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ABSTRACT
AN ANALYSIS OF SMALLHOLDER RAINFED CROP

PRODUCTION SYSTEMS: A CASE STUDY OF THE
NUBA MOUNTAINS AREA, WESTERN SUDAN

By

Gaafar Bashir Mohammed

The focus of this study is on rainfed crop production systems in
the Nuba Mountains area of Western Sudan. The two smallholder farming
systems in the area--traditional farming and the Nuba Mountains Agricul-
tural Production Corporation (NMAPC) Modernization schemes--were consider-
ed. The objectives of the study were: to identify the present input-
output relations and constraints of the two smallholder production sys-
tems; and to assess the impact of policies and management alternatives
aimed at improving performance in the two production systems.

The general research approach employed representative models to fo-
cus on the production system at the farm level. Primary data were gener-
ated from two field surveys carried out in the study area. The FAO sur-
vey (1978/79) data were combined with data from the researcher's survey
(1979/80) to provide a descriptive analysis of the smallholders' environ-
ment and production practices. Building on this foundation, the approach
utilized descriptive statistics to derive three representative farm pro-

duction categories mainly on the basis of farm level resource differences.
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These three categories were then represented as sub-models in each of
the two linear programming production models (traditional and NMAPC)
that were constructed.

In the LP models, the objective function was to maximize net farm
income subject to satisfying the minimum consumption requirements of the
farming household. To account for the seasonality of production, the
activities and resources of the LP models were disaggregated by monthly
periods. The traditional and NMAPC LP models differ from each other in
activities, constraints, and input-output coefficients. In particular,
the NMAPC LP model incorporated the mechanized cultivation activities
and the institutional features (tenancy size and crop mix) that were
introduced by the NMAPC program. The analysis and results of the base
production plans of the two LP nodels were used as departure points
for later model experiments.

Analysis of the traditional farm model showed the cropping pattern
of the smallholder to be dominated by sorghum. Net returns are very low,
a product of the low productivity of land and labor. Low productivity
and returns are the result of low crop yields and seasonal labor con-
straints. Further experiments revealed that: (1) farming returns are
highly sensitive to crop yield levels; (2) short-term credit can help
smaliholders augment their labor resources and expand the area cultivated,
resulting in substantial improvement in returns; (3) smallholders cur-
rently grow late planted crops to smooth out labor bottlenecks, but

through the use of credit for hired labor they can plant earlijer and
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realize higher crop yields; and (4) the current cotton prices would need
to be raised substantially to induce traditional farmers to grow cotton.

Analysis of the NMAPC farm model showed that NMAPC participants
earn low returns from their scheme plots, due to the relatively small
cultivation size and the low productivities of the two crops (cotton and
dura) grown. Cotton is especially unprofitable. Several other findings
emerged. First, the contemplated expansion of NMAPC tenancy size can be
expected to increase participants' returns significantly. However, the
increase in cultivation size can also be expected to intensify the labor
and operating capital bottienecks. Second, despite the effect of mechani-
cal ploughing in reducing weeds, the NMAPC participants (especially under
the expanded tenancy size) face a labor constraint in weeding. Third,
credit is especially needed to finance cotton picking operations. Fourth,
for the NMAPC participants, an unrestricted crop mix which includes the
introduction of sesame as a third crop is advantageous and more rewarding
than the present standard two-crop mix.

The policy implications of the study indicate a need for applied
research to improve smallholders' farming; a need to reduce costs of
NMAPC and improve its services; and a need for changing the NMAPC's pre-

sent fixed tenancy size and crop mix policies.
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CHAPTER I
INTRODUCTION

Background: Traditional Agriculture in Sudan

Agriculture in the Sudan contributes nearly 40 percent of the Gross
Domestic Product, and 80 percent of the population depends on its sub-
sistence on agriculture and related activities. The sector is the major
source of exportable commodities accounting for over 90 percent of the
country's fo;eign exchange earnings. Economic activities of other sec-
tors in the economy, especially in transportation and industry, are cri-

tically Tinked with those of agriculture.1

The Sudanese record of agricultural development has been character-
ized by a marked dualism between relatively high income irrigated and

mechanized agriculture on the one hand and low income traditional agri-

culture and livestock raising on the other hand. An evolving consequence

of this dualism is the creation of an unbalanced regional growth, with
2

3

its related social and political problems.
The place of traditional agriculture,” and its relative share in

area and -production of major crops in Sudan is shown in Table 1.1.

]Ministry of National Planning, "The Six-Year Plan for Social and
Economic Development, 1977/78-1982/83," Sudan, Vol. II [44].

2ILO/UNDP Employment Mission, "Growth, Employment and Equity: A
Comprehensive Strategy for the Sudan" (Geneva: ILO, 1976) [30].

3The term "traditional” is used within Sudan agriculture to denote
the sector of small producers (mostly under rainfed) outside the domain
of the "modern" (irrigated and/or mechanized) sector. In the context of
this study, the term will be used more specifically to distinguish the
small producers in the Nuba Mountains area from the Nuba Mountains Agri-
cultural Production Corporation (NMAPC) schemes' participants.

1
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Table 1.1 Share of Different Production Sectors in Area and Production
of Major Crops

3 Year Average 3 Year Average
1966/67-1968/69 1973/74-1975/76
Area Production Area Production
Production Sector (%) (%) (%) (%)
Irrigated 22.4 53.8 18.5 50.3
Unirrigated 77.6 46.2 81.5 49.7
Public 27.6 54.9 22.3 51.6
Private 72.4 45.1 77.7 48.4
Mechanized 47.2 69.2 45.6 71.2
Traditional 52.8 30.8 54.4 28.8

Source: Six-Year Plan, Table 6 [44, p. 20].



More than 50 percent of the total cropped area is under traditional
agriculture, and 6.6 million persons derive their 1i9e]ihood from crop
production in the sector [1]. Income and productivity of traditional
farmers are characteristically low. Adam and Khidir report that "the
average per capita income of traditional agriculture is about one-third
of the level of per capita income in modern agriculture and is only
about one-fifth of the aggregate average" [1, p. 3]. Not only is pro-
ductivity of traditional agriculture low, but more seriously, it has
exhibited declining trends in recent years. The current six-year plan
notes that "during the last decade certain important structural changes
have come about in the crop production subsector..., the most notable
change is in productivity of the traditional sector, which went down in
relation to the mechanized sector" [44, p. 20].

