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The International Sorghum/Millet Collaborative Research Support Program
(INTSORMIL) is devoted 1o improving the production, distribution, and
consumption of these two cereals among small producers in less-developed
countries. In addition, the program sceks to improve the institutional
capacity of its host countrics to generate and adapt new knowledge through
training and collaboration with local scientists, The sociologists and
anthropologists in this multidisciplinary project have focused on
sociocultural constraints to production, distribution, and consumption of
sorghum and millet in low-rainfall arcas, such as the Sahel of Alrica, where
these crops are particularly important. INTSORMIL has addressed these
constraints in the context of the various social strictures involved in
sorghum and millet production and distribution, Conscquently, the rescarch
has focused on farming, marketing, extension, and rescarch systems. This
chapter highlights one such interrelated social system: the agricultural
research system in Sudan,

Among the major constraints faced by agricultural development projects
in sub-Saharan Africa is the basic infrastructure 1o support their efforts. The
agricultural rescarch system is an important and often essential part of that
infrastructure and of the process of cconomic development. Indeed, Mellor
(1986) swates that "first and foremost” in a strategy for broad forcign
assistance policy "is the investment in agricultural rescarch and its suppert
services.” Furthermore, the agricultural rescarch systent is ~ital o the success
of any program of collaborative rescarch between scientists in developing and
developed nations,

Despite these facts, the agriculture research system is cither ignored in
the work of natural and social scientists or taken as given. When attention is
directed to the rescarch system, it usvally takes the form of bricfly summa-
rizing budgets, human resources, and organizational structures or of identi-
fying rescarch products to be disseminated to farmers. In contrast, our work
in Sudan and clsewhere sought to place INTSORMIL's research in a broader
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sociology of agricultural scicnce perspective (DeWalt this volume). The
rescarch reported here addressed the internal dynamics of Sudan's Agricultural
Research Corporation (ARC), including its organization and practices, as
well as the social, economic, and political situation in which it is ecmbedded.

SUB-SAHARAN AFRICA AND SUDAN

Sub-Saharan Africa is a vast region encompassing 41 countrics that arc con-
sidered the poorest in the world's cconomy. While these nations' cconomies
arc dominated by the agricultural sector, in only 11 of 31 countries for which
data arc available did the average annual growth rate of agricul ure exceed the
population growth rate between 1973 and 1974, In addition, sub-Saharan
Africa as a whole is the only arca of the world where per capita food
production has declined over the past two decades. In 1985, approximately
170 million of its 540 million people were fed entirely with imported grain.,
Africais iosing its ability to feed itself (Brown and Wolf 1986).

While there is no such thing as a typical African cconomy, Sudan
exemplifies all the conditions described above. In the Tate 1970s, the UN
identified it as onc of the least developed countries in the world.
Approximalely 65%: of Sudan’s population works in the agricultural sector;
agricultural products, especially cotton, made up over 70% of the country's
cxports in 1983 (Bank of Sudan 1983).

During the posteolonial period, agricultural development in Sudan has
emphasized large-scale irrigation projects (such as the Gezira and Kenana
schemes or the Rahad Project), which require substantial capital and often
heavy commitments of public funds. But, the bulk of agricultural land and
labor, particularly for food, is still devoted to small-scale farming and
pastoral systems of iivestock production. In addition, approximately 80% of
all crops are grown in rainfed arcas. In the 1970s, many policymakers,
planners, and lorcigit donors shifted their attention to small-scale farming and
small-scale projects. However, because of population increases caused by a
growth rate of 2.8%, augmented by over a million recent refugees (Gurdon
1986), agricultural and food production per capita both declined considerably
between 1973 and 1984(FAO 1985). This decline has been worsened by
drought in the 1980s. Finally, a prolonged colonial experience and the current
long and bloody civil war have made it extremely difficult to achieve political
stability und cconomic development.

