. These function demonstration training 
centers with additional roles of providing producers with custom tractor 
services, credit, and seed. I t  is hoped that the provincial government 
of t he  Blue Nile would assume support for these centers and i n  the near 
future they could become self supporting. There is presently no need Fo 
have a mechanized rainfed research program assume the role, staff, 
equipment and housing presently at these three farming centers. 

e )  Vehicles and equipment presently assigned to BNIW 
could be u t i l i z e d  by the rainfed mechanized research program. These 
consist of 29 vehicles, 14 tractors, planting, harrowing, weeding, and 
spraying equipment, as well as workshop equipment for repair ahd 
m i n t  enance. 

f) A t  least f i v e  Abu N a a a  ARC s c i e n t i s t s  could be 
transferred to Damazin and be supplemented w i t h  two expatriate 
scientists to provide the necessary critical staff t o  implement ( a  
dynamic research program staff at the Damazin Development and 
Verification Farm. This would subsequently be renamed the ARC 
MECBANIZED RAINED FARMING C6NTEB . The research talents necessary t o  
the  center would be an agronomist, a plant breeder, a weed scientist, an 
entomologist, and an agricultural engineer. Expatriate staff would 
consist of a machinery specialist and a sesame specialist w i t h  agronomy 
training.  Abu Naama would retain the services of an agronomist, a soil 
sciectist, a plant breeder, and a plant pathologist. An agricultural 
economist could be subsequently assigned to Damazin to complete the 
staff. 

g) Research would initially follow along the 17 trials 
established by the BNIAD i n  their agronomy verification trials (see 
attachment on BNIAD experiments). This research is in its third and 
fourth year of testing- The crop rotation and fertilizer trials  are of 
a long term nature and should be continued even if the concept of t h c  

I 

mechanized farming research center is rejected. 



h) Salary incentives of 25 percent, similar to the 
WSARP, could be provided, but is not considered essential. The p o s t i n g  
to Damazin would be more advantageous than Abu Kaama where no incentives 
are presently received. I t  is believed that the opportunities for post- 
graduate training and practical tra in ing ,  improved housing, shopping, 
medical, and school facilities are sufficient incentives to encourage 
posting to Damazin as opposed to Abu Naama. 

i) Judged to be of more importance than salary incentives 
are operational funds. ARC at yresent  is unable to secure sufficient 
recurrent funds to take on additional research activit2es. 
Consequently, a five-year operation cost of $US 400,000 is programmed as 
a line item for the center (see estimated costs, Section Y.D-) 

j) Technical assistance component involves two full time 
positions, each for a five-year period. Those most critical include a 
machinery specialist with considerable  experience in both tra in ing  a d  
extension. He/she would test mechanization concepts, train 
counterparts, and extend findings to the mechanized sector- The second 
advisor would be a sesame production specialist and would supervise 
the trials associated with sesame. Sesame appears to be asrel iable  cash 
.crop in the  subsector and could be rotated effectively w i t h  sorghum. 
The problems of sowing and harvesting remains to be solved and presently 
there is no competence in sesame research and production in the Sudan, 

V. Factors Affecting Project Selection and Further  Development 

A. Social Analysis 

1) General 

The mechanized rainfsd subsector has been, up to now, a 
source of part-time employment for the rural poor of Sudan. Some 
workers reside in the area and do subsistence farming; others migrate 
long distances from Western and Northern parts of the country to work as 
migrant laborers, 

The present mechanized technology in sorghum production 1 
consists, essentially, of a tractor drawn disk-drill for land 
preparation and sowing, and a stationary thresher. Hand labor is used 
for weeding, clipping of heads and stacking into piles at harvest, znd 
feeding of t h e  heads into a stationary thresher.  In the case of sesame, 
the crop is usually cut, stacked and threshed using hand labor. 

The research envisioned in the project calls essentially 
for increasing productivity of existing farms- From a technical 
standpoint it involves trials on crops, varieties, cultural practices 
using mechanized implements, rotations,  and other productivity related 
activities. From an economic standpoint the research would study t h e  
profitability of improved production and soil conservation practices to . 
the individual farm owner as opposed to t h e  existing system, and of the 



possible impact that increased productivity would have both for domestic 
consumption and increased exports. 

Social considerations appear to hinge on two categories: 
the utilization of underemployed labor, and the lower costs of 
production which might cause further  encroachment of lands presently 
used for livestock grazing A/ and traditional agriculture. These 
considerations are also linked to environmental consequences, as lower 
cost of production could encourage more cultivation in the fragile soil 
areas, and in areas where there is under 400 mm of rainfall. Both ace 
contributing factors to soil erosion and loss of permanent vegetation. 

2) Labor Utilization 

In the late 1970's a study 2/ indicated t h e  following 
labor requirements needed for sorghum and sesame i n  the mechanized 
subsector : 

Labor Hours per Feddan 
Sorghum -- Sesame 

Burning off  crop residue 0.25 0.25 
Weeding once 20.0 20-0 
Sorghum head cutting/stacking 8.0 -- , 

Sesame cutting and stacking - 30.0 
Sorghum threshing from piles 3.0 --- 
Sesame threshing by hand --- 2.5 
Sorghum threshing, stationary 0.25 --- 

--- -- 

Total hours: 31.5 hrs 52. 75 

Sorghum labor and value: A second study conducted in' 
1985 31 indicated that the costs for band labor in mechanized sorghuq 
operations averaged i n  excess of Ls 25.00 per feddan. Jobs performed' 
were identical t o  the 1978 study. In that sorghum under mechanization: 
accounted for 7.335 million feddans i n  1985, this hand labor usage is, 

--- I 

, 

ljSee Attachment 6 "Implications of Mechanized Fanning on Livestock - 
Production. 

UwAlternative Strategies for Agriculture Development i n  the Central 
Rainlands of the Sudan," Univ. of Leeds, R. D. Study No. 3, 1978. 

3JExpected Yields, Production and Costs of Sorghum in Rainfed 1 

Mechanized Areas of Sudan," FAEA/MANR, December, 1985, Sudan. 
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particularly important from the standpoint of employment in the Sudanese 
economy. It represents 29.3 million person days of work by the 
underemployed tradit ional  farmers. A t  Ls 25.00 per feddan the amount 
spent w a s  over Ls 183 million. 

Sesame labor and value: The researchers suggest adaptive 
research on the use of desicants for sesame to hasten ripening, as well 
as land preparation and planting practices to permit machine 
cultivation. The use of dessicants would permit swathing and pickup 
combining, or possibly straight combining without the swathing 
operation. The results would be an increase in yields of from 25 to 40 
percent due t o  reduction in shattering losses. Owner adoption of the 
practices would again depend on whether the substitution of capital and 
practices utilizing machines would be more cost effective than the use 
of labor. In 1985 the mechanized acreage for sesame was estimated at 
1.313 m i l l i o n  feddans. While no recent studies indicate the labor costs 
per feddan it is estimated at about 67 percent higher than sorghum. 
This is due to  the fact that hand labor is used entirely for the harvest 
and threshing operations. If one used Ls 41.00 (AGRODEV estimate of 
1985) as a cost per f e d d m  for hand labor, then the amount received by 
laborers in 1985 was Ls 58.8833 million. 

3) Ownership and Management 

Generally, but not always, the owners . are merchants 
having management knowledge anb access to capital. Many are of northern 
Sudan and Khartoum origin where arable land is scarce and l i v e l i h o o d  
needs t o  be made in other areas of the country. Historically, the 
owners are middlemen and deal with buying and selling, and practicing 
the "sheil" system. Actual day-to-day management of the farm is in the 
hands of a foreman who also supervises a tractor operator/greaser. The 
owner will reside in one of the larger cities and makes occasional 
visits to the farm. The foreman and tractor operator will stay on the 
farm less than s i x  months of the year. 

On the demarcated areas Ls 1.00 per feddan is charged as 
land rent and must be paid regardless of whether t h e  land is farmed or 
fallowed. The rental w a s  proposed to be raised t o  L s  2.00 per feddan a 
few years ago; however, there w a s  much po l i t i ca l  opposition and the 
matter was dropped, While there is a limitation of between 1,000 and 
3,000 feddans per owner (depending on the scheme), there are 
considerable joint holdings  in the  names of close relatives which are 
subsequently farmed as one large unit.  A t  the present time there are 
over 6,000 tenants  on the demarcated schemes, with as many more 
requesting leases. A crop tax which is approximately the value of 10 
percent of the production at Ls 20.00 per 90 kilograms is paid to local 
rural councils for use in health, school, civil service salaries, road 
construction, etc. 

On the undemarcated areas t h e  village "sheik" would give 
the right to farm mused Land to mechanized operators. This authority 



was later transferred to an elected rural council with the power given 
to one of its members to grant leases. More recently the r i g h t  to use 
undemarcated lands has been allotted or approved by various levels of 
local government, from a s  l o w  as the local rural council to as:h igh  as 
the regional Minister of  Agriculture or Governor. In t h i s  sense, all' 
land not approved by MFC or the Agricultural Investment Commission is 
c~nsidered undemarcated. 

The above discussion indicates that there are many social 
implications of research in the mechanized rainfed subsector. Under the  " 

present  system there is a large labor input f r o m  nearby traditional and 
migrant farmers who regard the  mechanized farms as a source of  
supplemental income. Others benefit ing from t h i s  emploqment include the 
thousands of refugees from Ethiopia and Eritrea, Uganda, Chad, and Zaire 
who now work and reside i n  Sudan. 

One might say that the loss of work opportunities by 
traditional farmers would force them to do a b e t t e r  job of farming their 
t r a d i t i o n a l  plots, but it is doubtful that this would occur to any great 
extent. The thousands who now work make more by going off the farm 
rather than staying home. Hand labor is required for a longer seasonal 
period on mechanized farms, whereas family labor bottlenecks on , 

traditional farms occur mostly in the  weeding period. 

Income distribution is not equitable in the  subsector. 
Owners of the means of production are largely speculators and they 1 
control large holdings.  

The method of land allocation on the undemarcated areas ;. - 

very frequently does not  consider the traditional users, such as the 
transhumants, who are present only at certain times of t h e  year. Lands 
of the permanent sedentary farmers have been more secure, as they can : 
complain to the local sheik and obtain redress. 

B. Financial  Analysis: 

I) Present Economics of Farm Operations: 

Using only three pieces of f i e ld  equipment (a 60-70 
horsepower tractor and a wide-level disk planter) t h e  farm manager or ' 

tractor operator disks up the f i e ld  soon after the weeds have germinated j 
i n  the e a r l y  part of the rainy season. A f t e r  a f e w  days the planting is : 
done using the same wide leve l  disk, but now planting the crop at the i 
same time that the field is being disked. While the crop should be j ' 

planted into rows to facilitate weeding and uniform depth of planting, : 
the  mud thrown up from the  disk planter plugs t h e  seed hoses. To 
rectify the  problem, the operator cuts off the hoses and the seed is : 

then broadcast rather than row planted, By planting i n t o  rows and at  a 
uniform depth there is presumed to be an increased economic efficiency i 
of production. 9y not delaying the second cultivation (to allow weeds to ! 

I 



geminate and grow) the crop could get o f f  to  a better start with the 
possibility of higher yields, and the assumption is that economic 
efficiency could again be enhanced. 

The farm operations, however, appear quite rational from the 
standpoint of the economic situation in which the owner finds himself. 
He seeks to maximize returns from the l imited capital  obtained through 
fa ir ly  reasonable interest rates ,  and from subsidized prices in the case 
of farm machinery. He is only able to purchase a limited type and range 
of equipment because that is all that is being imported into Sudan. He 
is not concerned in maximizing returns to land, as it is almost a "free 
good" once the land clearing at Ls 30-35 is completed. Even on the  
demarcated schemes he is allowed to use additional land as an 
alternative to the block he has depleted due to continuous cultivation. 
The concern of the omer is cost per sack of sorghum produced, and to 
minimize costs for expensive fuel and machinery repairs- 

The present machinery is quite unsophisticated and doesn't 
require well-trained mechanics for operation and adjustment. Even if 
more and varied equipment were available it would increase the needs for 
spare parts which are d i f f i c u l t  to obtain for the machines now used in  
Sudan. 

The farm manager is getting maximum efficiency from the 
limited capital investment in machinery. Be runs the tractor arrd drill 
unit for approximately 20 hours per day by hiring two tractor drivers 
and two greasers. Each works a 10-hour shift. In fact, the  same 
equipment listed above can very easily be used to farm a 1500 feddm 
unit as ef fect ive ly  as a 1000 feddan unit. 

When the crop emerges and weeds appear, t h e  manager hires 
weeding crews to work on a piecework basis. He divides the field into 
60 feddan units, and the work force contracts to weed the units at a 
negotiated price, depending on the  amount of weeds that are present, 
The work groups consist of traditional farmers and their sons who might 
live in nearby villages, or they may be transient laborers from 
traditional farming areas many hundreds o f  m i l e s  away. There has always 
been an abundance of  hand labor available and the labor rate has only 
been slightly more than Ls 1.00 per day, However, the owner supplements 
th is  salary by providing some dried f i sh ,  okra, sorghum flour and other 
food so the laborers can prepare meals on the farm. The owner also 
provides water, as sources are usually scarce in the area where the 
mechanized farms are located. In 1985 the labor contracts were s l i gh t ly  
higher than i n  previous years, as it was a favorable year for planting 
and more acreage was seeded due to the higher expectations of price 
(prices had been driven upwards by the drought of 1984). But labor 
efficiency is good because of the piecework contracts and normally runs 
between Ls 15-20 per feddan, 

The harvesting method differs  depending on whether the crop is 
sorghum or sesame, If sorghum, the labor crew cuts and stacks the  heads 
i n  piles around the field. There will be three to four of these  piles 
per feddan. In the case of sesame, the entire stalk is cut and tied 
into individual bundles and then shocked in the  field t o  dry. However, 



the great bulk of acreage planted is i n  sorghum simply because this crop 
is more profitable and e a s i e r  to grow. 

