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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 objective was to improve the standard = of

living of subsistence farmers and pastoralists in the arld and semlarld-'
areas of West Sudan.

Background

Thé ~history of agricultural research in Sudan started in 1902 in
- response to needs of Britain‘'s cotton industry. In 1967 respon51b111ty
for agricultural research was vested in the seml-autonomous ARC.

The WSARP has its roots in a study by the Ford Foundation which was
requested and authorized by the Ministry of Agriculture and Natural
Resources {MANR) in 1975. The study undertock to assess Sudan’s

agricultural research and related services and recommend ways to
strengthen the research capabilities. -

The series of studies emphasized the potential of rainfed  agriculture
in West Sudan and recommended the development of a research network  for.
the region. Tt was considered that the traditional. productlon systems-%
for groundnuts, sesame, gum arabic, sorghum, millet, and livestock held

the greatest gpromise for near—-term solution _tq Sudan’s - economic
problems. A recearch 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

Bank, and USAID for assistance in developing an agricultural research
program for Western Sudan. The project was developed as an integral -
component of the ARC. ' E

“Activities . and responsibilities for the various participants in .the w“L
Project were defined in the basic Project documents. The World Bank*

financed a major portion of the construction program and the purchase_'
and operation of the aircraft.  USAID’s component  supported
architectural .and engineering/construction management, a portion of the
construction costs, technical assistance, and 1nst1tut10na1 development'
activities, such as, personnel training, equlpment and commodity
purchase, ' and administrative support. There were also USAID provisions

- for purchase of research supplies and operational costs including 70 of
the WSARP Sudanese salaries.



USAID entered into a contract with the Consortium for International .
Development (CID) <f Tucson, Arizona, in August 1979. This was done
under Title XII of the Foreign issistance Act, Collatorative Mode. The
contract was primarily to implersnt the technical assistance, training,
and procurement portions of the WSARP. Washington State University

(WSU) was designated as the lead university within CID to implement the
program..

USAID support was withdrawn from the Darfur stations in mid-1985. As a-
consequence to this development in project operations, the World Bank
has agreed to support the two Darfur stations by provision of loans for
technical assistance, long-term training, and other operation costs.

It will contimee to prOV1de for operation and maintenance of the- WSARP-
aircraft over a five-year period.

The World Bank technical assistance includes four expatriate scientists
for three years each. Two ARC scientists are to be trained to  Ph.D.
level. There is to be continued support of the aircraft for the
Kordofan stations as well as Darfur locations and all recurrent

expenditures associated with operating the research stations at Ghazala
Gawazat and El1 Fasher,

The WSU/CID contract was originally scheduled to be completed on 14
- August 1885. The contract was extended to 31 December 1985 to permit

the livestock and economist technical assistants to remain through the
majority of the cropping season. Project activities will continue to

1387 under direction of ARC-WSARP personnel, with ‘technical -and
financial assistance from USAID.

The technical assistance to be  provided by USAID until project
completion is to include four expatriate scientists with specialties  in.
Agronomy, Livestock Production, Soil and Water Management,  and
Agricultural Economics. '

USAID organized this formal review of the P"oject at the end of year six.

to assess ongoing Project activities and %o make recommendatiors - fOr"; "ﬂ5
last—minute refinements of these activities as the Project apnroachES' §j ;'*
its completion date in 1887. The review took place frem January 14 to'-

March 14, 1886.

Scope of Work for the Evaluation Team {(from document of USATD, Khartbdm)f-:c

1. "Identify types and levels of administrative support required .
(journal subscriptions, library materials, printing facilifies,
etc.) for the ARC to take full advantage of the investment USAID

- making in dryland agricultural research ia Western Sudan.



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

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 in the Bureau’s guidance.

- Though  USAID’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 s*rategy for all the
rainfed areas in the country is recognized. Therefore, the team
should ccnsider the national resocurces, needs, and policy in order’
to put USAID’s assistance to Western Sudan into a national context

and ensure that our strategy for the west is consistent with
national priorities.

. Review ISNAR’s and INTSORMIL’s papers on the ARC and after

evaluating ‘any  subsequent changes, recommend  management/
administrative and research support changes which the Project should
address in corder to enhance the effectiveness of its investment : in
agricultural research in Western Sudan. This must be viewed under
the assumption of the GO0S’s limited resources to devote to
institutional support for the ARC’s general development. '

Identify means of strengthening the ties betwsen the ARC and IARCs:
which will reduce the ARC'’s requirement for expensive basic research
which 1is redundant of that already evaluated by IARCs. Particular

emphasis should be placed on linking research activities in Western  3

Sudan teo international efforts.

(a) Determine the extent to which WSARP’s goals and objectives have;""f

been or are being achieved.  To make this assessment the team
will review and evaluate annual research plans and research

reports. to identify the operational research scope of the

project and ocutputs of research actually achieved to date and -
will .specify any additiornal requirements necessary to finish
- incomplete, potentiaily high payoff research activities. o

(b) Determine if minor adJustments or refinement of the prOJect

" research scope inputs or cobjectives are required between now -
‘and the PACD. ' '

Assess the commitment of the ARC to support research within the
rainfed sector under existing budgetary limitations: determine ‘the
additional budget rescurce requirements that would be necessary to
adequately support agricultural research at two research stations in

Western Sudan. (This assessment will take into account ARC budget
allocation  to the irrigated sector and rainfed research stations

throughout Sudan.} Evaluate the Ministry of Finance and Economic



Planning’s latitude to and interest in 1increasing financial support =

- to agricultural research. In answering these questions, (a) evaluate-~,5.w

the current research administrative . structure and its effectlveness,'

(b) evaluate current and projected budgetary support levels which @
would be required to realize the recommended research agenda; (c) .
determine the current  technical staff available relative 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, participant training) required to implement recommendedﬁ:ff~'

research act1v1t1es

After evaluating the cost constraints (denor and GOS) énd fheQV,;

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 toé_:ﬂﬁ :
achieve the recommended research objectives. Indicate the nature of ;

the commodity-oriented research focus; specify the ”Cﬁrrenté',
production constraints that are to be addressed by the team’s :
proposed research agenda including how long it is expected to take i
for research to generate outputs which will address’ these:
constraints. Specify the magnitude/nature of the costs 1nv01ved{_'

with the proposed research and provide rough estimates ‘of theg;_3

expected rates of return for recommended research activities.

Estimate recurrent costs and include these in the cost/benefit '

analysis.

(a) Identify how agricultural research can be effectively linked toi
farmers, extension, and c¢redit personnel, area merchants, and i -
the larger private sector community in Sudan. This is to:
ensure that research generates profitable outputs within the' -

technical, financial, and managerial capacity of target: farmers;'_' 
as well as technologies and services that can be effectively;

and prefltably disseminated by the Sudanese prlvate_gsecto: o
Ident1fy an appropriate feedback mechanism for - relating.
farmer’s and merchant’s demands back to researchers. [ ' !

(b} The same assessment should be made to determine the éXtent to:
which research findings have sat on the sheif and the"
constraints that have been encountered in- moving research
findings and recommendations into commercial channels.:-



The Evaluation Team

USAID contracted with Winrock International Institute for Agricultural
Development (WIIAD) for completion of the evaluation. Members of the
evaluation team included:

Dr. Donald F. Burzlaff Dr. Robert Temple

Research Administrator & Range Scientist Animal Scientist

Hot Springs, Arkansas Winter Park, Coclorado

Yr. Gordon Mclean Mr. Winton Fuglie, M.Sc.
So0il Scientist and Agronomist Agricultural Economist -
Virginia Beach, Virginia Audubon, Minnesota

The Evaluation Plan

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

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

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

Research sites at Kadugli, El1 Obeid, Ghazala Gawazat, and El Fasher were’

visited prior to completion of the year six review. A draft of the
report 1s 'to be submitted prior to. the tsam’s departure on March 13,
1986. After review and comments in Sudan and Washington, D.C., a final

draft will be prepared in the U.S5.A. and submitted to appropriate USAID
authorities in May. ;

PROJECT GOALS AND OUTPUT

Project Goal: An improved standard of living for subsistence farmers
- and pastoralists in Western Sudan. :

Project Purpose: Develop and instituticnalize an efficient system for.
' - agricultural research operations in West Sudan:

(%1



_ggégg§§f 'Antiéipated outputs for the Project included:
1. ‘Ongeoing research projects in:
a. Livestock and Crop Production
b. Water and Land Use Management
c. Range and Livestock Management

2. Physical infrastructure'of research facilities.

3. Strengthened management capability for agrlcultural research 1nf
Western Sudan. :

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

5. A viable logistic/communication system for . support - of

complementary agricultural researcl organlzatlons in Sudan as
well as ARC’s.

The logical framework developed for the project states that the
following circumstances would indicate that project outputs had " been: -
achieved: E g

1. Five research programs would be completed.

2. Four research stations would be completed.

3. The office building for management in Khartoum would 'be; . 5

completed.

4. Thirty Sudanese would have been trained externally. Elghty
Sudanese trained on short-term basis within the.countryfg

5. Five radio stations established,
four mobile radio stations ope;atlonal
the alrcraft would be operatlonal

6. A planning and evaluation committee would be formed.

- 7. Conferences would be held.

Within this report the outputs have been evaluated and_presented}iﬁ  th;, .; ,
‘parts: - (1) institutional building and development and = (2) 'researchi; 1j*

prograns.

Institution Building and Development

A, Construction

There have been many reports and many meetlngs relative to construvtzon{;f;f5;
activities . of the WSARP. = The team visited ail of the constructiony - .



sites. Construction at El Obeid is about 90% complete. Mozt of the
material is on hand to permit completion of the headquarters. Although
the contractor and GOS 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 Chazala 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 con51der1ng past performance of the contractor.

The team was impressed with the functional utility in the design of thﬂ
research facilities at all locations. Construction - quality  was
con51dered by the review team to be adequate at all locations.

The contractor’s procurement and transportation of  construction
matérials seem to have been the major constraints to timely comp;étlon“
of the contract. Considering the magnitude of the construction program
and the logistical problems associated with transport to remote

locations, the original ccempletion date was totally unrealistic. T

would have seemed logical if the first five years of the project had7
been restricted to construction and  personnel training with only

diagnostic research activities undertaken to 1dent1fy constraints and

provide a basis for establishing research pricritie

B. The Training Component

Advanced Degree Training. The plan for training to improve réseaf¢h“- 
capability by sending staff to earn graduate degrees in U.S.
institutions was mcdest in scope. The Project Paper of July 28, 1978,

called for training of 11 staff members (6 to Ph.D. degrees and 5 to

M.Sc. degrees}. Actually, 6 Ph.D. and 8 M.Sc. degrees will have béen
awarded to ARC-WSARP staff at the end of the current training program in

1986. Two of the scientists received both M.Sc. and Ph.D. degreef o

training. The evaluation committee considered it counter productlve for

a trainee to have the privilege to earn more than one advanced degree""

w1th1n the tlm;—frame of the Project.

The concept of having the research for thesis and dissertation.
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 justified in terms  of

allowing the 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_ S

research must be accomplished in the developing world.



Needs for training four more staff members to the Ph.D. level and three
‘more to the M.Sc. level have been identified by the Director of WSARP;:
The review team considers this to be a realistic ‘training objective.

There are always some back-door losses of personnel from government
agencies to more attractlvely salaried positions in private industry and

“other countrles It is improbable that added training would correct
: thls,_' '
‘Students were trained at five different universities. ‘Seven of the 14 .

degrees were awarded by WSU. As is often the case, low TOEFL scores and .

an inadequate proficiency in the English language were handicaps to
admission at many alternative universities. - WSU was able to provide

provisional admittance status until language competence was achieved or -

‘other academic deficiencies were corrected.

-Early selection of students by the Government of Sudan would havé':j--
expedited the training process. Careful screening of candidates should"

be accomplished before they depart for training. Two of the students’®
programs were delayed because of academic inadequacies and one: tralnee
was terminated because .of lack of motivation. Perhaps training
‘program to acquaint the student with the American system as opposed to
the European system of advanced educatiorn would be helpfui.

Non-degree Training. Goals for non-degree training were establlshed for

17 staff members to be trained out of country. Records 1nd1cgt¢ .that
20 persons spent a total of 50 man-months in external non-degree
training. Internal training activities were satisfactory. i

There are many special’ training courses that should be cons1dered-'

These are offered on a continuing education basis at the 1nferna*1ona1 [;{“-

research centers, at land-grant universities and by USDRXOICD

For the remaining period, it 1is suggested that WSARP should take
advantage of every opportunity to provide - additional = training for.... o0
selected mid-level staff as well as for scientific staff. The follbWingﬂztﬁ}a
list of short courses, although incomplete, is suggestive of ‘type of .-

training uhlch would be of benefit to the WSARP staff:
.Database s&stems fqr agriculturai'research Stati@ns
.The use of statistics in agricultural research
.integrétéd pest contrel, for.various cropping sygtems

.S01l conservation techniques in cropping svstems -

.Minimum tillage practices for erosion control and'iébor uﬁi1i3éti¢ﬂyq:?{

-Organizing and implementing former 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 in farmer managed research trials

.USDA/APHIS reseerch on control of Striga hermonthica

. Improvement of small farmer harvesting and storage

.The use of leguminous. trees as nitrogen source and conservatieﬁ 
-The use of animal traction and small farm implements

.Broadbed and furrow systems fer soil and water conservatiop'
.Range_rehabilitation

.Techniques in water harvesting and conservation

The USAID training office should have access to more complete llstlngs.
It is suggested that project personnel interact with USAID training

officers to identify some of the needs for non—degree specialized :

training. WSARP should then nominate appropriate participants and seek_
training opportunltles

Use of TBM Portable Computers and Programs. Quarterly  and annuaie
reports from the WSU team indicate -that it had provided training to the
research staff at Kadugll Research Station in the use of microcomputers

and programs. It is understood that a consultant to do this training of =

personnel was refused because of limitations imposed by the ,State 
Department for security reasons. L

"The  socioeconomist at Kadugll has indicated that the staff '-is
unfamiliar with the use of the recently acquired.IBM portable computers
~and the Wordstar, MStat, and Lotus programs. There are simpler and more

user-friendly  programs which could substitute for the MSta’ and Lotus'= =

programs. A combination of DBase 1I and ABSTAT would satisfy . this
requirement. All research results might be permane*;iy recorded: on
‘DBase 1II for all the stations in the Project. A “wo-week '"hands on"

training program with the scientists at each = .search station ‘would be_'é L
“sufficient to train them in the use of the .ystem. At least a two-month -

consultancy might be arranged for the dual purpose of establlshlng each

~research station’s database system and conducting training for__the‘?*
scientists. : o

C. Research Support Activities

Linkages. The Senior Advisor made very commendable progress for =

| BEST AVAILABLE

e
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integrating activities of international agricultural research centers
" (TARC), ‘into the program of ARC and WSARP. The type of relationship
developed with CIMMYT, ILCA, ICARDA, IDRC, INTSORMIL, AND ISKNAR needs

very much to be cortinued. The WSARP Director indicates that this 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, and even grant assistance to.
both ARC and the WSARP.  They have been, and will continue to be, of
great potential assistance to WSARP. Intensity in continuing 11nkages
with them will continue to be limited until a Sudanese Deputy Director
is nominated for WSARP. This person should have full responsibility for -
staff training and outreach activities of WSARP.

The integraticn of WSARP into ARC remains a critical issue of cencern to
USAID personnel. The evaluation team concluded that the integration of
the two agencies was as complete as it could possibly be, given the
'organlzatlonal structure developed for the assistance project. The' two
institivtions will never be completely integrated, nor will parallelism
be eliminated as long as WSARP remains a semi-autonomous unit of ARC

Budgeting  processes, research planning, and Project review 3and
evaluation are integrated activities for the two organizations. Yet; to:
procure staff for WSARP it is necessary for scientists to be seconded
from ARC. The use of this term implies moving of personnel from one -
organization to another organization that is outside the administrative
- Jurisdiction of the first. It would seem that the extent of 1ntbgrat10n-

will only be discernable whén the PrOJect is completed and donor support
for recurrent budgets had ceased.

ARC presently holds responsibility for publication of reports and the1r

distribution. This aspect of the Project, together with development of-f_j; $. |
library facilities, has been neglected. It is appropriate to state at

this point that support in this critical phase of the Project . was
planned by WSU but was nct authorized by Project Management and UQATD _
until final stages of the Project. This authorization was negated by
State Department travel advxsorles late in the Project which prevented
consultant visits to Sudan. Meny purchases of books and * periodicals
were completed by WSU. - These documents are on hand awaiting completion

- of the library at El Obeid. A librarian has been trained to process. and:_f,? e

catalog library acqu151t10ns as well as other aspects of 1libra

management. It 1is recommended that short—-term technical assistance be .

provided to assist the WSARP librarian develop a functional library at
E1 Obeid. This technical assistent would also be helpful in improving

the documentation and agricultural information services at ;ARC! _v&'V

headquarters in Wad Medani.

A.-proposal for improving management of agricultural information in Sudan

was prepared by Dr. . Riley in 1982. A grant for improving information:
services was provided to ARC by IDRC. The status of this development is

unknown except for a printing press that was non-functional at the tlme' _
the evaluation team vlslfad ARC headquarters. The team assessment is:



that there is need for the development of a research/ outreach support
- system unit at ARC headquarters. This unit should have a circulation
‘network connecting it to all stations. It would have responsibility . for
(1) editing, printing, and distributing periodic research journals, (2)

" printing and - distributing research reports, (3) preparing and
distributing pamphlets and brochures for technology packages used for
extension activities, {4) maintaining the national agricultural library

and developing a rétrieval and distribution system for all agricultural
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 such a svstem. IDRC does not have.a -
representative in Sudan. The closest office is in Cairo. The contact
at that location is Gordon Potts. L

' THE RESEARCH PROGRAM

A, Overview.
The orientation of the research program of WSARP is directed toward
agricultural production systems that are prevalent in Western Sudan.
The - approach taken is a modification of farming systems research and is =
termed "production systems research" to 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 .
tribes engaged in the latter two systems are not limited to a farm or “a
single geographic location. Sedentary farmers in the region raise
- agricultural crops as well as maintain some animals. S

B. Research Planning.

1. Planning strategy of the project focused on getting an early  start
- with research activities. This included the defining of research

needs and approaches,  defining the research rdle-that'each-of"fbur

outstations were tc perform, as well as determining the needed.

inffastructure; The four stations were as follows:

‘a. El Obeid. 'Nyéla was originally plénned to be the ‘ARC

‘headquarters for Western Sudan. It was later determined that El

‘Obeid would be a more effective site, due to the ‘existing =

- communication links with the capital city of Khartoum.  This.~

.decision necessitated the construction of a complete research and

administration facility having the central analytic laboratories,

main computer facilities, and containing the central_libraryfandf.
regional information services. = Its research thrust would be in: .
‘millet improvement - and millet-based cropping systenms, market

1



analysis, water conservation, horticulture, environmental
| ' - preservation, and agro-forestry. It would also maintain a
e .+ collaborative program to link with the regional Ministry of
Agriculture extension services. o

b. Kadugli. 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; sorghum based cropping systems
:and sorghum varietal improvement, range and forage improvement
and preservation, and to conduct investigations into burning and
- bush control. : : L

c. El_Fasher: @ A new station was built here ‘to - conduct
research on range and forestry interventions, ~improvement of .
productlon practices associated with camels; sheep, - and: goats. = @ :
There were plans to strengthen the regional veterlnary services. ..
of the Barfur region Ministry of Agriculture. R

d. Ghazala Ghawazat: This was an 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. Itiwas .to
focus its activities into the improvement of genetic qualities of
livestock, - conduct studies on rangelands, animal nutrltion and
husbandry practices. It was also to determine the role of acacia
trees in agro- pastoral productlon systems. '

'fC. The Research_Approach

The WSARP staff, after discussions with various COnsultants,‘;agreed
that an integrated production systems approach was most  valid. The c
systems were described and constraints to increasing productlon 1n the |
j . -various systems were defined. It was ' evident, however, “that" th;s e
- diagnostic stage of the research program would take a con51derablej§ ;7 f3
- amount’ of ' time to develop. Consequently, some research on obvious | ===
constraints was initiated early. ' : : Lo

- To  implement this phase, surveys were made in the three types of 1
systems. ' The various disciplines (agronomy, soils, animal productlon,_gt;:.
~anthropology/sociology, and economics) were evidently included in - the |
~field teams either full or part-time, although this is not clear in the
. 'WSARP Publication 15, Work Plan, Vol. T1III. WSARP staff were in @ .
continual contact with farmers and pastorallsts surveylng and asse551ngfiif-lf
_ ~their needs and constraints, testing promising ideas or germplasm -in =
L their - fields or pastures, developing new technology sultable'to' the1r.é7
S limited resources, and conveying methods judged improved- by the
producers themselves to extension personnel for widespread application..
After hav1ng rev1ewed the research reports (WSAHP Publlcatlon ~Series)




and  discussing the research program with WSARP, USAID, and World Bank
personnel, ‘there - is agreement within the evaluation team that the
approach has been correct and WSARP should be commended. However. two

-phases of the approach appear to have received less in-depth
investigation than would have been desired.

- 1. Survey and assessment of farmer and pastoralist needs and consiraints
' - These appear to have lacked a sufficient economic 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 sociceconomic values of problems and .
constraints  are difficult and tediocus to obtain but are of absolute
necessity in knowing whether one is embarking on research on the
constraints  which (1} have a relatively good chance of 4 sclution,
(2} will be socitally and economlcally acceptable to the farmer, and
(3) are high on a priority list to the farmer, region or nation.
'Without this evaluatlon scarce resources could be spent on research
and non—impertant, unsolvable problems. In 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 the economist " and
social/anthropologist, but if so, they are not explained ir detail.
in the reports. : '

This step is of extreme importance in systems methodology. It is-
- explained in general terms in the Work Plan Volume III, WSARP:
~Publication No. 15 pp 9-10, but in rev1ew1ng the ‘reports of research_

results, one does not find such a socioceconomic appralsal

2. Conveylng methods Judged improved by the producers themselves to
extension personnel for widespread application. It is not clear in |
the WSARP 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 this dynamic interaction with producers and
“their. enV1ronment that differentiates productlon systems  research’
from the more traditional approaches.” Little is reported on this

1nteract10n,' however, it may be too early in the project for the_i f'lél
real interaction to take place. It is doubtful whether the present

‘extension activities dre strong enough to be of such benefit-giﬁ;
‘systems research, but it may be the opportunity to : strengthen.

extension. - The three-way exchange among research, extension, -and

the farmer is the end result of good research. Systems research 'is .
not complete until innovations have been accepted and practlced in .
the field: :

Some reviews and evaluations of WSARP and some of the WSARP publicatiéns'
give the impression that there is not a good understanding of the total
g PrOdUFtIOD svstems research approach There is an impression that one
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. does commodity research, systems research, or disciplinary research.
Systems research is only a vehicle to look at more than one discipline
or one commodity at a time and to put these commecdities in their proper
perspectives in the defined svstem. Svstems research encompasses both
disciplinary and commodity research and is not complete, or at least it
is less than optimal, if it does not utilize the knowledge gained in
more -detached or "breakdown" {disciplinary and commoedity) research. A
total systems approach must depend on the knowledge gained from
investigating the "parts” of the system.

The phrase "systems research", regardless of in what context it is used,
Farming Systems, Livestock Production Systems, Irrigated Systems,
Dryland Agricultural Systems, etc, it is only an invention of words to
express the thought that there are several, many, or a few, factors or
forces having an influence 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 lock at these forces in
combination with one another and to determine which are most important
in the total system and which ones can be beneficially changed so as to

increase the ‘end-product of the total system which 1is usually some
measure of production or income. ' '

In  Western Suden, it appeers that a production systems research
approach has a great deal of merit since constraints are not well

defined and potential solutions need testing at the farmer level. -Sudan

does . not have adequate research resources to conduct "trial and error"

research without a good overall plan of research: The risk ‘associated
with the exclusive use of disciplinary or commodity research is that it

can, but obviously does not always, lead to research. with llttle
practicality to 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 Research

There were a number of reports prepared by WSARP which gave results of-
the sociceconomic research which was conducted. But, as stated
previously, they  lacked sufficient economic and social . appraisal . of
needs and constraints relative to each other, which would have served to
better target the research work which was initiated in the Préject.

However, the overall output of the reports was commendable and gives a:_f'

good understanding of the production systems which exist in the project
area. While there was an attempt to provide critical data needed, .the
researchers cited certain difficulties. Among these were: (1) the ba51c

units of production were not individual households (Nuba), (2) producers i

were evasive in giving information concerning their production ‘and
sales,  (3) rate of illiteracy was high (90 to 98 per -cent) and
quantitative data was extremely difficult to obtain, and (4)  the
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necessary support staffing to conduct the essential surveys was
inadequate.

~ Another constraint was the turnover of sociologists assigned to the

project by the contractor. The first sociologist came on a one-year
centract. The second arrived in time to assist with planning the
research program, but apparently had difficulty keeping his 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 to 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 into 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 evaluation 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 to draw up research priorities.

The source of data was frequently secondary information, as well as
drawing upon the previous professicnal experience and training of the

researchers themselves. A sumpary of the research conducted is as
follows:

1. Systems of Agricultural Production Among the Nuba {WSARP
Publication No. 11} was completed in September 1981. The report
describes the organization for production among this tribe and
gives insights into ways by which researchers c¢an work
effectively in on-farm research. It is interesting to note that
working with individual farmers would be ineffective due to
Jealousy and suspicion of their neighbors. The men are reluctant
to share information concerning their crop yields and worry about

neighbors using witchcraft to spoil their crops. It was also
found in this study that women must be recruited to conduct on-
farm research for the Project. The social 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.

2. 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 included in a report prepared by
the agricultural economist. It contained useful information as
to the degree of magnitude that the farmers attached to many of
the constraints that ended up as research priorities. A later
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study appears to have been incomplete, as it did not provide

quantification and summary of production data for individual
farms and households.

A sociological study conducted in 1983 was concerned with the
problems . encountered with the establishment and maintenance of.
on—farm research trials. This study had particular relevance as

‘it pointed out the necessity of a careful selection of farmers

{so as to secure good cooperation) and the necessity of a .clear
understanding of the resources to be provided by both the
researcher and the farmer. There also needed to be continual.
contact with the farmer and plot monitoring on a day-to—day "
basis. .

Social science studies were summarized in WSARP Publicatiom No.
25, ‘August 1984, and provided iuformation concerning the
transhumant production systems, identification of recommnendation
domains, and the selection 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 recommendatlons, 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

propesed a "production package" of improved sorghum varieties and
a package of practices relying on a minimum of -imported
materials. Once yields were increased, farmers would be -more

prepared to adopt other techniques lncludlng rotation and the use

of leguminous crops for food or forage.

‘Research program results from the Kadugli Research Station - in

September 1985 gave indications of a major input by agrlcultural

economists. While no source of information was provided for the 7 e
economic interpretations which were made, there were inputs. as

to: (1) net benefits from the mulching of sorghum, (2) use of 

phosphate on locel and improved varieties, (3) potential laborf, s

savings associated with adoption of ox-cart transportatlon, (4Y) -

household labor allocation for crop production on household =~ |

gardens as opposed to distant fields, and (5) seasonal prlce'

changes for sorghum and sesame at the Kadugli market. Accordlng']~f: ”'”

to the Sudanese soc1ologlst now present at the Kadugli station, .

1985 was a "good year" as it reflected a team approach to_ ”f5”.
‘research by the technical and socioceconomic staff working on “the -

project.

A partiCularly-'valuable study done in the Project area is '

entitled, "Socioeconomic  Constraints to  the Productlon,
Distribution and Consumptlon of Sorghum, Millet znd Cash Créps. in
North Kordofan.' While it was done by INTSORMIL rather  than

CID/WSU, WSARP provided the logistical support. In its survey. of_
40 farm households, the study prov1ded a wealth of economic:
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information concerning yields of crops, rates of return by

individual crops, labor expenditures and distribution, seeding
rates, market prices, types of intercrop systems, time of
crepping activities, chemical inputs, economic losses to
predators, and the economic potentials of research to be

conducted with small holders.

E. Range and Livestock Research

Considering the time involved, the output of range and livestock
research has been commendable. A general c¢riticism is that it is
not evident whether there was a thorough sociceconomic ewvaluation
of the constraints to be considered in the range and livestock
research program. At  the time the research was initiated the
constraints to be investigated were apparently evident to the
researchers, but whether these constraints were of the highest
priority is not clear.

Evaluation of range condition and establishment and classification of

rangeland communities. This aspect of range research can be considered
part of the diagnostic phase of systems research. Although it i=s
obvicus to even the untrained eye that overgrazing and denuding of the
ranges have occurred, it is important to establish 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 strongly associated with land-form and
soil type.

Most rangelands in South Kordofan are in only fair condition due to a.
dominance in the herb layer of tall, coarse, fast-maturing annuals of
low-—nutritional 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 1in this area only consumed about 6 — 10% of the net

primary production average for wet and dry vears. This inefficient

utilization of forage resources was due to the poor spatial and tempbral
distribution of livestock which was partly related to traditional out-

migration of livestock during the rainy season by unfavorable disease
pest, and envirommental (mud) conditions. -

Woody vegetation on most rangelands is declining in abundance and
diversity in response to 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. Prevention of these fires would supply a 43% increase in
livestock biomass which would have no adverse impact on the range during.
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the dry season. During this season, approximately 30% of the rangelands
are under-utilized by livestock due to a total deficiency of water.

Monitoring Studies with Sentinel Herds. Sentinel herds (researchers
observing selected traditional herds) have been established. These
studies have shown that cattle can be maintained on a vear-round .basis
on southern rangelands at levels of productivity equal to or greater
than that found under migratory practices, provided that {1) animals
are given one year to adapt to the climate, {2} year-round sources of
water and natural forage are available, and (3) the strategic control of
ectoparasites is practiced.

Nutritional Studies. In-herd studies of the seasonal nutrition status
of transhumant cattle and sheep have shown that for cattle: (1} adult
animals are in a negative energy/nitrogen balance and 95% of the
lactating animals are clinically deficient in phospherous during the dry
season; {2 adult animals are in a positive energy/nitrogen balance

during the rainy season, while the majority of lactating animals are
clinically deficient in phosphorous.

In the case of sheep, results have shown that: (1) energy and.
phosphorous appear to be the most limiting nutrients for pregnant ewes
during the rainy season; (2) energy, crude protein, and phosphorous were
limiting for lactating ewes during the mid dry season; and (3} energy
was apparently the most limiting nutrient for adult ewes during the late
dry season.

Having identified the @bove 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,
previous:y unsupplemented 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.

Hesearcher-managed, in-flock supplementation (sesame cake at 1/2 of the -

maintenance levels plus a phosphorous supplement) of breeding ewes:

during the dry season, showed that the level of supplementaticn was not -

sufficient to demonstrate any signficant improvement in productivity for

treated groups. This, apparently, was primarily because of very poor
grazing in the study areas as a result of the 1984 drought. Sixteen per
cent of all lambs less than three months old died of respiratory
infecticns and the ewe losses ranged from 12-20%, being highest in the
unsupplemented, control animals. SR
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Livestock Marketing Studies. Livestock marketing studies indicated
that the producer strategy was quite complex, depending on rainfall
patterns, commodity prices, demand for 1liquidity, and scale of
anticipated purchases. The rapid increase in the price of sorghum,
"resulting 1in a price ratio of male cattle/sack-sorghum of 1:1 by May
1985, made the usual practice of selling small ruminants for most staple
food purchases impossible to follow during the 1985 dry season.

Introduction of Draft Power and Improvement of Nutrition. Economic
analyses of animal draft trials demonstrated benefit/cost ratios ranging
from 1.15 to 3.45 over a {ive-year periocd when only rental benefits were
considered, and 4.92 to 11.24 aver a similar period with the addition of
welfare benefits. Supplemental feeding trials have shown that quite
high levels of good quality forage are required to 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 quality product resulting from problems in
harvesting, curing, and storage.

Evaluation_of WSAHRP Research in Range and Livestock Subsector. Two
shortcomings in the research to-date of the WSARP research in range and

livestock have already been identified: (1) lack of adequate socio-
economic analysis of constraints to increasing production; -and (2)
inadeguate organization implementation of researcher—-extension
farmer/producer contacts incorporating extension/farmer ccntacts into

research planning. These are mentioned again to emphasize their
" importance in production systems research.

Regarding the first of these two shortcomings, "paper and pencil-pushing
research” would have probably revealed that 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 theése
data only confirmed information already in the literature from trials in .

Texas, Arizona, New Mexico, and Botswana. Whether the research was
important  enough to repeat in Sudan is questionable. "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 condition and classification of rangeland
communities is an absolute necessity in range-livestock production
systems research, and WSARP is to be congratulated for the detail with
which this was conducted. - The establishment of a herbarium was also an.

important contribution, not only for the present but for future o

research. There is a question, however, as to whether there are plans
to continue periodic range surveys in the same areas to be able to
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determine range trends. Although this is not clear in the WSARP

reports, we recommend that this be a continuing feature of WSARP
research plans.

"Sentinel” therds and flocks are a vital part of the production systems
research approach. The information gathered is important and continues
to point out problems and constraints, as well as success or failure of
interventicns into the systen. Again, it is not clear from the WSARP
reports as to whether it is intended to keep collecting data on a vearly
basis f{rom these herds and flocks. These herds, and this approach,
should be a permanent aspect of the livestock research.

Like the range condition and "sentinel” herd studies, the livestock
marketing studies should be a continuing source of valuable data and
information. WSARP economic studies should include repeated visits to
the same markets to establish trends. There can alsc be "spot” studies
to determine particular local parameters.