The need for developing traditional agriculture was indicated as
early as the 1960s (Osman [51]), and by many others since then. The ILO
in its recent report (1977) argues for this need as a first priority and
it emphasizes that "“development of traditional agriculture and animal
husbandry is vital. This is rooted in sound efficiency criteria and is
also a priority on equity grounds" [3Q, p. 53]. Adams and Howel [3] have
questioned the priority issue, and in particular have cautioned against
ILO's overoptimism for development of traditional agriculture:

The western Sudan and traditional agriculture have been
neglected not simply because of the determination of govern-

ments to promote the modern sector within easy reach of Khartoum,

but because of inherent difficulties in doing something ef-

fective in areas of low fertility, meager and uncertain rain-

fall, scattered population, nomadism and shifting agriculture
(3, p. 508].



They, nevertheless, agree with the ILO in the need for a comprehensive
"all-or-nothing" approach for developing traditional agriculture, to
take the form of integrated rural development programs.]

For the government, however, the approach and means for developing
traditional agriculture, were seen primarily as an extension of the
"modern" sector's approach and programs. The accumulated experiences of
agricultural development in Sudan have been the creation and development
of an institutional and organizational system and expertise that is re-
létively effective in carrying out and executing programs and projects
in ‘the modern subsector (large-scale irrigation and mechanization pro-
jects). In particular, thésé developments in agriculture followed close-
1y the original Gezira "mode]."2

This fact has important implications for the development of tradi-
tional agriculture in general, and for this study in particular. For,
as will be discussed below, it is against this background that the

Sudanese planning machinery has framed and launched programs for the

"modernization” of traditional agriculture.

The Setting: Policy Issues and Programs

The current Sudanese six-year plan (1977/83) for social and econ-
omic development gives explicit recognition, among the stated objectives
for agriculture, to the "development and modernization of traditional

farming, improvement of conditions for nomads, and the modernization of

]Examples of programs endorsed by ILO [30], and Adams and Howel
[3], include: Hunting Technical Services' Southern Darfour, Savanna,
and Jebel Marra Development Plans, for western Sudan.

2Large-scale irrigated agriculture was started by the Gezira scheme
(1925). The "model" was closely replicated in subsequent developments
such as Managil Extension (1956), Guneid (1967), New Halfa (1964), Suki
(1971) and Rahad (1977). A1l of the schemes follow, more or less, the
original Gezira in the design of their organizational set-ups, tenant-
management production relations and cropping patterns.



pastorial activities" [44, p. 6]. The strategy adopted in the plan for
modernization of traditional agriculture includes:

(i) Consolidating the studies and researches already done
or underway, to determine suitable projects for mechan-
ization of traditional agriculture.

(ii) Establishing agriculture complexes and a network of
research stations in all rainfed crop areas.

(ii1) Establishing modern ranches in savanna region.

(iv) Encouraging and assisting the establishment of large
agricultural cooperatives.

(v) Encouraging the development of close relations between
modern agricultural schemes (1ike Rahad) and the neighbor-
ing traditional agriculture areas, so that the latter
will benefit from the production systems used in these
schemes [44, p. 11].

A major program that was implemented in the spirit of the above
strategy is the modernization schemes of the Nuba Mountains Agricultural
Production Corporation (NMAPC).] Started in the early 1970s in the Nuba
Mountains area of South Kordofan Province, the program was directed
towards modernizing traditional agriculture in the area. Taking es-
sentially the public irrigated model format, the main component of the
modernization program is provision of mechanized cultivation to- the
smallholder participants. The NMAPC's six-year plan proposal for the
modernization program is shown in Table 1.2. The biggest item in the
proposed capital costs (66.7 percent) was for agricultural machinery.
Sixty tractors/discs were to be added to the corporation's stock an-
nually, to reach a total capacity of 360 tractor/discs by the end of
the plan period in 1982/83, at which time a total of 480,000 feddans
were expected to be under cultivation. Although mechanized cultivation

was being extended to new NMAPC schemes, the realized expansion of the

1A brief history and background note on the NMAPC, together with
the specific modernization objectives, are discussed in the first
part of Chapter VI.
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program fell far below the original proposal.] The 10-year experience
of the modernization program will be discussed in detail later; there
are, however, evolving policy concerns at two different, but related
levels:
1. At the planning or top governmental levels, questions
are being raised about the financial viability of the
NMAPC (and the other subsidiary corporations of the
dissolved Agricultural Production Corporation), and
the extent to which the public fund can continue to
shoulder their large and continuing deficits.2
2. At the operational level concerns exist about the
corporation's performance related on the one hand to
its technical, organizational, and administrative
capacities, and on the other hand to performance and
productivity of its participating farmers.3
Both policy issues are relevant to this study. However, the
focus of this study is micro-oriented, it concentrates on study-
ing the traditional and NMAPC production models at the farm level.

Such a micro-orientation is necessary for studying the NMAPC

modernization model by permitting evaluation of the model

]By 1979/80 there was a total of 62 schemes operating in the
eight stations of NMAPC, utilizing a total of 140 tractors and com-
manding a total area of only 72,868 feddans.

2For example, by the Minister of Agriculture, in a visit to the
NMAPC after receiving a World Bank mission report regarding the
issue.

3The modernization program suffered a great set-back in 1974/75
when almost all schemes were shut down. The reason given by NMAPC
administration was the accumulated and mounting farmers' debits (for
mechanized cultivation) owed to the corporation.



from the farmer's perspective. The basic components of the NMAPC are
examined as they affect the farm level. These include the following
components and/or issues:
1. Land ownership and production relations (as they affect
tenant security and tenant-management relations).
2. Scale of operation (tenancy size and feddanage expansion).
3. Crop composition (mainly the role and size of the cotton
component).
Mechanized cultivation.
Provision of credit.

Input supply and subsidies.

N o0 o B

Product prices (especially that of cotton).
Farm income and returns.