The threshing for sorghum consists of a custom combine which 
arrives at the field with the operator and a crew of probably 10 people. 
Half the crew works for I0 hours and the other half another 10 hours.  
The combine is moved f r o m  p i l e  to pile and the l a b o r e r s  fo rk  the heads 
into the cylinder to be threshed. Large burlap bags, each holding about 
90 kilograms, are filled at the grain spout and the sack is tied with 
twine. Only about one in 50 farmers have a combine, The economic use 
efficiency of the combine is high with approximately 20 hours operation 
per day. In addition, there is little movement around the rough fields, 
thus minimizing wear and consumption of expensive fuel. Heads are cut. 
by hand due to uneven stalk height. The practices suggest that it is 
cheaper to use manual labor to bring the crop to the combine rather than 
a straight coabining operation, or using two operations if the crop bas 
t o  be swathed due to high moisture content  of the crop. Many of the' 
combines move to the Gezira Irrigation Project after harvest where more 
custom work is done threshing wheat in the dry season. 

Threshing of sesame is done entirely by hand. A labor crew 
comes to the field, up ends and beat s  the  bundles to separate the seed 
from the s t r ~ w  and then winnows the seed. It is then placed i n t o  large' 
burlap bags and awaits transport to the  buildings for later marketing. 

Farm buildings consist cf a few native-style huts which are 
used for storage and also as housing for laborers while they are at t h e  
farm. The owner or manager hires a lorry at Ls 5.00 per bag to take the 
crop to the nearest market center where it is sold to middlemen. 

2)  Management and Investment Income Analysis 
(1500-Feddan Farm under Three Cropping Systems) 

a) P r e s e n t  System 10-28 tons per feddanli 

Table No. 3A, Attachment No. 3 is shown to give a' 
perspective of the present level of income per feddan of sorghum- 
Returns to family labor is not included as it is n o t  normally involved! 
in the farm's operation. 

The yield of -280 tons per feddan is the fiveyear! 
average for the period 1979-83 i n  the Gedaref area. Average yields 
dropped there to 0.137 tons in 1984 due to the drought, but rose to 
0.316 tons in 1985, a good crop year. The average price of Ls 3OU.OO1 
per ton is considered low, but prices have been unstable due to the 1984 
drought and the oversupply due to good crop in 1985. Alte-mative 
management/investment income is presented for Ls 350.00 and Ls 400.00: 
per ton. 

The crop tax  is paid at a fixed rate of Ls 25.00 perf 
sack of 90.9.kilograms and does no t  increase or decrease w i t h  changes in' 
sale price, Neither does the rental charge of the land. This indicates 
a couple of reasons why farmers have found it  profitable to expand t h e ,  



land area. The unavailability of fertilizers and herbicides and l a c k  of 
equipment f o r  application have also been contributing factors. 

Returns for  sesame are not shown, as farmers are now 
raising very little of that crop. They also ignore the recommended 
fallow system and plant the entire farm to sorghum. 

1) Table No. 3 B ,  Attachment No, 3, i s s h o w n  to give 
potentials for income increases on the s m e  1500 feddan farm under an 
improved system with medium efficiency. Changes from the present system 
includes a 15 percent versus 10 percent of original cost for repairs, 
and a charge of LB 10.00 per feddan versus Ls 5 -00  for permanent staff. 

2 )  The system incorporates the use of summer fallow (one- 
fourth of the farm) to control Striga hemonthicd,  herbicides, r o w  
seeding, and improved varieties. In the example there is an investment 
i n  a ch i s e l  plow at Ls 20,000, a precision planter at Ls 30,000, sprayer 
at Ls 15,000, and two tractors each costing Ls 50,000. This is an 
alternative to the present investment of Ls 50,000 for one tractor, and 
a wide level di sk  planter at 1;s 24,000. 

3) Land preparation at the beginning of the rainy season 
includes one operation on the summer fallow and two operations on the 
existing sorghum stubble prior to  planting. Planting is done 
immediately after land preparation =in& a precision planter. The weed 
sprayer immediately follows planting to apply a pre-emergent herbicide. 

4) Through the planting i n  rows a d  application of herbicide , 
it is pcss ib le  to eliminate three-fourths of the hand weeding expense; . . 

however, the  existing hand harvest and stationary combining operation is ; 

left in place. 

5) Management/investment income before f inancing is shown for 
farm-gate prices of Ls 300, 350, and 400 per ton. 

c> Improved Svstem 10.60 tons p e ~  feddan, 
High Efficiency) : 

1) This system shown as Table 3C, Attachment No. 3 is 
identical to the recommended practices shown under medium efficiency, 
with the exception that yields are increased to .60 tons per fedclan, 
repairs to machinery are kept at 10 percent of original cost per year, 
and permanent staff costs are not increased f r o m  the preseat system, 

2 )  Managernent/investment income before f inanc ing  is shown for , 

market  prices of Ls 300, 350, and 400 per ton. 

/ 



FINANCIAL INmmAL RATES OF li!ETLTRN (FIE?) 
(1560 feddm fam under three cropping systens) 

33 Tables No. 3D, 3E, and 3F A t t a c h e n t  Ms. 3 show cash finws 
under the above three alternatives over a 14 year period at fam gate 
prices of sorghum at Ls 300, 356, and 400 per ton. Swmary of t h e  tables 
is as follows; 

Tabla 1. F 3 W  of 1500-feddm fam, varicms efficiencies a d  
sorghm f a w  gate prices, 

-------- ----- - ---------- 
Financial internal Rate of Return 

Cropping System Ls 3Q0/tsn Ls 350/ton Ls 400/ton 
- 1 1  ------ -- ---------------- 

Present system 13.5 52.5 113.2 
0.28 tons/feddan 

Medium efficiency system (-3'7.7 22.0 53.7 
0.50 tons/fedban 

High efficiency system 35.4 80.2 157.1 
0. SO. tons i f  eddan 
----4C-------3-r-3----I---r--III-..l-----.--u4--I 

2) Surraraary: 

a) Fann gate prices are m o r e  likely to be under Ls 350 per 
tan in the  long term. Farmers must therefore obtain high efficiency and 
m o r e  than double present yields in order to profitably adopt present' 
recommdalions. This would be a considerable increase and is not 
realistic. 

b) There is high variability of rainfall between seasons and 
within seasons. Extra machine cost with medium a.nd high efficiency7 
systems is a fixed cost, while under the present systera weed cnntrol is 
a variable  cost. Other r i s k  factors include availability of spare 
parts, and obtaining skilled staff  to run and service the added, 
equipment. 

c) Higher land rental costs,longer tern leases, a d  higher r 
hand weeding costs would encourage vertical as opposed to horizontal ' 

expansion to obtain productivity increase. * .  

I 
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C. Economic Analysis: 

This analysis reflects profitability from t h e  viewpoint of 
society  as a whole. While not nonnally done for research projects,  i t :  
should be done during the project preparation phase for  the Rsirrfedi 
Mechanized Research Project. Some points which should be considered in 
t h e  analysis include: 



1) Ad.justrnent of Transfer Payments: Because of the 
possibilities for improvement of seed through research of sorghum 
hybrids, the saving of shattering losses in sesame, and the use of 
better tillage, planting and weeding practices, the improved technology 
could serve to set the stage for large increases in export of thcsc 
crops. Other items which need to be addressed include the use of rental 
monies on the demarcated schemes, and the crop tax which is imposed by 
local councils. In the case of the latter, varying mounts seem t o  be 
paid (or not paid at all) and there is no way to determine the amounts 
unless a query is made to the regianal. and local governments. 

It is also known that there is a transfer payment 
occurring i n  the rates of foreign excbange for the purchase of farm 
machinery. While purchases for mast machinery i n  the demarcated schemes 
is coming through loans from the Sudanese Agricultural Bank, the 
exchange is reported to be at the official rate and overvalued. There 
are also distortions in t h e  debt s e r v i ~ e  which is reflected in non- 
payment of loans by producers. 

2) Prices on ----- F o r e i e  Exchange: The official exchange rate is 
in the process of change and there needs to be a more timely study dune 
to determine the  shadow exchange rate. This is of great importance in 
that much of the research is actually adaptive i n  nature and if advpted 
might result in more imports of machinery, chemical, fertilizer, and 
possibly hybrid seed. The value of these inputs, especially farm 
machinery, have spiraled in their countries of origin and a value given 
today can be much underestimated a year from now. Also, as the 
Agricultural Bank of Sudan actually does some imports i n  bulk through 
its loan program, one 'needs to know the  amount of discount that is 
obtained through such bulk purchase, 

3) Shadow Pricing of &@: While this is valued at its ----- --- 
oppor tmi ty  cost, it is unknown what t h i s  mount  really should be. Some 
estimates place it as Ls 5.00 per feddan, while others state tha t  i t  
goes as high as Ls 10-00. 

4 )  Shadow Pricing gf Labor: The present mechanized subsector 
involves the invester and his agent, plus a high mount  of unskilled 
hired labor. There is skilled labor at one shadow price, unskilled and . 
underemployed at another, each with varying costs depending on. the 
demand for labor on their own farms. There must a l so  b e  placed a value 
on in-kind support to the labor including water, transport, housing, and 
food. 

I 

5) Exports: Tbe mechanized subsector produces mostly 
sorghum and sesame for export. The traditional farmers produce for both 
domestic consumption and export. There have t o  be estimates made of 
econo~ic export value based on converting local to foreign currency, 
costs of storage, loading, and transport t o  Port Sudan. 

6) &tangible Benefits: While these  are usually ignored in 
economic analysis, they do have some relevsnce if it becomes cost- I 

effective to substitute machinery for h,md labor in t h e  subsector (see 
social analysis). 



The increased yields brought about through capital 
oriehted technology can produce some increased revenue f o r  traditional 
sommities. Local taxes, now estimated at 10 percent of the value of 
production at Ls 25.00 per 90.9 kilograms, might tr ickle  down in terms 
of better roads, schools, clinics, and hospitals. 

Farm adoption of the practices would hinge on whether the 
substitution of capital for  labor is cost-effective. If credit capital 
is available, then it would also make horizontal expansion more 
profitable as the land resource is cheap at about Ls 40.00 per feddan ' 

for one-time clearing and Ls 1.00 or less per feddan for annual rental 
either from the FMC or local government organizations. Unless land were 
made restricting i t  may encourage more intensive farming of fragile 
lands heretofore used by occasional grazing and fallow type agriculture. 
On the existing lands the shorter-strawed varieties will result in a 
lesser amount of fodder for nomadic camel herds which now graze the , 

s tubble  during the dry season. For traditional agriculturists it would I 

necessitate more frequent farming of existing lands,  This would result 
in a loss of fertility and lower productivity. The possibilities for : 

encroachment would also hold true for sesame, however, the amount of 
fodder left for nomadic grazing in the dry season would be unaffected. 

D. A h i n i s  trative Analysis 

Mechanized rainfed research would be placed under the 
administrative control of the Director General, ARC at Wad Medina, and 
be added to the responsibilities of the Deputy Director, WSARP. The , 

Director General would name a station director and staff at Damazin 
similar to that  of the present four stations of WSARP. A t  a later date, 
there would be a director assigned to handle the entire rainfed research , 

sector in ARC. Two research subsectors would be supervised by him, that , 
of traditional and mechanized rainfed farming. Other directory would be i 

named to administer research in the southern tropical and irrigated . 
areas and t o  supervise support services such as a central library, 
outreach, and documentation. 

Figure No. 2 is shown to illustrate the four-director . 
concept and to sb3w how research in to  mechanized farming could be 
integrzted into the present research structure of the ARC- 

I 

E. Estimated Costs: I 
- 6 

The following are estimates of costs of the project over a ; 
f ive-year term. 



Figure 2 .  Recommended Organizational Arrangement, Agricultural Research Corporation, The Sudan 
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Table 2. Estimate of USAID Cost, Mechanized Rainfed Agricultural 
Research Project ---------------------------------------------------- 

Item Description Cost ----------------------------------------------------------- 
Technical assistance (long term) 

Agronomist 5 yrs @ $125,000 $625,000 
Agricultural engineer 5 yrs 8 $125,000 625,000 

Technical assistance (short torn) 
64 person years Economics, soils, 832,000 

plant pathology, 
entomology, etc., 
8 $13,000/month 

Participant training 
Long term 16 yrs @ $30,000 480,000 
Short term 100 months 8 $10,000 1,000,000 

Commodities ($1 

Recurrent costs $50,000 8 5 yrs. 250,000 
----A 

Total: $4,212,000 

( 8 )  Assumes BNIAD facilities available at Damazin. 
------------- - -------------------------- 

\ 

I 

F.  Design Strategy: 

1) Pre-Design: It is recommended that approximately a one i 
month's consultancy be done by a sociologist/economist prior to thec 
design of the project paper. This individual would direct efforts: 
towards the  following areas: 

a) Extent of migrant and resident hired labor now; 
employed in the mechanized rainfed subsector. Determine opportunity 
costs of such labor during periods when high labor inputs are required. 
This would include alternative nmployment in irrigated and traditional ; 
agriculture, as well as the amount of work done by refugees. 

I 

b) The level of labor s k i l l s  required that are presently1 
required in mechanized agriculture, and the upgrading of skills required, 
through use of machines such as sprayers, precision planters, row! 
cultivators, swathers, and combines. 

c) Make an assessment of loss i n  employment of labor  if: 
the subsector were to become increasingly mechanized in its operations. 

! 

2) ProJect -- --- Ilesigg: The project paper design is quite. 
straightforward and would require no more than  a four week consultancy: 
by a highly trained agronomist and agricultural engineer. 