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

Initial contacts with ILCA have been made. Dr. John Trail has visited
the Project as a <consultant. Attempts should be made to secure

continuing inputs from TILCA 1into the efforts of animal scientists
working within WSARP. This international organization could be of great
value in overcoming misunderstandings and inmertia in the livestock
research programs that have resulted from the division of responsibility
for its accomplishment among different sections of the ministry.

It is equally necessary to include continuing contact with ILRAD as 'the"v

project activity. Since barriers to land tenure preclude effective use
of growing management technologies, the major research input into range
livestock  will center about nutrition and health parameters associated
with livestock production in mixed farming operations. '

G. Crop and Soils Research

The scope and size of crop and soils research at the Kadugli Research .-
Station had greatly changed with the advent of the WSU research staff -
input. The crop research component tended to concentrate on the .
introduction and performance of new varieties of sorghum, legumes, -
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groundnuts, sesame, and millets. The varietal testing of cotton was
excluded from the crop testing program because a coiton 1mprovement
program already existed.

The genetic materials in these tests were limited to varieties supplied
by either ARC in Wad Medani or from the Internaticnal Agricultural
Research  Centers (IARCS. These tests were not planned with
environmental factors or local farmer preferences as specific eriteria,
but varietles were probably seleclted on Lhe basis of seed availsbility .

The 1introduced varieties, in generzl, performed remarkably well in
comparison to the local varijeties. This appears to be either good luck
or that the local selections had a low yield potential. Yield increases
of 40 to 100% over the local checks were obtained with crops as wvaried
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 sorghum varieties

from farmers’ fields in the vicinity of Kadugli. It is expected that
the diverse populations of crops other than sorghum might be equally
rich in genetic diversity. An effort to collect and sustain the

traditional varieties would be worthwhile because of their inherent
features of insect and disease resistance, their drought resistance, and

their grain quality which could be incorporated into future breeding
programs.

Scientists of ARC wmust increase their emphasis on development of
varieties for the rainfed agricultural sector. This work must be
accomplished at Abu Naama with varietal testing at the WSARP locations,

as well as at field testing locations of the Mechanized Farming
Corporation.

The quick "fix"™ obtained with the introduction of exctic varieties
seldom persists and there is often a breakdown in the performance of
introduced varieties selected solely because of yield. Consequently,

crop improvement programs should not rely solely on plant introductions,

but should concentrate on incorporating the desirable features into
locally adapted cultivars. This means ultimately a breeding and.
extensive selection program which was not introduced to the Kadugli
Research Station. This does not mean that performance testing of exotic
introductions is wrong. It is a first step in identification of genetic
factors associated with yield components and disease and insect
resistance or tolerance. The Sudan has already had a report of a
complete lack of striga tolerance in the Hageen Dura hybrid. This may
make its further diffusion more difficult or even questicnable. In any
event, it will restrict areas in which Hageen bura I has an advantage.

There should ‘be expanded effort to utilize technical assistance and
research capabilities of INTSORMIL and ICRISAT to accomplish the basic
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research  needed for support of the applied research effort of WSARP
scientists.

The introduction of crop varieties is an ill-advised cecncept 1f  the
expectations are that a simple introduction of exotic seed will
consistently result in major increases in production. Cranted, there
are well publicized results where an introduction has produced a gquantum
advance in regional or national production; but every plant breeder will
support the conclusion that such successes are rare, and more frequently
success 1s the result of multitudes of crosses and many years of Tfield
selection. As such, the plant introductions might be impressive in one
or two vears’ trials, but environmental conditions will more freguently
result in a breakdown in vields of the exotic variety. '

Research on soils was basic enough to measure the distributior of soil

moisture throughout the dry season as a function of depth. Soils.
research was also sufficiently simple and adaptive to measure yield
response to fertilizers. Soil moisture studies were a first step 1in

understanding both 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, for different crop rotations, and for a variety of
mulches used in secil moisture conservation research. Soils researchers.
should recognize this technique as a valuable tcol to repeatedly measure.
soil moisture under a wide variety of conditions. However, the
measurement in itself is not research. There needs to be a scientific
application of the collected data and a program for extending these
applications as farmer practices. Such research, by nature, is. time

coensuming and repetitive. Conclusive results will take four to seven
yvears.

The research on fertilizers is more simple and uses vield response as .
the phytometer. Rates, ratios, and times and methods of application are
the variables. The danger is in extrapolating the results over too wide -
an area. Fertilizer recommendations tend to be site specific and need
to be replicated and confirmed over many locations. Fortunately, the:

Western Sudan reportedly has vast areas of relatively uriform soils.
Consequently, once a set of fertilizer recommendations is developed, it
should suffice for rather extensive areas on these broad plains where
soils have developed in place. Another advantage for the researcher but
disadvantage for the farmer is that the ipherent fertility status @ of

these soils 1is sc low that the addition of most plant nutrients will
create some response.

The one exception to this rule is that applications of nitrogen might
stimulate the growth of plants excessively and exhaust the existing soil
moisture before flowering and seed set. In the higher and more uniform
rainfall belts (500 mm) this might not be necessarily true; but in
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those conditions where rainfall ceases early or is less than 430 mm,
the heavy applications of nitrogen might be expected to reduce yield.

- The agrohomy research is perhaps the most rapid in producing results
~suitable for extending to the farmer. The problems of seed placement,
seed rates, seed depth, plant populations, and weed control are
relatively straightforward, and after three or four years of trials
there  should be a suitable package of practices ready for extension.
Crop production cannot be divorced from either soils or plant breeding.
Changes in varieties, fertilizer, and available soil moisture will, of
course, require constant changes in the approved and recommended package
of agronomic practices for any specific crop.

All in all, the WSU team did an excellent job in the introduction of
crop and soils research technology to their Sudanese counterparts. Time
was not sufficient to establish a complets cycle of long-term research.
The agronomists, because of their simpler mandate, were perhaps the most
effective in obtaining results. The soil scientist had a more difficult
chore and attacked it at two levels, namely, soil moisture and
fertility. It is heped 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 not to be the ernd -

result of good research. Such data is needed to develop practical
applications.
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FACTCRS AFFECTING PROJECT ACHIEVEMENT

. Pro.ject Management

It appears ‘to the Project evaluators that the stated purpose Of_.thé-

Project has been only partially fulfilled. Not only have there been__-f.

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 1in implementation
activities.  Although not well documented, it is assumed that these-
changes occurred. as an outgrowth of strategy planning at. the
coordinating committee level. Change often cccurs when reality and

idealism come face to face. Examples of change include the decision not

. to  .move either the ARC headquarters or the ARC administration
"headquarters to Khartoum.

The decision was made not to organize a Planning and Evaluation Unit

(PEU). This was paralleled by changes in the terms of reference for the

Senior Advisor position. It is unfortunate that the Senior Advisor to
the Director General of ARC was never able to function under 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 o= did not know how to
best utilize the services of an advisor.

It was an error not to post the Senior Advisor at ARC headquarters .
Advising requlres daily contact.. Also, an effective advisor is a
"behind the scenes" person. His only functien is to make things happen

through his influence on the person he is advising. It appeared that |

- the Serior Advisor became too administratively involved and_ _took""S
-independent action rather than taking the necessary indirect route.
This may have been accentuated by the fact that there were twe Director-

Generals of ARC with the period of time coverlng the Senior Advisors .% 7

tenure in Sudan

The input of the Senior Advisor shifted subseﬁuently to the WSARP.
Although lines of authority of WSU project administration were less than

clear, his effort had a very pocsitive effect on the achievement of goals;
by ‘the WSU—WSARP staff.

It should be noted - that there also has been a variation in the
continuity and intensity of supervision of the WSARP by both USAID and. :
. WSU. USAID appareatly became aware of this inadequacy and the input of

their supervision subsequently intensified. Sometimes without adequate
communication or documentation, a change in position will icreate
‘misunderstanding and uncertainty. Regardiess of  how Justlfled”

administrative decisions may have been, they resulted in. con51derable
~decline in morale for both contractor employees and WSARP staff.
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Contributing to this prcblem is the fact that there have been three
USAID Mission Directors, four USAID Project Officers, four WSU Chiefs of
Party, two Project Directors, and three Director Generals of ARC.

The early termination of selected technical assistance personnel, the
failures to extend the contract with CID/WSU, and the decision by
USAID/Ehartoum to withdraw support for the Darfur region all appear to
have contributed to uncertainty on the part of the contractor and to

misunderstanding and, therefore, Jjustifiable concern by the host'

country. The USAID withdrawal from Ghazala Gawazat and E1 Fasher
appears to have been a unilateral decision for a program which was

‘intended to function through a coordinating committee ‘that was comprlsedf
of dcnors and host country personnel. '

The evaluation team observed that none of the previous evaluations or
reviews recomnended such an approach to future project management. The
team -has been told that the decision was made as an attempt to closa
-audit recommendations relative to recurrent cost problems. This 1is
somewhat unusual since the Project agreement does not call for GO3 to-

assume recurrent costs before Project completion date. In any event,

the Project momentum has been seriously interrupted. It will be
difficult for the propecsed techrical assistants, who are to be provided
by USAID through personal service contracts, to restore that momentum -
and prov1ue the focus needed for effective future research activities.

This. is particularly true in terms of providing ‘guidance teo the
embryonic researchers returning to the project with "graduate training

and degrees but llmlted experience in planning and implementing research
programs

Sudanese Inputs to WSARP Management have negated attempts to reorganize
ARC and move the headquarters to Khartoum. Although there is substance
to the arguments supporting such a move, the reality of the situation is
that, unless housing or subsidies are provided, the administrative unit:
of ARC cannot and will not move to Khartoum. Actually, it  may be

- prudent to not disturb the unit through such reorganization, but to use

the scarce financial resources  for increased support of ongoing
‘programs. o :

WSARP -administrators were responsive to management ' inputs from Wsu.
This 1is evidenced by the research planning and reporting activities of
WSARP following the departure of the WSU team. There seems to be some
delay by the Project Director in responding tc the needs expressed by
directors of field stations and by field personnel for equipment,
‘suppert - services, training opportunities, and other project inputs to-
planned research. ' : B




The lack of understanding by the Ministry of Agriculture and Natural
Resources for the urgent need of adequate research inputs is reflected
in the fact that, although staff salaries for ARC have increased, there
has been no increase for Chapter Two {Operational Budgets) since the
beginning of the Project. The end result of this is that about 88% of
the available budget is restricted tc salary and orly 12% is available
for research operation support. This may also account for the fact that

the most recent annual report available from ARC headquarters is for the
1977-1978 research year.

Researchers =are often hampered by inadequate funds to implement,
supervise, and complete their research. On the basis of present
understanding of the evaluation team, it will be almost impossible for

ARC to assume the required budget obligations for the staffing. and -

operations of the WSARP after the Project is completed.

Research scientists must have support money to initiate, conduct, and
publish research. They also must have opportunity for travel to
prnfess1onal meetings or to International Agricultural Research Centers.

Provicion must be made for professional growth and opportunity 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 Project
completion. date, the GOS can continue Project initiated research
activities without a loss of momentum. '

WSU_Staf ffing for WSARP involved 68 person-years for the Project. Of
this amount, almost one quarter (16 years) were utilized at the -“home
campus for administrative support of the resident field staff. The
campus activities included identification and fielding of TDY and long-
term field staff, administering participant. training, commodity -
procurement and shlpplng, ‘editing, and publication of reports. :

Of the approximate 52 person-years of resident staff, 50% were inéolvéd } e

in  research activities. The remainder served —~either  in = an
administrative or advisory role. This seemed to the evaluation
committee to be an imbalance of administration relative to research

input. The evaluation team considered this to be an _imbalanée of

administrative input relative to the research emphasis. USAID obviously.

recognized this,  because technieal assistance cuts were made from ‘the"
non-scientific staff late in the project period. - There was: some B
variation from intended staffing patterns (Table 1),_but this apparently -

did not detract from preoject achievement. -



TABLE 1

PLANNED AND ACTUAL STAFFING OF TECHNICAL ASSISTANCE
SUPPORT TO WSARP

Planned Staffing ——___Actual Staffing
. Person Person -
Title : Location Years Location Years

- Senior Research Adviser

' to. Director Gemeral Khartoum 3 Kartoum 5.2
Planning and Evaluation Khartoum 8 - -
"Pfoﬁéct Engineer : Khartouﬁ 6 Ehartoum 5.2
Deputy Project Director Nyala 6 - Khartoum/Kadugli 6.0
Land Water Use Spec. Khartoum B E1l Obéid 2.0:
Agro Climatologist Nyala 4 - : -
Sociologist Nyala 5 Kadugli 3.0
F.M. Economist Kadugli 5 Kadﬁgli . 3.0
Agr. Engineer Kadugli 4 - - Ny -
Lvstock/Crop Productien .
-Sysﬁems Spec. Nyala 8 - . -
Range Sciéntigt - - Kadugli 4.7
Aﬁim. Préd. Spec. - - Kadugli 3.1
Agronomist - - Kadugli 3.2
- Vehicle Main. Eng. - - - Khartoum 2.9
‘Dep. Admin. Off. - - Khartoun 3.6
"Seniéf'Secretary - - Ehartoum _ 1.7
: _ﬁeséarchiﬁssdcp - - Kadugli 1.9
; .Chiéf Admin;_dff. L= - Khartoum . - 5.8 |
é TOTAL - - 54 | | 3.3
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Due to complexity of the Project, there would have been much to gain
from increased continuity in the Chief of Party position. Four persons
were assigned this responsibility during the life of the WSU C(ontract.
"The Chief of Party was in an unenviable position of haviang little
responsibility for decisions made but much responsibility for success or
failure of the Froject. In the opinion of the evaluators, WsSU/CiD
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 WSARP. This made him directly
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 with fulfillment of established project cbjectives.

There was a conspicuous lack of continuity and timeliness in appointing
the socioceconomic staff. This resulted in a disjointed effort in this.
discipline and contributed to inadequacies discussed in the research
planning section of this report. The review team was told that this was

because the Project Director refused toc allow the sociclegist position
to be refilled.

The need for, or the role of, the Project Engineer was not clear. The
person in this position was cbviously over~qualified and over-paid for
the work required. (Building fences and service roads do not require a
Fh.D. engineer.) As a result of USAID’s termination of this consultant,
these responsibilities are now being fulfilled by a Sudanese engineer at

a much lower cost to the Project without any sacrifice of engineering
input.

Sudanese Staffing for WSARP. This has been a continuing problem. leo)
has had some difficulty meeting staff requirements for the Sudanese
component of WSARP. Staffing difficulties were exacerbated by the
nmumber of researchers who were nominated for trailning activities. This

is another - factor that enhances the argument for leng-term support of
research oriented projects.

1. The staffing at WSARP Headquarters is 1inadequate. Nc  permanent .
Deputy Director has been appointed and staffing of the support unit

is incomplete. 2 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 the International Agricultural Research
Center.

o

Kadugli Station has always been understaffed. Several of the staff
are still in training out of the country. There is a need for an
additional Animal Production Specialist because the current’
specialist also serves as Station Director. Technical Assistance is. .
being sought by USAID for three positions: Livestock Specialist,
Agricultural Economist, and Agronomist. The lack of skilled English =
language secretarial assistance is  obvious. This - delays .




communication and reporting. Improvement of scientist typing skills

through added training in word processing on the personal computers
is recommended.

3. At El Obeid there is a fine complement of young scientists. Delays

: in administrative staffing are to be expected until construction 1is
complete. Technical assistance is being solicited by USAID for a
soil and water management specialist. There is need for a
biometrician to assist in planning research and analysis of data. A
Farm Systems Research specialist is needed to organize the special
Farm Systems research unit recommended for the headquarters.

4, Staffing at El1 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 the four technical assistants to
be provided through added World Bank funding.

External Factors Affecting Project Achievement. Scmetimes develcopments
or ‘happenings occur which are beyond the control of anyone associated
with the Project. Ramifications of such events may have direct or long-
term indirect influence on the 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, wildlife,
and fisheries. It is anticipated that the new ministry would ask for
the responsibility of the Ghazala Gawazat and E1 Fasher Stations and the
livestock related research at Kadugli and El1 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 putting any priority on livestock aspects of
agricultural production.

1f adequate liaiscn and cooperative effort is demonstrated by the two
organizations, duplication of research activities and facilities can be
minimized. Under these <circumstances an  extremely productive
~agricultural research program could develop.

To achieve the necessary cooperative effort will represent a challenge

tc the GOS, as well as to the community of international donors who fund
agricultural research and extension activities.



Periodic Evaluations ‘according to the  USAID P.P.). "Periodic
evaluations will be undertaken by IDA during the censtruction of
facilities, Phase I, in which AID will be invited to participate. The
prime contractor for scientific personnel, CID, will be required to
perform pericdic evaluation and to report on the progress of activities
being undertaken by or under the direct supervision of individual
scientists and representatives of IDA, GO0S, and AID, to review the
detailed research program proposals for vears four through six and to

assess the timing of the transfer of research facilities, as outlined

under the Six~Year Development Plan, to ARC. The evaluation of these
plans must be approved by all of the participating donors. A second
project evaluation would be performed in year six, as outlined above,

when the results of the research efforts would be forthecoming and at
which time the stage would 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
Project as planned. A detailed report dated January 24, 1983, was

prepared. The report included 24 recommendations. The report, and

especially the recommendations, were reviewed by the Director of WSARP
and the <CID/WSU team. All of the recommendations were taken into
account and acted upon with the excepticn of those outside the control
of the Project. In general, the mid-term reviewers found the Project
behind schedule in both construction and staffing, but felt that the
research objectives were well founded and made no recommendations for

changing of direction, or for omission of any of the four research
stations. '

"In July 1984, a two-man 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 uncovered; {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 clianges would be
undesirable; {3) a long-term commitment to the Project is the logical
route for USAID to follow; and (4) that in regard to the question as to
whether or not to support the stations at El Fasher and Ghazala Gawazat

in a future extersion, in their judgment, funds should be providedﬂfbr'

research at all four western stations. :

The reasons for the above recommendations are well documented. Théy

further indicated that criticism has been directed at the construction.

program at E1 Obeid, but that the construction was now a "sunk" cost and

that the construction was planned jointly by the World Bank, USAID, and N

the QGovernment of Sudan. The intention was to zattract Sudanese staff.

"Commitments made and implemented in the past should be treated  as
constants and not variables."

oW al



The CID/WSU +team has written an evaluation dated February 25, 1985,
which points out many of their concerns over the future of the Project.
They recommended continued expatriate technical assistance at all four
stations and refer 1o change in direction on the part of the USAID
Mission in Sudan which led to rumors and disgruntled staff members and a
lowering of morale. In this regard, the WSARP Director has verified
that lack of wverbal support from the USAID mission has been
disappeinting and that the decision to drop the USAID commitment to
Ghazala Gawazat and E1 Fasher is, essentially, a breach of promise.

n

o "issues paper” for the evaluaticn of the Project was written by
‘soert E. Evenson in September 1985. The report indicates that "the
. .yject appears to be quite disappeinting at this stoge .. In terms of
:he number of Sudanese scientists 1in place and in terms of the
i-..:rnational staff. This disappointment is unrelated to thée individual
sciontists invelved, all of whom were working in a dedicated fashion."
It i=rther states that "Scientists have been given too many shifts 1in

dire-¢3i~rn and support to get tleir work done effectively.”

The TUSAID Preject Faper calls for a final evaluation of the Project of
which the present paper is the object. The final report of this team is
intended as: "1) an evaluation of the research done under WSARP and the
basis for any changes which may be recommended for the final two vyears
of the project, and 2) the substance from which the Mission will prepare
either an amendment to WSARP or a PID/PP, if required, for a new
project.”

CONSIDERATIONS FOR FUTURE ACTIVITIES OF USAID IN WEST SUDAN

RECOMMENDATION 1,

Tt is recommended that USAID continue its research support in West Sudan

through October 1991 by strengthening of research projects concerned
with:

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

b. Water and land use management programs at El Cbeid with
supporting activities at El Fasher.

¢. Livestock production and range management programs at E1 Fasher
and Ghazala Gawazat for nomadic and transhumant production
systems.

Support for research intc the nomadic and transhumant produciton systems

at El Fasher and Ghazala Gawazat should be planned into activities of El
Obeid and Kadugli.
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Justification. The positive attitude of research staff and momentum of
research activities developed in the initial phases of WSARP should not
be lost, but rather should be supported and strengthened. The
withdrawal of USAID support from Ghazala Gawazat and El Fasher leaves
the research programs at those stations vulnerable to mis-direction and
laxity. The World Bank has assumed some responsibility for supporting
research activities at these stations. They have budgeted for technical
assistznce {four positions ond external training), as well as a limited
amount for recurrent operational expenses for the next five years.

The housing and laborateries =t the Narfur lzcations will be reudy  for
occupancy by September or October 1886. ARC/WSARP has indicated that
the stations will be staffed as originally planned. Four of the staf?

have already been identified, others are to return from training.

A water and land usec management research program is planned for the E1
Obeid research center. This program is to support the multidisciplinary
research teams working on various commodities within the Project area.
The support includes survey, monitoring, and classification of available

land and water rescurces and their rational use in crop or livestock
production.

A proposal prepared by the Soil Management Support Services (SMSS) of

the AID 1in March 1986 is entitled, "Soil Resocurce Inventory, Land
Evaluation and a Lland use Database for the Democratic Republic of
Sudan."” The elements of this propesal would provide an excellent

beseline for work of the water and land use research at E1 Obeid. See

Annex 4 of the proposed amendment to the Project Paper for details of
this proposal by SMSS.

With appropriate cooperation between USAID, ARC, WSARP, .and the Soil
Survey Administration (SSA), the objectives of both programs could be
reached and the outputs of both enhanced. Ways to effect such a
collaborative effort must be explored by GOS and USAID.

Livestock represents one of the major contributions to the agricultural
export market for GOS. To sustain and to improve this important
potential for foreign exchange will require research programs which
emphasize animal production and range management. The fragile
ecosystems. of northern Kordofan and Darfur have been destroyed by
inappropriate land use. In these areas of low precipitation, cropping
with millet and sorghum have destroyed millions of feddans of grazing.

land. This has resulted in concentration of increasing animal
populations on decrensing areas of range land. Desertification
continues to move southward into the arable lands.



RECOMMENDATION 2.

Tdentification, training, aond fielding of 2 TField Systems Reseurch
Unit at El Obeid to function throughout the various production systems
of West Sudan. See Attachment 1 of this document for the basic
components of this research unit.

Justification. One of the obvious successes of the WSU input into WSARP
research has been the initiation of the Production Sistems Research

approach. Although there were some inadequacies in the planning stages
cf the research, the initlation of the philosophy and use of the
approach has been commendable. Not only has this approach had a
positive effect on the WSARP scientists, 1t has ulso had an impact on

research planning and evaluation at ARC headquarters. Director Genera
Cameel of ARC indicated that ARC scientists were now planning to
complement statlion research activities with "on farm” research trials
and eventually put successful interventions into farmer-managed tests.

The Field Systems Research Unit would provide =z continuing source of
information from =zll production systems for the research scientists.
Though based at El Obeid, they would function throughout West Sudan.
They would monitor specific systems and collect baseline data so that
the effects of imposing an improved intervention could be economically
and socilally interpreted. The unit would also be the linkage between
farmers and researchers in identifying constraints and establishing
priorities for research to solve the problem.

RECOMMENDATION 3.

Field systems research units should be developed at each research
station to test technology interventions for various production systems
on the farmers’ fields and to implement and monitor farmer managed tests
of the improved technology packages (Attachment 2).

Justification. If station proven technology is to undergoe further
testing in the farmers’ fields, somecne has to have specific
responsibility for the off-station program. Success of field testing
demands confidence and cooperation of the intended user. A production
research unit would be expected to develop appropriate relationships.
within the communities they serve. They would select the cooperators
for such tests, as well as implement and monitor the intervention from
beginning to end.

This will free the research scientist at the statien from many off-
station obligations. It will result in more effective use of his time
for developing and testing technologies under carefully controlled
circumstances before they are taken to the field.
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RECOMMENDATION 4.

A Training and Extension Unit {TEU) should be crezted at E1 Obeid to
serve the entire array of research units in West Sudan.

Justification. This unit would opercte the Conference Center at El
Obeid. There is a continuing need for development of refresher courses
to up-date staff on current techniques. These would range from
improving typing skills through development of effectiveness in use of

the personal computer to biometrical techniques for planning research
and analysis of data.

The TEU will develop workshop and training meetings for Extension
personnel who work in the rainfed agricultural area, as well as for

merchants and technicians of the private sector technicians and for
farmers.

This unit will be the driving force to assure that technological
packages are documented and delivered for distribution to the intended -

users of technology. This is one of the major voids in the transfer of
technology today.

RECOMMENDATION 5.

There should be a continuation of the program that provides training
opportunities at both graduate degree and non-degree levels.

Justification. The need for agricultural research staff continues to
grow. As technology develiops, there are opporiunities for GOS
researchers to find 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 = train

their own scientists. It is much too expensive to depend on external
universities to do this. )

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

Non-degree  training for technical staff should continue at the
appropriate IARC and at various short courses sponsored by universities -
of the U.S. and by the U.S. Department of Agriculture. Refresher
courses in statistics, biometrics, farming systems, and use of personal
cocmputers are essential to keep ARC/WSARP staff trained for- their: -
intended jobs as research scientists. The Project Director is urged to. -



identify and nominate candidates for non-degree training.

RECOMMENDATION 6.

Technical assistance should be provided to WSARP tc help the Sudanese
scientists accomplish the research goals they have established for West
Sudan.

Justification. The training pericd associated with the initial phase
of WSARP is virtually complete. These scientists will return to their
positions within WSARP. These well-trained but erbryonic scientists
need guidance more than ever at this stage. In addition to the four
technical assistants identified by WSARP and being solicited by USAID

‘on personal service contracts, there exists need for a Farm Systems

Research scientist to train the Farm Systems Research Unit which is to
be headquartered at. AID. In addition, until a biometrician is trained
and has returned, there is an immediate need for a resident biometrician
at El1 Obeid to assist with research planning and analysis of data.

There should be increasing use of short-term consultants who repeat
their visits on a regular basis for library development, documentation

of research and tested technology, as well as for developing refresher
courses for Sudanese staff.

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

RECOMMENDATION 7.

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

a. research planning

b. library development

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 been mentioned. This should consist  of . =
short-term, repeating consultancies. 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’

Cbeid 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 develeop the
library npetwork at all stations, as well as at Wad Medani headquarters

of ARC. There should be assistance with publication of research’
results. It is unfortunate that the latest annual report of research
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availzble from ARC covers only the 1977-78 work.

There should be additional use of the personal computers in agricultural
research. No tool has provided so much versatility and increased
opportunity for increased efficiency to the agriculturul researcher.
Equipment purchase and extensive training in its effective use is the
burden of any develepment program.

RECOMMENDATION 8.

Purchase of research and farming ecquipment needs to be continued o
permit planned research activities tc be completed.

Justification. The request for purchase of research and farming
equipment 1is primarily for the replacement of vehicles that were put
into service early in the Project. Manyv of the vehicles have been in
service for five years which is just about life expectancy for vehicles
in Sudan. The roads are rough and poorly maintained. When wet, they
are virtually impassable. Sudanese drivers have less than appropriate
concern for maintenance and possess only minimal driving skills. All of

these contribute to the rapid deterioration of transport vehicles and
farm equipment.

Certain research equipment cannot be anticipated because of wvarying
interests, projects, and techniques. Much of the equipment that was.
purchased was based on anticipated activity rather than on planned needs

based on the research plans for specific individuals or groups of
individuals.

RECOMMENDATION 3.

There should be continuing external inputs into local salaries of WSARP
staff and to recurrent cperational costs of operating the stations. -
However, there should be a progressively greater input each year by the .
GOS until, at project’s end, all local salaries and recurrent cost
expenses for WSARP are included in the ARC budget.

Justification. It 1is an accepted fact that the GOS has limited funds
budgeted for research. If the goevernment officials have real priority
for improved agricultural production through an effective research
program, they must begin budgeting now for the day when donor assistance
to WSARP terminates. The Project Director and the Director General of
ARC were in agreement but, of course, could make no commitments for GOS

on this matter. This should be a condition for extended support 5for o

W3ARP,



 RECOMMENDATION 10.

It is the opinion of the evealuation team that the USAID support program
for agricultural research should not be restricted to the traditional
production systems of the rainfed sector. Plans should be initiated now
in order for ARC to reorganize and accommodate research activities of
both traditional and mechanized agricultural production systems within a
-national rainfed agricultural program. An analysis of mechanized

rainfed agricultural research was prepared 2ond accompanies this
evaluaticn.

Justification. The mandate for all agricultural research has been given;

to  ARC. It 1is counter productive to establish assistance programs
outside "the institution authorized to accomplish the agricultural
research needs of Sudan. This team recommends that ARC's research

activities be developed for three distinect agricultural subsectors. .
These are (1) the irrigated subsector, (2) the rainfed subsector, and
£3) the tropical subsector.

Within the rainfed subsector, there would be two programs—one for

‘traditional farming systems and one for mechanized farming systems.
WSARP is currently assisting with the former. '

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

The Director General of ARC and appropriate personnel Qithin_-the

Ministry of Agriculture, Food and Natural Resources, should :bé
challenged to develop a national rainfed agricultural research/
production strategy. This would provide some basis for prioritizing

research goals and purposes.

37




Figure [, Map of Sudan Showing Relevant Locations of Mechanized Rainfed Research Act

and Proposed Roads.
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STEPS IN A SYSTEMS APPROACH TO SOLVIXC
AGRICULTURAL PRODUCTION PROBLEMS

Establish the overall objective of the research. This is usually
done by a govermment, a department, an organizotion, =a team of

researchers, or a corcbination of the above.

Initial evaluation of research objectives. This will determine what
types of disciplinary or ~ommodity expertise are required on an
interdisciplinary systems research tean. These disciplines may
change as the research progresses.

Establish the interdisciplinary team. This team will begin the
"systems research." The selection of the team 1is extremely
important and should include extension as a discipline.

A definition of the system(s) within which the research is to be
conducted. The initial work of the team will take from three to six
months. The tcam is "field criented” with continual
responsibilities throughout the work period. Steps in the

definition process might be the following:

Diagnostic Phase. Its purpose is to 1identify problems and
constraints and assess their relative economic importance. This
includes an appraisal of what the problem is costing, how much a-
solution would benefit, and how much that scolution would probably.
cost. It also includes an analysis of social aspects of the-

problem, as well as possible solutions (see economic methodology
shown as Attachment No. 2).

Research Phase. Once problems are identified, this phase begins and

invelves interdisciplinary, as well as disciplinary, or commodity
research. The steps include:

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

(g%

If a solution is not known, the problemn is presented :td

disciplinary or commodity scientists or an interdisciplinary -

team if the problem suggests more than one facet is involved.

3. Test possible sclutions in "paper models.”

i6
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When possible solutions are identified, test on a researc
station. If changes in solution occur at this stage, again
place the modificaticns into paper models.

If on-staticn tests and paper modeling tests prove successful,
test the sclutions on producer farms within the appropriate
system. If changes occur in any solutions at this stage, the
change should be again pluced into the “paper model” and
retested.

If on-farm tests are successful, initial extension and selected
farmer/merchant training courses can begin. These may be of the
seminar type or longer type courses, depending on the solution.

Extend to the remainder of the extension service personnel and
to other farmers/merchants.

Continue to monitor the system for results of the solution, as
well as identifying new problems or constraints. This weork

involves the use of the field teams which were initially
established.

Repeat sequence as new problems or constraints arise. Systems
research is dynamic!
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FARM SURVEYS TO ASSESS THE RELATIVE ECONOMIC IMPORTANCE
OF AGRICULTURAL RESEARCH SYSTEMS

Attachment No. 1 of this report indicates the steps inveolved in using a

systems appreach in solving agricultural production problems through

research. This paper outlines the rationale for doing farm surveys as
an initial step in the diagnostic phase for such research.

Survey research provides a way of structuring the problems and.
constraints to determine their relative economic importance to the-

family farm unit. While inputs by an interdisciplinary team are
extremely important as a diagnostic tool, they have a tendency to 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 their influence.

The information gathering process should begin by outlining a conceptual
framework and asking questions such as: What is the current income
structure of the target group? What are the major factors which

influence it? How 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 for a serious survey research effort.

The next step is to determine what information is needed to indicate 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 returns which are -gained
from production. o

Once the sample survey is completed for a target group, the proééss.éfﬁ B

using farm level accounting procedures to obtain net income begins. =
- Normally, enterprise accounts are used. These are simply 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 an estimate of income from outside the farm and from npnﬁfarmf.g s
business activities which are undertaken by the farm family. ‘Through =

enterprise accounts, some 1inferences can be made about crops. -and

livestock levels of efficiency and the potential of altering the crop §“
mix. L
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Analysis of the sample surveys allows the development of a more targeted
research program. It presents the constraints in a quantitative -and
precise format which the researcher can then evaluate. For example:

" 1. 1Instead of merely stating that there are labor constraints, it can

now be determined: {a) what family labor is available, /b) on which
crops or crop mixtures labor is used, and (¢} in what quantity it is
used. When determining the monthly use of labor, one can determine
when the 1lazbor constraint is moere of a problem. Also, if some
members of the family are working off-farn during the periocd of high
labor needs, something can be learned about the opportunity cost of
labor. The additional value which must be obtained through better
weeding practices to compensate for the value of working off-farm
can be determined.

-2

It is known that crop pests and diseases are constraints, but it is
not known the yield loss which occurs on farmers® fields. Farm
surveys can determine the potential savings if less seed is required.
and seed dressings are used to contrel smut.

3. Poor agronomic practices are not a constraint which is specific
enough to be addressed by a researcher. Selected practices must be

identified and the effect an improvement would have on limited
resource use must be determined.

The above are but some examples where an early 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 the priority constraints in a particular agricultural
system.