Another important policy issue, with special relevance to tradi-
tional farmers in the area, concerns measures to increase cotton crop
output. Historically, the largest share of short staple cotton output
of Sudan is produced in the Nuba Mountains by traditional farmers.]
Although the current Sudanese six-year plan targeted 24.3 percent annual
increase in output of short stable cotton,2 output and areas under the

crop in Nuba Mountains area were declining by the late 1970s. This

decline continued and has reached such an alarming level, with the crop

]For example, in the seasons 1974/75, 1975/76, the Naba Mountains
share in total output of short staple cotton was 56 percent and 74
percent, respectively.

2

] See Six-Year Plan, Table 3: (A) Crop Production Targets [44,
p. 7].
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almost disappearing from the traditional farmers' areas, that in 1979
a ministrial committee was formed to study and make recommendations for

the issue.]

Objectives of the Study

The focus of this study is on the production structure and con-
straints of the smallholders in the Nuba Mountains area. Specifically,
the study will seek to:

1. Give a descriptive analysis of smallholder farming systems
in the Nuba Mountains area, with special focus on crop
production.

2. Formulate representative models of production at the farm
level for traditional smallholders and for NMAPC schemes'
participants.

3. Analyze the representative production models:

a. Traditional models:

(1) Identify the present input-output relations.

(2) Identify and analyze constraining factors of
production.

(3) Examine the potential for improving the system's
performance. This includes experiments of the
following:

(a) Credit experiments.
(b) Planting-time experiments.

(c) Cotton price effects.

]See Ministry of Agriculture, Food, and Natural Resources, "A
Report of the Committee for Studying and Treating the Causes of Cotton
Production Decline in Nuba Mountain Area,"(in Arabic),1979, [39].
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b. NMAPC participant models:
(1) Analyze the input-output relations and performance
of the current NMAPC farm model.
(2) Analyze the flexibilities and constraints, especially
in comparison with the traditional model.
(3) Analyze the proposed expanded version of the NMAPC
farm model. This includes experiments on:
(a) Expansion of tenancy size.
(b) Crop composition.
(c) Credit.
(d) Cotton price effects.
4. Discuss and analyze the implications of the above analysis for
national and regional rural development programs, with

emphasis on the lessons of the NMAPC experience.

Organization of the Study

Chapter II gives a general description of the research methodology
followed in this study. It discusses the linear programming analytic
approach used and the data sources and collection methods.

Chapter III provides the descriptive background for the study.
General characteristics of the smallholder farming systems are discussed
with emphasis on the production aspects. Chapter III lays the founda-
tion for the selection and construction of the representative production
models.

Details of the representative production models are discussed in
Chapter IV. The LP structure, estimation methods and assumptions are

discussed.
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Specific analysis and experiments with the traditional and NMAPC
models are given in Chapter V and VI, respectively. Chapter V is
devoted to the analysis of the traditional model. Its features and con-
straints are taken as a departure point for selective experiments in
this chapter and for the analysis of the NMAPC in Chapter VI. Emphasis
in the latter chapter is on the effects of NMAPC on the revealed con-
straints. It also discusses new policies and farm plans proposed by
the NMAPC.

The analysis in both Chapter V and VI is related to farm level con-
cerns and issues. A summary of the results and conclusions is given
in the final Chapter VII, which also includes discussion of the
limitations of the study, lessons, generalizations, and recommendations

for future research.



CHAPTER II

RESEARCH METHODOLOCGY

The purpose of this chapter is to describe the general research
methodology adopted. First, a brief note about the choice of the study
area and a summary of the general analytical approach is given. Next,
the linear programming (LP) model, which is the main tool of the analysis,
is discussed. Finally, data sources and data collection methods are de-

scribed.

The Study Area

As mentioned in Chapter I, the problem will be addressed through a
case study of the Nuba Mountains area of South Kordofan Province, Western
Sudan. The following points are the major reasons for choosing this
area:

1. The bulk of agricultural activity and potential of the Sudan is
concentrated in the Central Clay Plains (CCP), which run across
the country in an east-west direction. In particular, the ma-
jority of the traditional crop farming systems are located in
the CCP region. The Nuba Mountains area, located in the western
part of the CCP region, is fairly representative of its general
ecological characteristics, and to a large extent of its rainfed

agriculture.

12
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2. The study area exemplifies the problems and potentials of de-
veloping traditional agriculture.

3. The main government program (and policy) for the development
of traditional smallholder agriculture consists of introducing
mechanization mainly under government administered schemes. The
modernization schemes of the Nuba Mountains Agricultural Corpor-
ation (NMAPC) have been in operation since the early 1970's.

Its past and current performances offers an opportunity to em-
pirically investigate and study the effectiveness and limitations
of the program in the context of developing traditional agricul-
ture.

4. The Food and Agriculture Organization (FAOQ) conducte& a major
farm management survey in the MNuba Mountains area . in 1978/79
season, covering both traditional and NMAPC participant farmers.
This survey was done in cooperation with the Department of Rural
Economy, Faculty of Agriculture, University of Khartoum. The
researcher through his association with the Department of Rural
Economy, was familiar with this survey and in discussion with
some members of the department was offered the opportunity to
use this data.

5. Lastly, the Muba Mountains area -has recently been the site of
a number of foreign research projects,] experimenting with dif-

ferent technologies and/or institutional arrangements for

]These include mainly: A European Development Fund/SATEC project,
the British Overseas Development Administration (ODA) projects, and the
West German Technical Aid-GTZ project. They are discussed in somewhat
more detail in Appendix IV.
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improvina smallholder agriculture. These projects are still in
progress; however, some of their tentative findings ([38],

[42], and [43]) are referred to in this study.