THE AGRICULTURAL RESEARCH CORPORATION

Despite the dilficult social, ccononic, and political environment, ihe Sudan’s
agricultural research system has grown substantially since its modest
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beginning in 1902. Initially, rescarch stations and laboratorics were staffed by
British scientists and were established to meet the demand of the Lancashirc
cotton industry, They focused almost exclusively on colton, particularly in
the proposed irrigation arca between the two Niles that cventually became the
Gezira Scheme. By the late 1940s, concemn for nutritional deficiencies forced
attention (o food crops. Research in this arca began in 1952, but the system
included only about 50 scientists to conduct research on both export and food
Crops.

Fifteen years later, the semiautonomous Agriculture Research
Corporation was created. In 1977, preexisting rescarch functions in the arcas
of food processing, forestry, fisheries, range management, and wildlife were
incorporated into the ARC. More recently, with the establishment of the
Western Sudan Agriculture Research Project, progress has been made toward
improving rainfed agriculture and livestock production in the west and
infegrating cconomic scientists into the organizat’on.

Today, with approximately 175 scientists @ ad 140 assistant scientists
(including a large number who wre abroad for training), the ARC accounts for
approximately two-thirds of Sudan's agriculiural research. Foreign scientists
are a very  aall minority on the staff. In addition, there are roughly 600
technical assistants, 400 clerical and support stalf, and nearly 4,000 lavorers
(ARC 1980). The ARC has achieved a critical mass of well-trained scientists,
but it faces other human resource problems and serious cconomic constraints
arising from detenorating economic conditions in the Sudan generally.

Litle information had been collected on this key agricultural research
system. Indeed, we were unable to find any in-depth study of any African
research systenn. Consequently, our rescarch involved a variety of information
sources, including reviews of historical materials: project reports and
government documents; a series of 1982 on-site interviews of about two
hours cach with 62 ARC scientists: nine questionnaires retumed frony ARC
scientists whose work sites were not visited: and approximately 20
interviews with rescarch administrators and government officials. The number
of respondents (1 = 71) represented approximaltely 55% of the ARC on-site
scientific stalf in Sudan, Additionally, questionnaires were sent 1o
approximately 50 Sudanese students enrolled in U.S. universitics between
September 1982 and May 1983, Twenty-five of these students were supported
by the ARC, with the remainder being supported by other government or
privaie organizations, Their response rate was approximately 504 (n = 25),

Human Resources

Since the rate of development of science, technology, and social institutions
is determined in Farge part by human resources (e.g., scientists and stafhy, the
backgrounds, professional training, and capacity of ARC scientists were
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examined. Alihough Sudan's agricultural scientific community has increased
significantly during the last two decades, its size and growth arc about
average for developing countries in Africa. For example, the annual growth
rate petween 1970 and 1980 for selected nations was Nigeria 17.3%, Zambia
3.4%, Madagascar —.6% (Oram and Bindlish 1981). The ARC scientific
community is well-trained; 65% hold PhDs, a figure that far exceeds the
World Bank target ol 20%. Among ARC scientists, most master's-level and
ncarly all PhD-level education was received at universitics in Great Britain
and the United States.

Despite this relatively large and well-trained scientific community, there
are a number of buman resource-related problems. During the carly to mid-
1980s, the rescarch staff continued to be augmented by significant numbers
of newly trained scientists returning from overseas. This has put pressure on
an already overextended research system and has exacerbated the erosion of
operating budgets. Furthermore, declining budgets threatened the system's
ability to retain its scientists. At the same time, the increasing scale and
complexity of the ARC and the intense competition for funds in the national
budget have illustrated the need for personnel tramed in research management.
Inadequate budgets also made it extraordinarily difficult for the ARC to
compete for farm tabor during peak planting and harvesting periods. Many
scientists reported that experimental plots were not harvested on time or at
all, thereby wasting the work of trained scientific personnel. Finally, the
development ol human resources should be congruent with Sudan's overall
needs and priorities, This requires a closer examination of the balance
between scientists devoted to export and/or cash crops as opposed to those
concentrating on food crops for nutional consumption, and to their
disciplinary, institutional, and geographical distribution.

Rescarch Resources

ARC scientists are strongly oriented toward applied rescarch, They
categorized their rescarch over the last five years as 83% applied, 13% basic,
and 4% development. Most of this work takes place in experiment-station
ficlds (56%), and about a third is conducted in the laboratory. The low
percentage of research in farmers' ficlds (3%) reflects the lack of adequate
transportation and the refative weakness of institutional ties that would
permit on-farm experiments.