(%]
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“Figure 2 . Recommended Organizétibnal Artangemeht, Agricultural Research Corporation, The Sudan

Director General
{Wad Medani)

N

| Béputy Director General
(Wad Medani)

) Diredtor
Rainfed Sector
(Wad Medani) -

4
@

)

Irrigated Sector
{(Wad Medani)

Director
Tropical Sector
(Wad Medani)

i Director

& . S 4
? ) . . L )
Deputy Director|{ Deputy Director Deputy Directorx
‘Traditional Farming| [Mechanized Farming “Research Center
(El Obeid) || . (Damazin) ' (Had Medani)

A

4

Director

Support Services
(Wad Medani)

!

Depnty'Director
Research Center
(Yambio)

Library
~Services

Documentation
and Qutreach

I

J

‘ o
4

Fi13

Field Station Ne twork
(Station Directors)

..‘(

.| Adaptive Research Un

On-Farm Testing and Outreach.

1'~'J ::; L

Field SYstems Rrsearch Unit



PROPOSED ORGANIZATIONAL STRUCTURE FCR ARC - SUDAN

ARC must consider restructuring its administrative organization if it is
to meet the growing demands for research required by producers of the
agricultural sector. A possible alternative for the organizational
framework is presented in Figure 1. The proposed organization would
assist the Director General of ARC to better serve all agricultural.
sectors of Sudan. It would give all subsectors equal status and make it

easier to avoid disproportionate allocations of financial and human
resources among them. '

There are three major agriculiural sectors served by production research
~activities of the ARC. These are: (1) the rainfed sector, (2) the
irrigated sector, and (3) the tropical sector. The latter is a  term
‘used by the Winrock International team %o designate the agricultural
production systems in the high rainfall regions of equatorial Sudan. It

is recommended that the Support Services for ARC be considered ian
organizational equivalent of a research sector.

It is prc;-sed that a director of ARC head each of the sectors. The
directors ‘unction 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 two subsectors—-mechanized farming and .
traditional farming systems. Headquarters for the traditional farming
- systems research would be at the El Obeid Agricultural Research Center.

The subsector for traditional farming would be headed by a deputy.
director of ARC. :

The mechanized farming subsector would headquarter at Damazin' if the-
facilities "of the BNIADP are made available to ARC. Should this

assumption be incorrect, the next logical site would be the ZXenana .-

Station at Abu Naama. This unit likewise would be headed by a deputy
director of ARC.

‘The director of the irrigated sector would be located at Wad Medeni. He
would be responsible for the production research that is associated with
the irrigated scctor. In addition, he would be in charge of the cdre
disciplinary units that service the special needs of all the sectors for
basic research inputs. : '

Thé director fdr'the tropical sector Should be located at Wad_Medani_ﬁcr
the most effective interaction with his fellow directors. There would




be grounds for his locaticn at Yambio, but the review committee suggests

~a Deputy Director at that location to coordinate activities in the
southern provinces. '

The support services for 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 and {2) Documentation and Outreach Programs.
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TO:

MEMORANDUM

USAID Mission, Khartoum, Sudan

FROM: Gordon Mclean, Consultant, Seils/Agronomy

Robert Temple, Consultant, Animal Production

DATE: February 17-20, 1986

RE: Trip to Juba, Equatoria Province
Purpose:

At t

cons

1.

he request of the Acting Agricultural Officer, USAID, Khartoum, the _.

ultants were part of a five-person team in Juba to:

Briefly review the SARAD I project in southern Sudan and associated
components of the project being carried out under its mandate; and

2. Make suggestions for revising the project.

Proj

ect Review:

1.

Although the time was very brief, discussions were held with the =

Director General of Agriculture of Equatoria Province and  his . .
division heads: The Acting Vice-Chancellor of the University of =

Juba; the Representative of the Economic Development Fund (EEC/EDF);

and the Acting Area Coordinator, USAID, Juba. Travel restrlctlons-; }
in the area limited the visit to the town of Juba, consequently, the

review was conducted without on-site inspections through dlscu551ons_¥
with various personnel.

The present activities of USAID in Equatoria are extremely limited

due to the security problems in the region and do not cover all the

parts of  the projects listed in the Project Paper.

Government personnel in the Agricultural sector were asked for Small i}
project proposals where short-term assistance could be affected

without technical assistance from AID. ‘The projects that were 5

“reviewed are diverse, including crop production, crop research,

forestry, fisheries, credit, soil analyses, insect control,
assistance to the veterinary department, rinderpest vaccination,

tsetse fly survey, cattle and sheep ranching, leather _crafting, j”

training of lgcal fishermen, planning, and cothers.

These projects were initiated in order to have a USAID presence  in .

the region and to assist where possible. It appears that much of =

the expenditure has been for operating (recurrent} expenses of ‘the

existing departments of the Ministry and not necessarily for the'?'
furthering of the projects’ objectives listed in the Project. .Paper. = .
In several cases, little attention has been given to the anticipated -
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outputs of the Project and little accounting of the outputs has been
made. An exception is the fisheries training project in which they
reperted training over 170 local fishermen out of a target of 500.
A request is forthcoming for additional funds so an account could be
given on the number of cattle vaccinated.

The proposals submitted for continuation of support during the
present six—month period, January-July 1986 were discussed. It was
indicated to the Director General that, 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 being used, at least to some
extent, to keep the Ministry operating.

Accomplishments from AID assistance appear to be limited and

requests for assistance were largely for fuels and spares for
existing vehicles.

4. The agricultural research at Yambio is a component of ARC which is a
national function and, theoretically, outside of the control of the
Director of Agriculture Equatoria Province. Discussions with the
Director of Yambio Research Station indicated that he thought that
his station had 1little in common with either the WSARP or the
rainfed sector and suggested that Yambio be accepted as a tropical
agricultural research facility.

Research at Yambio has not functioned well because of security
problems, There appears to be little or no opportunity for either -
GOS or USAID to invest in a research program at Yambio at this time,
and until such time that peace and political stability are apparent

in the Southern Regions, it would be futile to invest in an isclated

“ research facilily at Yambio.

Projects for Revision:

1. Discussions with the Acting Vice Chancellor of Juba University and -
the Trepresentative of EEC, indicated that USAID assistance tc the -
University may have ccmparative merit for the following reasons:

a. EEC/EDF is presently supporting the building of the first phase -
of a new rampus, 15 km distance across the Nile River from the
present campus, for the College of Natural Resources (intended

first for the College of Scocioeconomics, but this decision had
been changed).

b. A second phase of construction for expansion of the University -
is presently under consideration by the EEC/EDF. T
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¢. The College of Natural Resources has plans in the futvre for
developing some of the area into a college farm for tcaching and

research, but noc donor agencies have agreed to provide this
assistance.

d. A farm complement to the extent of a modern poultry unit (5000
layers, 3000 broilers) a modern dairy (50-100 milking cows), and

a 20-acre seed production unit would provide badly needed
assistance to the University.

e. Due to a shortage of seeds, poultry, and milk products in the

area, such a farm could be revenue earner for the University in
the future.

f. Students from all over Sudan 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 constrainfs
are:

a. Lack of cheap source of electrical power, and

b. Lack of rocads and, even where roads do exxst s- Many cannot be
traveled during the rainv season due to flooding.

Several studies have shown that the Fula Rapid is a feasible and
economically viable site for the construction of a hydro-electrical
plant. A source of power in the South would not only greatly
berefit all people of the South connected to the grid, but would
also be an encouragement to local small and large industries.

Further agricultural development in the Scuth is limited by the -
above two constraints (power and roads). In addition,  the
government is unable to meet necessary recurrent expenses for the
present agricultural programs.
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PRCJECT RECOMMENDATIONS AND SUMMARY

It 1s recommended that the original project paper for the Western Sudan
Agricultural Project (WSARP) be amended to allow continuation of
selected activities for a period of five years. This period would begin
in Fiscal 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 activities.

THE PROJECT

Introduction

The Government of Sudan (GOS) recognizes the critical role of
agriculture and agricultural research in meeting 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 be done through continuation of WSARP.

In response to this request, the following amended project paper has
been prepared and described in the following sections. The basis for
this 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 — INTSORMIL, (3) The WSARP — The Sixth Year Evaluation -
USAID Khartoum and (4) the original project paper. Numerous site

visitations, briefings by USAID, ARC, WSARP, and various GOS officials
contributed much to the development of strategies.

Project Purpose

The purpose of the proposed Amended Project Paper is to develop within
ADT 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 1living 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 four provinces of North and South Darfur and North and
South Kordofan, covers an area of about 850,000 km2 or 25% of the Sudan
with about 6.75 million or 30% of the counitrv’s total pepulation. The
West contributes about 90% of the Sudan’s millet, 57 of the sesame, 406%
of the groundnuts, 17% of the sorghum, 6% of the --(ton and 90% of the
gum arabic production. An estimated 453% of the «cattle {(about 7



million), 37% of the sheep (about 6 million), 32% of the goats {about
3.5 million) and 65% of the camels {(about 1 million) are raised in  the
region.

Crop Production. Small-scale subsistence agriculture is the most
important economic activity in the West. Other sectors, particularly
transportation and industry, are critically linked to agriculture. Only
about 3% of the total cultivation in the West is commercial agriculture.
This 1is 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,
groundnuts, and sesame, with cotton and maize of lesser importance.
Recorded yields reflect not only peor soils and unfavorable weather
conditions, but also poor husbandry practices and, in some areas, over—

exploitation of the land. For all the major crops, the area under
cultivation has been increasing steadily over recent vears. Yields have
remained stagnant or have decreased over the same period of time. This

trend must be reversed if farmers’ incomes are to be increased.

Animal production. The conflict between individual ownership of
livestock, communal land use, and the seascnal movement of the
predominantly transhumant 1livestock producers inhibits the proper
utilization of resources. Use of range, water, and the production
potential of the herds is inefficient. During the last 25 vears, the
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 main constraints to increased
production: (a) ecological limitations imposed by a low and extremely
variable rainfall, high evaporation, recurring drought, soils of low
fertility, and limited availability of groundwater; and (b} increases
in the human and livestock populations change social structure and
traditions and create pressures which encourage ecclogical degradation.
The steadily worsening man/livestock population ratio forces many
pastoralists to turn to sedentary cultivation. New and more efficient
systems of land wuse and water management should be introduced into
existing livestock and crop production systems if this assimilation ts
to be successful.

Other constraints are related to these basic issues. These c¢an be
classified as ecological and socioceconomic. Some ecological issues are
deterioration of rangelands, grass fires, parasites and pests, low
protein 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 varielies, low soil
fertility, and  poor water mansgement. The socioeconomic constraints
include: the conflict between individual ownership of livestock and
communal land use, socloeconomic insecurities in a fragile ecosystem,
attempts to buffer social groups against envirommental alternation by
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overstocking, shifting cultivation sites, increased sedentarization,
iack of market opportunities, insufficient demand for consumer goods,
and 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 links
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 Ilong-
term optimum use of resocurces. It places particular emphasis on

water/soil/plant/animal /human inter-relationships.

Project Description

Sudan’s agricultural development strategy presented in a Ministry of
Finance and Economic Planning document}’/ indicates the need to make full
use of existing agricultural resocurces. Emphasis is placed on the
importance of the rainfed sector which contributes more than half of the -
total agricultural production. More attention to the development of
rainfed production is expected from the public sector. 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 wide variance in
productivity and incomes between the commercial and  subsistence
agricultural producers. As part of this strategy, GOS is according high
priority to starting development programs for subsistence farmers and
pastoralists in the West. Intensified use of arable land, range,
livestock, and water could contribute to reaching the planned’
development targets in the 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 the support of an accelerated agricultural
research progran.

The WSARP area includes the Provinces of North and South Kordofan and
North and South Darfur. It extends from the Bahr el Arab in the Scuth
to the Libyan desert in the North, and frem the Nile in the Enst to
beyond the Jebel Marra Massif in the West. The habitable southern two-
thirds of the WSARP area is located approximately between 9°30 and 16°N--
latitude and 20° and 32° longitude. The north-south rainfall gradient

1/Prospects, Programmes and Policies for Economic Development II,

1983/84 - 1985/86. October, 1983, The Democratic Republic of Sudan,

Ministry of Finance and Economic Planning. (Planning}. Khartoum:



increases from very arid (about 25 mm per annum)} in the northern desert
to semiarid (up to 900 mm) along the Bahr el Arab in the south. This
embraces the ecological zones of the Sahara, Sub-Sahara, Sahel, and
Sudanian savannah. In the south, the rainy season extends over a period
of five months (June to Octcber)} and progressively decreases in duration
toward the north.

Fragmentary soil surveys have identified three broad soil groups in the
inhabited southern part of the Project area:

1. The stabilized {Qoz)} sands complex is predominant and has low
fertility but can be cultivated by hand.

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

3. Cracking clays are the most fertile and stable soils. They are
predominant in the Nuba Mountains and occur over much of the
southern Project area.

Until recently, the nomadic livestock-owning Baggara people were
predominant, though a few Baggara and some non-Baggara people have been
settled agriculturalists for a long time. Because of human and

livestock population pressures, more and more pastoralists are turning
to crop production in association with livestock production in areas

receiving an annual rainfall over 400 mm. This reduces the land
requirements per family and increases the output per unit of land.
The range areas, once seasonally rested during cyclic migratery
livestock  movement, are now subject to intense  degradation.

Furthermore, cash surpluses accumulated by settled cultivators are
largely invested 1in livestock. Thus, a continuum now exists with
varying degrees of settled, semisedentary, and fully nomadic populations
that have overlapping needs which create competitive demands for
resources.

The variation in natural conditions and economic behavior of  the
inhabitants can be differentiated into five agro-pastoral production

systems, of which two are purely pastoral and three are crop/livestock
combinations:

1. The nomadic system. This involves arid livestock production at the: :

desert fringe.

[

The transhumant system includes semiarid livestock producticon in
Southern Kordofan and Darfur that |is interspersed with .crop
producticn.
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3. The sedentary system which is divided into three specific groups.

a. integrated crop/livestock production on stabilized sands;
b. integrated crop/livestock preduction on noncracking clays; and
c. integrated crop/livestock production on cracking clays.

There is considerable overlap between these systems. For instance, in
the wet season the northern limit of the semiarid cattle range coincides
with the southern limit of the arid camel/sheep range during the dry
season. These range resources are actually grazed year-round and have
no opportunity for recovery. Year—-round livestock production is
difficult in the areas of non-cracking clays due to flooding problems
and on cracking clays sites because of mud. Livestock either have to be
moved to drier sites outside the area, or fodder conservation is
required to maintain the animals during wet weather.

The WSARP would, with extended support for a five-year period, continue
to develop and implement the ARC’s research program in Western Sudan.
In particular, the project would include:

1. Continued strengthening of research programs concerned with:

a. livestock and crop production systems at FEl Cbeid and EHadugli,
with supporting activities at Ghazala Gawazat

b. water and land use management research at El Obeid with
supporting activities at El Fasher, and

c. livestock production and range managemenit programs at El Fasher:
and Ghazala Gawazat for nomadic and transhumant production.
systems. Programs for El1 Fasher and Ghazala Gawazat would
involve only limited support for technical assistance groups
whose responsibilities cover work at the Darfur locations, .as
well as the research stations in Kordofan.

[£e]

Identification, training, and posting of a Field Systems Research
Upnit at El1 Obeid to function throughout the various production:
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’ fields and to implement and monitor farmer—
managed tests of the improved technology packages (Annex 2).
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4. Creation of a Training and Extension Unit at El Obeid. This wunit
will operate from the Conference Center at El Obeid. 't will be
responsible for development of refresher courses for all research
staff as well as training meetings, workshoups, and conferences fox
Extension personnel, private sector technicians, and farmers.

5. A program for WSARP 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 accomplish the goals they have established for Field
Systems Research. :

7. Continued development of fesearch support services such as:

a. Research planning

b. Library development

. c. Use of personal computers in agricultural research
d. Publication of research results.

8. Purchase of research and farming equipment needed to conduct the
planned research activities.

9. Inputs into 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 will have assumed full
responsibility for salaries and operating costs from budgeted
sources. o :

The  project will be financed jointly by USAID, IDA of the World Bank,
and the GOS. USAID will contribute $5.745 million, IDA $.8 million, and
the GOS $7.980 million over a five—year period for a total project cost
of $14.525 million. GOS financing will include progressively increasing
levels of local salary and operational costs over the life of the
preoject. IDA contribution will finance operation of the project

aircraft.  USAID will fund the balance of the costs including technical =~

-assistance, participant training, commodity and equipment purchase. The
logical framework for these activities are presented in Annex 3. '

BISCUSSION OF PROJECT COMPONENTS

_ Research Programs.at El Obeia

Integrated Crop/Livestock Production Research on Non-cracking Clays.
Non-cracking clays are elements of the existing production systems. in

-



the WSARP area although they do not constitute a production syslem :n
their own right. They are most detectable in the clay pan-sand
alternation 1in the Baggara pattern; and they are interspersed with
cracking c¢lays around the Nuba Mountains. They are also lecated in a3
stabilized sands/non-cracking clays mosaic south of El1 Obeid {(Figure 1).
Non-cracking clays are used mainly for livestock preduction 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 on stabilized sands with greater risks
of drought. Crop production research would include millet as a major
creop. It should focus on moisture conservation and improved tillage
technology  involving animal traction.

It is recommended that the millet research at E1 Obeid be planned in a
cooperative effort with INTSORMIL and ICRSAT. These international
agricultural research institutions can provide the basic research 1in
plant breeding and in disease, weed, and imsect control that is
necessary to complement and support the applied research effort of
WSARP/ARC scientists.

Water and Land Use Management Research Program. This program would
support the multi-disciplinary systems research teams in West Sudan._'Ip ;
includes the survey, wmonitoring, and classification of available land -

and water resources and their rational use in crop or livestock - = =

production. Reducing runoff losses of limited rainfall and efficient

use of the resulting soil moisture are essential to the optimizatien of -

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

_ An iﬁventory of soil resources in the West would help -reséafchers
recommend crops and production technologies for farmers of the region.

It would also assist the agricultural researcher to -predict;.yiéld' :':'”

responses to specific technological interventions. The main lines of
research would include: .

"]1. Water management technology, water censervation, infiltration,. run— .

off,  harvesting, surface, soil profile and underground water
storage, and evaporation. The most efficient, minimal use for-
- crops, livestock, and human populations must be determined.



2. Sociceconomics 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 mechanisme to control and restrict water use for
control of livestock numbers. This is necessary for improving
Sudan’s rangeland resources.

3. Land use planning involves preparation of a land use classification
‘system for the West, based on suitability of land for crop or
livestock production. Preparation of land use plans which avoid
conflicts between the interests of pastoralists and farmers and
which designates dry season grazing reserves and livestock routes
for pastoralists would be invaluable. The improvement of traditional

farming and identification of further settlement areas for large--

scale, mechanized farming and irrigation development would have
long-range benefits for Sudan.

A cooperative effort between WSARP and Soiil Management Support
Services (SMSS) in 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 SMSS.

Field Systems Research Unit. One of the obvious successes of the WSU
input into WSARP research was the adoption of the Field Systems Research
approach. Although there were errors in the initial diagnostic phase,

the procedures were presented to the scientific staff and apparently.
were understood. It requires development of a special systems research

unit to ensure that a multidisciplinary approach to solving production

constraints maintains focus. Therefore, 1t is sugdgested that a Field:

Systems Research Unit be developed at El1 Obeid headquarters. This unit

would be headed by a Sudanese economist trained in farm systems
management. This person would be complemented by a staff -at El Obeid

_consisting -of a production agronomist, a livestock  ‘production

1).

Included in the Unit would be four Field System Research Sections, bﬁe
located at each of the four WSARP research stations . (see Duties and:

Responsibilities, Annex 2).

.The FSRU is to function thrdughout 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 1is assumed that the system of review of station research plans as

established in . the original WSARP project will be continued. This

specialist, and a rural sociologist {(sece Composition and Function, Annex

includes review by each station committee, and overall WSARP committee, - -

and finally by the ARC Director Gemeral. It is proposed that results of_“'
all analyses by the FSRU be distributed to each committee charged wilh-

9



review and approval of research programs. This would serve to give

‘a basis for determining research priorities, 1integration of research
programs by various scientists, ensure against duplication of effort,
and of the applicability of the research across ecological zones.

It 1is 1intended that the Field Systems Research Unit will be a direct
intermediate link between the research station and the farmer. It will:
continue to identify constraints and establish priorities for research
that are necessary to solve production problems. '

Research Programs at Kadugli

Integrated Crop/Livestock Production on Cracking Clays. Cracking clays
are characteristic in the southeast of the WSARP 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 soils. Likewise, sesame would be substituted for
groundnuts as the major support crop. In the Nuba Mountains, cotton is

important, replacing gum arabic of the stabilized sands as a cash crop.
Livestock differences also exist, desert sheep decline in impertance and
are replaced by goats and cattle.

In addition to the problems common to all Tarmers in the Project area,
specific constraints exist with regard to the short period for seed bed
preparation and planting on cracking clays. The traditional tillage
technology 1limits the area that can be cultivated. = The use of"
unimproved sorghum and sesame varieties, together with weed competition-
(striga) in sorghum and millet and post-harvest insects in sesame, place
severe limits on production. Livestock are seriously affected by mud
and flies in the wet season.

Research at"Kadugli would be planned to include the following:

1. Crops- - Development and testing varieties of sorghum and sesame
- varieties, developing  improved production practices such - as

controlled plant populations, proper dates of planting, improved . .

weed control, fertilization, and improved harvest procedures: Tt is

suggested that the research capability of the INTSCEYMIL CRSP and of"

- ICRISAT be involved in the program at Kadugli. it will provide. a

source of basic research needed to support the applied resgarch._ 5

effort of WSARP/ARC scientists.

2. Livestock. Animal traction; management and nutrition of local .and
' introduced hreeds of cattle, sheep, gecats, and their-crosseé for .
milk and meat production.



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

4. Tillage techniques. Evaluation of hand and mechanized tools for
more rapid and more efficient cultivation of the difficult black
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, 1labor requirements, and economic
evaluation.

El Fasher, Nomadic Production 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 to
500 lkm 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 diverts most food energy to maintenance rather
than production. Body weight losses and mortalities are incurred during
the long and severe dry seasons. Further constraints include the loss
of grazing through fire and inadequate animal disease treatment.

The potential for improving the productivity cf 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 view to
stopping the advance of the desert. Studies would also include the
structure and productivity of camel herds and sheep and goat flocks. It

would involve such underlying technical coefficients as the effect of
improved disease control, feeding of mineral supplements and development

of drought strategies.

. Human resources would be studied over a longer time span with regard to
demographic structure and trends, nutritional and health status, the

organizational and social context of the production wunit, 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 for anyv
research activity associated with these two stations. It is strongly .
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recommended that USAID sponscred research activities include limited
support for WSARP scientists who have responsibilities that include
work in the Darfur locations. It is also recommended that if requested
by GOS, USAID concurrence should be given to use of PL-480 funds in
support of salaries and recurrent costs for research activities at these
stations.

Research Programs at Ghazala Gawazat

Transhumant Production Systems. This production zone is characterized
by a series of parallel, 1longitudinal grazing orbits (from below 10°N
almost to latitude 13°N). These land use patterns are created by
Baggara pastoralists moving either toward fresh grazing (dry season} Or
away from biting flies and heavy mud. Seasonal movements range from 300
to 600 kms. Cattle 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, tea, sugar, or clothing.

Cattle offtake for sale is about 5% (mainly mature stock}, but small

ruminants serve as the main meat supply for subsistence. The labor-
intensive livestock system of the Baggara is reasonably efficient 1in
relation to the natural potential. Calving rates of 65%, 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
well 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 deficient in protein and minerals during
the dry season. Animal diseases and parasites appear to be more
important here than in the north. There are local water shortages and
widespread overstocking of the range. Lack of permament water supplies
along the routes of transhumants sometimes forces them to complete the
southward migration to the Bahr el Arab before the forage can be fully
utilized.

The objective of research activities would be to improve the economic
position of the predominantly transhumant pastoralists by 1mproving

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 envirommentally advantageous and socially acceptable. The

main lines of research would include:

1. Rangeland production. The assessment of range condition and trend:

The primary productivity and its improvement possibilities through
controlled grazing, water, and fire management; the introduction of
new species (including leguminous trees and shrubs); the strategic
use of localities with better soils or available water; and, to a. -

lesser extent, reseeding and bush control.



2. Livestock production. The structure and productivity of cattle herds
and the  flocks of sheep and goats; the effect of improved health
management, providing mineral supplements, anc the feeding of crop

residues or by—products on livestock production; herd productivity
changes resulting from early extraction and fattening of young
males.

3. Pastoral security. Human resources to be studied include
investigations of opportunities for capital investment other than in
livestock.

4. 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 subsistecnce
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 stabilized sands in
the wmiddle belt of the WSARP area, between 250 and 600-mm isohyets.
Millet and groundnuts are the important crops with some production of
bamia (ckra), sesame and peppers. In the northern areas, Acacia senegal
is tapped in the dry season for gum arabic. It provides a
marketable product which does not compete for labor with other crops
during the harvest season. The agricultural rotation technique includes
4-5 years of cropping, with gradually declining yields, and 8-12 years
of bush fallow. longer faliow periods in the north allow more efficient
management of gum gardens. There is mounting land pressure to reduce the

fallow period. This could adversely affect gum arabic production.

A typical production unit consists of a family {(man, wife or wives, and
their children) cultivating 2-4 hectares of land and living in villages:
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 ocut of five.

Marginal and highly variable rainfall, together with low soil fertility,
are the main reasons for the fragile productionr systems. Overstocking
is prevalent around villages. Grass fires often destrov mest of ° the



pasture. Over exploitation of crop land through reduced fallow periods
encourages erosion and desertification. Technology which would allow
crop production to increase by means other than expansion of cultivated
areas has not been adopted. There are reciprocal pressures of livestock
and cultivation demands in adjoining and competing production systems.

Research on this integrated livestock/crop production program would
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 1labor,
utilization of wunsalable 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 be
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, ICRISAT or
INTSORMIL; minimum tillage and water management technology; crop
protection; weed control; and, to a lesser extent, wuse of
cemnercial fertilizer.

2. Livestock. The use of draft animals; milk and meat production;
nutritional values of crop by-products and residues; fertilizer
values of animal wastes; and comparative productive and
reproductive efficiencies of local cattle, sheep, and goats with

highly variable feed supplies and diet gquality.

3. Pasture and forage. Possible new species such as Styvlosanthes and

Cenchrus to improve range production; the effectiveness and
economics of growing forage crops, and using fertilizers to
increase feed supply at critical times; preserved forage cut from
pasture and forage crops; crop residues and grain supplements for

the maintenance or survival feeding of stock during the dry season.

INSTITUTIONAL DEVELOPMENT

Training activities. Continued training at both the graduate degree and
non—degree level is planned to assure continued rescarch capability for

serving the traditional agricultural production systems. The need for.

training four persons to the Ph.D. level and three to the M.Sc. . level

has been identified by the Froject Director as essential to TProject

activities. Proposed fields of study for the trainees are indicated us

follows: '
14



Animal Production
Economics {agriculture)
Scoil and Water Management
Biometrics

Pt el sk ped

Provision is made for non-degree training for 20 persons. This training
would be primarily 1- to 6-month experiences in organized courses at

TJARCs, wuniversities, or agencies in
toward development of the Training
conference center and guest house
circmstance for the TEU to prepare
training of scientists in statistics,

the U.S.A. It should be directed
and Extension Unit (TEU). The
accommodations provide an ideal
refresher courses for short-term
planning research, use of perscnal

computers, and updating research backgrounds. The TEU would also
prepare and distribute brochures and pamphlets for extension activities.

The TEU staff is to be identified and located at El Cheld in the initial

year (FY 1987) and the first training activities are to be conducted in
the second year. Short courses for training extension and private
sector personnel in new technologies would be organized and conducted by
TEU with assistance from TA specialists and Sudanese research
scientists.

Technical Assistance

It 1is projected that there will be a total of 26 scientist-years of
resident technical assistance provided. 1In addition, there will be five
vears of home office management. The specialty and location at which
each will work are:

Speciality Location Years
Research Planning and Field Systems Research El1 Cbeid 5
Soil and Water Management El Obeid 4
Agricultural Economist Kadugli 3
Agronomist (sorghum, millet) Kadugli 3
Livestock Production Kadugli 3
Biometrician El Cbeid 3
Administrative Support Officer Khartoum 5
Home Office Management U.S.A. 5

The team leader could well be selected from any one of the disciplines.
However, to provide a continuing input to research planning over ithe -
contract period, it is suggested that the team leader be trained in farm
He should be recruited for the 5-yvear peried.  The
remaining consultants should be recruited for the terms of projected '

- systems research.
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duration for the period. The more continuity in tenure of specialists,
the more effective their input will be.

There needs to be continued emphasis on research planning to ensure that

there is justifiable confidence in results of research activity. A
biometrician is included in the technical assistance support for EIl
Obeid Station. This TA 1is to assist with research planning and to

provide training to resident staff at all research stations.

The position of Administrative Support Officer for the project could
well be filled by a local hire person.

Provision is made for 30 man-months of short-term consultants 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 they may be
identified.

Unfortunately, there has been inadequate training of Sudanese personnel
in the procedures for using the personal computers. Technical
assistance 1is needed to provide "hands-on" training of Sudanese
scientists in the analysis, management, and storage of data within the

capabilities of the personal computers. Scientists must also have
"user—-friendly” software fer statistical analysis of data and for
developing basic typing skills. Inadequacy of available secretarial

help delays reporting and publishing of research results.

Research Support.

Library materials, books in particular, have been purchased by WSU/CID

staff. A temporary library was established in the Khartoum:
headquarters. This will be moved to El Obeid upon completion of
construction. Journal subscriptions were cancelled in 19841 because the

hard currency required for such subscriptions would not be available:

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 to be of great:

priority. A short-term consultant should be brought to Sudan at the . o

time the move of library materials from Khartoum to E1 Obeid 1is.
anticipated. Not only would this person supervise library organization,
but also would inventory missing gaps 1in the various professional
journals. Tt will be necessary to assist the Sudanese to secure missing
volumes and to reactivate journal subscriptions. Somehow, a method must
be developed to ensure the availability of adequate foreign exchange to-

permit payment of subscriptions.
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The publication and dissemination of reports and research publications
is a continuing problem. Although there was some assistance given to
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 1its documentation efforts more
efficient. This consultant would assist the Project Birector to assess
the status of the IDRC grant to ARC 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 the total rainfed agricultural subsector. If this
is to be accomplished, the initial step would require an appropriate
diagnostic survey of the subsector. The purpose of the survey 1is. to
identify constraints 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 1 and 2

provide information relative to this kind of diagnostic work.

RECOMMENDSTION FOR ENVIRONMENTAL ACTION

Environmentally, AID’s primary concern with projects of this nature are
the long-term socioeconomic and cultural implications of applied
research results. While application of research is not part of the
WSARP, AID is the major donor and can directly influence the
environmental impact through provision of the techanical 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 amalysis at the research stage. The
specialties of the AID-financed technicians assure WSARP’s capability to
perform this 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 environment. Therefore, it is recommended that a
negative envirommental determination be made.



PROJECT INPUTS

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

1.

Technical assistance. It is projected that there will be a total of
26 man-years of resident technical assistance provided. In
addition, there will be five years of home office management. Terms
of reference for the proposed technical assistants are included as
Annex 35,

Provision is made for 30 man-months of short-term consultants during
the 1life of WSARP. These are to be used for research planning,
computer training, project evaluation, library planning  and
organization, external review, and other needs as they may be
identified.

Participant training. USAID funding is to be utilized for training
seven additional Sudanese research staff. Four would be for Ph.DB
degrees and three are identified for M.Sc degrees. Twenty non—degree
specialized training participants are proposed for 1-6 months each.

Proposed fields of study ior the trainees are indicated as follows:

M.Sc. Degree Ph.D. Degree
Animal Production 1 1
Economics {Agriculture) 1 1
Soil and Water Management 1 1
Biometrics 1

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 the WSARP aircraft.
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Government of Sudan. GOS will support WSARP operatioms by financing the
following inputs on the basis of the schedule indicated below.

Percentage Contribution

ist Year 2nd Year 3rd Year 4th Year 5th Year

Local Salaries

Budgeted funds 30 40 5 60 75
PL-480 funds 70 60 50 40 25
Hecurrent Operating
Expenses
Budgeted funds 0 20 40 60 80
PL-480 funds 100 80 60 490 20

PROJECT OUTPUTS

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

[g]

There is an improved human rescurce base for conducting research as
a result of training.

3. A TField Systems Research Unit is in place at El Obeid and
functioning  throughout the traditional agricultural production
systems of Western Sudan.

4. Field Systems Research Sections have been identified at each
research station and are functioning to conduct technology testing
on the farmers’ fields.

5. ‘A Training and Outreach Unit has been organized at El Obeid to .

- provide refresher courses for WSARP Staff and develop training

programs and conferences for research and extension personnel, -as
well as for private sector participants.

6. Research infrastructure has been complemented by purchase {Ofm 
transport vehicles, research equipment, and supplies. C

7. The Government of Sudan will have demonstrated its capacity ”fo'
continue the project after donor support is terminated.



PROJECT ANALYSIS

Technical Analysis.

This project will provide GOS with the essential elements required to
continue development of a viable research program in Western -Sudan.
Extended support for 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 tramnsport of staff and
‘materials between Khartoum and the four research stations.

The research program that has been developed by the previocus contractor.
and the ARC-WSARP 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 socioeconomic base for
planning research so that economically sound pr1or1tles can be placed on
constraints that have been identified in previous studies or that have
resulted from increased contact with the target populations.

The research conducted by Sudanese scientific staff and the AID funded:
technicians will be directed primarily at plant and animal production
techniques. The technical spec1allst is to work with his Sudanese:
counterpart at the regional station where his expertise is of greates+_~
importance.