Summary of the Research Approach

The general research approach employs representative farm models to
focus on crop production at the farm level. Primary data were generated
from two field surveys carried out in the area . The FAQ survey (1978/
79) data was combined with the data from the researcher's survey (1979/80)
to develop the descriptive analysis of smallholder production given in
Chapter III. Building on this foundation, the approach utilizes descrip-
tive statistics to arrive at representative production models. Three
categories of production models are derived mainly on the basis of farm
level resource differences. Somewhat different input-output coefficients
are used for the NMAPC participants models. The use of LP to model farm
production is discussed in Chapter IV. The analysis then concentrates on
the constraints of the farm system in the basic models. This discussion
of constraints at the farm level is used as a departure point for further
analysis and experiments on selected management strategies and policy
interventions. Analysis of the NMAPC production models in Chapter VI
focuses on the promised expansion and 'full-phase' features of the NMAPC
schemes.

Analysis of both the traditional and NMAPC smallholder models was
related to the policy issues and programs. In particu]aQ,the results of
NMAPC analysis are emphasiéed. Some lessons and generalizations relevant

to other similar savanna areas are discussed within the context of the
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study. Limitations of the study and suggestions for future research de-

sign and directions are also discussed in the last chapter.

The Analytic Approach

The choice of an analytic approach depends primarily on purpose of
the study, the data available, and the nature of structural components
and coefficients being sought to elucidate a particular problem. The
problem addressed in this study calls for a comprehensive technique that
can handle a variety of farm production activities and constraints.
Linear programming represents such a technique. The flexibility of the
approach to incorporate realistic and/or empirical constraints has greatly

1 LP has

facilitated its use in modeling representative farm situations.
been used extensively to study farming and production processes under
African savanna conditions. Figure 2.1 is a diagram of a representative
farm model. The LP models developed for the representative farms incor-
porate the following important features of smallholder production:
1. Diversity of the cropping pattern found in the Nuba Mountains
area.
2. Seasonality of the production process, as influenced by the
rainfall pattern of the area. The time distribution of the

agricultural operations is explicitly incorporated by the

mode].2 Seasonal input constraints are represented mainly

lThis refers in particular to the institutional or observed con-
straints of the farm environment.

2In addition,the planting-time experiment discussed in Chapter V
specifically considers the timing aspect and consequences of the agricul-
tural operations. Analysis and assumptions for this experiment are based
on experimental research and data presented in Appendix II.
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through the monthly distribution and availability of labor and
operating capital.

3. Subsistence dura (sorghum) consumption needs are represented by

an explicit constraint in the model.

4. Farmers are assumed to be risk-averse. However, the only risk

considered is the weather-induced effect on yield variabil%ty.
The main representation of this issue is through the safety-
first requirement implied by the dura consumption constraint.
This strategy which is based on an empirical foundation is a
realistic specification.

In addition to the analysis of basic models of smallholder produc-
tion, the LP models were also used in a number of experiments to analyze
selected management and/or policy intervention alternatives.! The de-
tailed features of the basic LP models and these experiments are dis-

cussed in Chapter IV.

Limitations of the Analytic Approach

In general the limitations of linear programming are related to the

2

validity of the assumptions incorporated in the LP model.” An important

limitation of the standard LP model is that it does not include any

]with LP it is relatively easy to vary available prices and resources
as well as input coefficients in order to simulate various management and/
or policy alternatives.

2In the standard LP model which maximizes (minimizes) a linear-objec-
tive-function subject to some linear constraints, several basic assumptions
are made: (1) additivity and linearity of activities; (2) divisibility
of activities and resources; (3) finiteness of alternative activities and
resource restrictions; and (4) single-value expectations; i.e., resource

supplies, input coefficients, and prices are known with certainty [27].
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allowance for risk, which is central to decision making among smallholder
farmers [11, 53].' In this study, the objective function which maximizes
net returns from crops subject to satisfying sorghum consumption require-
ments, closely simulates the decision behavior of the §ma11h01ders in the

area ..]-'

In other words, the objective function maximizes net returns sub-
ject to a safety-first constraint. This formulation has been found to be
appropriate in a number of similar empirical studies []1, 53].

Another related issue concerns the type of technology that is re-
presented by the LP assumptions.2 Given the small scale of traditional
smallholders in the area and the dominance of hand-hoe cultivation, the
linear and additive scale of production seems an appropriate representa-
tion of the technology. In other words, the physical returns and re-
sources required do change proportionally as the cultivation size is in-
creased or decreased. Perhaps an important limitation, though not direct-
ly related to the LP format, is the limited representation of the weather-
induced yield variability in the model. This could have been improved by
incorporation in the model of a simulation component.3 However, lack of
data needed for such an approach made this alternative infeasible. Empha-

sis was given instead to management factors, together with sensitivity

analysis of yield levels in relation to variations in annual rainfall.

]The revenue maximization and security objectives of the smallholder
production are discussed in somewhat more detail in Chapter IV.

2Namely the constancy and additivity in production technology. How-
ever, the LP technique and its different versions offers some means of
treating some of the nonlinear/nonconstant implied technologies.

3For an example of studies using such an approach see Crawford (18]
and Lynam [35].
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Sources of Data

Two primary sources of survey data are used in this study. One
survey was conducted by the FAQ in the 1978-79 season; another supplemen-
tary survey was carried by the researcher during the 1979-80 season.

The following is a detailed description of the two data sources:

FAQ Survey
The survey was carried out during February through March, 1979.

Interviews were conducted by students of the Department of Rural Economy,
University of Khartoum and members of the Statistics Department, Ministry
of Agriculture, under the supervision of the FAQO and staff of the Rural
Economy Department.

The survey obtained basic farm management data, using a recently
developed FAO "Farm Management Data Collection and Analysis System" [23].
A single-visit survey method was used. The fwo main categories of data
sought in the survey pertain to resource inventory data (farm labor, land,
livestock, tools, etc.) and resource utilization data (input-output of
labor, crops, livestock, etc.). The data on the latter category was dis-
aggregated on monthly basis. The two main classes of farmers surveyed
were: traditional smallholders and NMAPC schemes participants. The
eight regions of the Nuba Mountains area were covered in the survey.