I 



a) Agronomist: Should have had much experience with 
research in sorghum and sesame crops. If a combination of skills cannot 
be found, then t w o  agronomists on the team would be useful. The needs - 

for the sorghum specialist is in t h e  area of highly adaptive research 
intended for technology transfer. In sesme, a specialist in plant 
breeding/variety selection for non-shattering characteristics, the  use 
of dessicants, and cultural practices under mechanized operations would 
be most desirable. 

b) Agricultural. engineer: This individual should be 
experienced and knowledgeable concerning improved cultural practices and 
zachinery selection for use in sorghum production under dryland 
conditions; and with problem soils where special machine requirements 
and cultural practices are needed. The engineer should bring along 
current price information regarding purchase costs in the U.S. for 
chisel plows, smooth harrows, row planters, press drills, row 
cultivators, sorghum and sesame pesticides, sesame dessicants, and 
current recommended harvesting techniques for sesame in the United 
States. 

Suggested sources for sorghum agronomists are from 
states i n  the Great Plains area. USDA/OICD might suggest sources of 
sesame specialists either from the ARS Special Crops Division, or 
through the Land G r a n t  System in Southwestern United States. 

G .  Environmental Assessment: 

The project will be emphasizing research which, when extended, 
will serve to reduce present  degradation of t h e  land resource t a k i n g  
place in the mechanized rainfed subsector, The t h rus t  will be to 
improve soil fertility of the existing land that is used, rather than 
expanding horizontally t o  "mine" new lands which have proven to have 
limited long-term productivity- 

To make existing lands more productive in the long term 
necessitates the use of fertility rejuvenation crop rotatiocs, 
fertilizers, more efficient planting techniques, weed control  to reduce 
nutrient competition from weeds, and earlier planting dates to maximize 
use of early crop season moisture. 

To accomplish the above, there  w i l l  be  some research work and 
supervised field trials using herbicides and insecticides presently 
recommended for sorghum and sesame in the developed countries. The use 
of pesticides and herbicides are no t  f iew to Sudan. They are used 
extensively in t he  irrigated and rainfed sectors for craps such as 
sorghum, peanuts, w h e a t ,  sugar cane, and cotton- 

Clearance for use of pesticides is regulated by the ; 

Agricultural Research Corporation. Training courses are providcd t o  
users by t h e  P l a n t  Protection Administrati~n, and the Agricultural 
Extension Service of the Ministry of Agriculture. 



In all cases, the research i n t o  pesticides use will emphasize 
that which has minimum residual effect on the environment, and/or those 
which do not pose dangers to humans and livestock which either reside in 
the areas, or use the lands for grazing during the dry season- None 
will be recommended for general use until assurances can be made that 
users are trained and 2roperly supervised. 

H. Complementary Projects Supportive of the Mechanized Rainfed 
Research Project: 

There are several voids in the infrastructure of the 
mechanized rainfed subsector that necd attention and concurrent 
development if the subsector is to assume its fully productive role i n  
the national economy. In addition to research and its subsequent 
extension, the  obvious voids are roads, rural water supplies, and the , 

provision of a multitude of agricultural inputs, p lus  a mechanism for 
storing and marketing the expanded production. 

Attachment No- 4 includes a discussion of the following 
complementary activities: 

Farm to Market Roads (see Location on Figure 1,  Page la) 

Water Yard Development at Gedaref 

Supplies of Off-Farm Inputs for  Rainfed Farming 
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ATTACHMENT 1 

PREL l M 1  NARY LOGICAL FRAMEWORK MATKi X MECHANIZED R A I  NFED AGRICULTURAL RESEARCH PROJECT 

N a r r a t i v e  Summary Ob jec t i ve ly  Ve r i f i ab l e  I nd i ca to r s  Means o f  V e r i f i c a t i o n  Important Assumptions - 
GOAL : 

Increased product ion from the Increases i n  food and l i v e s t o c k  Nat ional  s t a t i s t i c a l  Ag r i cu l t u ra l  research w l l l  
~nechani  zed product ion systems. product ion.  repor ts  compl eted from con t r ibu te  t o  improved a y r i -  

product i on  f i e l d  surveys. cu l  t u r a l  production, and new 
technologies w i  1 l be adopted 
by the farmers. 

SUB GOAL : 

To enhance dorr~estic food Sustained increases i n  y i e l d  of 
suppl ies ,  develop g ra i n  m ~ j o r  crops o f  the nrechani zed 
surp lus  f o r  expor t ,  increase subsector o f  rd in fed  a g r i c u l t u r e .  
standard o f  l i v i n g  f o r  those 
engaged i n  mechanized farming 
i n  r a i  n fed  a g r i c u l t u r a l  lrnproved incomes f o r  the r u r a l  
subsector. i nhab i tan ts  o f  Sudan t h a t  are 

invo lved i n  r a i n fed  mechanized 
farming . 

Statist ical  repor ts  o f  That new techno1 ogi es w i  11 
a g r i c u l t u r a l  productf  on. l ead  t o  cconornic increases i n  

y i e l d  and supply o f  food 
grains. 

F i e l d  surveys o f  f a r m  and That these economic y i e l d  
household income. increases r e s u l t  i n  improved 

incomes f o r  the r u r a l  com- 
ponent as we l l  as the urban 
manipulators o f  the system. 

PHGJECT PURPOSES: 

That s t a f f  can he i d e n t i f i e d  
f o r  t r a i n i n g  and work a t  
research assignments i n  the 
r a i n f e d  sector, 

1) To improve the  c a p a b i l i t y  Research s t a f f  i s  i n  p l a c e  w i t h i n  Contractor repor ts .  
o f  ARC t o  prov ide research t he  ARC i n f r as t r uc tu re  f o r  research 
f o r  technologies needed t o  t h a t  can (1) i d e n t i f y  and p r i o r i t i z e  
overcome cons t ra i n t s  t o  cons t ra in ts  t o  product ion systems. 
r d i n f e d  mechani zed farming ( 2 )  Plan and in~plernent i n t e r d l s c i -  ARC annual research 
systems. p l  i nary research program t o  solve repor ts .  

cons t ra in ts .  

2 )  To develop 1 inkayes between MFC has tes ted new technology Pro ject  evaluat ions.  That MFC w i l l  p r o ~ i d e  s t a f f  
ARC and MFC f o r  conduct ing packages i n  f i e l d  s i t ua t i ons .  and equipment For t e s t i n g  
"on farm" t e s t s  f o r  improved new techno1 og i  es. 
technologies.  S i t e  v i s i t s .  

3 )  To stairnulate t h e  p r i v a t e  An Agric, Service Center f o r  That the p r i v a t e  sector has 
t o  provide necessary inputs p rov id ing  product ion inpu ts  an i n t e r e s t  i n  becoming 
t o  the  sector f o r  adopt ion needed f o r  adopting new tech-  invo lved i n  support o f  

5. of  the. n e w  technolpgies, . - . ... nology f o r  rainfed mechanized mechanized farmi ng programs. 
fA-- - - - - -  f a r d n  - a s  ' functi-odng within 

the  p r  ? vate sector. 

, , 



ATTACHMENT 1 (cont t nued) 

P ro j ec t  Outputs Magnitude o f  Outputs Means o f  V e r i f i c a t i o n  Important Assumptions 

1. Funct i  ondl research 
s t a t i o n s  w i t h  re levan t  
programs f o r  mechanized 
a g r i c u l t u r a l  product ion 
systems are i n  place. 

2. A cadre o f  t r a i n e d  
s c i e n t i s t s  i s  p lanning and 
conduct ing research programs 
f o r  r a i  nfed mechanized 
product ion systems. 

3. A farm systems research 
u n i t  i s  func t iona l  and pro- 
v i d i n g  baseline data f o r  
i d e n t i f y i n g  and p r i o r i t i z i n g  
cons t ra i n t s  t o  mechani xed 
farming systems f o r  ra in fed  
ag r i cu l t u re .  

4. The MFC i s  conduct ing 
"on farm" research t e s t i n g  
o f  technologies and moni t o r i  ng 
farmer managed i n t e r ven t i ons  
in to  product i on  systems. 

5. A Farm Service Center i s  
f unc t i on i ng  under the p r i v a t e  
sector.  

1. A research headquarters Contractor repor ts .  
developed a t  Oa~razin w i t h  a 
support ing s t a t i on  upyraded a t  
Abu Mama . Re1 evant research 
programs a re  underway a t  bath. 

2. Four s t a f f  members i d e n t i f i e d  Annual research repor ts  
and t ra ined ,  and a l l  f unc t i on i ng  o f  the ARC. 
w i t h i n  the rainfed mechanized 
f a m i  ng research program. 

3. Four product ion s c i e n t i s t s  Evaluat ion repor ts ,  s i t e  
( Ayr . Engn., Agron., Econ., and v i s i t a t i o n s ,  publ ished 
Soc io log is t )  are t ra ined  and budget f  i gures. 
func t ion ing  throughout the 
~nechani zed ra in fed  a g r i c u l t u r e  
subsector t o  i d e n t i f y  and 
p r i  or1 t i ze const ra in ts  t o  
product ion.  

4. MFC i s  working w i t h  ARC 
s c i e ~ t i s t s  i n  t e s t i n g  s t a t i o n  
proved techno1 ag ies through 
an-farm t r i a l s  a t  Simsim, 
Damazin, Oilllng, and Habi la .  

5. An Agr ic.  Service Center has 
been developed a t  Damazin which 
i s  operated by the p r i v a t e  sec to r  
t o  provide the ay r i cu l  t u r a l  i npu ts  
,needed, t o  sustai  n adopt ion o f  
improved technologies an r a i n f e d  
mechani red farms. 

1. GOS make ava i lab le  t o  ARC 
the  Bl ue Ni  1 e Devel apment 
f a c i i  i t i e s  a t  Damaxin. 

2. ARC approves the develop- 
ment o f  a research head- 
quar ters  a t  Damazin. 

Sc i en t i s t s  can be rec ru i  t r d  
f o r  t r a i n i n g ,  and complete 
t r a i n i n g  on schedule. 

MFC I s  w i l l i n g  t o  c o q ~ e r a t e  
wi th ARC t h r u  f i e l d  t e s t i n g  
p rog ram f o r  improved 
technologies.  

The p r i v a t e  sector i s  
i n t e res ted  i n  development of  
Agr i  c. Service Center. 

? .  

6. The GOS has demonstrated 6. The GOS, through I t s  research The M i n i s t r y  o f  Finance and 

i t s  a b i l i t y  t o  support a i n s t i t u t i o n  ARC, i s  meeting salaries, Econ. A f f a i r s  provides 
v i a b l e  research program equipment, and recurrent  opera t iona l  scheduled budget increases, 
f o r  ARC when' donor support costs f o r  ra in fed a y r i c u l  t u r a l  

.. - - . -  . i s t e rm inn ted . - -  . - . - - . .research - a t  -the .end .of p r o j e c t .  . 

"2 
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ATTACHMENT 1 (cont l nued) 

---.- 
Pro jec t  Inputs Magnitude of Inputs Means o f  Ve r i f i ca t i on  Important Assumptions 

1. Technical research 1. Lony term: 10 person y r s  Contractor repor ts .  Highly qua1 i f i ed and 
ass is tance i n  agronomy, @ $125,000 = $1,250,000. motivated researchers which 
engineet'lng, and re la ted  Short t e r m :  64 person yrs can be recru i ted t o  work a t  
f i e l d s  t o  MRAR. @ $13,000 = $832,000. remote research stat ions i n  

Sudan. 

2. Par t ic ipant  t r a i n i n g  o f  2. Long term: 16 person y r s  Contractor reports. Sui tab1 e candidates can be 
MRAR s t a f f .  @ $30,000 = $480,000 i d e n t i f i e d  and released f o r  

Short t e r m :  100 person mos t ra in ing ;  and t ra ined t o  
@ $10,000 = $1,000,000 technl cal competence. 

3. Traininy and coordinat ion 3. a) Training classes and Contractor reports. MFC w i l l  cooperate t o  provide 
of FMC ext. s t d f f  f o r  on-farm conferences on t r i a l s  and extension component and t o  
t r i a l s  and extension t o  recommendations. b) Tra in lng ass i s t  i n  on-farm t r i a l s .  

u p r i v a t e  sectors. classes i n  technology, i n  
N machine use, ca l ib ra t ion ,  

chemical use, p lo t  layout.  

4. Log is t i c  and commodity 4. Commodities, t ractors,  and ARC reports. 
support. equipment : $400,000 

Forei gn exchange funds 
provided. 

5. Recurrent costs: $50,000/ 
year x 5 years = $250,000. 

Total  project cos t  : US$4,212,OOU 

Waiver by USAID o f  minimum 
percent cont r ibu t ion  by GOS; 
also a v a i l a b i l i t y  of 
T i t l e  I 1 1  currency. 
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AND PERCENTAGES BY SECTOR, SUDAN 



TRENDS IN FOOD SUPPLIES AND PRODUCTIVITY, PRODUCTION AREAS, 
AND PERCENTAGES BY SECTOR, SUDAN 

A. Food Supplies z d  Productivity 

1) Sudanfs people consume mainly a cereal based diet. Average 
annual per capita consumption by its 22.5 million people is between 119 
and 126 kilograms of cereals of which sorghum, millet, and wheat account 
for as high as 98 percent of t h e  kotal. Table No. 1 shows an estimate 
of total requirements of these cereals. Sorghum's share ranges from 60 
t o  66 percent of the  consumption i n  the 1980's. The consumption of 
millet is declining, dropping from 23.1 percent in 1980/81 to only  10.1. 
percent in 1984/85. Wheat consumption i s  rising as a result of demand' 
in the urban areas and reflects possibly some income elasticity,' 
government bread pricing policy, and concessionary imports f r o m  the 
United States. 

2 )  Drought in 1984/85 created an overall d e f i c i t  of all cereals, 
however ' estimated production response i n  1985/86 wfll again, satisfy 
consumption requirements except for wheat. While the overall projection 
for 1984/85 leaves a surplus, eight of the country's provinces are: 
deficit and only three are surplus. Surplus provinces are Kassala (685; 
percent), Blue and dhite N i l e ,  Gezira (247 percent), and Southern' 
Kordofan (19 percent).  Surplus production is a l l  f r o m  t h e  mechanized 
rainfed sector. 