Various resources are necessary to the research process. ARC scientists
rated the adequacy and importance of the resources for their work on a scale of
I (very adequate, very important) to S (very inadequate, very unimportant).
Availability ol experimental Tand was seen as the most adequate resource,
[ollowed by personal freedom to determine research problems. On the other
hand, cquipment and financial support were seen as the most inadequate.
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Transportation, availability and quality of trained technical help, and
opportunitics for advanced education were also seen as inadequate (Table 4.1),
While the pereeived adequacy of resources dillered stgnificantly, scientists
viewed most ot these inputs as very important 1o their work. They saw
financral support and operating suppiies and materials as the two most
critical, but they ranked ali resources as important. Furthermore, the
discrepancy between adequacy and importanee is quite Targe for many of the
TFeSOUrCes.

Sudanese students enrolled i PhD programs in the United States
likewise rated the resources available o them at their host mstitutions (Fable
400 Sacenutic Hiterature, personal frecdom 1o meorporate new materals and
techniques and 1o determme researeh problems, and tansportation were the
most adequate resources. While these four Lactor received the highest
adequacy ratings, there was vintually no ditference between this aroup of
variables and the renminyg resources, I he range was 1-b 2 2 qhus, all were
considered adequate o very adequate: The only madeduate rating: was given for
availability and quality ot Taber With regand 1o Hportanee: scientific
ferature, cquipment and toels, opportunities for advanced cducation, and
personal frecdont o meorporate new niaerials and techniques ito rescarch
were considered the mose rportant. While these were raied shightly higher,
alresourees were coniderad 1o be vers iniportan

Notsurprsinghysthe Sudanese students Gl of whom were enrolled in
major S0 Land erant and e nculiaral sehoolsy considered their mstitutional
resources 1o be sienilicantly more adequate than did the ARC scientists on
site i Sudan. The students rated every resouree, Except for experimental
Land, the students rated every resouree as more adequate than did the Sudanese
SCICnIsIs.

These tindimes swere penerally consistent with those for Asian rice
breeders dTarsrove 10780 1S serentisds (Buseh and Lacy TOS3), and the
mtematonal community of sorghum scientists (Marcotte, Busch, and Lacy
TO83). Sudanese and other seieniists from fess develop. Feountries agree with
scientists from developed countries as 1o what is imonant with respect 1o
resources, but the tonmer labor under niuch fess adegr e research conditions.
His 1o the credit of ARC screntists tha they have not used current fiscal
problems as wiexcuse to abandon a meanigiul research program. However,
about a third ol the Sudanese scicntists ¢ cpressed theirintent to seek work in
other countries with more adequate resources, support, and sulares if rescarch
conditionsin Sudan did not improve.

Career Advancement

All organizations should have a reward system that provides a carcer ladder,
olfers employee mcentives, and cnicourages support for the organization's


http:ItccdcI.ts
http:htetkt.ci

Lacy, Busch, and Marcotte 79

TABLE 4.1. RATINGS OF ADEQUACY AND IMPORTANCE OF RESOURCEL FACILITIES

Scientiste! Students?
Resource Facilities Adequacy Importance  Adequacy Importance
Operating supplies and materigle 3.6 1.2 2.1 1.9
Experimental land 1.7 .Y 2.2 2.6
Research equipment and tools 4.0 1.3 1.8 1.7
Iranspurtation 3.8 1.3 1.6 2.4
frained help 3.7 1.4 2.2 1.9
frevdom to incorpurdate new materials .
and techniques into research 2.1 1.6 1.5 1.7
Freedom to determine resedarch
prreh Lems 1.9 1.6 1.6 1.9
Contact with ather screntisty 2.7 1.4 2.0 1.8
Opportunitres tor wdvanced education 3.7 1.5 1.9 1.7
Opportunitie. to yain scientific -
recognition 3.2 1.4 2.1 1.8
Opporcunities tor protessional
advancement 3.2 1.5 1.8 1.9
Tratning opportunities for people
who work under you 3.7 1.5 2.2 2.3
Average Mean Scure 3.3 1.4 2.0 1.9
MMean vatings o1 71 wcientists in Sudan -- I = very adequate/important;
b} very dnadequate/ unimportant.
"an Ratings ot 25 Sudanese stuaents in the .S, -- | - very adequale/