The sample distribution of smallholders by farm type and region is shown

in Table 2.1.
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Table 2.1 Smallholders Sample Distribution by Farm Type and Region:
FAQ Survey, 1979

Traditional MNAPC

Region Farmers Participants - Total.
Kadugli 34 21 55
Lagawa 29 10 39
Talodi 18 1 29
Kalogi 12 1 23
Abu Gebha 24 16 40
Abassya 4 14 18
Um Brembita 24 11 35
Dilling 4 4 8

Total 149 98 247

The Researcher's Survey

With the FAO survey data in hand,] the researcher conducted another
survey for the following purposes:
1. To obtain a first-hand familiarity with the area and its dif-
ferent regions.
2. To collect additional data for the study. Emphasis was given
to the following:

a) Input-output relations for only the four main crops con-
sidered in this study (i.e., sorghum, cotton, sesame, and
groundnuts).

b) Data pertaining to mechanization, available through regional

offices of the NMAPC.

]Through his association with the Department of Economy, University
of Khartoum, the researcher had access to this data before his own survey
was carried. This enabled him to meet and discuss with some members of
the survey team the nature of the information collected. This discussion
was helpful for the researcher in designing and conducting his own sur-
vey (i.e., sampling frameworks, locations, route of travel as well as
other logistical matters).
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c) Updated marketing information for the above four crops.
d) Food and in particular grain (sorghum) consumption of house-

hold units.

The Survey

Assisted by two interviewers (one university graduate and one high
secondary school graduate), the researcher conducted the survey in the
Nuba Mountains area from May 1, 1980 to July 1, 1980. The eight regions
of the area were covered one at a time, in the following order: Abassya,
Um Brembita, Abu Gebha, Kalogi, Talodi, Kadugli, Lagawa, and Dilling.
Relevant information from government offices and departments (especially

those of NMAPC) was obtained while at each region.

The Population

Administratively, the Nuba Mountains area is part of South Kordofan
Province. The latter is composed of four administrative districts;
Eastern, Western, Southern and Northern (see Map 2, Appendix I). The
eight regions of the Nuba Mountains are distributed by district as

follows:

South Kordofan . Province District

Eastern . Western = Southern Northern

Abassya Lagawa Kalogi Dilling
Um Brembita Talodi
Abu Gebha Kadugli

The two sub-classes of smallholders of interesf in this study are
traditional farmers and NMAPC schemes participants. The exact number of

smallholders in each of the eight regions is not known. An estimate of
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traditional farmers in the province according to the South Kordofan
Farmers Union (SKFU) is 380,000. The Nuba Mountains Farmer's Union com-
prises the majority of the‘SKFU‘s total members.

The NMAPC schemes participants on the other hand are known and

recorded for each scheme in the eight regional stations of the NMAPC.

Sampling Design and Method

Geographic location was used as the first stratifying variable.
Samples of traditional and NMAPC participants were taken from each
region separately. The sampling method was as follows.

After discussion with the agricultural officers of the regional
station, a purposive selection of one or two NMAPC schemes was made.
Criteria for selection of these schemes included factors such as near-
ness, conditions and access to the fields (the survey was at the begin-

ning of the rainy season), and scheme crop rotation.]

A simple random

sample was then taken from the 1ist of participants in each scheme.
For the traditional smallholders, a purposive selection of one

or two villages was taken from each region. Criteria for selection

of villages were similar to those of NMAPC schemes. After discussion

with the village head a 1ist of the farmers was prepared and a random

sample drawn. Smallholders who held plots in the NMAPC schemes

were not interviewed; only farmers with traditional plots were

included.

]Biases resulting from this purposive selection were judged to be
minimal. Diversity in agricultural and smallholders conditions with-
in each region is generally small. This is especially true for the
NMAPC schemes which are operated under many standard features and
similar conditions (see discussion in Chapter VI).
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Sample Size

Statistical theory can help determine the desired sample size from
a given population, based on information about the criterion variable
used for selection. Ideally, the distribution of this variable in the
population in question, together with desired levels of accuracy of re-
sults and analysis should be known in advance. In most situations, as
in this case, it is difficult to obtain this information in advance.
Further, and most likely, a multiplicity of variables (household size,
cropping pattern, domestic organization, etc.) rather than only one vari-
able are of interest in investigating farming and production systems.
In this study, practical considerations such as budget, time, conditions
of the fields in the rainy season, and judgment, were the main factors
that determined the sample size. The distribution of farmer§ by farm
type and region in the final sample was as shown in Table 2.2.

Table 2.2 Smallholders Sample Distribution by Farm Type and Region:
Researcher's Survey, 1980

Traditional MNAPC

Region Farmers Participants Total
Abassya 7 1 8
Um Brembita 3 4 7
Abu Gebha 9 9 18
Kalogi 10 10 20
Talodi 9 8 17
Kadugli 36 31 67
Lagawa 9 10 17
Dilling 16 16 32

Total 99 89 188
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Data Collection

Discussions with some of the members who participated in the previous
FAQO survey were helpful in developing questionnaires for this survey.
Interviewers were introduced to the questionnaires first in Khartoum,
where it was explained and discussed with them. Upon arrival in the
field, during the first days at Abassya, questionnares were again tested
and discussed with interviewers.

Farmers were interviewed at their farms or in the villages. To
facilitate communication, the purpose of the survey was first explained
to the head of the village (Shiekh), when first preparing the list of
farmers and choosing the sample. The Shiekh in turn introduced the in-
terviewers to the farmers and briefly explained the purpose of the survey
to them. More explanation were then made by the interviewers to each
individual farmer before recording the information.

For the NMAPC participants, the agricultural inspector of the sta-
tion or the agricultural officer resident in the field (Khabir) took the

role of the village head in explaining and introducing the interviewers.

Qther Sources of Data

Besides the two primary sources of data just described, numerous
other sources of data were used in this study. These include:
1. NMAPC official records at the regional field stations and head-
quarters.
2. Agricultural Research Corporation
-a) Kadugli Research Station

b) Headquarters at Wad Madni
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Agricultural Bank of Sudan

a) Dilling Branch

Meteorology Department

a) Headquarters at Khartoum

Mechanized Farming Corporation

a) Dilling Branch

b) State Farm at Habila (Dilling area)

South Kordofan Province, Commissioner's Office

a) Agricultural Service Department

b) Cooperative Department

c) Planning and Development Department

Proceedings and Discussions of NMAPC Working Agricultural Con-
ference (June, 1980).