3) The abundant agricultural resources of Sudan suggest that the 
country should not have p r & h S  i n  meeting future domestic demands for 
the major cereals, however decreasing productivity is occurring in both ,  
the rainfed mechanized and traditional sectors. Lower productivity is, 
offset in the mechanized sector by the abandonment of marginal' 
production areas, and increasing the total area planted to cereals, 
mainly sorghum, 

4) The following table 2 A  provides an overview of consumption and 
production of three cereals which together constitute practically all; 
of the cereals consumed. Note that over the f i v e  years between 1979/83! 
there w a s  a surplus of sorghum and millet, and a deficit in wheat. 1984: 
was a drought year and considerable deficits were recorded in  all t h ree ;  
cereals. Huge surpluses in sorghum and millet were recorded for 1985, a -  

! good crop year. 

1 
I 
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Table 28. Average Consumption per Capita of Major Food Grains i n  
Sudan as Compared With Actual Production Levels (000MT) 

----------------------------------------------------------------- 
Annual 

MajorFaod Percapita 
Grain  Cons. kg 84/85 
---------------------- 

Sorghum 74. Q 
Wheat 36.0 
Millet 7 . 5  

TOTAL 117.53 

Total Total Total 
Require- Ave. Prod. Prod. Proci. 

men t 1979/83 2984/852 1985/86 
--Ad-------------------------------------- 

2 Drought year 

30ther cereals at 1.7 kg bring conswption to 139.2 

Prcduction Trends of Four Major Food Crops 8. ----- --- 
( T a b l e  No. 28) 

1) Sorghum: 

This is the most important food crop i n  Sudan. In the 11 
year period from 1972 to 1983 its share of production area w a s  47 
percent. I t s  share o f  total tonnage produced w a s  56 percent. About I1 
percent of the production is irrigated, 61 percent is ra in fed  
mechanized, and 28 percent is grown by traditional fanners. Over the  
past 22 years Sudan has been a net exporter of sorghum averaging 112,000 
tons per year. 

Average area planted to sorghum by mechanized rainfed farme:-s 
w a s  984,000 feddans during the period 1961-72. From J.972 t o  1983 it 
increased to 3,434,000 feddans an increase of 249 percent. In 1985 i t  
took a further jump to 7,335,080 feddans which made a total ificrcase of 
645 percent. Tonnage went from 324,000 in 197f to 2,626,000 in 1985- 
While the 1985 jump can be attributed to high price expectations as a 
result of the 1984 drought it does point up the growth in this subsector 
and its responsiveness to supply and demand. 

The traditional rainfed subrector has not been as responsive. 
It went from 2,254,000 to 2,657,000 feddans in t h e  same period for a 
change of only 18 percent, But i t  too responded by going t o  3,703.,000 
feddans in 1985 for a total increase of 64 percent. But its increase 
w a s  mainly at the expense of groundnut production. 



2) Millet: 

This is primarily a subsistence crop with 96 percent of the 
tonnage and 98 percent of the area i n  the  traditional rainfed subsector 
i n  1985- About 91 percent of the feddans and 89 percent of the tonnage 
is in the four western provinces,  however y i e l d s  are low averaging o n l y  
142 kilograms per feddan. Three of the four provinces in t he  west are 
deficit and do not produce enough for consumption by its inhabitants., 
Low productivity of the soils coupled with subsistence farming practice 
are the reasons for the deficit. Millet is commonly grown where there 
is a short growing season and where only marginal levels of rainfall are 
received. 

3) Sesame: 

This is a cash crop planted by both the mechanized and 
traditional rainfed subsectors. About 34 percent of the tonnage w a i  
produced i n  the  mechanized subsector from 1979-83, however its share 
went to 52 percent in 1984 and is expected to be 51 percent in 1985.: 
During the five year period 1979-83, 72 percent of the feddans were i q  
the rainfed traditional subsector but i t  dropped t o  53 percent' in 1985. 
Reasons for the drop is the drought in 1984 and higher price 
expectations for millet and sorghum for 1985. The 1985/86 production of 
sesame is about the same as the five year average between 1979 and 1983; 

4) Groundnuts : 

The relative position of groundnuts i n  total food production 
i n  Sudan is increasing. I t  increased from 12.9 to 19.5 percent as a 
production share of major food crops during the period 1961 to 1983. In 
area it rosz from 11.9 to 14.9 percent during the same period. ~iel& 
per unit area showed a positive growth rate during the period and w a s  , . 
especially evident i n  the  irrigated areas. Average yields there rose 
from 627 kilograms per feddan t o  885 kilograms per feddan. Increases iq ' 

yield over time were also made in the rainfed areas of the Blue Nile and 
Kordofan regions, but in Darfur and southern regions there w a s  a decline 
in yields  due to rapid expansion of area under cultivation. 

! 

While the  irrigated area w a s  only 13.1 percent in 1285, it 
produced over 32 percent sf the total tonnage in the country. The 
traditional subsector is however t h e  main producer and accounts for 
between 65 and 70 percent of the total tonnage produced. N o  groundnuts 
are planted in the clay soils of the mechanized rainfed subsector due t o  
difficulties in harvest. 

I 

The decline in planted area from 1984 to 1985 is due to hi& 
production coss and the fact that many producers responded to t h e  1984 
drought by plant ing  mere sorghum arid millet. 

I 

C .  Mechanized Production Areas, Production Levels and Percentages' 

Tables 2C, 2D, 2E, and 2F show the production areas and Xevels o$ 
production by the  mechanized rainfed subsector, and how it compares with , - * ,  



the irrigated and traditional subsectors for four major food crops. Only 
the period 1979-1983 is shown in detail as 1983 and 1985 are considered 
abnormal years due to the drought. 

I) Sorghum (Table 2C): 

About 56 percent of the feddans and 60 percent of the 
tonnage was from this subsector. Production concentration is still in 
the eastern rainlands but movement into the western regions is taking 
place. Yields per feddm average about 14 percent higher than the 
traditional subsector but are partially offset by more land abandonment 
a d  movement to virgin production areas. 

2 )  Millet (Table 2D): 

Only 5,000 feddans is planted by the mechanized subsector 
and indicates both a comparative and economic disadvantage for 
mechanization. Millet is considered a subsistence crop for production 
areas having a short season, with low rainfall and poor soil conditions, 
Production concentration is on the sandy soils of North Kordofan, and 
North and South Darfur. 

3 )  Groundnuts (Table 2E) : 

N o  production is presently i n  thc mechanized rainfed 
rubsector as the =irrigated heavy soils  pose problems for harvesting. 

I 
The crop is particularly suited to the traditional subsector w h e r e  
sandier soils exist. However, under irrigated conditions on the heavy 
so i l s ,  groundnuts gave over 350 percent higher yields than in the 
traditional subsector. 

4) Sesame (Table  2F): 

28 percent of t?le feddans and 34 percent of the  tonnage 
w a s  produced under rainfed mechanization. The mechanized subsector 
yields were slightly higher than under traGitional production- Sesame 
is reported to produce higher returns than sorghum under mechanization, 
however it has severe shattering problems under present hsrves t ing 
practices. 



.. . - - . - -  - . . .. . . . - .  . . - 
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Table 2l3, Production S U I I ~ I I ~ ~ I ' ~  of Four Major Crops ill Sudan fur Puriud 1979-83, and Ac tua l  Production Levels,  1984 a m  1989 

19 79-1983 
F i v e  Year Average - 1984 .-- 19115 

Type product ion Area X Tons % Area X Tans % w e a  id l o n s  % 
- 

I r r iga ted  582 7.4 250 11 .U 7b6 9.6 436 3 .  1154 9.5 b Y 3  Ib.8 
Hainfed ~nechani zed 4 398 '35.9 12b7 59.11 4534 56.8 389 35.5 (335 bU.2 2b2b b4. I) 
Ha1 nfed t r a d i t i o n a l  2883 37.6 601 28.4 2687 33.b 27'1 24,8 3703 3U.4 u13 1 Y . I  

T o t a l  7863 1UO 2118 1U9 7 Y 8 7  lUC, 1597 1UU 12192 I O U  4131 1uu 

141 LLET 

I s r  i gated 14 0.5 5 1.3 2 U U. ti f U b. '3 22 0.b 9 1.9 
Ltar nt  ed  rnechani zed 5 U, ! 1 l9.3 11 U. 4 1 0.6  3 1 U . 8  l u  2.1 

o Wainted traditional 
03 

2711 9 . 3  3Ub 98.5 3U95 9Y.U 147 3 .  37UU 9U.b 4 3 3  Yb. U 

T o t a l  2730 iUO 392 1Uu 3126 100 158 100 3261 IUU 472 IUU 

SESAME 

lrr i  yaced U (J 0 0 U U U 0 0 0 U U 
Hainfed ~rlechanized 571 ZU. U / 2 34.1 bU3 32.5 7 U 52.6 1213 4 .  11U 51 .Z 
Hain fed  traditional 1469 12.0 139 65.9 12SU 67.5 6 3 47.4 1317 53.2 lus 48.8 



Table 2C. F i v e  Year Production Averages by Sector f o r  Sorghum 1979/80 - 1983/84 
(000's) 

Type productf on Yield 
and Total Percent Producti an Percent average 
geographic area f eddans feddans (MT) tonnage kg/feddan 

Irri gated 582 

Rai nfed mechani zed : 
Damazi n 941 
K o s t i  225 
Geda r e f  2546 
Oil l ing 333 
Rank 342 
South Dar fur  11 

Subtotal 4 398 

Rai nfed t r a d i t i o n a l  : 
Blue N i l e  
Gezi ra  
White Nile 
North Kordof an 
South Kordof an 
North Darfur 
South Oarfur 
South Region 

Subtotal 2883 

Grant Total (78/80-83/84) 7863 

Total  for 84/85 7987 

Total for 85/86 12 168 

60 -1 288 Avg. 

7 -6 269 
1.8 247 
1.3 ,188 
2 -7 133 
4.2 24 1 
0 2 104 
4 .O 232 
6 .5 180 

28 -4 208 Avg 



Table 20. F ive  Year Production Averages by Sector f o r  Millet 1979/80 - 1983/84 
(000's) 

Type product ion  Yield 
and Totz! Percent  Product ion Percent average 
geographic area feddans feddans (MI) tonnage kg/ f  edban 

Irrigated 14 0.5 5 1.3 357 

Rai nfed rnechani zed : 
Gedaref 5 0.2 1 0.3 200 

Rainfed t r a d i t i o n a l  : 
Blue Nile 64 2 -3 10 2.5 155 
Geri ra 6 0 -2 1 0.3 167 
White Nile 7 7 2 -8 14 3.6 18 2 
Nor th  Kordofan 1045 38.3 103 26 .3  9 9 
South Kordofan 4 f 1.5 8 2 -0 395 
North Dar fu r  4iu 15 .0 56 14 - 3  137 
South Darfur 984 36.0 180 45 -9 183 
South Region . 84 3.1 14 3.6 167 

Subtotal 2711 99.3 386 98.5 142 

Grant Total  2730 100 392 1.30 144 

100 147 100 47 Total f o r  84/85 309 5 

Total f o r  85/86 3858 100 460 100 119 
" < 

Summary : 
1, Note that production i s  p r i m a r i l y  i n  t h e  t r a d i t i o n a l  sector .  
2. They expect three times the 84/85 harves t  for 85/86. 
3. About 91 percent o f  the feddans a r e  i n  the four western prov inces .  
4.  About 89 percent o f  praduct ion  i s  i n  the four  western provinces. 

I 



Table 2E. F i v e  Year Production Averages by Sector  f o r  Groundnuts 1979/80 - 1983/ 
84 (000's) 

Type product i on Yield 
and Tota l  Percent Production Percent average 
geographic area  f eddans feddans ( M I )  tonnage ky/feddan , . 

Rainfed t r a d i t i o n a l  : 
Blue Nile 
White Nile 
North Kordofan 
South brdofan 
North Oarfur 
South Darfur  
South Region 

Subtotal 54.0 233 Avg. 

I r r i g a t e d  299 14.2 24 1 36 -0 809 Avg . 
Grant Total  (79 /80-83/84)  2111 100 663 100 314 Avg. 

To ta l  f o r  84/85 1758 100 386 100 2 19 

Total for 85/86 1043 100 3 28 100 314 

Summary ( F i v e  Year Averages] : 
1. B.ulk o f  feddans are  i n  the t rad i t ional  rainfed sect ion (85.8 percent with 

remaining i n  i rri yated (14 2 percent) .  
2.  The t r a d i t i o n a l  t a i n f e d  sector produces about 67 percent of t h e  t o t a l  I 

tonnage, 
3. The four western provinces produce 52.2 percent of t h e  tonnage, 



Table 2F. F ive  Year Production Averages by Sector for Sesame 1979/80 - 1983/84 
(000's) 

Type production Yield 
and Tota l  Percent Production Percent average 
geographic area feddans feddans (Mi) tonnage kg/ feddan 

Rainfed traditional : 
Blue Nile 
White N i l e  
North Kordofan 
South Kordofan 
North Oarfur 
South Darfur 
South Region 

Subtotal 1469 72 -0 139 65 -9 95 Avg. 

Rai nfed mechanized : 
Oamazi n 202 
Gedaref 311 
Uilling 2 2 
Rank 36 

Subtotal 57 1 

I Grant Total (79/80-83/84) 2040 100 211 100 103 Avg. 