bmportant; 5 - very inadeguate/unimportant.,

goals. In research institutions, this system must also take into account the
cnormous diversity of rescarch products, as well as the differing pace of
production across disciplines. Finally, the reward system should consider the
relevinee of research products o the institution’s clientele,

Scientists were asked what criteria they felt were important for advance-
ment within the ARC, Publications were seen as the single most important
criterion. Primarily, this meant writing annual reponts, although several sci-
entists also published in British and V.S, journals. Number of years of
service was seen as the second most important criterion, while actual evalua-
tion of rescarch projects ranked third. Only one out of six scientists identilied
problem-solving or meaningful research as a criterion for promotion.
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Thesc responses indicate discontinuity between the goals of the ARC
and the system used to reward its scientists. As with most scientists, there
is little assurance that publications will benefit clients. Likewisc, length
of service with the ARC is likely to be unrelated 1o any client needs.
Few ARC scientists viewed ficldwork or problem-solving as important
in carcer advancement. Consequently, although the ARC does use objee-
tive criteria for promoting its scientists, such criteria may not encour-
age them to generate results uselul o potential client groups. However,
with little additional expenditure, it may be possible 1o change the
reward system (o better direct research toward the needs of farmers and other
clients.

Scientific Communication

Because production of scientific knowledge is intimately bound 1o the ability
to exchange information, systems of scientific communication in the ARC
were assessed. With respect o formal communications, the major means by
which ARC scientists (56%) keep abreast of current literature is regular
scanning of joumnals, ARC scientists read approximately 2.5 journals
regularly, c.g., Agronomy Journal, Experimental Agriculiure. Crop Science,
or Food Science and Technology. Travel (119 of scientists) and publications
other than journals (5%) were considered 1o be of little importance.
Unfortunately, relatively few scientific journals are available 1o ARC
scientists because ol budgetary constraints and forcign curreney restrictions,
Likewise, travel - which agricultural scientists from developed countries
consider a mujor source of information -is not o principal channel of
communication for ARC scientists because of insufficient funds for travel
both within and outside Sudan. To compensate Tor this relatively weak
formal communication network, ARC scientists have developed a strong
informal network. Forty-five percent e~ that they converse daily with
colleagues in their departments, This ¢o ,res quite favorably 10 scientists
in other countrics. For example, U.S, agncaaral scientists report that they
talk about research with their departmental colleagues somewhat less than
weekly (Lacy and Busch 1983),

In sum, scientific communication in the ARC is restricted in several
significant ways. Access 10 journals is limited by the small numbers of
titles in librarics and the lack of transportation to libraries. Access (o
fellow colleagues at other stations, institutions, or nations is also limited
by restricted travel opportunities and minimal telephone services, Elfective
agricultural rescarch policy must address the scientific communica-
tion system, its integral relationship with the goals and products of
agriculture and agricultural R&D, and potential conflicts in the present
system,
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Research Goals and Beneficiaries

By definition, agricultural research is a goal-oriented activity. This is implicit
in its strong mission oricntation. However, the particular goals of research
may differ markedly from program to program, discipline to discipline, and
scientist to scientist. In addition, scientists' perceptions ol research goals may
differ significantly from those of administrators.