Informal interviews with officials at NMAPC and other government
departments.

Reports, working papers, and discussions with members of foreign
research and development projects in the region.

a) Hunting Technical Services Ltd.

b) German Technical Aid Project

c) The EEC (SATEC) project

Other miscellaneous reports and documents.



CHAPTER III

CHARACTERISTICS OF SMALLHOLDER AGRICULTURAL
PRODUCTION SYSTEMS IN NUBA MOUNTAINS AREA

This chapter is intended to serve two primary purposes:

1. to give an understanding of the general context within which
the farming units operate by describing the nature, amounts
and variability of its resources, agricultural activities and
production; and

2. to serve as a base for the design of the LP production models
and the following LP analysis presented in Chapter V and VI.

The first part describes the climatological environment (climate,

rainfall, soils and vegetation) of the area. Next, both traditional and

NMAPC agricultural production systems are discussed.

Climatological Environment

Boundary

The Nuba Mountains area is a hilly area in the north central part
of South Kordofan Province (see Map 1, Appendix 1). It is part of the
central clay plains of the Sudan which extends from the east to the west
of the country.

Latitude 12° 10* N forms the dividing line between the sandy steppes

of North Kordofan and the clay plains of South Xordofan. The southern

26



27

boundary of the latter province is Bahr-el-Arab, which is at latitude

10° 25 N.

Climate

The area is located in the savanna belt of the northern hemisphere
tropics, having a continental climate classified by Meigis [37] as "hot
semi-arid." The main influence in the climate of the area is brought
about by the migratory movement of the Intertropical Convergence Zone
(1TCZ), [41]. The ITCZ moves from north to south and back again each
year.

This movement of the ITCZ is associated with a shift of wind direc-
tion from north to south, carrying moist air over the area. This occurs
around mid-April and brings ‘in the first erratic showers, signaling the
beginning of the rainy season, which continues until the end of October.

By the end of October the wind changes from a southerly to a norther-
ly direction, bringing dry air to the area. This is the beginning of the
dry period which extends fron November through mid-April, where again the

area falls under the influence of the ITCZ and the cycle is repeated.

Rainfall

Amount and distribution of rainfall are the most important factors
influencing economic activity and social 1ife in the region. In particu-
lar, important aspects of agricultural production (activities, operation
timing, yields, etc.) are determined to a large extent by these factors.

Although the rainy season extends from May until October, most of
the rainfall occurs between July and September. The amount of rain in-
creases southward. In the north of the region average rainfall is 500 mm,

it increases to 800 mm in the Southern Jebels. Within the Nuba Mountains
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area, there is less variation in amount of annual rainfall. Annual rain-
fall data for four stations in the region are shown in Figure 3.1. The

- stations: Dilling, Abassya, Lagawa, and Kadugli are located in the
North, East, West, and South divisions respectively. Except for Kadugli
(South), which has an average annual rainfall of 720 mm, the rest of the
stations have an average rainfall sfight1y above 600 mm.

A study (HTS [38]) into the variability of annual rainfall in the
area showed that in the north, where the mean annual rainfall is 500 mm,
it can be expected to be less than 365 mm in 20 percent of years, and
less ihan 640 in 80 percent of the years. In the south where mean annual
rainfall is 800 mm, annual rainfall of €95 mm or less can be expected in
20 percent of years, and annual rainfall of 895 mm or less in 80 percent
of years. The study concluded that "there is no firm evidence of any
long-term cyclicity in the rainfall fluctuations occurring in the savanna
regions" [38, p. 23].

However, despite this relative stability of long-term and annual
distribution of rainfall, the monthly rainfall distribution is highly
variable. For example, HTS [38] estimated that for the Kadugli area,
on average 11 percent of the annual rainfall falls in May (with coeffi-
cient of variation (C.V.) of 0.75); 14 percent falls in June (C.V. = 0.4),
and 62.5 percent in the months of July, August and September (C.V. =
0.35 - 0.4), and the remainder falls in October (C.V. = 0.5).

It is worth mentioning here that these patterns of rainfall distri-
bution and characteristics has important implications for crop yield
levels and husbandry practices. First, although annual rainfall has a
low probability of declining to levels that would result in crop failure,

annual rainfall variations results in substantial variation in yields.
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Second, aside from these between-years variations, there is high vari-

ability in the monthly rainfall distributions. This greatly influences
the pattern and timing of agricultural operations, especially those tak-
ing place at the beginning of the growing season (i.e., land preparation

and planting).

Soils

The Nuba Mountains are outcrops of resistant Basement Complex rocks,
mainly granites, mica schists and quartzites. The topography varies
from undulating to rugged rising to a height of a few hundred feed up
to 3,000 feet above the plain. The jebels and associated foothills
occupy 40 percent of the area. These jebels are separated by a series
of gently undulating or almost flat intermontane plains occupying the
remaining 60 percent of the area.

The distribution of soils in the region is complex. The nature of
these soils follow more or less their location with respect to the jebels,
footslopes and planes.] Six classes of soil types has been defined for
the area (HTS [38], AHT [41]), with the aim of considering their agricul-
tural potential. A1l of these subsoils except the dark cracking clays
has limiting physical and/or chemical properties that render them of

low agricultural potential in crop farming.2 They are suited and used for

]This distribution, in a form of catenary sequence, determines their
texture and clay content (for a diagramatic representation of this, see
HTS [38], p. 16).

2The dark cracking clays are the Nb3 soils according to the HTS
[38] classification; or the S2 soils according to AHT [41], which follows
the Sudanese suitability classification.
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dewlings, limited grazing sites and to a lesser extent for fruit and
vegetable production, the latter being in and around flood plains, which
comprises 5 percent of the area.

The soils with the greatest potential and used for crop prcduction,
are the dark cracking clays also known as vertisols or black cotton soils.
Covering 40 percent of the area and more than half of the intermontane
plain, these soils occur mostly in the middle and lower slopes and in
the valley bottoms. These soils support 80 percent of cropping in the
region. Almost all the smallholder agriculture and NMAPC schemes are
located in these soils.