Tota l  for 84/85 1853 10Q 133 IOU 72 

Total for 85/86 2590 100 2 14 100 83 . - 

Prel imi nary sumary fo r  report: 
1. About 72 percent o f  total  feddans are i n  t radit ional  ra infed sector and , 

produci ng 66 percent o f  tonnage. 
2. Mechanized sector had 28 percent of feddans and 34 percent of tonnage. 
3. Yields i n  mechanized sector are s l i g h t l y  higher than  t radit ional  sector. 
4. The four western provinces i n  the t radit ional  sector had 50 percent o f  tooal 

feddans and produced 34 percent o f  total tonnage. 
5.  If project expands t o  ra in fed  mechanized sector,  i t  would be i n v o l v e d  w i t h  

92 percent o f  feddans and about 90 percent o f  to ta l  production. Only I 

exclusion is southern region, 

Trends : 
r a i n f e d  

Increases i n  sesame 
i n  the Darnazin area. 

due 
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Table 3 A ,  Average 'rianayement and investment Income, 1500 Feddan Farm, A l l  Planted t o  Sorghum, Gedaref Area, 
1985 ( Present System) 

Cost or ~ e t u r n s l  
Item One feddan 1,500 feddans Remarks 

Yield ( tons)  
Pr ice per ton  (farm gate) 
Gross output (LS)  

Variable Costs: 
Seed 
Land ren ta l  
Crop t a x  
Land preparat ion 
Labor: 

Weeding 
Harvest 

Repai r s  
Threshing 
Sta f f  s a l a r y  
Sacks and s t r i n g  
Other costs  

Subtotal 

Fixed Costs: 
Depreciation 

Total Costs: 

Management Invest~nent 
Income Before Financing: 
LS 3UO/ton 
LS 3501ton 
LS 4OO/ tori 

5-year average Damazin/Simsim 

See comment below2 

1.5 kg/ feddan 
Leased from MFC 
Production a t  f i xed  t a x  
Mostly fue l  

Average i s  20 hr/feddan3 
7-8 hours c u t t i n g / p i  l i n g 3  
10 percent o r i g i n a l  costs 
Custom s ta t ionary  combine 
Driver/yreaser and agent 
1 per 90.0 bay [d LS 3.00 
Local taxes,  e tc .  

7-yr l i f e  and 10 percent salvage 
LS 50,000 f o r  t r a c t o r  and t S  24,000 
f o r  d i sk  d r i l l  

1 C o s t -  da ta  per feddan from PAEA/MANK, Khartoutn (except depreciat ion and repa i rs )  . - - 

2 Gedaref p r i c e  f o r  sorghum was LS 216 i n  March 1984, LS 1200 i n  Ap r i l  1985, and i n  October 1985 was LS 588. In 
March 1986 i t  was LS 333,  Far~n gate pr ice  i s  LS 5.00 pern 90.0 kilogram bag less Gedaref market pr ice.  

3 Hand labor  averages from "A l t e rna t i ve  S t ra teg ies  i n  Ayr icu l  t u r a l  Devleopment i n  Central Rai nJ ands of Sudan ," 



Table  38. Projected Management and Investment Income, 1500 Feddan Farm, One-fourth t o  Fallow and Remainder t o  
Sorghum, 500 Kg/feddan, Gedaref (Medium E f f i c i e n c y )  

-- 
Cost or Returns 

One Peddan l , 5 d b m  Remarks 

Yield ( tons)  0 .S Lower yields than high e f f ic iency  
P r i c e  per ton ( fa rm gate)  300 
Gross output (LS) 180 168,750 -00 

V a r i a b l e  Costs: 
Seed 
Land r e n t a l  
Crop tax 
Land preparat ion 
Fa1 l o w  work 
P r e c i s i o n  d r i l l  
Herbicide 
Repairs 

P Hand weed i n g 
w Hand harvest 

Threshing 
Sta f f ing  
Sacks and s t r i n g  
Other costs 

Subtotal 

15% o r i g i n a l  cost instead o f  10% 

Fixed Costs: 
Oepreci a t f  on 18.86 21,211.50 

Tota l  Costs: 150.96 169,830 .OO 

Manage~rient Investment 
lnconre Uef ore F l  nanci ng : 

t S  300/ ton  - 0  -96 - 1,080 .OO 
LS 350/ton 24.04 27,045.00 

. . LS 4UO/ton 49.04 55,170.00 

land c l e a r i n g  cost not inc luded,  
US$1.00 = 2.5 Sudanese Pounds (LS), 

* . - "  . ...-.-.. ' .  -. " .  . . .. ' - 



Table 3C. P ro jec ted  Management and Invest~nent Income, 15UO Feddan Fana, One-fourth i n  Fa l low and Kemalnder t o  
Sorghum, 60U Kg/feddan , Gedaref ( H i y h  Eff ic iency ) 

C o s t  o r  Returns 
I teln One teddan 1125 feddans  Remarks 

Y i e l d  ( tons )  
P r i c e  per ton  (farm g a t e )  
Gross ou tput  (LS) 

Var iable  Costs: 
Seed 
Land r e n t a l  
Crop t a x  
Land p r e p a r a t i  on 
F a l l o w  work 
Seeding wi th  p r e c i s i o n  
Spray prcarerge herbic ide 
Spray prelaerye h e r b i c i d e  
l k p a i  r s  
Itmd weed Y ng 
Hand lldrvest 
Ttiresl\r lrq 
Stdt t sd l dry  
Sacks arld s t r i n g  
Other cos ts  

Subtotal  

F i x e d  C o s t s :  
Ueprecidt i  on 

Manayemen t Investment 
lnco~ne t lefore F i  nanciny : 

Hybrid a t  increased c o s t  
Leased t roln MFU 
Product ion  a t  t i xed  t a x  
2 r~arrowirrys on 1125 tedddn5 
Uased on 375 feddans 
Uniform depth i n  rows 
Only est imate  (on low side) 
Fuel o n l y  
10 percent  o r i y l n a l  cost 
1/ 5 ot  o r i  g i  na l amount 
A t  i harld labor 
Sta t  iorlary custu~n corrrblne 

LS 3 per YU.9 kg sack 
Local taxes 

2 t r a c t o r s  k~ SU,UUlJ edch; one 
p l a n t e r  3U,UUU; one sprayer 
W 1S,UUU, cllisel plow ZU,UUU, 
l i f e ,  10 percent salvaye 



Table 3U. Cash Flows f o r  150U Feddan Farin A l l  Planted t o  Sorynum, With 0.28 Ton Yleld Per Feddan, and Using 
Varying Farm Gate P r i c e s  (Present  System) 

Years 
1 2-7  8 9-14 

Inflows: 
Gross sales 

Outflows: 
Clear ing l a n d  
lnves tmen t 
Cash c o s t s  

' ro ta I 
Cdsh flows: 

Wltliout Idrid c lear ing  
With clcdring 

Inf l uws : 
l iross sales 

uuct lows: 
Clearing land 
tnvest~nent 
Casn c o s t s  

T o t a l  
Cdsn Flows:  

LS 4UUtTdN FHHM GATE PHICE 

33.5 percent 
13.5 percent 

133.3 percent 
52.5 percent 

~ i t t l o u t  1.af1d clear iny  - I U  ,6 1U 63,3911 -10,61U- - - b3,3YU - 597.4 percent 
With l a n d  c l e a r i n g  -11),61U 63,390 -10,61U 63,3c)ll 113.2 percent 



Table  3E. Cash Flows for  lbUO Feddan U n i t ,  One-tourth Placed i n t o  F a l l o w  and Helnainder t o  Sorghurn, 5UU 
Kglfeddan (Mediu~n Ef t ' ic iency)  

Years 
I tern 1 2-7 8 9-14 F i HK 

Inf lows:  
Gross s a l e s  

Uutt  lows: 
Clear i n j  la l id  
Investinerr L 
Cdsh C o s t 5  

To ta l  
u s n  f l o w s :  

bir thout land c l e a r i n g  
W I  t h  c l e a r i n g  

lrtt  lows: 
bruss s d l u r  

Ur i t t  IOWS: 
Cludrlny land 
Invi!stwmt 
U S  h CUS L S  

Totd l  
Cdsn Flows : 

W~tt iout  ldnd c l e a r i n g  
With c l t ld r iuy  

-144,862.5 2U.137.5 -144,862.5 ZU,13?.5 - 5  purcerlt 
-189 ,th2.5 2U ,  137.5 - l + U , .  iiU,137.5 -7.7 percent 

34.3 ycrcerrt 
22.U percent 

LS 4UU/TUN 
Inflows: 

G r o s s  s a l e s  225 ,UUO 225 ,UUU 225,UUU Z%S,UUU 
Uutt  Iurrs: 

C l e d r i n g  land Y 5 , W J  
lnvest,ner~ t lb5,UUU 165,UUO 

. . Cash c o s t s  1 .  14H,612.5 _ 148,b12.s. 148,012.5 . 

Tota l  358,612.5 14U,b12.5 313,b12,5 148,blZ.b 
Cdsh  Flows:  

Wi tnout  l a n d  c l e a r i n g  - W + 6 1 2 . 5  76,387.5 -88,612.5 7b,387.5 U4.U percent  
w i th  land c l e a r i n g  e133,612.5 76,3U7.5 -U8,612.5 76,387.5 53.7 percent 

. . I _  -- . . -  

b . ~ 



Table  3F. Cash Flows for 15UU Feddan Farm, One-fourth Placed i n t o  Fa l low and Hernainder t o  Soryhum, 6UU 
Kg/feddan Yield (High E f f i c i e n c y )  

Years 
I t  em 1 2- 7 8 9-14 f KHK 

lnf lows: 
Gross sales 

Outt ' lows: 
Clearing l and  
Investment 
CdSll  c o s t s  

T o t a l  
C d s h  Flows: 

Wlthout land c l e a r i n g  
W ~ t h  clearing 

-& 
a lnt Ions: 

GIWSS sales 
UuCt I w S :  

Cladring land 
Invcstr~~unt 
CdSh W S t S  

T o t a l  
CashFlows: * 

Without  l a n d  clearing 
With c l e a r i n g  

Inflows: 
Grass sales 

Uutt laws; 
Cleariny land 
l f ~ v e s  t w n t  

bU,C)52 34.2 percent 
tiO,YS% 35,4 percent 

14 1,5W 
14 1,548 

94,702 133.9 prrcer l t  
Si4,7U;! 8U.2 percent 

128,452 391.4 percent 
12U, 452 157.1 percent 





1 COMPLEMENTARY PROJECTS SUPPORTIVE OF THE MECHANIZED 

There are several voids in the infrastructure of the mechanized 
agriculture subsector that need attention and concurrent development if 
the subsector is to assume its fully productive role in the national 
economy. In addition to research and its subsequent extension, tbe  
obvious voids in the subsector are roads, rural water supplies, and the 
provision of a multitude of agricultural inputs and a mechanism f o r  
storing and marketing the expanding production. 

I 

The possibilities for construction and improvement of roads in t h e  
subsector are unlimited. Essentially, there is an urgent need for three 
roads for the subsector. These would be (1) Simsim-Gedaref road, (2)' 
Damazin-Singa road, and (3) the Habila-Dilling road. 

Simsim-Gedaref road is 130 km or 87 miles and is presently an mimproveq 
road serving the area having the highest percentage of total sorghcmt 
production (735,000 tons). Between 300,000-500,000 tons of sorghum is 
presently being transported over t h i s  road during the f irst  f i v e  months 
of 1986. I 

The lorries carrying this grain are largely tract 
I 

moving 30 tons per trip. Consequently, between I 

made during th is  five-month period for sorg 
addition, there is a considerable number of smaller lorries 
charcoal, labor consumable supplies, and fuels both into and 
area- Roughly 100-150 round trips are made on this bush trac 
speeds of 10-20 mph. The condition of the road has increase 

i costs to 5.00 per bag or over LS 1500 per 30 ton 
trip. Lorries of the seme capacity charge only LS 4.50 
transport grain from Port Sudan to Khartoum, a distance of 

I 

I The high hauling charges of a bag of grain to t 
I raises the price to the local consumer and essential 
, Sudanese sorghum from the international market b 

competitive for traditional markets, unless th 
I exports in some fashion. The March 1986 devaluation cod 
[ but GUS would have to export at the devalued rat 

official rate of LS 2.47 = US$ 1.00- 
I 
I 

Truckers have said that if a paved road w e r e  avail 
I 

Gedaref route, they would only charge between LS 1. 
8 " 

. bag. In addition, the GOS would save the addition 
I f 

I expended in extra fuel, spare parts, and shortened li 
! 
! 
I 
t 
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that the bush road exacts. Presently, LS 400,000 is annually expended 
on maintaining the road f r o m  Simsim to Gedaref. The paving of this road 
w c d d  not eliminate the entire maintenance cost, but would greatly 
reduce this wount  and provide a year-around access through the  heart of 
the principal mechanized rainfed farming district. 

Cost recovery could be exacted by making this a toll. road or charging an 
annual fee for  a lorry to use the  improved road. Estimated cost for , 

constructing such a road would be  $280,[300/km or $36,842,000 for the 130 , 

km ofwhich  $22millionwouldbe foreign exchangeand about$15 million ' 

would be local currency equivalents. If 500,000 tons were moved over 
the  road and an LS 2.00 were charged for each bag, ti- TI roughly LS 10 
million or $5 million could be recovered each year. 

Canadian Aid (CIDA) is greatly interested i n  improving the Gedaref- 
Simsim road, as they have a fanning demonstration project at S i m s i m  and 
have agreed to  another five-year extension of support for this project.  
CIDA has expressed some interest  i n  improving this road but does not 
have sufficient funds for building the ent ire  road and, consequently, is 
looking for co-financing with another donor and GOS support. 

The Singa-Damazin road is an integral part of the Sennar-Damazin road ,' 

which is presently paved from Sennar to Singa. The Kuwait and Arab 
funds contributed substantially t o  the total $57 mi l l ion  cost. 
Contractor squabbles have delayed completion and, hopefully, this can be , 
resolved and the road can be completed in the next two to  three years. 

The Difling-Habila road of 46 km is progranrmed to be constructed as an 
all-weather gravel road. West Germany w a s  negotiating contributing , 

DM 70 million toward the total $70 million for a total road package of 
285 km that would also include New HaLfa-Khashm el Girba (96 km) and the 
ZaLengei-Geneina road (143 km). 