In some instances, the technician must assist in development of more
than one location. His responsibilities would be to assist in
developing commedity programs within a production systems: research
context for the base station and the other appropriate satellite:
stations. They must assist in assuring the transmission of pertinent: -
data and information from local scurces, as well as from international.

data banks, to the groups plamning research activities. This will help{ffj'”
to assure relevant research programs that are not duplicating prev1ous;”

effort unnecessarily.

There 1is a contlnulng need for identification and 'selerfith_nbfﬁf L
scientists for ~support inm advanced training within graduate and. non— . -

degree programs. . This will involve new participants who hawe “heen -
selected by ARC/WSARP for key planning, organization, researchs_gané_n’
training positions with funding by. USAID. o e



The technical approach as identified in the IBRD appraisal and developed
‘by CID-WSU and WSARP staffi’/ remains basically sound. Changes are
suggested for planning procedures by the sixth-year evaluation teams.
The variations resulting from withdrawal of support from the Darfur
locations have necessitated a revision of some strategies for the Darfur.
_statlons at El Fasher and Ghazala Gawazat.

'Financial-Analysis

The pro;ect w111 be jointly financed by a grant from USAID, rééularf

budget contribution by the GOS, use of PL-480 funds, and through a grant-
by the IBRD. . Table -1 indicates the extent of the individual-

‘contributions. . Total project cost is estimated to be approximately
$14.5 million. ) tely

Based on a preéedent set by the initial phase of WSARP, GOS hiilf

continue to support local salaries and recurrent operating costs. By

mututal agreement with the Director of WSARP, the percentage of supportj
comlng from PL-480 funds will decline over the life . of the project..
Budgeted funding  from ARC will assume a greater proportion each year. .~

"At. the project’s end the entire budget will have been assumed by 1this--~'3

source .of funding.

‘Recurrent operating costs were supporte the 100% Ievél in: the

initial phase. An incremental reduction . om 177% funding. to 20%

support in the final year has been developed. Projected recurrent costs _
{Table 2) reflect a 15% 1nflat1on rate from the current situation to the
anticipated end of project. -

- The contribﬁt1on expééted of USAID {T=ble 3) is ¢5,745, DOO Clpltﬁl .
. costs are minimal. The major portion of the prOJected capltal cost to be
" used for replacement vehlcles. :

The World  Bank, through IBRD, w111 contlnue support for ‘the WSAR? B
“aircraft.: This support totals $800,000 over a S5-year perlod for the '
WSARP budget. Ce

.i/WSARP prlicafion No. 13 and_l4; October 1982.
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jTéble 1. 'FinancingAschedule (US $000).

INFUT BY DONORS

IbA AID

GOS

TOTAL

PERCENTAGE OF ‘TOTAL

I Capital Cost 600

600

II Operating Cost

Local Salaries
‘Recurrent Cost
Aircraft '

~ Operation 800

2411
5569

2411
55669

800

100

100

" III Technical

" Assistance 5145

- 5145

TOTAL 800 5745

79801 /

14525

"1/ of the total obligatica for the GOS, 47% of the salaries and 56% of
the recurrent costs will come from PL-480 funds. o




Table 2. Recurrent cost suseary and projections for Western Sudan Fesearch Stations and
Shasbat Headquarters. Fiscal year 1984-198S through fiscal year 1998-1991.

9000 £S.1/
Actual  Budgeted PROJECTED FUNDING
Target Funding Funding . _
Station Funding  84/85  85/86 85/87 87798 68/3% 89/%0 90/9!  TYotal
Kadugli 2065 128.9 i88.5 206.5 206.5 206.5 206.5 206.5 10325

£l obeid 1294.0 160.0 233.5 794.0 12940 1294.0 1294.0 1294.0  S5970.0

: Shaibat HQ  SH4.0 11425 1461.0 1014.0  514.C S514.0 514.0 5140 0700

TOTAL 2014.5  H431.0 1833.0 2014.5 2014.5 2014.5 20145 20i4.5 100725

Inflation 11X/year 21 47 740 1043 1379 3850
TOTAL 2235.5 2481.5 2754.5 3057.5 3393.5 13922.5
U.St'Dﬁllar Agount L$2.5/$1.00 894 993 ne2 1223 1397 3969

1 ] 2 8 Rk ol o e o o o e ] e A A T e T T S e A e e

Y/The recurrent costs include the cost of aircraft operation.
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Table 3. 'USAID financing schedule {V.S. $ 000).

86487 87788 88/89 89/90 90/91  TOTAL

Capital Costs

~Vehicles 100 125 190 160 42
Fara Equipzent £0 65 125
Laboratory 10 if 15 5 a0

Sub Total &0 175 135 _}iS s £00

Technical Assistance
Internaticnal Staff 1/ '
(Resident) 1000 1660 - 1900 500 375 3875

Short-Tera _

Consultants 2/ 54 54 54 84 54 270
Home 0ffice Staff 3/ 50 50 50 50 50 250
Training 4/ 186 126 184 132 60 70
sub Total ' 1290 1299 1290 736 539 5145

. }Based on 125000/man years
/Based on 30 man months at 9ﬁﬂﬁlsenth - includes travel
#/Inciudes Salary, fringe bemefits and travel.

4/Begree training 17500/year. Hon degree £500/month.
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Econcmic 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 a 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 to be brought overland and
distributed.  Also, the traditional producers, towards. which this
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 livelihood 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 Svystems

Te encourage producer adoption, the recommendations from research must.

produce high marginal returns at low cost for both capital and 1labor.
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 its.

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 the almost two tons tLhat -

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 yield of 164

kilograme per - feddan is exceedingly low when compared lo against
“ traditional systems in areas such as northern Nigeria and Cameroon.

and south Niger.



Studies conducted in Sudan in the 1970sl/ concluded that in excess
of 25 percent of yields of sorghum and millet were lost in western
- 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 be
quite spectacular. Some promising programs have been successful
using ethylene and pack sprayers for application. These spravers
-were furnished to ARC some years ago for experimentation. While it
is known that ethylene is effective in Striga control, there is the
logistic problem of local sources of pressure tanks 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 1is increasing due to more frequency in bush Tfallow
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 human productivity. Groundnuts adapt well as an

intercrop and per feddan productivity can be improved of associated - -

and follow through nitrogen availability. Inoculants are cheap and
easily transportable, however while good results have been shown on
experiment stations, they tend to lose their effectiveness when not -
kept in proper storage by retailers.

Phosphorus applications at low levels also have appeared to be more
profitable in groundnuts than other crops, and is a cheaper
fertilizer to use than nitrogen. Using an analysis such a 0-16-0
tends to lower transport costs and contributes to makiung fertilizer
a viable sconomic option. '

3. The sale of livestock accounted for about half of the 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 it is to be expected that less -short-
run economic payoff will come about. : '

1/ PID, pEeR/AID/W,  1978. “Proposed Research Program for Striga:
hermonthica,” Robert Eplee, USDA/APHIS: Fregd Parker, Oxford: University, L
" and Wwinton Fuglie, AFR/DR/AID/W. ' B




4. While sesame is not shown as a c¢rop in the example, it is a major
crop amongst traditicnal producers in some areas of Western Sudan.
It 1is commonly reported that over 30 percent of the crop is lost
through shattering which would constitute a huge economic loss.
Research work should therefore study the effectiveness of using the
drying rack during field harvest, a common practice in the Benu
Basin of Nigeria and Cameroon.

5. Family 1labor is often underemployed and returns per day are very
low. However, additional 1labor must be hired during the peak
seasons of weeding and harvest. The economic implications are for
animal traction research to minimize hired labor in peak seasons and
to increase land areas for farming by the family.

Economics of Land Use

The project should undertake studies to determine economic benefits to
producers by shifting of sedentary production away form the marginal
sandy soils and for their utilization primarily as grazing lands or for
occasional use 1in bush fallow systems. While decentralization of
authority for allocation of lands for mechanized agriculture has occured
there needs to be some baseline information assembled to permit
development of national land use policy. This would assist in the
prevention of land degradation and would tend to protect the rights of
transhumants, nomads and sedentary farmers. {See Document No. 3,

"Analvsis of Mechanized Rainfed Agricultural Research,” for a more

detailed discussion of the depth and extent of this problem.)

Technology Transfer and Input Distribution

Document No. 3 mentioned above indicates that there has been a past
history of rapid production respense to economic incentives by the
mechanized rainfed farming sector in Sudan. Also, that the is a better
communication between producers, better market institution, credit
facilities, and better extension services through activities of the
Mechanized 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 that the traditional

sector could not support such centers on its own. Traditional procedures:
could also benefit it the centers were strategically located, and if .
sufficient sub-agents were contracted to provide services to them. This .

could 1involve credit and sales for animal drawn cquipment, livestack
diet supplements, cattle dip treatment, internal parasite medication,
pesticides, hand sprayer rental, small irrigation ecquipment, seaed
dressingé, improved seeds, legume inoculants, and possibly fertilizers.



Table 4. Farm budget, Qoz Land System, Southern Darfur, 1985 prices.

Gross Return Area Yield Prod. Value Gross Return
Crops (fed) (kg) (kg) (Ls) (Ls)
Millet 11.9 @ 164 = 1950 X 333 = 649.9
Serghum 6.7e 240 = .168 X 220 = 37.0
Groundnut 3.8@ 282 = 1072 X 620 = 664.6
Misc. 0.2 = 100.0
Sub Total ‘ 16.6 1451.5
Livestock
Cattle 1.5 head x 7 pct = 1 head @ Ls 400.0 = 300.0
Sheep 4 head x 25 pct = 1 head @ Ls 75.0 = 75.0
Salvage (dead,cull) 1/ 240.0
Sub total 715.0
Grand Total 2166.5
Home consumption 2/ 724.1
Gross cash income 1442 .4
Cost of Production:
Seed 3/ 63.8
Tools - 10.0
Sacks 82.0
Drugs 2.0
Hired Labor 4/ 158.8
Misc. Production costs 30.0
Total costs 352.6
Net cash income for farm family labor 1089.8.

1/ Equivalent of 1.5 head per year, sold at 40 percent of market wvalue.:

2/ Per family of six 1 mt of millet, 30 percent of groundnuts, 80_pc£ of-
misc. and all small stock off-take. ' '

3/ 6 kg/ka for sorghum and millet, and 60 kg/ha for groundnuts.

4/ 106 man-days of peak-season labor and 21 man—davs offvseason.labor

‘Source: WB Staff Appraisal, Krt. Sudan, WSP, Phase II, Nov. 1985.
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Social Feasibility

This project seeks to address the economic and technical problems Tacing
the wvarious production systems of traditional farm families of Western
Sudan. Through a systems approach the researchers will seek to
understand, and to work within the social and cultural norms which now
~exist 1in order to find viable solutions to production problems which
face traditional farm families.

Critical to the successes of such research is the participation of
socioceconomic analysts. The continued participation of such disciplines
on the systems research teams at the western stations will ensure ihat
socioclogical 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,
etc. which will have to be taken into account when working with
production systems in the villages. Also, the ownership and centrol of
land is not always vested in the male head of the family. Women play &
major role in decision-making, and it is essential that WSARP employ
women on the production research teams to work with the female
producers.

Social acceptability of WSARP hinges on whether the research can
identify the means by which productivity «an be enhanced in the major
food crops that are consumed. wWith at .east 90 percent of the family
labor now devoted to production of subsistence cereals and livestock, it
is imperative that major research be concentrated on crops such as
millet, as well as livestock improvement.

The degradation of the land base in many parts of the project area is
causing pressure on land resources through a southward movement of many
families whose original farm lands were in marginal production areas.

Research must identify ways by which fragile lands can be preserved and- .

restored, so as to minimize the effects of social and economic pressure
“on .the better lands now being farmed at greater and greater intensities.

THE IMPLEMENTATION PLAN

The Implementation Schedule (Table 5) 1is somewhat simplified ‘and
illustrative of proposed WSARP activities. The Project Director and .the
team leader (when designated) will prepare a more detailed schedule

for implementation of research activities, training, and prpcurement;



Table 5. Implemeniation schedule.

FY 87 FY 88 FY B9 FY S0 FY 91

Training 4 to Ph.D. level X X X X
Training 4 to M.Sc. level X X X X X
Team Lea&er X X X X X
:Agricuitural Economist X X X

Agromomist X X X

Livestock Specialist X X X

"Biometrician X X X

Soil and Water Management X X X X
Administrative Support X X X X X
Home Office Support X X X X X
~Annual Evaluation and Planning X X X X X
Detailed Research Planning X research in progress

 Evaluation plan. An evaluation will be conducted at the end of year two
to review the research and plan for years three through five. A f1na1‘

review in year five should provide an analysis of project achlevements

CONDITIONS AND COMMITMENTS

- The following conditions precedent to disbursement will be included in
‘the Grant Agreement.

‘1. An executed agreement committing the IBRD to contribute to WSARP”

- in the approximate amount described in the financial plan.

2. Evidence that the GOS accepts the responsibility for assumptién Off.:.?
local salary support and operational expenses - on a step-by-=step

- _basis over the life of the Project.

3 Approval by USAID of specific equipment and vehicles to be flnanrpd_ ;'T
_ under the grant and certification by AID that the cost estlmatps for _

equipment and furnishings are reasonable
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FNNEX 1

Composition and Function of the Field Systems Research Unit

A TField 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 to the microsystem {the farmer), as well as the macrosystems
(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 preduction systems research.

The FSRU will select farmers, producers, herds, etc. as their
experimental units and continue with these as long 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 not carry out disciplinary research themselves
on the problems and constraints they identify. They transfer the
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 scientists, it then goes back to the FRSU for
testing in the system.

The ideal situation is to have a concurrently "Systems Modeling Team"
{SMT) that is taking field data from the FSRU and modeling {(computer

modeling) the system "on paper.” The connection between the FSRU and.
the SMT 1is a recurring one where information flows both ways and a
continuous process of "feed-in" and "feed-back" occurs. This may be a

bit advanced for WSARP, but if a systems oriented University such as the
University of Florida became interested they could act as the SMT.

It is possible to 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 1in
research from a general point of view and not from a particular speciél
interest.

The FSRU should have a basic team of three to four people, each from a.
desired discipline, but in addition there can, and probably should be, -
intermittent inputs from other scientists. For example, a full-time

economist, veterinarian, or soils scientist may not be necessary on the
team but having one make periodic inputs or take periodic information is
productive. In =z mixed crop-livestock system, it 1s desirable to
include ‘an agronomist, a social scientist, and an animal scientist on.

the team. Their work would basically be in the field, not necessarily .

living in a village or transhuman! camp {altheugh at timos, that 1s
desired and even required to get information )} but being frequently 1in
contact with the experimental units. This team should be guided by a
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ANNEX 2

‘Field Systems Research Sections.

In. the WSARP - Project schedule just completed, one »f the research
constraints was the lack of adequate support to successfully conduct on-

farm research. The lack of support was reflected in much time spent by
- senior researchers in the organizational work necessary for conducting

such research with farmers. The result was that only a few trials were

- established, and not all were carried to completion. It has indicated

the necessity of having at least one Field Systems Research Section

(FSRS) organized at each of the four research sections in Western

Sudan. Administratively, these Units would be responsible to the Station
Director. The work responsibilities for the FSRS would be Jjointly
planned and supervised by the Field Systems Research Unit at EI Obeid
and by the local station. C

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

1. Assist in the implementation of diagnostic, benchmark, and result

surveys. Using samp:iing techniques and questionnaires developed by

‘the systems research: team, the production units would conduct

surveys of farmers and househslds. It would collate the data and

make summaries. Such surveys would usually be done in the dry seuson:

when field work on actual trials would not be as demanding.

2. Organize village support groups. In order for researchers to work
. effectively in traditional farming systems, it is imperative that
adequate groundwork preparation be done through the viliage support
Eroup. 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 az tie "nafeers" which

~is the traditional work group organized for performing field and

" herding tasks. = It cannot be overstated that the success of S}stéms

reScarch with individual farm families rests with the sponsorship of
such = groups. Feedback from the group 1is received as .to:

acceptabiliby of the change in technology that is being proposed?
the listing of further constraints which need to be addressed. before

maklng ‘general recommendations to extension for teaching the target

popalatlon of farmers.

3. - Facilitate: the establishment of systems research  work with
individual farmers and general on—farm triais. It has been {found
that  there is considerable supervision and coordination required to

get' field trials established with farmers. .Cooperatoré and sites
need to be carefully selected and identified which represent the :

~norm for the system to be studied. Farmers, their wives, or nafeers
ne=d to be trained in how to do such practices that arec necessary, to

successfully establish the trials. Also, supplies ‘need’ to be

L
o



" an M.Sc. degree in hzs partlcular discipline area. 'The remainderi of the "

'-brought to the site, plots measured, and follow up: v151ts ‘made to
ensure that the trial was established and operated according to. the |
directions - given.. Usually a member of the team should actuallv be i

" .on  the site at the time of establishment to ensure that 1t 1s_ done_%
propelly : P k

4. 'Superv1¢10n during the grow1ng season. There will be a series ]bf”

- prectices which need to be carried out during the growing season. . | ;iﬂ

Without at least weekly supervision and reminders, the farmers tend'

to forget or ignore the practices which they were advised ‘to do.;gelz

While it  is assumed that farmers might do this on their _own,-
previous experience has shown that they need constant encouragement _
If " necessary, the team refers back to the leadership group. which ©
. sponsored the trial in order to get support ‘in the  form of ‘peer .
pressure. : orm o W PEEL

5. Evaluation of results. The Field Sysﬁeﬁs Research Section weuld.be',ﬁ

on: hand to assist when harvest is taking place in order to measure. ef _;,
the results that were obtained. The village support group and the-¢] '_;
cooperator{s) are then querled to obtaln the ﬁecessary feedbach._e P

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

Researchers should encourage the enthusiasm of the team by testlng;j
technology -at the research station, but only technology packages which 1
have been previously tested by the FSRS team and found successful, should E
be dlﬁsemlnated to the target populations. S R

. Personnel components of the FSRS. A specialist in crop or  livestock i
production should be designated as leader of each team, deoendlng upon-

the npature of the production systems. within which - the team fis.,?::

functioning. Input from social scientists is essential in - traln1ng for

and planning on-farm research activities. The team leader should holdﬂi;j;

team (three or four persons) do not necessarily need ' that Ie?81"0fi:=w
‘training. Motivation and enthusiasm to work with people and improve |

their standard ' of 11v1ng is more essential than advanced degreesr.vﬂli

Certainly, need for "specialized training by the FSRU at El - Obeid L
apparent. This w111 ensure that the section will plan. and conduct 1ts.f¥-f

work act1v1t1es in a manner that contrlbutes to: total research program:ﬂ];e.qé

obJectlves.'

Support for the Unlt.-' Tt is essentla* that the ‘Field S}stems Research;}
_ Sectlona h"ve access to adeguate transportatlon Funds for petrol’ andf?f

travel expenses must be assured. - In certain situations motorcvcles s

- equipped with a metal box to transport seed, ‘scales, small equlpment

" chemicals- - have been a&equate In circumstances where work sites arefﬁ;_

_;-w1dely dlapersed over large areas and where tedm,appr01vbes areé needed'ff
: at the sxte, the use’ of olckups or vans will be more effect1ve :
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" LOGICAL FRAMEWORK MATRIX - AMENDED PROJECT PAPER

. ANNEX 3

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATIONS

MEANS OF-VEHi?ICATION

IMPORTANT ASSIMPTIONS

Goal: Increasing agricultural
production and
in Sudan,

rurnl_development

Measures of goal achievement:

1. Increases in food and livestock =~

‘production. - -

© 2. Increased rural incomes.

GOS statistics and
ficld surveys of

- household income,

1. GOS developmental and

budget priorities

.stress agriculturul

production and

‘development of rural -

sector.

. Precipitation remains

nermal .,

. An improved infra-

structure exists to
stimulate food
production by agri-~

. cultural producers.




LOGICAL FRAMEWORK MATRIX ~ AMENDED PROJECT PAPER

ANNEX .3
 NARRATIVE SUMMARY ~ OBJECTIVELY VERIFIADLE INDICATIONS ~ MEANS OF VERIFICATION ~ IMPORTANT ASSUMPTIONS
9 Goal: Increasing agr'ir:ult':uml'= . Mecasures of goal ochievement: = . . GOS statisiics and . . 1. GOS developmental and
O prodoction and rural development ' * o ficld surveys of budget priorities
in Sudon. 1. Incresses in food and. livestock - houschold income, stress agricultural
: ' : ' . production. : : product ion and
: . . . : development of rural
2. Increased rural incomes. : ' sector.

2. Precipitation remains
: nornal.

- 3. An improved -infra-

. structure exists to
stimulate food '
production by agri-
-cultural producers.

o . s
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pastoriliste of the rainfed o 1,

* NARRATIVE SUMMARY 'OBJECTIVELY VERIFIABLE INDICATORS

. MEANS OF VERIFICATION = IMPORTANT ASSUMPTIONS

Subgoal: -An increased standard of Measures of Goal Achievement:
living for farmers and - R
_ _ j increased production of major
agricultural sector of West Sudan, agricultural crops of the rainfed
- sector, T
2. Sustained increuses of livestock
~offteke from nomadic transhumant,
and sedentary production systenms,

2. MANR annual - _
astatistics reports.

1.

1. Sociceconomic studies Subgoal Assumption:

That GOS will continue
to support agricul-
tural research and

provide funds for
"~ - recurrent costa at an

increasing rate over
the life of the
project.

. That agriculturdl res-

curch will be a key
stimulant to increas-
ing agricultural
production,

. Sources of water can
be developed for both

human-and livestock
use, as well as for
use in certain agri-
cultural technologies..




NARRATIVE SUMMARY . OBJRCTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION ~ IMPORTANT ASSUMPTIONS

Purpose: To develop within ARC - Conditions that will irndicote purpose  Contractor reports,’ Purpose assumptions:

an effective capability for ~ has been achieved EOPS: A reseusrch project evaluntions, that quaolified staff cuan

planning and implementing © - ataff in pluce at AHC that is: ARC annual reporis, ' be trained and be willing
ﬁ: relevant agricultural resesrch . . ' o ' : - to work at research

programs in the rainfed agri-~ 1. Capable of identifying und assignments in the

culturul sector of Western prioritizing constranints to roinfed agricultural

Sudan, - - . production systems, '

‘sector,

2. Can plan interdisciplinury ond
“implement research progroms to
solve the constraints, and

3. Will demonstrate these solutions
to target populations.




YA/
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PROJECT OUTPUTS

MAGNITUDE OF OUTPUTS

MRANS OF VERIFICATIO

N

~ IMPORTANT ASSUMPTIONS

1. Research programs have been
implemented and are adequately
supported at’ ralnfed agrlcultural
Sudan.

2. There is an improved human
resource base for conducting
reseurch as a result of
partxclpunt Lrnlnxnb.

3, A Field Systems ﬂesearch Unit
is in ploce at E1 Obeid and
functions to provide prioritized
constrainls to the rescurchers
and Lo evaluste the impact of
specific interventions on the
various agricultural productien
syslems.

4. Production Hescorch {nits have
heen identified at each station
and are functioning to conduct
technology testing on the

farmers field.

5. A training and outreach unit
has been organized at El Obeid
for training staff and planning
and organizing conferences and
work shops. :

6. The research infrastructure: _
is complete after the purchase
of vehicles, research. .
equipment, and supplies. .

1. Traditional agricultural production
systems of West Sudun are benefited by

farm systems research programs func-

tioning at four locations in West Sudan
-~ El Obeid, Kadugli, El Fasher and
Ghazala Gewozat.

2. Seven Sudanese are trained to
graduste degrees - 4 Ph.D. and 3
M.Sc. degrees. Twenty Sudanese have
benefited from non-degree training.

3. A Field Systems Research Unit

is functioning at E] Obeid to support
Hesearch Stotions in Western Sudan.

4. Production Research lUnits hove
been ddentified and wre fanclioning ot
the various stations.

5, Training of ull resenrch scientists
in use of the personnl computer is
completed. A workshop concerned with
research planning in cach of the
Agricultural production systems of |
Western Sudan have been sponsored wnd
proceedings published.

.6. The inventory of vehicles and

research equipment is of sufficient

3 magnitude that it cen no longer

be considered a constraint to research
activities.

i. Published reports

and site visitations.

2. Diplomas or cer-
tificates awarded b
training institutio
or agency.

‘3. Project evaluantions
and contractor reports,

4. Project evaluati

Annual research reports

Conlroctor reports,
h. Proceedings from
workshops and
canferences,
Contractor reports.

fi. Inventory lists,

y
ns

on.

1. That personnel now in

training will be staffing
the research stations

as planned ond that they

will continue to work at

remotr locations,

2, Staff persons can be
identified and reliased
for training.

3. That staff can be idrn-
tified and trained to fune-
tion as n Tield systoms
research umit,

4. That staff can be
identified and trained
for "on farm" production
research units,

5. That adequate support
and technicnl assistance
is availalle to develop
truining progroms amnd
workshops,

6. That equipment and

‘vehicle needs have been
correctly identified,

S e et o e i
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PROJECT OUTPUTS .

'MAGNITUDE OF OUTPUTS

MEANS OF VERIFICATION

IMPORTANT ASSUMPTIONS

T. The Government of Sudan will

huve demonstrated its capacity

to continue the project after
donor support is terminated.

PROJECT INPUTS

USAID will finance 26 mun-
years of resident technical
nnsistance and 5 man-years

of home office management

IProvision is made for 30 man-
months of short-term
consultont nssistunce.

Participant training for 7
graduate degrees and 20
persons for non-degree
training is plunned.

Operational costs includ-
ing local salaries and
recurrent costs,

Capital costs for labora-

tory equipment, vehicles

“and farm equipment

will be essential.

7. The budget for ARC will be

sufficient to sustanin nll of the
“activities of the research stations

in Western Sudan,

MAGNITUDE OF INPUTS
See Table 1, 2, and 3 of
Financial Analysis

The published budgets

for ARC/WSARP,

Audit Reports

7. That the Ministry of

Finance and Economic
Affairs will approve
scheduled budget increases.
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Soxls Resources Inventory, Land Evaluation and a Land Use Database
for the Democratic Republic of Sudan

1 Land Evaluation — Objectives of the Cocperation Request

An  increasing number of questions have to be answered at presentéby'the;'L:.

Soil - Survey Administration of the Democratic " Republic of ‘Sudun’s
Ministry of Agriculture. Among them are: what are the potentials of

‘land types in a development area and what is their acreage? What is the .

technology to be used on the land? What crops will produce the hlghest
~returns on a given land type? Which land is best suited .for ‘a

particular crep? Based on accumulated knowledge the Soil Survey .
Administration (SSA} wants to increase 1its capacity to provide | these
services. ' : ' : o

As a basis for the land evaluation and land use database system; . the

Sudan SSA needs to have a complete soils resource inventory at a scale’
“of 1:1,000,000. . In this respect SSA, with the help of thc:;Soilsz
Geography Unit (SSA/USDA), is in a good position to compile a Sudan. soil

map using Soil Tavonomy as a reference system. This map would be a.

generalized map based on all existing soil survey information now
available for Sudan, complemented by extrapolation on remote sensiag
data. : '

. SSA has aliready made one important contribution related to Sfo :-' 
Taxonomy, the USDA system of soil classification. SSA cooperated in the [ -

organization of the Fifth International Soil Classification Workshop in
1982. i

The Sudan Soil Survey Administration needs to continue strepgthonlng Jts G
‘capacity to provide vital infermation on land resources in a fast way,

and. therefore feels the need to train perscnnel in handling ‘so1l and f~’

land information by computers. It is through the establishment of a
land evaluation database that the SSA will be able to use most
effectively its soils and agronomic data which has been. acquired “and
compiled though much time and effort but until present has not been . -
used tc 1ts fullest potentlal o

After the compllatlon of the soils resources map at 1:1, 000 000 hhdt .is-§ J3”'
needed next is to produce optimum benefits from. the avallable 50115 and §;1*'”
land use information. A specialized training of technical pcrannpl at i

‘all levels to develop a land resources database processing unit, ~which

"hculd promocte interactions between soil scientists, agronomlsts ‘arnd §1 v

planners. is proposed.

To  achieve these purposes, and as a necessary corollary to the proper .. -
~ functioning of a land resources database processing unit, it would ‘be:
_desirable to obtain, on a cooperative basis, outside 1nst1fnt1onal he‘p_f'.

'pfeferably SMSS and the USDA/SCS Soils Geography Unit to romp119 the
1:1,000,000 Soil Tavonoms soils resources map. In additien, a . 8.
un1ver51ty would dev#lop and install a fully functioning database sxqtem
" tailored to the needs of the Sudan SSA. The SCS Soils Geography Uit

 cooperating institution, would be responsible for helping in';romntof:'

‘sensing and the_compilation of the 1:1,000,000 soils resource map. Thh_:



ﬁniversity departmeﬁt. would assist in the development of the soils_
database and land. evaluation software and also be. responsible for
training SSA technicians in 1ts use.

'bﬁecialized software and training is not currently available in Sudan.-

- The present request outlines the actions to be taken to achieve these
goals and increase the expertise of the Sudan SSA. : : '

2 Compllatlon of a'1:1,000,000 8011 Taxonomy Map of Sudan

Land evaluatlon needs a secure resource database from whwch to derlvc a

set  ‘of Jand qualities informaticn to be used in the 1land evaluatlon ”
matching tables. The Sudan Scil Survey Administration with ‘the
cooperation of the USDA/SCS Soils Geography Unit with all the available
soils resource data and supplementary remote sensing data sources (to be
determined) will compile a 1:1,000, 000 generallzed soils map with.
unlts named by Soils Taxonomy. .

3 Lénd_Eﬁalnation Procedures

Land evaluation is in fact a comparison between the qualities of land
types and crop requirements {or other uses). While most agricultural'
planning ~ is concerned with crops, the sare procedure may be used ‘for
city or regional planning, the selection of recreational areas, or other
uses. : :

_Land evaluatlon requires predlctlve measure of the benelits a f“ier' a
community or a country may obtain from land with the inputs it  is

willing to pay. Theoretically, any kind of land use is pOSSlblL for o’ .

given piece of land, but only a few are practical. Land evaluation is’
. only complete when it involves comparison beiween alternative uses, to-
. allow”decision'makers to make the best choices. S

Cooperation from agronomic divisions at the SSA to assese &rop
requirements is warranted. These cbjectives and principles are | the
basis for a practical procedure which . make land evaluation o
reproducible data-proce551ng system to achieve more accurate results! A
'computerlzed 'expert system” is the best ch01ce. '

3.1 land Evaluation as an Expert System

Expert systems incorporate experience from a great number of" sources; -
accumulated during many years, into the central.core of a computer

program, and wuse it to make decisions and Judgements on a npumber: of |

questions and issues. In land evaluation programs, the _experlenCQ,.is-
summarized - in the "matchlng table,” which the evaluator prepares for -z
glven land—use or crop. SR : P



" One of the objectives of this assistance request is to-select'thé _besf.

‘available system to.build and incorporate agronomic experience in. the |

database. . United States institutions have the expertise to ~ help the
Soil- Survey Administration to make the right choices in‘ the software
which various 7J.S. agencies and institutions have already been using.

3.2 Land Data Sets

The Scils Survey Administration has been gathering soil  tesource
information for many years. And they have been introduced to uSihg'the'
- 'USDA - Soil Taxonomy classification system to name the mapping units of
~their soil  surveys in the TFifth Internatlonal Soil ‘Classification |
Workshop 1in November 1982. Soil survey results are now also ‘nearing
_completion for a large area of the country. S

This basic information' will now have to be confronted witH . crop _;'

performance data produced in agro-ecological zones of 'Sﬂdaﬁ,';énd
combined . in a land evaluation database system. = The Scil Management:

Support Services (SMSS) is asked to provide guidance in the D;eparatlon“-5"

of 1:1,000,000 soils resources map . and in the preparatlon-;of a-
relatlonal database system to achieve the land evaluatlon obgectlves

3.3 'I'he Matching Tables

To prdduce a matching table the major crop requirements, and the
responses of these crops. to changes 'in land qualities or - new i
technologies have to be knmown. = The response curves of the - crops -to .|
" variations in the land qualities are to be qualified. o

A matching table incorporates the effects of growth factors - on the | |
performance of a crop. Each matching table is specific for a partlcular""

crop, under a - given set of conditions, which may relate to a  broad

variety ~of production factors, marketing conditiens, etc.  The SSA’s lf i
division’s cooperation will be necessary tc obtain the crop performance . [ °

‘data needed to build in each agro~ecolog1cal zone the matchlng tables3
for the most important crops. : -

4 Project Implementation and Duration

It is anticipated that the project will last two yeérs_frdm.the' ﬁimé.éf

. inception. = This should allow ample time for the compilation of “the_"f“

- Soil Taxomomy soils resource map and for the development . of * ‘the |
database/expert system and the training of Sudanese technicians to  use.
' and maintain the expert system after it is transferred to Sudan. -

Since the project is envisaged as a cooperative arrangement between the

Sudan Seil Survey. Admlaﬂ'%ratlon and - SMSS {and 1its contraéted'fi
'1hst1tut10ns), it dis ~7lussary to dellneate the respon51b111tles of each

' cooperayu;.