This class of soils with a high clay content (60 percent), generally
has no limiting chemical properties (i.e., nonsaline and nonsodic), al-
though nitrogen and phosphorous are low. The main difficulty in managing
these soils is due to their physical structure. Quick ceiling of the
cracks leads to run-off and serious erosion caused by additional accumu-
lating water. The greatest difficulty however is attributed to the ex-
tremes of consistency exhibited by these soils. They are very hard when
dry and very plastic when wet. This has an important implication for
land preparation and tillage operaticns, whether performed by man or
machines and leaves a short time to perform tillage under optimal soil
condition.

Under existing farming practiced in the.area: the fertility of
these soils depends primarily on the management practices. In the present
system no fertilizers are used, instead the land is cultivated for 2-4
years and then allowed to rest for roughly an equivalent period of time

before it is brought back for cultivation again.
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Vegetation

Vegetation growth in the area follows the savanna pattern. These
are mostly of the accaia species. AHT [41] contains a concise account of
the exploitable vegetation resources in the Nuba Mountain area.! These
resources also offer substantial off-season employment to farmers in the
region. The most important of these: firewood and charcoal (mostly

Accacia seyal), timber for building (varicus species including Boragrus

aethiopiam (daleib), bark for ropes (Accacia Senegal, Adonsonia digitata

as others), A. senegal is also used for gum, bamboo poles (Oxythenantera

abyssinica, grass fencing (sheragnia) (namely Hyparrhenia spp) [38].

The vegetative growth of shrubs and trees also constitute an impor-
tant investment by the farmer in the form of land clearance, when the

land is brought into cultivation for the first time.

Traditional Smallholder Agriculture

Household Characteristics
Household, for the purpose of this study, refers to the unit of fam-
ily members who live and eat together. This unit includes a "household
head " who is the decision maker in all aspects pertaining to the well
being of the family. In particular the household head has the responsi-
bility of making decisions concerning the agricultural production and

its related activities.

']See Ministry of Acriculture Food and latural Resources, "Nuba
iiountains Region, Development Potential Survey, Annex 1-5," prepared by
AGRAR-UiID HYDROTECENIK ESSH. FRG, Sudan, 1977, “a171.
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Household Head Characteristics:

1.

Age. A1l of the household heads interviewed in the researcher's
survey (1979/80) were males,] 93 percent of whom were in the age
bracket of 16-65 years. The remaining 7 percent were above 65
years old.

Educational Achievement. Analysis of the educational achieve-

ment of the household heads interviewed shows that 80 percent
of them have no formal education. Eight percent had "Khalwa"
education,2 and 12 percent had scme primary school education.
Such a distribution is typical of traditional farmers in the
developing countries. Education, being an important form of
investment in human capital, is thought to be an important fac-
tor because it increases the individual's awareness of alterna-
tives, facilitates learning and adoption of new ideas and in
general tends to increase the productivity of human capital.

In a number of farm and production studies, educational achieve-
ment has been used as a proxy for managerial ability. Because
of the difficulty of equating school years to managerial ability,
such a formulation is likely to result in an insignificant co-

3

efficient.” In this study, it is argued that production

1

Very few of the NMAPC tenancies were registered in the name of

women, in which case they are either managed jointly or exclusively by
the husband.

2

Khalwa is a 1-3 year religious education in basic reading and
writing.

3Other studies (e.g., Massel and Johnson [ 36 ]) using farmer's
experience and skills, as proxies for management reported highly signi-
ficant coefficients.
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decisions are related not only to education, but rather to the
resource endowment, constraints and opportunities that face the
farmer. It is better to address the impact of these factors on
managerial decisions directly.

3. Off-Farm Occupations. Table 3.1 shows the distribution of off-

farm occupation by status and season for the household heads.
The nature of the seasonal crop production in Nuba Mountains has
two important implications. First, many persons (13 percent of
those interviewed) whose main occupation is not agriculture,]
are involved in agricu]tufa] production during the season.
Second, and most importantly, is the fact that smallholders are
involved in a number of off-farm activities when the growing
season is over. Although the off-farm employment is concentrated
in the off-season, a number of smallholder farmers (15 percent)
work as hired laborers in agriculture during the growing season.
This situation arises mostly because of cash requirements for
consumption or production developing early in the season (early
to mid-August). This issue is discussed later in conjunction
with the credit situation.

The type of off-farm/off-season employment in the region is mostly
influenced by the savanna climate of the area. Cutting wood/hay, fencing,
charcoal burning, honey collection, gum arabic collection, rope markina,
etc., are the most common activities. At present, very few farmers

(7 percent) migrate from their localities to work as hired laborers in

]Those reporting a permanent job (mostly trade and government jobs)
during the season (see Table 3.1).
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the larger-scale mechanized farming of Mechanized Farming Corporation

(MFC) in the North and Eastern parts of South Kordofan Province.]

Household Composition and Demographic Characteristics

Table 3.2 shows the distribution of household members in relation
to the head. Although the average household head is shown to have more
than one wife, this statistic is influenced by a few (23 percent) house-
hold heads reporting more than one wife.2 The wife plays an important
role in agricultural production, not only by helping the husband in the
work of the agricultural plots, but also by undertaking the responsibility
of cultivating the "Jubraka" (small home plot). Another important aspect
in the role of the wife is that of her kinship relation in regard to the
availability of the "Nafir" (communal or exchange 1abor).3

The demographic characteristics of the survey (1979/80) sample are
shown in Table 3.3. The sex ratio indicates a marked dominance of males
in the househo]d.4 It should be noted that this statistic is influenced
mainly by the dominance of sons over daughters in the household membership

(see Table 3.2).

]Dilling, Habila and E1-Beida mechanized farms. Affan [4] discusses
some of the socioeconomic aspects of traditional farmers' employment in
Habila mechanized areas.

2Those reporting two, three, or four wives were 20, 2, and 1 percent,
respectively.

3

~

Especially among the Nuba ethnic groups [38].