WATER YARD IIBVELOfMGNT IN G E D B F  

The paucity of water supplies  i n  the vertis~ls that constitute a major 
portion of the mechanized farming schemes has been limiting development , .  

i 
of these areas in three ways. First, there is a lack of potable water 
for domestic use throughout t h e  s i x  or seven months from mid July. I This 
restricts investment in housing arid the year-around residence of farmers ' 

in many of the mechanized schemes. Secondly, there is a lack of water I 
for livestock during the same period. Even though there are surplus 
supplies, crop residues, and unharvested heads of sorghum throughout the 
area, animal populations are restricted to only areas having "hafirs" or 1 
access to non-permanent rivers or the limited wells. Thirdly, there is 
a lack  of clew w a t e r  for agricultural spraying of herbicidesc and i 

applications of insecticides . Consequently, t h i s  technology cannot be : 
used no matter how cost effective these operations might be. 

I 

, < 

53  
A 



There have been many searches for groundwater sources that could be used 
for domestic water supplies. With t h e  recent influx of refugees, such 
searches have been more numerous and wider ranging. The prospects of 
finding ground water has been limited to identifying l o w  yielding 
aquifers around the "jebels" or inselbergs. 

Traditionally, the more comrnon method of supplying water is the "hafir". 
This is, essentially, an excavation of one to t w o  meters depth in a low 
lying area or adjacent to a "Khor" or drainage way. These can vary in 
s i z e ,  but m o s t  do not supply water on a year-around schedule. ' 

Evaporation w i l l  approximate 5 =/day, and aver the 285-day dry season 
will total nearly 1.5 m. Seepage is low but can approach another 50 cm. 

' 

Consequently, even if no w a t e r  is used for domestic, livestock, or 
agricultural purposes, i t  is assumed that annual water losses will equal , 

or exceed 2 meters. With convection, the thermal differences in water 
less than 1 meter deep causes an upwelling of bottom sediment, making 
such water impossible to use in agricultural sprayers and unfit for 
human cansnmp t ion. 

It is proposed that a horseshoe shaped dam will h o l d  more water per 
excavated cubic meter than a haf ir-  There is topographic relief in 
these lands and seldom are there more than one to two percent slopes. 
However, there are sufficient erodible drains that it should be easy to 
locate a suitable dam site in each area of ten square miles. 

A dam with suitable side walls to extend upstream to hold 2 .5  m o f  
freeboard and an excavation of 2.5 m to form the basin can provide a 4-5 , 

m depth of water at spillway level, This depth o f  water should b e  able ' 

to store  over 75,000 cubic meters when full if the b a s i n  is 5 m deep and , 

the embankment is 3140 m long. With a 5-meter crest and 3: l  upstream ' 

and downstream slopes, such an embankment would have 62,800 cubic meters 
and at L3, 300 per cubic meter would cgst about LS 188,400. A simple , 
spillway with concrete surface and stone riprap would cost another LS ; 
20,000 to construct, This amount would provide a modest water supply ; 

for 50 farmers, their  livestock, and their agricultural needs. ' Where 
slopes are less and conditions less favorable, costs could double. For 
budgetary purposes, a cost of LS 300,000 per dam and spillway will be"a 
conservative es t i m a t  e. 

I 

I 

A siphon; sand filter; two low lift, high capacity pumps (10 L/second); 
I fencing; and stock watering troughs would add another LS 75,000 for a ' 
I total cost of each watering yard of LS 375,000 or about $100,000. : 
i Within each five-mile radius, approximately 50 fanners are now farming 
I abcut 50,000 feddans. Such farming and associated crop residues could , 
I feed 1,000 tropical livestock units&/ TLU for a six-month period., I 
I 

I ------------- 

X/TLU cows = .7 ,  sheep and goats = 0.15, camels = 1.1 - 

I!. :' 



Storage of 75,000 c d b i c  meters of water should suffice for the domestic 
and agricultural use, including the 1,000 TLUs. Thus, in the four 
million feddans o f  the mechanized farming system, i t  will require about. 
64 such dams and associated water yards. 

Water yards management could be similar to that established in Western 
Sudan, or a modified version thereof. Mechanized farmers and livestock 
owners should expect to pay for water they consume. Development costs 
for establishing water yards could be recovered over a period of years. 

Domestic and f i l tered water could b e  sold for LS 2.00 per f i l l i n g  of a 
1,100 liter tank. A 500 liter, two wheeled tank would cost LS 1.00 t o  
fill.  Camels would water for 50 piasters, c a t t l e  at 25 piasters, and 
small ruminants for 5 piasters. Herbicide spraying would require 50 
cc/m2 or 210 liters per feddan. An annual spraying for the 1000 feddan 
farm requires 10,000 liters of water at a cost o f  LS 420. each for water 
and for the 50 farmers LS 21,000 would be realized. This, coupled with 
a like amount foi livestock, could produce a gross return of LS 40,000 
p e r  year. If 20,000 of t h i s  could be used for fuels, spares, 
maintenance, and management, a debt repayment of LS 20,000 per year and ' 

15 years would be required for an interest free payback to supply water 
inputs  for the rainfed farming sector. 

FARM SERVICE CENTERS 

Availability of inputs such as fuels, lubricants, seeds, fertilizers, 
tractor spares, herbicides, insecticides, credit, workshops, and market I 

outlets with temporary storage are absent in t h e  countryside. When , 

available, they areconcentrated inc i t i e s  far removedfrom the  f a k i n g  - 

area itself. The farmers report that the absence of these inputs are 
their most serious production constraint- 

The most basic needs for mechanized agriculture are fuel, spare parts, 
and repair facilities. The time liaiits associated with land preparation 
and planting force farmers to anticipate their needs months in advance 
and engage in the hoarding of tractor spares that could be needed. 
Research recowending fertilizer and herbicides is considered irrelevant 
because such inputs and machinery for their app l i ca t ion  are not  . 
available. It is o n l y  in the last three or four years that improved , 

seed has become available, but primarily from private sources. 
I 

The Agricultural Development B a n k  (ADB) ioans.are available only i n  
Khartoum and other large cities. However, the ADB has recently 
introduced s o m e  pilot schemes for loaning to  farmer unions and selected j 
cooperatives i n  the traditional sector, but such loans serve only a ! 

small fraction of the rainfed sector. 



There are few opportunities to sell grain in the countryside, and the re  
is essentially no temporary storage in the rural areas. Most grain is 
sold in bags which are manually loaded and off-loaded on lorries.. 
Essentially, there is no bulk handling of grains and oil seeds. All of 
these commodities are transported and stored in expensive bags which are 
imported with scarce foreign exchange. 

Workshops and spare parts are frequently hundreds of kilometers from < 

inoperative tractors. There are few, if any, skilled mechanics in the 
rural areas, and each breakdown requires several days travel to obtain 
the necessary spare part. There is some custom land preparation, 
planting, and threshing in the sector, but insufficient to meet the 
demand. Special farm machinery other than wide level d i s c  and combine 
harvesters are not available. There are few technicians who can 
properly mix and apply herbicides and insecticides. Similarly, there 
are few who can calibrate planters and fertilizer applicators. There : 
are only a few extension offices where farmers can get advice on 
cropping through the mechanized farming area, 

consequently, if these materials and services were made available to the 
farmers in the four or five areas that are designated as demarcated ' 

lands, they would be greatly utilized. If  this  facility, hereafter 
referred to as a Farm Service Center (FSC) ,  were operated by the private i 

sector, it  would not be a burden on either the GOS or the donor 
agencies. However, ,for the private sector to establish such a facility . 
would require certain incentives and controls. Among the incentives . 
would be a five-year lease on a facility i n  the mechanized farming area : 
and foreign exchange allowance to import spares, implements, chemicals, ; 

and fertilizers. There would need to be a fuel allocation and possibly ' 

a license to export surplus production. There would also initially need 
to be an expatriate manager and the foreign exchange for  his salary. 

Among the controls would be the monitoring of such services, the i 
auditing of inventories to be assured that materials and services were , 

being purchased and used in the mechanized farming subsector. There : 
would need to be a regulatory function to determine whether materials 
and services were up to prescribed standards. There would also need to , 

be enforcement of certain safety and pollution controls associated with 
farm chemicals. Consequently, the first two or three FSC need to be : 
operated as a public sector function to determine operational ; 
guidelines. The contracts for the operation and lease of FSC could be 
made and performance bonds be posted. I 

I 

The public sector FSC could be used as a training function for 
management, tractor operators, mechanics, spare parts stoclmen, 
pesticide formulators, grain buyers, and credit specialists. Earners ! 
who use the FSC would have to be registered as demarcated farmers and be 
current with taxes and rent payments. 

I <  
Eventually, the FSC would be absorbed entirely into the private sector, 
become a profit making institution, and not require fur ther  GUS or donor 
support. 



ATTACHMENT 5 

CLIMATE AND SOILS S L W Y  



CTI?IATE LVD SOILS SLFFIARY 

The combination of suitable climate and s o i l s  are the necessary 
components of a succsssful mechanized rainfed agriculture. ~ a i n f a l l '  
should ideal ly  be from 600 to 850 mm spread out over a five-month' 
growing season with a weekly r a i n f a l l  not  exceeding 100 mm. The soils 
should be level or with slopes of less than 0,5% to reduce sheet' 
erosion. The texture would ideally be a loam with a depth o f  at l e a s t  
three feet and having good internal and subsurface drainage. The ph of 
soil should be 6.5- 7.5 with a cation exchange capacity of  20-40 
meq/100 grams. The dominant cation should be calcium and exchangeable 
sodium should be less than 5%. 

Ideally, the organic matter would be 1.5-3.0% and nitrogen content of 
the soil could be about 0-3-0.6%. Available phosphorus of 8-14 ppm, 
would suffice and exchangeable potassium of 1.2 to 1-8 meq/100 g should 
satisfy the need for that element. Ideally, soils should remain friable: 
for tillage becoming neither sticky when wet nor hard when dry. The. 
structure should be granular for rapid infiltration and to reduce runoff 
and surface erosion. 

In the Sudan the climate shows d i v e r s i t y  in rainfall and is consistently 
subtropical to tropical with respect to temperature, The isohyets are. 
roughly parallel running ENE t o  WSW and range from essentially zero in; 
the north to more than 1,400 mm in the southeast. It is in the 500 to; 
850 mm rainfa12 belt that most mechanized rainfed farming is located.' 
There are some areas having less than 450 mm where specialty crops are, 
grown under rainfed conditions. Among these are Khartoum, 161 mm; El 
Fasher, 280 mm; Kassala, 320 mm; Wad Medani, 355 mm; and El Obeid, 372, 
mm, However, it is such areas as Gedaref, 577 mm; Abu Naama, 613 mm, 1 
Kadugli, 671 mm; and Damazin, 711 mm where rainfall is suf f ic ient  and, 
reliably distributed through a f i v e m o n t h  duration that one f i n d s :  
mechanized rainfed farming. 

! 

During the Past 50 years the rainfall intensity and distribution has i 
steadily declined and mechanized farms north of Gedaref-Wad Medanil 
highway have had greater frequencies of crop f a i l u r e s  due t o ;  
insufficient rainfall. Consequently, the  rainfed mechanized sector is: 
expanding southward. 

I 

The growing season is a function of total rainfall, rainfall' 
distribution,  and sunlight i n t e n s i t y .  The latitude di f ference  between! 
Gedaref and Damazin is only slightly over two degrees or 250 h. 1 

However, the growing season at Gedaref averages 3.8 months, and at: 
Damazin it averages 5.7 months. This for the normal 105- to, 110-day 1 
crops the dat ing  tolerance for the optimal sowing is considerably less, 

with fa- t o  the  north and west. The identification of early maturing: 



varieties for these areas would be specifically relevant. 

The soils of the mechanized fanning subsector are varied and, 
consequently, many soil problems will need site specific solutions. 
However, for the most part, the subsector has concentrated on certain 
soil characteristics that are easily visible. 

The mechanized farming has mainly concentrated on the heavy clay soils 
that the traditional fanner has been unable to work with hand tools or 
animal power. These soils are able to store moisture and have an 
inhesent fertility that apparently is slowly released and can be 
somewhat improved or rejuvinated with a reversion to a fallow. 

Most of these dark clays are vertisols or what are locally called the 
"cracking clays." These tend to dry in massive blocks, leaving 2-3 cm 
cracks as deep as 1 m. Rainfall intake is initially high, but as soils 
wet and exp-d the infiltration rate is rapidly reduced, This rapid 
swelling has resulted in very little subsurface moisture storage below 
two meters. The absence of groundwater recharge with these soils has 
precluded any shallow wells and groundwater development. 

The BNIAD had the soils at Damazin analyzed. A summary of that 
analysis indicates that both nitrogen and phosphorus are deficient. 
Nitrogen and phosphorus fertilizers must be applied to achieve better 
yields. As for potassium, i t  has been mentioned from previous studies 
that potassium levels decrease with the increasing use of the land. At 
present, the levels of potassium in the Damazin research farm, at b e s t ,  
can be considered moderate arid there is no need for immediate 
application of potassium fertilizers except for sections A,  B, and C I 

which have low levels of mobile potassium reserve. In Abu G e m a i  the re  
is need f o r  potassium application, as the level of potassium in the soil 
is low. In Karen Karen and Abu Sheniena the level of exchangeable 
potassium is moderate but the mobile potassium reserve is low. I 

Therefore, potassium fertilizati~~i if necessary. 

The physical constraints to fertility are mainly the high clay content 
with the concomitant low permeability, high plasticity, stickiness, and 
the extremely hard consistency when dry. The presence of 
montmorillonitic clay accents these adverse effects with the incidence 
of cracking which seems io be the only means of having water penetration 
into these heavy clays. ! 