4.1 SudaneSe-Contribﬁtion

The Sudah _-Soil' Survey Administration’ will provide - thrﬁe;:

technician/trainees for four months each for land evaluation training -
and- in the formulation of the database/land evaluation software at the

cooperating U.S.  institution. These trainees will also aid 'the. Sqil.
Survey Administration and the SCS Soils Geography Unit in the
compilation of the ‘Soil Taxonomy soils resgqurces map. They shall visit

 several cooperating SMSS institutions. and will cooperate .in the
. selection and tailoring of the software system. : o R

The Sudan ‘Soil: Survey Admlnistratlon .1ss1s+ed. by the 3CS Soi1¢.'

| ' Geography . Unit) will be responsible for the gathering of information and
- the  compiling of the 1:1,000,000 soils resources. map. (Supplenvntdr}j.~
- remote  sensing data and training in the use of this data will be

provided by SMSS and/or its Cooperatlng 1nst1tu%10n, the 80113 Gcogrdphy

':_,Unlt 3

The 5011 Survey Admlnlstzatlon will ~also  provide’ services . for
',gatherlng,. selecting, editing and maintaining all the local  Sudan. .
'soils, agronomic  and land use’ data in order to test the. database/land” .
'evaluatlon system. : - -

_ The. 5011"Survey Administration will provide office space for the
compilation . of the soils resources map and installation of thef
‘database/land evaluation system.  The space allocated will conform o
- the needs. of the map compilation task and the complete computer s;stem ;
: and staff necessary for its coperation and maintenance. : B

Transportatién and travel expénses for field checking of'.the'_SGils“ﬂ

" resources. map and validation of land evaluation programs in ‘the fiéld: *
-w111 be prov1ded by the Soil Survey Admlnlstratlon ' [

-4.2 DMSS Cooperatlng Instltutlon Contrlbutlons

L SMSS w111 facilitate .involving the SCS Soils Geography Unit and .a -

- suitable university in the U.S. From past experience in other .SMSS
cooperatlve projects Cornell Unlver51ty s Department -of ﬁgronom}_ wogﬂd.}ﬁf
be a very competitive candldate ' : 5

.The SCS_ 80115 Geography Unlt will “aid in training--the' Sud3n5%e'w

technicians. in the uses of remote sensing to  extrapolate 'fghe. f_
‘classification of 'soils of unknown areas based on knowledge from. .
existing surveys and other projects. This university department. -:11

help to =ét up a database system for soils to be used in . the _Iahd f . f o

evaluatlon prodect‘__

 The cooperating university will also be asked to assist in thé.séléctibn L e
~and  development. of microcomputer : hardware/software. = Overall, the ' .
project will' be coordinated in the U.S. ‘by the database managing . . °

specialist @ at the unlvers1t} 1n cooperat1on with SMSS and thp SCS Soxlsf

_uecgraph} Lnlt.

£

~ "The cooperatlng institutions both'will_alsu be Tresponsible for “the e




tralnlng of the Sudanese technicians. This will include round:trip
“travel between the U.S. and Sudan and a stipend to cover educational and
11v1ng expenses.

 The"ccoperating institutions will provide consultants for a total of

eight months (four visits of two months each) in Sudon.  These =

consultants ‘will be responsible for helping in the compilation of the
soils resources map and installing the hardwarefsoftware and on- the Job :
tralnlng of 3011 Survey Administratior staff. '

4.3 -Pfoducts

. The flrst Product will be a 1:1,000,000 soils resources map w1th map-
~ units names accordlng to Seoil beanamy

* Products, in. addition to the installed and  functioning ;sdilé

databasefland evaluation system, _ will include an atlas_ Qf : land_
evaluation maps of the surveyed areas of Sudan. The land uses or crops

:-forming the bases of the land evaluation will be determined by the Soil

* Survey Administration. The interpretive maps will 1nd1cate SultabllltV'
classes for the major crops. R

4.4 Timetable

In the first year project members and cooperators will Conccntra;c. on L

compiling and finishing this 1:1,000,000 soil resources map-_andn'
strengthening the soils analyses laboratory of the SSA. Also, during

this period land use and management data should be assembled for input.pi_._i.

in to.the land evaluation database..

The seécond year w111 be devoted to refining the land evaluation Qipert:”v

system and database, tralnlng SSA staff in it use, and inputting soils

resources, land use and management data. Field checking and reflnement @;H

of the system is also included in this tlme perlod




'_5' Appen&ix_f_Budget

1. Personnel:

.~ Consultants (9 mos.) - $60, 000
— Database manager specialist {9 mos.) 126,145
© — Computer programmer {9 mos.) 22,410
- Secretary (9 mos.) - 10,272
— Temporary (2 mos.) 4,000

Total - $122,827

2.  Sudanese trainees:

$10,800

living stipend: 3 trainees x 4 mos. X $900/mo. ! =
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 sensing imagery and systems
- traihing Suddncse technicians in use of the imagéry

- final-compilétion of the soils resources map

sampling and analyses of 30 pedons

Total | £200,000°

4.. Use of computer sysfém - hardware and software:

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

basic systems lease: _ $10,000
use of professional geographic information
systems software: : o '$10,000
- ample supply of'diskettés and tapes: .
: : : : ' $ 1,000
- coverage of software maintenance fees:
: ' : .$ 1,000
‘Total $22,000

1. AlD regulation rates.

" m. AlD regulatian rates.

~3



..'Matetials'and supplies:

-Tele?hone, comrunications and postage:

quulpmeut and laboratory glassware for Soil Survey Admlnlstratlon B

- estimate $30/mo. for copying = $39003

~ paper, printing cartridges, other office
supplies estimated at $100/mo. = $3000°¢

Total $ 3 900

- {eiephone, telexes, etc;, $150/mo. = $4,500°

— postage at $50/mo. = $1,500%

Total 5 5,000
- Travel:
- three trainees roundtrlp Khartoum/Ithaca
3 x $2700 = $8 100
— four consultant roundtrip Ithaca/Khartoum
4 % $2700 = 410,800
~ per diem, Khartoum
8 mos. x 30 days x $180/day = $%3 200
Total $62,100
__Drafting of maps'and reports:'

"~ drafting and complete preprlntlng preparation

of land evaluation atlas including: report text (10
mapsheets at 1:1,000,000), at $1000/sheet (final I o
‘printing to be handled'in Sudan) = $10,000 : B T

Total '$10,000 -

soil characterlzatlon 1ab:

‘Total $50,000

@b oW

. For
For
For
“ For
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r/2
1/2
1/2
172

yrs.
yrs.
.YT'S -
yrs.




-10. 'Administrative-costs;

- custodial $ 9,8

-~ library o % 9,8

— secretarial pool $ 9,885
. — accounting services 4 9,8

Total $39,540
Total ~ $534,967
7:.-25% 6§efheads_ _ : N A
__(SMSS and ccoperating institution(s)) $133,742 ' o 'j_ L
G | Grand Total . $678,709 |
6 - Payment Schedulé E
- First six months: $250,000
' ;'SeCOnd sSix months; ' .$200,000 11
~ Third six months: ' $128,709 |
- - Fourth six months: $100,000 5
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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 - .

-~ gpecialized in Systenms Hesearchr Experience in mixed farming act1v1t1es
~ip - arid environments is preferable. This specialist will also -be
designated as Team Leader for the resident expatr1ate staff. The bersén-
will be stat1oned at E1 Obeid, although his duties will requlre h1m to
undértake research and other activities throughout Western Sudan ‘The
appointment will be for five years. P

Specific responsibilities  include:

1. Serve as an advisor to the Director and Deputy Director dfyfARC/"
WSARP in matters relative to research administration and planning.

2. Assist the Direc.or and ARC personnel in selection of 1nternat10na1
scientists and Sudanese staff for WSARP activities. :

3. Assist the Director in preparation of required reports' 'tod:i'

contractor, donor, and Government of Sudan.

4. Encourage and assist the Director to maintain “contacts, w1th_dﬂ o

International Agricultural Research Centers.

' 5. .With assistance from the Director and the Deputy Director, 1dentifyf_%r

components and train personnel of the Field Systems Research Unlt_
- (FSRU), as well as monitor their activity in the field.

_ 6. Provide direction for the Director and WSARP staff in u51ng inputs'
from the FSRU in developlng and prioritizing research act1v1t1es-d'

7. Cooperate with Sudanese scientists to ensure that the capac1ty'-te_ R

'de31gn and 1mp1ement a research program is transferred.

8. Assist in transition of project activities to a continuing research.fi"'”'

effort, including briefing of new research scientists, and 1dent1fy._i
- critical follow-up issues and recommendaflons for the research o
_ agenda. ‘ :
The Director may adjust and/cr extend these respons1b111t1es WIthln"i'
these generai terms of reference. : |
B. Reportlng and Planning Requlrnments

The Team Leader and Farm1ng Systems Research Spec1al1st wlll

3. .Prepare 'program for training of the FSRU at El Obeid.
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C.

After approval for the program by the Director of WSARP, implement

training activities.

- Work with the FSRU as it makes its plans for beginning activities.

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

Encourage. Sudanese staff to analyze data collected by the FSRU and

~utilize it for identifying constraints and prioritizing research.

Report on progress of these activities at the appropriaté times.

 Assist the WSARP Director to compile regular reports required by the

contracting agency.

Relationships

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



Terms of Heference
For
Agriculture Economist

A. Duties and Responsibilities

- This position will be filled by a highly qualified agricultural
economist with experience in farm producticn systems within developing
couniries. He must 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 -statiocned = at

Kadugli but will undertake and evaluate research activities on gther_
project. stations. The appointment will be for three years. Specific -~

' respon51b111tles include:

1. 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 bulldlng-.

upon rﬂsearch findings to date.

2. Plan and implement a research program with the support.and input of
other scientists to assure that findings 1nclude complete technlcal

input from all relevant disciplines.

3. Create opportunities to participate in practical'nextenSiéh_ of =~

technology packages to farmers, merchants, farmer cooperatives, and

other groups capable of adopting or commercializing research.

products.

4. Maintain 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 usxng
their resources to test or dlssemlnate research products. :

5. Maintain contact and coordlnate with international- institutions

(particularly the IARCs and analytic centers) to assure a constant
“inflow and exchange of new technical information and maximize - the
potential to build upon basic findings. - :

6. Cooperate with Sudanese scientists to ensure that the capacit& 'to
design, implement, and analyze/evaluate a  research program is

transferred. The scientist must keep in mind that a primary
objective is training of counterparts, although the traln1ng w111 be.

1nformal and on—the-job.

7. Assist in the transition of project activities to a contihuing _

research effort, including briefing of new research scientists,

identification of critical follow-up issues, and recommendatlons for-

the research agenda.

The WSARP Director may adjust and/or extend these respon51b111t1es

within these general terms of reference.
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Reporting and Planping Requirements

Livestock Specialist will:

" 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.

- 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.

C.

The

Participate, or perhaps lead, in the preparation of recommendations -

on technical packages emanating from past and current research. -
findings.

Prepare 'any other papers/reports as may be appiopriate or requested
by the WSARP Director. -
Relationships

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 Use 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 land and water use planning and conservatlon,
inciuding field experience in developing countries, -is preferred In -

" addition, this 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
water engineering. The Soil and Water Use 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 appl1cab1e to the rainfed . secfer,e
with special emphasis on Western Sudan, and help 1dent1fy maJori
findings requiring further development. '

2. 1Identify 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 consultatlon thh.
' 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 with the.sepport;eéhd:
- input of other scientists,  assure that flndlngs include complete
technical 1nput from all relevant fields. S A

5. Create opportunltles to part1c1pate in 'prac£1ca1 extension . of _
technology packages through on-farm demonstrations (or other means)

to farmers, merchants, farmer cooperatives, and other groups capable- O

of adopting or commerCIallzlng research products.

8. Malntaln contact and coordlnate w1th relevant unlts of the MANR the _
ARC, and other donor projects either engaged in similar “work or
capable of using their resources to test or dlssemlnate research
products. ' ' :

7@1 Maintain contact and coordlnate w1th 1nternat10nal 1nst1tut10nsi

(particularly the IARCs and analytic centers) to assure a- cons*antl_*
‘inflow and exchange of new technical 1nfbrmat10n and max1mlze‘ the,_'

potentlal to bulld upon basic flndlngs.

8. _Cooperate w1th_Sudanese SCIentlsts_to ensure that the icapéciffe_te_
' design and implement a research program is transferred.  The Soil

)]
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and Water Use Specialist must keep in mind that a primary objective
is training of counterparts, although the training will be informal
and'onethe—job.

9. Assist in the transition of project activities to a continuing
research effort, including briefing of new research scientists,
jdentification of critical follow-up issues, and recommendations for
the research agenda.

“The WSARP - Director may adjust and/or extend these respensibilities :'-“

within these general terms of reference.

B. Repcrting and Planning Requirements
The Soil and Water Use Specialist will:

1. Propose 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 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, and 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 be appropriate or requested
by the Director of WSARP.

€. ‘Relationships

' The contractor 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. The project is implemented
through the ARC which is the institution responsible = for  all
agricultural research in. Sudan.



Terms of Reference
for
-Agronomist

A. Duties and Responsibilities

This p031t10n' will be filled by a qualified agronomlst who is:

_experienced -in mixed farming activities (livestock and crop productlon
in integrated systems) 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 will undertake and evaluate -

research activities on other project statiomns. The ap901ntment w111 be -

for three years. Sp301f1c responsibilities include:

1;_'Rev1ew previous research programs applicable to the rainfed sector,--':i

with .special emphasis on Western Sudan, and heip identify maJor
findings requiring further development.

2. Identify research findingS' from the International Agritultsral
" Research Centers that hold promise for adaptation to conditions

prevalent in Western Sudan and integrate these into the research.. .

program.

3. Taking into account p01nts 1 and 2 above and in. consultation w1th N

the other staff scientists, assist in determining research_
~priorities within the scientist’s discipline and for the research .
- station. C

4. Implement the app;oved resezich program and with the support . and’

input of other scientists, as appropriate, to assure that flndlngSZ s jjegﬂ |

include complete technical input from all relevant flelds._

5. Create 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.. BT

6. Maintain contact and coordinate with relevant units of the MANH Cthe

ARC, ‘and other donor projects either engaged in similar work: or,r..;_,_,u

‘capable of using their resources to test or dlssemlnate research_
products. L

7. Maintain contact and coordinate with international institutions. =
- (particularly = the TARCs and analytic centers) to assure a constant
inflow and exchange of new technical information and max1mlzej the'
potential to build upon basic flndlngs.. :

8.-_CoOperate with Sudanese scientists to ensure that the:lc39501ty:

to design and implement a researck program is transferred.” " The'

scientist must keep in mind that a primary objective is tralnlng of
counterparts, although the tralnlng will be informal and on— the"Job
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‘9. Assist in the transition of project activities to a continuihg-

research effort, including briefing of new research ecientists,
identification of critical follow—up issues, and recommendatlons for
the research agenda. :

The WSARP Director may adJust and/or extend these respensibilities :

: w1th1n these general terms of reference

B. Reportlﬂg and Plcﬂnlng Requirements.

The crop scientist will:

1. 'Prepéfe_'a research plan (fellowing 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 1ntegrate
this plan into a comprehen51ve 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. e

3. Participate, or perhaps lead, in the preparation.of“recomnendatibnéﬂ

" on technical packages emanating from past and current research
findings. : N 2

4. Prepare any other papers/reports as may be appropriate or requpsted 7

by the D1rector of WSARP.

C. HRelationships

'The. crop scientist will work under the day-to-day supervision of a
Sudanese Station Director in Kordofan Region of Western Sudan, and- under'f
the overall supervision of the WSARP Director. The project . is = |
implemented through the ARC which is the 1nst1tut10n respon51ble for all_- N

agricultural research 1n Sudan.




Terms of Referesnce
for
Biometrician

_A; Duules and ReSPOHSlblllths

This p051t10n will be filled by a quallfled biometrician - who has
experlence in planning and analysis of agricultural research _programs

‘and projects. The experience should include past activities in
_developing countries. ' : IR

Preference will be given to a biometrician who. has capab111f§' x

‘modeling production systems. . The appointment will be for three YEars B
‘The position is to be established at El Obeid. B

' Spe01f1c respon51b111t1es would 1nc;ude-the following:

' 11. The blOEEtFlClan would serve as an advisor to prov1de technlcale'fé'

’-a551stance to all sczentlsts at all the WSARP statlons.“

f2;r Part1c1pate in research plannlng commlttee meetlngs at each statlon

and at WSARP headquarters.

3. Ass1st scientists to develop statlstlcally sound de51gns for thelr'
research projects.

4. "Adv1se the PFOJect Dlrector of the approprlateness of 5fati5iicale'"' 3

. design of ong01ng and proposed research projects.

5. Develop and present specialized tralnlng courses to update WSAHP andf
' " ARC scientists in design of experiments. and in statistical ana1y51su_:r'_____
of data. Special attention should be given - to data management¥' ?/}T.

_-relatlve to the use of personal computers.

6. Create. cpportunltles to Part1c1?ate in practical exten51on ofjffr

technology packages to farmers, merchants, farmer cooperatives, .and.

_other - groups - capable of adopting or commerc1allzlng 'research_'fﬁ

‘projects.

:7r::A$sist _ie' the _treneition'of project acfivities to 'e__contihuingii:?'i"”:
.research effort. This includes briefing of new research scientists, '

identification of critical 1ssues, andrmaking3recomméndatidns- for
the research agenda. : ' o . ' R

"The WSARP ‘Director may adjust and/or extend these reSpohsibilﬁties ';'gv”‘

withln these general terms of reference.

B B.ﬂ Reportlng and Plann1ng Requlrements

The b10metr1c1an will prepare a plan for tralnlng and research plannlnge”'; L
activities for- apprcval and 1mplemen+at10n by the Project Director.. = Be . " . i

will part1c1pate, or perhaps lead, in the preparation of technlcal-

packages that are developed from current or past research f1nd1ngs ' Ip:




will. be nééessary to prepare any other papers/reports as  may bé,
‘appropriate or requested by the WSARP Director.

. C.  Relationships

The biometrician will work under the day to day supervision of the.WSARP '
Director and the Team Leader of the contracting institution.
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ANNEX 6

:'An'Illusffﬁtivé Liét of Equipmeont Suggested for
Proposed Project Activities.

EX XX

pickups @ $17,000

12-passenger vans @ $23,000.
Landrover station wagons x $20,000
IBM PCs @ $5,000 |

Farm tractors (80 - 100hp

Laboratory and field research

equipment

~ Small Purchases

Total

on

F‘ﬁrchns;n in Support of - Jrale

$136,000 :
88, 000

. 80,000

20,000

200,000

' 56,000
20,000

$600,000
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SUPPORT FOR MECHANIZED RAINFED AGRICULTURE RESEARCH IN SUDAN

I. Introduction
A, Scdpe of Work

USAID indicated to 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 in this approach_-:”

would be to generate technology which might offer a dramatic increase in
grain production in Sudan during the short term, thereby increasing food
self-sufficiency. It wished, however, to continue emphasis on: the

Western Sudan Agricultural Research Project (WSARP), an effort which had

previously devoted its efforts to traditional systems in four western -
provinces.

B. Development Strategies in Rainfed Agriculture

1) General:

_ The development strategies of both the Govermnment 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 ..2.

million people (two thirds of the population) rely on rainfed
agriculture for their livelihocod.

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 farming is concentrated in the 450-800mm

annual rainfed belt, has the problem of declining average yields, and.a.' f'

" reputation for contributing to the degradation of land resocurces in the

‘country. However, it 1is the backbone for food security and self—-“'y 

 sufficiency would not be possible without the subsector.

2). GOS Strategy in the Mechanized Subsector

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



3) Proposed USAID 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 all mechanized
farming research back under the umbrella of the Agricultural 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 'réSeafch'j”  ;__
program in a new geographic area (eastern and central regions) which'is o

meeting the food deficit with a production growth of over 500 percent in
one year on -a 10 million feddan area.

'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,

develcoped 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__réSéarch   ;,f_
would be complementary and supporting projects that could eliminate .’ .
other major censtraints in 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 the subsector by . .
 providing stability 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.

II. Background to Mechanized.ﬁainfed'Agriculture

A. Geographic Setting:

Thé Central Rainlands area of Sudan-represents-ohe '6f. the &

largest reserves of cultivatable land in the world. . It forms a belt v

across the country between 10° and 14° north latitude. = Suitable land 3rﬂ:1'

'~ for cultivation in this area ranges as high as 65 million hecﬁares

Rainfall ranges from 450 mm in the north to 900 mm in the south.  Due to | =
~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 River 1lie the irrigation schemes which produce cotton and  other O

Crops. . Further" away begins the vast area which is farmed by eitherff 
mechanized ' or traditional systems. Availability of permanent - water | : .
supplies determined the patterns of traditional *  settlement. |

- Qccasionally, water was found and it became the site for a villagé and

its sedentary agriculture. - More often it was grazed onlv partially. in§ T

the dry season by transhumants who utilized surface water supplles



The 1livestock were driven south during the dry season when the surface
water became unavailable.

B. History of Mechanization:

In 13944 the British began mechanized farming in the Central
Rainlands in the Gedaref area close to the Ethiopian border. Its
purpose was to feed its soldiers in Ethicpia 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 size
-of  acreage allotment was low. However, this was the start of the

‘private mechanization system which exists today in a greatly expaﬁded"}

form. The scheme was 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 incentive to produce. R

In 1954 the government-owned machinery was sold to the new-'
“tenants and the roads built 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 and acquired more farms.

From 1961-71 ihe National Development Plans devoted attention .
to expanding cotton production as a means 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 not
.Justified by the vyield levels cbtained. Sesame was alse tried in

rotations during this period, but alsc failed due to sensitivity Qf'the'_:
plants to soil moisture variability and higa labor requirements during
the critical harvest period. '

In recent years sorghum production has dominated - the.

mechanized subsector. It now accounts for at least 87% of the acreage.
Sesame is probably planted or 10% and millet on the remainder. '

C. The Hole of the Mechanized Farming Corporation {(MFC)

In 1970 the MFC was given the respomsibility for surveying and

_ alloéating lands for mechanization, assisting private invgstors,'.;\'
‘management of state farms, promoting adaptive research, collecting,K °

rents, and providing credit and other services for-mechanized'farﬁers}

The World Bank established IDA credits of $US 5:mi11ion;tq'the'
“MFC for the purpose of providing the foreign exchange costs .associated
with ' developing the Simsim district of Gedaref. This included: heavy

censtruction 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 prograem was designed to stimulate crop and cotton
production on heavy clay soils that could not be cultivated with elther_
the hand hoe or animal powered equipment. Individual farms. were
initially designed to be 750-1000 feddans in area.  This size was later .
increased to 1500 feddans with the intention that one fourth of the land
" would remain in fallow. land was allocated on a 25 year lease at the =
very modest rent of LS 0.10 per feddan. A later loan from the World -
Bank in 1971 was for $US 11.25 million and started a 350,000 feddan unit = -
at Um Seinat northeast of Simsim. Cotton was later. dropped from 'all
- rotations due to lack of profitability.

III. The Importance of Mechanized Agriculture to the _Economy' of
Sudan o '

A. Size and Scope:

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

Type of Development Million Feddans

Demarcated lands now farmed 4.5
Undemarcated lands now farmed 4.5
Demarcated lands not developed 1.0

Total: : - 10.0

These 1lands and production were divided among the three5méjor
rainfed crops in 1985/86 as follows:

Area Production  Vield

{000 Fed.) (000 MT) | (Kg/Fed.)
Sorghum 7,335 2,626 358
Sesame 1,213 110 _ 91
Millet 31 10 328

Total: 8,579 2,746

B. Markets and Prices:

Sorghwm - is the most reliable and profitable crop to grow in .
the mechanized subsector. However, repeated production of the crop on uL"
the same -land over 15 to 20 years explains the low yields that. are: ; L
received. Other contributing factors include the presence of weeds such '@ =
as Strlga ‘hermonthica (a parasitic weed specific for sorghum) and wlld Lo




sorghum, increased presence of pests, and a greater frequency of sorghum
diseases - all indicative of problems caused by monoculture cultivation.

Because of the local absorption capacity of sorghum and the
profitable export markets that heretofore existed, the farmers have been
encouraged to grow the crop vear after year. Export markets in the Near
Fast and Saudi Arabia have up to now been quite elastic and able to
absorb  surplus sorghum from Sudan at reasonable and even quite
profitable producer prices. '

Sesame, a high quality oilseed, has a limited market but one

that does reward the exporter with a premium price. There is a steadily

increasing market for sesame seed for bakery and confectionary purposes.

Millet is the grain preferred by some tribes in Sudan and is
consumed locally. However, it 1is cnly 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 Striga
hecmonthica.

C. 1Impact on Total Food Preduction by the Mechanized Subsector:

The subsector has been a decided asset to the country and its
economy. While it does not have the consistent yield reliability of the
irrigated sector, it is the major supplier of high caloric food for the
urban secior, as well as being a consistent earner of foreign exchange.

With the combined advent of refugees, inadequate and erratic

rains, and a drought in Western Sudan, there has been an embarge on -

sorghum exports for the past two years. A lack of a food security

program and strategic food reserves has resulted in imports of FL 480

sorghum, a ban on sorghum exports and a substantial increase in sorghum

prices in 1984/85.

In 1985, both the mechanized rainfed, irrigated, and .
traditional subsectors increased sorghum acreage in response to price

incentives (see Attachment 2, Table 2B). Total increase over 1384 was
over four million feddans (50 percent) but proportions for each
. subsector varied as follows: -

Millions of Feddans

Sub_Sector From (1984) To_(13885) Percent Increase
Mechanized rainfed 4.5 7.3 62
Traditional rainfed 2.07 3.7 37
Irrigated 0.8 1.1 38

Total 8.0 12.1 51
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" machinery are pushing into undeveloped areas to sustain -and. 'increas

. Whereas "the traditional rainfed subsector responded toc price incentives:
by = increasing acreage 37 percent, the mechanized rainfed subsector.’
increased by 62 percent. Considerably higher yields from the iatter was'.
. also - recorded, but was due primarily to bringing new lands ‘into
. production. B :

Iv. Propbsed Project Description

- A, Perceived Problem:

1) Retentlon of Ewport Markets

‘The rainfed sector produces four major crops Cédrghum,{-
groundnuts, sesame and cotton) which enter export markets and . provide;f-g,
"~ the country with badly needed foreign exchange. Sudan has been unable to, .
maintain its level of exports in sesame, groundnuts and sorghum because -
of a decline in production, and recently has found that its traditional. - o
- markets for these crops - are being captured by other suppliers. - Short;-
staple cotton exports have alsec declined due to world surpluses and lack%
of demand for its poor llnt qualxty. :

2} Decllnlng Yields and Productivitf

f

. _ Rising prlces reflectlng shortfalls in productlon have}w S
resulted 1in increased planting of sorghum in both irrigated and: ra1nfedhrf}ﬁl
subsectors. However, - the bulk of the sorghum grown is in the i rainfed . . . *
sector (89 percent) of which 61 percent is grown on  'large scale -~ .
mechanized farms, and 28 percent grown by traditional pfoducers{ I A

_ Ylelds of -sorghum, however, are low in all sectors’ when?_ ,
compared with other major exporters of sorghum- ‘While sorghqm_ under: .o
irrigation is averaging 430 kilograms/feddan, the rainfed mechanized! .
subsector averages only 288 kilograms, und traditional growers " average "~ "
only 208 kilograms. Competing countries are able to exceed these yields = =
five fold or more. Thus, if Sudan were to expand its area 6 produce?ﬂ*’_'j
more sorghum it would find difficulty competing with. countries. whlch are]_'ﬁ“ﬁ
able to produce f1ve times the yleld per unit of area. : :

Vertical expan51on {yields) has’ fallen far: beh1ndl_:” 
.horlzontal expansion (area). In fact, over a 22 year peried (1061/83}}‘_“
- overall yields have declined almost 16 percent. But, in the same per1od}:f L
- the area planted to sorghum increased by 77. 4 percent with they .0
traditional subsector increasing 18 percent and the ralnfed mechanlzed
subsector 1ncrea51ng 249 percent.

 Sudan has been irpcreasing productlon at the. expense Of
expandlng area concurrent with accepting declining yields. " Tractors and

- production. . With 'the increasing prices of equipment and 'fuels, ‘the
Sudan will eventually reach a point where’ ylelds have declined to | “th ey
~extent that it is no longer profitable to grow sorghum It w111 then be?~ '




left with a'depleted:land resource base caused by lack of attention to
crop - and soil husbandry practices which promote long-term product1v1ty
for agriculture.

- 3) Research Constralnts and Lack of Priority

i e . e e e e

At present there is little being done in research hthh

"is applicable. to the mechanized rainfed subsector. The ARC ‘has

designated the Abu Naama station tc conduct such research, however its -
research has little relevance. Technology developed remains to be tried
and tested on farmers lands, and due to the station’s isclation it has
little access to the majority of the mechanized schemes. Much of the

research needed - concerns tillage and machine selection on the hard

cracking clay scils, however it has no equipment to do this type . of

practical research.

" Due to laek of priority'and/or funding, the staff-memﬁefs

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 superv151on end
_ contact w1th other sc1entlsts reduces the efflclency also.

. : Some very obvious research needs to be conducted-_eéend
the hypothesis 1is that results would result in 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
contreol, harvesting practices for sesame, and planting practices. '

'B{.fPfoject Goals and Purpose:

Attachment No. 1 is a preliminary logical framework which
prov1des an overview of the goal, sub goal, purposes, inputs,_éandg

outputs concerning the proposed project.

The goal is to obtain increased and sustained productlon from

the ex1st1ng mechanized farming land base. . This would be in- contrast to .~
current systems where increased preduction is obtained only through vast
expansion  into virgin lands which result in depleting soil fertlllty,.-
‘cause land degredatlon, and infringement on trad1t10nal grazing lands 043

“the. transhumants.

The ‘sub goal 1s to enhance. domestlc food - self*sufficieﬁcy;
maintain.and increase surpluses for export, and 1ncrease 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 the MFC in on-farm testing, and later extension -
- diffusion “of the technologies that are found to be technically :and:
economically wiable. - Strong linkages are. also to be made | to

=1




"agricultural credlt'agenc1es winich order and supply farm equipment, "asg
well as to encouragement and support of the private sector to supply off
farm inputs conducive to obta1n1ng high vields: . Lo

C;_'Expected Achievements and Accomplishments:-

These could be many fold in the prodect._ 'Theygllncludeﬂit i

revefsihg * the declining sorghum yield trend, increasing  total”

production, increasing area sown to-sesame, 1ncrea51ng‘prof1tab111ty of_ff

mechanized farming, encouraging rotation, and protectlng the env1ronment:
_by ;ntrodu01ng ercsion control techniques. : - ;

_ ‘The introduction of new and improved combinable var1et1esjre -
and hybrld sorghums, the use of fertilizer, the use of herbicides and’ -

insecticides when needed, the sh1ft1ng to more sfficient machlnery - and'

implements, = the = improvement of post harvest storage, and thefh; :
organization of efficient markets are all facets of the new technology AR

'to be tested, confirmed, and extended.

There w111 be a concurrent training of scientiéts,'fthe?.”

influencing of government ‘policy makers and the - encouraging’' of the

"private sector to have a greater 1nvolvement 1n the mechan1zed ralnfedﬂh
subsector. K i
_ _ o i
There are possibilities for con31derab1e technology:

" transfer of the research results generated in this project as opposed toeff o
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 ratlonale for this hypofhe51s is’ 'aﬁh
follows: ' o .
a. Nature of producers: The owners of the ﬁeans ofﬂjfie'
productlon are investors, with the intent of obtaining high returns to. .-
capital. They have more knowledge, better access -to ‘markets and'j_'V*

. probably are able to take advantage of credit :capltal__at _more;o“
reasonable rates of interest.  They have larger holdings, and even on =

=_demerc3ted schemes where the acreage is restricted per farm, - the: ownersﬁ 
- may control larger holdlngs through blocks rented by close relatlves‘ :

: : b. An exten51on system if costﬂeffectlve technology 1se-;f'
developed through research, the adoption would ‘involve a large number of.
feddans per individual. = The owners would be easier to contact through-ﬁm-”“

an extension system as they are usually living in the urban areas - and g

‘not scattered about in villages. An extension system does now ex1st in i;e;{
the form of the MFC. . _ _ : | T ﬁ'ﬁf?T“*

c. - Short term and intermediate loans: Méchanize&Vﬁi;:
-farmers do have the opportun1ty,‘ at least on the demarcated schemes, to .

obtaln loans through the Sudanese Agrlcultural Bank.

d. Farm service centers: The emphasls in thls prOJecf:ef,ff

'.on the establlshment of sources of. crit;cal farm inputs Esuch as__,:;.

machinery spare parts, fertilizers, dessicants, pre- emergent weed_"'”ﬁ'




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 also would minimize the amount of credit and tra1n1ng
support needed when dealing with the traditional subsector.

D. The Functioning of the Project Within The Existing
Research/Extension System. :

1) Present Research Organization: The 10 million féddan'
- mechanized rainfed subsector is presently served by two relatively:
_ inefficient research organizations: ' -

a) MFC research which was spec1f1aally established to

service the mechanized rainfed subsector in the East and Central Reglons -

at the follow1ng locations (see Figure 1):

Simsim State Farm — Gedaref
Agadi State Farm — north of Dam321n
Habila - east of Dllllng

: The Agadi State Farm now belongs :té the zAfab -
Authorlty for Agriculture Investment and Development in the Sudan

- (AAAIDS). The organization conducts its own research and appears to -

' 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.

MEC also conducts agronomy and machinery tests at
the El Fuda 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 Loncentrates ~on
plant populations of traditional and new crops, fertilizer requirements,
problems of crust formation on problem soils, better adapted va rieties
of millet, groundnuts, sesame and sorghum, and the potential for new
‘CrOps such as cowpeas, guar, sunflower, forage crops, and grain 1egumes _
Trials for moisture conservation and controlling erosion are also belng
done with various cropping rotations. Much of the El Fuda resgarch~
duplicates that done by WSARP at Kadugli. El Fuda 1is roughly?~100
- kilometers west and south of Kadugli. ' ' 3 E

The WSARP Kadugli station is also near the Hablla
research farm but here the soils and scale of mechanization are
significantly different from both El Fuda and Kadugll. S

The MFC has employed ARC scientists to mon1tor thEIF
"~ trials and make suggestions to improve crop research Such_revlews are
made by the sepior staff of ARC. : ' - '



Figure /.