4This was also found to be true at the province (South Kordofan)
level in Sudan's second population census (1977).
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Table 3.2 Average Household Size and Composition

# of ~ __Relation to Household Head: Household

Region Households Wife Son Daughter Relative Size
Abassya 8 1.13 2.50 1.75 0.50 6.88
Um Brembeta 7 1.57 2.57 2.57 0.43 8.14
Abu Gebha 18 1.17 2.56 2.17 1.04 7.61
Kalogi 20 1.20 2.35 2.00 0.60 7.15
Talodi 17 1.29 2.18 2.17 0.35 6.94
Kadugli 65 1.23 2.39 2.20 0.35 7.17
Lagawa 19 1.16 1.68 1.00 1.00 5.86
Dilling 31 1.36 2.68 2.61 0.58  8.23
A11 Regions 188 1.23 2.33 | 2.07 0.52 7.18

Source: Computed from survey data (1979/80).
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An interesting characteristic, as can be seen from the table, is
the high proportion of dependent children (0-16 years old), which goes
as high as 50 percent in Dilling region. This feature is more or less
typical of developing country populations.

An important implication of this feature is that it results in a
high dependency ratio. This would be especially true if coupled with a
high dependent-aged ratio. The latter ratio was found to be small in
this case (only around 4 percent). Still the figures for the dependency
ratio were markedly high for all regions.

The high proportion of children also has a major influence on the
remaining two important characteristics, i.e., the family size and the
active population statistics.

Active population ratio (16-65 years) or what is sometimes referred
to as economically active population ratio, gains its importance from
the fact that it is commonly used to make inferences about the productive
capacity of the household.] In traditional agricultural settings, this
is deficient in many aspects. Most important criticisms include such
as: it includes individuals (such as women) who participate minimally
in the economic activity(s) under consideration and others (such as
students) who participate, if any, only on part time basis. Also it
excludes individuals less than fifteen years (and less importantly
those above sixty-five years) which is not uncommon in developing coun-

tries to start working. Finally, this index (economic active population

]Sometimes used for a region or a country likewise, as was the case
in Sudan's second population census (1977).
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16-65) is deficient in that it does not give consideration to domestic
organization and other labor recruiting institutions relevant to the
household (e.g. hired and communal "Nafir" labor, which are discussed in
detail later in this chapter). |

The alternative adopted in this study is to make use of the observed
family labor utilization and distribution in the course of the analysis.
The active population ratio in this case, and as mentioned above, is
greatly influenced by the high dependent children ratio. The highest
active population ratio was observed in Lagawa (65 percent) and lcwest
(42 percent) in Dilling region. We note that this is consistent with
the inverse effect of dependent children; the latter ratio was lowest in
Lagawa (30 percent) and highest in Dilling (51 percent).

Lastly, the observed high proportion of dependent children, in-
fluences in a straight forward fashion the overall family size of the
household. As can be seen from Table 3.3, the average family size is

around seven members.

Household Grain Consumption

Consumption is the goal and center of the household unit activities.
In t;aditiona1 agricultural settings consumption decisions and activities
are interwoven in a complex fashion. In this case consumption require-
ments and preferences are reflected directly in the crops grown and areas
devoted to them in the production sphere. Almost all crops grown by
smallholders in the Nuba Mountains area are partially used in consumption
(e.g., sorghum, sesame, groundnuts, lubia, etc.). However, sorchum (dura),
holds a special place in the production/consumption complex of the house-

hold.
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More than 80 percent of the cultivated area in the Nuba Mountains
area is under dura. Beside its varied consumption uses as the basic
staple food, dura has other important uses for the household. It-
is used to meet certain social and ceremonial obligations, in-kind
payment of hired labor, and is sometimes used (in a form of barter
exchange) to pay for goods bought at village shops.

This background note is intended to provide understanding of
the special place that dura has in the smallholder's cropping plans
and rotation. This will be discussed in more detail later, but
another methodological point of relevance here is the behavioral as-
sumption (pointed out in the pﬁévious chapter) that farmers, as one
way of risk management decide on the production of dura such that at
least household requirements are secured. This assumption is based
on the observed and on-going tradition of retaining portions of the
produced dura.] Table 3.4 shows the quantities initially retained
at the household and their percentage of the totaf production. The
table also shows the average annual consumption of dura by the house-
hold. Resulting estimates of consumption seem large and are also
extremely variable (see standard errors). These estimates are further
discussed, compared and adjusted later, when developing the dura con-

sumption constraints in the LP models (Chapter IV).

]Farmers store dura at home in a structure locally known as
"Seiba."
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Table 3.4 Household Annual Dura Consumption and Initially Stored

Quantities
Household Stored Dura® Annual Consumption
Region Quantity % of Quantity
(90-kg Sacks) Production (Malwas)b

Abassya 12.14 86.74 409.5
(2.42) (2.79) (89.36)
Um Brembita 21.25 52.97 702.00
(15.34) (16.72) (134.26)

Abu Gebha 25.28 68.84 697.67
(5.25) (5.77) (62.86)
Kalogi 13.37 64.66 536.90
(1.84) (4.93) (46.64)
Talodi 30.30 59.10 434 .35
(11.09) : (9.26) (490.55)
Kadugli 8.48 87.84 513.80
(6.82) (2.57) (35.70)
Lagawa 12.19 58.70 403.00
(3.31) (6.77) (42.14)

Dilling 13.25 63.80 556.12
(1.89) (5.8) (55.51)

( ) = Standard error.
Source: Computed, survey data (1979/80).

pefers to quantities initially retained from the harvest, but not
necessarily consumed at the household.

bMa]wa is a local volume measure = 1.4 liters; approximately, the
90-kg dura sack has 30 malwas.
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Land Ownership and Cultivation Characteristics

Historically there has been no land shortage in the Nuba Mountains
regions. Recently, however, a number of developments are just beginning
to alter this situation. Notably of these are: the continuous expansion
of large scale mechanization (especially in the northern and eastern
parts of the region),] introduction and expansion of NMAPC schemes, small
but consistent rise in settlement rate of nomadic tribes, and finally
the internal pressures and dynamics of population under these difficulty-
managed savanna land.

A11 these contribute to change the land availability situation, but

it has not reached a problematic or limiting extent yet.

Land Ownership

Ownership of land in the area is on a noncontractual basis.
This is accomplished within the sphere of the village by either inherit-
ing the l