I 

Due ta the high intensity of rainfall and slow permeability, these soils , 
are subject to flooding in receiving sites and erosion i n  the shedding 



the main constraint. Cultivation during t h e  rainy season necessarily 
m e a n s  that the farmer is forced to take his tractor drawn implements to , 

the field for crop sowing when the moisture content in t h e  soil is 
optimum for seed gemination. However, the  soil at this moisture 
content is also susceptible to soil compaction. Hence, minimum tillage 
is recommended. Post harvest tillage operations are recommended but 
require large horsepower and only chiseling should be done t o  encourage 
development of penetration and inhibit the drying of subsurface 
moisture. Contour cultivation should always be adopted to control  soil 
erosion on sites with pronounced variation in topography. Crop rotation 
w i t h  the introduction of leguminous crops in sequence or as ' 
intercropping is advisable. Incorporation of crop residue should always ; 

encouraged. 
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IMPLICATIONS OF WC%YIZED AGRICULTURE 

ON LIVESTOCK FARHXNG IN THE SUDAN 



IMPLICATIONS OF MECHANIZED AGRICULTURE 
ON LIVESTOCK FARHING IN THE SUDAN 

Increases in livestock production in Sudan in the traditional sector, ' 

i . e . ,  trmshumance, nomadic, and smallholder sedentary are likely to be 
small, if any, in the next 10 to 15 years. Lack of land tenure, , 

communal use of grazing lands, traditions of keeping maximum numbers of ; 
livestock, and inadequate infrastructure including roads,: 
cammunications, and markets are primary constraints to efficiency of 1 
livestock production. They are also either directly or indirectly the 
cause of grazing land degradation- 

The emphasis in Sudan on increasing agricultural production of the " 

mechanized rainfed farming areas provides a surplus of crop residues 
that could be used to increase the feedbase for livestock. In addition, ' 

as better farming methods are introduced and practiced such as crop 
rotations and intercropping with Legumes and potential forage crops, the 
feed base will be further expanded. With these generalizations in mind, 
it,. can be presumed that if substantial increases in animal production 
are to be made, most of the increase would have to come from an 
integrated mechanized farming/livestock production effort. 

Because of mechanized farming development in Sudan, there has been a ' 

dislocation of traditional livestock production patterns. Grazing areas 
have been turned into large blocks of land for mechanized farms. In 
some cases, these blocks have been established in areas which were 
climatically marginal (less than 350 mm precipitation) for crop ' 

production. An example is in the  Gadambali area east of Gedaref- i 
History has shown that only one out of four or f i v e  years is t h e  ; 

moisture great enough to produce a sorghum crop in this area. 
I 

The MFC has recognized that some of this area in pzrticular shod 
probably be put back into grazing l a n d s .  Methods and technology fo 
reestablishing these  areas into range and forest need to be c u ~ l s i d  
in an adaptive research program. Considerable technology has alr 
been developed in other countries, especially Australia and the Un 
States, but adaptive research is required to determine which met 
would be most appropriate. 

A definite limitation for livestock production in some of the 
lands in Sudan is the lack of ground water for livestock an 
consumption. At present, livestock herds and flocks have to be 
long distances for watering, and water has to be carried to cam 
human use. This is particularly true in the Gadmbalya area. M 
water harvesting and conservation need to be studied, and meth 
in other countries should be tested for their applicability i n  



RAINFED FARMING RESE.WCR IN SUDAN 

FROM THE SUDL\TSE VIEWPOINT 
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THE RAINFED SECTOR 

Prior to the advent of modern methods af irrigation during the present 
century, Sudanese agriculture w a s  virtually all rainfed.  Irrigation w a s  
confined to the small areas that could be managed by the primitive 
animal-driven water wheels and still more primitive man-driven 
"shadoufs." Such areas were restricted t o  a very narrow s t r i p  along : 
river banks, especially in the present Korth Region. In addition, some 
areas of comparable magnitude w e r e  cultivated by the  flood system. 

Introduction of modern irrigation systems, especially dams, greatly 
increased the proportion of irrigation in the country's cropped area. ; 

Rainfed agriculture still dominates- A t  present it accounts for more . 
than 851 of  the total cropped area, 30% of its livestock population, and ' 

virtually all of its forestry products. It contributes 6 4  of the ' 
country's earnings from agriculture and is the main occupation of a 
similar percentage of the population. Thus, i t  is t h e  single most 
important economic sector in the Sudan. 

This sector comprises the following three main segments: 

1. Arable crops, mainly field and some horticultural 
2. Livestock, range, and pastures 
3. Forestry 

This report concentrates on the first segment. 

History of Research on Rainfed Agriculture. 

The real beginning of agricultural research in Sudan occurred in 190 
when the  Shambat Research Farm w a s  founded, It was preceded by s 
experimental fields and by the Wellcome Tropical Laboratories i n  1 
and 1903. The establishment of the Gezira Research Farm at Wad Medm 
in 1918 was a big milestone, though it was intended to  concentrat 
research effort on irrigated cotton. 

The year l935 can be considered the beginning of research on r a i n f e d ,  
crops. In that year the Kadugli substation w a s  established. However, 1 
being a branch of the Cotton Breeding Section at Wad Medani, its primary, 
mandate was rainfed cotton. Ln t h i s  and the  two preceding stations : 
(Shambat and G a i r z )  thsre w a s ,  however, some "spill-over" research : 
effort on crops other than cotton by the cotton scientists. These were: 
crops associated with cotton in the cropping rotation, especially: 
sorghum. 

I 
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The Yambio Research Staticn, founded i n  1948, was a major departure from 
agricultural research's orientation up to that date. The station was 
more concerned with food and tropical. plantat ion cr-oys t h a n  w i t h  rbott  on. 
It w a s  concerned with farming on lateritic soils under fully r a in fed  
conditions. However, because of political disturbances in the Seuth, 
this station remabed inactive for most of its history. 

I 

The Central Rainlands Research Station at Tozi was opened i n  1952. I t s  
founding w a s  prompted by the failures and p rob lem t h a t  faced the 
Mechanized Crop Producti~n Schemes ( K P S )  in northern Gedaref District. 
It was realized that such a =ajar devdoprzent effort  should Lave been 
preceded by adequate research. So, mechanization underlined all the 
research efforts at Tozi. Sorghum, sesame, cotton, a d  later, 
groundnuts were considered the primary crops. Maize, sunflower, a d  
safflower were secondary crops. Many other crops w e r e  investigated at 
varying degrees of intensity, The mechanization section had a large ' 

amount of tractors, tillage, and crop cultivation and harvesting 
equipment. Before it was closed dam, the station established most af . 

the essential technologies needed for successful mechanized rainfed 
farming on the heavy vertical soils of the Central Clay Plains. 

In anticipation of the establishment of the Kenana (a Gezira--size and 
type) irrigated scheme in the area between Roseiris, Sennar, and Kosti, 
it w a s  decided to transfer the Tozi station to another site on the Blue 
Nile river bank. Tkis would serve the needs of irrigated as well as 
rainfed farming. Abu Naama, some 35 kilometers northwest of Tazi, was 
chosen for  t h i s  s i te .  The transfer was compieted and A h  Yaama's Kenana 
Research Station started operation in the 19G3/63 season on t h e  r c i n f e d  
fields. Research on irrigated crops followed in 1964,C6S. The station 1 
w a s  established with a generous contribution from USAID. 

It was envisaged for the station to do fully integraLed and 
comprehensive research on agricultural production in the area. For the : 
first time, the  proposed staffing list of any station in Such included : 
researchers on forestry, animal prod~ction, dairy, and agricultural 
economics bes ides  the usual complement of crop and soil scientists. 
However, this plan for integrated research could never be implemented. 
It was a failure to be lamented. 

I 

Prigress of the station's rainfed research was hanpered by being 
confined to its own farm, especial ly when i t  w a s  found that its soils 
were severely depleted and infested with Skrrga hermonthicg. Progress 

I 

in sorghum breeding could only be achieved after three off-station 
testing sites were established between 1969 and 1971 at Simsim, Agadi, I 

and Tozi . The Mechanized Farming Corporation (MFC) contributed funds 
to  the operation cost of work at the f i r s t  two sites. This research w a s  
conducted OG the MFC state f a n s .  Work at these sites was dominated by 
varietal evaluation of sorghum and sesame fro= t h e  start .  i 

Investigations on herbicides, crop husbandry, ti l lage, and variety 
testing of cotton, soybeans, maize, and sunflower wre  conducted i n  
later years, especially at Agadi. 



Since the opening of Abu Naama, r a i n f e d  crop research witnessed no 
expansion other than the major effort of the Western Sudan Agricuftural 
Research Project (WSARP). This project w a s  2 great achievement in more 
then one way. For t he  first time, research was planned to serve the 
traditional rainfed farmer and t o  investigate problems of the sandy 
soils. Equally as important was the concept of an integrated farming 
systems approach bringing crops, soils, livestock, and forestry, as well 
as social and economic factors, under one research umbrella. Yet, it is 
too early to fairly evaluate WSARP's research achievements. Most of its 
time up t o  now has been spent on building its four s t a t i o n s  and training 
its staff. Two of  its s t a t i o n s  are yet to operate and the third has 
only three seasons work (two of them drought-stricken). Kadugli, which 
has been under WARP for several seasons, does not represent a great 
departure from Abu Naama, either environmentally or agriculturally. 

Research on ar,imal production, range, and forestry has been very weak ,  
if not altogether lacliing. The most proainent efforts w e r e  those on the 
animal production stations at Ghazala Gawzat and Urn Senain and the  Gum 
Arabic ,Research Stat ion  at EL Obeid, Rowever, none of these three 
stations ever had more than two scientists at any time and only one 
scientist most of the time. 

Institutions Engaged in Rainfed Research. 

ARC is Sudan's official agency for agricultural research, except for 
a n i m a l  health and production and research undertaken by universities. 
Its  contribution to rainfed research has already been discussed. In 
spite of shortcomings, its efforts outweigh any other research 
undertakings in this field. However, other institutions have at one 
time or another conducted or are still conducting or sponsoring some 
sort of research. These include the following: 

1. Animal Health Laboratories 
2. The Animal Production Agency 
3. Various universities 
4. Mechanized Farming Corporation 
5, Western Savannah Development Program 
6. 3ebeZ Marra Development Project 
7: Blue Nile Integrated Rural Development Project 
8. FA0 and UNDP 
9. USAID 
10. German aid (GTZ) 
11. British ODA 
12, Canada's CIDA 
13. Other foreign a i d  agencies (Dutch, S~edish, Norwegian, etc-). 
14. ICRISAT 
15. Private aid and philanthropic agencies 



6 Some big companies in the mechanized sector such as the Arab- 
Sudanese Blue Nile { A g a d i ) ,  Egyptian-Sudanese Integrated 
Agricultural Company, and Blue N i l e  Agriculture and Animal 
Production Company (DAAPCO) 

17. Arab Organization for Agricultaral Development 

Various international research and development companies have conducted 
research an behalf of some of the above-mentioned institutions. 
Prominent among these are Doxiades Associates , Hunt in& Technical 
Services, Agrodev and Interimco. 

Share of rainfed sector in ARC'S research. ARC'S research programs 
still strongly favour research on irrigated crops, especially cotton. 
That is in spite of the greater contribution of the rainfed sector to 
the country's economy and life. 

O u t  of 13' research s ta t ions  =d substat ions ruz by ARC (before WSARP) , 
only Yambio and Kadugli were exclusively devoted t a  rainfed crops, Abu 
Xama is shared between irrigated and rainfed farming. That is to say, 
less than 20% of these stations serve the rainfed sector. 

In mid-1983, 93 scientists worked on MC's research stations other than 
Kadugli and El Obeid. Only 11-12% of them were at Abu Naama and Yambio 
(Table 1). Even with the ten scientists then working at the t w o  WSARP 
s tat ions ,  the total on rainfed stations was only 54% of those working at 
Gezira Research Station alone. 

It is not  only a matter of quantity, but also of quality, reflected by , ~ 

the type of scientists manning these stations (Table I ) .  A t  present, 
not  a single scientist o f  a professor or assistant professor level I 

serves on the rainfed stations, and never has a professor served on any 
of them, Some of these specialists presently at the stations are senior 

I 
1 

I 
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Table  Distribution of ARC'S Research Scientists as of , 

July, 1983 (excluding WSARP). 

Professors Others 

ARC Headquarters2 

frriggted Research Stations ---- -------- 
1. Gezira (W. Medani) 
2. Hudeiba 
3. Guneid 
4. Shambat 
5 .  Sennar 
6 Shendi 
7 .  Rahad 
8. N e w  Halfa 
9. Maatug 

TOTAL IRRIGATED 

Rainfed Research Stations 

3.  Kenana (Abu N a a ~ a ) ~  
2 .  Yambio 

4 

TOTAL RAINFED 

Research Centres --- ---- 

1. Food Research 7- . 

2.  Sifviculture 
3- Fisheries 
4. Wildlife 

TOTAL CENTRES 

TOTAL .ARC4 
------ ------- -------------- : 

I 

! 
Assistant scient.ists (B. Sc. ) not included. + 

*Director General and h i s  two deputies not included in headquarters, b u t  , 
in their respective sections at Gezira. Included in the headquarters 
are workers from Training and Publication and Statistics and Ag. Econ. 

.$ 

sections. 

3Abu Nama does both rainfed and irrigated research. 
! 

"Scientists on study or cn secondment not included. 
, 



scientists, but m o s t  are scientists assigned to these  stations 
immediately after obtaining their doctorates  or master degrees. There 
are no incentives for experienced scientists to stay and work at these 
s t a t i o n s ,  Working and living facilities and conditions are much poorer 
than they are on the irrigated stations, A t  present, almost a l l  of 
ARC'S professors and assistant professors work at t h e  stations and 
centres located at Wad Medani, Khartoum, and Hudeiba. 

Budgets and facilities show an even stronger bias  toward irrigated 
crops. The following table shows percent distribution of ARC'S 
(excluding WARP) approved Chapter I1 (operating expenses) budget. 