To assess the relative importance of various rescarch goals to ARC
scientists, a list of 10 common goals was utilized. Scientists ranked cach of
these 10 on a scale of 1 (no importance) » 5 (highest importance) in terms
of their own rescarch. Mean scores ranged from a high of 4.5 for increasing
agricultural productivity and 4.3 tor developing new knowledge, 1o a low of
2.6 for improving marketing cfficiency. Significantly, only one goal ranked
below the midpoint of 3 on the S-point scale (Table 4.2). ‘Phis suggests that,
unlike their U.S. counterparts, ARC scientists take a broad view of research
goals in their work. In fact, these scores may understate the differences, given
the narrower range of disciplines in the ARC. The principal goal of ARC
seientists is to increase agricuttural productivity. It seems apparent that in
order 1o pursue this mission, scientists must understand the circumstances of
their clients. Morcover, one of the most important and difficult roles for the
scientist as a change agent is to diagnose the needs of clients (Rogers and
Shoemaker 1971). Perhaps even more difficult is to incorporate that
perception into an ongoing applied program,

Given this requisite for understanding and diagnosing client needs,
rescarchers were asked whom they pereeived as the main audience for their
rescarch (Table 4.3). The largest group of perceived beaeficiaries was famiers
(50% of responses), foHowed by industry (24%) and extension/government
(16%). This identification of farmers as the principal audicnce appears
consistent. with the goal of ARC scientists 1o increase agricultural
productivity. However, it deviates somewhat from previous studies. For
example, the most important perceived beneficiaries for U.S. agricultural
scientists were large farmers and the gencral public, followed by other
scientific disciplines, small farmers, and agribusiness, bul with minimal
differentiation among beneficiaries (Busch and Lacy 1983:167-168).

The data on pereeived research goals and beneficiaries in Sudan suggest
some potential and fundamental anomalies in the role of agricultural research
there. First, although scientists see farmers as their research audience, they
have limited or nonexistent communication links with these potential
clients. When scientists were asked how their audiences received information
about ARC research, the most popular answers were reports and publications.
Ironically, however, adult literacy in Sudan is only 20% (World Bank 1980).
Therefore, most farmers could not use such reports. ARC scientists' next
most frequent answer to this query was information dissemination through
extension. However, because of the country's serious cconomic difficultics,
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TABLE 4.2.  GOALS OF AGRICULTURAL RESEARCH AMONG SUDANESE AGRICULTURAL
SCIENTISTS AND STUDENTS

. . a -
Scientists” Students

Goals Total 1 2 3
(n=71) (n=30)  (n=16) (n=25) (n=2%)

Increase agricultural productivity 4,bb 4.6 5.0 3.9 4.7
Develop new knowledye or improved

methodolony 4.3 4.2 4.1 1.6 4.6
Decrease production costs of farm

product . 3.9 4.0 4.1 3.7 3.8
laprove Tevel ot rural living 3.6 3.3 3.1 4.2 4.6
Protection trom insects, disease,

and other hazard. 3.6 3.4 3.7 3.8 4.3
Protect consumer health and

improve nutrition 3.6 3.2 2.9 4.7 4.2
Promote community improvenent 3.4 3.2 2.5 4.2 4.2
Expand demand by developing new pro-

ducts or enhancing product yuality 3.4 3.0 2.9 4.3 3.9
Expand export markets 3.2 3.1 2.9 3.6 3.5
Improve marketing erticiency 2.6 2.4 2.2 3.2 3.5

dGruup L agricultural scientisty at Gezira and Shambat, Group 2 scientists
at remote reqional wtations (Hudeiba, Kadugli, Kenaand, New Halfa, Rahad,
Sennar, and Yambio), Group 3 scientists at the commodity stations and
speciatized conters (Food Research Center, forestry Research Center, Gum
Arabic Rescarch Station, Fisheries Research Center, and Wildlite Research
Section).

b . . .
Scale 1 to b -- at no tmportance; 9 of highest importance.,

the Sudanese extension service lacks both the staff and resources 1o
disseminate information.

Another anomaly centers on research goals. Scientists see cerain goals
as significantly more important than others in the conduct of their rescirch,
In contrast to their counterparts in developed countries, Sudanese scientists
view a wider range of goals as important. However, various subgroups differ
in therr pereeption of the most important goals. This would be relatively
unproblematic if there were no link between the maximization of particular
research goals and the flow of research benefits to certain groups; but this is
not ihe case. Fer example, successful research 1o inerease agricultural
productivity i most likely (o benefit literate farmers near experiment
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TABLE 4.3. SCIENTISTS' PERCEIVED BENEFICIARIES OF AGRICULTURAL RESEARCH

Scientists' Responses

Beneticiaries N 37

Farmers 29 46.8
Industry 15 24.