Map of Sudan Showing Relevant Locations of Mechanized Rainfed Research Activities
and Propoased Roads.
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b) ARC Kenana Station at Abu Naama (Figure 1)}. This

facility was developed to serve the agriculture of the rainfed sector in

the eastern and central regions of the country. The station was also
assigned the research responsibility of supporting the kenaf producticn
‘in an adjacent area. Consequently, Kenana also conducts some irrigated
research.

The station has nine scientists, Tfour of which ‘have

PhD’s, and five which have M.S.’s. Disciplines represented includeé two
~ agronomists, an entomologist, a weed specialist, two plant breeders, a
soil scientist, an agricultural engineer, and a plant pathologist.

While the mix of disciplines is to be commended, it is lacking ~a .

. production econcemist and an animal scientist if the station were .to
cover the majcr disciplines for the 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 for MFC Research

Machinery research trials are very extensive in area
and comprise several thousand feddans at each site. Consequently ‘such
trials with replications are both expensive and time consuming. Due to
rainfall patterns during the period 1982/84 the agronomic  and
- mechanization trials were confounded and as a result there were few; 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: the’
machinery trials suggest use of chisel plows, precision planters: and
combine harvesters. Recommended herbicides are "sorgoprlm 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 the end of 1985. The Chairman and Directér of
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 IDA support and leadership, it cannot be - expected to .
improve with reduced funding and direction. Consequently the agronomy
and machinery research program for MFC will probably be less effect1ve
and considered as only salary support for the technicians with little or
"no funding for operatlons, spares, and training.

3) Proposed Research Program and Organization

A five 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 in the design are the following:
a) Graduate training for at least five scientists: who

would be obligated to work in rainfed mechanized research for at léast:]
five years after returning from training.

. b} Rather than build new facilities and housing, 6r_tq"
invest in the complete rehabilitation of Kenana Research Station, it is

11



recommended fhat the headquarters of mechanized farming research “be

moved from Kenana to Damazin, 110 kilometers south (see location ion..
Figure 1). Damazin is adjacent to Roseires Dam and has ample electric -
~power, water, and an all weather airport with limited ‘commercial -

flights.

Site of the research station would be in the-

facilities previously occupied by the Blue Nile Integrated Agricultural -

block, a workshop, warehouse, seven expatriate homes, and 22 houses. fof Ve
Sudanese staff, of which eight are three bedroom and five are _twoﬂf_’

bedrcom houses.

c) Station research at Damazin can be carrled on at a

150 feddan fenced farm that has previously been used for research trials

- Development Project ' (BNIAD). The facilities consist of a 24 office

in- the BNIAD. It 1s located only two kilometers from the headquarterS-fif

bulldlngs, and is equipped with a well, warehouse and shed.

d) The BNIAD has three other larger farms at Abu Gumel,_?

Abu Shaniena and Karen-Karen. ‘These function =as demonstration’ trainming

centers with additional roles of providing producers with custom tracter_;ﬁ

serv1ces, credit, and seed. It is hoped that the provincial: governments
of the Blue Nile would assume support for these centers and in the near.

future they could become self supporting. There is presently no need to:-

have a mechanized rainfed research program assume the role, staff
equipment and housing presently at these three farming centers.

e) Vehicles and equipment presently. 3351gned to BNTIAD -

could be utilized by the rainfed mechanized research program. These'

consist of 29 vehicles, 14 tractors, planting, harrowing, weed1ng, and -

maintenance.

_ ) At least five Abu Naama ARC scientists ‘could be
transferred - to Damazin ‘and be supplemented with two expatrlate”-;ﬂ
scientists to provide the necessary critical staff to implement ia . .

dynamic research program staff at the Damazin - Development and

Verification = Farm. This would subsequently be. renamed the fARCe

MECHANIZED RAINFED FARMING CENTER . The research talents necessary to

the center would be an agronomist, a plant breeder, a weed scientist, anf7

training. Abu Naama would retain the services of an agronomist, a soil.

- scientist, a plant breeder, and a plant patholog1st. An agrlculturel"'

economist could be subsequently assigned to Damazin to complefe1'the_'

staff.

g) Research would initially follow along the 17 tr1ais‘. 2

establlshed by the BNIAD in their agronomy verification ' trials (see

attachment on BNIAD experiments). This research is in its ‘third and
‘fourth year of testing. The crop rotatien and fertilizer trials are of

- spraying equlpment as well as workshop equipment for repalr and-,‘n

entomologist, and an agricultural engineer. Expatriate staff woulds N
consist of a machinery specialist and a sesame specialist with agronomy}g

a long term nature and should be continued even if the concept of the S

mechanlzed farming research center is reJected

12

grm

i et



h) Salary incentives of 25 percent, similar to the
WSARP, could be provided, but is not considered essential. The posting
to Damazin would be more advantageous than Abu Naama where no incentives
are presently received. It is believed that the opportunities for post-—
graduate training and practical training, 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  activities.
Consequently, a five-year operation cost of $US 400,000 is programmed as
" a line item for the center (see estimated costs, Section V.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 training and -

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 a relisble cash
crop in the subsector and could be rotated effectively with sorghum.

The problems of sowing and harvesting remains to be solved and presently
there 1is no competence in sesame research and production in the Sudan. .

V. Factors Affecting Project Selection and Further Development

A. Sccilal Analysis

1} General

The mechanized rainfed 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 Westerm and Northern parts of the country to work as
- migrant laborers. o

The present mechanized technology in sorghum production
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,’ and
feeding of the 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 1increasing productivity of @ existing farms. From a technical N

standpoint it involves trials on crops, varieties, cultural practices
using mechanized implements, rotations, and other productivity rplatedj

activities. From an economic standpoint the research would study: th&,[.é .ff

profitability of improved production and soil conservation practlces to’
the individual farm owner as opposed to the existing system, and of the -
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p0551b1e impact that increased productivity would have both for domestlc
consumptlon and increased exports.

. : Social considerations appear to hinge on two categories:
the wutilization of underemployed 1labor, and the lower costs of
production which might cause further encroachment of lands presently
~‘used for livestock grazing 1/ 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 are

‘contributing factors to soil erosion and loss of permanent.vegeiation.

2) Labor Utilization

In the late 1970’s a study 2/ indicated the followxng

. labor ' requirements needed for sorghum and sesame in the. mgchanlzed_:__ =

subsector:

Labor Hours per Feddan-y'

Sorgh Sesame
Burning off crop residue 0.25 : 0.25 L
Weeding once 20.0 20.0
Sorghum head cutting/stacking 8.0 ' ——
Sesame cutting and stacking - -30.0
Sorghum threshing from piles .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 ini -
1985 3/ indicated that the costs for hand labor in mechanlzed sorghum
operations averaged in excess of Ls 25.00 per feddan. Jobs performed
were identical to the 1978 study. 1In that sorghum under mechanization

~accounted for 7. 335 million feddans in 1985, this hand labor usage is;":

s

Ao s

_1 /See Attachment 6 "Im?lications of Mechanized Farmihg on Li#estocg._..;q

Production.

'g["Alternative StrateQie# for Agficulture Development in the Céntfal i
Rainlands of the Sudan,” Univ. of leeds, R. D. Study No 3 1978

ézngxpected Ylelds, Production and Costs of Sorghum in Ralnfed é “; :_g:..
Mechanized Areas of Sudan,” PAEA/MANR, December, 1985 ». Sudan. e
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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 traditional farmers. At Ls 25.00 per feddan the amount
spent was 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 to 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 million 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 feddan for hand labor, then the amount received by N

' laborers in 1985 was Ls 58.8833 million.

3) Ownership and Hanagement

Generally, but not always, the owners are merchants

having management knowledge and access to capital. Many are of northern

Sudan and Khartoum origin where arable land is scarce and livelihood
‘needs to 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 jthe :

farm less than six months of the year.

4) Land Allocation and Encroachment

On the demarcated areas Ls 1.00 per feddan is charged aé'_'

‘land rent and must be paid regardless of whether the land is farmed. or

fallowed. - The rental was proposed to be raised to Ls 2.00 per feddan a

" few years ago; however, there was much political opposition and 'the

matter was dropped. While there is a limitation of between l,OOO_gand_r' '?

3,000 feddans per owner (depending on the scheme), ' there are
considerable joint holdings in the names of clese relatives which are

subsequently farmed as one large unit. At the present time there 'are

over 6,000 tenants on the demarcated schemes, with as many ﬁofe-'
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 lecal '

rural councils for use in health, school, civil service salaries, road L

construction, etc.

| - On the undemarcated areas the village'"sheik”IWOuld éive'
the right to farm unused land to mechanized operators. This authority
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was later transferred to an elected rural council with the power given-
to one of its members to grant leases. More recently the right to use '
undemarcated lands has been allotted or approved by various levels of -
local government, from as low as the local rural council to as high as
‘the regional Minister of Agriculture or Governor. In this sense, all

land not approved by MFC or the Agricultural Investment Commission .is :

considered undemarcated.

5) §_q¥.n3:a__rx

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 from nearby traditional and -

migrant farmers who regard the mechanized farms as a source of

supplemental income. Others benefiting from this employment include the
thousands of refugees from Ethiopia and Eritrea, Uganda, Chad, and Zalre -
' who now work and reside in Sudan.. :

One might say that the loss of work opportunitles by

traditional farmers would force them to do a better job of farming thelr:’ 

traditional plots, but it is doubtful that this would occur to any ‘great s

-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.if
traditicnal farms occur mostly in the weeding period. :

Income distribution is not equitable in the _subéector..
Owners of the means of production are largely speculators and they 5
control large holdings. _ o L

The method of land allocation on the undemarcated areas ;%;\
very frequently does not consider the traditicnal users, ‘such ‘as the =

transhumants, who are present only at certain times of the year.: 'Lands'f
of  the permanent sedentary farmers have been more secure, -as. they can -
complaln to the local shelk and obtain redress. : o E

B. Fipancial Analysis:

.1) Present Economics of Farm OperationS:

Using only three pieces of field eguipment (a 60-70 ? ﬂ,.¢
 'horsepower tractor and a wide-level disk planter) the farm manager -or | =

tractor operator disks up the field soon after the weeds have germinated | -
in the early part of the rainy season. After a few days the planting is | .. 0

- done using the same wide-level disk, but now planting the crop at . the .

same time that the field is being disked. While the crop shéuld--be.ﬁf*“ "
planted into rows to facilitate weeding and uniform depth of planting, |- _
- the mud thrown up from the disk planter plugs the seed hoses.  To ' =0

rectify the problem, the operator cuts off the hoses and the seed.  is
- then broadcast rather than row planted. By planting into rows and at a

“uniform depth there is presumed to be an increased economic_ efficiency-- ?f‘¢
of production. By not delaying the second cultivation (to allow wéeds3to“'"
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germinate and grow) the crop could get off to a better start with the
‘possibility of higher vyields, and the assumption 1is that economic
efficiency could again be enhanced.

The farm operations, however, appear quite rational from the

standpoint of the econcmic situation in which the owner finds himself.
He seeks to maximize returns from the limited capital obtained through
fairly 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 1is allowed to use additional land as ‘an
alternative to the block he has depleted due to continuous cultivation.
The concern of the owner 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 difficult to obtain for the machines now used @ in

Sudan.

The farm manager is getting maximum efficiency from the

limited capital investment in machinery. He runs the tractor and drill

~unit for approximately 20 hours per day by hiring two tractor drivers

~and two greasers. FEach works a 10-hour shift. In fact, the same
equipment " listed above can very easily be used to farm a 1500 feddan

unit as effectively as a 1000 feddan unit.

When the crop emerges and weeds appear, the 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 of miles away. There has always
been an abundance of hand labor available and the labor rate has !only

been slightly more than Is 1.00 per day. However, the owner supplements
this salary by providing some dried fish, 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 -wheref'thej.'“
mechanized farms are located. 1In 1985 the labor contracts were slightly =

higher than in previous years, as it was a favorable year for pianting

and more acreage was seeded due to the higher expectations of price el

{prices had been driven upwards by the drought of 1S84). But labor

efficiency 1is 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

in 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 to dry. However, .
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- a straight combining operation, or using two operations if the crop has:

the great bulk of acreage planted is in sorghum simply because this crop
is more profitable and easier 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 10 hours and the other half ancther 10 hours.

The  combine is moved from pile to pile and the laborers fork the heads

into the cylinder to be threshed. Large burlap bags, each holding about =

S0 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

to 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.

Threshlng of sesame is done entirely by hand. ‘A labor crew
comes to the field, up ends and beats the bundles to separate the seed-

from the straw and then winnows the seed. It is then placed into large
burlap bags and awaits transport to the buildings for later markéting._,f

Farm buildings consist of a few native-style huts which are =

used for storage and also as housing for laborers while they are at . the- .

farm. The owner or manager hires a lorry at Ls 5.00 per bag toitake the_

crop to the nearest market center where it is sold to mlddlemen

2) Management and Investment Income Analysis:
(1500-Feddan Farm under Three Cropping Systems)

a) Present System {(0.28 tons.per feddan):'

Table No. 3A, Attachment No. 3 is shown to glve' a?_
perspectlve of the present level of income per feddan -of ‘sorghum. :
Returns to family labor is not included as it is not normally 1nvolvedj:

in the farm’s operatlon.

The yield of .280 tons per:feddan is - the fiﬁe;Yéafﬁf'

average for the period 1979-83 in the Gedaref area. Average yields

dropped there. to 0.137 tons in 1984 due to the drought, but_irose to.
0.316 tons in 1885, 'a good crop year. The average price of Ls 300.00-
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"natlvey'"

- management/investment income is presented for Ls 350.00 and Lg-_4QO OOE_

per ton.

The crop tah is paid at a fl\ed rate of Ls 95 00.- per?,
sack of 90.9 kllograms and does not increase or decrease with changes - in

sale price. Neither does the rental charge of the land. This 1nd1catesj '

a couple of reasons why farmers have found it profitable to expandq-thei;i
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land area. The unavailability of fertilizers and herbicides and lack of
~equipment for 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.

b) Improved System (0.50 ton per feddan, -
Medium Efficiency):

1) Table No. 3B, Attachment No. 3, is shown to give
potentials for income increases on the same 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 Ls 10.00 per feddan versus Ls 5.00 for permanent staff.

2) The system incorporates the use of summer fallow (dne—'

fourth of the farm) to control Striga hermonthica, herbicides, row
seeding, and improved varieties. In the example there is an investment

‘in a chisel 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 1is an

alternative to the present investment of Ls 50,000 for one tractor, and

a wide level disk planter at Ls 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 using a precision planter. The weed

sprayer immediately follows planting to apply a pre—emergent herbicide.

4)  Through the planting in rows and application of herbicide
it 1is possible to eliminate three-fourths of the hand weeding expense;
- however, the existing hand harvest and statlonary comblnlng operation is

left in place. : '

5} Managemenf/lnvestment income before financing is shown for
farm—gate prices of Ls 300, 350, and 400 per ton.

c) Improved System {(0.60 tons per feddan;
High Efficiency): - '

_ 1 This system shown as Table 3C, Attachment No. 3. is

- identical to the recommended practices shown under medium 'efficiéﬁcy;'
with. the exception that yields are increased to .60 tons per feddan,

repairs to machinery are kept at 10 percent of original cost per ' year,
and  permanent staff costs are not increased from the present system;

2) Management/lnvestment income before flnanc1ng is shown for
‘market prlces of Ls 300, 350, and 400 per ton :
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. systems is a fixed cost, while under the present system weed control is |-

FINANCIAL INTERNAL RATES OF RETURN (FIRR)
(1500 feddan farm under three cropping systems)

1) Tables No. 3D, 3E, and 3F Attachment No. 3 show cash fiows
under the above three alternatives over a 14 year period at farm gate
prices of sorghum at Ls 300, 350, and 400 per ton. Swmmary of the tablés
1s as follows: '

Table 1. FIRR of 1500-feddan farm, various efficiencies and
sorghum farm gate prices.

' Financial Internal Rate of Heturn .
Cropping System Ls 3056/ton Ls 350/ton Ls 400/ton

Present system 13.5 52.5 113.2
0.28 tons/feddan

Medium efficiency system = (-37.7 22.0 '53.7
0.50 tcns/feddan '

High efficiency éystem 35.4 . B0.2 157.1
0.60 tons/feddan

e

2} Sumpary:

_ : a) Farm gate prices are more likelv to be under Ls 350 _peﬁ; ”T
~ton in the long term. Farmers must therefore cobtain high efficiency and @
.more  than double present yields in order to profitably adopt presen*jj”'“

recomn=ndat ions. This would be a conSxderable increase and  is nct?“f}
realistic. : T

b} There is high variability of rainfall between.éea#onsqandj_.f
‘within seasons.  Extra machine cest with medium and  high - efficiency .

a variable cost. ~Other risk factors include availability of spare ' .
parts, and obtaining skilled staff to run and service the added .
equlpment. e i

'c) Higher land rental costs,longer term leases, and” hlghefé ;”

hand weeding costs would encourage vertical as opposed to horxzontal:"
expansion to obtain productivity increase.

C. Economic Analysis:

This analysis reflects profitability from the viewpbintz'ofji-'

socxety as a whole. While not normally done for research projeét$; fit_;.
should be done durlng the project preparation phase for the ' Rainfed s
Mechanized Research Project. Some points which should b@ CODSldPTEd in

the analysis include:




1) Adjustment of Transfer Payments: Because ef  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 !arge increases in export of these
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 amounts seem to be.
paid (or not paid at all} and there is no way to determine the amounts

‘unless a guery is made to the regional and local governments.

It is alsc known that there is a transfer payment
occurring in  the rates of foreign exchange for the purchase of farm
machinery. "While purchases for most machinery in the demarcated schemes -
is coming through loans from the Sudanese Agricultural Bank, -the.

- exchange 1is reported to be at the official rate and overvalued. There--'”

are also distortions in the debt servi-~e which is reflected in " non- . -
payment of loans by producers.

2) Prices on Foreign Exchange: The official exchange rate is -
in the process of “hange and there needs to be a more timely study done
to determine the shadow exchange rate. This is of great importance in
that much of the research is actually adaptlve in nature and if adopted
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

Agrlcultural ‘Bank of Sudan actually does some imports in bulk 'thrbugh_h"'

its loan program, one needs to know the amount of discount that: is -
obtained through such bulk purchase. '

3}  Shadow  Pricing of land: While this is valued at' its
opportunity cost, it is unknown “what this amount really should be. : Some
estimates place it as Ls 5.00 per feddan, while others state that. 1t
goes as. hlgh as Ls '10.00. ’ D

4} Shadow Pricing of Labor: The present mechanized_subséctor

involves the invester and his agent, plus a high amount of  unskilled:

hired labor. There is skilled labor at one shadow price, unskilled and
underemployed at another, each wlth varying costs depending on. the
demand for labor on their own farms. There must also be placed a value

on in-kind support to the labor including water, transport, hou31ng, and
food.

- 5) .§529§£§! The mechanized subsector produces mostly Ly
- sorghum and sesame for export. The traditional farmers produce for both:

domestic consumption and export. There have to be estimates made of

economic export value based on: converting local to foreign - currency, .

costs of storage, loading, and transport to Port Sudan.

g8) Intangible Benefits: While these are usually 1gnored in:

- economic analysis, they do have some relevance if it becomes: ccoste
effective to substitute machinery for hand labor in the subsector (see

soc1al analysis).

21



The increased yields brought about through capital.
‘oriented’ technology can produce some increased revenue for traditional

communities. Local taxes, now estimated at 10 percent of the value of_"

production at Ls 25.00 per 90.9 kilograms, might trickle 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 capltal
-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 it may encourage more intensive farming of frdglle
- 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

stubble 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 amcount of
fodder left fcr nomadic gr321ng in the dry season would be unaffected

D. Administrative Analysis

Mechanlzed rainfed research: would be placed under tﬁe
admlnlstratlve control of the Director General, ARC at Wad Medlna,- and
be added to the responsibilities of the Deputy Director, ~ WSARP. The

Director General would name a station director and staff at DamaZln RS RE

similar to that of the prasent four stations of WSARP. At a later date,

there would be a director assigned to handle the éntire rainfed research |

sector in ARC. Two research subsectors would be supervised by him, that
of traditional and mechanized rainfed farming. Other directors would be

named to administer research in the southern tropical and . irrigated

areas and to. supervise support services such as a central library,

outreach, and documentatlon._ : SR

Figure No. 2 is shown to illustrate the four*dlrector

concept and . to show how research into mechanized farmlng could be: s

~1ntegrated into the present research structure of the ARC.

E. Estimated Costs:

The follow1ng are estimates of costs of the project o?ef, a'_§_ fT

'flve—yéar term.




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

-_Teehnitalfassistance'(loag term). - N
_ Agronomist® : 5 yrs @ $125,000 $625,000
“Agricultural engineer. ' 5 yrs @ $125,000 625,000

Technical assistance {short term) _ . :
- 64 person years Economics, soils, _ 832,000 .
: plant pathology, : :
entomology, etc.,
@ $13,000/month

Participant training o e R
- Long term . 16 yrs @ $30,000 ' 480,000

Short term : 100 months @ $10,000 1,000,600
Commodities (x) Tractors/equipmentfl 400, Oﬁd: .
Recurrent costs o $50,000 @ 5 yrs. 250, ooo _3

Total: $4.-,'212,0_oo..”

. (%) Assumes BNIAD facilities available at Damazin.

" F. Design_Strategy:

1) Pre-Design: It is recommended that approx1mate1y a . one.

month’s consultancy be dcne by a sociologist/economist prior ‘to - the-; a3
- design of the project paper. This individual would d;rect :effgrtsﬂ E

‘towards the fol_lowing areas:

| a) - Extent of migrant and resident hired labdf' ﬁ0w RN
-.employed in" the mechanized rainfed subsector. Determine opportunlty;;'

‘costs of such labor during periods when high labor inputs are required..

This . would include alternative employment in irrigated and tradltlonal _f:i

agrlculture, as well as the amount of work done by refugees.

b) The level of labor skills requlred that are. presentlylvf"-s

requlred in mechanized agriculture, and the upgrading of skills requlred
‘through use of machlnes such as sprayers, pre01s1on planters, Jrowq--
cultivators, swathers, and comblnes._ o !

c) Make an assessment of loss in employment of labor _ifi-i sf
the subsector were to become 1ncreas1ng1y mechanized in 1ts operatlons.esieifﬁ

2) Prodect Design: The prOJect paper de51gn is " qu;teéf'e‘

stralghtforward and would require no more than a four week consultagcyf'
by a highly trained agronomist and agricultural engineer. - o
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a) Agronomist: Should have had much experience with
research in sorghum and sesame crops. If a combination of skills cannot
be found, then two agronomists on the team would be useful. The needs
for the sorghum specialist is in the area of highly adaptive research

intended for technology transfer. In sesame, a specialist in plant-
breeding/variety selection for non-shattarlng 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 concernlng improved cultural practices and

machinery selection for wuse 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 -in the Great Plains area. USDA/OICD might suggest sources of
sesame specialists either from the ARS Special Crops D1v1510n, or .

through the Land Grant System in Southwestern United States.

G. Environmental Assessment:

The project will be emphas1z1ng research whlch when extended

will serve to reduce present degradation of the land resource taklng'é
" place in the mechanized rainfed subsector. The thrust will be to . =
improve soil fertility of the existing land that is used, rather thana P

expanding horizontally to "mine" new lands wh1ch have proven to have
limited long~term productivity.

To make existihg lands more productive in the long term

necessitates the use of fertility rejuvenation crop rotatlors,.

fertilizers, more efficient planting techniques, weed control to reduce

nutrient competition from weeds, . and earlier pianting dates to mawlmlze P

- use of early crop season moisture.

To accompllsh the above, there will be some research worh and' 3
‘supervised field trials using herbicides and insecticides preésently - .
recopmended for sorghum and sesame in the developed countries. The use. !
of pesticides and herbicides are not new to Sudan. They are used | °°

extensively in the  irrigated and rainfed sectors for crops such as

sorghum, peanuts, wheat, sugar cane, and cotton.

Clearance for use of pesticides_.iS' regulated by the“ai 
~Agricultural Research Corporation. Training courses are provided: to ...
~users by the Plant Protection ' Administration, and the Agricultural . o

Extension Service of the Ministry of Agriculture.



In all cases, the research irto 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 gemeral use until assurances can be made ‘that °©

users are trained and properly supervised.

~H. Complementary Projects Supportive of the Mechanlzed Ralnfed

Research PrOJect

There are several voids in the infrastrﬁcture 6f' :the';f:L
mechanized rainfed subsector that need attention and concurrent_}i
development if the subsector is to assume its fully productive role in ;

the national economy. In addition to research and its subsequent

extension, the obvious voids are roads, rural water supplies, and the ;g:
provision of a multitude of agricultural inputs, plus a mechanism for .

-storing and marketing the expanded production.

Attachment No. 4 includes a discussion of the fqllbwing i;.

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

PRELIMINARY LOGICAL FRAMEWORK MATRiX MELHANIZED RAINFED AGRICULTURAL RESEARCH PROJECT

Narrative Summary

Objectively Verifiable Indicators

Means of Verlflcat1on

Important Assumptlons

GOAL:

Increased production from the
mechanized production. systems,

SUBGOAL:

To ‘enhance domestic food
supplies, develop grain
surplus for export, increase
standard of living for those
engaged in mechanized farming
in rainfed agricultural
subsector.

PRGJECT PURPOSES:

1} To improve the capability
of ARC to provide research
for technologies needed to
overcome ¢onstraints to
rainfed mechanlzed farming
systems.

'2). To develap 1inkages_between
- ARC and ‘MFC for conducting :

“on farm" tests for improved

: 53) To st1mu1ate the pr1vate
- to provide ‘necessary {nputs
" to the sector for adoption

_of the new technologies, - =~

“Farwing

Increases in food and 11vestock
production,

Sustained increases in yield of
mzjor crops of the mechanized

subsector of rainfed agriculture,

Improved incomes for the rural
inhabitants of Sudan that are
involved in rainfed mechanized
farming,

Research staff is in place within
the ARC infrastructure for research
that can (1) identify and prioritize
constraints to production systems.
{2} Plan and implement interdisci-
plinary research programs to solve

_ constra1nts.

MFC has tested new technology

packages in field situat1ons.
.m.teCh"°1°9‘95-"mm_h””__mﬂ e e e

: An Agr1c. Servmce Center for
. providing production inputs

needed for adopting new tech-

nology: for rainfed mechanized . -

S as functloning w1thln“ﬂ”] o
. the pr vate sector..””.

National statistical
reports completed from
production field surveys,

Statistical reparts of
agricultural production,

Field surveys of farm and
household income.
Contractor reports.

ARC annual research
reports.

Project evaluations,

Site visits.

' Agricultural research wili

contribute to improved ayri-
cultural production, and new
technologies will be adopted
by the farmers.

That new technologies will
lead to economic increases in
yield and supply of food
grains.

That these economic yield
increases result in improved
incomes for the rural com-
ponent as well as the urban
manipulators of the system,

That staff can be identified
for training and work at
research assignments in the
rainfed sector,

That MFC will provide staff
and equipment for testing

new technologies.

_ That'thé-priﬁate-sector has

an interest in becoming

~involved in support of
.~ mechanized farming programs,
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ATTACHMENT 1 (continued)

 Project Qutputs

Magnitude of Qutputs

Means of Verification

Important Assumptions

1. Functional research
stations with relevant
programs for mechanized
agricultural production
systems are in place.

2. A cadre of trained
scientists is planning and
conducting research programs
for rainfed mechanized
production systems,

3. A farm systems research
unit is functional and pro-
viding baseline data for
identifying and prioritizing

constraints to mechanized

farming systems for rainfed
agriculture,

4. The MFC is conducting

“on farm" research testing

of technologies and monitoring
farmer managed interventions
into production systems.

5. A Farm Service Center is
functioning under the prlvate
sector.u . .

. 6. The GOS has demohﬁffétéd:
-~ jts .ability to support a - .

viable research program.
for ARC when' donor support

SR Y terminated.

 “equipment,

1. A research headquarters
developed at Damazin with a
supporting station upgraded at
Abu Naama. . Relevant research
proyrams are underway at both.

"Contractor reports,

2. Four staff members identified
and trained, and all functioning
within the rainfed mechanized
farming research program,

Annual research reports
of the ARC,

3. Four production scientists
{Agr. Engn., Agron., Econ., and
Sociologist) are trained and
functioning throughout the
mechanized rainfed agriculture’
subsector to identify and
prioritize constraints to
production,

Evaluation reports, site
visitations, published
budget figures,

4. MFC is working with ARC
scieatists in testing station
proved technologies through
on-farm triats at Simsim,
Damazin, Dilling, and Habiia.

5. An Agric, Service Center has
been developed at Damazin which
is operated by the private sector

to provide the agricultural inputs
‘needed - to sustain adoption of

improved technologies on rainfed
mechanized farms,

6. The GOS, through its research -

institution ARC, is meeting salaries,
and -recurrent operational
costs for rainfed agricuitural

..research.at_the end.of project, . .

1. GOS make available to ARC
the Blue Nile Development
facijities at Damazin,

2. ARC approves the develop-
ment of a research head-
quarters at Damazin,

Scientists can be recruited
for training, and complete
training on schedule.

MFC is willing to cocnerate
with ARC thru field testing
programs for improved
technologies.

The private sector is
interested in development of
Agric. Service Center.

' Thé'Ministry of Finance and

Econ. Affairs provides

‘scheduled budget increases,
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" ATTACHMENT 1 (continued)

 Project lnputs.

Magnitude of Inputs

Means of Verification

‘Important Assumptions

1. Technical research:
assistance in agronomy,
engineering, and related
fields to MRAR, -

2. Participant training of

MRAR staff,

3. Training and coordination

of FMC ext. staff for on-farm

trials and extension to
private sectors.

4, Logistic and commodity
support,

1. Long term: .10 person yrs
@ $125,000 = $1,250,000.
. Short term: 64 person yrs

@ $13,000 = $832,000.

2. Long term: 16 person yrs
@ $30,000 = $480,000
Short term: 100 person mos
@ $10,000 = $1,000,000

- 3. a) Training classes and
conferences on trials and

recommendations, b) Training
classes in technology, in
machine use, calibration,
chemical use, plot layout.

4, Commodities, tractors, and
equipment: $400,000

5. Recurrent costs: $50,000/
year x5 years = $250,000.

Total project cost: US$4,212,000

Contractor reports.

Contractor reports.

Contractor reports.

ARC reports.

Highly qualified and
motivated researchers which
can be recruited to work at
remote research stations in
Sudan. '

Suitable candidates can be
identified and released for
training; and trained to

‘technical competence,

MFC will cooperate to provide
extension component and to
assist in on-farm trials.

Foreign exchange funds
provided.

Waiver by USAID of minimum
percent contribution by GOS;
also availability of

Title III currency.



ATTACHMENT 2

TRENDS IN FOOD SUPPLIES AND PRODUCTIVITY, PRODUCTIOV AREAS,
AND PERCENTAGES BY SECTOR, SUDAN
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 TRENDS IN FOOD SUPPLIES AND PRODUCTIVITY, PRODUCTION AREAS
| AND PERCENTAGES BY SECTOR, SUDAN

A. Food Supplies and Productivity

1) Sudan’s people consume mainly a cereal based dlet.-_ A»erage

~annual per capita consumption by its 22.5 million pecple -is between 1197

and 126 kilograms of cereals of which sorghum, millet, and wheat account

for as high as 98 percent of the total. Table No. 1 shows an estimate:
of total requirements of these cereals. Sorghum s share ranges from 60
to 66 percent of the consumption in 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 is rising as a result of demand'

in the wurban areas and reflects possibly some income elest1c1ty,e-'_
government bread pr1c1ng pollcy, and concess1onary'imports _frqm- the -~

Unlted States

2)_ Drought in 1984/85 created an overall deficit’ of all Eoereels,ééiffaf

however estimated production response in 1985/86 will again satisfy .
consumption requirements except for wheat. While the overall progectlon

deficit and only three are surplus. Surplus provinces are Kassala (685

for 1984/85 leaves a surplus, eight of the country’s. provinces. :are, _f

-percent), - Blue and white Nile, Gezira (247 percent), 2and. _Southernﬂ-jff"

Kordofan (19 percent). Surplus production is all from the meohenizedjef;;'

~ rainfed sector.

-3 The abundant agrlcultural resources of Sudan. suggest that the |

- country should not have problems in 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 marginall

production areas, and increasing the total area planted to cereals,]_ﬁ”='

mainly sorghum.

4) The follow1ng table 2A prov1des an overview of’ consumpt1on _and
production of three cereals which together constitute practically "all:

of the cereals consumed. Note that over the five years between 1979/83' '

‘there was a surplus of sorghum and millet, and a deficit in wheat. 1984
was a drought year and considerable deflclts were recorded . in all threef :
- cereals. Huge surpluses in sorghum and millet were’ recorded for 1985 ai

good crop year. : :
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‘Table 2A. Average Consumption per Capita of Major Food Grains in.
Sudan as Compared With Actual Production Levels (COOMT)

_ Annual 1Total Total Total
Major Food Per Capita Require- Ave. Prod. Prod. Prod.
Grain Cons.kg 84/85 ment 1974/83 1984/852° 1985/86

" Sorghum  74.0 1665 2118 1067 3843
.Wheat 36.0 810 180 79 195
‘Millet _ 7.5 169 392 158 78
TOTAL 117.53 2644 2690 1334 4517

1Based on 22.5 million population
'ZDrnght vear

*0ther cereals at 1.7 kg bring consﬁmption to 118.2

B. Prcduction Trends of Four Major Food Crops
{Table No. 28}

_1). Sorghums:

This is the most important food crop in Sudan. - In the 11
_year period from 1972 to 1983 its share of production area  was 47

.percent. Its share of total tonnage produced was 56 percent. Abcnt.ll'" "

percent of the production  is irrigated, 61 percent is rainfed

mechanized, and 28 percent is grown by traditional farmers. Over the. Q1f
‘past 22 years Sudan has been a net exporter of sorghum,averaglng 112 000_;"'

-tons per yeszr.