Headquarters 
Irrigated Stat ions  
Abu Naama and Yambio 
Research Centres  

TOTAL (L.S. 1,250,000) 100.0% 

Of the total research stations' share, rainfed stations have on ly  163. 
All this goes to reveal the very unfair deal the rainfed sector has been 
getting from ARC, and the need f o r  drastic changes in ARC'S objectives 
and strategies. Such changes shall be in line with the present general 
tendencies of Sudan's economists, planners,  and policy makers- 

With the coming of WSARP, r a i n f e d  agz-icultural research within ARC has 
been strongly tipped in favour of the traditional subsector. Beside 
WSARP, all the regional development projects, t he  international 
organizations: foreign governmental, and philanthropic aid is pouring 
into t h i s  subsector. Now wi th  the World Bank's MFC If1 project over, 
t h i s  will leave the neds of mechanized rainfed farming research very 
poorly served. 

Problems and Challenges of Rainfed as Compared t o  Irrigated Agricul- 
tural Research. 

For proper planning of research needs, it is important to understand the 
differences between different agricultural sectors, as well as , 
activities and problems in each, and the challenges and opportunities 
they provide for research. 

In the  Sudan the following differences between the irrigated and rainfed I 

sectors should be noted. 

1. Rainfed agriculture covers a much wider range of environments. 
These are created by the interaction u f  different soils and %:at-ying . , 

rainfall ,  While irrigation alone cancels differences in moisture 
availability, most of i h e  country's irrigated lands are confined t o  
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the heavy cracking clays of the Central and Eastern Regions. There : 
arc limited areas of silty soils along the Nile banks. There is no 
irrigation on other major soil types. Rainfed agriculture, on the 
other had, covers d 1  types of arable soil within the country- 
Superimposed on these soils zre rainfalls ranging from 200 to 1,500 
mm from north to south, creating a mirltitude of agro-climatic zones. 

2 .  The crops, livestock, and forestry products of the rainfed sector: 
are much more varied than those found on the irrigated counterpart. 
The people practicing rainfed farming are a cross-section of 
Sudanese ethnic, tr iba l ,  religious, and cultural groups. 811 this 
resulted in a greater number of farming systems than are found on 
irrigated areas. 

3 .  Farmers i n  rainfed areas are generally less enlightened and more 
conservative than in  the irrigated s wtor , especial1 y the 
traditional rainfed area farmers. 

4. Infrastructures and services are much poorer in t h e  rainfed than in 
the irrigated areas. 

All these differences between the t w o  sectors make the p o b l e m s  of the 
rainfed sector greater in quantity and in quaflty, This calls for 
greater attention and facilities being allocated to the ra infed  sector, 
both in research and in services. 

I 

On the other hand, these differences provide researchers i n  the  rainfed , 
sector with greater challenges. The very greatness of the  challenges i 
and the many unsolved problems of rainfed agricultux.2 make it easier and ; 

more gratifying for researchers to arrive at interventions that can : 
cause rapid advances. This depends greatly on ai understanding =d ; 
evaluation of the problems aod establishment o f  correct priorities ; 
before formulation of research programs. 

Problems of the Mechanized Rainfed Subsector and Tk@r Causes 

The problems faced in mechanized farming producticn which can be solved . 
or eased by research can be classified under two ma.i:: headings: (1) low i 
and declining yields , and (2) degradation of soils and environment. i 
This does not take into consideration non-research related problems of / <  

infrastructures and services. [ 

The average yields attained in mechanized farming are much lower than : 
the potential established by research or that realized by good farmers- I 
By using improved cult ivars  and agronomic practices, multi-location and 1 
multi-season tests of ARC have shown sorghum t o  yield more than 1,250 : 
kg/feddan, without fertilizer. Good farmers are ccnsistently :getting . 
yields of about 750 kg/fd, y e t  average farmers' ) :elds hardly e v e r  ' 

exceed 350 kg l fd .  Their  low yie lds  can be attribute,. to t h ~  following I 



practices and circumstances. 

Pcor utilization of soil moisture due to: 

1- L a t e  sowing. Farmers tend to sow much later than  the optimal tfnf e 
in an effort to give weeds enough time t o  germinate and be destroyed 
by discing.  This minimizes cost of hand weeding. More than 50% of 
the total annual rains fall before most fanners s o w  t h e i r  sorghum. 
It has been estimated that every day's delay from the optimal sowing 
date causes n loss of 2% of potential yield. This results not only 
from wasted soil moisture, but also from poor seedbed preparatiuc 
and seed placement in wet soil. The subjection of young seedlings 
t o  excessive moisi!tre during the peak of rains also decreases yield ! 

potential. 

Farmers delay 15-60 days from the optimal planting date, but the 
average seems t o  be in the range of 20-30 days. Thus, it seems tha t  
40-60% of potential yield is lost on the average, which m a k e s  such 
delays the single most important cause of low yields. 

Research leading to early and efficient or cheaper weed control will 
induce early sowing. Herbicides, t i e d  to a crop rotation, is one 
solution. Row planting to enable inter-row cultivation or make hand 
weeding cheaper and more thorough is another answer. Timely 
cultivation of fallow areas is a th ird  consideration. All deserve 
further research. 

It should be noted here that  fanners try t o  minimize weeding expense 
because they cannot afford to finance good weeding. Very often, , 

that is because they cultivate an area much greater than is 
specified by MFCYs rotation program or that is financed by the 
Agricultural Bank. 

Poor infiltration of water into the soi l -  This cam be attributed to 
improper uld  untimely tillage- Continuous harrowing at t h e  same 
depth causes hard pans (plow soles). Delayed tillage that seals t h e  
na tura l  cracks reduces the amount of rain water tha t  infiltrates 
through these cracks. 

Use of tined implements, post harvest tillage, occasional deep 
plowing, and minimum tillage need to be investigated i n  search of  . 
solutions for these problems. 

3. Use of moistureinefficient traditional sorghum cultivars. Their 
inefficiency is caused by their comparative late maturity and their j 
excessive height. The increased height results in the production , 

of much unwanted and moisture-depleting stover. In addition to I 

lateness and height, sorghum landraces may be physiologically : 
moisture-inefficient- 

, 

The development and promotion of dwarf,  earlier maturing and drought I 

tolerant' cultivars enchance t h e  opportunity to meet the need f o r  
moisture-efficient crops. 



Vise of inherently lowyielding cultivars and of poor quality seed. 
Reside their moisture-efficiency defects, the popular landraces iq 
mechanized farming are inherently low yielding. Even under adequate 
soil moisture, they are consistently out-yielded by improved, research- 
produced varieties and hybrids. Yet there is a wide scope for still 
more improvement in yield and quality of grain. The latter has been a 
cause of the low acceptability of m o s t  improved varieties. 

Yielding ability can be increased by a backcrossing program to reduce 
stalk height of the present preferred landraces of sorghum. Earlier 
maturing can be achieved without changing their grain quality. The 
yield increase will be brought about by a higher y i e l d  index and an 
optimal crop density. 

In additios to the inferior cultivars themselves, the seeds used to 
produce them are usually of low quality. They are taken from the lots 
of comercial grain without any grading to eliminate shrivelled seeds. 
They are most often contaminated with weed or other crop seeds- The 
abundance of wild sorghums contributes t o  outcrossing and genetic 
c o n t m i n a t i o n  of the seed source. On the average for the whole 
subsector, yield losses because of poor seed seem to be in the range of 
5-10?; for sorghum. For sesame, it is less due to its self pollinatini 
habit and the absence of compatible wild relatives. 

Low crop densities cause low yields. In fact, crop densities are 
usually much lower than recommended by research, However, they are the 
logical result of the fcranentioned practices and conditions- If 
farmers use higher densities with late sowing, late maturing, and tall 
cultivars, they are apt to lose all or a good part of the already low 
yields that they are getting. Law crop densities are further just i f ied 
by the declining soil fertility. 

Degradation of soils and environment. Soils have been degraded 
chemically, physically, and biologically. Environmental degradation w a s  
caused by indiscriminate tree removal with subsequent enhancement of 
water :nd wind soil erosion- 

I. Chemical soil degradation or loss of fertility is a result of 
continuous monocropping with sorghum without any added fertilizers: 
This is attested to by t h e  decline in yie lds  over time. Thc farmer 
is forced to either abandon his farm or leave it under a long 
resting period to regain fertility, 

I 

These clay soils, inherently deficient in nitrogen and sorghm, 
usually rssponded positively to nitrogen frrtilization. Rcsponsc to 
phosphorous has been very errztic w i t h  most crops, and rcsponsa t o  
potassium was mostly negative. Other  x r r o -  and micro-nutrients 



were hard ly  ever tested, escept for zinc which gave positive results 
on maize. Sorghum crops have often shown clear signs of zinc 
deficiency, though application of zinc to sorghum has not been 
adequately tested. 

Whatever the case, it seems logical to assume that fe r t i l i ze r s  have 
to be added to the soil to replace the nutrients removed by crops. 
Yet, even with nitrogen, farmers cannot be advised to use 
fertilizers with their present practices of late sowing and poor 
cultivars. The plant vigour caused by fertilizers may exacerbate 
moisture deficiency causing still lower yields. At such low yields,  
increases due to fertilizer application may not be profitable. So 
it is only to the better farmers who are now getting high yields 
that nitrogen application to sorghum can be recommended. 

Application of all fertilizers on a l l  other crops need. further in- 
depth investigations. Sesame in particular has shown no positive 
response to NPK, A claim w a s  made that it gave a strong positive : 
response to  molybdenum at Tozi, which might be true. This or other 
micro- or macro-nutrient deficiencies may be the cause of the 
negative results of fertilizer trials with most rainfed crops on 
clay soils, 

Decline in soil fertility can be slowed greatly by proper crop 
rotations. Such rotations have been developed and recommended by 
ARC. However, they could not be adopted due to the difficulty of 
harvesting all crops recommended other than sorghum. Hence, 
mechanization of sesame harvest and introduction of other 
mechanizable and economically viable crops is of p a r a ~ o u n t  
importance for adopting sound rotations. Such rotations are not 
needed just for fertility maintenance, but are equally important f o r  
the successful adopticm of' herbic ides  and weed control and for the 
stabilization af farm incomes. 

Physical s o i l  degradation is reflected in the already mentioned soil , 

compaction and erosion,  Shelter belts, proper tillage, contour 
plowing, and planting after proper disposal af crop residues are 
techniques t o  be investigated to protect  soils against physical 
degradatiori. 

Biological soil degradation refers to t h e  excessive contamination of 
s o i l s  by weed species. These dominant weeds include wild sorghum 
and other sorghum related grass species and, more importantly, the 
parasitic and hard to control Striga ----------- hemonthica. It also refers to : 

the presence of soil borne diseases and pests and their adverse 
effects on crop production and on beneficial micro-organisms. Again, 
crop rotations should be considered for solutions. 

The solution to environmental degradation seems obviously t o  b e  the 
planting and maintenance of shelter b e l t s  and windbreaks. However, the : 
se lec t ion  of tree species, spacing t i i t h i n  and between , snd  thc  
geographic orientat  ion of the shelter b e l t  just if ies sam? r-esearch. 



Research Priorities for the Mechanized Subsector 

The above discussion, though not complete, shows t h e  many pr-obIms 
requiring investigation. However, it does not  seem feasible to handle 
all problems at the same time. In establishing priorities, the 
following c r i t e r i a  need to be considered: 

1- The relative importance of the problem to be solved and the impact 
of its solution. 

2. The probability and case of finding a solution. 

3.  The a c c e p t a b i l i t y  and affordability of solutions by the farmer and 
by the country. 

Thus, pr io r i t i e s  should be given to problems of high impact or which can 
be solved with little effort and time, In that the improved' . 

technologies must be economically feas ible ,  highest priorities should be 
g i v e n  to solutions that will require a minimum investment by the farmer 
and a minimum of added foreign exchange comeitments by the nation. 

Taking into consideration that solutions already exist for many 
problems, it seems that the following deserve highest priority ratings. 

1. Mechanization of sesame harvest to make it possible to grow larger' 
areas of this crop This l e a d s  to a sounder crop rotation. Beside 
the higher comparative economic value of sesame itself, such a 
rotation is essential fo r  maintenance of soil fertility and for  
effective use of herbicides .  

As envisaged in a fcmer project, this problem should be att:icl;ed on: 
t w o  fronts. For the shorter term, combine harvesting of the present7 
shattering sesame types should be tried, as well as partial: 
mechanization of their harvest, with the use of reaperjbinders .  For 
the longer term the breeding of agronomically acceptable n o w .  
shattering types should be the objective. 

Introduction of new legume and oilseed crops (soybeans, coqeas, '  
sunflowers, etc.) will meet the same ends as sesame. However, the' 
problems facing t h e i r  introduction gives them a little loweri 

, priority than sesame. 

2. Weed control problems. Weed competition causes serious y i e ld ;  
- losses. In the mechanized sector, delaying sowing to get good week, 

control results in even greater yield losses. Finding weed controlj 
methods that enable early sowing should cause a very favourable' 
impact on yie ld .  For this the following may be investigated: ! 

I 

a, Alternating between herbicides of different selectivities,' 



together w i t h  changing of crops i n  rotations. 

b. Using effective post-emergence herbicides. This allows m o m  
exacting selection of herbicides. 

e. Planting i n  rows and inter-row cultivating with on-row hand 
application of herbicides. 

d.  Plowing of fallow areas before their weeds set seeds or spraying 
them with herbicides at that time. 

3. Prodzction of high-yielding, dwarf, early-maturing, and drought- 
tolerant sorghum cultivars. Conversion of popular landraces to 
early and dwarf counterparts is an easy task with expected high 
impacts on yie lds  and soil fertility. 

4. U s e  a f  fertilizers to replace the depleted nutrients of the soil. 
Fertilizers involve higher investments by the fanner and require 
considerable foreign currency to import, yet they need to be given a 
high priority in research. In the pas t ,  work has concentrated on N, 
P and K and w a s  not adequately tied to factors affecting their 
availability and uptake. No attention has been given to other 
nutrients ,  especially micronutrients, an omission t h a t  has to be 
corrected. In particular, the fertilization of sesame needs to be 
investigated. 