Extension/government 10 6.1
General public 4 6.5
Students/universities 3 4.8
Projects A _1.6
lotal 62 99.8

Does not sum to 100 due Lo rounding.

stations, processing and marketing firms able to purchase agricultural
commoditics at lower prices, and perhaps consumers—although if food
quality and nutritional goals are generally neglected, little or no benefit may
acerue to consumers. Similarly, emphasis on research to expand export
markets may benefit certain export-crop farmers while also raising consumer
prices for food crops. The promotion of community improvement may also
cost some groups and benefit others. For example, crops and livestock can be
protected through the use of chemical sprays, but such chemicals may
increase health hazards 10 larm workers, rural residents, and ultimately the
general public.,

Finally, the pursuit of any goal involves costs and benefits. It may
appear that the solution is 1o develep a system that maximizes benefits and
minimizes costs. However, this approach addresses only the issue of
outcomes; it ignores questions conceming beneficiaries and those likely to
incur costs. No simple cconomic cost/benefit analysis can resolve this
fundamental problem. These complex issues highlight the need for a more
informed, comprehensive agricultural rescarch policy.

CONCLUSIONS AND SIGNIFICANCE OI' THE STUDY

The current situation in the ARC combines opportunity with the frustration
ol inadequate resources. The stufl, soon to be augniented by additional
colleagues, is generally well-trained and highly committed to applied research
in agriculture. However, the facilitics, supplics, and other rescarch resources
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are inadequate for cven the present staff. Without adequate funding, the
available human resource potentials will be underutilized and possibly cven
lost to the system.

In summury, it is not enough just to provide funds for training new
scientists and technicians. Budgetary support for operational costs other than
salaries is essential, yet it is often neglected. Training and staff development
should be matched with the provision of recurrent funds and capital
investment to support their rescarch. Infusion of adequate funding and
resources for current operations, as well as for institutional development in
the ARC, should be a high priority of the Sudanese government and other
agencies interested in agriculural development in Sudan.,

In addition 1o analyzing the ARC research system and olfering
recommendations 1o ARC administrators and scientists, INTSORMIL
sociologists' "research of tescarch” provided an important and possibly unique
social sciencee contribution to agricultural development work in Sudan. First,
it treated the ARC in more than the cursory style of many external reviews of
rescarch systems. The study included in-depth interviews with junior
scientists as well as department heads and station directors, surveys of
seientists in training, and site visits to over hal? the rescarch stations in the
system. This provided multiple perspectives from a representative sample,
plus observations useful 10 both Sudanese policymakers and foreign
assistance agencies interested in strengthening the research capacity.

Sccond, this investigation complemented the work of other
INTSORMIL social scientists regarding farming systems, extension
structures, and marketing networks, ‘The study represented one of the fow
occasions in which all these essentiz! <ocial systems in the food chain were
examined in the same project.

Third, anatysis of the ARC system furnished U.S, biological scieniists
in INTSORNMIL with insights into the rescarch milicu of their potential
Sudanese collaborators. As with the CRSP structure, mternational
agricuttural development increasingly stresses collaboration between
scieptsts in developed wid developing countrics, Understanding agricultural
rescarch organizations is important for the suceess of collaborative efforts,

Fourth, international development analysts increasingly emphasize the
role of national agricultural rescarch for development. Investment in
agricultural R&D and its support services is currently a major focus of
foreign assistance policies. Therefore, well-designed studies of the researeh
system take on added signiticance for cuiding these investments.

Finally, studyving the research system provides new insights into the
interrelationships among research, extension, and producer clients. The Tocus
on research requires the reformulation of traditional views of information
flow between rescarch and extension. In this model, the rescarch system is no
longer taken as a given that provides value-(ree knowledge, Instead, it is
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viewed in terms of its internal and external dynamics and its broader
technical, social, cconomic, and political context.

NOTES

Portions of thi- chapter appeared in Lucy, Busch, and Marcotte 1983,
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