: Average area planted to sorghum by mechanized raiﬁfed_farﬁers,
was. 984,000 feddans during the peried 1861-72. From 1872 to 1983 it
increased to 3,434,000 feddans an increase of 249 percent. In 1885 it~

took a further jump to 7,335,000 fedcans which made a total increase of -

645 percent. ‘Tonnage went from 324,000 in 1971 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 respon51veness to supply and demand. = '

The traditional rainfed subsector has not been as responsive.
It went from 2,254,000 to 2,657,000 feddans in the same period for a
‘change of only 18 percent. But it too responded by geoing to 3,703,000
‘feddans 1in 1985 for a total increase of 64 percent. But -its  increase
‘was mainly at the expense of groundnut production.
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2} Millet:

This 1is primarily a subsistence crop with 96 percent of the = .
tonnage and 98 percent of the area in the traditional rainfed subsector
in 1985.  About 91 percent of the feddans and B9 percent of the tonnage. °
is in the four western provinces, however yields are low averaging only E
142 kilograms per feddan. Three of the four provinces in the west are

deficit and do not produce enough for consumption by 'its inhabitants. o
‘Low productivity of the soils coupled with subsistence farming practlces'i‘f
.are the reasons for the deficit. Millet is commonly grown where there =~
is a short. growlng season and where only marginal levels of ralnfall aref.
‘received. :

3)  Sesame:

o This is a cash crop planted by both the mechanlzed dnd
traditional rainfed subsectors. About 34 percent of the tonnage was-ﬂ;
 produced  in the mechanized subsector from 1979-83, however its sharei'
went to 52 percent in 1984 and is expected to be 51 percent in- 1985. .
Durlng the five year period 1979-83, 72 percent of the feddans were’ 1n'f
the rainfed traditional subsector but it dropped to 53 percent in’ 1985 E
_ Reasons - for the drop is the drought in 1984 and - ‘higher prlcei S

-~ expectations. for millet and sorghum for 1985. The 1985/865product10n”of"'Vf'
 sesame is about the same as the five year average between 1979 andf1983$ﬂf:

" '4) Groundnuts:

_ The relative p051t10n of groundnuts in total food productlon RN
in Sudan is increasing. It increased from 12.9 to 19.5 percent as af“"?“
- production share of major food crops during the period 1961 to 1983 o
area it rose from 11.9 to 14.9 percent during the same’ perlod Ylelds--:ﬁﬂf
per unit area showed a positive growth rate during the period and was o
especially - evident in the irrigated areas. Average yields there rose =~
from 627 kilograms per feddan to 885 kilograms per feddan. Inicreases. in. &
'yleld over time were also made in the rainfed areas of the Blue Nile andVﬁ')“
Kordofan regions, but in Darfur and southern regions there was a decllnefﬁzf“”
in ylelds due to rapld expansion of area under’ cultivation. ' '

While the irrigated area was on‘y 13.1 percent in 1385 SE C
 produced over 32 ‘percent of the total tonnage in the country. Thexﬁfffg
traditional subsector is however the main producer . and accounts foq,fg*{i
-between 65-and 70 percent of the total tonnage produced. No groundnutégf;*z;
are planted in the cldy soils of the mechanized ralnfed subsector due to ﬁ'j ¢
difficulties in harvest. : : L

The decllne in planted area from- 1984 to 1085 is due. to hlgh_:
productlon ‘coss and the fact that many producers responded to the 1984];f
;drought by plantlng mere sorghum and millet.: ' S S

C. Mechanized.Prodﬁction Areas, Preduction Léﬁelssahd Pef§§h§ag§

”-f Tables 2C 2D, 2E, and 2F show the productlon areas and. levels
rproductlon by the mechanlzed ralnfed subsector, and how it compares w1th
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the irrigated and traditional subsectors for four major food crops. Only
the period 1979-1983 is shown in detail as 1984 and 1985 are considered .
abnormal years due to the drought.

1)_'Sorghum (Table 2C):

S 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 taklhg
~place.  Yields per feddan average about 14 percent higher than | the
traditional subsector but are partially offset by more land abandonment

- and movement to virgin production areas.

2) Millet (Table 21)):

" 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. ' C

3) Groundnuts (Table Z2E):

'No production is presently in the mechanized rainfed = . - -

'subsector as the unirrigated heavy soils pose problems for harvesting.
The crop 1is partlcularly suited to the traditional subsector where

sandier soils exist. However, under irrigated conditicns ‘on the heavy

soils, groundnuts gave over 350 percent higher yields than in "the
traditional subsector. ' ) =

4}  Sesame (Table ZF}:

28  perceat of the feddans and 34 percent of the 'tonﬁage-;' o

was . produced under rainfed mechanization. The mechanized subsector

yields were slightly higher than under traditional production.  Sesame
is reported to produce higher returns than sorghum under mechanlzatlon,

however - it has severe shatterlng problems under. present- harvesting .
practices. - :
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Table 28, Production: Summary of Four. Major Crops in Sudan er'Pﬁriod_1979~83; and Actual

Production Levels, 1984 and 198

. Tyﬁe'prddu;tibn

197921983
- Five Year Average

1984 . .

1445

g Area 

o

Tons

A Area %

—Tons

%

- Area

h

Tons

L Irrigated " _
- Rainfed mechanized
~Rainfed traditional

'__Total.

Irrigated
Rainfed mechanized
Rainfed traditional

~ Total

Irrigated .
Rainfed mechanized

Rainfed-traQitiqnal_

Total

drrigated . -
‘Rainfed mechanized

“ffRiihféﬂfﬁ?éHTfidﬁaT'f

YA
146y

542
4398
2883

7863

14

YA

2730

2040

2y

3

1.4
5.4
7.6

C100

2h0

1267

601

2118

3db

392

e

139

211

241
)

, {:;”ﬁﬁj}:.

SURGHUH

706 9.8
4534 56,8
2687 33.6

e
Lo

.
= o oo

1o 7987 10

MILLET .
3 w06
o dUYs Y

U 3126 100

SESAME

0 0 0
#/.1 0 B03 32Lh
65.9 1250 6l.b

100 1853 - . 100

~ GRUUNDNUTS

6.0 326 18,5
o0
U640 1432 L5 -

W s 1

U

63

133

257

386

2y

livg
/335

3703

12192

22
31
3708

32bl o

1213

1377

259

[T =
[ amg N o
.
ElE g &

100

by 3

2026
813

4131

1u -

453

472

FLu
Uy

- Zlb

111

3
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f'TabTé'ZC.  FTVG Year Produc*lon ‘Averages by Sector for Sorghum 1979/80 = 1983/84
' “{000's) _

Type Production' S - s - ”Yier E
and. - _ Total Percent  Production .Percent -average ; .- -
 geograph1c area - feddans ~ feddans  {MT) tonnage  kg/feddan -

Irrigated 582 7.4 250 . 11.8 430

Rainfed mechanized:
Damazin ' : 941 1
Kosti 225
‘Gedaref _ 2546 3

2 295
3

& | 3
 Dilling - 333 4.
4

0

i1 S
8 . 262

7 289
2 264
.1 313 -

A 273

Rank 342
South Darfur = 11
 Subtotal 4398 £5.9 1270 60.1 1288 Avg. .
Rainfed traditional: -
Biue Nile ' 602
Gezira - 154
White Nile . - 148
North Kordofan 436
South Kordofan - 370
North Darfur ' 43
South Darfur . 362
~ South Region 762

Loy
247
188
1133
241
104
o232
180

162

. .
=~ O~ OO O~y

28
58
89

[ ]
e o 0

[0 e) A 5O NPy
. .
B NO NN NWO,

*

84
137

*

W ' : '
(=2} OO o~
L ]

L)
~d

.

‘Subtotal 2883 601 208 Avg.

N

Grant. Total (78/80-83/84) 7863 100 2121 100 2700
Total for 84/85 7987 100 1097 100 137
. Total for 85/86 12168 100 3843 100 316




Table 2D. Five Year Production Averages by Sector for Millet 1979/80 - 1983/84 e

~Total for 85/86

100

(000" s)
- Type productlon Yield o
- and Total Percent ~ Production Percent — average - ...
geoyraphic area feddans feddans (MT) tonnage-_;kg/féddan s
Irrigated 14 0.5 5 1.3 387
‘Rainfed mechanized: S
- Gedaref - 5 0.2 1 0.3 200
Rain_fed" traditional: ' -
" Blue Nile 64 2.3 10: 2.5 . 156
Gezira ) 0.2 1 0.3 167
 White Nile 77 2.8 14 3.6 182
North Kordofan 1045 38.3 103 26.3 © 99 -
- South Kordofan 41 1.5 8 o 2.0 1195
North Darfur 410 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 1392 190 144
Total for 84/85 3095 100 147 100 a7 -
3858 460 100

g o

- Summary:

1. HNote that production is pr!mar1ly in the traditional sector.

They expect three times the 84/85 harvest for 85/86.

. 2. .
3. About 91 percent of the feddans are in the four western. pr0v1nces._
. 4 -

About 89 percent of production is in. the four western_prov1nces.:_ _



Table 2E. Five Year Production Averages by Sector for Groundnuts 1979/80 - 1983/

84 (000's)
Type product1on _ Yield
and Total Percent  Production Percent  averayge

geograph1c.area feddans feddans  (MT) tonnage . ky/feddan

Raihfed traditional: Do
450

Blue Nile 20 0.95 g 1.4
white Nile 49 2.3 15 2.3 308
North Kordofan 673 31.9 161 24.3 239
South Kordofan 34 1.6 8 1.2 235 .
North Darfur 90 4.3 17 2.6 189
South Darfur : 704 33.3 160 24.1 227
South Region 242 11.5 52 7.8 215
Subtotal 1812 85.8 422 64.0 233 Avg.
Irrigated ' 299 14.2 241 36.0 809 Avg.
_Grant Total (79/80-83/84) 2111 100 663 100 314 Avg.
Total for 84/85 1758 100 386 100 219
~ Total for 85/86 1043 100 328 100 314 ;=

Summary (F1ve Year Averages):

1. Bulk of feddans are in the traditional rainfed section (85. 8 ‘percent W1th _

“remaining in irrigated (14.2 percent),.
2. The traditional rainfed sector produces about 67 percent of the total
. tonnage. :
3. The four western provinces produce 52.2 percent of the tonnage.
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_Table 2F. Five Year Production Averages by Sector for Sesame 1979/80 - 1983/84

- {000's)
‘Type production Yield _
~and : Total Percent  Production Percent caverayge
..geographic area feddans feddans  (MT) tonnage -kgffeddaq
. Rainfed -traditional: o
Blue Nile 246 12.0 31 14.7 126
“White Nile - 34 1.7 4 1.9 1118
North Kordofan 723 35.4 52 24.6 72
- South Kordofan 114 5.6 15 7.1 132
North Darfur 11 0.5 1 - 0.1 91
South Darfur 178 8.7 14 6.6 79
South Region 163 8.0 22 10.4 135
Subtotal 1469 720 139 65.9 95 Avg.
‘Rainfed mechanized: - |
Damazin 202 9.9 22 10.4 109
Gedaref 311 15.2 42 19.9 1138
Dilling 22 1.1 3. 1.4 136
Rank . 36 1.8 4 1.9 1
Subtotal 571 28.0 72 341 126 Avg.
Grant Total (79/80-83/84) 2040 100 211 100 103 Avg.
Total for 84/85 1853 100 133 100 72
“Total for 85/86 2590 109 214 10 83

Preliminary summary for report: '
1. About 72 percent of total feddans are in trad1t1ona1 ralnfed sector and

- producing 66 percent of tonnage.
2. Mechanized sector had 28 percent of feddans and 34 percent of tonnage.
Yields in mechanized sector are slightly higher than traditional sector.

3. : e
4.  The four western provinces in the traditional sector had 50 percent of totala'f‘

, feddans and produced 34 percent of total tonnage.
5. If progect expands to rainfed mechanized sector, it would be involved wlth

92 percent of feddans and about 90 percent of total product1on. Uniy
exclusion is southern region. _ o

Trends: Increases in sesame production in 1985/86 due mostly. to mechan1zed
ralnfed in the Damazin area, :
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DETAILS OF FINANCIAL ANALYSIS AND FIRR
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Table 3A, Ayéhage Management and Investment Income, 1500 Feddan Farm, All Planted to Sorghum, Gedaref Area,
1985 (Present System) o I ' : :

Cost or Returnsl

Item : ' : "~ One feddan 1,500 feddans Remarks
Yield (tons) ' _ 0.28 : : S-year average Damazin/Simsim
Price per ton (farm gate} 300 '
Gross output (LS} _ 84 126,000 See comment belowZ
Variable Costs: : ' _ ' :
Seed _ 4.50 6,750 _ 1.5 kg/feddan
Land rental 1.00 1,500 Leased from MFC
Lrop tax 3 8.40 12,600 ' Production at fixed tax
Land preparation . 6.40 9,600 Mostly fuel
Labor:: : :
Weeding L ' 14.80 22,200 Average is 20 hr/feddan3
Harvest 10,20 15,300 : 7-8 hours cutting/piling3
Repairs _ 7.40 ' 11,100 10 percent original costs
Threshing o 1.80 - 2,700 Custom stationary combine
o Staff salary - 3.00 4,500 Oriverfgreaser and agent
-~ Sacks and string 9.24 13,860 1 per 90.0 bag ¥ LS 3.00
Other costs 3.00 4,500 : Local taxes, etc,
Subtotal ' ) 69.74 104,610

Fixed Costs: : -
Depreciation : 6.34 9,510 7-yr life and 10 percent salvage
: LS 50,000 for tractor and LS 24,000
for disk dril) '

Total Costs: - 76,08 114,120

Management lnvestment
Income Before F\nanc1ng

LS 300/ton S g, 11,880
LS 350/ton . - 21,92 . 32,880
LS 400/tan - 35.92 53,880

~1-Cost-data- per feddan from PAEA/MANR Khartown (except depreciation and repa1r5) :
¢ Gedaref’ price for sorghum was LS 216 in March 1984, LS 1200 in April 1985, and in: October 1985 was LS 588, In
oMareh 1986 71t was LS 333, Farm gate price is LS 5.00 per 90.0 kilogram bag less Gedaref market price. '
3 Hand labor averages. from “Alternatlve Strategles in Agr1cultural Devleopment in Central Ra1n!ands of Sudan,'
5 rsity of Leeds, . 1978 R , _ E :




Table 3B. Projected Management and Investment Income, 1500 Feddan Farm, One fourth to Fallow and Remaxnder to
o Sorghum, 500 Kg/feddan Gedaref (Med1um Eff1c1ency)

Cost or Returns

_ltem e o IR One feddan 1,500 feddans | Remarks
.'Yleld (tons) - 0.5 : . Lower yields than high efficiency
_ “Price per ton (farm gate) : 300 _ : s - : :
© Gross output (LS) - 180 - 168,750.00

Var1ab]e Costs

Seed 10.0 11,250.00
Land rental g ~. 1.0 1,125.00
Crop tax o o 13,75 15,468.75
Land preparation 6.50 - 7,312.50
Fallow work 1.50 1,687.50
Precision drill _ 3.00 .3,375.00
Herbicide ' 20,00 o 2,250.00 :
Repairs S L 22.00 © 0 24,75%0.00 15¢ original cost instead of 10%
P Hand weeding ' 6.00 6,760.00 : '
b Hand harvest : 15.00 . ©16,875.00
Threshing _ - 2.50 2,812.50
- Staffing . . o _ 10,00 11,250.00
- Sacks and string : © 16,50 18,562 .50
Other costs 2.35 2,643.75
Subtotal 132.10 . - 148,612.50
.- Fixed Costs: o : e T :
~ Depreciation ' . 18,86 - 21,217.50
Total Costs: S o 150.96 169,830.00
Management lnvestient
~Income Uefore F1nanc1ng . S Ny
LS 300/ton : i ~0.96 - =1,080.00
s 360/ton - 24,04 27,045,00 - -

© - “Land c]ear1ng cost not 1ncluded :
- US$1.00-= 2.5 Sudanese Pounds- (Ls).




-T&b}eJSC Progected Management and Investment Income, lbU0 feddan rarm, Une-fourth ln kallow and Rema1nder to.
borghum, 600 Kg/feddan bedaref {High htf1c1ency) -

Cost or Returns

Item .. = . One teddan . 1125 feddans Kemarks
Yield (tons) 0.60
Price per ton (tarm gate) 3u0 :
Gross output (LS) 180 2u¢,500.00
Variable Costs: _ _
Seed 10.00 11,250.00° Hybrid at increased cost
Land- rental 1.00 1,125.00 Leased tfrom MFU
Crop tax 16.50 18,562,00 Production at tixed tax
Land preparation 6.5 - 7,312.50 2 harrowings on Ll2H tedddns
Fallow work 1.5 1,687,550 Based ‘on 37% feddans
Seeding with prec1s1on .00 3,3/5.00 Uniform depth in rows
Spray premerge herbicide 20,00 22,250,040 Unly estimate (on Iow stde)
Spray premeryge herbicide 2.00 2,250,000 Fuel only
Repairs 14,67 16,503,74 10 percent orlgxnal cost
= lland weediny 6.0 6, 750,00 1/5 of original amount
Hand harvest . 1H.00 16,87%,00 Al hand labor
Threshing S 2.5 2,412,550 Stationary custom combine
- Staft salary 5.00 h,625,00 o
. Sacks and string Cly.80 22,275,000 Ly 3 per YU.Y ky sack
Uther costs 2.3b 2,643.74 Local taxes
Subtotal 125,82 141,547.50
Fixed Costs: ' _ _
-Depreciation 14, 86 21,217.50 2 tractors ¥ SU,U0U0 each; one
planter © 30,U00; one sprayer
@ 15,000, chisel plow £U,U0U,
e {ife, 1U percent salvaye.
- . . . )
Total Costs:. 144,68 162,765.00
" Management - Investment e
LS 300/ton . - 35,32 39,73%.00
oo L8 3s0fton e 65,32 - - 73,485,000
o LS-4UU/t0n'-;- Ced 296,32 17,235.00

Sudanesg'Pounds (Lb)

'”$ffLand c1ear1ng"cost AT TRE Tuded, _fnf"'”"“mmm;'m"“




Table 3u. Cash Flows fur ISUU Feddan Fara A1l Planted to Sorgnum With 0,28 Ton Yield Per Feddan, and Using
' Varylng Farm Gate Pr1ces {Present System)

_ S - = o Years - _ .
Cltem T Y B 9-14 ©UFIRR

LS 300/TON FARM GATE PRICE

“Inflows: T -
Gross sales o : 126,000 146,000 o 126,000 126,000
Qutflows: o _ - :
Clearing land . _ 45,000 o
Investment ; _ 74,000 74,000 :
Cash costs 104,610 104,610 Ctug,0l0 0 104,610
- Total : 223,610 104,610 176,610 104,610
Cash Flows: _ _ _ '
- Without -land clearing . =h2,6l0 21,390 =52,610 - 21,390 33.% percent
With clearing =y7,610 21,340 -h2,610 21,390 13.5 percent
: : LS 350/ TUH FARM GATE PRICE
&~ [t lows: . - S _
~ Gross sdales : 147,000 L47,000 147,000 La7 U
' ULt fows:
Clearing land ; ' 4%, 0ul
Investment. 74,000 fd,000
Cash costs 104,610 104,010 4,610 104,010
Total 223,610 1U4,b610 174,610 1u4,61Y
Cash Flows: _ '
‘Without land ClLdFlng -31,610 42,3490 -31,610 42,3494 133.3 percent
“With clearing : o -716,610 o 42,390 «31,610 42,394 b2.YH percent
: LS 400/Tul FARM GATE PRICE
Inflows: _ ' . _
Gross sales - 168,000 168,000 169,000 168,000
Yutrlows: . _ : : :
Clearinyg land = : Lo 4ho00 0 . .
Investment : L 74,000 : _ 74,000
S Cashocosts . 04,610 ¢ 104,010 0 104,610 L 104,610
N Total = Lo 223,610 104,610 178,01V 104,610
'H_Lasn F]ows S ) _ . SRR o
R Nlth Iand clearing SR . -10 61u-'; 63,390 _410,610 © 83,390 . 11302 percent

 wLand clear1ng cost Lb 3U/feddan,._” _

L tractor at LS U, UUU and dlSK drlil at Lb 24, UUU
: &1985

Lash costs anu dvcrage yleld trum MANH study
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Kg/feddan (Medlum Ert1c1ency)

"'Table 3E, Casn Flows for lbUU Feddan Unit, Une rourtn Placed into Fallow and Remainder to borgnum bUU

'l'-ltém

_ Years- -
1 2-1. : o] Y-14 FIRR .
_ _ LS 300/ TON
Inflows:
Gross sales 168,750 164,750 168,750 168,750
~luttlows: ' ‘
Clearing land 45,000
Investment 165,000 165,00u
Cash costs 184,612.5  148,612.5 143,612.%  148,612.%
. Total 30d,612.5  148,b12.% 313,612.5  148,612.9
‘Casnh Flows: _ . B '
Without ltand cleariny - ~144,86¢.9 20,137.5  <l44,802.5 20,137.% -h percent
With clearing -18Y,862.5 20,137.%  -l44,802.% ¢0,137.Y -1.7 percent
LS 350/ Tul
Inrlows: _
Lross sales 196,879 LY6 87 196,875 196,874
Uutt lows: _ s o
Clearing land 4%,000
Investipont lob, 00y o lob, U0 :
“Cash costs 148,012.%  144,612.5 144,612.5  148,612.%
Total 3HY8,0ld.%  148,012.5 313,612.%  l4y,bl2.n
Cash Flows: _ -
Without land clearing =116,737.5  83,262.% «116,737.%  48,202.5 Ja.3 percent
“With cledaring. o -161,737.5 - 48,262.%  -116,737.5 48,202.% 22.0 percent
o LS 40u/Tun
Inflows: . o
Gross sales 225,000 225,000 - 225,000 225,000
- Uuttiows: : S : : :
Clearing land 45,04l _ - ;
Investment _ : lob, Uy . - leb, 0 _ _
LLashocosts L. L L o 148,612.5 0 (148,612,510 148,012.0 0 L48,612.5 L
-~ Jotal 368,012 '14_8,612.5 313,012.% " 144,6l2.h -
"'Cdsh Flows: ' L R o e T R :
Without- land cledrlng L EYL,612.0 - 76,387.5  -48,612.5  76,387,5 B4,0 percent
wltn land clearlng _*#l33,612 b 76 387,45 ¢ -y¥Y,612.5 16,387.%

53,7 percent .




_'Tabje IF. Cash Flows for 1600 Feddan Farm, One~fourth Placea into Faliow and Remainder to sorghum, 60U
B Kg/feddan Yield {High ttf1c1ency) :

: o _ : _ _ - Years L ) L
Item N e S 2% . 9-14 -~ FIRR

LS 300/TUN.

Inflows: _ - e _ . - : o
Gross sales . S 202,500 202,500 202,500 202,500
Yuttlows: : L s
~Clearing land : 45,000
[nvestment - leb,000 1ob,00U
Cash costs : - 14al.b44 141,548 141,543 141,544
- Tatal _ - ‘ 351,048 141,548 3Ub, %44 141,544
Cash Flows: ' : ' : ' .
Without land clearlng - -1U4,044 60,442 -1u4,048 6U, Y52 54,2 percent
With clearing -149,044 RIVRCLYA ~1ud, 044 IVRC LYY J5.4 percent

LS 35%U/TuN

v Cntlows: . :
Gross sales S 236,874 236,250 235,250 23b,2%4
Uuttiows: o : : B '
~Clearing land _ o 45,01} _
Investiment : : “1o%,000 ' _ 165,000
Cash costs 141,543 141,543 141,948 141,949
- Total _ 351,548 141,548 306,548 141,548
Cash Flows: | : _ ' :
~ Without land clearing .~ =7U,298 . Y4,7u2 - <7U,298 94,702 : - 133.9 percent
c-oWith clearing Coo e =l1h,2980 0 94,7020 0 =T70,298 Y4,702 80.2 percent
: . LS 400/TON
Inflows: : : : -
~obrossesales o 270,000 0 ¢ 270,000 0 270,000 270,000
uttlows: . _ o o o S -
“ " Clearing land . S 45,004 L e
livestpent ~ 165,000 ' . lob, VLY ' -
CCasheccoses o o 141,548 0 141,643 141,548 141,548 S
et ‘m;.-aff ‘ijT'1"f“ CARISAET LALSMB 306588 LA LBe
Cash Flowss .. - O T B e S
- Without land” clear1n91"~~:’,f'- - =36,548 128,452 -3b,548 . l2g,4%2 0 . . 3b1.4 percent

Zf_Nlﬁh land clearing” Co-BLL548 128,402 -36,548 128,452 . 1b7.1 percent
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_ COMPLEMENTAR?.PROJECTS SUPPORTIVE OF THE MECHANIZED

f'RAINFED'AGHICULTUHE RESEARCH PROJECT

There are several voids in the infrastructure of the mechanized

- agriculture subsector that need attention and concurrent development 1f

’“;:,bag“' 'Ih"édditlon, the GOS would save ‘the additional fore1gn ewchange

“the subsector is to assume its fully productive role in the natlonal C
economy. In_'addltlon to research and its subsequent extension, . tneﬂ'f
_obv10us voids in the subsector are roads, rural water supplies, and the;'  o
provision of a multitude of agricultural inputs and a mechanlsm foer_iil
:storlng and marketing the expandlng production. : ; T

~ FARM TO MARKET ROADS

. The possibilities for construction and 1mprovement of roads in  the o

subsector are unlimited. Essentially, there is an urgent need for- threef e
roads for the subsector. ‘These would be (1) SlmSlmﬂGedaref road (_)i;-_:."'”'=
;_Dam321n—Slnga road, and (3} the Hablla*D1111ng road '

__Slm51m~Gedaref road is 130 km or 87 miles and is presently an ualmprOVed.a.{”f
" road serving the area having the highest percentage of total sorghum :*~:Q
‘production (735,000 tons). Between 300,000-500,000 tons of sorghum - is = .
- ‘presently belng transported over thls road durlng the flrst flve month5'¥'~gj
of 1986. -~ = - S _ _ : R

The lorrles carrylng th1s Erain are largely tractors w1th semi- tré11ersffg
moving 30 tons per trip. Consequently, between 10-15,000 trips will be;;ﬂ
made  during this five-month period for sorghum grain alone._;'Inff.
addition, there 1is a con31derable number of smaller lorries carrying
'_charcoal “labor consumable supplies, and fuels both into ‘and out of the .
area. Roughly 100-150 round trips are made on this bush track daily’ atffi
speeds of 10-20 mph. - The condition of the road has increased! hauling = 7
costs to 5.00 per bag or over LS 1500 per 30 ton lcad for a 260 km- round | i
trip. Lorrles of the seame capacity charge only LS 4.50 per] bag to

”transport graln from Port Sudan to Khartoum, a dlstance of over 800 km.ﬁ'

~ The: - hlgh haullng charges of a bag of grain to the Gedaref market bo
raises the price - to the local consumer and, essentlally takes -t
-Sudanese sorghum from the international market by making the price. no
;competltlve for traditional markets, unless the GOS subsidizes sorghum
‘exports in some fashion. The March 1986 devaluation could alter " ‘thi
. "but GOS would have to export at the devalued rate of LS 4. 30 and,not tk
:efflclal rate of LS 2. 47 US$ 1.00. : o o

'-Truckefs have sald that if a paved road were ava1lable for the Slms_
Gedaref route,- they would only charge between 1S 1.50 and LS 1.00

“,fexpended in. extra fuel _ spare parts, .and shortened llfespdn of lorrles



that the bush road exacts.  Presently, LS 400,000 is annually expended

on maintaining the road from Simsim to Gedaref. The paving of thisi reoad

weuld: not - eliminate the entire maintenance cost, but would greatly

reduce this amount and provide a year-arcund access through the heart: of

" the pr1nc1pal meuhanlzed 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 $280,000/km or $36,842,000 for the 130
~ km of which $22 million would be foreign exchange and 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. n roughly LS. 10

- million or $5 million could be recovered each year.

Cenadieb Aid (CIDA} is greatly interested in improving the Gedaref—;'

'Simsim road, as they have a farmlng demonstration project at Slm51m and
have agreed to another five-year extension of support for this project.

CIDA has expressed some interest in improving this road but does. not

;have suff1c1ent funds for building the entire road and, consequently,
_looklng for co—financing w1th another donor and GOS support

The Singa-Damazin road is an integral part:of'the_Sennar¥DamaZin ”rbad'_
which 1is  presently paved from Sennar to Singa. The Kuwait and Arab

~ funds  contributed - substantially to the total $57 million 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._-ﬁ

The . Dilling-Habila. road of 46 km is programmed to be constructed as  an-
all-weather gravel rcad. West Germany was negotiating Contrlbutlng]"_;:
M 70 mllllon toward the total $70 million for a total road- package of © .=
285 km that would also include New Halfa-Khashm el Glrba (96 km) and the

Zalengel—Genelna road (143 km)

" 'WATER YARD DEVELOPMENT IN GEDAREF

The paucity of water supplies in the vertisols that- constitute a major - |
-portion of the mechanized farming schemes has been limiting development~ RS
of these areas in three ways. First, there is a lack of potable wateri--;ﬁ

- for domestic:use throughout the six or seven months from mid July. i This @' 1
. restricts investment in housing and the year—around residence of farmers“3~ﬂ
' in many of the mechanized schemes. Secondly, there is a lack of water '
for livestock during the same period. Even though there are . surplus.ﬁ-f
supplies, -crop residues, and unharvested heads of sorghum throughout the = '
area, animal- populatlons are restricted to only areas having "hafirs™ or
_:access to non+permanent rivers or the limited wells. - Thirdly, there is.
-a lack of ‘clean water for agricultural spraying of herbicides! _andj'-:ﬁ
applications of .insecticides. Consequently, this technology cannot bej:_¥3

'_used no matter how cost effective these operations mlght be.
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There have been many searches for groundwater sources that could be.used

 for domestic water supplies. With the recent influx of refugees, . such |

searches have been more numercus and wider ranging. The prospects. of -

finding ground water has been limited to identifying low 'yielding'ﬁ;'

aquifers around the " jebels” or inselbergs.

Traditionally, the more common method of supplying water is the "hafir".

This is, essentially, an excavation of one to two meters depth in a low {

lying area or adjacent to a "Khor" or drainage way.  These can. vary in

size, but most do not supply water on a year-around sdhedule;';'

- Evaporation will approximate 5 mm/day, and over the 285-day dry season

~will total nearly 1.5 m. Seepage is low but can approach another 50 Cm.-;in-h
Consequently, even if no water is used for domestic, livestock, or . -
agricultural purposes, it is assumed that annual water losses will equalf;f

or exceed 2 meters. With convection, the thermal differences in water
less than 1 meter deep causes an upwelllng of bottom sediment, ° making

such water impossible to use in agricultural sprayers and unflt for_i'

human consumption.

It 1is 'proposéd that a horseshoe shaped dam will -hold more water per
‘excavated cubic meter than a hafir. There is topographlc rellef

these lands and seldom are there more than one to two percent slopes.'f 
However, - there are sufficient erodible drains that it should be- easy to L

locate a sultable dam site in each area of ten square miles.

A dam with suitable side walls to extend upstream tc hold. 2 5 “m: of *

~ 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 of water should be able

. to store over 75,000 cubic meters when full if the basin iS}S-m_déep'and_%ﬁh_i.;
the embankment is 3140 m long. With a S-meter crest and 3:1 upstream | .
‘and downstream slopes, such an embankment would have 62,800 cublc meters |

and at L3, 300 per cubic meter would cost about LS 188,400. - A simple.
splllway with concrete surface and stone riprap would cost another LS.
20,0800 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:. [Fbr;f“*h'

-budgetary purpcses, a cost of LS 300,000 per dam and splllway wlll be a
conservatlve estlmate._ ST

A siphon; sand filter; two low lift, hlgh capaCIty pumps (10 L/second)
fencing; and stock watering troughs ‘would add another LS 75, 000 for: a
total  cost of each watering yard of LS 375,000 or about $100 000.
Within each five-mile radius, approximately 50 farmers are now farmlng

about 50,000 feddans. Such farming and associated crop residues could

feed 1 000 troplcal livestock unltsl/ TLU for a six—month perlod.

'1/TLU cows = .7, sheep and goats = 0;15, camels = 1;1
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- Storage of 75,000 cubic meters of water should suffice for the domestic
and agricultural use, including the 1,000 TLUs. Thus, in the four
- million feddans of the mechanized farming system, it will require about.
- 64 such dams and associated water yards. ' '

. Water yards management could be- similar to that establlshed in- Western'

_Sudan, ~or a modified version thereof. Mechanized farmers and livestock
- owners should expect to pay for water they consume. Development costs_
for establlshlng water yards could be recovered over a perlod of years.

' Domestlc and filtered water could be sold for LS 2.00 per f1111ng of a’
1,100 llter tank. A 500 liter, two wheeled tank would cost LS 1. 00 to '

'f111 . Camels would water for 50 piasters, cattle at 25 piasters; and L

small rumlnants for 5 piasters. Herbicide spraying would require 50

 cc/m2 or 210 liters per feddan. = An annual spraying for the 1000 feddan: o

farm requires 10,000 liters of water at a cost of LS 420. each for water -
and for the 50 farmers LS 21,000 would be realized. = This, coupled with
a  like amount for livestock, could produce a gross return of LS 40, 000

per' yvear. If 20,000 of thzs "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 : é}-.,ﬂ

inputs for the rainfed farmlng sector.

FARM S_ERVIC-E 'CENTERS

AVeiIability of 'inputs ‘such as'fuels, lubricants, seeds, fertilléefs,
tractor spares, herb1c1des, insecticides, credit, workshops, and" marhet

outlets with temporary storage are absent in “the countryside. When = |

avallable, they are concentrated in cities far removed from the farmlng, i
- area itself. The farmers report that the absence of these 1nputs are . i
_thelr most serlous productlon constraxnt-_ T

. The most basic.needs for mechanized agriculture are fuel, | spare parts,.
and repair facilities. The time limits associated with 1and preparation

‘and planting force farmers to anticipate their needs months in advan(e__:ﬁi  f_.

- and engage in the hoarding of tractor spares that could be needed. .
Research recommending fertilizer and herbicides is considered irrelevant.

because such inputs and machinery for their application . are:_note;...<;..,

available. © It is only in the last three or four years that  improved
- seed has become available, but prlmarlly from private sources. B

.:The' Agriculturel Development Bank (ADB) leans. are evailable oniy'.inﬁ'

. Khartoum and -other large cities. However, the ADB has recently - '___;
- introduced some pilot schemes for loaning to farmer unions and selected .
. cooperatives in the traditional sector, but such loans serve .onlyr_a e

small fractlon of the ralnfed sector.
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'jThere are few opportunities to sell grain in the country51de, and there:

is essent1ally no temporary storage in the rural areas.. Most grain is .

sold in bags which ‘are manually loaded and off-loaded on lorrles =

Essentially, there 1is no bulk handling of gralns and oil seeds.: All of .

- these commodities are transperted and stored in expenslve bags Wthh are;
imported w1th scarce foreign exchange. :

Workshops and spare parts dre frequently hundreds of kllometers from‘
- inoperative tractors. There are few, if any, skilled mechanlcs in thej

rural areas, - and each breakdown requires several days travel to: obtain .

_ the necessary  spare part, There is some custom land preparatlon,g
- planting, and threshing in the sector, . but insufficient to meet  the

~ .demand, Special farm machinery other than wide level disc and- combxne o
" harvesters. are not available. ' There are few technicians . who can;

properly mix and apply herbicides and  insecticides. : SlMllarly, there :

are -few who can calibrate planters and fertilizer appllcatorq “There |

‘are only a.  few extension offices where farmers. can - get adv1ce on_? 
_ cropplng through the mechanized farmlng area. S :

Consequently, if these materials and services were made avallable to the .
- farmers in the four or five areas that are designated as demarcated Bl
lands, they would be greatly utilized. If this facility, hereafter e
._referred to as a Farm Service Center (FSC), were operated by the private ! -
sector, it would not be a burden on either the GOS or: the ‘domor i .
agencies. However, for the private sector to establish such a faolllty P
would require certain incentives and controls. -Among - the _lncentlves-j: _
. would be a five-year lease on a facility in the mechanlzed farming  area
-and foreign exchange allowance to import spares,; implements, chemlcals,.?f G
and fertilizers. There would need to be a fuel allocation and possibly 1. .
a license to export surplus production. There would also initially need

to be an Ehpatrlate manager and the forelgn exchange for. hlS salary.,__

: Among the controls would be the monitoring of such serv1ces; the f S
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. materlals;j_ef“ef

‘and services were up to prescribed standards. There would also need to

be enforcement of certain safety and pollution controls assoc1ated wlth-%i_eﬁ
farm chemicals. Consequently, the first two or three FSC need to- be 1.

operated as a public sector function to determine operdtlonal
guidelines. . The contracts for the operatlon and lease of FSC could . be
made and performance bonds be posted :

'The public. sector FSC could be used as a training fUnctibn 1forf§,:
management, tractor operators, mechanics, spare parts stockmen; ;|

pesticide'formulators, grain buyers, and credit spec1a113ts. Farmersjg
who use the FSC would have to be registered as demarcated farmers and beﬂjj
current with taxes and rent payments.- : o

Eventually, the FSC would be absorbed entlrelw 1nto the przvate sector

become a profit making. 1nst1tutlon, and not require further GOS or donor._i_fel'

'support
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CTIMATE AND SOILS SUMMARY

‘The combination of suitable climate and soils are the ﬁecessaryi _
components of a successful mechanized rainfed agriculture. Rainfall -

should ideally be from 800 to 850 mm spread out over a five-month!

growing season with a weekly rainfall 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 of at  least: . =
three feet and having good internal and subsurface drainage.  The ph ofi -
soil - should be 6.5- 7.5 with a cation exchange capacity ‘of 20407 . = -
‘meq/100 grams. The dominant cation should be ca1c1um and exchangeableﬁl.-

sodlum should be less than 5%.

- Ideally, the organic matter would be 1.5-3.0% and nitrogen content - of
the scil 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 frlableg“}-__d
 for -tillage becoming neither sticky when wet nor hard when dry. Thej@f.-"

structure should be granular. for rapid 1nf11trat10n and to. reduce runoffE

" and surface erosion.

In the Sudan the climate shows diversity in ralnfall and is cons1stentlyé1@
subtropical to tropical- with respect to temperature. The isohyets are.

roughly parallel running ENE to WSW and range from essentlally zero inl . -
the north to more than 1,400 mm in the southeast. It is in the 500 to]
850 mm rainfall belt that most mechanized rainfed farming is - located. R
‘There are some areas having less than 450 mm where specialty Crops are%'

- grown under rainfed conditionms. Among these are Khartoum, 161 mm; ‘El1| .~
. 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, -
Kadugli, 671 mm; and Damazin, 711 mm where rainfall is sufficient: and%z-f i

reliably distributed through a flve—month duratlon that 'qne:_fiﬁds%_

~mechanized raiafed farmlng

During the 1last 50 years the rainfall intensity and d:i.s'tfibut:iion''has.,é'__5-1___"‘:;"j

steadily declined and mechanized farms north of Gedaref-Wad Medani

highway have had greater frequencies of crop failures due to.__-ff'
insufficient rainfall. Consequently,  the rainfed mechanized sector is| == =
expanding southward. : : . : : :

The growing season . is a function of total rainfall, rainfall | =
distribution, and sunlight intensity. The latitude difference betweer -
Gedaref ‘and. Damazin - is only slightly over two degrees or 250 Ckmo
However, the growing season at Gedaref averages 3.8 months, 'and at:
- Damazin it averages 5.7 months. Thus. for the normal 105- to; 110-day;
crops the dating tolerance for the optimal sowing is considerably Tless| =

 with farms to the north and west. The identifiéation of éatiy.@atufihg" ;
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varieties for these areas would be specifically relevant.

The soils of the mechanized farming subsector are varied and,
consequently, many soil problems will need site specific solutiens.
However, - for the most part, the subsector has concentrated on certain
- s0il characteristics that are easily visible. : Lo

The mechanized farming has mainly concentrated on the heavy clay soils,
that the traditional farmer has been unable to work with hand tools or
animal - power. These soils are able to store moisture and have an:
inherent fertility that apparently is slowly released and can be
somewhat improved or rejuvinated with a reversion to a faliow. o

Most _of fhese 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 - expand 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 ground-water development.

- The BNIAD had the soils at Damazin analyzed. A sﬁmmary -bf th;t

analysis indicates that both nitrogen and phosphorus are deficient. -

Nitrogen and phosphorus fertilizers must be applied to achieve better
yvields. As for potassium, it has been mentioned from previous studles'
- that potassium levels decrease with the increasing use of the land. At
present, ' the levels of potassium: in the Damazin research farm, at best,
can be considered moderate and there is no need for immediate
application of potassium fertilizers except for sections A, B, and ' C
which have low levels of mobile potassium reserve. In Abu Gemai there ..
is need for 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.:
Tberefore, potassium fertilizatiois if necessary. ' SR

The physical constraints to fertility are mainly the high clay"conteht:'

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 to be the only means of having water penetratlon .
into these heavy clayq : =

Due to the-high.intgnsity of rainfall and slow permeability, these soils
“are subject to flooding in receiving sites and erosion in the shedding -
sites. . S _—

. Dué_to the adverse physical properties of these soils, timely tillagcfis L.
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the main constraint. Cultivation during the rainy season neceésafily ;.
means that the farmer is forced to take his tractor drawn implements to |
-the field for <crop scwing when the moisture content in ‘the soil 1is

optimum for seed germination. 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 to encourage
development of penetration and inhibit the drying of subsurface

moisture. Contour cultivation should always be adopted to control soil f'___
erosion on sites with pronounced variation in topography. Crop rotat10n_g-~
with . the  introduction of legumirous crops in sequence ~ or as -

1ntercropp1ng is adv1sable. Incorporation of crop residue should always
-be encouraged :

fagal
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IMPLICATIONS OF MBCHANIZED AGRICULTURE
ON LIVESTOCK FARMING IN THE SUDAN

Increases in livestock production in Sudan in the traditional  sector, : =
‘i.e., transhumance, 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,
.communications, and markets are primary constraints to efficiency. of |

livestock production. They are also either dlrectly or 1nd1rect1y theu?‘::

cause of gr321ng land degradation..

- The emphasis in Sudan on increasing agricultural prbduction ?bf'-fhe'?; - 

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_%;g_f'
rotations and intercropping with legumes and potential forage crops, thekg  :

'feed base will be further expanded. With these generalizations in mind,

it. can be presumed that if substantial increases in animal . production 5:;
are to beé made, ‘most of the increase would have to come from an i

1ntegrated mechanized farmlng/llvestock productxon effort.

- Because of mechanized farming development in Sudan, there has been a ﬂ;'
"dislocation of traditiomal livestock production patterns. Grazing areas:ﬁf f"‘
have been turned into large blocks of land for mechanized farms:. - In % ;;fﬂ
 some cases, these blocks have been established in areas which were'j'f;:L
climatically wmarginal (less than 350 mm precipitation} for crop_@_

production. An ‘example is in the Cadambali area east of Gedaref.ij

History has ‘shown that only one out of four or five years is . the ﬂ”TJ 7

moisture great enough to produce a sorghum crop in this area.

The MFC  has recognized that some of this area in particular; shQﬁldl?
-probably be put back into grazing lands. Methods and technology " for i

reestablishing these areas into range and forest need to be considaﬁéd.;¢ Q;£
"in an adaptive research program. Considerable techriology has :already , - -

been developed in other countries, - especially Australia and the United |

States, but adaptive research is required to determlne which methods j.;f}:

: would be most ‘appropriate.

A definite limitation for livestock productlon in some of the _marglnal

lands in Sudan is the lack of ground water for livestock and human o

‘consumption. At present, livestock herds and flocks have to“beﬁtrekkedkﬂ'

long distances for watering, and water has to be carried to camps for {ff
‘human use. This is particularly true in the Gadambalya area. Methods of .
water harvesting and conservation need to be studied, and methods used £

in other countries should be tested for their applicability in Sqdanaﬂ'_.;
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RAINFED FARMING RESEARCH IN SUDAN

THE RAINFED SECTOR

Prior to the advent of modern methods of irrigation during the. present. =~
century, Sudanese agriculture was virtually all rainfed. Irrigation was . -
" ‘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 to a very narrow strip -along |

river banks, especially in the present North Region. In addition, some T

‘areas of comparable magnitude were cultivated by the flood‘system

Introduction of modern .irrigation systems, especially ‘dams, - fgréatly.;.”

increased the proportion of irrigation in the country’s cropped area.
Rainfed - agriculture still dominates. ~ At present it accounts for . more '

than 85% of the total cropped area, 30% of 1ts_11vestock population, and | . oo
virtually all of its forestry products. 1t contributes 64% of the bt Y
country’s earnings from agriculture and is the main occupation ‘“of ‘a i -

similar percentage of the population. Thus, it is the 51ngle most P

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. -questry'

-This'report concentrates on the first segment.

jHistorﬁ of Research on Rainfeg_égriculture."

‘The real beginning of agricultural research in Sudan occurred in 1904
when the Shambat Research Farm was founded. 1t ‘was preceded by some
experimental fields and by the Wellcome Tropical Laboratories in 1902 i
and 1903. The establishment of the Gezira Research Farm at Wad Medani _
'in 1918 was a big milestone, though it was intended to concentrate |
research effort on irrigated cotton. - [ N

The year 1935 can be c0n51dered the beginning of research on-ﬁréiﬁfedﬁ'

- crops. In that year the Kadugli substation was established. ' Houpver,éf_ o
being a branch of the Cotton Breeding Section at Wad Medani, its: primary |
- mandate was rainfed cotton. In this and the two preceding .statlonsi;-

' (Shambat- and Gezira) there was, however, some "spill-over” research/

effort on crops other than cotton by the cotton scientists.  These werej-7  " 
‘CTOPS assoc1ated with cotton in the cropping rotatlon, espec1a11y§1 -.:g

: sorghum
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The Yambio Research Station, founded in 1948, was a major departure from

- _agricultural research’s orientation up to that date. The station’ was =

. more concerned with focd and tropical plantation crops than with cotton.

It was concerned with farming ‘on lateritic soils under fully rainfed

~conditions. ' However, because of political disturbances in the Scuth,
this station remained inactive for most of its history. h

The Central Rainlands Research Station at Tozi was opened in_:1‘35.'2'.::''.Its;.___-:E

founding was prompted by the failures and problems that faced the
Mechanized Crop Production Schemes (MCPS) in northern Gedaref Dlstrlct,
- It was realized that such a major development effort should have been
preceded by adequaie research. So, mechanization underlined all: the
research efforts at Tozi. Sorghum,  sesame, cotton, and later, -
- groundnuts were considered the primary crops. Maize, sunllower,; and
safflower were secondary crops. Many other crops were investigated  at.
varying degrees of intensity. The mechanization section had a large

amount ~ of tractors, tillage, and crop cultivation and _harvest;ng:.;
“equipment. Before it was closed down, the station established most o¢f .

- the essential technologies needed for successful mechanized rainfedi_
farmlng on the heavy vnrtlcal soils of the Central Clay Pla1ns '

In anticipation of the establishment of the Kenana (a:Geziré4;size?'ahd‘
type} irrigated scheme in the area between Roseiris, Sennar, and Kosti,
it - was decided to transfer the Tozi station to another site on the Blue

Nile river bank. tis would serve the needs of irrigated. as well . aq”:'

rainfed farming. . Abu Naama, some 35 kilometers northwest of T021,_was
chosen for this site. The transfer was completed and Abu Naama’s Kenana
- Research ' Station started operation in the 1963/64 season on the rainfed

fields. - . Research on irrigated crops followed in 1964/65. "The statiohgj--?f=3"

was established with a generous contribution from USAID.

"It was envisaged for the station to do  fully 1ntegrated ; and
comprehensive research on agricultural production in the area.  For the'
first time, the proposed staffing list of any station in Sudan included -
researchers on forestry, animal production, dairy, and agrlculturalig
economics ~besides the usual complement of crop and soil = scientists.

- However, this plan for 1ntegrated research could never be 1mp1emented

It was a fallure to be lamented.

PngréSSj of the station’s rainfed research was hampered by belngf 

-éonflned to its own farm, espec1ally when it was found that its 50115 7..,~
" .were . severely depleted and infested with Siriga hermonthica. Progresst_ .
in sorghum breeding could only be achieved after three off-station = - .

testing sites were established between 1969 and 1971 at Simsim, - Agadl,d
and Tozi. The Mechanized Farming Corporation (MFC) ‘contributed funds:j
to the operation cost of work at the first two sites. This research was .
conducted on the MFC state farms. . Work at these sites was dominated by
‘varietal - evaluation of sorghum and  sesame. - from . .the . sfért;
" Investigations on herbLCLdes, crop husbandry, tillage, and var1ety

testing  of cbtton soybeans, maize, and sunflower were corducted in

"~ later years, eSpeciaIly.at Agadi.




' Sinée“ the_ opening of Abu ‘Naama, rainfed crop research hltHESSPd nO'?;:
expansion other than the major effort of the Western Sudan Agrkculturai o

Research_ProJect {WSARP). This project was z great achievement :in more

than ' one way. For the first time, research was planned to serve the [
‘traditional ‘rainfed farmer and to investigate problems of the sandyfﬁ_:_'ﬂn
- soils. Equally as important was the concept of an integrated farming .
systems approach brlnglng crops, soils, livestock, and forestr},_as well {2 -
-as social and economic factors, under one research umbrella. Yet, it.is I
'too early to fairly evaluate WSARP’s research achievements. Most of its &

~ time up to now has been spent on building its four stations and tralnlng ?;_
its staff.  Two of its stations are yet to operate and the third has RN
only three seasons work (two of them drought-stricken). Kadugll, which ?'7'

__has been under WSARP for several seasons, does not represent  a great
-'depdrture from Abu Naama, either environmentally or agrlculturally

Research on animal production, range, and foréstry hés been véfy weak,  ;
if not altogether lacking. 'The most prominent efforts were those on - the_jr

animal production stations at Ghazala Cawzat and Um Benain and the ‘Gum i

 Arabic Research Station at El Obeid. However, none of these three E
statlons ever  had' more than two scientists at any tlme and only ne
sc1ent15t most of the tlme. ' :

fInstitutioﬁs Engaged in Rainfed Research.

" ARC . 'is Sudan’s official agency for agricultural research,  except for L

animal  health and production and research undertaken by universities.

- Its : contribution to rainfed research has already been dlscussed. '.Inf;._’ 

~ spite of shortcomlngs, "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 sponsorlng some.?

" sort of research. These include the follow1ng

1. Animal Health Laboratorles

‘2. 'The Animal Production Agency

3. .Various universities .

4. Mechanized Farming Corporation

5. Western Savannah Development Program

6. Jebel Marra Development Project -

7. "Blue Nile Integrated Rural Development PrOJect
8. FAO- and UNDP : :
9. -USAID

10. German aid (GTZ)

- 11.. British ODA

12, Canada’s CIDA :
13. Other forelgn aid agencies (Dutch Shedlsh Norweglan,'etc )

©° . 14. ICRISAT

15. Prlvate ‘aid and. phllanthroplc agenc1es

o~




16. Some big companies in the mechanized sector such as the Arab—

' Sudanese Blue Nile  (Agadi), Egyptian-Sudanese  Integrated
Agricultural Company, and - Blue Nile Agriculture and Animal
Production Company (DAAPCO) ' \

17. 'Arab.Organization for_Agricultural Development

Various international research and development companies have conducted

-research on behalf of some of the above-mentioned institutions.

Prominent ~among these are Doxiades A55001ates,  Hunting Technical
Serv1ces, Agrodev and Interlmco. : ' C

Share of rainfed sector in ARC’s research. ARC’s research programs
still strongly favour research on irrigated crops, e5pec1ally -cotton.
That is in spite of the greater contribution of the rainfed sector to
the country’s economy and life. L

Out = of 13 research stations and substations run by ARC (before WSARP),'
only Yambio and Kadugli were exclusively devoted to rainfed crops. Abu
Naama 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 ARC’s research stations other tham -
Kadugli and E1 Obeid. Only 11-12% of them were at Abu Naama and Yambio
(Table 1). Even with the ten scientists then working at the two WSARP
stations, the total on rainfed stations was only 54% of those working at
Gezira Research Station alone. R

It is not only a metter of quantity, but also of quality, reflected by
the 'type of scientists manning these stations (Table 1). At present,

not a  single scientist of a professor or assistant professor level

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
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'Table..l{ Distribution of ARC’s Qualified! Research Scientists as of’
July, 1983 (excluding WSARP). : -

Professors Others T¢fal
o ARC Headquartersz‘ _ | 1 2 _.53
Irrlgated Research Statlons
1 Gezira (W. Medanl) 18 21 -39
2. Hudeiba : 0 12 12
‘3. Guneid 0 5 5.
4. Shambat 2 5 T
5. ‘Sennar 0 4 4
6. Shendi 0 2 2
7. Rahad 0 5 5
‘8. New Halfa 0 7 T
9. Maatug 0 i -1
- TOTAL IRRIGATED 20 62 82
Rainfed Research Stations
1. Kenana (Abu Naama)? | 0 8 '8
2. Yambio | ., o 3 3
TOTAL RAINFED | 0 I SO L
Research Centres
1. Food Research - 1 31 32
2. Silviculture . ' 3 : 1 4
3. Fisheries o ' 0 10 .10 -
4.  Wildlife : ' 0 3 - 3
TOTAL CENTRES 4 5 49
TOTAL ARCS 3 2 1% 5

lAssistant scientists (B;Sc.):not included.

'2D1rector General and his two deputies not 1nc1uded in headquarters, but

.in their respective sections at Gezira. Included in the- headqgarters,;P
are workers from Tralnlng and Publlcatlon and Statlstlcs and Ag . Econ. . -

sections.
"3Abu Naamé does both_rainfed and irrigated research.

' 4Scientiéts on study or cn secondment not included.
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scientists, but most  are scientists assigned to these stations
1nmed1ately after obtaining their doctorates or master degrees. There
are ‘no 1ncent1ves for experienced scientists to stay and work at these
‘stations. Working and living facilities and conditions are much poorer
‘than they are on the irrigated stations. At present, almost all of
ARC’s professors and assistant professors work at the stations and
centres located at Wad Medani, Khartoum, and Hudeiba.

Budgets and facilities show an even stronger bias toward irriga%ed
crops. The  following table shows percent distribution of ARC’s
(excluding WSARP) approved Chapter IT (operating expenses) budget.

' Headquarters | 36.6%
Irrigated Stations . 37.9%
Abu Naama and Yambio 7.2%
RHesearch Centres 18.3%
TOTAL (L.S. 1,250,000) 100.0%

Of the total research stations’ share, rainfed staticns have onl} 16%
All this goes to reveal the very unfair deal the rainfed sector has been
getting from ARC, and the need for 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, rainfed agricultural research within ARC has
been strongly tipped in favour of the traditional subsector. - Beside
WSARP, all the regional development projects, the international
organizations, foreign governmental, and philanthropic aid is pouring
intoe this subsector. Now with the World Bank’s MFC IIT project over,
this will leave the needs of mechanized rainfed farming research very
poorly served.- :

Problems and Challenges of Rainfed as Compared to Irrigated Agrlcul—
tural Pesearch

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. I P

In the Sudan ‘the following dlfferences between the irrigated and ralnfed
sectors should be noted.

1. Rainfed agriculture covers a much wider range of environments.

These are created by the interaction of different soils and xazylng-;'

rainfall. = While irrigation alone cancels differences in moisture . .
availability, most of the country’s irrigated lands are Lonflnod to-*—=
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the heavy cracking clays of the Central and Eastern Regions.? :Thereé"

are limited areas of silty soils along the Nile banks. There is no

irrigation on other major soil types. Rainfed agriculture,’ onathe%fi
other hand, covers zall types of arable soil within the countiry.: -

‘Superimposed on these soils are rainfalls ranging from 200 to 1;500'?
mm from north to south, creating a multitude of agro-climatic zones.

o

The crops,' 1ives{ock ‘and forestry products of the ralnfed sectorz
are mch more varied than those found on the 1rr1gated counterpart.. :

The people practicing rainfed farming are a cross-section of | . =
Sudanese ethnic, tribal, religious, anc¢ cultural groups. All this |
resulted in a greater number of farming systems than are found On-j '

~irrigated areas.

3. Farmers in rainfed areas are generally less enlightened ahd,“more:%
' conservative than in the . irrigated sactor, especially . -the |
traditional ralnfed area farmers. o ;

4. AInfrastructures and services are much poorer in the raxnfed than 1n-3 
the irrigated areas. : '

All these differences between the two sectors maks the problems of ‘the ? "'  :
rainfed sector greater in quantity and in quality. This calls for ?.1 i

greater attention and facilities be1pg allocated to the rainfed: sector,
both in research and in services. :

-On the other hand;' these differences provide rééearéhefs in thejfainféd 1
sector with greater challenges. The very greatness of the challenges |

and the many unsolved problems of rainfed agriculture make it easier and |
more = gratifying for researchers to arrive at  interventions that can |
cause rapid advances. This depends greatly on zn understanding .and |
evaluation of the problems and establishment -of correct priorities_?_g“'

before formulation of research programs.

Problems of the Mechanized Rainfed Subsector and Their Causes

'The‘.problems faced in mechanized fafming'producticd which: can be solﬁed'g"*'

or eased by research can be classified under two main headings: .(1);low1€:

- and ' declining yields , and (2) degradation of soils and envirdnment,*?‘

This does not take into comsideration non-research welated probIems'3df'}
infrastructures and services. : o

The 'averagé yields attaired in mechanized farming are much IQWef_ﬁthén’?:v"

the potential established by research or that realized by good - farmers:
By using improved cultivars and agronomic practices, multi-location and |

multi-season tests of ARC have shown sorghum to yield more than - 1,250 543'

kg/feddan, without fertilizer. Good farmers  are ccns1stent1y getting |

yields of about 750 kg/fd, yet average farmers’ yields hardly  ever |

exceed 350 kg/fd. Their low yields can be attrlbutea'to:tho fqllowing"
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-practices and circumstances.

Pcor utiliéation-of soil moisture due to:

1.

‘Late soﬁing. Farmers tend to sow much later than the optimql'datc_

in an effort to give weeds enough time to germinate and be deStroyed;

by discing. This minimizes cost of hand weeding. More than 50% s of

the total annual rains fall before most farmers sow their sqrghumy_
It has been estimated that every day’s delay from the optimal sowing.
date causes a loss of 2% of potential yield. This results not only
from wasted soil moisture, but also from poor seedbed  preparation
and seed placement in wet soil. The subjection of young seedlings
to excessive moisture during the peak of rains also decreases yield
potential. :

Farmers delay 15-60 days from the optimal planting date, but the
average seems to be in the range of 20-30 days. Thus, it seems that
40-60% - of potential yield is lost on the average, which makes such
delays the single most important cause of low yields.

Research leadlng to early and efficient or cheaper weed control Wlll'.
induce early sowing. Herbicides, tied 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 third consideration. All desérve
further research.

It should be noted here that farmers try to minimize heedlng expense'.
because they cannot afford to finance good weeding. Very often,

that is because they cultivate an area much greater than is--%'

specified by MFC’s rotation program or that is financed by the
Agricultural Bank. ' S - T

Poor infiltration of water'intd.the soil. This can be-attribqté& to . ¢
‘improper .and untimely tillage. Continuous harrowing at the same.

depth causes hard pans (plow soles). Delayed tillage that seals the
natural cracks Treduces the amount of rain water that infiltrates
through these cracks. ' : '

Use of tined implements, post harvest tillage, occasional - deep Al
‘plowing, and minimum tillage need to be 1nvee+1gated in search of-

solutions for these problems

Use of moisture—inefficient traditional sorghum cultivars.  Their

inefficiency is caused by their comparative late maturity and their
excessive height. The increased height results in the prcductlon
of much unwanted and moisture-depleting stover. . In. addition to
lateness and height, sorghum landraces may be physiologically
moisture—inefficient. Sl :

The develcopment and prometion of dwarf, earlicr maturing_amd'dfohght o
tolerant * cultivars enchance the opportunity to meet the need- for |
moisture-efficient crops. ' ' '




‘Use of inherently low&yielding cultivars and of poor quality seed.

Beside their moisture-efficiency defects, the popular landraces 'im .

mechanized farming are inherently low yielding. Even under fqdequate_I 
soil moisture, they are consistently out-yielded by improved,:researchj 
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 most improved varieties.

Yielding ability can be increased by a backcrossing program tb”_reducé-f

stalk height of the present preferred landraces of sorghum. . Earlier e

maturing can be achieved without changing their grain quality ‘The
vield increase will be brought about by a higher yleld 1ndex -and an&'
optlmal crop density. '

In addition to the inferior cultivars themselves, the séeds.éused téf”
produce them are usually of low quality. They are taken from Ehe lots =
of commercial grain without any grading to eliminate shrlvelled seeds .

They are most often contaminated with weed or other crop seeds. The -

abundance of wild sorghums contributes to outcrossing and’ genetié

contamination of the seed source. On the average for the -whole

subsector, yvield 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 polllnatlng_
.hablt 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 forementioned 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. Low crop densities are further jﬁstified:
- by the declining soil fertility. ' : o

"~ Degradation of soils and environment. Soils have been ' degraded

chemically, physically, and biologically. Environmental degradation was
caused by indiscriminate tree removal with subsequent enhancement of
water :nd wind soil erosion. ' ' o L

1. Chemical scil degradatlon or loss of fertlllty is ‘a result ’Qé-:v  

continuous monocropping with sorghum without any added fertlllzers.
‘This is attested to by the decline in yields over time. The farmer -
is forced to either abandon his farm or leave it under a long -
resting period to regain fertility. - R [

. . . .
These clay soils, inherently deficient in nitrogen and . soxghum,
usually responded positively to nitrogen fertilization. Roqponqo to
phosphorous has been very erratic with most crops, and response to

potassium was mostly negative. Other moero- and micro-nutrients
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-+ were hardly ever tested, except for zinc which gave poesitive results = -
on . maize. Serghum 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 fertilizers. 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
molsture deficiency causing still lower yields. At such low ylelds,
increases due to fertilizer application may not be profitable.. So
it - is .only to the better farmers who are now getting high y;elds
that nitrogen application to sorghum can be recommended. =

Application of all fertilizers on all other crops need. further in-
depth investigations. Sesame in particular has shown no p051t1veg _
response to NPK. A claim was 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 T
-negative results of fertilizer trials with most rainfed crops on.
clay soils. : '

Decline in soil fertility can be slowed greatly by;.pfoper 1crop:"if

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 wviable crops is of . paramount
importance for adopting sound rotations. Such rotations are: not
needed just for fertility maintenance, but are equally'importan+ for
the successful adoption of her‘blc1des and weed control and. for the
stablllzatlon of farm incomes. ' '

2. Physical soil degradation is reflected in the already mentloned 5011
" compaction and erosion. Shelter belts, proper tillage, ~contour
plowing, and planting after proper disposal of crop residues’ .are -
techniques - to be investigated to protect soils against physical
degradation.’ ' ' S

3. Biological soil degradation refers to the excessive contamination of

soils by weed species. These dominant weeds include wild sorghum

- . and other sorghum related grass species .and, more impqrtantly,f;the

parasitic and hard to control Striga hermonthica. It also refers to

the presence of soil borne diseases and pests and their ad#ersé

' effects on crop production and on beneficial micro-organisms. Again,
-crop rotations should be considered for sclutions. L

The solution to environmental degradation seems cbviously to bef-the'
planting and maintenance of shelter belts and windbreaks. . However, the
selection of tree species, spacing within and between rows, and the
-geographic orientation of the shelter belt justifies some z?sparrh
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Reéearch Priorities for the Mechanized Subsector

. The above " discussion, though not complete, shows the many problems
requiring investigation. However, it does not seem feasible to handle

all preoblems at the same time. In establishing' priorities, theﬁ.:'

. Tollowing criteria need toc be considered:

1.. The relative importance of the problem to be solved and the impécté'
of its solution. : .

2. The probability and case of finding a solution.

3. The aCCFptablllty and affordability of solutlons by the farmer andi
by the country. :

Thus, priorities should be given to problems of high impact or which can:
be solved with 1little effort and time. In that the 'improved
‘technologies must be economically feasible, highest priorities .should bei_
given to solutions that will require a minimum investment by the farmeri
and a minimum of added foreign exchange commitments by the natlen

Tahing into consideration that solutions already exist for manyy 
problems, it seems that the following deserve highest prlorlty ratlngs

1. Mechanization of sesame harvest to make it possible to grow ‘larger:
areas of this crop This leads to a sounder crop rotation.: Beside
the higher comparative economic value of sesame .itself, such al
rotation is essential for maintenance of. soil fertility and for!
effective use of herbicides. ' . ’

As enﬁiéaged in a former project, this problem should be attacked dn?_'

two fronts. For the shorter term, combine harvesting of thé present?v‘

shattering sesame types should be +tried, as well as.: -partial

mechanization of their harvest, with the use of reaper/blnders ' Forg_?f-:?
the longer term the breeding of ‘agronomically accoptzble_ non—gi;]'f-

p shatterlng types should be the objective.

- Introduction _of new legume and oilseed crops {soybeéns, fcongasii
- sunflowers, etc.} will meet the same ends as sesame. - However, the:

~problems facing their - introduction gives them a little lower'

- priority than sesame. ' : P .

2. Weed control problems. Weed competition -causes serious yleld )
losses. In the mechanized sector, delaying sowing to get. good . week:
~control results in even greaterfyield losses.  Finding weed comtrol

methods that - enable early sowing should cause a  very fa¢ou;able_ =“"'

- impact on yield. For this the following may be investigated:

a. Altérhating- between herbicides of different.'séléctivitiés,{lefiu
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‘together with changing of crops in rqtatiohs.

'b. Using effective post-emergence herbicides. This allows mdro o

exacting selection of herbicides.

c.. Planting in rows and inter-row cultivating with on-row b?ﬂd'
application of herbicides. :

d. :Flow;ng of fallow areas before their weeds set seeds or spraylng'

them with herb1c1des at that time.

Procuction of high-yielding, dwarf, early-maturing, and drought-
telerant - sorghum cultivars. Conversion of popular landraces . to

early and dwarf counterparts 1s an easy task with expected. high:

impacts on yields and soil fertility.

Use of fertll;zers to replace the depleted nutrients of- the 5011

~ Fertilizers involve higher invesiments by the farmer and require

considerable foreign currency to import, yet they need to be given a
high priority in research. In the past, work has concentrated on N,

3.

P and K and was not adequately tied to factors affecting their

‘availability and wuptake. No attention has been given to other

nutrients, especially micronutrients, an omission that has to ‘be'
corrected.  In particular, the fertilization of sesame needs to be
investigated. ' : '




